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Table 1 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ
Gram-positive bacteria (10° cells/ml)

Organisms Azthreonam LMOX CMX CPZ
Staphylococcus aureus 209-P JC >100 6.25 1.56 1.56
Staphylococcus aureus SMiTh >100 12.5 1.56 1.56
Staphylococcus aureus TERAIMA >100 6.25 1.56 1.56
Staphylococcus avreus NEUMANN >100 12.5 1.56 1.56
Staphylococcus aereus E-46 >100 6.25 0.78 0.78
Staphylococcus aureus No.80 (PCF) >100 6.25 0.78 3.13
Staphylococcus epidermidis >100 25 6.25 6.25
Streptococcus pyogenes S-23 25 3.13 0.012 0.10
Streptococcus pyogenes Cook 25 3.13 0.025 0.39
Streptococcus faecalis >100 >100 >100 >100
Streptococcus viridans >100 >100 >100 >100
Streptococcus pneumoniae type | >100 3.13 0.012 0.05
Streptococcus pneumoniae type Il 100 3.13 0.012 0.10
Streptococcus pneumoniae type [l >100 1.56 0.006 0.05
Micrococcus luteus ATCC 9341 12.5 0.78 0.025 0.10
Bacillus subtilis ATCC 6633 >100 12.5 1.56 1.56
Bacillus anthracis >100 6.25 12.5 6.25
Corynebacterium diphtheriae >100 12.5 0.78 3.13

MIC (u#g/ml)

- Table 2 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ

Gram-positive bacteria (10° cells/ml)

Organisms Azthreonam LMOX CMX CPZ
Staphylococcus aureus 209-P JC >100 6.25 1.56 1.56
Staphylococcus aureus Switn >100 6.25 0.78 1.56
Staphylococcus aurcus TerasMA >100 6.25 0.78 1.56
Staphylococcus aureus NEUMANN >100 6.25 0.78 1.56
Staphylococcus aureus E-46 >100 6.25 0.78 0.78
Staphylococcus aureus No.80 (PCF) >100 6.25 0.78 1.56
Staphylococcus epidermidis >100 12.5 6.25 6.25
Streptococcus pyogenes S-23 25 3.13 0.012 0.10
Streptococcus pyogenes Cook 25 1.56 0.012 0.10
Streptococcus faecalis >100 >100 100 12.5
Streptococcus viridans >100 >100 100 12.5
Streplococcus pneumoniae type 1 50 1.56 0.006 0.05
Streptococcus pneumoniae type I 50 3.13 0.006 0.10
Streptococcus pneumoniae type Il 50 1.56 0.006 0.05
Micrococcus luteus ATCC 9341 12.5 0.78 0.012 0.10
Bacillus subtilis ATCC 6633 >100 6.25 0.78 0.78
Bacillus anthracis >100 6.25 12.5 3.13
Corynebacterium diphtheriae >100 12.5 0.78 3.13

MIC (ug/ml)
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Table 3 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ

Gram-negative bacteria (10° cells/ml)

Organisms Azthreonam LLMOX CMX CPZ

Neisseria gonorrhocae 0.012 0.012 =0.006 0.05
Neisseria meningitidis 0.025 =0.006 0.012 0.05
Haemophilus influenzae N-36 0.05 0.05 0.012 0.025
Escherichia coli NIH JC-2 0.20 0.20 0.10 0.20
Escherichia coli NIH 0.39 0.78 0.05 0.10
Escherichia coli K-12 0.05 0.10 0.05 0.05
Citrobacter freundii NIH 10018-68 25 3.13 12.5 50

Salmonella typhi T-287 0.025 0.10 0.025 0.10
Salmonella typhi 0-901 0.012 0.05 0.025 0.10
Salmonella paratyphi A 0.012 0.05 0.012 0.20
Salmonella paratyphi B 0.012 0.10 0.025 0.20
Salmonella enteritidis 0.10 0.20 0.10 0.39
Shigella dysenteriae EW-7 0.10 0.39 0.05 0.10
Shigella flexneri 2a EW-10 0.10 0.20 0.025 0.05
Shigella boydii EW-28 0.10 0.10 0.025 0.10
Shigella sonnei EW-33 0.025 0.10 0.025 0.10
Klebsiella pneumoniae KC-1 0.05 0.20 0.05 0.20
Klebsiella pneumoniae NCTC 9632 0.012 0.10 0.025 0.20
Enterobacter cloacae NCTC 9394 0.20 0.78 0.39 0.78
Enterobacter aerogenes 0.05 0.39 0.10 0.20
Enterobacter acrogenes NCTC 10006 0.20 0.39 0.39 0.78
Hafnia alvei NCTC 9540 0.20 0.20 0.39 3.13
Serratia marcescens IFO 3736 0.10 0.39 0.20 3.13
Proteus vulgaris 0X-19 0.012 0.39 0.012 0.05
Proteus mirabilis 1287 =0.006 0.20 =0.006 0.78
Proteus morganii Koxo 0.78 0.20 0.78 12.5
Proteus rettgeri NIH 96 =0.006 0.025 =0.006 =0.006
Proteus inconstans NIH 118 0.025 0.20 0.012 0.39
Pseudomonas aeruginosa No.12 6.25 25 25 12.5
Pseudomonas acruginosa NC-5 0.39 6.25 3.13 6.25

AMIC (ug/ml)



58

CHEMOTHERAPY

APR. 1985

Table 4 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ

Gram-negative bacteria (10°cells/ml)

Organisms Azthreonam LMOX CMX CPZ
Neisseria gonorrhoeae 0.012 0.012 =0.006 =0.006
Neisseria meningitidis 0.025 =0.006 0.012 0.025
Haemophilus influenzae N-36 0.025 0.025 0.012 0.025
Escherichia coli NIH JC-2, 0.20 0.20 0.10 0.20
Escherichia coli NIH 0.10 0.20 0.012 0.05
Escherichia coli K-12 0.025 0.10 0.012 0.012
Citrobacier freundii NIH 10018-68 0.78 0.39 0.39 1.56
Salmonella typhi T-287 0.012 0.05 0.012 0.10
Salmonella typhi 0-901 =0.006 0.05 0.012 0.10
Salmonella paratyphi A 0.012 0.05 0.012 0.20
Salmonella paratyphi B =0.006 0.05 0.012 0.20
Salmonella enteritidis 0.025 0.05 0.025 0.39
Shigella dysenteriae EW-7 0.10 0.10 0.05 0.10
Shigella flexneri 2a EW-10 0.05 0.10 0.025 0.05
Shigella boydii EW-28 0.05 0.10 0.025 0.10
Shigella sonnei EW-33 0.012 0.10 0.012 0.10
Klebsiella pneumoniae KC-1 0.025 0.10 0.025 0.20
Klebsiella pneumoniae NCTC 9632 0.012 0.10 0.025 0.05
Enterobacter cloacae NCTC 9394 0.10 0.20 0.20 0.78
Enterobacter acrogenes 0.025 0.10 0.025 0.20
Enterobacter aerogenes NCTC 10006 0.10 0.39 0.20 0.39
Hafnia alvei NCTC 9540 0.05 0.10 0.10 0.78
Serratia marcescens IFO 3736 0.05 0.20 0.05 0.39
Proleus vulgaris 0X-19 =0.006 0.20 =0.006 0.012
Proteus mirabilis 1287 <0.006 0.10 =0.006 0.10
Proteus morganii Kono 0.012 0.10 0.025 3.13
Proteus rettgeri NIH 96 =0.006 0.012 <0.006 =0.006
Proteus inconstans NIH 118 =0.006 0.10 0.012 0.39
Pseudomonas aeruginosa No.12 3.13 25 25 6.25
Pscudomonas aeruginosa NC-5 0.20 1.56 1.56 0.20

MIC (ug/mi)

Table 5 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ

Anaerobic bacteria (10* cells/ml)

Organisms Azthreonam LMOX CMX CPZ
Clostridium tetani >100 0.39 0.78 0.025
Clostridium perfringens >100 3.13 1.56 3.13
Clostridium sporogenes >100 0.39 0.78 0.78
Bacteroides fragilis GM 7000 25 0.78 12.5 25
Bacteroides fregilis ATCC 25285 >100 0.78 12.5 25
Bacteroides fragilis V-240-2 >100 6.25 >100 >100
Bacteroides fragilis V-283 >100 3.13 >100 >100
Bacteroides thetaiotaomicron 5600 >100 25 >100 >100
Bacteroides distasonis clin-99-3 >100 12.5 50 >100
Bacteroides vulgatus ES-14 100 1.56 12.5 25
Bacteroides ovatus Ju-6-1 >100 50 50 50

MIC (ug/ml)



Table 6 Antibacterial spectrum of Azthreonam, LMOX, CMX and CPZ
Anaerobic bacteria (10° cells/ml)
Organisms Azthreonam LMOX CMX CPZ
Clostridium tetani 6.25 0.10 0.012 0.025
Clostridium perfringens 12.5 0.39 0.78 1.56
Clostridium sporogenes 100 0.39 0.78 0.78
Bacteroides fragilis GM 7000 6.25 0.39 1.56 6.25
Bacteroides fragilis ATCC 25285 >100 0.78 3.13 25
Bacteroides fragilis V-240-2 >100 6.25 >100 >100
Bacteroides fragilis V-283 >100 3.13 50 >100
Bacteroides thetaiotaomicron 5600 >100 3.13 >100 >100
Bacteroides distasonis clin-99-3 >100 1.56 12.5 50
Bacteroides vulgaius ES-14 12.5 1.56 12.5 25
Bacteroides ovatus Ju-6-1 >100 50 50 25
MIC (ug/ml)
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Fig. 4 Sensitivity distribution of clinical isolates
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Fig. 8 Sensitivity distribution of clinical isolates
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Fig. 12 Sensitivity distribution of clinical isolates
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Fig. 16 Sensitivity distribution of clinical isolates
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Fig. 28 Sensitivity distribution of clinical isolates
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108cells/ml D341, Fig 16 12773 X 51z Azthreo-
nam DREZHE ©— 713, 0.025ug/ml THb, 0.012~
0.05ug/ml 128 96% DEEMHH LTU 1o

108cells/ml DA%, Fig 1712773 X 512 108cells/
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HLTW7-4 CMX X <0.006~6. 25 ug/ml, CPZ &
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107cells/m] % TEL X v B AD MIC, MBC fEx il
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o

b) BESDRCRIFTHE

BEEEE S REERICOWT E. coli KC-14 # A\ T
Bat Lo R% Fig 30 1O/R L7c, #ME% £ 108, 108
cells/ml TH+h#h 10MIC o Y4 T 2 BEXERA ¢
7oo Azthreonam, LMOX, CMX, CPZ T hi@EE
PIGEA X, 1BERIB X D REERLRD bhiors,
HENES DL, BLEALHENREAL» 2 bR
T, A FELXORBFRIERHEOHEYZTT T\
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c) =V AERMRPECHTHEREBEHRE~DEE

E.coli KC-14 %[\, = v AERHRLFEICE TS
BRORYIREE YT X R LIc R % Table 81275
Lo TWBHEEA 100 21z 7c 5 & Azthreonam Tl #) 6
&, LMOX, CMX <Ti3fy84s CPZ Tiify 12 {5,
BEZIEVETL, in vivo HRIERC X WYL <

Table 7 Influence of inoculum size of E.coli KC-14 on the antibacterial activity

Inoculum size Azthreonam LMOX CMX CPZ
(cells/ml) MIC MBC MIC MBC MIC MBC MIC MBC
2.7410° 0.05 0.05 0.20 0.20 0.10 0.10 0.20 0.20
2.7x10° 0.05 0.05 0.10 0.10 0.05 0.10 0.10 0.10
2.7%10° 0.05 0.05 0.05 0.10 0.05 0.05 0.10 0.10
2,710 0.025 | 0.025 | 0.05 0.10 0.025 | 0.025 | 0.10 0.10

(ug/ml)
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Table 8 Influence of challenge dose on EDs, of Azthreonam, LMOX, CMX and CPZ in
experimental E.coli KC-14 infection in mice
Challenge dose (cells/mouse) MIC (ug/ml)

Antibiotic
1.6Xx10* (28 LDso) 1.6x10° (2800 LDs,) 10° 10¢

Azthreonam 0.0014 0.0084 0.05 0.025
(0.0011~0.0018) (0.0059~0.012)

LMOX 0.0014 0.011 0.10 0.05
(0.0011~0.0018) (0.0034~0.034)

CMX 0.0009 0.0074 0.05 0.025
(0.00065~0.0013) (0.0053~0.010)

CPZ 0.0022 0.026 0.10 0.05
(0.0016~0.0029) (0.011~0.062)

Mouse : ddY -strain, Male, 17~18g

Challenge route : i.p. infection of 0.5ml/3 % mucin

() 1.95% confidence limits

Fig. 30 Effect of Azthreonam, LMOX, CMX and
CPZ on viability of E.coli KC-14
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Fig. 32 Effect of Azthreonam, LMOX, CMX and
CPZ on viability of E. coli K-12
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Fig. 33 Effect of Azthreonam, LMOX, CMX and
CPZ on viability of K. pneumoniae KC-1
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Fig. 34 Effect of Azthreonam, LMOX, CMX and
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Fig. 35 Sensitivity distribution of clinical isolates
E.coli 21 strains (10%cells/ml)
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Table 9 Protecting effect of Azthreonam, LMOX, CMX, CPZ and CBPC on experimental infection in mice

MIC (ug/ml)
Organisms Challenge dose Antibiotics EDs, (mg/mouse)
(cells/mouse) 10* 10°
Azthreonam | 0.00098(0.00065~0.0015) 0.05 0.025
E. coli KC-14 23 LDso LMOX 0.0018 (0.0012~0.0027) 0.10 0.05
' (1.2x10% CMX 0.0012 (0.00091~0.0016) 0.05 0.025
CPZ 0.0019 (0.0013~0.0029) 0.10 0.05
Azthreonam | 0.71  (0.56~0.90) 0.05 0.025
K. oneumaniae KC-1 1100 LDs, LMOX 0.75 (0.58~0.98) 0.20 0.10
i (3.0x10°) CMX 0.38  (0.29~0.50) 0.05 0.025
CPZ 0.53  (0.45~0.62) 0.20 0.20
Azthreonam | 0.073 (0.032~0.17) 0.10 0.05
S marcescens T-55 91 LDs LMOX 0.11  (0.055~0.22) 0.78 0.20
’ (5.0 x10% CMX 0.080 (0.038~0.17) 0.20 0.10
CcPZz 0.82 (0.45~1.5) 3.13 0.78
Azthreonam 0.25 (0.14~0.44) 0.10 0.012
. 77 1.Dsgo LMOX 0.088 (0.066~0.12) 0.20 0.05
P.morganii 101 . |
(2.0410% CMX 0.070 (0.046~0.11) 0.10 0.012
CPZ 2.8 (2.2~3.5) 1.56 0.78
Azthreonam 1.2 (0.68~2.1) 6.25 6.25
LMOX 4.1 (3.2~5.3) 25 12.5
. 32 LDy
P. aeruginosa E-2 " CMX 5.6 (3.3~9.5) 25 25
(5.3%10% :

CPZ 2.9  (1.6~5.2) 12.5 6.25

CBPC 7.9 (4.4~14) 50 25

( ) :95% confidence limits
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Fig 36 Phase-contrast micrographs of E.coli K-12 exposed to Azthreonam for 2 hours
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Fig. 37 Morphological effects of Azthreonam, LMOX, CMX and CPZ on E.coli K-12
after 2 hours exposure
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12,5 wug/ml

Fig. 39 Fluorography showing competition of
Azthreonam for “C-labeled PCG bind-
ing in E.coli K-12
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Table 10 Competition of Azthreonam with “C-labeled penicillin G for binding to PBPs in
eytoplasmic membrane of E.coli K~12 in vitro

PBP 1A 1Bs 3 4 5 6
Concentration of 0.34 > >25 | <0.025 | >25 >25 >2
Azthreonam (ug/ml)
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IN VITRO AND IN VIVO ANTIBACTERIAL
ACTIVITY OF AZTHREONAM

Masako Otsuki, Tosuimi Goton, Takesur Nisuino and Teruo Tanino

Department of Microbiology, Kyoto Pharmaceutical University

The in vitro and in vivo activities of Azthreonam, s new B-lactam antibiotic belonging to the recently
discovered group of monobactams, were compared with those of Latamoxef (LMOX), Cefmenoxime
(CMX) and Cefoperazone (CPZ). The following results were obtained.

1. The antibacterial activity of Azthreonam against gram-negative bacteria was higher than those
of LMOX and CPZ and similar to that of CMX. However, Azthreonam had no activity against
gram-positive cocci and anaerobic bacteria.

2. In the sensitivity distribution of clinical isolates, Azthreonam was more active than LMOX,
CPZ and CMX against gram-negative bacteria, including Pseudomonas aeruginosa but was less active
than CMX and CPZ against Haemophilus spp. .

3. There was little or no inoculum effect on the MICs or MBCs of all antibiotics tested. The
influence of inoculum size upon growth curve was also studied. The bactericidal activity of all
antibiotics tested decreased by increasing the inoculum size. In the effect of the inoculum size on
the protective effects for systemic infections in mice, a large inoculum resulted in a lower activity
of all drugs tested, but Azthreonam was more active than the other antibiotics.

4. Azthreonam showed dose-dependent bactericidal action against Escherichia coli, Klebsiella pneu-
moniae, and P.aeruginosa.

5. There was no major difference between MIC and 20 h-MLC, but there was difference bet-
ween MIC and 3h-MLC or 6 h-MLC.

6. In the protective effects of Azthreonam on systemic infections in mice, Azthreonam was more
effective than LMOX, CMX and CPZ against E. coli, Serratia marcescens and P. aeruginosa. Against
infections with K. pneumoniae, Azthreonam was slightly less active than CMX and CPZ and was less
active than CMX and LMOX against Proteus morganii.

7. The morphological response of E.coli and P.aeruginosa to Azthreonam was investigated by
phase contrast microscopy.  Azthreonam initially caused the formation of filaments. On continued
incubation, lysis of the filaments occurred. = Azthreonam showed very high affinity for PBP 3 of
E. coli.



