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INTRODUCTION

There have been many factors which have caused proliferation of new
B-lactam compounds. The increasing resistance of gram-negative enteric
bacteria to existing compounds has been a world wide phenomenon which
has accelerated in the decade of the 1970s (1-3). There has been an in-
creased awareness of the toxic properties of the aminoglycosides and antibi-
otics of other classes (4). Finally, penicillins and cephalosporins are agents
which lend themselves to modification which alters both microbiological
activity as well as pharmacologic properties. Many structural modifications
of the cephem nucleus have been produced since 1970. Moreover, new
B-lactam antibiotics with different ring systems have been isolated from
natural sources (5) and others have been totally synthesized. This article
will consider those cephalosporin agents about which there is sufficient
information to determine their future clinical utility.

BASIS OF ACTIVITY OF B-LACTAMS

Studies by a number of investigators have shown that the antibacterial
activity of 8-lactam antibiotics is based upon several factors (6-9). In gram
positive bacteria the presence, type, and specific activity of 8-lactam binding
proteins (10) [so-called penicillin-binding proteins (PBPs)] determine the
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activity of a compound. In gram negative bacteria there is an outer wall
barrier through which the anionic 8-lactams must first pass (7). There are
B-lactamases in the periplasmic space which exists between the outer bac-
terial wall and the cytoplasmic membrane. Finally there are the 8-lactam
binding proteins which are involved in cell-wall division, wall elongation,
septum formation, and maintenance of the bacteria in its rod shape (11).
B-Lactamases in gram negative bacteria can be genetically controlled by
plasmids, in which case the enzymes are primarily constitutive and have
greatest activity against penicillins. B-Lactamases which are chromoso-
mally mediated often are inducible enzymes and act primarily as cephalo-
sporinases (12).

It has been possible to isolate mutants of gram negative bacteria which
are hyperpermeable or, in contrast, impermeable and to utilize these strains
of bacteria to assess the relative role that certain chemical substituents
contribute to the activity of compounds. Isolation and characterization of
B-lactamases has also clarified the effect that substitution in several parts
of the molecules has upon B-lactamase resistance. Finally, methods have
been developed for the isolation of the proteins which bind 8-lactams and
this has explained differences in the activity of the compounds (13).

It is important to realize that a compound which has a defect in one area
of activity (entry, 8-lactamase stability, PBP-affinity) may still prove to be
a useful agent against many bacteria, since its other attributes may be such
that it can overcome the defect. Thus an agent which has some 8-lactamase
instability could by virtue of excellent entry properties and high affinity for
PBPs be able to inhibit and kill bacteria which contain a 8-lactamase. This
is particularly true if the organism makes a small amount of B-lactamase
or the B-lactamase has poor K, and ¥V, properties as far as the particular
compound is concerned. The converse of the aforementioned situation ex-
ists when the compound is an effective inducer of B-lactamase and the
kinetic properties of the enzyme are such that it readily destroys the com-
pound.

AMINOTHIAZOLYL CEPHALOSPORINS

A group of cephalosporin compounds can conveniently be grouped as
aminothiazolyl derivatives. It is clear that attachment of the amino-
thiazolylacetyl side chain to 7-aminocephalosporanic acid confers markedly
improved activity over existing compounds (14, 15). Earlier the introduc-
tion of a syn methoxyimino group as a substituent in a 7-furylacetyl side
chain in the Glaxo compound cefuroxime had been shown to provide
excellent B-lactamase stability (16). Thus methoxyimino derivatives of
cephalosporins containing the aminothiazolyl side chain provided both
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increased activity and B-lactamase stability. These agents.are cefotaxime
(HR 756) from Hoechst-Roussel, ceftizoxime (FX 749) from Fujisawa,
ceftriaxone (Ro 13-9904) from Roche, and ceftmenoxine (SCE 1365) from
Takeda. These agents differ in the type of substituent at position 3 of the
dihydrothiazolidine ring. Ceftazidime (GR 20263) from Glaxo differs from
the aforementioned aminothiazolyl agents in the replacement of the
methoxyimino group with a 2-carboxy-2-oxypropane imino group.

CEFOTAXIME

Cefotaxime (Figure 1) is utilized as the syn oximino isomer in the D-form
of the sodium salt. It is easily prepared as a sterile dry compound which
at temperatures from 0 to 50°C is stable for up to 2 years (15). The com-
pound is stable in a variety of intravenous fluids normally utilized in the
hospital setting.

In Vitro Activity

The in vitro activity of cefotaxime has been extensively studied in laborato-
ries representing all parts of the world (17). The in vitro activity against
Staphylococcus aureus has ranged from 0.8 g to 8 ug/ml with 50% of
isolates inhibited by 2 ug/ml and 90% by 4 pg/ml [(18-22), Table 1]. The
overall consensus would be that methicillin resistant .S. aureus are resistant
to cefotaxime with MIC values above 64 ug/ml (17-27). Staphylococcus
epidermidis have shown a much wider range of susceptibility with 8 pg/ml
required to inhibit 90%. Methicillin resistant S. epidermidis are resistant
to cefotaxime, MIC >64 ug/ml. Cefotaxime has excellent in vitro activity
against the streptococcal species with the exception of the true enterococci,
Streptococcus faecalis and S. faecium (18). For example, 90% of S. pyogenes
(group A) are inhibited by 0.1 ug/ml as are S. agalactiae (group B) and
S. bovis (17, 18). The MICs of S. viridans group organisms have tended to
be somewhat higher with levels of 1.6 ug/ml required to inhibit all isolates.
The cefotaxime MICs against S. pneumoniae are below 0.1 pg/ml, with
90% inhibited by 0.04 ug/ml. There is some confusion concerning the
susceptibility to cefotaxime of the S. pneumoniae resistant to penicillin
isolated in South Africa. Some workers have found the organisms suscepti-
ble, i.e. MIC values <1 pg/ml, whereas others have not found this. To
date, cefotaxime is the aminothiazolyl cephalosporin with the best in vitro
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Figure 1 Cefotaxime.
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Table 1 Comparative in vitro activity of new agents against bacterial isolates commonly

causing infection in man?

MIC (ug/ml)
Organism Agent Range MIC90
Staphylococcus aureus Cefotaxime <0.5to>128 2
Ceftizoxime <0.5to>128 2
Ceftriaxone <0.5to>128 4
Cefmenoxime <0.5to>128 2
Ceftazidime 2to>128 8
Cefoperazone <0.1to>128 4
Moxalactam 1 to>128 16
n-Formimidoy!
thienamycin <0.01-1 0.5
Azthreonam >128 >128
Streptococcus pnewmoniae Cefotaxime <0.01-0.25 0
Ceftizoxime <0.01-0.25 0.12
Ceftriaxone <0.01-0.25 0.25
Cefmenoxime <0.01-0.25 0.06
Ceftazidime 0.06-0.25 0.25
Cefoperazone 0.06-0.25 0.25
Moxalactam 0.5-4 2
n-Formimidoyl
thienamycin 0.003-0.01 0.01
Azthreonam >128 >128
Streptococcus pyogenes Cefotaxime <0.01-0.1 0.03
Ceftizoxime <0.01-0.1 0.03
Ceftriaxone <0.01-0.1 0.03
Cefmenoxime <0.01-0.1 0.03
Ceftazidime 0.06-0.5 0.25
Cefoperazone 0.01-0.25 0.12
Moxalactam <0.5-8 4
n-Formimidoyl
thienamycin <0.01-0.1 0.1
Azthreonam >128 >128
Streptococcus faecalis Cefotaxime 4t0>128 >128
Ceftizoxime 8to>128 >128
Ceftriaxone 4to>128 >128
Cefmenoxime 8to>128 >128
Ceftazidime 32to>128 >128
Ceroperazone 4to>128 >128
Moxalactam 32 >128
n-Formimidoyl
thienamycin 0.01-4 2
Azthreonam >128 >128
Haemophilus influenzae Cefotaxime <0.01-0.03 0.03
Ceftizoxime <0.01-0.03 0.03
Ceftriaxone <0.01-0.03 0.015
Cefmenoxime <0.01-0.03 0.03
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MiC (pg/ml) .

Organism Agent Range MICqy,
Haemophilus influenzae Ceftazidime <0.01-0.5 0.12
(continued) Cefoperazone <0.01-0.5 0.12
Moxalactam 0.03-0.25 0.06
n-Formimidoyl
thienamycin 0.1-4 2
Azthreonam <0.01-0.2 0.1
Neisseria gonorrhoeae Cefotaxime <0.01-0.03 0.015
Ceftizoxime <0.01-0.3 0.015
Ceftriaxone <0.01-0.03 0.008
Cefmenoxime <0.01-0.03 0.015
Ceftazidime <0.01-0.25 0.12
Cefoperazone <0.01-0.25 0.06
Moxalactam <0.01-1 0.06
n-Formimidoyl
thienamycin <0.01-0.25 0.25
Azthreonam <0.01-0.2 0.1
Neisseria meningitidis Cefotaxime <0.01-0.025 <0.01
Ceftizoxime <0.01-0.025 <0.01
Ceftriaxone <0.01-0.025 <0.01
Cefmenoxime <0.01-0.025 <0.01
Ceftazidime <0.01-0.025 <0.01
Ceroperazone <0.01-0.1 0.05
Moxalactam <0.01-0.1 0.05
n-Formimidoyl
thienamycin <0.01-0.1 0.05
Azthreonam <0.01-0.1 0.05
Escherichia coli Cefotaxime <0.1-8 0.25
Ceftizoxime <0.1-8 0.25
Ceftriaxone <0.1-8 0.25
Cefmenoxime <0.1-8 0.25
Ceftazidime <0.1-8 0.5
Cefoperazone <0.1t0o>128 16
Moxalactam <0.1-8 0.25
n-Formimidoyl
thienamycin <0.1-4 0.25
Azthreonam <0.1-8 0.25
Klebsiella pneumoniae Cefotaxime <0.1-2 0.25
Ceftizoxime <0.1-2 0.25
Ceftriaxone <0.1-2 0.25
Cefmenoxime <0.1-2 0.25
Ceftazidime <0.1-2 0.25
Cefoperazone <0.1-128 16
Moxalactam <0.1-4 0.25
n-Formimidoyl
thienamycin <0.1-2 0.25
Axthreonam <0.1-2 0.25
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Table 1 (Continued)

MIC (pg/mI)
Organism Agent Range MICqy,
Enterobacter cloacae Cefotaxime <0.1 to >128 8
Ceftizoxime <0.1to>128 8
Ceftriaxone <0.1to>128 8
Cefmenoxime <0.1to>128 4
Ceftazidime <0.1to>128 8
Cefoperazone <0.1to>128 32
Moxalactam <0.1to>128 4
n-Formimidoyl
thienamycin <0.1-8 2
Azthreonam <0.1to>128 4
Citrobacter freundii Cefotaxime <0.1-16 0.5
Ceftizoxime <0.1-16 0.25
Ceftriaxone <0.1-16 0.5
Cefmenoxime <0.1-16 0.25
Ceftazidime <0.1-16 0.5
Cefoperazone <0.1-16 1
Moxalactam <0.1-16 0.5
n-Formimidoyl
thienamycin <0.1-16 0.1
Azthreonam <0.1-16 0.5
Serratia marcescens Cefotaxime 0.2 to >128 4
Ceftizoxime 0.2to >128 2
Ceftriaxone 0.2to>128 4
Cefmenoxime 0.2to >128 4
Ccftazidime 0.2to>128 2
Cefoperazone 0.2 to >128 16
Moxalactam 0.2to>128 4
n-Formimidoyl
thienamycin 0.1-4 1
Azthreonam 0.1-8 2
Proteus mirabilis Cefotaxime <0.001-0.5 0.1
Ceftizoxime <0.001-0.5 0.1
Ceftriaxone <0.001-0.5 0.05
Cefmenoxime <0.001-0.5 0.1
Ceftazidime <0.001-0.5 0.2
Ceroperazone <0.001-0.5 1
Moxalactam <0.001-0.5 0.2
n-Formimidoyl
thienamycin 0.1-2 2
Axthreonam <0.001-0.2 0.1
Morganella morganii Cefotaxime 0.24 2
Ceftizoxime 0.24 0.5
Ceftriaxone 0.2-4 0.5
Cefmenoxime 0.2-4 1
Ceftazidime 0.2-4 2
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MIC (ugfmi)
Organism Agent Range MIC,,,
Morganeila morganii Cefoperazone 0.2to >128 4
{continued) Moxalactam 0.1-0.5 0.5
n-Formimidoyl
thienamycin 0.1-2 1
Azthreonam <0.01-0.5 0.1
Providencia, rettgeri & Cefotaxime <0.1-4 2
stuartii Ceftizoxime <0.1-4 2
Ceftriaxone <0.1-4 4
Cefmenoxime <0.1-4 4
Ceftazidime <0.1-4 1
Cefoperazone <0.1-32 16
Moxalactam <0.1-4 0.5
n-Formimidoyt
thienamycin <0.1-4 2
Azthreonam <0.1 0.5
Salmonella sp. Cefotaxime <0.1-0.5 0.25
Ceftizoxime <0.1-0.5 0.25
Ceftriaxone <0.1-0.5 0.25
Cefmenoxime <0.1-0.5 0.25
Ceftazidime <0.1-0.5 0.25
Ceroperazone <0.1-128 1
Moxalactam <0.1~0.5 0.25
n-Formimidoyl
thienamycin <0.1-0.5 0.1
Azthreonam <0.1-0.5 0.1
Shigella Cefotaxime <0.1-0.5 0.2§5
Ceftizoxime <0.1-0.5 0.25
Ceftriaxene <0.1-0.5 0.25
Cefmenoxime <0.1~0.5 0.25
Ceftazidime <0.1-0.5 0.25
Cefoperazane <0.1-64 1
Moxalactam <0.1-0.5 0.25
n-Formimidoyl
thienamycin <0.1-0.5 0.1
Azthreonam <0.1-0.5 0.1
Pseudomonas eeruginosa Cefotaxime 2to>128 64
Ceftizoxime 2to>128 64
Ceftriaxone 2to>128 64
Cefmenoxime 2t0>128 64
Ceftazidime <0.5-32 8
Cefoperazone 0.25 to >128 32
Moxalactam 1to>128 32
Cefsulodin 2t0>128 32
n-Formimidoyl
thienamycin 0.5-16 4
Azthreonam <0.5-64 8
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Table 1 (Continued)

MIC (ug/m)

Organism Agent Range MICqy,q
Pseudomonas (Other) Cefotaxime 2to>128 >128
(P. maltophilia, Ceftizoxime 2to>128 >128
P. cepacia, etc.) Ceftriaxone 2to>128 >128
Cefmenoxime 2to>128 >128
Ceftazidime 2to>128 >128
Ceroperazone 2to>128 >128
Mosalactam 2to>128 >128
n-Formimidoyl
thienamycin 2to>128 >128
Azthreonam 2to>128 >128
Acinetobacter Cefotaxime 2to>128 >128
Ceftizoxime 2to>128 >128
Ceftriaxone 2to>128 >128
Cefmenoxime 2to>128 >128
Ceftazidime 2to>128 16
Cefoperazone 2to>128 >128
Moxalactam 4to>128 >128
n-Formimidoyl
thienamycin 1-16 8
Azthreonam 16 to > 128 64
Bacteroides fragilis Cefotaxime 1to>128 64
Ceftizoxime 1to>128 32
Ceftriaxone 1to>128 64
Cefmenoxime 1to>128 64
Ceftazidime 1to>128 128
Cefoperazone 1to>128 64
Moxalactam 1to>128 32
n-Formimidoyl
thienamycin <1-16 2
Azthreonam >128 >128

8 Range and MICgg are taken from the published data recorded in this review, weighted
for number of isolates.

activity against these penicillin-resistant S. pneumoniae. Overall, cefotax-
ime has good activity against gram positive cocci but is not superior to older
penicillins or cephalosporins; the MICS for staphylococcal strains are 10-
fold greater than those of cephalothin. Listeria monocytogenes are resistant,
but Bacillus species are susceptible, although the MIC values may reach 4
pg/ml for some isolates.

Cefotaxime has been shown to have excellent activity against Haemo-
philus influenzae, including B-lactamase-containing strains (29-35). H. pa-
rainfluenzae and other Haemaphilus species have cefotaxime susceptibility
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patterns similar to those of H. influenzae. Cefotaxime has inhibited
B-lactamase-producing Neisseria gonorrhoeae at concentrations below
0.5 pg/ml, irrespective of the source of the isolate (35-38). Indeed, the
MIC mode against penicillinase-producing N. gonorrhoeae has been
<0.004 pg/ml. Although there is less data on the activity of cefotaxime
against N. meningiditis, the MICyy of the available studies is <0.008
pg/ml.

The activity of cefotaxime against the members of the Enterobacteriaceae,
as reported in studies of isolates from the United States, Japan, and Europe
has shown a small amount of variation for species such as Escherichia coli,
Klebsiella spp., Citrobacter diversus, Proteus mirabilis, Salmonella, Shi-
gella, Providencia rettgeri, and Providencia stuartii, with 90% inhibited by
<1 ug/ml (17-31). In contrast, Citrobacter freundii, Enterobacters, partic-
ularly E. cloacae, Morganella morganii, some P. vulgaris, and Serratia tend
to have higher MICs. Although overall reports would indicate that 90% of
the isolates of these species would be inhibited by 6 pg/ml, there are isolates
from every country which have cefotaxime MICs above 32 ug/ml.

It appears that certain hospitals have enteric organisms which either
produce B-lactamases which hydrolyze cefotaxime or more frequently have
surface structure changes which prevent access of the drug to the receptor
sites. In general, the organisms among the Enterobacteriaceae which are
resistant to cefotaxime are resistant to other aminothiazolyl cephalosporins
and also to cefoperazone and moxalactam (39-44).

Other organisms which have been reported to be susceptible to cefotax-
ime are Aeromonas hydrophilia, A. shigelloides, Arizona hinshawii, Eikenella
corredens, Yersinia enterocolitica, Actinobacillus actinomycetemcomitans,
Bordetella pertussis, Comanonas terrigena, Pasturella multocida, and Vibrio
cholera (17, 44—48). The activity of cefotaxime against Campylobacter fetus
species is poor, with the MICy, of 32 ug/ml (48). It also does not inhibit
Legionella pneumophila and some species of Alcaligenes are resistant
(Table 2).

The reported activity of cefotaxime against Pseudomonas aeruginosa has
shown a great range (17-28, 49). In general, 32 ug/ml has inhibited 50%

Table 2 Species of bacteria generally resistant to new B-lactams

Streptococcus pneumoniae, Listeria monocytogenes
penicillin-resistant Clostridium difficile

Staphylococcus aureus, Pseudomonas maltophilia
methicillin-resistant Pseudomonas putida

Staphylococcus epidermidis, Campylobacter jejunii
methicillin-resistant Legionella pneumophilia

Streptococcus faecalis Bacteroides thetaiotamicron (15%)
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of isolates, but the MICyy has ranged from 32 ug to >400 ug/ml. In
general, 20% of isolates would be considered resistant to cefotaxime with
MICs >64 ug/ml. Other Pseudomonas species have extremely variable
susceptibility to cefotaxime. P. cepacia, P. acidovorans, P. diminuta, and
P. denitrificans often are susceptible, whereas P. maltophilia, P. putida, and
P. fluorescens have been resistant. Other nonfermenting organisms which
have been resistant are Achromobacter xyloseoxidans, Bordetella bronchisep-
tica, Flavobacterium species, and the CDC group IVc-2 organisms. Acineto-
bacter calcoaceticus species Iwoffi have been susceptible, but the anitratus
species are resistant with MICy, values about 64 pg/ml.

The in vitro activity of cefotaxime against anaerobic bacteria varies by
species (17, 20, 21). The Fusobacteria havebeen inhibited at concentrations
below 1 pug/ml. Although most (90%) of peptococci and peptostreptococci
have been inhibited by < 1 pg/ml, a few organisms have had MICs of 8
ug/ml. Clostridium perfringens have been inhibited by < 2 ug/ml. C
difficile has been resistant. Bacteroides melaninogenicus have been inhibited
by <1 pg/ml. Bacteroides bivius and B. disiens, organisms found in the
female genital tract, all have been inhibited by 8 pg/ml. The susceptibility
of Bacteroides fragilis has been reported to be 4 to 8 ug/ml for 50% of
isolates and 32 to > 128 pug/mlfor 90% (18, 51-55). A number of B. fragilis
produce B-lactamases which hydrolyze cefotaxime (55). Some B. fragilis
strains have been resistant to cefotaxime. They do not hydrolyze the com-
pound and have been resistant on the basis of other mechanisms. B. thetai-
otamicron often have been resistant to cefotaxime, MIC >64 ug/ml

Activity of Desacetyl Cefotaxime

Although desacetyl metabolites of agents such as cephalothin, cephapirin,
and cefacetrile have been markedly less active than the parent compounds,
this has not been true for desacetyl cefotaxime. The derivative is approxi-
mately four to eightfold less active than the parent compound against most
isolates, with the exception of Morganella, Bacteroides, and P. aeruginosa,
against which it should be considered inactive (56, 57). Desacetyl cefotax-
ime will inhibit the majority of Neisseria, Haemophilus, E. coli, Klebsiella,
P. mirabilis, S. pneumoniae, S. pyogenes, and S. agalactiae at concentra-
tions <1 pg/ml.

Bactericidal Activity and Effects of Testing Conditions

Increasing the bacterial inoculum for from 10° colony forming units
(CFU)/ml to 107 CFU has not caused a major increase in either MIC or
MBC values against streptococcal species, Haemophilus, Neisseria, me-
thicillin, susceptible S. aureus, and certain members of the Enterobac-
teriaceae, such as E. coli, Klebsiella, Salmonella, and Shigella (18). But
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marked increases in MIC have occured at 10’ CFU for Citrobacter freundii,
Enterobacter cloacae, Morganella, Pseudomonas aeruginosa, and Bacter-
oides fragilis (18).

In most studies there have been less than 10% of isolates with MBC/MIC
ratios greater than 2. Similarly, the type of medium used to determine MIC
values and the pH of the medium have had minimal effect upon the MIC
or MBC values (18).

Bactericidal activity of cefotaxime against Enterobacteriaceae is similar
to that of ampicillin and other cephalosporins without more rapid killing
rates at higher concentrations of the drug (58).

There have been differences of opinion regarding the optional disk sus-
ceptibility testing technique (59, 60). Utilizing a 30 pg cefotaxime disk,
a criteria of susceptible has been <23 mn (<8 ug/ml), indeterminate
15-22 mm (16,32 ug/ml), and resistant > 14 mm (= 32 pg/ml) (19).

G-Lactamase Stability of Cefotaxime

Cefotaxime is not hydrolyzed by the most common plasmid 8-lactamase,
the so-called TEM enzyme, which belongs in the Richmond type III group
(61). The B-lactamase stability of cefotaxime is shown in Table 2. Plasmid-
mediated enzymes of the TEM-1, TEM-2 OXA-1,2,3, SHV-], PSE 1,2,3,4
minimally hydrolyze cefotaxime with a few exceptions, as noted in Table
3. Cefotaxime also has been shown to be a competitive inhibitor of the
Richmond type I 8-lactamases, which act primarily as cephalosporinases
and are found in Citrobacter, Morganella, Providencia, and Enterobacters
(61). Some Enterobacters and P. vulgaris contain B-lactamases which hy-
drolyze cefotaxime. Some B. fragilis B-lactamases hydrolyze cefotaxime
(55). Cefoxitin has been shown to induce g-lactamases in certain strains of
E. cloacae, making these strains resistant to cefotaxime (62).

Cell Membrane Permeability

Studies of the ability of cefotaxime to reach its receptor sites in E. coli have
been performed with the isogenic mutants of Richmond DCO and DC2.
Cefotaxime readily entered E. coli cells, although its penetration has not
been as good as that of cefazolin and cephaloridine (9). Similar studies of
the ability of cefotaxime to enter Enterobacter cloacae have been done in
comparison to ceftizoxime, and have shown that ceftizoxime will enter
bacteria more readily (63). Cefotaxime also has been shown to enter
Pseudomonas in comparison to earlier cephalosporins (10).

Affinity of Cefotaxime to Penicillin-Binding Proteins

As noted earlier, the activity of B-lactams has been shown to be related to
binding to penicillin-binding proteins (PBPs). Cefotaxime binds with great-
est affinity to PBP 3, 1a, 1b, and 2 in that order (10). It has a stronger affinity
for PBPs 1a, 1b, and 3 of E. coli than do cephalothin, cefamandole, cefoxi-
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Table 3 Stability of new g-lactams to g-lactamases (relative hydrolysis in percent)

- - Cefo- Cefti- Cefmen-  Ceftri- Ceftazi- Cefopera- Cefsulo- Moxalac- T'};e_r\l:- Azthreo-

Type of g-lactamase taxime  zoxime oxime axone dime zone din tam mycin nam
TEM-12 <1 <1 <1 <1 <1 50 10 0 0 <1
TEM-23 <1 <1 <1 <1 <1 60 10 0 0 <1
0xA-12 20 20 20 20 20 20 0 0 0 <1
OXA-23 <1 <1 <1 <1 <1 80 — 0 0 <1
0XA-33 <1 <1 <1 <1 <1 50 — 0 0 <1
SHV-12 <1 <1 <1 <1 <1 75 — 0 0 <1
PSE-12 <1 <1 <1 <1 0 10 10 0 0 <1
PSE-22 25 25 25 25 30 150 100 0 0 <1
PSE-32 S S 5 5 10 225 250 0 0 <1
PSE—42 <1 <1 <1 <1 <1 10 10 0 0 <1
Staphylococcus aureus® <1 <1 <1 <1 <1 60 <1 0 0 <1
Klebsiella pneumoniae <1 <1 <1 <1 <1 S — 0 0 <1
P99 1 1 1 1 1 1 1 0 0 <1
Proteus vulgaris 25 25 25 25 25 50 — 0 0 <1
Pseudomonas aeruginosa <1 <1 <l1 <1 0 <1 0 0 <1

0 0

Bacteroides fragilis 75 50 75 75 25 50 —

<l

aPlasmid-mediated
— not evaluated

019

NAN
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tin, or cefoperazone. The high binding to PBP 3 explains the filamentation
of bacteria exposed to cefotaxime, since that protein has been shown to be
associated with septum formation (13).

The PBPs in gram positive coccal species are slightly different and the
designations of PBP 1, 2, 3 should not be considered to represent the same
proteins as are present in gram negative bacilli. Cefotaxime has been shown
to bind to PBP 1, 2, 3 in S. aureus, but the affinity for PBP 3 is only 5%
the affinity of cephalothin (64). This would seem to explain the poorer
activity of cefotaxime against S. aureus with MICs of 1.6 ug/ml compared
to a cephalothin MICs of 0.1 ug/ml. All cephalosporins show a poor
affinity for the PBPs 1 and 3 of S. faecalis, whereas penicillins with low
MICs against S. faecalis have high affinity for PBP 3 and 1 (64). Cefotaxime
binds to PBPs of P. aeruginosa and resistance so far has not been correlated
with poor binding to PBPs.

Cefotaxime Interaction with Aminoglycosides and Other
B-Lactams

Combination of cefotaxime with aminoglycosides such as amikacin, gen-
tamicin, netilmicin, and tobramycin resulted in synergy against both mem-
bers of the Enterobacteriaceae and Pseudomonas aeruginosa (18, 65).
Synergy has been infrequently found with E. coli or Klebsiella since cefo-
taxime is so active against these species, but it has been seen with S.
marcescens, P. aeruginosa and indole positive Proteus species.

Combination of cefotaxime and other cephalosporins usually has not
resulted in synergy nor in antagonism, with the exception of combination
of cefoxitin and cefotaxime when tested against cefoxitin-resistant E. cloa-
cae, C. freundii, and Pseudomonas (62).

Interestingly, the combination of desacetyl cefotaxime and cefotaxime
acts synergistically against most bacteria, with the exception of Morganelia,
in which the combination shows antagonism (57).

Pharmacology of Cefotaxime

Serum levels of cefotaxime after intramuscular (IM) or intravenous (IV)
administration have yielded remarkably reproducible results in studies car-
ried out in the United States, France, Japan and Germany (66—69). Mean
peak serum levels after 0.25, 0.5, and 1.0 g doses administered by IM
injection were 5.2, 11.9, and 25 pg/ml (Table 4). When the doses were
normalizedtoa 1 gdose there were no differences betweendoses. Detectable
serum levels were found at 6 hours after 0.5 g, and at 8 hours aftera 1 g
IM dose a serum level of 1 pg/ml still could be detected. After doses of
0.5, 1, and 2 g administered as an IV bolus, mean peak levels have been 38,
102, and 215 pg/ml for the three doses respectively (70). At 4 hours the



Annu. Rev. Pharmacol. Toxicol. 1982.22:599-642. Downloaded from www.annual reviews.org

by Central College on 12/12/11. For personal use only.

612 NEU

Table 4 Comparative pharmacokinetic parameters of new g-lactams

Cefo-  Cefti- Certri- Cefmen- Ceftazi- Cefopera- Cefsulo- Moxalac- Azthreo-
Parameter taxime zoxime axone oxime dime zone din tam nam

Peak serum concentration
after 1 g IV (grams per

milliliter) 41 85 145 ? 83 125 60 70 70
Serum 7T, (hours) 1.1 19 8 1 1.8 2 1.6 2.3 1.7
Renal excretion (%) 60 80 80 80 85 20 65 80 70
Protein binding 40 30 90 30 17 90 30 43 NA
Volume distribution

(liters) 27 18 9 NA 16 12 23 20 13
Total clearance (milli-

liters per minute) 250 150 16 NA 110 75 145 90 85
Effects of probenecid + + 0 + 0 0 + 0

3Infusion

NA, not available

serum level was 1 ug/m for the 0.5 g and 3.3 ug/ml for the 2 g dose.
Following infusion of 1 g cefotaxime over 30 min the mean serum levels at
the end of the infusion have been 45 pg/ml with serum levels of 1 pg/ml
at 6 hours (66).

Cefotaxime is rapidly eliminated with serum half-life of 1 hour after both
IM and IV administration, and no change in half-life with doses of 0.25 to
2 g (67, 70). Administration of lidocaine with the IM doses does not alter
elimination pharmacokinetics. In multiple dose studies there is no evidence
of drug accumulation when administered 6 hourly (67). The volume of
distribution of cefotaxime approximates 0.25 L/kg with a total body serum
clearance of 300 ml/min.

Cefotaxime is metabolized to a desacetyl derivative which begins to
appear shortly after cefotaxime is injected and reaches a peak at 2 hours
(66), but the half-life of desacetyl cefotaxime is approximately between 1.4
and 1.9 hours in normal individuals. Further metabolism of cefotaxime
in serum to the lactone derivatives does not occur in normal individuals
(7).

Cefotaxime is widely distributed to different body tissues. Levels between
33 and 82 pg/ml have been found in bile after 1 g doses IV (72). Sputum
levels have been low, 0.1 ug/ml (73). Levels in cancellous bone after 2 g
have reached 15 ug/ml. Penetration into normal cerebrospinal fluid, ague-
ous humor, and breast milk is negligible (74). In contrast, levels of cefotax-
ime in the CSF of patients with meningitis have reached levels of 4-8 pg/ml
after doses of 2 g.

Cefotaxime is excreted primarily by renal mechanisms; tubular excretion
is the major mechanism. Approximately half of a dose is excreted in the first
6 hours after administration, with 40% of a dose excreted in the first 2 hours
(66). Total recovery of cefotaxime in a 24 hour period is 50 to 60%. The
remainder of the drug is recovered as the desacetyl derivative or lactone
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metabolites (71). Administration of probenecid prolongs the half-life of
cefotaxime by blocking tubular excretion.

Renal disease with creatinine clearance below 7 ml/min causes a,minimal
increase in the serum half-life of cefotaxime, but increases the half-life of
the desacetyl derivative to 11 hours.

Clinical Efficacy

Cefotaxime has been shown to be effective therapy for a variety of infections
due to susceptible bacteria (Table 5). Respiratory infections due to .S. pneu-
moniae, H. influenzae, S. aureus, Klebsiella, and E. coli have been treated
with success rates of 94%. The agent has been utilized to treat abdominal
infections with results comparable to those achieved with clindamycin and
gentamicin (92%). Urinary tract infections due to E. coli, Klebsiella, and
Proteus species have shown response rates comparable to those achieved
with other agents with 97% clinical cures and 81% bacteriologic cures.
Endometritis and salpingitis have been shown to respond, as has gonorr-
hoea due to B-lactamase-producing N. gonorrhoea (75). Skin and skin-
structure infections and bone and joint infections have shown response rates
comparable to those achieved with other gB-lactam agents (82%) (personal
communication, A. Yakabu). Cefotaxime has produced 92% cure rates in
patients with bacteremia. It has also proved effective therapy of meningitis
caused by H. influenzae, S. agalactiae, N. meningitidis, and E. coli (76).
Infections due to ampicillin- , cephalothin- , carbenicillin- , and gentamicin-
resistant organisms have been cured.

Toxicity

Adbverse reactions to use of cefotaxime have been minimal (77). Phlebitis
has been the most common occurence in 3 to 7% of patients. No major
allergic, hematologic, hepatic, renal, or neurologic problems have been

Table 5 Response rates of infections to new g-lactams?

Percent satisfactory

Type of infection Cefotaxime  Ceftizoxime  Cefoperazone  Moxalactam
Urinary tract 81 86 70 83
Lower respiratory tract 94 93 93 90
Intra-abdominal 92 88 89 91
Skin-skin structure 94 94 89 93
Gynecologic 93 NA 98 95
Bone and joint 87 67 75 88
Bacteremia 91 98 90 96
Meningitis NA NA NA 94

3 Calculated from investigator data
NA, not available
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reported. Antabuse reactions and prolongation of prothrombin time have
not been noted (Cefotaxime Symposium, Phoenix, Arizona, January 1981).

CEFTIZOXIME

The development and synthesis of ceftizoxime (Figure 2) has been well
described recently (14, 78). Ceftizoxime differs from cefotaxime only by the
lack of a side chain at position 3 of the dihydrothiazolidine ring. Studies by
the Fujisawa group demonstrated that the presence of a hydrogen at posi-
tion 3 .of the dihydrothiazolidine ring provided activity similar to that
achieved when acetoxy side chains or thiomethyl tetrazole substituents were
present (78).

In Vitro Activity

Ceftizoxime has an in vitro spectrum of antibacterial activity similar to that
of cefotaxime, with some differences which will be noted (79, 80, 81).
Ceftizoxime is slightly less active than cefotaxime against S. aureus, with
an MICy of 6.3 ug/ml compared to 3.1 ug/ml. This has also been true
for its activity against S. epidermidis. In contrast, there has been minimal
or no difference in the activity of ceftizoxime and cefotaxime against the
streptococcal species (79, 80-82, 84). The majority of S. pyogenes and S.
pneumoniae have been inhibited by < 0.1 ug/ml. Enterococci, S. faecalis,
have been resistant to ceftizoxime.

Among the Enterobacteriaceae, E. coli, Klebsiella, and P. mirabilis have
been inhibited by < 1 ug/ml at levels very similar to cefotaxime. Ceftizox-
ime may be slightly more active than cefotaxime against Klebsiella and
Proteus, but the differences are minor (79). Ceftizoxime has had greater
activity than cefotaxime against Proteus species with MICs of <0.01
pg/ml against P. mirabilis. It has inhibited the majority of P. rettgeri,
P. vulgaris, and Morganella at concentrations < 1 ug/ml. Ceftizoxime has
been more active than cefotaxime against highly resistant Serratia marcesc-
ens, with MICs two- to eightfold lower (83). Ceftizoxime does not inhibit
Enterobacter or Citrobacters, which are resistant to cefotaxime.

Activity of ceftizoxime against nonfermenting gram negative rods is
similar to cefotaxime. It is less active against P. aeruginosa. It inhibits P.
cepacia, but not P. putida, P. maltophilia, P. fluorescens, and Achromobac-
ter. It inhibited 90% of Alcaligenes at 12.5 ug/ml, and 90% of Flavobac-

NOCH
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Figure 2 Ceftizoxime.
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terium meningosepticum at 25 pg/ml. Acinetobacters tend to be fairly
resistant with MICyy of 25 pg/ml. Anaerobic activity of ceftizoxime is
similar to that of cefotaxime, with excellent inhibition of gram positive
species. However, ceftizoxime MICs against Bacteroides fragilis are higher,
with 32 to 64 ug/ml required to inhibit 90% of isolates. Ceftizoxime is the
most active aminothiazolyl cephalosporin against Bacteroides (85). Fuso-
bacteria also have ceftizoxime MICs of 12 pg/ml. Bacteroides bivius are
inhibited by < 8 pg/ml. Activity of ceftizoxime against the other bacteria
mentioned earlier for cefotaxime is similar. Campylobacter and Legionella
are not inhibited.

Other Biological Parameters

Increasing the size of the bacterial inocedum and variation in type of test
medium has had little effect on MIC or MBC values for most organisms
except Enterobacter, Pseudomonas, and Bacteroides (79). Bactericidal ac-
tivity has been rapid, as it is with the other agents in this class (80).

Ceftizoxime is not hydrolyzed by the common plasmid and chromosomal
B-lactamases. B-Lactamases TEM-1,2; OXA 1,2,3; and PSE 1,2,3,4 cause
minimal destruction of the compound (79). Ceftizoxime is more stable to
Bacteroides B-lactamases than is cefotaxime. Minimal destruction of the
compound follows incubation with B-lactamases of Enterobacter. 1t is a
competitive inhibitor of Richmond Class I B-lactamases (unpublished
data).

Studies of the entry of ceftizoxime into bacteria show that it has a low
permeability coeflicient and enters gram negative bacteria readily (63).
Furthermore, EDTA had no effect on the ceftizoxime MICs against Ser-
ratia, whereas it did for cefazolin (83). Utilizing a stereoisomer of ceftizox-
ime in which the imino methoxy group is in the anti rather than syn
position has shown that the syn configuration not only contributes to
B-lactamase stability but also affects binding to PBPs (86). Presence of
the imino methoxy group in the syn position causes greater binding of the
compound to PBB 1b in both E. coli and E. cloacae (86).

The interactions of ceftizoxime with other antibiotics, particularly the
aminoglycosides, is similar to that seen with cefotaxime (79). Synergy with
aminoglycosides has been found for Enterobacteriaceae and Pseudomonas.
Antagonism of the activity of ceftizoxime has been seen when combined
with cefoxitin against Enterobacters (unpublished data).

Pharmacology

Much less has been published about the human pharmacology of ceftizox- '
ime than about cefotaxime (87). Ceftizoxime yields mean peak blood levels
of 137 pg/ml after a 0.5 g IM dose and mean peak serum levels of 84
pg/ml after infusion of 1 g over 30 min (Table 4). The half-life of the
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drug is 1.4 to 1.6 hours in normal individuals and increases to 8 hours in
individuals with creatinine clearances of 10 to 30 ml/min, and increases to
24 hours in anuric individuals (88, 89). The drug is not metabolized and is
widely distributed to various body tissues (90). Levels of 0.3 to 1.8 ug have
been found in sputum (91). The drug enters the CSF during inflammation
(B. Scully and H. C. Neu, in preparation), but studies comparing its entry
into CSF with other new agents have not been published. Urinary recovery
in normal individuals is 80-85%, with the majority of the recovery occur-
ring in the first 6 hours (87).

Clinical Studies

Preliminary reports of the clinical efficacy of ceftizoxime at the 12th Inter-
national Congress of Chemotherapy indicated that the compound has been
effective in the therapy of respiratory, urinary, gynecologic, surgical, skin,
and skin-structure infections (89-93) (Table 5). It has proved to be as
effective as aminoglycosides or cefamandole when used to treat serious
infections in controlled, comparative trials (D. Parks, Smith-Kline &
French).

Adverse reactions to ceftizoxime have been infrequent in our own experi-
ence with the drug and in reports from Fujisawa in Japan and Smith-Kline
& French (D. Parks, personal communication) in the United States. No
hematologic, hepatic, renal, or neurologic toxicity has been reported. Diar-
rhea has been uncommon and antabuse reactions have not been encoun-
tered. The drug appears to be very similar in in vitro spectrum, clinical
efficacy, and tolerance to cefotaxime.

CEFMENOXIME

Cefmenoxime (SCE-1365) (Figure 3) contains a tetrazolylthiomethyl group
at position 3 of the dihydrothiazolidine ring. This change in the structure
of this aminothiazolyl, imino methoxy cephalosporin has had minimal effect
upon the antibacterial activity and 8-lactamase stability of the compound.
The differences in the in vitro activity of this compound from cefotaxime
and ceftizoxime are minor (94-98). It has been slightly more active against
some of the Enterobacteriaceae than are the aforementioned compounds so
that the MIC might be 0.01 pug/ml versus 0.02 ug/ml for some E. coli. It
has shown slightly superior activity compared to cefotaxime against E. coli,
Morganella, and Serratia, but against other members of the Enterobac-
teriaceae it is not more effective. The compound is not active against
Pseudomonas aeruginosa nor a number of the other nonfermenting gram
negative bacilli, such as P. maltophilia and Acinetobacter. It has activity
comparable to cefotaxime against anaerobic cocci, but most Bacteroides
Jragilis have cefmenoxime MICs of 32 to 64 ug/ml (97, 89).
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Figure 3 Cefmenoxime.

The agent is as stable to B-lactamases, whether plasmid or chromosomal
mediated, as are the other agents of this class, except that it appears to be
hydrolyzed to a minor degree by PSE 2 and PSE 3 plasmid B-lactamases
.

The pharmacology of cefmenoxime is similar to that of other cephalospo-
rins of similar structure. The mean serum half-life is 1 hour by the IV route
and 1.5 hours after IM administration. Mean peak serum levels of 128
pg/ml follow bolus injection of 1 g and mean peak levels of 24 pg/ml
after IM injection of 1 g. Urinary recovery is 75-80% (J. Guibert, personal
communication).

Clinical studies have not been reported with cefmenoxine, but personal
communication from R. Fujii of the use of the drug in pediatric infections
in Japan in 19 institutions showed a clinical efficacy of 92% in 348 patients.
Cefmenoxine entered the CSF and five of seven patients with meningitis
were cured. There were no severe reactions in the pediatric patients.

CEFTRIAXONE

Ceftriaxone (Ro 13-9904) (Figure 4) differs from the aforementioned agents
by addition of a side chain of a thiol methyl oxo thia azabicycle ring at
position 3 of the dihydrothiazolidine nucleus. The in vitro activity is similar
to the aforementioned compounds cefotaxime, ceftizoxime, and cefmenox-
ime with the following exceptions. Ceftriaxone is less active than cefotaxime
against S. aureus (99, 102). It has, however, similar activity against group
A and group B streptococci and S. pneumoniae so that 90% are inhibited
by 0.2 ug/ml (99, 100-105). It is more active than the other agents against
P. mirabilis and possibly against H. influenzae, N. gonorrhoeae, and N.
meningiditis (99, 100, 102-104).

Ceftriaxone has less activity against Pseudomonas than some of the other
aminothiazolyl cephalosporins and it has poor activity against Bacteroides
Sfragilis (102). It also does not have activity against nonfermenting gram
negative rods resistant to the other compounds, such as Acinetobacter. 1t
does inhibit Yersinia, Arizona, Aeromonas, Eikonella, and Pasturella mul-
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tocida (102). It does not inhibit Campylobacter, Legionella, Listeria, or P.
maltophilia (102).
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Figure 4 Ceftriaxone.
Pharmacology

Ceftriaxone differs from the other agents in its pharmacology (Table 4). The
compound is bound to a greater extent to protein than are other drugs of
this type, namely 90%. The protein binding is concentration-dependent and
appears to alter the clearance of the drug. Serum levels of 150 pg/ml follow
infusion of 1 g over 30 min with serum levels of 35 ug/ml present at 12
hours and 15 pg/ml at 24 hours. Administration of 0.5 g by the IM route
produces mean peak serum levels of 50 ug/ml with levels of 8 ug/ml at
24 hours. When given as 1 g every 12 hours, after the first and last dose,
the mean plasma concentrations were 145 and 168 pg/ml, respectively, and
after 2 g dose were 255 and 280 ug/ml, respectively. In general, plasma
concentrations have been proportional to the dose, and Ty and fraction
of excretion are not dose-dependent (106-109). As noted, there is a 20%
accumulation of the drug over a 3 day period. Probenecid had no effect
upon excretion of ceftriaxone. The compound also diffuses well into tissue
cage fluids and into CSF (110, 111). The Ty, of the compound is 6.6 to 10
hourswith amean T, of 8 hours. This is in contrast to 1 hour for ceftoxime
and 1.6 hours for ceftizoxime. Preliminary studies appear to show that the
drug does not accumulate in the presence of renal failure.

Models of experimental meningitis in animals have shown that the com-
pound achieves excellent concentrations 10-100 times the MICs for menin-
gococci and Haemophilus which persist for long periods. We have treated
patients with meningitis due to P. mirabilis and E. aerogenes and achieved
concentrations greater than 6 ug/ml

Clinical Activity

Clinical studies in the United States [J. Spicehandler and C. Demos
(Roche), personal communication] indicate that ceftriaxone is effective
therapy of various serious infections when administered as a twice or single
daily dose (Table 5). No serious adverse effects have been reported. Studies
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in Europe have indicated excellent results of therapy ofserious urinary tract
infections, gonorrhoea, lower respiratory tract infections, and in a small
number of septicemias (112-114). A remarkable treatment of many cases
of meningitis has been reported by Cadoz et al from Senegal (114). CSF
levels reached 10 pg/ml and the CSF was sterile within 2 days when the
compound had been given at 15-20 mg/kg/day as two doses.

CEFTAZIDIME

Ceftazidime (GR 20263) (Figure 5) differs in two essential aspects from the
aforementioned agents. Although it has an amino thiazolyl group, it has a
carboxypropyl oxyimino group instead of the iminomethoxy group of the
other members, and it has a pyridinium group at position 3. These changes
cause some loss of gram positive and anaerobic activity but increase the
antibacterial activity against Pseudomonas (115-119). The MICs are 0.1 to
2 pg/ml for streptococci, 8 to 12 ug/ml for staphylococci, and >64 ug/ml
for enterococci. Methicillin-resistant staphylococci are resistant. In general,
ceftazidime has been slightly less active than cefotaxime, ceftizoxime, and
cefmenoxime against the Enterobacteriaceae (119, 120). MICs were 0.1 to
0.4 pg/ml. It also has been less active than ceftriaxone against H. influenzae
and N. gonorrhoeae.

The compound also has been less active against anerobic bacteria than
some of the other agents already reviewed. It inhibits less common anaero-
bic species such as Propionobacteria, peptococci, peptostreptococci, Yeil-
lonella, etc. It has inhibited some B fragilis, but the MICs often are 16 to
64 pg/ml. It has inhibited Yersinia and Legionella (120). Ceftazidime has
been more active than other agents against Serratia and Acinetobacter.
Ceftazidime also has been more active against P. vulgaris and Morganella
than are cefotaxime and ceftizoxime.

Ceftazidime has been the most active new 8-lactam against Pseudomonas
aeruginosa (115-120). It has inhibited 50% of isolates at 4 ug/ml and 90%
at 12-16 pug/mlin every study so far reported. Furthermore, it has inhibited
carbenicillin- , piperacillin-, and gentamicin-resistant P. aeruginosa. It has
consistently been more active than cefoperazone and moxalactam (120).
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Figure 5 Ceftazidime.
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B-Lactamase Stability

Ceftazidime has been highly stable to 8-lactamase attack, resisting destruc-
tion by enzymes which hydrolyze cefamandole, cefoperazone, and cefsulo-
din, in addition to the older cephalosporins and penicillins. However, some
Enterobacter and Citrobacter have been resistant to ceftazidime as they
have been to all of the new B-lactam agents. Ceftazidime does not act as
a potent inducer of B-lactamases, but it does inhibit hydrolysis of other
cephalosporins by Richmond type I B-lactamases (120).

Ceftaxidime’s activity has been minimally affected by the inoculum size
used in MIC and MBC determinations (115-120). It also has been active
over a wide pH range and in aerobic and anaerobic environments. Killing
rates have been comparable to other agents of this class, and there has been
minimal difference between MIC and MBC values. It has acted synergisti-
cally with aminoglycosides and is less likely to show antagonism when
combined with cefoxitin.

Pharmacology

The pharmacology of ceftaxidime in normal volunteers has shown that
serum levels have been 39 pug/ml, 83 pug/ml, and 188 ug/ml after IV
infusion of 0.5, 1, and 2 g respectively, with half-life of 1.8 hours (121, 122).
Plasma protein binding of ceftazidime has been only 17%. The plasma
clearance of the drug has been reported as 110 ml/min. Urinary recovery
is 80 to 90% and there are no metabolites in the urine (121-123). By the
IM route, mean peak values of 17.8 ug/ml and 37.2 ug/ml occur after 0.5
and 1 g, respectively. There has been no prolongation of half-life when
probenecid was administered, indicating that the drug is cleared by
glomerular filtration (123).

Ceftazidime has been shown to penetrate into blister fluid, bone, bile, and
peritoneal fluid (124, 125). Levels in blister fluid are adequate to inhibit
most S, aureus and P. aeruginosa, as well as other common gram negative
bacilli (122).

There have been only a small number of clinical studies of ceftazidime,
but it has proved effective in pneumonitis and other serious infections due
to Pseudomonas (126, 127). No major adverse reactions havebeen reported.

CEFSULODIN

Cefsulodin (Figure 6) is 3-(4 carbamoyl-1-pyridinio-methyl-7-beta (D-a-8
sulfophenylacetamido) -ceph-3em-4-carboxylate) as a sodium salt. It has
many similarities to carbenicillin, with an acidic function at position 10. It
also has a pyridinium group at position 3. The antibacterial activity of this
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agent is fairly well limited to Pseudomonas aeruginosa and to some degree
S. aureus (127-129). Inhibitory values have been widely different, ranging
from 3.1 pug/ml and 50 pug/ml for 50% and 90% of strains to more recent
reports of MICsq of 32 ug/ml and MICy of 128 ug/ml. Cefsulodin has
been usually four to eightfold more active against Pseudomonas than car-
benicillin. It has activity similar to cefoperazone and moxalactam (130-
132). Most of the Enterobacteriaceae have been resistant (MICs >50
pg/ml) as have streptococci. Some anaerobic bacteria and S. aureus
have been inhibited at concentrations of 3 to 25 ug/ml (131). The com-
pound is hydrolyzed by a number of 8-lactamases present in Pseudomonas,
but not by the Sabath-Abraham enzyme (Richmond type 1d), nor by the
TEM (Richmond type IIT) enzyme. There is an increase in MIC and MBC
values as the inoculum size is increased above 103 CFU. Although cefsulo-
din exhibits synergy when combined with aminoglycosides against
Pesudomonas, this is not a consistent phenomenon (132).

The basis of the activity of cefsulodin against P. aeruginosa seems to be
related to its ability to penetrate the outer wall of this species and to bind
to the PBPs in Pseudomonas (133-135).

Pharmacology

The pharmacology of cefsulodin does not differ appreciably from those of
other cephalosporins (136). The half-life of cefsulodin in individuals with
normal renal function is 1.6 to 1.8 hours, and in patients with anuria T,
is 9 to 10 hours (137). Following a 2 g IV bolus dose, serum levels of 121
pg/ml are present for the first hour and levels of 40 ug/ml for the second
and third hours. Administration of cefsulodin at the same time as gentami-
cin or amikacin does not change the pharmacokinetics of either agent (139).
About 70% of a dose is excreted in the urine. Studies in patients with cystic
fibrosis show the Ty, is slightly shorter and total body clearance of the drug
is greater (138). The compound enters interstitial fluid, producing levels of
15 pg/ml 2 hours after a 1 g IV dose (140).

Clinical studies so far have shown that cefsulodin is effective therapy of
selected infections due to Pseudomonas, but much more data is needed to
clarify the preciserole of this agent and to determine whether it can be used
as single therapy.
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Figure 6 Cefsulodin.
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CEFOPERAZONE

Following observations that penicillins with a 2,3 dioxopiperazinylcarbonyl
group showed excellent antibacterial activity, the moiety was introduced
into the cephalosporin nucleus. A variety of other chemical groups were
introduced into the 3 position of the ring, and it was discovered that the
compound which had the methyltetrazolythio group had the highest an-
tibacterial activity and lowest toxicity. Further studies demonstrated that
an ethyl group attached to the 4 position of the piperazine ring and a
hydroxyl group to the benzyl group allowed optimal activity, thus giving
the structure of cefoperazone (Figure 7) (141).

Antibacterial Activity
In the majority of studies cefoperazone has inhibited 90% of S. aureus at
3 to 4 ug/ml. It has been less active than cephalothin or cefamandole and
generally comparable to the activity of cefoxitin. Methicillin-resistant S.
aureus and S. epidermis are resistant to cefoperazone. Most S. pyogenes,
S. agalactiae, and other streptococci, except for S. faecalis, have been in-
hibited by <0.4 ug/ml (142-145). S. pneumoniae are inhibited by
<0.25 pg/ml (100%). Neisseria meningitidis have been inhibited (90%)
by <0.015 ug/ml, 100% of H. influenaze, including B-lactamase strains,
by 0.5 ug/ml, and 100% of N. gonorrhoeae by 0.12 pg/ml (142-145).
The activity of cefoperazone against the Enterobacteriaceae is markedly
influenced by the type of B-lactamases present in the bacteria in the hospital.
In some areas 98% of theisolates would be susceptible to < 8 ug/ml (145),
whereas in others 30% of isolates would be resistant (142, 143, 146, 147).
The MICqy for E. coli has ranged from 4 to >128 ug/ml, with most
countriesreporting 4 to 8 ug/ml. In most studies 4 to 12 ug/ml of cefopera-
zone will inhibit 90% of K. pneumoniae, but there are reports of organisms
with cefoperazone MICs of >128 ug/ml (96). The aminothiazolyl ceph-
alosporins and moxalactam are more active against Klebsiella and E. coli
than cefoperazone. P. mirabilis generally have been inhibited by 1 to 8
pg/ml. Morganella, P. vulgaris, and P. rettgeri tend to have had higher
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Figure 7 Cefoperazone.
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cefoperazone MICs, but 16 pg/ml has inhibited most isolates. Cefopera-
zone has been less active than cefotaxime and moxalactam against these
isolates.

The greatest variation in published cefoperazone MICs has been with
Enterobacter, Serratia, and Citrobacter species. E. aerogenes and C. diver-
sus generally have been susceptible, with 90% inhibited by 4 ug/ml. How-
ever, of E. cloacae, C. freundii, and S. marcescens, 20% could have
cefoperazone MICs above 16 pg/ml.

Cefoperazone has been one of the most active new agents against P.
aeruginosa, but here also the results depend upon the strains tested, since
MICq of cefoperazone against P. aeruginosa range from 16 to > 128
pug/ml (142-147). Cefoperazone did not inhibit 4cinetobacter and most of
the other Pseudomonads, and did not inhibit Campylobacter nor Le-
gionella, but was active against Yersinia.

Cefoperazone inhibited most Bacteroides bivius, B. distatonis, B. oralis,
and B. melaninogenicus at concentrations below 8 ug/ml (51, 148, 149).
It was less active than cefoxitin against B. fragilis, with 32 to 64 ug/ml
required to inhibit 90% of isolates (51, 85, 148, 149). Cefoperazone at low
concentrations inhibits Clostridium sp, Eubacterium sp., Fusobacterium
sp., and peptostreptococci and peptococci.

Factors Affecting in Vitro Activity

The in vitro activity of cefoperazone is minimally affected by increases in
inoculum below 10¢ CFU (142). However, at inocula of 10’ CFU there has
been marked differences between MIC and MBC values against Enterobac-
ter, some E. coli, and Pseudomonas. Cefoperazone is active over a wide pH
range, and activity is not influenced by type of medium.

Cefoperazone has acted synergistically with aminoglycosides against
Pseudomonas and with clavulanic acid against Klebsiella and B. fragilis,
which are resistant to cefoperazone (149).

Cefoperazone is less S-lactamase stable than the other compounds dis-
cussed in this article (142). It can be hydrolyzed by a variety of plasmid and
chromosomal B-lactamases when the enzymes have been used as partially
purified enzymes. The low level of enzyme present in some bacteria and the
ability of cefoperazone to enter the bacterial cell and to bind the PBPs to
some extent overcomes this SB-lactamase instability and it inhibits many
Pseudomonas (150). It binds very effectively to PBPs 3 and 1b. It is
cefoperazone’s ability to enter the bacterial cell and to bind to PBPs that
explains its good activity against many bacteria. Nonetheless, cefoperazone
cannot be considered to have the B-lactamase stability of agents such as
ceftazidime or moxalactam.
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Pharmacology

The pharmacology of cefoperazone has been reviewed in detail recently
(151). In studies of the intramuscular (IM) administration of cefoperazone
at doses of 0.25, 0.5, and 1 g, mean peak serum concentrations were 22, 33,
and 67 pg/ml at 1 hour. At 8 hours, serum levels were 2.1 4.8, and 5.6
pg/ml, respectively, for the three doses. The mean half-life after intramus-
cular injection was 108-154 min (Table 4). Urinary recovery ranged from
14 to 18% of an administered dose. Intravenous (IV) administration of
cefoperazone by rapid (3-5 min) infusion produced serum levels at 15 min
of 76, 156, and 244 pg/ml after doses of 0.5,1, and 2 g, respectively.
Concentrations of cefoperazone at 8 hours were 2.4, 6.5, and 11.8 ug/ml
after these respective doses. Serum half-life was 115-120 min and urinary
recovery, 29-33%. Levels determined at 5 min after bolus injection were
200 pg/mlfor 1 g, 275 pug/mlfor2 g, and 518 ug/ml for 3 g. Intravenous
infusion studies of cefoperazones in which 2 g of the drug has been infused
over 15, 30, or 120 min have yielded levels of 250-260 ug/ml (152-164).
At 12 hours, levels of 1-2 pg/ml were still present. The half-life found in
these studies ranged from 1.6 to 2.38 hours. Urinary recovery was 25-30%.
Serum clearances have been 80-90 ml/min and renal clearances, 18-30
ml/min. The apparent volume of distribution of the compound has ranged
from 10 to 16 liters. Comparative studies have shown that cefoperazone
produced higher serum levels than cefazolin, cefamandole, cefotaxime, and
moxalactam. Biliary concentrations exceed 400 pg/ml and are two to four
times the levels found with cefazolin or cefamandole. In the presence of
renal failure there has been a minimal increase in serum half-life; but in the
presence of biliary obstruction, serum half-life may reach 11 hours, depend-
ing on the degree of biliary obstruction. In the presence of biliary obstruc-
tion, the drug is 90% removed from the body by renal excretion (165).

Cefoperazone has not been metabolized in man. It has been widely dis-
tributed, achieving concentrations that would be therapeutic in most tis-
sues. It is bound to plasma proteins about 90%. In rabbits with
experimental meningitis it enters the CSF at 8% of the serum level, which
is similar to the amount of cefotazime and ceftriaxone, but less than that
of moxalactam (166). In another study using larger doses of cefoperazone
and moxalactam, the CSF/serum ratio of cefoperazone and moxalactam
were equal (167).

Clinical Use

Cefoperazone has been studied extensively in the treatment of upper and
lower respiratory tract infections, urinary tract infection, gynecological
infections, skin and skin-structure infection, as well as bacteremia (Table 5).
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In general, the clinical and bacteriologic response has been excellent, rang-
ing from 80 to 93% (168-176). A dose of 2 to 4 g a day has been used.
Pathogens eliminated have been E. coli, Klebsiella, Proteus, and Pseudomo-
nas. The cure rate for Serratia has been lower at 54%. Comparative trials
of cefoperazone and other cephalosporins or aminoglycosides have shown
comparable clinical results (H. Swarz, personal communication).

Adverse Effects

Cefoperazone has been well tolerated after IV or IM administration. Side
effects have been few in Japanese studies, and were primarily fever and rash,
both experienced by less than 2% of patients. Diarrhea has been seen in 7%
of American patients. Disulfiram reactions occur in individuals who drink
alcohol while receiving cefoperazone or drink up to 48 hours after receiving
the drug. However, individuals already intoxicated who receive the drug do
not develop any reaction. This is due to alcohol dehydrogenase reaction
scen with all agents which have a methyltetrazolylthio group. Bleeding,
which rarely occurs, is due to prolongation of the prothrombin time, which
can be readily corrected with vitamin K administration.

MOXALACTAM

Oxa-cephems were first reported by Cama & Christensen in 1974 (177), who
showed that a sulfur in position 1 of the dihydrothiazolidine ring could be
replaced by an oxygen without loss of biologic activity. Studies of the
structural-activity relations of derivatives of a 1-oxacephem led the Shiongi
research group to the molecule moxalactam (Figure 8), also called 6059-S
and LY127935 (178-180). The S — O shift, although increasing antibac-
terial activity, increases the relative rate of hydrolysis by certain 8-lacta-
mases, since it increases the acylating ability. Thus the enhanced reactivity
of the ring causes both increased activity and lability. The oxygen cephalo-
sporin has been shown to have an increased ability to penetrate bacteria,
which probably is due to an increased hydrophilic nature of the compound.
This has been shown to increase penetration (181). Another interesting
change effected by the S — O shift is a decreased protein binding which
correlates with better animal protection in infection models (178).

The other substituents on the molecule contribute to various factors.
Studies with cefoxitin had shown that presence of a 7 a-methoxy group leads

Oeis
HO@EHZCONH = -
\
M N{)\/SJ\N’N

0 !
ot M

Figure 8 Moxalactam.
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to great B-lactamase stability. An unsubstituted 1-oxacephem is hydrolyzed
by every type of 8-lactamase, but a 7 a-methoxy oxa-cephem is stabilized
against the penicillinases such as TEM but not cephalosporinases. Addition
of a carboxyl function in the malonyl side chain stabilized the molecule so
that no B-lactamases attacked the molecule. The final aspect of the molecule
relates not to antibacterial activity but to pharmacologic properties. Intro-
duction of a p-hydroxyphenyl side chain produced high blood levels and
changed the molecule to primarily excretion by filtration rather than secre-
tion, as occurs with other cephalosporins.

Microbiologic Activity

Moxalactam has inhibited most commonly occuring gram positive, gram
negative, and anaerobic bacteria (50, 182-194). It is not clear what should
be the level used to define susceptibility, namely 8 pg/ml or 16 pg/ml.
Moxalactam is much less active than earlier cephalosporins against S.
aureus, 75% inhibited by 8 ug/ml and 95% by 32 ug/ml, in contrast to
95% inhibited by 0.4 ug/ml of cephalothin (182, 184, 185). It does not
inhibit methicillin-resistant S. aureus. S. epidermidis have been slightly
more resistant with MIC;5, 16 pg/ml. Streptococci such as S. pyogenes
have required 1 to 8 pg/ml and the same is true of .S. agalactiae (group
B). Enterococci are completely resistant. The activity against .S. pneumoniae
is such that 60% require 1 pg/ml and 90% 2 pg/ml. Thus moxalactam,
although able to inhibit gram positive species, has been much less active
than older cephalosporins and the penicillins.

In contrast, activity against gram negative enteric bacteria is excellent.
More than 90% of E. coli, Klebsiella, and P. mirabilis would be inhibited
by < 0.2 ug/ml. Activity against Enterobacter, Citrobacter, and indole
positive Proteus, Providencia, and Morganella have been excellent, with
< 1 pg/ml, inhibiting 85-90% of isolates. Some Serratia have required
levels of 8 to 16 ug/ml, but 8 to 16 pg/ml would inhibit 95 to 98% of
Enterobacteriaceae (184-196).

Moxalactam has been extremely active against Haemophilis and Neis-
seria gonorrhoeae, including B-lactamase-producing isolates of each species,
with 98% inhibited by < 0.5 pug/ml (189, 191, 192). The activity against
P. aeruginosa is less significant, with 55% inhibited by 16 ug/ml, 75% by
32 pg/ml, and 85% by 64 ug/ml (184, 187, 196). It does not inhibit other
Pseudomonas species (197) and activity against the uncommon nonferment-
ing organisms, such as Acinetobacter, is not remarkable: 50% inhibited by
16 pg/ml It does not inhibit Legionella (198), but it does inhibit Pas-
teurella, Vibrio, and Yersinia.

The antianaerobic activity has been comparable to that of cefoxitin (148,
184, 186, 199). Most peptococci are inhibited by < 2 ug/ml, but pepto-
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streptococci may require levels of 32 to 64 ug/ml. Many Clostridia have
been resistant, especially C. difficile. The Bacteroides have varied in suscep-
tibility, with 8 pg/ml inhibiting 85%. Many B. thetaiotamicron have been
resistant, as have some B. distatonis. Of B. fragilis, 90% would be inhibited
by 16 pug/ml

For most microorganisms the bactericidal concentration is identical or
only twofold greater than the inhibitory level (184), with the exception of
P. aeruginosa. Type of medium, presence of serum, and variations in pH
or aerobic or anaerobic conditions have not affected the MIC or MBC
values.

Moxalactam is extremely resistant to hydrolysis by all plasmid and
chromosmal 8-lactamases, whether they be of penicillinase or cephalospori-
nase affinity (39, 200, 201). It also has been shown to be an effective enzyme
inhibitor of the Richmond type 8-lactamases (39, 201). It also appears not
to act as an inducer of some chromosmal g-lactamases, as occurs with
cefoxitin.

Moxalactam acts synergistically with some aminoglycosides, but to a
lesser degree than do penicillins. It does not act antagonistically with peni-
cillins such as azlocillin, mezlocillin, and piperacillin (H. C. Neu, in prepa-
ration).

Pharmacology

Moxalactam is not absorbed from the intestine, but yields adequate serum
and tissue levels after IV infusion or IM injection (202, 203). Mean peak
serum concentrations after infusion of 500 mg are 48 pg/ml and 100 ug
after 1 g. After a 1 g dose, serum levels of 1 to 2 ug/ml are present at 12
hours. A 30 min infusion of 2 g yields levels of 88 ug/ml at 1 hour and levels
of 9 ug/ml at 8 hours. IM injection of 0.5 g yields levels at 1 hour of 24
pe/ml, with levels present at 8 hours. This is in contrast to cefotaxime,
which is rapidly cleared, and similar to the kinetics of cefoperazone.

The mean half-life of moxalactam is 2 to 2.3 hours. The compound
undergoes minimal metabolism in man, but this is probably of minimal
significance (Table 4).

Most of the drug is excreted by the renal route, with recovery of 60 to
95%. The majority of the excretion occurs in the first 4 hours. Urine levels
after a 500 mg dose have ranged from 450 ug/ml in the first two hours to
60 pg/ml in the 10 to 12 hour period. Probenecid does not affect renal
excretion. In patients with renal impairment there is a prolongation of
half-life and decrease in renal excretion (204-207). At creatinine clearances
of 30 to 60 ml/min, the serum half-life is 4 hours, at creatinine clearances
of 10-30 ml/min, T, is 85 hours, and in the anuric patient T, is 19 to
22 hours (205). Hemodialysis will reduce the half-life to 4 hours (205,
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206-208). Peritoneal dialysis in contrast does not reduce the half-life of the
drug (208).

The pharmacokinetics have been determined in newborn infants (209).
Following a 10 min infusion of 50 mg/kg, mean peak levels have been 125
pg/ml Ty, is5to7.5 hoursin neonates less than 7 days of age and 4.4 hours
in those 1 to 4 weeks of age. In infants, the Ty is 1.6 hours. In the infant,
a level of 7 pg/ml is present 8 hours after.a 50 mg/kg dose (209, 210).

Moxalactam is widely distributed to body fluids and has been found in
bile, pleural fluid, interestitial fluid, and aqueous humor (211-214). Concen-
trations in CSF of infants have been 2.3 to 33.7 ug/ml 1 to 2 hours after
a 50 mg/kg dose and represent 10% of CSF level at 2 hours and 20% at
5 to 6 hours. Levels in the CSF of adults have been in excess of 25 ug/ml
2 hours after a 2 g IV dose.

Clinical Efficacy

Clinical studies of moxalactam in the United States have yielded response
rates of 83 to 94% (213, 215-217) (Table 5). Clinical cures of 77 to 80%
have occurred in urinary tract infections due to E. coli, K. pneumoniae,
Enterobacter, and P. mirabilis, but only 58% in those due to P. aeruginosa.
Lower respiratory infections due to S. pneumoniae, H. influenzae, Kleb-
siella, Enterobacter, E. coli and S. aureus pneumonitis have been cured. But
only 58% of P. aeruginosa pulmonary infections were cured. Satisfactory
responses for intra-abdominal infections occured in 91% of patients, with
excellent response in all the Bacteroides infections. Similarly, there was a
96% response rate in 106 patients with bacteremia. E. coli, Klebsiella,
Enterobacter, Serratia, P. mirabilis, S. aureus, and S. pneumoniae re-
sponded, as did six P. aeruginosa. The response of 18 patients with meningi-
tis, 5 due to E. coli, 3, to K. pneumoniae, 3 of 4, to S. marcescens, and 2

- to E..cloacae (94%) was far better than reported for other classes of

antibiotics (218).

Adverse Effects

The adverse effects in 3,558 patients have been small (217). Hematologic
adverse effects included eosinophilia (2-6%), hypoprothrombinemia
(0.7%), and leukopenia (0.4%). Rash was extremely uncommon, with all
types of hypersensitivity occurring in only 2.9%. An antabuse reaction
occurred infrequently. But this reaction can occur as much as 48 hours after
the last dose of moxalactam, since the methyltetrazolythio group will in-
hibit the enzyme acetaldehyde dehydrogenase and cause accumulation of
acetaldehyde (219, 220). Diarrhea occurred in only 2% of patients and
there has been pseudomembranous colitis. Whether moxalactam actually
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causes any renal toxicity is unclear, since only 1.8% of patients had any
such reactions.

Overgrowth of enterococci with serious infection occurred in a small
number of patients (221). Candida superinfection also was found in a small
number of patients who were immunosuppressed and had received large
doses of the compound.

CEFOTIAM AND CEFMETAZOLE

Cefamandole (222), cefuroxime (223), and cefoxitin (224) have seen exten-
sive use in clinical medicine and reviews of their activity have been pub-
lished. There are several other agents, such as cefotiam and cefmetazole
(Figure 9), which are still in the process of clinical evaluation which I will
not review in detail. Cefotiam has some properties which make it similar
in some ways to cefamandole (225, 226). It has inhibited S. aureus at
concentrations < 1 ug/ml and also most S. pneumoniae and S. pyogenes.
Although it is poorly hydrolyzed by plasmid B-lactamases of E. coli and
is active against Klebsiella and P. mirabilis, it has had MICS tenfold higher
than for cefotaxime, ceftizoxime, cefoperazone, and moxalactam. Further-
more, most Enterobacter, indole-positive Proteus, Morganella, and C.
Sfreundii are resistant. Activity of cefotiam against gram positive anaerobes
is good, but it has not inhibited Bacteroides fragilis and it has been inactive
against Pseudomonas. It is somewhat more stable to 8-lactamases of the
Richmond Ia, II, and III types than is cefoperazone, but lacks the latter’s
ability to bind to receptor PBPs and to enter outer cell membranes. The
pharmacology of the agent has shown it to have a relatively short half-life,
1 hour, and to have pharmacokinetics similar to agents such as cephalothin
(227, 228). Clinical studies of its efficacy are in progress.

Cefmetazole in essence is similar to cefoxitin with better MICs against
gram positive species and twofold lower MICs against E. coli and Klebsiella
(229, 230). It has no Enterobacter or Pseudomonas activity. Its anaerobic
activity is twofold less than that of cefoxitin against Bacteroides. It is as
B-lactamase-stable as cefoxitin (230). Blood levels after 1 g given by intrave-
nous infusion over 1 hour have been approximately 75 ug at 1 hour, and
24 pg/ml at 6 hours, with a half-life of 0.81 hours (231). The half-life
increases in patients with anuria to 15 hours. In normals approximately
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Figure 9 Cefmetazole (CS-1170).
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70% of a dose is excreted in 6 hours. The presence of the methyl thiotet-
razole side chain would suggest that it can cause antabuse reactions and
bleeding.

OTHER B-LACTAM AGENTS

n-Formimidoy! Thienamycin

Thienamycin was a most promising antibacterial compound which unfortu-
nately was not stable at high concentrations (232, 233). The development
of n-formimidoyl thienamycin (Figure 10) yielded a derivative which re-
tained the antibacterial activity of the parent compound and yet was stable
(234-238). n-Formimidoyl thienamycin has shown remarkable gram posi-
tive activity, inhibiting not only B-lactamase positive isolates of S. aureus,
but also methicillin-resistant isolates at concentrations below 2 pg/ml (236,
238). It has shown extremely excellent activity against streptococci and
even inhibited 90% of S. faecalis at 2 pg/ml (234-238). Overall, with the
exception of Proteus and Providencia, the compound had inhibited 90% of
isolates at < 1 ug/ml, and 50% at < 0.2 ug/ml. Proteus species require
4 pg/ml to inhibit 90%. The compound also has shown remarkable activity
against P. aeruginosa, inhibiting moxalactam and cefoperazone resistant
strains, with 90% inhibited by 8 pg/ml (234-239). It has inhibited other
Pseudomonas with the exception of P. maltophilia. 1t inhibited Acinetobac-
ter resistant to all other B-lactams. Its anaerobic activity has been extensive,
inhibiting 90% of Bacteroides at < 1 pg/ml.

n-Formimidoyl thienamycin is 8-lactamase-resistant and also acts as an
effective inhibitor of selected B-lactamases. It is equivalent to clavulanic
acid in some aspects, acting as a suicide molecule (237, 238).

n-Formimidoyl thienamycin is hydrolyzed in humans during excretion
by a dipeptidase in the kidney (240). A series of specific enzyme inhibitors
or the dipeptidase have been developed which can be administered to block
peptidase activity and restore renal concentrations (241). To date no clinical
studies of the use of the compound have been published.

Monobactams

Monobactams are a recently reported group of compounds which are syn-
thetic analogues of a compound produced by a bacterium, Chromobac-
terium violaceum (242). The addition of an aminothiazoly group and the
carboxy propyl oxyimino group have yielded a compound which has no
activity against gram positive bacteria nor anaerobic bacteria, but which has
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Figure 10 n-Formimidoyl thienamycin (MK0787).

remarkable activity against aerobic gram negative bacteria of the Enterobac-
teriaceae and P. aeruginosa (243-246).

The compound inhibited 90% of Enterobacteriaceae at concentrations
below 1 ug/ml Indeed, it inhibited 90% of Serratia at 3.1 ug/ml, where
the concentration of cefoperazone was > 100 ug/ml and moxalactam and
cefotaxime MICy, was 25 ug/ml (243, 244, 246). It also inhibited cefsulo-
din- and cefoperazone-resistant P. aeruginosa (243-246). H. influenzae and
N. gonorrheae were inhibited at < 0.2 ug/ml

Azthreonam is stable to all plasmid B-lactamases and acts as a competi-
tive inhibitor of some type I B-lactamases (243-245). Only the K1 8-
lactamase of some Klebsiella and Enterobacter will cause partial hydrolysis.

Combination of Azthreonam with other B-lactams such as nafcillin,
clindamycin, and metronidazole, and with other agents such as aminoglyco-
sides did not affect MIC values (H. C. Neu, in preparation). Different media
and serum do not alter MIC nor MBC values. There is no appreciable
difference between MIC and MBC values. The compound binds preferen-
tially to PBP 3 so that long filaments which are unable to grow develop.
Azthreonam lacks activity against gram positive bacteria because of failure
to bind to PBPs.

Preliminary pharmacologic data have shown that mean blood levels of
58 ug/ml occur after a 500 mg bolus injection and 242 ug/ml aftera 2 g
injection. The half-life is 1.5~1.8 hours (247). Urine levels are > 140 ug/ml
for 8 hours after a 500 mg dose. Clinical studies are in progress.

SUMMARY

A number of new B-lactam agents have become available in the past several
years. Most of the agents discussed are still undergoing clinical investiga-
tion. Major advances in the antibacterial activity and clinical pharmacology
has been achieved by molecular modifications. Fortunately, toxicity has
rarely accompanied these changes and B-lactam would appear to be the
antibacterial agents for the 1980s.
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