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The activities of azlocillin and mezlocillin were compared with those of carben-
icillin, ticarcillin, and pirbenicillin against a wide range of gram-negative orga-
nisms. The tyvo new drugs were considerably more active than carbenicillin
against Klebsiella species and Escherichia coli. Carbenicillin was twice as active
against Proteus mirabilis as mezlocillin and four times as active as azlocillin.
Against Pseudomonas aeruginosa, azlocillin was eight times as active as carben-
icillin. Azlocillin and mezlocillin were twice as active as carbenicillin against
Bacteroides fragilis, and these drugs showed a high degree of activity against
Haemophilus influenzae and Neisseria gonorrhoeae.

Carbenicillin (CAR) is an established anti-
biotic in the treatment of infections caused by
Pseudomonas aeruginosa, Serratia marces-
cens, and the Proteus species. The practice of
giving large amounts intravenously, which is
occasionally associated with toxicity (4, 6), has
prompted the search for drugs with a similar
spectrum but greater activity. Two new penicil-
lins, azlocillin (AZ) and mezlocillin (MZ), were
investigated in this study. Both of these com-
pounds can be considered as a amino-substituted
ampicillins, as is pirbenicillin (PB) (2, 11). Their
activity against a wide range of gram-negative
organisms was studied. The two new drugs were
compared with CAR, ticarcillin (TIC), PB, and,
where appropriate, benzylpenicillin (PEN) and
ampicillin (AMP).

MATERLALS AND METHODS
A wide range of recent clinical isolates of gram-

negative organisms was collected. The medium used
throughout was Isosensitest agar and broth (Oxoid) at
pH 7.2. This was modified for the growth of Bacte-
roides fragilis by the addition of 5% lysed human
blood. Chocolate agar and Levinthal agar were used
to investigate Neisseria gonorrhoeae and Haemophi-
lus influenzae, respectively. The organisms were
grown ovemight in nutrient broth and then diluted to
approximately 106 colony-forming units (CFU) per ml.
In the case ofH. influenzae, Levinthal broth was used;
N. gonorrhoeae was grown on chocolate agar plates
and the growth was suspended in peptone water just
before dilution. A multipoint inoculator delivered 1
IL, or approximately 103 CFU, to the antibiotic-con-
taining agar plate. Two inocula were used for investi-
gating the strains of N. gonorrhoeae. The plates were
incubated at 37°C (with 10% CO2 in the cases of H.
influenzae and N. gonorrhoeae, using a GasPak sys-
tem [BBL] for the anaerobes) and examined after 18
h. The minimum inhibitory concentration (MIC) was

defined as that concentration of drug which caused a
99% reduction in the initial inoculum.
The production of fi-lactamase by certain strains

was verified by the chromogenic cephalosporin
method (7). The protein binding of CAR, AZ, and MZ
in human serum was determined by an ultrafiltration
method. The initial concentrations of each drug were
20 and 100 yg/ml. The ultrafiltrate was assayed against
standards prepared in phosphate-buffered saline by
using P. aeruginosa NTCC 10771 as indicator orga-
nism.

RESULTS
In Fig. 1, 45 strains that were susceptible to

CAR (MIC, <128 ,ug/ml) are shown. AZ and PB
were approximately eight times as active as
CAR. Figure 2 shows the activity against 17
strains that were resistant to CAR (MIC, al128
,Lg/ml). All strains (other than those producing
B8-lactamase) were susceptible to 16 ,tg or less of
AZ per ml and to 64 ,ug of MZ per ml. For the
two strains producing ,B-lactamase, the MICs of
CAR, PB, and TIC were >1,024 ,ug/ml, and the
MICs, of AZ and MZ were 256 and 512 ug/ml,
respectively.
The activities of the five drugs against differ-

ent Enterobacteriaceae are shown in Fig. 3
through 7. MZ, TIC, and PB showed a similar
degree of activity against Escherichia coli. Of
the 12 strains of E. coli resistant to CAR (MIC,
>128 ,ug/ml and known to be ,B-lactamase pro-
ducers), a number were more susceptible to AZ,
MZ, and PB. The spectrum of activity of the
drugs against the Klebsiella species (Fig. 4) was
variable, but a number of these organisms were
susceptible to these three drugs, yet they were
uniformly resistant to TIC and CAR. Against P.
mirabilis (Fig. 5) AZ, MZ, and PB were two to
four times less active than CAR or TIC. This
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FIG. 1. Activity offive penicillins against CAR-susceptible strains of P. aeruginosa (45 strains).
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FIG. 2. Activity offive penicillins against CAR-resistant strains of P. aeruginosa (17 strains).

was in contrast to the indole-positive Proteus
species (Fig. 6) where MZ was more active than
either CAR or TIC. AZ and PB were two to four
times less active than CAR against these indole-

positive strains. In the S. marcescens strains
tested (Fig. 7), MZ and CAR showed the same
high degree of activity, and AZ was the least
active.
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AZ and MZ were about twice as active as CAR
and TIC, which were twice as active as PB
against the strains of B. fragilis tested (Fig. 8).

Against strains of H. influenzae (Table 1) that
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are susceptible to AMP, AZ and MZ were up to
4 times as active as AMP, with the MICs as low
as 0.06 ,ug of AZ per ml in 11 strains. The two
strains resistant to AMP and known to be fi-
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FIG. 3. Activity offive penicillins against E. coli (30 strains).
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FIG. 4. Activity offive penicillins against Klebsiella species (29 strains).
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FIG. 5. Activity offive penicillins against P. mirabilis (20 strains).
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FIG. 6. Activity offive penicillins against indole-positive Proteus (20 strains).
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FIG. 7. Activity offive penicillins against S. marcescens (7 strains).
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FIG. 8. Activity offive penicillins against B. fragilis (16 strains).

lactamase producers showed decreased suscep-
tibility to AZ and MZ.
Table 2 shows the activity of PEN, AZ, and

MZ against N. gonorrhoeae compared with two

inocula. Those strains that were extremely sus-
ceptible to PEN (MIC, 0.005 yg/ml) were
equally susceptible to the new drugs (4 out of 19
strains). Against 11 strains, AZ and MZ were

VOL. 13, 1978

I I



TABLE 1. MIC of5penicillins against 13 strains ofH. influenzae
No. of strains susceptible to MIC equivalent to (ug/nl):

Drug
0.06 0.12 0.25 0.5 1 2 4 8 16 32

AZ 11 1a 1a
MZ 8 3 1a 1a
CAR 3 8 2a
TIC 4 6 1 1a 1a
PB 1 9 1 2a
AMP 2 7 2 1a 1a
'Two strains were f6-lactamase producers.

TABLE 2. MIC ofPEN, MZ, andAZ against varying inocula of 19 strains ofN. gonorrhoeae.
PENa MZa AZa

Strain
1(4_15 OP1e- 104_1P 102_13 104_11 1ep-1

1103b >16 4 >16 0.12 >16 0.25
11706 4 2 0.25 0.06 0.5 0.12
6726 4 0.5 0.5 0.06 1 0.12
US" >16 2 2 0.12 4 0.25

F3262 0.25 0.12 0.03 0.005 0.06 0.03
7 0.12 0.12 0.01 0.005 0.03 0.01

70 0.005 0.005 0.005 0.005 0.005 0.005
30 0.25 0.06 0.01 0.005 0.03 0.01
39 0.06 0.03 0.005 0.005 0.005 0.005
16 0.06 0.03 0.005 0.005 0.005 0.005
71 0.005 0.005 0.005 0.005 0.005 0.005
64 0.12 0.03 0.03 0.005 0.06 0.01
35 0.12 0.12 0.005 0.005 0.03 0.01
42 0.25 0.25 0.03 0.01 0.06 0.06
54 0.005 0.005 0.005 0.005 0.005 0.005
77 0.25 0.12 0.06 0.005 0.06 0.03
82 0.01 0.01 0.005 0.005 0.005 0.005
74 0.25 0.06 0.005 0.005 0.005 0.005
45 0.005 0.005 0.005 0.005 0.005 0.005

aNumber of CFU per inoculum.
bKnown fi-lactamase-producing strains.

more active than PEN. These strains showed
intermediate resistance to PEN (MIC, >0.005;
<0.25 pg/ml).
The protein binding of MZ, AZ, and CAR was

as follows: MZ-20 pg/ml, 59% bound, 100
pg/ml, 56% bound; AZ-20 pg/ml, 66% bound,
100 plg/ml, 71% bound; CAR-20 pug/ml, 54%
bound, 100 pg/ml, 59% bound. Each value rep-
resents the mean observed in three experiments.

DISCUSSION
The use of CAR and TIC in the treatment of

gram-negative infections, in particular P.
aenugiosa, is well established. Unlike CAR and
TIC, BL-P1654 was a substituted ampicillin or
ureido-penicillin that had a marked antipseu-
domonal activity (8). The further evaluation of
BL-P1654 has since been abandoned. Other sub-
stituted ampicillins have subsequently been pro-
duced, and PB has been shown to be a particu-

larly active compound (2, 11), but no further
studies on this compound are to be undertaken.
AZ and MZ have a wide spectrum of activity
against gram-positive organisms. Both are more
active against P. aeruginosa than CAR. A total
of 89% of the CAR-susceptible strains were in-
hibited by 8 pg or less of AZ per ml in contrast
to CAR, which inhibited 4% of strains when this
amount of antibiotic was used. The activity of
AZ and MZ against strains of P. aeruginosa
resistant to CAR was interesting since it could
be expected that all but the rare f3-lactamase-
producing strains might be susceptible to clini-
cally attainable levels of the drugs. Stewart and
Bodey (9) have also noticed this effect, although
it was more marked in our experience. Against
a wide range of Enterobacteriaceae, MZ was
somewhat more active than AZ.
The activity of ,.-lactam drugs against B. fra-

gilis is an area of interest. It has been known
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that CAR has a marginally useful degree of
activity against these organisms (3). AZ and MZ
were twice as active, which suggests that these
drugs should be clinically evaluated. It was of
interest to note that against non-fl-lactamase-
producing strains of H. influenzae, AZ and MZ
were more active than AMP. The ,-lactamase-
producing strains were more susceptible to the
two new drugs than to AMP. The observation
that those strains of N. gonorrhoeae showing
intermediate resistance to penicillin were more
susceptible to AZ and MZ merits further inves-
tigation. It is of interest to note that the /B-
lactamase-producing strains are susceptible to
lower levels of AZ and MZ than PEN.

It would be interesting to know whether the
increased in vitro activity shown by AZ and MZ
against bacteria that are known to produce af,-
lactamase is due to greater stability of these
drugs to the enzymatic degradation or to a
greater facility of these compounds to penetrate
the bacterial cell wall. Preliminary work (J. D.
Williams, personal communication) would indi-
cate the latter. Bodey and Pan (1) suggest that
a population of bacterial cells are not uniformly
susceptible to MZ because they noted that in-
oculum size had a considerable effect on the
susceptibility of the cells to this antimicrobial
agent.
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