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Mezlocillin a n d azlocillin are both semisynthetic 
penicillins with activity against a b road spectrum 
of bacterial species, including Pseudomonas aerugi-
nosa}'10 In this report , we compare mezlocillin a n d 
azlocillin with ampicill in, carbenicillin, ticarcillin, 
and piperacillin. In addit ion, two aminoglycosides 
(gentamicin and amikacin) were also tested; they 
represent antimicrobics that are commonly used 
because of their broad spect rum of activity. T h e 
degree of crossTresistance to t he six penicillins was 
also determined. 

Materials and methods 
Microdilut ion susceptibility tests were performed 

as described previously.11"14 D r u g dilutions were 
prepared in cat ion-supplemented Muel ler -Hinton 
bro th and then dispensed into wells of microdilu-
tion trays. T h e wells were inoculated with 1 X 105 

colony-forming units per milliliter and af ter 16 to 
18 hours at 35 C, minimal inhibitory concentrat ions 
(MICs) were determined. T h e min imal lethal con-
centrations (MLCs) were determined by subcul tur-
ing to blood agar plates, with the use of a disposable 
inoculum replicator tha t transfers approximately 5 
/xl f rom each well. T h e M L C was recorded as the 
lowest concentrat ion that yielded no growth upon 
subculture. Bactericidal end points and inoculum 
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density studies were performed in Kaiser 
Foundat ion Hospitals in Clackamas, 
Oregon. T h e remaining tests were per-
formed at the Center for Disease Con-
trol, At lanta , Georgia and at the Uni-
versity of California (Davis), Sacra-
mento Medical Center, Sacramento, 
California. Tests with control strains 
confirmed tha t comparable results were 
obtained in all three institutions as pre-
viously documented.12"14 

A total of 484 bacterial isolates were 
studied. Most of the strains were clinical 
isolates collected from six medical cen-
ters located in five separate geographic 
areas within the Uni ted States. A few 
stock cultures were added to provide 
representatives of the less common spe-
cies. T h e species that were included are 
identified in Tables 1 and 2. 

Results 

T h e in vitro activity of each antimi-
crobial agent is expressed in Table 1 as 
the minimal concentration required to 
inhibit growth of 50% and 90% of the 
strains in each species subgroup. T h e 
activity of mezlocillin was similar to 
that of piperacillin: both were active 
against all species tested, but piperacil-
lin was much more active against P. 
aeruginosa. Azlocillin was more active 
than mezlocillin against P. aeruginosa, 
but less active against the Enterobacte-
riaceae. T h e aminoglycosides were also 
active against most isolates, al though 
some strains of Serratia species and 
Pseudomonas species were resistant. 
These da ta are expressed in Table 3 as 
the percentage of strains inhibited by 
concentrations that can be achieved in 
the blood dur ing therapy. In that con-
text, the aminoglycosides inhibited a 
larger proportion of strains than did the 
penicillins. Piperacillin was the most ac-
tive penicillin against our isolates. 

With these drugs, activity against P. 
aeruginosa is of part icular interest. Table 
4 summarizes the results of dilution tests 
with the 81 P. aeruginosa isolates. Da ta 
with ampicillin are not included be-
cause ampicillin had no activity against 
this species. Because fairly high blood 
levels are often achieved during therapy 
with the penicillins,3' 8 ' 1 5 , 1 6 strains with 
MICs < 6 4 fig/ml may be considered 
susceptible. Strains with MICs >256 
m g / m l may be considered resistant and 
those with MICs of 128 jug/ml are inter-
mediate (moderately susceptible). If the 
dosage schedules are reduced, lower 
blood levels will be achieved and thus 
the M I C breakpoints for defining sus-
ceptible strains must be reduced, i.e., to 
< 3 2 jug/ml versus <64 or <128 jug/ml. 
For treating most P. aeruginosa infections, 
the dosage of piperacillin and azlocillin 
could be reduced because the majority 
of strains are inhibited by < 1 6 /ig/ml. 
T h e antipseudomonas activity of mez-
locillin was similar to that of carbenicil-
lin, i.e., modal MICs were 32 f ig/ml for 
both drugs. T h e M I C mode for ticarcil-
lin was only 16 fig/ml. O u r collection of 
P. aeruginosa isolates included strains 
that were resistant to the aminoglyco-
sides. With both amikacin and genta-
micin, modal MICs were near the ob-
tainable blood levels and a considerable 
proportion of strains was only moder-
ately susceptible (intermediate). With 
the more active penicillins, M I C modes 
were well below the obtainable blood 
levels and fewer strains had MICs in the 
intermediate range. 

T h e results of in vitro tests with 123 
gram-positive cocci are summarized in 
Table 2. Although all eight drugs were 
effective against penicillin-susceptible 
strains of Staphylococcus aureus, the peni-
cillins were all ineffective against beta 
lactamase-producing strains of S. aureus. 
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Table 2. In vitro activity of 6 penicillins and 2 aminoglycosides against 123 gram-
positive cocci 

Inhibitory concentration (^g/ml) for 50% or 9( )% of strains 

Antimi-
Staphylococcus aureus Streptococcus 

Antimi-
crobial Pen S* Pen R* Meth R* faecalis pyogenes pneumoniae 
agent 25 24 11 24 19 20 

M I C for 50% of 
s t r a in s 

A m p i c i l l i n 0 .5 1.0 64 1.0 < 0 . 2 < 0 . 2 
M e z l o c i l l i n 1.0 2.0 128 2.0 < 0 . 2 < 0 . 2 
Azloci l l in 0 .5 2.0 64 2.0 < 0 . 2 < 0 . 2 
P i p e r a c i l l i n 0 .5 2.0 128 2.0 < 0 . 2 < 0 . 2 
T i c a r c i l l i n 0 .5 4.0 64 32 < 0 . 2 < 0 . 2 
C a r b e n i c i l l i n 0 .5 4 .0 64 32 < 0 . 2 < 0 . 2 
A m i k a c i n 1.0 1.0 1.0 256 128 32 
G e n t a m i c i n < 0 . 1 < 0 . 1 < 0 . 1 16 8.0 8 .0 

M I C for 90% of 
s t r a i n s 

A m p i c i l l i n 0 .5 32 128 1.0 < 0 . 2 < 0 . 2 
Mez loc i l l i n 1.0 6 4 128 4 .0 < 0 . 2 < 0 . 2 
Azloci l l in 0 .5 6 4 128 2 .0 < 0 . 2 < 0 . 2 
P i p e r a c i l l i n 1.0 6 4 256 4 .0 < 0 . 2 < 0 . 2 
T i c a r c i l l i n 1.0 8 .0 64 64 < 0 . 2 1.0 
C a r b e n i c i l l i n 1.0 8.0 128 64 < 0 . 2 2.0 
A m i k a c i n 1.0 2.0 4.0 256 128 6 4 
G e n t a m i c i n < 0 . 1 0.2 0 .2 16 8 .0 8 .0 

* Sens i t ive (S) or r es i s t an t (R) t o pen ic i l l in (Pen) or to m e t h i c i l l i n ( M e t h ) . 

Table 3. In vitro susceptibility of 361 gram-negative bacilli percentage of strains 
inhibited by clinically achievable concentrations of six penicillins and two 

aminoglycosides 
Percent of strains inhibited by obtainable concentrations* 

Genus Ampi- Carbeni- Ticar- Pipera- Mezlo- Azlo- Ami- Genta-
(no. tested) cillin cillin cillin cillin cillin cillin kacin micin 

E s c h e r i c h i a (25) 76 84 8 8 8 8 8 8 8 8 100 8 8 
S a l m o n e l l a (10) 90 90 90 90 90 90 100 100 
C i t r o b a c t e r (20) 0 30 35 75 75 65 100 8 0 
Klebs i e l l a (25) 0 8 12 8 8 8 0 56 100 100 
E n t e r o b a c t e r (50) 10 82 82 9 8 96 80 100 100 
S e r r a t i a (25) 4 8 76 8 0 84 8 4 64 92 8 0 
P r o v i d e n c i a (25) 4 92 9 2 92 9 8 72 9 6 6 8 
P r o t e u s 

mirabilis (25) 100 100 100 100 100 100 100 100 
o t h e r species (30) 7 8 3 80 90 9 0 70 100 97 

P s e u d o m o n a s 
aeruginosa (81) 0 79 8 5 96 81 95 9 2 57 

o t h e r species (30) 30 43 4 3 97 9 3 

CO 70 67 

A c i n e t o b a c t e r (15) 20 100 100 100 100 9 3 9 3 9 3 

* A m p i c i l l i n , 8 /xg /ml ; 64 j t ig/ml for t h e o t h e r penic i l l ins ; g e n t a m i c i n , 4 jug /ml , a n d a m i k a c i n , 8 ¡ i g / m l . 
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Table 4. In vitro activity of five penicillins and two aminoglycosides against 81 
Pseudomonas aeruginosa 

Antimi-
crobial 
agent 

Percent of strains inhibited, /ig/ml Antimi-
crobial 
agent <1 2 4 8 16 32 64 128 256 >256 

Ticarci l l in 
Carbenic i l l in 
Piperaci l l in 
Azlocillin 
Mezloci l l in 
Amikac in 
G e n t a m i c i n 1 11 

43 
6 

13 
34 

6 
2 

18 
44 

1 
36 

¡ 2 1 i 

41 
5 
3 
8 
9 

! 18 i 
5 

16 
38 

5 
12 

45 

5 
19 
3 
5 

11 
3 

12f 

i *6 i 
i 6 i 
! 3 i 
i 4 i 
í 8 1 

1 

* D o t t e d lines represent pha rmaco log ica l b reakpo in t s , b racke t ing on i n t e r m e d i a t e (modera te ly suscept ible) 
category. S t ra ins wi th lower M I C s a re considered suscept ible a n d those wi th h igher M I C values a re 
ca tegor ized as be ing resistant to t h e d rug , 
t Highes t concen t r a t i on tested = 64 ¡ug/ml. 

T h e methicillin-resistant strains of S. au-
reus were resistant to all six penicillins 
but were susceptible to the aminogly-
cosides. Streptococcus faecalis strains were 
relatively resistant to carbenicillin and 
ticarcillin, but were susceptible to the 
other penicillins. Streptococcus pyogenes 
and Streptococcus pneumoniae strains were 
susceptible to all six penicillins. Both 
aminoglycosides displayed little activity 
against the streptococci. 

All eight drugs were found to be bac-
tericidal against most of the 77 strains 
that were tested (16 Escherichia coli, 10 
Klebsiella pneumoniae, 10 Enterobacter 
species, 11 Serratia species, 10 Proteus 
species, 10 P. aeruginosa, and 10 5. aureus). 
T h e effect of varying the inoculum den-
sity was also investigated with the same 
77 strains. With the gram-negative ba-
cilli, the MICs were not greatly affected 
when the inoculum was reduced from 
10s to 103 C F U / m l . However, when the 
inoculum was increased to 107 C F U / m l 
all of the penicillins appeared to be 
ineffective. MICs with four penicillin-
susceptible strains of S. aureus were not 
significantly influenced by changes in 
the inoculum density. However, beta 
lactamase-producing strains of S. aureus 
were greatly affected by the inoculum 

density: most appeared to be fairly sus-
ceptible with a light inoculum, but were 
resistant when the size of the inoculum 
was increased. 

Da ta with the five penicillins with 
antipseudomonas activity were further 
evaluated to determine whether there 
was significant cross-resistance among 
our strains of gram-negative bacilli. 
Table 5 lists the percentage of strains 
that were susceptible to one drug but 
not susceptible to another (MIC >64 
jttg/ml to one but < 6 4 jug/ml to an-
other). At the same time, the analysis 
was carried out documenting the per-
centage of strains that were clearly re-
sistant (MIC >256 jug/ml) to one drug 
but susceptible (MIC < 6 4 jtig/ml) to 
another. Both types of analyses were 
performed because of our previous ex-
perience in studying cross-resistance to 
the cephalosporins.14 ,17 Da ta with P. 
aeruginosa were separated from those ob-
tained with other gram-negative bacilli 
because azlocillin and mezlocillin dif-
fered in their activity against these two 
types of microorganisms. 

As previously noted,12 carbenicillin 
and ticarcillin displayed essentially 
identical spectra of activity, al though 
ticarcillin is somewhat more active 
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against P. aeruginosa. Against P. aerugi-
nosa, mezlocillin was similar to carbeni-
cillin and ticarcillin, i.e., cross-resistance 
among our isolates was essentially com-
plete. However, mezlocillin more nearly 
resembled piperacillin in its activity 
against the other isolates. Against the 
non-P. aeruginosa isolates, azlocillin ap-
peared to represent a third class of pen-
icillins, with little cross-resistance to 
other penicillins. But against P. aerugi-
nosa, azlocillin and piperacillin were 
similar. 

For the purpose of in vitro testing, it 
would appear tha t the class concept is 
applicable. Tests with ticarcillin and pi-
peracillin might be used to predict mez-
locillin susceptibility. With a confidence 
of 95% or better, one could predict that 
P. aeruginosa isolates susceptible to ticar-
cillin will also be susceptible to mezlo-
cillin and carbenicillin. In contrast, 
mezlocillin susceptibility of non-P. 
aeruginosa can be predicted from the re-
sults of tests with piperacillin. Piperacil-
lin-susceptible strains of P. aeruginosa can 
be assumed to be susceptible to azlocil-
lin. However, wi th the other microor-
ganisms separate tests with azlocillin 
would be necessary if the drug was being 
considered for therapeutic use. T h e fore-
going conclusions were based on the 
assumption that a 5% minor discrep-
ancy and 1% major discrepancy would 
be acceptable for routine susceptibility 
testing. When dealing with serious life-
threatening diseases, separate tests with 
appropriate drugs might be appropri-
ate. 

Discussion 

T h e aminoglycosides are commonly 
used because of their broad spectrum of 
activity against a variety of gram-nega-
tive bacilli. However, because of the 
potential toxicity of these drugs the dos-

age schedule and blood levels should be 
monitored carefully, especially in pa-
tients with impaired renal function. 
Furthermore, the maximal safe blood 
level is often close to the M I C of the 
microorganism being treated. This is 
especially t rue when treating infections 
caused by P. aeruginosa. Although the 
aminoglycosides are often thought of as 
"broad spectrum" antibacterial agents, 
they have little activity against the 
streptococci or against anaerobic bacte-
ria. Consequently, they are often used 
in conjunction with other antimicrobial 
agents, when the etiologic agent is not 
known. 

T h e newer penicillins offer certain ad-
vantages over the aminoglycosides. 
First, they are relatively nontoxic and 
can be administered in fairly large doses. 
For treating infections due to P. aerugi-
nosa with carbenicillin, ticarcillin, or 
mezlocillin, rather massive doses are re-
quired. T h e modal M I C for P. aeruginosa 
is close to the maximal blood levels nor-
mally obtained dur ing therapy with 
these penicillins, i.e., there is little mar-
gin for error in adjust ing dosages to 
exceed the M I C of the patient 's isolate. 
Piperacillin and azlocillin are much 
more active against P. aeruginosa and 
thus they may be used with a greater 
degree of confidence that adequate 
blood levels are being achieved. With 
these drugs, reduced dosage schedules 
might prove to be satisfactory for treat-
ing P. aeruginosa infections. However, if 
the dosage of azlocillin is reduced, its 
effectiveness against microorganisms 
other than P. aeruginosa would be seri-
ously compromised. Unlike the amino-
glycosides, the penicillins are active 
against many anaerobes4 , 6' 9 and most 
streptococci and pencillin-susceptible S. 
aureus. All of the penicillins appear to be 
susceptible to inactivation by staphylo-
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coccal beta lactamase, and thus they are 
not effective against penicillin-resistant 
S. aureus. 

Cross-resistance analysis of our da ta 
suggests that carbenicillin and ticarcil-
lin are essentially identical, al though 
ticarcillin is twice as active as carbeni-
cillin against P. aeruginosa ( Table 4). T h e 
antipseudomonal activity of mezlocillin 
resembles tha t of carbenicillin. Against 
the other gram-negative bacilli, mezlo-
cillin resembles piperacillin in terms of 
their comparat ive activity and cross-re-
sistance. Azlocillin seems to have a 
unique spectrum of activity, but against 
P. aeruginosa, azlocillin closely resembles 
piperacillin. 

Despite their broad spectra of activ-
ity, we have encountered some strains of 
gram-negative bacilli that are resistant 
to one or more of the penicillins studied. 
Consequently, it is necessary to deter-
mine in vitro susceptibility before se-
lecting the most appropriate chemother-
apeutic agent. While awaiting such lab-
oratory studies, the type of da ta in-
cluded in the present report might be 
useful. T h e in vitro activity of several 
related antimicrobial agents is com-
pared. Such information will help to 
define the relative merits of the drugs 
being compared. Other factors that 
must be considered include the phar-
macologic properties, potential side ef-
fects of the drug, cost, and ease of ad-
ministration. 

Summary 

T h e in vitro activity of mezlocillin 
and azlocillin was compared with tha t 
of carbenicillin, ticarcillin, piperacillin, 
ampicillin, amikacin, and gentamicin. 
Microdilution susceptibility tests were 
performed with 484 bacterial isolates 
collected from six separate medical cen-
ters. Against P. aeruginosa, the activity of 
mezlocillin resembled that of carbenicil-

lin, and azlocillin resembled the more 
active drug, piperacillin. Against other 
gram-negative bacilli, the activity of 
mezlocillin resembled that of piperacil-
lin, and azlocillin had a unique spec-
t rum of activity. All six penicillins were 
active against streptococci and penicil-
lin-susceptible S. aureus but were ineffec-
tive against penicillin-resistant S. aureus. 
Amikacin and gentamicin inhibited a 
slightly larger proportion of strains that 
did the "broad spectrum" penicillins 
included in this study. 
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