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CI-867, a New Semisynthetic Penicillin: In Vitro Studies
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CI-867, a new semisynthetic penicillin, has exhibited broad-spectrum activity
in vitro against gram-positive cocci, except penicillin G-resistant Staphylococcus
aureus, and against gram-negative bacilli. It was especially active against Pseu-
domonas aeruginosa and as active as mezlocillin and piperacillin against Kleb-
siella pneumoniae. CI-867 was bactericidal against most organisms. Its activity
was greatly reduced when the inoculum was increased from 10° to 107 organisms

per ml.

The past decade has witnessed the introduc-
tion of many new derivatives of penicillins with
structural modifications which have increased
their spectrum of activity (1, 3, 4). CI-867,
C32H35N501:S:Na; (Fig. 1), a new semisynthetic
penicillin prepared from amoxicillin, is the most
recent of these derivatives (7, 10). This report
presents the results of in vitro studies with this
drug which indicate its broad spectrum of activ-
ity and its superior activity against Pseudomo-
nas aeruginosa in comparison studies with car-
benicillin, ticarcillin, mezlocillin, azlocillin, pi-
peracillin, and ampicillin.

MATERIALS AND METHODS

A total of 631 clinical isolates, 471 gram-negative
bacilli and 160 gram-positive cocci, were examined in
this study. All gram-negative bacilli, except a few
isolates of indole-positive Proteus spp., were cultured
from blood specimens obtained from cancer patients
at this institution. Isolates of gram-positive cocci and
a few isolates of indole-positive Proteus spp. were
obtained from cultures of various body sites of hospi-
talized patients, some of whom did not have cancer.

Minimal inhibitory concentrations and minimal
bactericidal concentrations were determined in dupli-
cate by procedures described previously (11). Except
for tests on isolates of Streptococcus pyogenes and
Streptococcus pneumoniae, which were made in tryp-
tose-phosphate broth (Difco Laboratories), Mueller-
Hinton broth served as the test medium. An inoculum
of 10° cells per ml was used for all organisms except S.
pyogenes and S. pneumoniae, for which 10° cells per
ml was used. Two groups of Staphylococcus aureus
isolates, one penicillin G susceptible and the other
penicillin G resistant, were studied. The penicillin G
minimal inhibitory concentrations for isolates in the
susceptible group were <0.10 pg/ml, and those for
isolates in the resistant group were =25 ug/ml. None
of the isolates for which minimal inhibitory concentra-
tions were in an intermediate range (0.20 to 12.5
pg/ml) was used for testing.

C1-867 was supplied by Warner-Lambert/Parke-
Davis, Ann Arbor, Mich. Carbenicillin, ticarcillin, and
ampicillin were from Beecham Laboratories, Bristol,

Tenn. Piperacillin was from Lederle Laboratories,
Pearl River, N.Y., and mezlocillin and azlocillin were
from Delbay Research Corp., Florham, N.J.

RESULTS

The in vitro activity of CI-867 against 631
clinical isolates is summarized in Table 1. A
concentration of 3.12 pg/ml inhibited a majority
of all isolates of gram-positive cocci except pen-
icillin G-resistant S. aureus. A concentration of
25 ug/ml inhibited only 11% and a concentration
of 200 pg/ml inhibited only 58% of these isolates.
CI-867 was active against a majority of isolates
of Enterobacteriaceae. A concentration of 25
pg/ml inhibited 75% of isolates of Escherichia
coli, Enterobacter spp., and Serratia marces-
cens, and 50 pug/ml inhibited 75% of isolates of
Klebsiella pneumoniae and indole-positive Pro-
teus spp. CI-867 was especially active against P.
aeruginosa. A concentration of 12.5 ug/ml in-
hibited 90% of these isolates. Twenty percent of
isolates of E. coli, 16% of K. pneumoniae, 8% of
Enterobacter spp., 6% of S. marcescens, and 24%
of Proteus spp. (indole positive) were resistant,
to CI-867 even at a concentration of 200 ug/ml.
CI-867 was bactericidal at concentrations ex-
pected to be achieved clinically against a major-
ity of isolates of all organisms except S. marces-
cens and enterococci. A concentration of 100
pg/ml inhibited 88% of isolates of S. marcescens
and all isolates of enterococci but was bacteri-
cidal against only 34 and 22%, respectively.

The comparative activity of CI-867 in Muel-
ler-Hinton broth, Trypticase soy broth (BBL
Microbiology Systems), brain heart infusion
broth, and nutrient broth and its comparative
activity in Mueller-Hinton broth at pH 6.4, 7.2,
and 8.0 were determined for 30 isolates each of
E. coli, K. pneumoniae, and P. aeruginosa. Nei-
ther the type of broth nor the pH of Mueller-
Hinton broth had an appreciable effect on the
activity of CI-867.
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The effect of a change in inoculum from 10°
to 107 cells per ml on the activity of CI-867
against these same 30 isolates is shown in Fig. 2.
Whereas concentrations of 1.56, 6.25, and 50
pg/ml inhibited all isolates of E. coli, P. aerugi-
nosa, and K. pneumoniae, respectively, using an
inoculum of 10° cells per ml, none of these iso-
lates was inhibited by 200 pug of CI-867 per ml
using an inoculum of 107 cells per ml.

The activity of CI-867 in comparison with
those of carbenicillin, ticarcillin, mezlocillin,

ANTIMICROB. AGENTS CHEMOTHER.

azlocillin, piperacillin, and ampicillin is shown in
Table 2. CI-867 was the most active antibiotic
against isolates of P. aeruginosa. It was twofold
more active than piperacillin, the next most
active antibiotic, and fourfold more active than
azlocillin against 50% of these isolates. CI-867
was slightly less active than mezlocillin, pipera-
cillin, or ticarcillin against isolates of E. coli,
although all antibiotics inhibited 75% at achiev-
able concentrations. CI-867 was as active as mez-
locillin and piperacillin against isolates of K.
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Fic. 1. Structural formula of CI-867.

TABLE 1. In vitro activity of CI-867 against gram-negative bacilli and gram-positive cocci

Concnt (ug/ml) which inhibited the following percent-

Organism (no. of isolates tested) ‘tg::‘;! age of isolates:
50% 75% 90%
Escherichia coli (100) MIC 1.56 25 >200
MBC 125 200 >200
Klebsiella pneumoniae (100) MIC 25 50 >200
MBC 25 100 >200
Pseudomonas aeruginosa (100) MIC 3.12-6.25 6.25 12.5
MBC 6.25 12.5 >200
Enterobacter spp. (50) MIC 3.12 25 200
MBC 12.5 50 >200
Serratia marcescens (50) MIC 6.25-12.5 25 200
MBC 200 >200 >200
Proteus mirabilis (50) MIC 3.12 3.12 6.25
MBC 3.12 312 6.25
Proteus spp. (21) (indole positive) MIC 6.25 50 >200
MBC 12.5 100 >200
Staphylococcus aureus (37) (penicillin G MIC 1.56 1.56 1.56
susceptible) MBC 1.56 3.12 12.5
Staphylococcus aureus (38) (penicillin G MIC 200 >200 >200
resistant) MBC >200 >200 >200
Streptococcus pyogenes (43) MIB 0.05 0.05 0.10
MBC 0.05 0.20 0.78
Streptococcus pneumoniae (15) MIC =0.0125 0.0125-0.025 0.025
MBC 0.0125 0.0125-0.025 0.025
Enterococci (27) MIC 3.12-6.25 6.25 50
MBC >200 >200 >200

¢ MIC, Minimal inhibitory concentration; MBC, minimal bactericidal concentration.
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F16. 2. Effect of inoculum on activity of CI-867.

pneumoniae. A concentration of 50 ug of CI-867
and 100 pg of mezlocillin or piperacillin per ml
inhibited 75% of these isolates, whereas a con-
centration of 200 ug or greater of the other
antibiotics per ml was required. CI-867, mezlo-
cillin, and piperacillin were the most active anti-
biotics against isolates of Enterobacter spp. and
S. marcescens. All antibiotics were quite active
at concentrations expected to be achieved clini-
cally against 90% of isolates of Proteus mirabilis
and against 75% of isolates of Proteus spp. (in-
dole positive), except ampicillin, which was in-
active against the latter. Carbenicillin, ticarcillin,
and piperacillin were the most active antibiotics
against the latter, inhibiting 90% at concentra-
tions of 12.5 and 25 ug/ml, respectively.

DISCUSSION

CI-867 is a new, semisynthetic penicillin with
broad-spectrum activity in vitro. It is active
against gram-positive cocci, except penicillin
G-resistant S. aureus, and also against gram-
negative bacilli. In general, its activity is similar
to those of mezlocillin and piperacillin. It was
especially active against P. aeruginosa. CI-867
was four times more active than ticarcillin and
eight times more active than carbenicillin
against 75% of these isolates. CI-867 was as
active as piperacillin against isolates of P.
aeruginosa, as active as mezlocillin against iso-

lates of K. pneumoniae, and slightly less active
than mezlocillin or piperacillin against isolates
of E. coli. CI-867 has a broader spectrum than
ampicillin, carbenicillin, or ticarcillin. Although
CI1-867 was active against a majority of isolates,
some were resistant even at a concentration of
200 pg/ml, which is important clinically.

CI-867 was not active against strains which
were multiply resistant (minimal inhibitory con-
centration, >200 pg/ml), although it is not
known whether these are beta-lactamase-pro-
ducing strains. Therefore, the method of resist-
ance is uncertain. It should be noted that isolates
from our patient population are generally more
resistant to multiple antibiotics, possibly as a
result of extensive use of both commerically
available and investigational antimicrobial
drugs

Inoculum size had a major effect on the activ-
ity of CI-867. It was inactive against all isolates
of E. coli, K. pneumoniae, and P. aeruginosa
when an inoculum of 107 cells per ml was used.
This effect of inoculum variation has been re-
ported in studies of other penicillins, including
carbenicillin, azlocillin, and mezlocillin (4, 13,
14). One suggestion is that the larger inoculum
contains a greater number of inherently resistant
cells. Another suggestion is the loss of activity
of CI-867 due to instability to beta-lactamase.
Studies of beta-lactamase production in our
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TABLE 2. Comparative activity of antibiotics (in order of increasing activity) against gram-negative bacilli

MIC (ug/ml) which inhibited the following per-
Organism Dru centage of isolates®:
(no. of isolates tested) g

50% 75% 90%
Pseudomonas aeruginosa (50) CI-867 3.12 125 25
Piperacillin 6.25 12.5 25
Azlocillin 12,5 25 50
Ticarcillin 25-50 50 100
Mezlocillin 25-50 50 100
Carbenicillin 50-100 100 >200
Ampicillin NT NT NT
Klebsiella pneumoniae (50) CI-867 25 50 >200
Mezlocillin 12.5 100 >200
Piperacillin 25 100 >200
Azlocillin 50 200 >200
Ampicillin 50-100 200 >200
Carbenicillin >200 >200 >200
Ticarcillin >200 >200 >200
Escherichia coli (50) Piperacillin 1.56 6.25 >200
Mezlocillin 3.12 6.25 >200
Ticarcillin 3.12 6.25 >200
CI-867 3.12-6.25 125 >200
Carbenicillin 3.12-6.25 125 >200
Ampicillin 3.12-6.25 25 >200
Azlocillin 6.25-12.5 125 >200
Serratia marcescens (50) Piperacillin 3.12 6.25 50
Mezlocillin 6.25 12.5 100
Ticarcillin 6.25 12.5 >200
CI-867 12.5 25 100
Carbenicillin 125 25 >200
Azlocillin 25 50 100
Ampicillin 100 200 >200
Enterobacter spp. (50) Mezlocillin 3.12-6.25 12,5 100
Piperacillin 3.12 25 100
CI1-867 3.12 25 200
Carbenicillin 6.25 50 >200
Ticarcillin 6.25 50 >200
Azlocillin 25 200 >200
Ampicillin >200 >200 >200
Proteus mirabilis (50) Piperacillin 0.39 0.78 0.78
Mezlocillin 0.78 1.56 1.56
Carbenicillin 0.78 1.56 1.56
Ticarcillin 0.78 1.56 1.56
Ampicillin 1.56 1.56 3.12
CI-867 3.12 3.12 6.25
Azlocillin 3.12 6.25 6.25
Proteus spp. (21) (indole positive) Carbenicillin 1.56 6.25 125
Ticarcillin 3.12 12.5 25
Piperacillin 1.56 3.12 100
Mezlocillin 3.12 12,5 200
CI-867 6.25 50 >200
Azlocillin 25 100 >200
Ampicillin >200 >200 >200

¢ MIC, Minimal inhibitory concentration; NT, not tested.
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group of isolates and studies of the stability of
CI-867 to various beta-lactamases would be nec-
essary to confirm this possibility but were not
within the scope of this study.

The activity of CI-867 was not affected by the
type of medium or the pH in tests on Mueller-
Hinton broth. The first of these variables affects
the activity of BLP-1654 and pirbenicillin (5, 6),
and the second affects the activity of azlocillin
and mezlocillin (4, 14).

CI-867 is active against those organisms that
most frequently infect the compromised host, P.
aeruginosa, K. pneumoniae, and E. coli, but is
not active against penicillin G-resistant S. au-
reus (9).

In other studies, Cardenas et al. found that
CI-867 has a spectrum of antibacterial activity
greater than that of ticarcillin and comparable
to that of piperacillin (7). In acute mouse pro-
tection tests, Heifetz and Sesnie found CI-867 to
be markedly more effective than ticarcillin
against P. aeruginosa and K. pneumoniae and
more than twice as effective as piperacillin
against the former (10).

The spectrum of activity and potency of CI-
867 are such that it is not likely to be used as a
single drug for treatment of presumptive infec-
tion. It might be useful in combination with a
cephalosporin or an aminoglycoside. Special in
vivo and pharmacological studies are needed to
evaluate this possible use.
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