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Pirbenicillin {6-[D-2-phenyl-2(N-4-pyridylformimidoylaminoacetamido)-acet-
amidol-penicillanic acid} showed broad-spectrum antibacterial activity in vitro
and also in the treatment of experimental infections after parenteral adminis-
tration to mice. Against Pseudomonas aeruginosa, a three- to fourfold potency
advantage over carbenicillin was seen both in vitro and in vivo. The in vitro
antibacterial spectrum of pirbenicillin includes Escherichia coli, Serratia,
Citrobacter, and Enterobacter isolates, against which it exhibited minimal
inhibitory concentration values comparable to those of carbenicillin. However,
mice infected with E. coli and Serratia were protected at doses of pirbenicillin
that were two to four times lower than those required of carbenicillin. Pirbeni-
cillin was more active than carbenicillin against gram-positive bacteria,
especially Streptococcus faecalis. It was less active than carbenicillin against
Proteus spp. and was inactive against ampicillin-resistant E. coli strains.
Pirbenicillin was bactericidal at concentrations generally equal to or only two-
fold higher than the minimal inhibitory concentration. With appropriately buff-
ered media, pirbenicillin demonstrated eight- and fourfold better minimal
bactericidal concentration values towards Pseudomonas isolates than those of
carbenicillin and ticarcillin, respectively.

The discovery of carbenicillin, with its ex-
tended spectrum of clinical activity, has en-
couraged the search for more potent members
in the penicillin series. Laboratory studies
presented in this communication demonstrate
that pirbenicillin (Fig. 1) has certain potency
advantages over carbenicillin in both in vitro
and in vivo studies. Pirbenicillin is currently
undergoing clinical evaluation as a broad-
spectrum chemotherapeutic agent.

MATERIALS AND METHODS
The cultures used were recent clinical isolates

obtained from several regions in the eastern United
States. Media were products of BBL, Cockeysville,
Md. With the exception of ticarcillin, which was a
gift of Beecham Pharmaceuticals, all antibiotics
other than pirbenicillin were commercial products.
,B-Lactam antibiotics were stored in a desiccator or
a freezer; solutions were discarded after a single
use. The synthetic M9 medium was that of Witkin
(17). Phosphate-buffered (0.1 M) Mueller-Hinton
(MH) medium was prepared by adding equal
amounts of sterile 1 M KH2PO4 and 1 M K2HPO4
to the medium, with the final pH being 6.9.

In vitro studies. Minimal inhibitory concentra-
tion (MIC) values were determined according to the
method of Ericsson and Sherris (6) using approxi-
mately 20,000 cells/strain as inoculum. Brain heart
infusion (BHI) agar was employed (20 ml per petri

dish) unless indicated otherwise. Single colonies
were disregarded in determining MIC values after
an 18-h incubation. The procedure for broth MIC
determinations, utilizing an inoculum of -1 x 106
cells/ml, has been described previously (5). Synergy
tests weile performed in BHI broth using a seven-
by-seven checkerboard dilution arrangement as
described by Sabath et al. (13). All incubations
were at 37 C.

Killing-curve experiments were initiated by
diluting an overnight culture, grown on a rotary
shaker, 100-fold in BHI broth containing an appro-
priate concentration of antibiotic. During incuba-
tion on a shaker, aliquots were removed and diluted
at 2-log intervals, and 0.1 ml was plated out in
triplicate on BHI agar plates. After overnight
incubation, colonies were counted and recorded as
viable colony-forming units.
Minimum bactericidal concentrations (MBCs)

were measured by first determining MICs in broth
medium. Clear broth cups were subcultured by
streaking a loop calibrated to deliver 0.01 ml over
the surface of agar medium. Since the time required
for subculturing was substantial, the MIC trays
not in actual use were kept refrigerated. The agar
plates were incubated overnight. The MBC was
defined as the lowest concentration of antibiotic
permitting growth on subculture of <5 colonies.
Thus, the MBC indicates <500 colony-forming units
per ml, or as is recommended (3), .99.9% lysis.
Colonies observed at the MBC, or if necessary at
the next lower antibiotic concentration, were sub-

975



976 RETSEMA, ENGLISH, AND LYNCH

CH
3 RESULTS AND DISCUSSIONt--%--NH sS

O N c

CHH-
I
NH2

01H-

COOH

cli

LLJCOOH

CH-

NH-C--CH2-NH-C N

HN

COO(H) As indicated by MIC values presented in
COO(H) Table 1, pirbenicillin was four to eight times

more active than carbenicillin and two times
more active than ticarcillin against Pseudomo-

Generic Name nas aeruginosa isolates, when determined in
either BHI or in MH agar, or in BHI broth
(Table 1). A 10-fold increase in inoculum was
without significant effect on the MIC values

Ampicillin obtained on agar for pirbenicillin and the other
two antibiotics. Based on a comparison of the
50 and 90% cumulative MIC values for pirbeni-
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FIG. 1. Chemical structures of ampicillin, car-

benicillin, ticarcillin, and pirbenicillin.

cultured in broth and incubated overnight. These
cultures were then assayed against their respective
antibiotics in a broth or agar MIC determination.
The observed values were recorded as the resistance
determination MIC (R-MIC). MBCs for pseudomo-
nal species must be determined in media buffered
to -pH 7.5 (see Results and Discussion). The pH of
broth media was read directly on a pH meter. The
pH of agar medium was determined by placing the
agar (20 ml) in a test tube, adding 10 ml of water,
mixing, and reading the pH.
Systemic protection tests. Acute systemic infec-

tions in mice were produced by intraperitoneal
inoculation of standardized cultures suspended in
5% hog gastric mucin. The severity of infection
was generally 1 to 10 LD,00 (1 to 10 times the num-
ber of organisms needed to kill 100% of the mice
within a 4-day period). In the instance of experi-
mental Pseudomonas infections, treatment was
administered at 1, 3, 5, 7, and 24 h postchallenge.
The dosage regimen for infections other than Pseu-
domonas was initiated 0.5 h postchallenge; a second
dose was administered at 4 h, and a third dose was
given at 24 h, postchallenge. After a holding period
of 4 days, PD,o values in milligrams per kilogram
were calculated by means of a probit method (4)
(PD5o is defined as the dose of antibiotic in milli-
grams per kilogram required to protect 50% of the
treated mice against the otherwise lethal infection).

TABLE 1. Comparative in vitro activity of
pirbenicillin and other semisynthetic f3lactam

antibiotics against members of the family
Pseudomonadaceae

Cumulative % in-
hibited by indi-

Species, growth medium, No. of cated MIC (;Lg/
and penicillin strains ml)P

50% 90%

Pseudomonas aeruginosa
Carbenicillin suscepti-

ble
BHI agar 32

Pirbenicillin 12.5 25
Ticarcillin 25 50
Carbenicillin 100 100
Ampicillin >200

MH agar 32
Pirbenicillin 12.5 25
Ticarcillin 25 50
Carbenicillin 50 100

BHI broth
Pirbenicillin 26 7.8 15.6
Ticarcillin 16 15.6 62.5
Carbenicillin 26 62.5 125
Ampicillin 26 >200

Carbenicillin resistant
BHI agar0 32

Pirbenicillin 50 200
Ticarcillin 100 >200
Carbenicillin >200 >200

P. putida 5
Pirbenicillin 50
Carbenicillin >200
a Mean value of three determinations.
b When testing was performed on MH agar, the

same values for the 50% and 90% levels were ob-
tained.
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that pirbenicillin has a fourfold in vitro ad-
vantage over carbenicillin.

In general, the spectrum and degree of activ-
ity of pirbenicillin were most similar to those
of carbenicillin against the Enterobacteriaceae
(Table 2). Only two exceptions were noted:
(i) pirbenicillin was less active than carbeni-
cillin against all species of Proteus, and (ii)
pirbenicillin was slightly less active than
ampicillin against Proteus mirabilis. Com-

pared with ampicillin, the broader spectrum of
pirbenicillin was particularly noticeable with
Enterobacter, Citrobacter, Serratia, and indole-
positive Proteus species. Pirbenicillin was
markedly more active than representative
cephalosporins against all genera and species
tested except Escherichia coli and Klebsiella
pneumoniae.
MIC values for pirbenicillin against other

representative gram-negative bacteria are pre-

TABLE 2. Comparative in vitro activity ofpirbenicillin and other ,3lactam antibiotics against members ofthe
family Enterobacteriaceae

Cumulative % inhibited by indi- Genera, se-N Cumulative % inhibited by indi-
cies, and anti-

No. of cated MIC (g/mla ciesera spen- No. of cated MIC (j±g/ml)a
biotic stains 50% 759 90% | 100% biotic strains 50% 75% 90% 100%

7~.IO I1f.
Escherichia

coli
Ampicillin

sensitive
Pirbenicillin
Carbenicillin
Ampicillin
Cephalori-

dine
Ampicillin re-

sistant
Pirbenicillin
Carbenicillin
Ampicillin
Cephalori-

dine
Enterobacter

aerogenes
Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

E. cloacae
Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

E. hafnia
Pirbenicillin
Carbenicillin

E. agglomerans
Pirbenicillin
Carbenicillin

Citrobacter
freundii

Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

Serratia mar-
cescens

Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

Salmonella ty-
phimurium

22

10

21

34

4

3

28

29

14

3.12
6.25
6.25
3.12

>200
>200
>200

6.25

6.25
6.25
6.25
3.12

6.25
12.5
25
100

3.12
6.25
25
6.25

12.5
3.12
25

>200

6.25
6.25
6.25
3.12

100

6.25
6.25

12.5
100

12.5
12.5
50

200

6.25
12.5
25
50

25
>200
200

6.25
12.5
6.25
3.12

100

50
25
50

>200

>200
>200
>200
>200

100
50

>200
100

>200

>200

12.5
12.5
12.5
3.12

100

50
>200
>200

6.25
50

3.12
50

>200
>200

>200

Pirbenicillin
Carbenicillin

S. arizona
Pirbenicillin
Carbenicillin

Shigella flex-
neri

Pirbenicillin
Carbenicillin

Edwardsiella
tarda

Pirbenicillin
Carbenicillin

Proteus mirabi-
lish

Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

P. rettgeri
Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

P. morganii
Pirbenicillin
Carbenicillin
Ampicillin
Cefazolin

P. vulgarisb
Pirbenicillin
Carbenicillin
Ampicillin

P. inconstants
(Providen-
cia sp.)

Pirbenicillin
Carbenicillin
Ampicillin

Klebsiella
pneurno-
niae

Pirbenicillin
Carbenicillin
Ampicillin
Cephalori-
dine

2

3

2

20

11

16

20

18

30

3.12
6.25

3.12
0.78
1.56
6.25

6.25
0.78
1.56

25

3.12
0.39

50
>200

3.12
0.78

100

6.25 200
12.5 >200

6.25
0.78
1.56
6.25

6.25
0.78
50
100

6.25
0.78

200

12.5
0.78
3.12

12.5

200
200

>200
>200

50
0.78

200

12.5 25
1.56 25

200 >200

25 >200
3.12 >200
50 >200

50
>200

50
3.12

>200

>200
6.25 6.25

<200

3.12
6.25

0.39
3.12

0.39
0.78

12.5
0.78
3.12

12.5

200
>200

>200
>200
>200

50
100

50

a Mean value of three determinations.
b A heated stainless-steel ring was placed over the inoculum ofProteus mirabilis andP. vulgaris to prevent swarming.
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sented in Table 3. Although pirbenicillin has
activity against ampicillin-susceptible Hae-
mophilus influenzae, it is ineffective against
ampicillin-resistant H. influenzae isolates. Pir-
benicillin demonstrated good activity against
Aeromonas hydrophilia in comparison with
the lesser activities of carbenicillin or cefazolin.

Pirbenicillin is active against gram-positive
microorganisms, although less active than
ampicillin, except for penicillin-resistant
Staphylococcus aureus isolates (Table 4). Pir-
benicillin inhibited all Streptococcus faecalis
isolates at 3.12 ,ug/ml, whereas 100 ug of car-

benicillin per ml was required (Table 4) for
similar inhibition.
The synergistic effect observed with com-

binations of carbenicillin and gentamicin in
vitro against P. aeruginosa is well documented
and appears to hold in vivo (1, 2, 8, 9, 10).
Pirbenicillin also demonstrated in vitro syn-
ergy with gentamicin against the strains
tested (Table 5). This effect was pronounced
when the isolates were resistant to both car-
benicillin and gentamicin; the MIC of genta-
micin was lowered 16-fold, and the MIC of

TABLEc 3. Activity ofpirbenicillin against other

representative gram-negative bacteria in vitro

Cumulative % in-
No. of

hibited by indicated
Species and antibiotic strains MIC (jug/ml)

50% 90%

Pasteurella multocida 1
Pirbenicillin 0.10
Carbenicillin 0.39

Aeromonas hydrophilia 8
Pirbenicillin 3.12 12.5
Carbenicillin 200 >200
Cefazolin >200

Acinetobacter calcoace- 14
ticus

Pirbenicillin 50 200
Carbenicillin 25 100
Cefazolin >200

Alcaligenes species 5
Pirbenicillin 12.5 100
Carbenicillin 12.5 >200
Cefazolin 100 >200

Haemophilus influen-
zaea

Ampicillin sensitive 10
Pirbenicillin 0.78 6.25
Carbenicillin 0.78 1.56
Ampicillin 0.39 3.12
Cefazolin 6.25 25

a BHI broth and agar were enriched with 5%
Fildes plus 2% Isovitalex (both from BBL). The inoc-
ulum was a 10-fold dilution of a culture grown over-
night; MIC values were read after 40 h at 37 C.

ANTrIMICROB. AGENTS CHEMOTHER.

TABLE 4. Comparative in vitro activity of
pirbenicillin and other semisynthetic (3lactam

antibiotics against gram-positive bacteria

Cumulative % in-
No. of hibited by indi-

Species and antibiotic UgcatedMIC (gIml)a
50% 100%

Streptococcus pyogenesb 5
Pirbenicillin 0.39
Ampicillin 0.0078

Streptococcus faecalis 29
Pirbenicillin 3.12 3.12
Carbenicillin 50 100
Ampicillin 0.78 1.56
Cephalothin 12,5 12.5

Staphylococcus aureus
Ampicillin sensitive 14
Pirbenicillin 0.78 3.12
Carbenicillin 0.78 6.25
Ampicillin <0.10 0.39

Ampicillin resistant 11
Pirbenicillin 12.5 50
Carbenicillin 12.5 100
Ampicillin 50 100
Methicillin 3.12 25

Staphylococcus epidermi- 18
dis

Pirbenicillin 0.30 3.12
Ampicillin 0.10 3.12
a Mean value of three determinations.
b The growth medium employed was BHI agar

enriched with 5% blood. Cultures of S. pyogenes
were diluted 10-fold for use as inoculum; otherwise,
procedures were as described in Materials and
Methods.

pirbenicillin was lowered eightfold. The com-
bination MIC was well within the clinically
observed blood levels for gentamicin (11) and
pirbenicillin (R. P. Luthy, E. D. Ralph, R. D.
Libke, J. T. Clarke, and W. M. M. Kirby,
Clinical Pharmacokinetics of Pirbenicillin
Compared to Carbenicillin, in press). When the
data in Table 5 are plotted in an isobologram
(12), all the combination MIC ratios can be
demonstrated to be synergistic. Carbenicillin
and gentamicin combinations were also syner-
gistic against the strains included in Table 5.
The synergistic relationship was further

defined by a killing-curve experiment employ-
ing one of the strains listed in Table 5 that
is resistant to both carbenicillin and genta-
micin (Fig. 2). Starting with a high initial
inoculum (>3 x 107 cells/ml), gentamicin alone
(10 ,g/ml) only slowed the growth of the cul-
ture, as compared with the control. Pirbeni-
cillin alone (50 ,tg/ml) reduced the viable
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TABLE 5. Synergistic effect obtained by combining
pirbenicillin andgentamicin against susceptible and

resistant Pseudomonas aeruginosa in vitroa
Antibiotic and MIC (Ag/ml)P

Strain no. Pirbenicillin Gentamicin Pirbenicillin
and gentami-

cin

52A104 12.5 0.5 3.12 + 0.125
52A173 12.5 1.0 1.56 + 0.25
52A399R c 50 0.5 6.25 + 0.125
52A520V 100 25 12.5 + 1.56
52A513R 100 50 12.5 + 3.12
52A514R 100 50 12.5 + 3.12
52A508R 800 12.5 50 + 1.56

a Synergy is defined as occurring when the MIC of
each of the antibiotics in combination is one-quarter
or less of the MIC of each antibiotic alone.

b Mean value of three determinations.
c Denotes carbenicillin-resistant strains, MIC of

200 Ag/ml for 52A220 and 52A399, 400 itg/ml for
52A513 and 52A514, and 1600 i.g/ml for 52A508. The
strains resistant to both carbenicillin and gentami-
cin represent two different geographical sources.

colony-forming units by over 99% within 6 h.
However, after 24 h the culture had regrown.
The combination of the two antibiotics resulted
in >99.9% lysis in 6 h, and after 24 h the viable
cell count was even lower.
Table 6 demonstrates that pirbenicillin pro-

duced MIC-MBC values in BHI broth with a
variety of gram-negative and gram-positive
bacteria in the same manner as other 84-lactam
antibiotics. Pirbenicillin was particularly
superior to carbenicillin against S. faecalis,
but inferior against Proteus. The lower broth
MIC-MBC values obtained for pirbenicillin in
comparison to carbenicillin against E. coli and
Serratia marcescens correlates well with the
increased activity observed with pirbenicillin
in protecting mice infected with E. coli and
S. marcescens (Table 9). In most cases the
pirbenicillin MBC equals or is only twofold
higher than the MIC. MBC values against
Enterobacteriaceae are equivalent in MH and
BI.
P. aeruginosa, growing in nitrogen-rich MH

medium, elevates media pH values (8.2 to 8.6),
presumably by release of NH4+ as a waste
product (7, 14, 15). Pirbenicillin is chemically
unstable at alkaline pH, and true MBC values
against pseudomonal species are therefore only
obtained when the pH is maintained below
7.5. No problem is presented using BHI broth
(already buffered), and is obviated with MH
broth by buffering with 0.1 M phosphate buffer
(Table 7). In BHI broth, buffered MH, or
Trypticase soy broth (another buffered medium

c1 1

1
I

Hours

FIG. 2. Synergy between pirbenicillin and genta-
micin against Pseudomonas aeruginosa 52A513
resistant to both gentamicin and carbenicillin.

containing free glucose), pirbenicillin (Table 7)
gave median MBC values (15.6 ug/ml) equal
to one-eighth the median carbenicillin MBC
value (125 ,ug/ml).

In M9 medium, pirbenicillin exhibited an
MBC value of <31.2 ,tg/ml against 90% of the
strains, in comparison to 250 ,ug/ml for carbeni-
cillin (Table 8). Carbenicillin MBC values in
buffered media are usually 1 dilution higher
than the MIC (Tables 7 and 8). In the case of
pirbenicillin, the MBCs are within 2 to 4 dilu-
tions of the MIC. These MBC values are well
within achievable human serum levels of pir-
benicillin.
A 10-fold increase in Pseudomonas inoculum

(from 1 x 106 to _ 1 x 107 cells/ml) caused,
on the average, a twofold increase in MIC
values for pirbenicillin, carbenicillin, and
ticarcillin. The MBCs, however, increased
drastically to median values of >1,000 ug/ml
even in BHI media for the three penicillins.
At the higher inoculum the criteria for the
MBC increased to .99.99% kill.
The R-MIC values presented in Tables 6

through 8 show that one-step high-level resist-
ance did not emerge with any of the test peni-
cillins. Neither the Enterobacteriaceae nor the
Pseudomonas strains harbored highly resist-
ant variants within the population (high-level
resistance is defined as an R-MIC of .10 x
MIC).
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TABLE 6. Comparative MIC-MBC values (pg/ml) for gram-negative-active [3lactam antibioticsa

Genera, species, and Pirbenicillin Carbenicillin Ampicillin Cefazolin
strain no. jMIC I MBC [R-MI_,MC_IMBC I R-IUC MIC I MBC IRMIC MIC I MBC IRMIhc

Gram-positive
Staphylococcus aureus

OlAO09
01A400R
OlA087R

Streptococcus faecalis
(median value of 7
strains)
Gram-negative

Escherichia coli (me-
dian value of 6
strains)

Serratia marcescens
(median value of 7
strains)
63A103R
63A109M

Enterobacter aerogenes
(median value of 4
strains)

E. cloacae (median
value of 4 strains)

Citrobacter freundii
70B007

Salmonella typhimu-
rium

58DO09
58D013

Proteus mirabilis
57C022
57C064

P. morganii
57G001

P. inconstants
77A009

Klebsiella pneumoniae
53A009
53A079

<2.0
3.9
7.8
0.5

<2.0
62.5
15.6
1.0

-2.0
7.8

31.2
2.0

<2.0
3.9

250
62.5

2.01 2.01 7.8 7.8

3.91 7.81 15.6 31.2

>250
125

2.0
250 125

2.0 2.0

>250
>250

7.8

3.9 1 7.81 3.9 31.2

31.2 31.2 62.5 31.2

2.0
3.9

1.0
7.8

62.5

125

62.5
250

2.0
3.9

1.0
15.6

>250

125

62.5
>250

2.0
7.8

7.8
31.2

250

250

31.2
l125

7.8
15.6

-<0.12
:0.12

1.0

7.8

125
>250

-2.0
62.6

>250
125

15.6

31.2

15.6

62.5

31.2

7.8
31.2

0.12
0.25

1.0

7.8

250

-<2.0
7.8

>250
62.5

-2.0
125

7.8
0.5

<2.0
>250

15.6
0.5

-2.0
62.5
62.5
1.0

c2.0
s2.0
15.6
15.6

s2.0
62.5
250

>250

s2.0
s2.0
125
15.6

31.2 3.91 7.81 15.61 1.01 1.01 3.9

62.5 62.51 125 l 125 1>250

62.5

>250
>250
125

62.5 >250

250 >250

62.5 62.51 250 1>250

15.6
31.2

<12.12
2.0

3.9

2.0

250

1.0
1.0

0.5
3.9

250

250

62.5
250

1.0
1.0

0.5
7.8

>250

250

125
>250

3.9
7.8

3.9
15.6

>250

>250

62.5
125

>250

>250

>250

250 >250 1>250

0.5
0.5

1.0
31.2

>250

>250

0.5
2.0

1.0
0.5

3.9
62.5

0.5
2.0

2.0
7.8

62.5
125

2.0
3.9

a Results of one determination, except forE. coli, which is a mean of three determinations. MIC values were determined
in BHI broth; the resistance determination MIC (R-MIC) was determined on BHI agar. Strains tested are clinical isolates;
known resistant isolates are indicated by an R after the strain number.

TABLE 7. Pirbenicillin: median MIC-MBC values for 18 Pseudomonas aeruginosa isolates in buffered and
nonbuffered media

Penicillin and value (Ag/ml)a

Medium Pirbenicillin Carbenicillin Ticarcillin

MIC MBC R-MIC MIC MBC R-MIC MIC MBC R-MIC

BHP 3.9 15.6 15.6 62.5 125 125 15.6 62.5 62.5
MHC 3.9 250 15.6 31.2 500 62.5 15.6 125 31.2
MH plus 0.1 M phosphated 2.0 15.6 15.6 62.5 250 250 NJD
Trypticase soy broth' 3.9 15.6 ND 62.5 125 ND ND

a Ampicillin MIC values were >200 ,&g/ml for all but three strains. Results of one determination with 18
strains.

b The R-MIC was determined on BHI agar.
c The MBC value encompassing 75% ofthe isolates in MH broth was >1,000 ,ug/ml for all three penicillins.

The R-MIC was determined in MH broth.
d The R-MIC was determined in 0.1 M potassium phosphate-buffered MH broth (pH 6.9).
e ND, Not done.
' MBC was determined as described by Wald et al. (16); i.e., the MBC corresponds to 21,000 colony-

forming units/ml or -99.9% lysis of the initial inoculum. The agar medium employed in the MBC
determination was Trypticase soy broth plus 2% agar.

ANTIMICROB. AGENTS CHEMOTHER.
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The activity of pirbenicillin against experi-
mental infections in mice produced by a variety
of microorganisms is presented in Table 9.
Comparative data, including agar MIC values,

TABLE 8. MIC-MBC values for anti-Pseudomonas
aeruginosa penicillins determined in M9 growth

medium
Antibiotic and value (Ag/ml)a

% of 18 Pirbenicillin Carbenicillin
strains

MIC MBC R-MIC MIC MBC R-MIC

50% C2.0 31.2
50% 3.9 62.5
50%o 3.9 62.5

75% C2.0 62.5
75% 15.6 125
75% 15.6 62.5

90% 7.8 62.5
90% 31.2 250
90% 31.2 125

100% 15.6 500
100% 125 500
100% 62.5 250

a Ampicilhin MICs were >200 ,ug/ml to inhibit all
except three of the isolates in both M9 broth and M9
agar. The R-MIC was determined on M9 agar.

are also presented for carbenicillin and ampi-
cillin. Pirbenicillin has outstanding activity
against P. aeruginosa infections, being about
three to four times more active than carbeni-
cillin. Thus, there is a general agreement
between the activity ratio of pirbenicillin to
carbenicillin in vitro and in vivo. Ampicillin,
as was expected, was inactive against all the
Pseudomonas isolates.

Pirbenicillin proved to be two to four times
more active than carbenicillin against experi-
mental infections produced by S. marcescens
andE. coli (Table 9). In contrast to the observa-
tions with Pseudomonas, the in vitro suscepti-
bility of the S. marcescens and E. coli isolates
to pirbenicillin and carbenicillin were nearly
equivalent. In vivo, ampicillin was inactive
against S. marcescens and was about half as
active against E. coli isolates as was pirbeni-
cillin. However, ampicillin was about five
times more active against infections produced
by S. aureus than pirbenicillin. This probably
reflects the lower MIC for ampicillin. Pirbeni-
cillin demonstrated little activity against an
infection produced by K. pneumoniae 53AO09,
compared with cephaloridine, which was used
as a positive control in place of carbenicillin.
The data presented in this report demon-

strate that pirbenicillin has a significant anti-
bacterial spectrum. In vitro and in vivo results

TABLE 9. Pirbenicillin activity against experimental infections in mice

PD50G with:
Expt infection

Pirbenicillin Carbenicillin Ampicillin
Pseudomonas aeruginosa

52A104 69.8 ± 10.4 (6.25)b 158 ± 42 (25)b >400 (>200)b
52A249 33 ± 12 (6.25) 115 + 48 (25) >400 (>200)
52A260 68 ± 34 (12.5) 235 ± 66 (100) >400 (>200)
52A264 50 ± 24 (6.25) 220 ± 78 (100) >400 (>200)
52A475 110 ± 46 (12.5) 200 estimated (50) >400 (200)
52A476 63 t 19 (6.25) 170 ± 49 (50) >400 (>200)

Serratia marcescens
63A017 50 ± 19 (12.5) 128 ± 11 (12.5) >400 (50)
63A026 74 ± 19 (6.25) 120 ± 17 (12.5) >400 (50)
63A033 57 t 20 (12.5) 125 ± 16 (12.5) >400 (50)

Escherichia coli
51A266 6.0 ± 1.4 (3.12) 27 ± 3.6 (3.12) 14 ± 2 (3.12)
51AO10 5.7 ± 1.4 (6.25) 26 ± 4.8 (6.25) 14 t 2 (6.25)

Klebsiella pneumoniae
53A009 280 estimated (12.5) 25 ± 5C (1.56) >400 (25)

Staphylococcus aureus
O1AO05 10.7 t 3.5 (1.56) 12.6 ± 2.4 (3.13) 2.0 ± 0.9 ('0.1)
a PD50 given as milligrams per kilogram, with 95% confidence limits; subcutaneous route was used.

Numbers in parentheses show MICs in micrograms per milliliter.
b Median value of three determinations on BHI agar.
C Cephaloridine value. Carbenicillin not studied.
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show that this new antibiotic has a bactericidal
action and certain potency advantages over
carbenicillin. When measuring bactericidal
activity against Pseudomonas isolates, it is
necessary to use a buffered medium to main-
tain the pH within the range at which pirbeni-
cillin shows no chemical instability.
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