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Disodium a-carboxybenzylpenicillin (CB-PC), 

carbenicillin, is a semisynthetic penicillin, which 

has a wider range of activity against gram-negative 

bacteria than previously available penicillins includ-

ing ampicillin, and in particular is active against 

Pseudomona aeruginosa and most Proteus species1•`14). 

The low degree of toxicity of the drug1,3,15) permits 

the use of dose large enough to achieve adequate 

levels for those bacterial strains which have rela-

tively high MICs1,16•`23). Thus, intravenous admini-

stration of up to 20 g per day of CB-PC is recom-

mended for the treatment of patients with serious 

infection of Ps. aeruginosa. 

Administration of the massive dose of this com-

pound was not officially adopted in this country 

until 1974. From 1971 to 1973, experiments on this 

problem was undertaken as a program of the 

Carbenicillin Research Conference (Chairman, Prof. 

J.ISHIGAMI, Dept. Urol., Kobe Univ.). This paper 

describes the susceptibility to CB-PC of 142 isolates 

of gram-negative bacteria, which were isolated from 

patients involved in the program in 1972 and 1973, 

and several findings from laboratory experiments. 

Inoculum Size in Sensitivity Testing 

To compare the susceptibility of many bacterial 

strains to antibacterial agents, reproducibility and 

sharp end-point of the minimum inhibitory concen-

tration (MIC) are preferable. Serial 10-fold dilu-

tions from 100 to 10-4 of overnight Tryptosoy Broth 

(Eiken) cultures of stocked strains and recent 

clinical isolates of gram-negative bacteria were 

inoculated on 2-fold serial dilutions of CB-PC in 

Heart Infusion Agar (Eiken) in Petri dishes using 

Typing Apparat (Muto), with which one loopful of 

27 different bacterial suspensions can be inoculated

onto a plate with one action24). The plate of CB-

PC showing no growth after overnight incubation 

at 37•Ž was interpreted as the MIC. 

The results with Ps. aeruginosa are illustrated in 

Fig. 1. A CB-PC-sensitive strain of Ps. aeruginosa, 

NCTC 10490 gave a same MIC of 0.49 ƒÊg/ml in 

9 times repeated tests, when 10-2 dilution was used 

as the inoculum. Results with 18 strains of Ps. 

aeruginosa and a number of strains of another 

species suggested that great variation of MIC due 

to the slight difference of inoculum size could be 

avoided by using 10-2 dilution of the broth culture 

as the inoculum except one strain of Enterobacter 

aerogenes. In general, sharp end point of MIC was 

obtained with 10-2 dilution of the broth culture. 

As research with Ps. aeruginosa was a major 

project, 10-2 dilution was employed in this study 

except special notice.

Fig.1. MIC of CB-PC against 18 strains of Pseudo-
monas aeruginosa and NCTC 10490 (9 different 
tests) with different inoculum size.
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MIC of CB-PC against Clinical Isolates 

of Gram-Negative Bacteria 

E. coli, Klebsiella, Proteus vulgaris, Prot.mirabilis, 

Rettgerella, Morganella, Enterobacter aerogenes, 

Enterobacter cloacae, Serratia and Acinetobacter were 

studied in this experiment. Numbers of test strains 

are listed in Figs. 2 and 3. They were isolated 

from 87 patients in 14 hospitals listed in Table 1. 

Patients were so severe that large amount dose of 

CB-PC was administered, and isolation of bacteria 

was attempted before and after the CB-PC-treat-

ment. 

MIC of bacterial strains was determined with the 

agar plate method described above, and results are

Fig.2. MIC of CB-PC against clinical isolates. 

Serial dilutions of CB-PC in nutrient agar 

were prepared in Petri dishes. One loopful 

of 1/100 dilution of each broth culture was 

inoculated onto the surface of the plate using 

Typing Apparatus. MIC was determined after 

overnight incubation at 37•Ž. Number of test 

strains were described in parentheesis.

shown in Figs. 2 and 3. Among 55 strains of Ps. 

aeruginosa, MICs of 11% were 12. 5-25 ƒÊg/ml; 

46%, 50 fig; 13%, 100 fig; 22%, 200 fig; 9%, 400 

ug or more. Fourteen out of 18 strains of E. celi 

were inhibited at 3. 12-6. 25 ƒÊg/m1; one strain, 25 

fig ; 3 strains were not inhibited at 400 ƒÊg. Sixteen 

out of 23 isolates of Klebsiella were not inhibited 

with CB-PC at the concentration of less than 400 

fig/ml, and the other 7 gave MICs of 100-200 mg/ 

ml. MICs of 7 strains of Prot. mirabilis were 0. 78

～1.56  u g/ml; 2 out of 4 strains of Prot. vulgaris
showed MICs of 50-100 ƒÊg/ml and the other 2, 

6. 25•`42. 5 ,ƒÊg/ml. One strain of Rettgerella was 

inhibited with 0.39 ƒÊg/ml; and 3 strains of Morga-

nella included one resistant with MIC of 200 ,ƒÊg/ml 

and 2 sensitive strains with O. 78 and 6. 25 ƒÊg/ml, 

respectively. Two out of 3 strains of Enterobacter 

cloacae showed MICs of 200-400 ƒÊg/ml and the other 

strain, 25 ƒÊg. Two strains of Enterobacter aero-

genes were inhibited at 6. 25 and 25 ,ƒÊg/ml. Sixteen 

out of 22 strains of Serratia were not influenced 

with 400 ƒÊg/ml and the other 6 were inhibited at 6. 25

～12.5 or 50 ,ƒÊg/ml. Two strains of Acinetobacter

gave MICs of 6.25 and 100 ,ƒÊg/ml. 

Change of Susceptibility to CB-PC between 

Isolates before and after the 

Treatment with the Drug 

From 13 patients, same species of bacteria were 

isolated before and after the treatment with CB-PC. 

MICs of these strains are shown in Table 2. With 

strains of Ps. aeruginosa from patient T. N. and 

M. T., increase of the resistance to CB-PC was 

observed after the adminstration of 10 g/day of the

Fig.3. Legend is same as Fig. 2.

Table 1 Hospitals from which test 

strains were presented
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drug. Strains of E. coli and Klebsiella were isolated 

from patient S. T. before and after the treatment 

with 20 g/day of CB-PC. E. coli isolates showed 

definite increase of the resistance to CB-PC after 

the treatment, though Klebsiella gave same MIC of 

400 ƒÊg/ml before and after the treatment. Increase 

of the resistance after CB-PC-treatment was observ-

ed with Klebsiella strains isolated from patient 

0. M. 

Comparison of MICs with Typing 

Apparat and Hand Streaking 

In 1968 the Japan Society of Chemotherapy (JSC) 

recommended a standard for bacterial sensitivity 

testing, which indicated to inoculate one loopful of

undiluted Casein Soy Mixed Pepton Broth (e. g. 

Trypto Soy Broth) culture of a test strain on to 

2-fold serial dilutions of a chemotherapeutic agent 
in Heart Infusion Agar plates by hand streaking of 

2 cm long. In our research, as described before, 

sensitivity of bacteria to CB-PC was measured with 

the Typing Apparat, which is used at many labora-

tories in Japan, inoculating one loopful of 10-2 

dilution of Trypto Soy Broth culture of each isolate. 

MICs of 13 isolates were measured with JSC standard 

method and with our method, using same Trypto 
Soy Broth cultures as original bacterial preparations. 

Results are illustrated in Table 3. 

Six out of 13 strains gave more than 4 times

Table 2 Sensitivity to CBPC of strains isolated 

before and after the treatment with CBPC
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higher MICs with JSC method than with our method 

(upper half of Table 3), as expected from the 

experiment for determining the inoculum size 

described before in this paper (Fig. 1). However, 

no meaningful difference of MICs was observed 

between spotting with the Typing Apparat and hand 

streaking, as far as same bacterial dilution was 

used as the inoculum. 

Minimum Bactericidal Concentration 

(MBC) of CB-PC 

MBCs were measured on 96 isolates with the 

method described by SILVERBLATT and TURCK5). 

One loopful of each isolate was transferred from 

stock medium to 5 ml of Trypto Soy Broth and 

incubated overnight at 37•Ž. The broth culture were 

then diluted further in Nutrient Broth to final 

dilution of 10-4 ; at this concentration, 1 ml of broth 

contained approximately 105 organisms. A 0.5 ml 

aliquot of the bacterial suspension was then added 

to 0.5 ml of CB-PC, giving final concentration 

ranging from 0.39 to 400 ƒÊg/ml in broth. The tube 

of antibiotic macroscopically showing complete

Table 3 MICs obtained by different procedures for inoculation

Fig.4. Comparison of MIC and MBC in the broth 

dilution test. Trypto Soy Broth culture of 

each isolate was diluted in Nutrient Broth to 

1/10000. A 0.5 ml of the bacterial suspension 

was added to 0.5 ml of CB-PC, giving final 

concentration of 0.39 to 400 ,ƒÊg/ml in broth. 

The tube of antibiotic macroscopically showing 

complete inhibition of growth after overnight 

incubation at 37•Ž was interpreted as the 

MIC. The lowest concentration of antibiotic 

in which no visible colonies were recovered 

after subculture on antibiotic-free agar was 

designated the MBC.
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inhibition of growth after overnight incubation at 

37•Ž was interpreted as the bacteriostatic end point 

(MIC). The lowest concentration of antibiotic in 

which no visible colonies were recovered when one 

loopful of broth from each clear tube was subcul-

tured on antibiotic-free agar was designated as the 

bactericidal end point (MBC). 

Results are shown in Figs. 4 and 5. Seven out 

of 49 isolates of Ps. aeruginosa, 1 out of 4 isolates 

of Prot. vulgaris, 1 out of 14 isolates of Klebsiella, 

1 out of 7 isolates of Prot. mirabilis, and none of 

14 isolates of E. coli showed the MBC which was 

higher than the MIC by times or more. Therefore 

the action of CB-PC against most strains is con-

sidered to be bactericidal. MIC of each strain by 

this broth dilution method was substantially identical 

with that with agar dilution method using 10-2 

dilution as the inoculum described before in this 

paper. 

Comparison of the Antibacterial Effect of 

Benzylpenicillin (PC-G), Aminobenzyl-

penicillin (AB-PC), Carbenicillin 

(CB-PC) and Cephaloridine (CER) 

Effect of 3 penicillins and CER against 14 isolates 

of E. coli was compared with a broth dilution 

method. One drop of 37•Ž overnight culture of 

each isolate in Nutrient Broth was inoculated in 2- 

fold serial dilutions of antibiotic in Nutrient Broth. 

The lowest dilution of each antibiotic showing 

macroscopically complete inhibition of growth after 

overnight incubation at 37•Ž was designated as the 

MIC. 

Results are shown in Fig. 6. In general, AB-PC 

gave the lowest MIC, MIBs of CB-PC were identical 

with those of AB-PC or higher than AB-PC by 2 to 

4 times, and PC-G gave highcst MICs. In 6 strains 

tested, antibacterial effect of CER was identical 

with AB-PC or CB-PC except one strain, A-5 which 

gave rather high MIC of CER.

Discussion 

Inoculum size is an important factor to obtain the 

reproducible results, which are sufficient for the 

comparison of the drug-susceptibility between 

different bacterial strains. It was suggested that 

a number of strains of Ps. aeruginosa, E. coli, 

Klebsiella, Prot. vulgaris, Prot. mirabilis, Provi-

dencia, Alcaligenes faecalis, Morganella and Ret-
tgerella gave stable figure of MIC, if 10-2 dilution. 

of Trypto Soy Broth culture was used as the in-

oculum in agar dilution technique. A marked in-

oculum effect has been noted with penicillins in-

cluding CB-PC by several authors1,3,5,6,9,12,13), though 

WILLIAMS et al.7) found that in a broth dilution 

method variation in inoculum size from 104 to 106 

organisms produced no consistent differences with 

a few exceptions. 

MITSUHASHI et ai.40,41), who studied drug-resis-

tance in Shigella strains, found that decrease of 

inoculum size could eliminate the error caused by 

development of resistant mutant, and they recom-

mended to use one loop of 10-2 dilution of overnight 

broth culture for inoculum size on assay plate. 

After this preliminary experiment, 142 clinical

Fig. 5. Legend is same as Fig. 4. Fig. 6. MICs of Benzylpenicillin (PC-G), Amino-

benzylpenicillin (AB-PC), Carboxybenzylpeni-

cillin (CB-PC), and Cephaloridine (CER) to 

clincal isolates of E. coli in broth dilution 

test. One drop of 37•Ž, overnight Nutrient 

Broth cultures of 17 isolates was inoculated 

into 5 ml of antibiotic dilutions in Nutrient 

Broth, and incubated at 37•Ž overnight. 

Minimum dilution showing complete inhibi- 

tion of the growth of bacteria was designated 

as MIC.
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isolates of gram-negative bacteria were tested for 

the susceptibility to CB-PC, and it was confirmed 

that, in vitro, CB-PC was relatively effective in 

inhibiting the growth of a number of gram-negative 

bacterial species. Among 55 strains of Ps. aeru-

ginosa, 70% showed MICs of 100 ug/ml or less, and 

the concentration could be available in blood after 

massive dose of CB-PC16-23) . Twenty-two per cent 

was inhibited at the concentration of 200 ƒÊg/ml, 

and 9% showed MICs of 400 ug/ml or mose. These 

findings are substantially similar to those by some 

researchers2,5-7,10,12,14,17,26-30,39). Another some wor-

kers1,4,8) reported rather low MICs for Ps. aeruginosa, 

but BODEY et al.30) and ISHIGAMI et al.31) reported 

high MIC. The explanation for these divergent 

results is not completely clear. Inoculum size does 

not always seem to be a major factor"), and dif-

ference in media, in technique, and criterion of 

MIC-reading1) may be answers. The activity of 

CB-PC against Ps. aeruginosa was considerably 

lower than that of polymyxin B or gentamicin9,24,28), 

but the low toxicity1,3,15) will favor the clinical 

usefulness of the compound. 

Among 18 strains of E. coli 78% gave MICs of 

6.25 ug/ml or less and 17% were greatly resistant 

being not inhibited at 400 ug/ml. Thus E. coli 

strains were sharply divided into the sensitive and 

the resistant strains, These data are similar to 

those observed by others2,4,5,7,17,30) . 

Recently, nonpigmented Serratia marcescens has 

been isolated with increasing frequency from 

patients with a variety of clinical illness32-34) . Also 

in this research, 22 clinical isolates of nonpigmented 

Serratia were presented from several hospitals. 

Sixteen of these strains were not inhibited the 

growth with CB-PC at the concentration of 400 ug./ 

ml, and MICs of other strains were 6.25.12.5 or 

50 ug. Thus Serratia strains are divided into 

major members of the resistant and a few sensitive 

ones. THORNTON et al.35), who examined the sensi-

tivity of 52 isolates of nonpigmented Serratia, found 

that MICs of CP-PC ranged from 6.25 to 1, 000 ,ug/ 

ml or more, i. e., a few strains were observed to be 

moderately sensitive. Resistance of this species to 

CB-PC was observed also by WILLIAMS et al.7), the 

MEYERS et al.11) observed somewhat lower resistance 

with light inoculum. Nevertheless, our data 

suggest that CB-PC might be effective therapy for 

infections caused by the occurrence of nonpigmented 

Serratia that are susceptible in vitro especially

for infections of the urinnary tract, since very 

high concentration of CB-PC can be achieved in the 

urine' 3,6,8,17). 

Four strains of Prot. vulgaris and 7 of Prot. 

mirabilis were tested, the former showing MICs 

from 6. 25 to 100 pg/ml, the latter 0. 78 to 1. 56 ,ug/ 

ml. One strain of Rettgerella was sensitive, and 

MICs of 3 strains of Morganella were variable. The 

susceptibility of indole negative Proteus (Prot. 

mirabilis) strains has been observed by some 

workers7,13,30), but others2,4-6,12,17,27) have indicated 

the susceptibility of indole positive strains, too. 

STANDIFORD et al.27) indicated that Prot. vulgaris 

strains tested were variable in the susceptibilty. 

Rather high inoculum size effect was observed with 

a Prot. vulgaris strain in our data. 

Isolates of Klebsiella showed high resistance to 

CB-PC. This has been found by nearly all obse- 

rvers1,2,4,7,12,30). NEU et al.17) observed overgrowth 

of Klebsiella in a few patients with pulmonary in-

fections after treatment with CB-PC. 

Two out of 3 isolates of Enterobacter cloacae were 

quite resis tant to CB-PC, but both of two isolates 

of Enterobacter aerogenes were inhibited at 25 ƒÊg/ml 

or less. MEYERS et al.11) indicated that most Kle-

bsiella-Enterobacter organisms were quite resistant 

to CB-PC, and SMITH et al.6) reported a wide range 

of sensitivity of Enterobater to CB-PC. Species 

within Enterobacter genus, however, should be 

considered separately when the susceptibility to CB-

PC is analyzed. 

Increase in resistance to CB-PC of Ps. aeruginosa 

isolates following the treatment with the compound 

has been suggested by several authors5,26,29,36) . In 

our data, increase of the resistance to the drug 

during CB-PC treatment was observed in 2/5 of Ps. 

aeruginosa, 1/3 of E. coli, and 1/5 of Klebsiella in-

fections from which bacterial cultures were obtained 

before and after the treatment. Pyocin or phage 

typing was not done so that it is not passible to 

be certain that the strains before and after the 

treatment were identical. The mechanism of 

incidence of the resistant strain, e.g., chromosomal 

mutation, resistance transfer, or succession by a 

new, resistant strain, should be studied further. 

LINDBERG et al.37), who typed bacteriophages of Ps. 

aeruginosa isolated from burn wound in a hospital 

ward, found that in most instances the emergence 

of CB-PC resistant strains in each patient was 

actually colonization by a new, resistant type ; and
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individual phage types did not always correlate to 

the resistance to the drug. 
Like other penicillins, action of CB-PC has been 

evaluated to be bactericida13,4,7,9,11,26). Great diffe-
rence between MIC and MBC was observed only 

infrequently in this experiment, and 65% of Ps. 

aeruginosa strains, 78% of E. coli, 76% of Klebsiella, 

43% of Prot. mirabilis, and 25% of Prot. vulgaris 

lost the viability after 24 hours' incubation with 
MIC of CB-PC. BODEY et al.30) reported that CB-

PC was bactericidal for only 39 of 143 strains of 

Ps. aeruginosa. It may be mentioned that difference 

between MIC and MBC will reflect the vague end 

point of MIC in the tube dilution technique, and 
some Pseudomonas strains were observed not to 
have a consistently sharp end point30). 

Carbenicillin was somewhat less active against 

some strains of E. coli than either AB-PC or CER. 

This is in agreement with reports by others2,9,10,38). 

However, one strain of E. coli resistant to CER 

was sensitive to CB-PC. ACRED et al.1) and NEU 

et al.17) pointed out that AB-PC and CB-PC were 

equally active to E. coli strains, if the inoculum 

was small. 

Conclusion 

Carbenicillin (CB-PC), a semisynthetic derivative 

of penicillin was tested against 142 gram-negative 

isolates by use of an agar dilution method. It was 

found to be active in vitro against many gram-ne-

gative bacterial species, including most Pseudomonas, 
Escherichia coli, Proteus, Rettgerella, Morganella 

and Enterobacter aerogenes strains. Most Klebsiella 

and Serratia strains and some strains of Pseudo-

monas, E. coli and Morganella were quite resistant, 

and were not suppressed by concentration of 200 

pg/ml or higher. When several gram-negative 
bacterial species were used as test organisms, a 

marker effect of inoculum size on the MIC of the 

drug was apparent. Increased inoculum size required 

greater concentrations for inhibition. Emergence 
of resistance occurred during therapy in 2 of 5 

patients of Pseudomonas aeruginosa infections, and 
1 of 3 of E. coli. In general, there was very little 

difference between the MIC and MBC of the drug 
for most of the sensitive organisms. 

We thank Professors YOSHITAMI KIMURA and 

SHOGO KUWAHARA for support and advice. 
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