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Effect of Carbenicillin on

Pseudomonas aeruginosa
SUMMARY..The activity of carbenicillin against 200 strains of

Pseudomonas aeruginosa was measured by a quantitative agar dilution
method. Minimal inhibitory concentrations (M.I.C*s) for five graded in-
ocula were measured in terms of complete inhibition (CI) and reduced
growth (RG). The M.I.C. decreased progressively as inocula were reduced,
median values for the 200 strains ranging from 100 to 37.5 jig. per ml.
by the CI criterion, and from 75 to 25 fig. per ml. by the RG definition.
Ratios of M.I.C. obtained for large and small inocula were usually small.
Identical M.I.C.'s by both CI and RG criteria were most often obtained
when the inoculum for the RG criterion was 1 or 2 logs higher than that
for complete inhibition.

Population analysis of 15 strains of Ps. aeruginosa showed that one

specific drug concentration usually caused a sharp drop in proportion of
viable cells, ranging from 3 to 5 logs. None of the populations were com¬

pletely non-viable even at 150 jig. per ml. There was evidence that the
viability of different-sized populations was reduced disproportionately by
carbenicillin.

Carbenicillin 300 fig. per ml. exerted appreciable bactericidal effect
against nine of 15 strains of Ps. aeruginosa after a 24-hour contact period;
after only six hours the bactericidal effect was very small.

Quantitative sensitivity measurements for carbenicillin should include
M.I.C. values for both CI and RG criteria, using a range of inocula for
testing. Such M.I.C. values may well be useful in monitoring carbenicillin
therapy of tissue infections.

Carbenicillin is a semi-synthetic
penicillin compound, first described
by Acred et al1 and by Knudsen,
Rolinson and Sutherland,2 which
has significant activity against
Pseudomonas aeruginosa. This acti¬
vity is of great interest, as Ps.
aeruginosa is frequently resistant to
many of the antibiotics available for
chemotherapy of infections in man.

Acred et al.1 and Knudsen and
his colleagues2 measured the acti¬
vity of carbenicillin against many
strains of Ps. aeruginosa in vitro by
an agar dilution method. When in-
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ocula were taken from an undiluted
broth culture, the end-points in
these estimations were not sharp.
Minimal inhibitory concentration
(M.I.C), defined in terms of com¬

plete inhibition of growth, was often
as high as 250 fig. per ml., but at
several concentrations below this,
growth was very fine and often in¬
cluded some very small colonies.
Much sharper end-points were ob¬
tained when the inoculum was

taken from a IO'2 dilution of an

overnight broth culture. With this
inoculum the modal M.I.C. for 111
strains was 50 fig. per ml., with a

range from 12.5 to 250 /xg. per ml.

The inoculum effect described by
these authors was apparently not
due to penicillinase activity, as car¬
benicillin is stable to penicillinase
produced by Ps. aeruginosa. Neither
did the resistant colonies growing in
the presence of high carbenicillin
concentrations appear to be of
mutational origin, for when their
sensitivity was retested quantita¬
tively, they showed the same pattern
as the original strain.

Brumfitt, Percival and Leigh3
found that the minimal inhibitory
concentration of carbenicillin for 94
out of 99 strains varied from less
than 1.5 to 200 fig. per ml. and for
many of the strains it was 50 or 100
fig. per ml. The M.I.C. was inocu-
lum-dependent.

Jones and Lowbury,4 who tested
106 strains of Ps. aeruginosa against
carbenicillin, found that 68 strains
had M.I.C. of 64 fig. per ml. and all
but one of the remainder required
either 32 or 128 fig. per ml. for in¬
hibition. Strains made more resis¬
tant by serial subculture in increas¬
ing concentrations of carbenicillin
frequently grew in the form of small
colonies. Van Rooyen et al.5 noted
the development of small colonies
in cultures made from burned pa¬
tients treated with carbenicillin, and
also observed poor growth of these
organisms on attempted subcultiva-
tion.

In this investigation, in vitro
measurements were made of the
activity of carbenicillin on 200
strains of Ps. aeruginosa. The
M.I.C. was defined in two ways so

that both complete inhibition and
reduction in growth were taken into
account. The influence of inoculum
size was studied by varying the in¬
oculum over a 4-log range. In ad¬
dition, 15 of the strains were sub¬
jected to more detailed study, which
included (a) population analysis to
show the distribution in a culture of
bacteria of different degrees of re¬

sistance and (b) the bactericidal
activity of carbenicillin.
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TABLE I..MINIMAL INHIBITORY CONCENTRATIONS (MG./ML.) OF CARBENICILLIN FOR 200 STRAINS
OF PSEUDOMONAS AERUGINOSA. M.I.C. DEFINED AS SMALLEST TESTED CONCENTRATION

CAUSING COMPLETE INHIBITION OF GROWTH AFTER 24 HOURS' INCUBATION AT 37°C.

MATERIALS AND METHODS
The 200 strains of Ps. aeruginosa

were all isolated from infective pro¬
cesses in patients, mostly urinary tract
or wound infections. Each strain was
isolated from a different patient. They
were identified as belonging to the
genus Pseudomonas by motility,
gram-stain, morphology, catalase and
oxidase activity, and their oxidative
attack on glucose. Identification as
Ps. aeruginosa was made on the basis
of positive reactions for arginine di-
hydrolase and oxidation of gluconate,

in the form of a powder with an ac¬

tivity of 766 fig. per mg. For sensi¬
tivity testing it was incorporated in
tryptose agar in 10 concentrations
ranging from 6.25 to 150 fig. per ml.
The carbenicillin agar was poured in
square plastic plates marked with a

36-square grid. These plates were
stored at 4° C. and used usually with¬
in one and always within two weeks
of preparation. For measurement of
M.I.C, strains were grown on tryp¬
tose agar overnight at 37° C. and
then subcultured to tryptose broth

For the population analyses, viable
counts were performed by the method
of Miles, Misra and Irwin7 on over¬

night broth cultures of 15 strains, all
of different pyocine type, using plain
tryptose agar as control medium, and
tryptose agar containing different
concentrations of carbenicillin, again
ranging from 6.25 to 150 fig. per ml."
Plates were incubated for 24 hours
at 37° C.
For measurement of bactericidal

activity, each of the 15 strains sub-

TABLE IL.MINIMAL INHIBITORY CONCENTRATIONS (MG./ML.) OF CARBENICILLIN FOR 200 STRAINS
OF PSEUDOMONAS AERUGINOSA. M.I.C. DEFINED AS SMALLEST TESTED CONCENTRATION

CAUSING REDUCTION OF GROWTH AFTER 24 HOURS* INCUBATION AT 37°C.

growth on TTC medium, and failure
to hydrolyze starch. Many strains
were subjected to pyocine typing and
most of these were recognized as

belonging to one of the types des¬
cribed by Gillies and Govan.6

Carbenicillin was supplied by Ay¬
erst, McKenna & Harrison Limited

TABLE IIL.RATIOS OF MINI¬
MAL INHIBITORY CONCENTRA¬
TIONS OF CARBENICILLIN FOR
INOCULA TAKEN FROM UN-
DILUTED BROTH AND IO4 DI¬

LUTION OF BROTH
Number of strains

showing ratio within
range

Complete Reduction
Ratio range inhibition ofgrowth
1.0.1.67. 2450
2.0.2.67. 3668
3.0.3.67. 3327
4.0. 36 27

5.0.6.0. 2215
>6.0. 9 3
NR*. 40 10

Total strains 200 200
*No ratio obtainable.

which was also incubated overnight.
Serial (tenfold) dilutions of the broth
were then made to IO4 in quarter-
strength Ringer's solution. Samples of
the dilutions and of the undiluted
broth were transferred by means of
a multiple inoculator to a series of
carbenicillin plates and to a control
tryptose agar plate without any drug.
The inocula consisted of about 0.001
ml. of the broth dilution, so that the
number of bacteria placed on the
agar ranged from about 106 to IO2.
One strain was therefore represented
by five graded inocula, and six strains
could be inoculated in this way on

one set of plates. The plates were

incubated for 24 hours and then read
by naked eye for evidence of growth
or inhibition. The M.I.C. was defined
in two ways: (a) the lowest tested
concentration of drug causing com¬

plete inhibition of growth and (b)
the lowest tested concentration of
drug causing reduction of growth, in
terms of growth on the control plate.
For each strain, M.I.C.'s were re¬
corded according to both definitions
for all inocula tested.

jected to population analysis was first
grown in tryptose broth overnight,
after which 2.5 ml. of a IO"3 dilution
of this broth was transferred to 22.5
ml. of tryptose broth in a flask. The
flask was incubated at 37° C. for four
hours, at which time a viable count
was performed, again by the method
of Miles, Misra and Irwin. Four
samples were then removed from this
flask, and to these samples was added
either broth or carbenicillin solution
to give final carbenicillin concentra¬
tions of 0, 75, 150 and 300 fig. per
ml. The final volume of each culture
was 5 ml. Incubation was continued
at 37° C. Samples (0.2 ml.) were re¬

moved from each broth culture at 2,
4, 6 and 24 hours and subjected to
viable counts, using tryptose agar as

plating medium. Colonies on these
plates were counted after a further
24-hour incubation period. Bacterici¬
dal activity was measured in terms of
l°gio reduction in viable count com¬

pared to the initial count performed
after the four-hour incubation period
in the flask.
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TABLE IV..RELATIONSHIP BETWEEN COMPLETE INHIBITION AND REDUCED GROWTH M.I.CS
OF CARBENICILLIN FOR UNDILUTED INOCULA OF 200 STRAINS OF PSEUDOMONAS AERUGINOSA

RESULTS
The results of the M.I.C. mea¬

surements are presented in Tables
I and II. Table I shows the distri¬
bution of M.I.C.'s for the 200
strains using the criterion of com¬

plete inhibition of growth, and
Table II shows the distribution of
M.I.C.'s based on reduction of
growth. In both cases, results are

The salient points emerging from
these tables are:

(a) Whether the M.I.C. was de¬
fined in terms of complete inhibition
or reduction of growth, there was a

progressive decrease of M.I.C. as

the inoculum diminished. The gra¬
dient of decrease became less steep
when the inoculum was small; i.e.,
the M.I.C.'s showed little change

200

ml. for successive tenfold dilutions
of the overnight broth. Median
M.I.C.'s using the reduced growth
criterion were, respectively, 75, 50,
37.5, 25 and 25 /xg. per ml. The
M.I.C. was, therefore, lower for
many strains when defined in terms
of reduced growth than when based
on complete inhibition of growth.

Table III shows the distribution

TABLE V..RELATIONSHIP BETWEEN NUMBERS OF STRAINS SHOWING VARIOUS M.I.C.'S OF CAR¬
BENICILLINWHEN MEASURED BY COMPLETE INHIBITION (IO2 INOCULUM) AND REDUCED GROWTH

(UNDILUTED INOCULUM)
Minimal inhibitory concentrations of carbenicillin (pg./ml.)

>150 150 125

Number of strains
showing M.I.C.
Complete inhibition
(IO-2 inoculum).
Reduced growth
(undiluted inoculum).

shown for inocula varying from an
undiluted overnight broth culture to
a IO'4 dilution of this culture. The
number of organisms placed on the
agar, corresponding to these dilu¬
tions, varied from around IO6 to
approximately IO2.

when the inoculum fell from IO3 to
IO2 bacteria.

(b) Median M.I.C. values for
the 200 strains were, by the com¬

plete inhibition definition, 100 fig.
per ml. for the undiluted inoculum
and 75, 50, 37.5 and 37.25 fig. per

TABLE VI..NUMBER OF STRAINS (OUT OF 200) SHOWING IDEN¬
TICAL M.I.C.'S BY VARIOUS PAIRED CRITERIA

RG = reduced growth.
CI = complete inhibition.
Inoculum expressed as dilution of overnight broth culture.

of M.I.C. ratios for inocula taken
from the undiluted and 104 dilu¬
tions of broth cultures, for both
complete inhibition and reduced
growth criteria of measurement.
For some strains no ratio was ob¬
tainable, as either the undiluted in¬
oculum showed M.I.C. greater than
150 fig. per ml. or the M.I.C. for the
10-4 inoculum was smaller than 6.25
fig. per ml. For both methods of
reading the ratio for most strains
did not exceed 4 and for very few
strains was the ratio higher than 6.
In general the ratios were lower for
the reduced growth criterion (the
median ratio was 2 for 190 strains,
as opposed to 3 for the 160 strains
by the complete inhibition criterion).

Table IV shows that very many
of the strains showing M.I.C. from
75 to above 150 fig. per ml. for
complete inhibition of an undiluted
inoculum showed M.I.C. of 75 fig.
per ml. when inhibition of the same
inoculum was measured in terms of
growth reduction. Use of this latter

76 Canad. Med. Ass. J., Oct. 4, 1969, vol. 101.406



TABLE VH..POPULATION ANALYSIS OF 15 STRAINS OF PSEUDOMONAS AERUGINOSA ON AGAR
CONTAINING CARBENICILLIN IN CONCENTRATIONS RANGING FROM 0 TO 150 MG. PER ML.

NC = not countable.

criterion tended to unify these
strains and eliminate differences
due to very slight growth at the
higher concentrations.

Acred et al.1 found that sharper
end-points were obtained when the
inoculum was taken from a IO2
dilution of a broth culture instead
of from an undiluted one. It was of
interest, therefore, to compare the
M.I.C.'s obtained with a IO2 dilu¬
tion (complete inhibition) with
those obtained with an undiluted
inoculum (reduced growth).

Table V shows the results of this
comparison, which, at first sight, in¬
dicates that the grouping of M.I.C.'s
is similar in the two instances. Dif¬
ferences of some magnitude are,
however, apparent at the 75 and 25
fig. per ml. levels.
The principle of comparison of

M.I.C.'s with different inocula and
criteria of inhibition was extended
to other pairs of observations. The
numbers of strains giving identical
M.I.C.'s by the reduced growth cri¬
teria with one inoculum and by the
complete inhibition definition with
identical or smaller inocula are
shown in Table VI. The numbers
are arranged in decreasing order of
frequency of identical M.I.C.'s. The
closest matches were seen when
the reduced growth M.I.C. using a
IO-2 inoculum was compared with
the complete inhibition M.I.C. for
the IO"3 inoculum and for the re¬
duced growth (IO3 inoculum)
compared with complete inhibition
(IO-4 inoculum). In these instances
128 and 123 strains, respectively,
out of the 200 showed identical
M.I.C.'s. There was frequent agree¬
ment between the two types of
M.I.C. when the inoculum for the

reduced growth criterion was 1 or
2 logs higher than that for complete
inhibition. The two M.I.C.'s were
less frequently identical when the
inocula were the same or when they
differed by 3 or 4 logs.
The results of the population an¬

alyses performed on 15 strains of
different pyocine types are pre¬
sented in Table VII. These results
are expressed in terms of the logio
of the number of organisms per ml.
of the culture which were able to
grow on agar containing different
concentrations of carbenicillin. The
figures were derived from colony
counts, and with 12 of the 15
strains it was not possible to obtain
counts at all concentrations because
of the nature of the growth on the
agar. At these concentrations (NC
in the table) counts were impossible
either because the highest dilution
of culture showing growth presented
a fine haze of growth or very small
colonies too numerous to count, or

if discrete colonies were formed
they were extremely small, and
varied in size down to the point of
virtual imperceptibility. With some
of the strains, the non-countable
growth occurred over a zone of
drug concentrations just below a

concentration which reduced
growth by a factor of 4 or 5 logs,
e.g. strains 10, 1927, 13980 and
12815. With other strains (25, 67,
1720, 180, 142) this "zone" was

represented by one concentration
only. Strains 170, 25, 13980 and
180 showed a second zone of non-

countability at higher drug concen¬

trations, but in three of these cases

the end of this zone could not be
determined using this particular
range of concentrations. Strain

12815 showed an apparent second
zone at 100 fig. per ml., but this is
difficult to explain because of the
uniformity of counts at 75, 125 and
150 fig. per ml. Strains 170, 1720
and 2796 showed a substantial drop
in count at concentrations lower
than those presenting non-countable
growth. TTie first two of these
strains showed a further drop in
viable count at drug concentrations
higher than those causing non-

countable growth. Strains 1925, 89
and 86 gave countable growth at all
concentrations tested; in the case of
strain 1925 this was due to a high
degree of resistance.

In the bactericidal tests, the
logio starting population per ml. im¬
mediately before addition of car¬

benicillin ranged from 6.51 to 7.74.
Carbenicillin in concentrations of

75, 150 or 300 /xg. per ml. exerted
no appreciable bactericidal effect on
any of the 15 strains during the
first six hours after its addition to
the cultures. In most cases the
viable population remained approxi¬
mately constant, indicating a bac-
teriostatic effect. The control cul¬
ture showed an increase in logio
viable population during this time,
ranging from 0.66 to 1.88.

After 24 hours' exposure to car¬

benicillin some bactericidal activity
was seen for most of the strains,
though the effect was rarely dra¬
matic. A concentration of 75 fig.
per ml. of carbenicillin produced
less than a 1 log kiil in 13 strains
and between 1 and 2 log kiil in the
other two; the 150 fig. per ml. con¬

centration produced less than 1 log
reduction in viable population in 10
strains, between 1 and 2 log reduc¬
tion in four and more than a 2 log

Canad. Med. Ass. J., Oct. 4, 1969, vol. 101.407 77



TABLE Vin..BACTERICIDAL ACTIVITY OF CARBENICILLIN FOR 15 STRAINS OF PS. AERUGINOSA.
REDUCTION OF VIABLE COUNT IN BROTH CULTURES AFTER EXPOSURETO VARIOUS CARBENICILLIN

CONCENTRATIONS

Starting population
Strain {logio organisms/ml.)

Logio population/ml. after
24 hours exposure to
carbenicillin (ng./ml.)

75 150 300

Logio reduction * in
viable population by
carbenicillin (jig./ml.)

75 150 300

1.03

1.73

1.89

?Logio reductions of less than 0.6 have been disregarded in this part of the table.

kiil in the remaining one strain;
when the cultures were exposed to
300 fig. per ml. of carbenicillin, six
strains showed less than a 1 log
kiil, six showed reduction in popu¬
lation between 1 and 2 logs, and
one strain each showed respec¬
tively, 2 to 3 log kiil, 3 to 4 log
kiil, and over 4 log kiil. The re¬

sults are summarized in Table VIII.
Log reductions of less than 0.6 were

disregarded.
DISCUSSION
Carbenicillin exerted a signifi¬

cant antibacterial effect on most of
200 strains of Pseudomonas aeru¬

ginosa in this series. Nearly all the
strains were inhibited by 150 ^g.
per ml. or less of the drug at some
inoculum level. Four strains (by the
complete inhibition criterion) and
one strain (by the reduced growth
definition) were resistant to 150
fig. per ml. even when a IO-4 dilu¬
tion of overnight broth was used
for inoculum.
The minimal inhibitory concen¬

tration was clearly influenced by in¬
oculum size and by the method of
reading. The magnitude of the in¬
oculum effect can be judged from
the ratios of M.I.C.'s using un¬

diluted broth and IO-4 dilutions as
inoculum. These ratios ranged from
1 to 16 with a median of 3 when
the complete inhibition definition
was used, and from 1 to 10 with a
median of 2 by the reduced growth
definition. The median ratios are

small, suggesting that in most in¬
stances the inoculum effect with
carbenicillin is not due to destruc¬

tion of the drug by a penicillinase-
like enzyme. However, it is possible
that strains showing an M.I.C. ratio
of the order of 12 to 16 may elabor¬
ate a small quantity of such an en¬

zyme.
M.I.C.'s defined in terms of com¬

plete inhibition (CI) were, for iden¬
tical inocula, higher than those
based on reduced growth (RG).
But especially with the heavier in¬
ocula, these higher M.I.C.'s were

often due to a slight degree of
growth persisting at the three or

four tested concentrations imme¬
diately below the M.I.C; this
growth usually consisted of a fine
haze, sometimes surmounted by a

few discrete but very small colonies.
This residual growth was not

evident with smaller inocula, an ob¬
servation consistent with the find¬
ing of Acred et al.1 that sharper
end-points were obtained by using a

IO2 dilution of an overnight broth
culture as inoculum instead of an

undiluted culture. Results obtained
in the present work suggest that de¬
fining the M.I.C. in terms of reduced
growth may cause a sharpening of
end-point similar to that obtained
by decreasing the inoculum and still
measuring by complete inhibition.
Although the overall M.I.C. pat¬
terns were similar with undiluted
inoculum (RG) and IO2 inoculum
(CI), only 84 strains showed iden¬
tical M.I.C.'s by these two criteria.
A similar number of strains (87)
showed identical M.I.C.'s when un¬
diluted inocula (RG) and 101 in¬
ocula (CI) were compared. Table
VI shows that CI and RG M.I.C.'s

were closest when the inoculum for
the former reading was 1 or 2 logs
lower.

Complete inhibition M.I.C.'s may
be unrealistic in that the complete-
ness of the inhibition refers only to
the sample taken and may not be
reproducible for another sample
which might yield a few resistant
cells. Also, complete inhibition im-
plies a total suppression of growth,
whereas growth might occur on an

agar surface for a few generations
without becoming evident macro-

scopically.
Reduced growth as a basis for

measuring the M.I.C. has the ad¬
vantage that it usually reflects the
behaviour of most of the popula¬
tion, and provides a value which is
not influenced by a minority of re¬
sistant cells. This principle was
utilized in a study conducted by
the British Medical Research
Council,8 in measuring sensitivity of
tubercle bacilli to isoniazid, and by
Mitchison and Monk9 in estimating
the sensitivity of these organisms to
para-amino salicylic acid. A min¬
ority resistant flora is of course im¬
portant if it consists of resistant
mutants which are likely to be
selected by the antibiotic in vivo,
but the sensitivity of the remaining
large population should be impor¬
tant clinically if the tissue defences
can destroy the few resistant
organisms before selection by the
antibiotic allows these variants to
develop a large population of their
own. At any one time a homo-
geneously resistant population, and
one which is only partially resistant
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by virtue of a few variant cells,
must have different clinical signifi¬
cance.

In this context the degree of
growth reduction becomes impor¬
tant. Reduced growth may be
obvious enough if progressively less
dense growth appears on a series
of carbenicillin plates containing in¬
creasing drug concentrations, but
such observations are somewhat
subjective. Reduction of growth can
in principle be measured quanti¬
tatively, in terms of viable counts
on media containing different anti¬
biotic concentrations, which indicate
the proportion of a population
capable of growth in the presence
of such concentrations. Population
analyses of this type have been
carried out, for instance by Chab-
bert10 for oxacillin and cephalori-
dine and by Seligman11 for methi-
cillin.
The quantitative growth reduction

experiments reported in this in¬
vestigation (Table VII) showed
that with most strains tested there
was a sharp drop in viable cell
population at one specific drug con¬
centration. This drop was of the
order of 3, 4 or 5 logs. Increasing
the carbenicillin concentration fur¬
ther usually caused a second smaller
decrease in viable count, but none
of the populations were completely
eliminated even at 150 fig. per ml.
Besides showing the falsity of the
complete inhibition criterion for
M.I.C, this finding indicated that
the original populations contained a
small number of bacteria resistant
to the highest concentrations tested.
The nature of these resistant organ¬
isms must remain in some doubt,
however, because of the observation
of Acred and his colleagues that
colonies growing on agar containing
high concentrations of carbenicillin
consisted of populations which, on

retesting, gave the same pattern of
resistance as the original population.

With most of the 15 strains
analyzed quantitatively in this in¬
vestigation, viable counts on agar
containing graded carbenicillin con¬
centrations were somewhat vitiated
by the occurrence of non-countable
growth at concentrations just below
those causing a 3 to 5 log drop in
count (Table VII). Although a
certain dilution of the culture gave
numerous colonies (small but in-
sufficiently discrete for counting),
the next higher dilution showed no

growth. At this antibiotic concentra¬
tion, therefore, production of visible
growth on the agar depended upon
a certain minimum number of cells
in the inoculum. The effect is dif¬
ferent from that seen in systems in¬
volving /Mactamase enzymes and
appropriate penicillins, where, both
with Staphylococcus aureus and fi-
lactamase-forming gram-negative
bacilli, confluent growth arising
from a heavy inoculum is often
complemented by complete absence
of growth from an inoculum 1 log
smaller. What the NC results do
imply, however, is that carbenicillin
causes a disproportionate reduction
in different inocula, so that an
M.I.C. value based on reduced
growth must be stated for each in¬
oculum tested. In this respect the
reduced growth criterion is at no ad¬
vantage or disadvantage in compari¬
son with the complete inhibition
definitions of M.I.C. An additional
implication is that the principle of
using a standard inoculum for
M.I.C measurements, as recom¬
mended by the World Health Or¬
ganization12 for the performance of
the broth dilution procedures, is
liable to give an incomplete picture
of the response of an organism to
carbenicillin, if not to other anti¬
biotics which may, on analysis, be
found to behave similarly. The dif¬
fering ratios of M.I.C. found for
undiluted and IO4 inocula (Table
III) show that use of a standardized
inoculum does not permit prediction
of the response of larger ones.

For clinical purposes, the value
of M.I.C. determinations will de¬
pend upon the type of infection to
be treated. After a dose of 1.0 g.
carbenicillin given intramuscularly,
Acred et al.,1 Brumfitt, Percival and
Leigh,3 and Smith and Finland13
found drug concentration in excess
of 1000 fig. per ml. in the urine.
From the range of M.I.C.'s found
by various authors, and also in this
investigation, attainment of effective
urinary concentrations would pre¬
sent no problem, so that the only
justification for performing quanti¬
tative sensitivity measurements on
strains of Ps. aeruginosa infecting
the urinary tract would be to detect
highly resistant variants selected by
carbenicillin. Jones and Lowbury4
found an increase in M.I.C for one
strain of 128 to 2048 fig. per ml.
after repeated subculture in sub-
inhibitory concentrations of car¬

benicillin, but such resistance may
not arise in vivo if infecting orga¬
nisms are exposed to high carbeni¬
cillin concentrations at the outset of
treatment.

Should resistant strains become
prevalent in hospitals as a result of
frequent use of the drug, M.I.C.
determinations might become man¬

datory even for control of urinary
tract infections.

Peak concentrations of carbenicil¬
lin attained in the serum after in¬
tramuscular administration of 1.0-
g. doses has varied over the ap-
proximate range 14 to 48 fig. per
ml.,1* 3»13 the higher values being
achieved with the aid of probenecid.
Such levels are unlikely, on the
basis of M.I.C. determinations
made in this and other investiga¬
tions, to produce a significant thera¬
peutic effect in tissue infections.
Brumfitt and his colleagues reported
that carbenicillin was in some in¬
stances disappointing in the treat¬
ment of non-urinary infections.
Intravenous injections of 1 g.
carbenicillin will produce peak
levels above 100 fig. per ml., and
have been recommended for tissue
infections by Knudsen and his col¬
leagues.2 Van Rooyen et al.5 ob¬
tained striking therapeutic results
in patients with burns infected by
Ps. aeruginosa by means of intra¬
venous carbenicillin.

In view of the serum levels at-
tainable, it would seem advisable to
measure the M.I.C. of infecting
strains, even though the dose of
carbenicillin may presumably be in¬
creased considerably without risk of
toxic reactions.
The bactericidal effect of car¬

benicillin demonstrated in this in¬
vestigation was disappointing. Even
with a concentration of 300 jig. per
ml., most of the 15 strains tested
showed less than a 2 log kiil over

a 24-hour period, and very little
reduction in population during the
first six hours of exposure to the
drug. Acred et al.1 found that a

starting population of IO6 cells per
ml. exposed to a concentration of
50 fig. per ml. showed a 2 log kiil
in seven hours followed by a rise
to about 3 X lOVml. in 24 hours.
A concentration of 250 fig. per ml.
produced a 1.9 log kiil in four hours
and a 2.5 log kiil in seven hours,
followed by a small increase to 3 X
104/ml. by 24 hours. In the present
work the starting population was
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somewhat higher, ranging from 3
X 106/ml. to 5 X 107/ml., so pos-
sibly the main bactericidal effect oc-
curred beyond the preliminary six-
hour observation period. Obviously,
more observations should be made
between 6 and 12 hours of incu-
bation. Comparison of the present
results with those of Acred and his
colleagues demonstrates, however,
that conditions of starting inoculum
and incubation time may have a
decisive effect on the bactericidal
activity of carbenicillin. How far a
bactericidal action is necessary for
controlling Ps. aeruginosa infections
is not yet established; van Rooyen
et al.5 mention, in their report, one
patient whose burns were grafted
successfully after carbenicihin
therapy, although small numbers of
Ps. aeruginosa persisted in cultures
from the burned areas.

Further work is necessary to ex-
plore the nature of the resistant
colonies growing on agar containing
high concentrations of carbenidilin,
and the significance of the dispro-
portionate reduction of different-
sized inocula. Moreover, it is not
yet clear whether "complete inhibi-
tion" or "reduced growth" M.I.C.'s
correlate better with clinical re-
sponse. In the meantime, there
would appear to be some advantage,
for the quantitative measurement of
the activity of carbenicillin on Ps.
aeruginosa, in expressing the M.I.C.
as the smallest concentration of
drug causing both complete inhibi-
tion and reduction in growth of a
series of inocula ranging from
samples of undiluted broth culture
through a range of tenfold dilutions
extending to 1O.. The report on
the M.I.C. should be completed by
including the median M.I.C.'s by

both criteria and for the complete
range of inocula, for a series of
strains isolated from patients in the
hospital concerned. One important
advantage of this approach is that
quantitative sensitivity determina-
tions would become more com-
parable from one laboratory to an-
other; among the numerous values
determined would be one or more
which could be validly compared
with observations in other labora-
tories.

All the M.I.C. determinations
performed in this work were carried
out on solid media; because of the
ability of such media to show small
numbers of resistant cells and to
differentiate between a totally resis-
tant population and a predomin-
andy sensitive population contain-
ing a minority of resistant
organisms, there would appear to
be no advantage in performing
M.L.C. estimations in fluld media.
However, the results shown here
have demonstrated that quantitative
expression of the activity of car-
benicillin on Ps. aeruginosa is not
simple, and they raise the question
whether similar complexities are in-
herent in any bacterium-antibiotic
relationship.

R.um.
Nous avons mesur. l'activit. de

la carb.nicilline contre 200 souches
de Pseudomonas aeruginosa par
une mc.thode quantitative de dilu-
tion sur agar. Les concentrations in-
hibitrices minima (CIM) pour cinq
inocula gradu.s ont c.t. mesurc.s et
exprim.s soit en inhibition corn-
pl?te (IC) soit en pousse rc.duite
(PR). La CIM a diminu. progres-
sivement i mesure que les inocula
.taient dduits, les valeurs moyennes

pour les 200 souches variant de
100 . 37.5 mcg par ml pour le
crit.re IC et de 75 . 25 mcg par
ml pour le crit?re PR. Les rapports
entre les CIM obtenues pour les
inocula forts et faibles .taient
g.n.ralement peu .lev.s. La plupart
du temps, on a obtenu des CIM
identiques suivant critc.res IC et PR,
quand le crit.re PR .tait de 1 . 2
logs plus .levc. que pour l'inhibition
compl?te.

L'analyse de populations de 15
souches de Ps. aeruginosa a montr.
qu'une concentration sp&ifique du
m.dicament a provoqu. g.n.rale-
ment une chute brusque dans la
proportion des cellules viables,
variant de 3 . S logs. Cependant
aucune des populations microbien-
nes n'c.tait comph.tement non viable
mc?me . la concentration de 150
mcg par ml. On a constate' que la
viabilit. de populations de diflc.-
rentes grandeurs c.tait r.duite de
fa.on disproportionelle par la carb.-
nicilline.
La carb.nicilline . la concentra-

tion de 300 mcg par ml a exerd
un elfet bach.ricide contre neuf des
15 souches de Ps. aeruginosa apr.s
un contact de 24 heures; apr?s un
contact de six heures seulement, l'ef-
fet bactericide .tait tn.s faible.
La mesure de la sensibilitc.

quantitative de la carbc.nicilline
devrait porter sur les valeurs de
CIM, tant pour le crit.re IC que
pour le PR, et utiliser une gamme
gradu.e d'inocula. Ces valeurs de
CIM peuvent .tre utiles pour con-
tr6ler le traitement ci la carbc.nicil-
line des infections tissulaires.

The technical assistance of Miss
Carolyn Ogryzek and Mr. Brian Mal-
lory is gratefully acknowledged.
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