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Membrane filtration in the study of antimicrobial
drugs
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SYNOPSis A membrane filtration apparatus of the type employed in water bacteriology was used
in the assessment of some antimicrobial drugs. Samples of liquid nutrient medium inoculated with
a small number of bacteria, to which dilutions of a drug had been added before incubation and
again later, were filtered and the membranes washed and incubated on solid medium. By this means
differences between bacteriostatic and bactericidal action were clearly demonstrated. It was shown
that staphylococci which had survived exposure to penicillin or gentamicin at levels below their
minimum bactericidal concentrations remained fully responsive to the subsequent addition of more
of the same drug, while those which had survived exposure to chloramphenicol or clindamycin
were not significantly affected by further addition, so that neither of the latter two drugs was bac-
tericidal against the strain of organism used. Bactericidal effects were also demonstrated by benzyl
penicillin against Clostridium welchii and ampicillin against Escherichia coli.

It is customary to distinguish between bacteriostatic
and bactericidal drugs in vitro by subculturing
from a nutrient medium containing a mixture of
the drug and bacterium to a solid or liquid drug-free
substrate which is then incubated to recover any
viable organisms. Such a technique has the dis-
advantage that subculture of a small volume of the
reaction mixture may fail to demonstrate a few
residual bacteria, while subculture of a larger
volume carries with it the probability of continued
antibacterial acitivity due to carryover of the drug
concerned. These difficulties are well recognized in
testing disinfectants, where it is usual to try to
overcome them by the use of chemical inactivators
(Bergan and Lystad, 1972). This approach is not
often possible with antibiotics and chemothera-
peutic agents and apparently anomalous conclu-
sions have sometimes been reached in connexion
with the activities of these drugs. An example is
the statement that clindamycin is bactericidal
against Staphylococcus aureus (McGehee, Smith,
Wilcox, and Finland, 1968) although the parent
substance, lincomycin, is recognized as being
bacteriostatic (Kaplan and Weinstein, 1965).
The technique of membrane filtration offers a

solution to this problem, as it allows the sampling
of large volumes of a reaction mixture. Any residual
Received for publication 6 February 1974.

viable organisms are deposited on the surface of
the membrane where they can be washed free of
the antimicrobial drug before culture. Membrane
filtration apparatus of the type designed for the
bacteriological examination of water supplies
(Public Health Laboratory Service, 1969) can be used
for this purpose. A study is described of the inter-
action of some anti-microbial drugs with a few
bacterial species, making use of such an apparatus.

Materials and Methods

Ampicillin, benzylpenicillin, chloramphenicol,
clindamycin, and gentamicin were tested against
one or more of the following strains: Staph. aureus
(NCTC 6571), Escherichia coli (NCTC 10418),
and a recent clinical isolate of Clostridium welchii.
The membrane filtration apparatus used was as
recommended in report 71 (Public Health
Laboratory Service, 1969), the filter holders being
of stainless steel with a polypropylene collar and a
sintered-glass filter bed on which was laid a cellulose
membrane (Oxoid grade 0-45, 4-7 cm diameter),
previously sterilized by autoclaving. Six of these
filter assemblies were set on a manifold of metal
tubing, manufactured locally, and attached to a
water filter pump. In the experiments to be described
the funnels were freed from bacterial contamination

288

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.27.4.288 on 1 A
pril 1974. D

ow
nloaded from

 

http://jcp.bmj.com/


Membrane filtration in the study of antimicrobial drugs

by boiling in water for a few minutes between
filtrations. (A larger number of filter assemblies
could have been autoclaved, making this step
unnecessary.)
The minimum inhibitory concentration (MIC)

ofeach drug for eachorganism testedwas determined
in 1 oz (28 ml) screw-capped bottles using 5 ml
of digest broth containing the drug diluted in
twofold steps to cover the appropriate range. The
bottles were inoculated and incubated at 37°C
for 24 hr, and the MIC was read by recording the
presence or absence of visual turbidity. The endpoint
was the highest dilution in which there was no

turbidity. The inoculum was 0-02 ml of an overnight
broth culture of the organism concerned diluted in
quarter-strength Ringer's solution. The dilution
chosen was usually 10-3 so as to give about 1000
organisms per ml in the reaction mixture. To
confirm this a surface viable count (Miles, Misra, and
Irwin, 1938) was made at the time the inoculum was
added. The rather small inoculum was to avoid
'persisters' which might otherwise have interfered
with the interpretation of bactericidal tests.

Simultaneously, duplicate bottles with the same
dilutions of the antimicrobial drug were prepared,
inoculated as described, and incubated at 37°C for
six hours. Then the same quantity of the drug was
added in 0-02 ml to each bottle of this second
set and incubation continued for a further 18 hours.
This was arranged so that when allowance was

made for dilution in the bottle, the additional
quantity produced a concentration equal to a
mean peak serum level expected in a patient on

ordinary dosage of the drug. (The amount of drug

added to each bottle of the duplicate set was in
gross excess of that originally present in the majority
of the bottles, with the exception of the first few
bottles of some of the series, so that the difference
in final concentration between the bottles in any

one experiment was so small as to be insignificant.)
A control uninoculated broth containing the highest
concentration of drug used in the test was incu-
bated under the same conditions.

After the MIC had been read 1 ml of each reaction
mixture was filtered through a membrane which
was washed free of residual antibiotic by drawing
through it two successive 10-20 ml volumes of
quarter-strength Ringer's solution. The membrane
was then laid on blood agar or some other suitable
medium and colony counts were made after 24 hours'
aerobic or anaerobic incubation, depending on the
organism used in the inoculum. One ml of the
control uninoculated broth containing the highest
concentration of drug used in the test was filtered
through a membrane which was washed as described.
One ml of a dilute suspension of the organism under
test was filtered through this membrane and a
similar quantity of the same bacterial suspension
filtered through another membrane. The numbers
of colonies developing after incubation on these
were compared to see if any of the drug had been
carriedt over in the test by adsorption. The minimum
bactericidal concentration (MBC) was the highest
dilution of drug in a reaction mixture from which
no colonies were obtained. The filtration process
was repeated for the duplicate row of bottles to
which additional drug had been added after six
hours.

Bottle Number Drug Concentration in No. of Organisms/ml Drug Added
(with doubling dilutions of antibiotic) Bottle I (iig/ml) Reaction Mixture to Filtration

(2 row gg
1 2 3 4 5 6 7 8 9 10 m)

Benzylpenicillin Turbidity -.+ + +
Filtration 1 - -I1 C C C 0-75 2500 2-0
Filtration 2 - - - - - - - - 1 32

Gentamicin Turbidity - - - - - - - - + +
Filtration 1 - - - - 6 27 76 600 SC C 4-0 1400 8-0
Filtration 2 - - - - - - - - - -

Chloramphenicol Turbidity - - - - - - - + + +
Filtration 1 113 158 400 600 SC SC C C C C 50-0 1220 400
Filtration 2 101 243 400 400 SC SC SC SC SC SC

Clindamycin Turbidity - - - - - - - + + +
Filtration 1 60 71 96 105 103 162 SC C C C 3-8 1460 8-0
Filtration 2 46 44 71 82 80 76 94 300 SC SC

Table I Results of determinations of minimum inhibitory concentrations offour drugs against Staphylococcus aureus
(NCTC 6571)1
5Results were read by the development of turbidity in broth after 24 hours at 37'C and of the minimum bactericidal concentrations (where
possible) by filtration of 1 ml of the reaction mixture (filtration 1) or of 1 ml of the reaction mixture in an otherwise identical set of bottles
to which had been added additional antibiotic after six hours' incubation (filtration 2) and the counting of any colonies developing from
viable residual organisms
+ = turbid, - = no turbidity or nil colony count
C confluent growth; SC = semi confluent growth
A number, unless otherwise specified = number of colonies developing; figures > 300 are approximate
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Bottle Number Drug Concentration in No. of Organismslml Drug Added
(with doubling dilutions Bottle 1 (jsg/ml) Reaction Mixture to Filtration
of antibiotic) (2 row jug/ml)
1 2 3 4 5 6 7

Ampicillin vs Turbidity - - - - + + +
Escherichia colt Filtration I - - - - C C C 25 0 3200 50

Filtration 2 - - - - - C C
Benzylpenicillin vs Turbidity - - - - - + +
Clostridium welchil Filtration I - - - - - C C 6-3 470 2.01

Filtration 2 - - - - - C C

Table II Results of estimations of the minimum inhibitory and bactericidal concentrations of two of the penicillins
against the organisms named determined as in table I

'Addition at 24 hours.
For key, see table I.

Results

Table I records the results of some experiments of the
type described, in which four antibiotics were

tested against Staph. aureus. Three sets of results
are presented for each drug, the first a reading of the
MIC, the second the MBC, and the third the same

as the second, except that they were derived from
the separate though originally identical set of
reaction mixtures to which 'peak serum levels' of
the same drug had been added after six hours' incu-
bation. Appropriate negative and positive controls
were included in each case, and no adsorption of
any of the drugs to filter membranes was demon-
strated. It could be argued that potentially viable
cells whose walls had been weakened by an anti-
biotic like penicillin might be damaged further by
washing with a liquid of low osmotic pressure such
as quarter-strength Ringer's solution. Inconsequence,
the experiment with benzylpenicillin was repeated
and the membranes were washed with sterile nutrient
broth of the same osmolarity as that in the reaction
mixture. This did not alter the results. Details of
more experiments of the same type are given in table
II, where the interactions of ampicillin with Esch.
coli and benzyl penicillin with Cl. welchii are re-

corded.
Although the size of the bacterial population

involved makes the development of resistance
during an experiment unlikely, in a few of the
experiments the sensitivity of residual organisms
taken from a membrane was compared with that of
the inoculum originally used. In no case was any
difference found between the sensitivity of strains
before and after their exposure to the drug.

Discussion

Table I shows an obvious and striking difference
between benzylpenicillin and gentamicin on the

one hand and chloramphenicol and clindamycin
on the other. Not only did the first two show a
close or very close relationship between their
MIC and MBC, but the addition of a second dose
of drug after six hours, an interval commonly
used in therapy, had a profound effect on organisms
which had not been killed by the drug originally
present. Thus organisms surviving from among a
population diminished but not extinguished by
levels of penicillin or gentamicin below their
MBC remain fully susceptible to further attack by
the same drug. The classification of penicillin and
gentamicin as bactericidal for the staphylococcus
is upheld by these experiments, which are extended
in table II to the action of penicillins against two
other organisms. Chloramphenicol and clindamycin,
however, showed no evidence of an MBC at levels
up to 64 times their MIC, and perhaps more signifi-
cantly the addition of a further drug at six hours
made little difference to those organisms which had
not been killed by the drug originally present.
Chloramphenicol has always been regarded as
being bacteriostatic; clindamycin joins it under
this description in its action against this strain of
Staph. aureus.
Membrane filtration is a useful method for

examining the antimicrobial activity of antibiotics
and similar substances, as it allows growth and
enumeration of surviving organisms freed from the
original toxic material or from complex neutralizing
agents. It can be applied to kinetic studies and to
studies of drug mixtures (Meers, 1973) as well as to
studies of single drugs under various states of
nutrition of the target organism. It might also be
used to study the sensitivity of clinical isolates, in
cases of bacterial endocarditis, to antimicrobial
drugs used alone or in combination. In such cases
larger inocula might be employed, so as to take
account of the effect of persisters.
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