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Quantitative Analysis of Preservatives
in Drug Preparations by Microbiological Assay*

L. GREENBERG ' & J. NAUBERT 2

The stability ofa preservative selectedfor incorporation into a drug preparation can only
be determined by suitable tests applied at regular intervals, preferably over long periods.
Chemical tests are available for a number ofpreservatives and some of them appear to be
adequate but difficulties have occurred from time to time and studies were undertaken to
develop microbiological tests. Chemical methods are usually more precise than biological
assays but do not always measure the antimicrobial activity of the preservative as
accurately. It is always possible that a preservative may break down, losing some of its
effectiveness even though the chemical determinant upon which the test is based remains
intact.

Two assay methods were studied. One, a plate-diffusion procedure, was found suitable
for assaying formol and preservatives containing mercury. Preservatives such as phenol,
benzethonium chloride and others do not diffuse in an agar plate and a tube-plate bacterial
count procedure was developedfor this group. Procedures for both tests are described and
some examples given.

Preservatives play an essential role in the dispens-
ing of both pharmaceutical and biological prepara-
tions, particularly when multiple-dose containers are
used. At the present time, there appears to be little
or no official control over the amount of preserva-
tives present in drug preparations, and few tests have
even been proposed. A special Committee of the
United States Pharmacopeia has recently established
requirements for preservatives in parenteral drugs.
However, none of the other official compendia with
which we are familiar includes even a reference to
such requirements. The responsibility for testing
drug preparations for the presence of preservatives
thus rests solely with the manufacturer, who must
select or develop his own tests or carry out no tests
at all. In view of the importance of preservatives in
drug preparations, it is rather surprising that this
situation has been allowed to continue; probably,
the main reason is that no serious difficulties, direct-
ly traceable to the preservative, have yet been
encountered.

* From the Biologics Control Laboratories, Canadian
Communicable Disease Centre, Department of National
Health and Welfare, Ottawa, Canada.

Chief, Biologics Control Laboratories.
'Bacteriologist in Charge of Sterility Testing.

To be acceptable, a preservative must have ade-
quate antimicrobial activity. In addition, it must be
stable enough not to deteriorate under the condi-
tions expected during storage of the drug prepara-
tion, it must be non-toxic in the concentrations used,
it must not interfere with the effectiveness or stability
of the preparation, it should not adversely affect the
appearance of the drug nor should it cause difficul-
ties in carrying out any of the official tests or assays.
The selection and acceptability of a preservative

will thus depend essentially on the results of the
exhaustive bactericidal, bacteriostatic, fungicidal and
fungistatic tests carried out on a broad spectrum of
micro-organisms-namely, spore-forming and non-
spore-forming bacteria, aerobic and anaerobic bac-
teria, yeast and moulds, as well as on the other
characteristics mentioned above.
Once a preservative has been selected, it is impor-

tant that its stability in the products in which it is
incorporated should be checked. A number of
chemical tests have been developed for this purpose
and some of them may be adequate. Chemical tests
are usually more precise than biological assays but
they do not always measure the preservative's anti-
microbial activity as accurately. There is always the
possibility that the preservative may break down in
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such a way that some of the effectiveness is lost
without the chemical determinant, upon which the
results of the test depend, being affected. The desir-
ability of microbiological methods is thus evident.
The study of microbiological assays was originally

undertaken in connexion with certain experimental
vaccine preparations. Chemical tests were used and
difficulty was experienced in detecting the preserva-
tive (thiomersal) in the vaccines.' Two biochemical
methods yielded extremely low results and at times
failed to detect the presence of a preservative in the
vaccine. On several occasions, however, screening
tests, using antimicrobial assay procedures, indicated
clearly that active amounts of the preservative were
still present. A series of studies designed to develop
microbiological tests for the more commonly used
preservatives was therefore undertaken.
A plate diffusion assay technique was developed

for thiomersal which proved to be suitable for mer-
cury-containing preservatives and for formol but it
was not applicable to all preservatives; phenol, for
example, does not penetrate or diffuse into agar
medium on a plate. For preservatives in this group a
tube-plate bacterial count assay was developed. The
two groups of preservatives are as follows.
(A) Preservatives that will diffuse in nutrient agar:

(1) Thiomersal (sodium ethyl-
mercurithiosalicylate) preservatives

(2) Phenyl-mercuric acetate; containing mercury;
(3) Phenyl-mercuric nitrate;
(4) Formol.

(B) Preservatives that do not diffuse in nutrient agar:

(1) Phenol;
(2) Cresols;
(3) Phenoxytol (2-phenoxyethanol);
(4) Chlorbutol;
(5) Benzethonium chloride;
(6) Benzyl alcohol;
(7) Methyl paraben (methyl-p-hydroxybenzoate) and

propyl paraben (propyl-p-hydroxybenzoate).

1The chemical assay used in the Biologics Control
Laboratory is an adaptation of methods used by several
pharmaceutical manufacturers (unpublished data). The assay
is based on the principle that when dithizone reacts with trace
metals coloured complexes are formed between the dithizone
and the metal. For assays of thiomersal, the mercury pre-
sent forms a coloured complex with dithizone and the deter-
mination is based on the visual comparison of the unknown
with a series of standards. The colours associated with in-
creasing concentrations of thiomersal are: purple, rust-red,
gold.

PROCEDURES AND RESULTS

Plate-diffusion assay (thiomersal)
The method is very similar to that used in the

plate assay for antibiotics. Flat-bottomed Petri
plates (100 mm by 15 mm; manufactured specifically
for antibiotic assays) were employed. For accept-
able results, it is essential that the plates should be
placed on a completely level bench or table. To each
plate, 21 ml of a base agar (BBL antibiotic medium
No. 2) 2 were added and allowed to harden for
2 hours; then 4 ml of seed agar (BBL antibiotic
medium No. 1) 2 inoculated with the test organism
were layered evenly over the base agar and left for
5-10 minutes.
The test organism, Sarcina lutea strain ATCC

9341, was maintained on nutrient agar slants (BBL
antibiotic medium No. 1) by transfer at 14-day
intervals. To prepare the test culture, 150 ml of the
medium were poured into a sterile, cotton-plugged
Roux bottle and allowed to harden and then to dry
for 24 hours. The medium was then inoculated by
spreading evenly over the surface the growth of a 24-
hour slant, which had been washed off with 2.0 ml of
BBL antibiotic medium No. 3.2 The Roux bottle
was incubated at 35°C for 24 hours and the growth
was washed off with 80 ml of the BBL medium
No. 3. Such a suspension may be used for 3-4 weeks
if it is maintained under refrigeration. To prepare
the seed-layer inoculum, 1.0 ml of the stock suspen-
sion was added to 150 ml of seed agar which had
been melted and cooled to 52°C.
Four stainless steel antibiotic-assay cylinders were

spaced evenly on each plate, care being taken to
form a seal (Fig. 1). If the surface of the agar is

FIG. 1
SECTIONAL VIEW OF APPARATUS SET UP FOR

A CYLINDER-PLATE-DIFFUSION ASSAY

Cylinder (10mm x 7mm)

\ 11 Ff'/tt Seed agar (4ml)

Base agar (21ml)
WHO 00852

broken, or the cylinder is shaken free, the test solu-
tions will leak over the surface, leading to an unsatis-
factory assay. For a complete assay, 12 plates were
used.

I Supplied by Baltimore Biological Laboratories, Cockeys-
ville, Md., USA.
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A standard thiomersal solution was made from
reagent-grade crystals and dilutions of 1: 2500,
1: 5000, 1: 10 000 and 1: 20 000 were prepared;
only three consecutive dilutions were used for an
assay. At the same time, equivalent dilutions of the
drug under test were prepared, based on the state-
ment on the label regarding the amount of preserva-
tive present. Four plates were used for each dilu-
tion; 2 cylinders on each plate were filled to the brim
with a given dilution of the standard and the other 2
were filled in a similar manner with the equivalent
dilution of the test solution. The plates were covered
with porcelain covers glazed only on one, the outer,
side and then incubated at 37°C for 18-24 hours.
Subsequently, the zones of inhibition were mea-
sured and recorded (Fig. 2), the average size of the

FIG. 2

DIFFUSION ASSAY PLATES WITH ZONES OF INHIBITION
OF VARIOUS DIAMETERS

SAMPLE
1:5 110 1: 20

1:5 1:10 1:20
THIOMERSAL STANDARD

zones for the different dilutions being determined.
Activity regression lines were drawn on semi-loga-
rithm paper and the potency of the preservative in
the test sample was established by direct comparison
with the standard.
The results of a typical assay for thiomersal are

shown in Table 1. For convenience, a screening test
has been selected as the example; for this, 1 plate per
dilution was used instead of the 4 required for a
complete test. The vaccine under test, a diphtheria-
tetanus-pertussis vaccine adsorbed with aluminium
phosphate, was stated to contain 0.01 % of thio-
mersal as a preservative. The activity regression
lines for the assay are shown in Fig. 3. The vaccine
was found to contain 0.0045% of thiomersal or 45%
of the stated amount. At the time of the test, this lot
still had 7 months to go before reaching its expira-
tion date.

Tube-plate bacterial count assay (phenol)
The test organism, Staphylococcus aureus strain

209, was grown in phenol coefficient test medium

(Difco AOAC medium) 1 for 18-24 hours at 37°C.
The medium was then diluted in the same type of
broth and the suspension standardized to 85% trans-
mittance by means of a photometer set at 600 A.
The suspension may be used for up to 3 weeks,
provided it is kept under refrigeration at 4°C.
To carry out the test, 1.0 ml of the stock suspen-

sion was added to 100 ml of the AOAC medium
which was then distributed aseptically into sterile
tubes; 2 ml per tube. A standard 0.5% phenol
solution was prepared from standard crystals (either
USP or BP standards could be used) and 1: 2, 1: 8
and 1: 32 dilutions were made up. The dilutions
used will vary with the preservative. Equivalent
dilutions of the drug preparation (based on the
declared strength of preservative) were prepared
at the same time. To the 5 tubes containing 2 ml of
the suspension of test organisms, 2 ml of each
dilution were added. The tubes were thoroughly
agitated and then incubated in a water bath at 37°C
for 4 hours, being agitated at 1/2-hourly intervals.
After the incubation, using Pasteur pipettes cali-
brated to deliver 0.02 ml per drop, 3 drops from each
tube were added to 5 ml of cold AOAC medium
which had been pre-cooled to 4°C in a refrigerator
or in an ice-bath. Bacterial counts were then made
on trypticase soya agar (BBL). On square plates
measuring 100 mm by 100 mm by 15 mm, 2 drops
(0.02 ml) from each tube were placed sufficiently
apart so that they would remain separate. The
plate was then tilted so that the drops ran along
the full length of the plate and the organisms
present were spread evenly over the surface, giving
rise to distinct, easily counted colonies. The plates
were incubated at 37°C for 24 hours and the bac-
terial colonies were counted and recorded (Fig. 4).
Activity regression lines were prepared on semi-
logarithm paper and the amount of phenol present
in the unknown was determined by direct compari-
son with the standard.
An example of the type of result obtained is

shown in Table 2. Again, for convenience, a screen-
ing test has been selected in which 2 tubes were used
for each dilution instead of the 5 tubes required for
the standard test, and 2 drops from each tube were
cultured. The counts are given in Table 2 and the
activity regression lines for the assay are shown in
Fig. 5. The product under test, a solution of hista-
mine azoprotein, was stated to contain 0.5% of
phenol as the preservative; it was found to contain

I Supplied by Difco Laboratories, Detroit, Mich., USA.
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TABLE 1

RESULTS OF THIOMERSAL ASSAY IN A BACTERIAL VACCINE
BY PLATE-DIFFUSION SCREENING TEST

Zone diameters Average zone
Product Dilutions (mm) (imm)e

Standard (0.01 % thiomersal 1 :5 31.0 32.0 31.5
solution)

1 :10 28.5 28.0 28.25

1: 20 24.0 24.0 24.0

Diphtheria-tetanus-pertussis 1: 5 27.5 27.0 27.25
adsorbed vaccine (with 0.01 %
thiomersal solution) 1 :10 24.0 24.0 24.0

1:20 21.5 21.5 21.5

FIG. 3
ACTIVITY REGRESSION LINES FOR A PLATE-DIFFUSION ASSAY OF THIOMERSALa

1:20 -x STANDARD

SAMPLE 02

.1:10 V X

1.35--

15 X
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Diameters of zones of inhibition (mm) W OO854

a Amountof preservativefound: 1335 x 001 x 100= 0.0045%3.0O2 x x 0=0005

TABLE 2
RESULTS OF PHENOL ASSAY IN A HISTAMINE AZOPROTEIN PREPARATION

BY A TUBE-PLATE BACTERIAL COUNT SCREENING TEST

Product Dilutions B Bacterial counts Average count

Standard (0.5 % phenol 1 :2 60 48 55 61 55
solution)

1 :8 69 81 59 87 74

1:32 112 85 103 105 101

Histamine azoprotein (with
0.5 % phenol solution) 1 :2 56 72 62 86 69

1:8 103 116 84 112 104

1 :32 108 143 123 134 127
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FIG. 4

BACTERIAL COLONIES ON PLATES FROM A TUBE-PLATE
BACTERIAL COUNT ASSAY FOR PHENOL

SAMPLE
1. 1-Q( 1. Il

PHENOL
STANDARD

I1- ) 1- Q 1. 1)7

0.26 %, or 52% of the stated amount. At the time of
test, this lot had just reached its expiration date.

DISCUSSION

The tests described in this article were designed
primarily to determine the amount of active preser-
vative present in a drug preparation. The tests were
not designed to select preservatives or to test their
effectiveness; other, more comprehensive, tests will
generally be required for that purpose. The tests
described here may, however, serve to screen for

poor preservatives. For example, both phenoxytol
and benzethonium chloride may appear to be weak
when they are tested by the tube-plate bacterial
count method-at least in the concentrations em-
ployed in injectable preparations.

It should be stressed that this report is essentially
preliminary and that much remains to be done
before all the problems associated with the tests have
been resolved. For example, the control and stan-
dard preparations were always prepared by dissolv-
ing the various preservatives in distilled water,
and there was no way of determining to what extent,
if at all, the different ingredients of a drug prepara-
tion (other than the preservative itself) interfered
with the test. A number of studies on this point have
now been completed and the results (unpublished
data) indicate that, except when the ingredients have
antimicrobial properties against the test organism,
there is little or no interference. Drugs which them-
selves have antimicrobial activity require special test
procedures and attempts to develop such tests are
now in progress. This may not be a simple task since
a method which might work well with a preparation
such as vitamin C might not be at all suitable for
another preparation containing an antibiotic. Each
preparation must, therefore, be studied individually.
The results obtained with the plate-diffusion

assays have been remarkably precise and it is there-
fore possible to carry out an assay with a small
number of plates only. The tube-plate bacterial
count assays, while reproducible, have not proved

ACTIVITY REGRESSION LINES

-1:8

FIG. 5
FOR A TUBE-PLATE BACTERIAL COUNT ASSAY OF PHENOL a

a Amount of preservative found: 1.43x 0.526 %presrvatve~ 2.75 100
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to be as precise although they still give very useful
results. This work is still at an early stage and there
has not yet been an opportunity to complete a large
survey of commercial preparations. However, in the
limited programme of testing that has been carried

out certain products have been found to contain
significantly less preservative than the amount stated
on the label. It is not known if this was due to
deterioration during storage but it is clear that fur-
ther surveys are required.

RESUME

EPREUVES MICROBIOLOGIQUES POUR L'ANALYSE QUANTITATIVE DES AGENTS DE CONSERVATION
PRtSENTS DANS LES PREPARATIONS PHARMACEUTIQUES

Les agents de conservation jouent un role essentiel
dans le processus de fabrication et de distribution des
medicaments et des preparations biologiques. Une fois
que l'une de ces substances a ete choisie, il importe de
s'assurer de sa stabilite dans les preparations auxquelles
elle est incorporee. On ne peut y parvenir que par des
examens repe'ts a intervalles reguliers, si possible
pendant de longues periodes. Si pour bon nombre
d'agents de conservation, on dispose de methodes chi-
miques d'analyse dont plusieurs ont fait leurs preuves,
les difficultes rencontrees dans certains cas montrent la
necessite de mettre au point de nouvelles techniques.

Les methodes chimiques donnent en general des resul-
tats plus precis que les epreuves biologiques, mais elles
ne permettent pas toujours d'evaluer correctement l'ac-

tivite antimicrobienne d'un agent de conservation.
D'autre part, il existe un risque de voir la substance se
degrader, perdant ainsi toute efficacite, sans que ses
caracteristiques chimiques soient modifi&es.

Les auteurs decrivent en detail, avec exemples a l'appui,
deux epreuves microbiologiques mises au point au
Centre canadien des Maladies transmissibles, a Ottawa.
La premiere, utilisant une technique de diffusion sur
plaque, permet de mesurer I'activite de certains agents
comme le formol et les composes a base de mercure. Pour
les analyses portant sur d'autres substances, comme le
phenol et le chlorure de benzethonium, qui ne diffusent
pas dans la gelose, on a congu une technique de numera-
tion bacterienne apres incubation du milieu d'epreuve en
tubes et sur plaque.
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