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SUMMARY

A method is described using high voltage agar gel electrophoresis for the
separation and microbiological detection of preservatives in pharmaceutical and
cosmetic products. The positions of the preservatives were detected as zones of in-
hibition of a test organism within the nuirient agar gel and can be characterised
by their migration, shape and presence of a halo. A wide range of preservatives com-
monly used in pharmaceutical and cosmetic preparations conld be detected in low
concentrations. The method however was not suitable for cerfain volatile preservatives
and many primarily antifungal compounds could only be detecied above their use
concentration.

INTRODUCTION

A number of chemical procedurss have been used io detect and identify pre-
servatives but the main emphasis has beep on compounds used in foods and beverages.
A large bibliography of this work has recently been assembled®. Some of the tech-
niques have also been wsed to detect and identify preservatives present in pharma-
centical and cosmetic preparations.

Sheppard and Wilson® used partition chromatography followed by UV
speciroscopy to detect and assay preservatives in cosmetics. They concluded that the
method eould be broadly applied to assay many preservatives but that it is vozeliable
for identifying preservatives and recommended thin-layer chromatography (TLC) for
this purpose. TLC has been used to identify prescivatives in pharmaceuticals®,
cosmetics»® and specifically in eye drops®.

Gas-liguid chromatography has becn used to detect in pharmaceutical prep-
arations selected preservatives, ¢ g., bisphenols”®, parahens® and a range of pre-
servatives™.

Microbiological methods have been used to detect added presarvatives in foods
and beverages, the preservatives being detected by the inhibition of spore ger-
mination** '3, fermentation'®!? and by macroscopic growth'®:?, These micrabio-
logical methods are noa-specific and can ounly give an indication of the presence and
nature of added preservatives.



212 K. E. MOORE, R. J. STRETTON

The study investigates the suitability of agar gel electrophoresis for the sep-
aration and microbiologiczl detection of preservatives in pharmaceutical and cosmetic

products.
MATERIALS AND METHODS

The modified method of Lightbown and De Rossi'® was used. Electrophoretic
separation was performed in a layer of nutrient agar, inoculated with c. 10° Bacilfus
subtilis spores per mi, for the detection of antibacterial preservatives, and ¢. 108
Aspergillus niger spores per ml, for the detection of antifungal compounds. The
nutrient agar employed for Bacillus subtilis contained dextrose (0.1 %, w/v); Lemco
beef extraci (Oxoid) (0.13%, w/v); veast extract (Oxoid} (0.3%;, w/v); Casitone
(Difco) (0.089%,, w/v); Agar No. 3 (Oxoid) (1.2%, wjv). The pH was adjusted to
6.8 after sterilization. The nuirient agar for Aspergillus niger contained malt extract
{Oxoid) (3.0%, w/v); Mycological peptone (Oxoid) {0.5%, w/v); Agar No. 3 (Oxoid)
(1.5%;,, w/v}. The pH was adjusied to 5.0 after sterilization.

The apparatus consisted of a water-cooled levelled aluminium plate carrying
a sheet of plate glass. With the ald of an aluminium frame, previously sealed to
the glass with a little molien agar, 125 ml of sterile, molten (507), seeded nutrient
agar was poured onto the glass. When the agar was set, the frame was removed
leaving a level slab of agar of 47 » 13cm and ¢. 0.2 cm thick. The buffer tanks
containing platinum electrodes were connected to the agar by means of gauze wicks.
The electrode reservoirs contained nutrient broth (750 ml per tank) of the same pH
and composition but without added agar, as the nutrient agar. The whole appars.tus
was enclosed in a box with a Perspex lid.

Samples of 10 ul of the preservative solutions and the pharmaceutical and
cosmetic products were applied. Where creams, gels and shampoos were tested, suf-
ficient sterile distilled water was added to the products to reduce their viscosity and
thus to enable the preparation to be applied to the agar gel. The points of application
were marked on the gel by previously punching a hole in the agar with a pasteur
pipette.

A constant voltage of 800 V was applied to the electrodes for 2 h, this gave
a current of ¢. 80 mA. Throughout the run the plate was cooled by passing tap water
through the cooling block.

Following electrophoresis the wicks were removed, the frame replaced and
a second piece of plate glass placed as a lid on top of the frame. The plate was then
incubated at 30° overnight for Bacillus subiifis and 48-72 h for Aspergillus niger.

The following preservatives were tested (unless otherwise stated they were ob-
tained from Koch-Light, Colnbrook, Great Britain). Chlorhexidine diacetate and
gluconate (ICI); alkylbenzylmethylammonium chloride (benzalkonium chloride);
dodecylbenzylmethylammonium chloride; cetylpyridinium chloride; cetyltrimethyl-
ammoninum bromide (domiphen bromide); pyrithione zinc (zinc omadine, Kingsley
and Keith, Croydon, Great Britain); 2-bromo-2-nitropropane-1,3-diol (bronopol, The
Boois Company Limited, Nottingham, Great Britain ), 5-bromo-5-nitro-1,3-dioxan
{bronidox, Henkel Limited, London, Great Britain); trichlorohydroxydiphenyl ether
(Irgasan D.P. 300, Ciba-Geigy, Basle, Switzerland); trichlorocarbanilide; hexachlor-
ophene; phenylmercuric acetate and nitrate; sodium ethylmercurithiosalicylate
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(thiomersal); potassium hydroxyquinoline suiphate; phenol: m-cresol; chlorocresol:
chlorbutol (Hopkin and Williams, Chadwick Heath, Great Britain); phenyl ethanol;
benzyl alcohol; sodium benzoate; potassium sorbate; propyi- and methyl-p-hydroxy-
benzoate (propyl and methyl paraben); LFD preservative, a commercial mixture
{70:30, w/w) of chloracetamide and sodium benzoate (Henkel).

Fig. 1. Electrophoretic separation of preservatives, Of each sample 10 g4t was applied. Voltage, 860 V
at . 80 mA for 2 h. The preservatives applied starting from the top were as follows. Phenylmercuric
acetate (100 pg/ml), chlorhexidine HCI (400 geg/ml), bronopol (500 ugfml), benzalkonium chloride
{500 pugfml), benzcthonium chloride (500 gegfmil), trichlorocarbanilide (10 mg/mi), hexachlorophene
(1 mg/ml), Irgasan DP 300 (1 mg/ml), chlorhexidine acetate (400 peg/mi).
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RESTTETI AND DISCLISSION

The pcmﬁons of the preservatives were detected as zZones of m]:ubltwn. F1g.
1 shows ihe electrophoretic patterns of a range of preservatives. Drawings pf other
preservatives that gave a zone of inhibition are shown in Fig. 2. Whilst many pre-
servatives could be distinguished from ftheir positien alone, the shape and presence
of a halo also served to characterise the preservative. Table I gronps preservatives
with zones of inhibition of similar shape and with similar mobilities, Preservatives
within a group are difiicult or impossible to d.t_ﬂngmsh from one another but can
be easily distingpished from preservatives. of any other group. Thus bronopoi and
Bronidox in group e appear to be ideatical but are clearly d}ﬁ'erent from, e.g., hexa-
chlorophane (group h) or the members of group a.

:’O s ZINC DMADINE  S00pgrmt

O . BRONIDOX 1008/l
. O THIOMERSAL 100 pg/ml
- +

D DOMIPHEN 1000 pgiml

<D cPc 1000 fnt
<D CETRIMIDE 10609/l
i :

POINT _OF AFPLICATION

Fig. 2. Electrophoretic separation of preservatives; Of each sample 10 1 was applied. Voltage, B00 V
at ¢. 80 mA for 2 h. i

TABLE1 .
GROUFS OF PRESERVATIVES THAT ARE EASILY DISTINGUISHABLE FROM ONE
ANOTHER

Group Preservatives(s)

a Chlorhexidine diacetate and giuconate;
Cetylpyridinivem: chloride; -~
Cctyimmczhylzmmunmm bromide:
Domiphen bromide;
Alkylbcnzthhy!ammomum chlonde
Benzethoniom cblorids

Zinc omadine

Bronopol; Bronidox

Irgasan DP 200

Trichlorccacbanilide
Hexachiorophane -

Phenylmercuric acetate and mtratc Thiomersal
Potassium hydroxyquinoline suiphate

R F L A
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Many of the quaternary ammonium compounds, especially at concentrations
approaching the mimimum detection Ievel, were difficult to differentiate. However
alkylbenzylmethylammonium chloride had a characteristic double zone of inhibition,
which is probably due to the C,, and C,; homologues present, also the zone of in-
hibition of benzethonium chloride was more elongated than the other quaternaries.

When the preservative was present at high concentrations it was frequently
possible to distinguish certain preservatives within a group. By referring to a standard
solution run alongside the test preparation it was possible to distinguish, on the basis
of zone shape and preséace of a balo, chiorkexidine salts and domiphen bromide
from the other members of this group.

Table H lists the minimom detection levels; the results of the analysis of a
range of pharmaceutical and cosmetic preparations for the presence of preservatives
are shown in Table III.

' The technique can be used to separaie and detect low concentrations of a
wide range of preservatives that are commonly used in pharmaceutical and cosmetic

TABLE 11

APPROXIMATE MINIMUM DETECTION LEVELS
Preservative Approximare minimum derection level (pgfmi)
Test organism Bacillus subtilis

Chlorhexidine diacetate 10
Chlorbexidine gluconate 10
Alkylhenzylmethyl ammonium chloride Z5
Cetylpyridinium chlorida 50
Cetyltrimethylammonium bromids 50
Domiphen bromide 50
Benzethonium chlonide 50

Zinc omadine 10
Bronapol 30
Bronidox - MO

Isgasapn DP 300 200
Trichlorccarbanilide 50
Hexachlarcphane 5
Phenylmercuric acetate 1
Phenylmercuric nitrate 1
Thiomersal 5
Potassiem hydroxyqeinoline sulphate Not determined
Phenyl ethanol Mot detected
Chlorocresol Mot detected
Phenol Not detecied
Cresol Mot detectad
Chlorbatol : Not detected
Butanol ; - Nat detected
Tyt onganisat Aspergifius niger

Chloracetamide . 2,000
Sodium benzoate Not detected
Potassium sorhate Not detected
Meathyl paraben . 10,000

Propyl paraben - , 2,000
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TABLE ITI .
DETECTION OF PRESERVATIVES IN A RANGE OF PHARMACEUTICAL AND COS-
METIC PRODUCTS T
Nature of Product Preservative(s) known tc be present Preservative(s} derecred
Nasal solntion Not known Neoae
Nasal =solution 0.1 % Benzalkonium chloride Daodecylbenzylmethyl-
0.4% Phenyl ethanol ammeoninm chloride
Nasal selution 0.001 94 Thiomersal . Thiomersal
Nasal solution 0.001 % Benzalkonium chloride Noeae
Nasal solution Nat known None
Nasai solution Not known Unidentified quaternary
- ammonium compound
Ophthalmic solution 0.001 7 Thiomersal : None
Ogphthalmic concentrate 0.3 %, Benzalkopium chioride Benzalkonivm chloride
Topical cream 0.5 %, Cetyltrinrethyl ammoniam chloride nidentified quaternary
ammonium compound
Topical cream 0.018% Chlorhexidine diacetate Chloshexidine
Topical cream 0.0059; Chlorhexidine diacetate None
Topical gel 0.01 %, Catalkonium chloride Unidentified quaternary
ammonitm compound
Respiratory scluiion Mot known Benzalkopium chloride
Aural drop 1.0% Chlorbutol Potassium hydroxy-
0.1% Potassium hydroxyguinoline suiphate quinolize sulphate
Anptiseptic “paint™ 0.5% Chlorbutol Chlorhexidine
0.5%, Chlorhexidine
Vitamin solution Sodium benzoate None
Methyl paraben
Shampoo 0.02% Bronopol Bronopo! or Bronidox
Shampoo 0.05%; Bronidox Bronopol or Bronidox
Shampoo 0.35%, Chloracetamide Choracetamide

0.15%; Sodium benzoate

preparations. It must, however, be emphasized that confirmatory chemical tests should
be carried out to identify such preservatives detected. The electrophoresis results will
give an indication of the nature of the preservaiive prescot. In certain preparations
the presence of other compounds with antimicrobial activity can mask the presence
of the preservative (e.g., antibiotics and surface active agents) but this problem can
often be obviated by the use of resistant test organisms.

The volatile preservatives phenol, cresol, chlorocresol, chiorbutol, phenyl
ethanol and benzyl alcohol were lost from the plate and so could not be detected.
In general the method was very good for the detection of preservatives with anti-
bacterial activity, but the resnlts with antifungal compounds were less satisfactory,
in many cases the minimal detection level being higher than the in-use coacentration.

An additional advaniage of the method was that 2 bioassay of the preservative
could be carried out in the presence of compounds which interfered with a normal
bioassay, e.g., when a flzorescein solution (1%, w/v) was preserved with bronopol
(0.1%;, w/v); the bronopol could be separated from the fluorescein by clectrophoresis
and bioassayed on the same agar plate.

The sensitivity of the technigue is comparable with reported chemical methods.
Wilson* reported the lower detection level of seven preservatives after a simple ex-
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traction procedure wvsing TEC, Between 0.1 and 0.5 g of each preservative could
be detected. The above techmigue without an extraction procedure will similarly
achieve this high sensitivity, furthermore if necessary a simple extraction procedure
would undoubtedly reduce the lower detection levels for many preservatives.

Ia Great Britain the use of hexachlorophane has been restricied!”. This method
would provide a simple technique to ensure that this order is complied with. In a
single stage, hexachlorophane could be detected and assayed without any extraction
procedure. With the world-wide tighteping of standards by regulatory authorities it
is possible that other preservatives could be banned, e.g., the toxicity of organo-
mercurials is well known. Also it has receptly been shown that benzalkonivm chloride,
a commonly used preservative in ophthalmic solutions, causes significant damage io
rabbit corneas?®. Should such legislation be introduced this methaod could be used
as a simple technique to assist in monitoring such frandulently added preservatives.
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