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Final Report on the Safety
Assessment of Benzethonium
Chloride and Methylbenzethonium
Chloride

Benzethonium Chloride and Methylbenzethonium Chloride are quaternary
ammonium salts used in cosmetics primarily as preservatives and secondarily
as cationic surfactants, usually at concentrations below 1 percent. They can be
irritating to the skin at concentrations of greater than 5 percent. Chronic and
subchronic feeding studies indicated little or no toxic effects for both ingredi-
ents. Benzethonium Chloride was nonmutagenic in microbial systems and
shown to be noncarcinogenic in rodent studies.

In clinical studies, Benzethonium Chloride produced mild skin irritation at
5 percent but not at lower concentration. Neither ingredient is considered to
be a sensitizer.

Itis concluded that both compounds are safe at concentrations of 0.5 per-
cent in cosmetics applied to the skin. A maximum concentration of 0.02 per-
cent is safe for cosmetics used in the eye area.

CHEMICAL AND PHYSICAL PROPERTIES

enzethonium Chloride, also known as diisobutyl phenoxy ethoxy ethyl di-

methyl benzyl ammonium chloride and phemerol, and Methylbenzethonium
Chloride, also known as diisobutyl cresoxy ethoxy ethyl dimethyl benzyl ammo-
nium chloride, are synthetic quaternary ammonium salts.**> These two com-
pounds conform to the following structural formulas:®
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Methylbenzethonium Chloride

Benzethonium Chloride and Methylbenzethonium Chloride occur as color-
less to white, odorless to mildly odorous, and bitter tasting monohydrate crystals.
Benzethonium Chloride, when crystallized from benzene, chloroform, or ether,
forms thin hexagonal plates. Both compounds are soluble in water, the lower
alcohols, glycols, ethyleneglycol monomethyl ether, tetrachloroethane, and ben-
zene and miscible in ethylene dichloride and carbon tetrachloride. Benzetho-
nium Chloride is additionally soluble in acetone and chloroform, and methyl-
benzethonium Chloride in cellosolve. Solutions of these compounds are stable
within the pH range of 4.8 to 7.01.*4® Ultraviolet (UV) spectra of Benzetho-
nium Chloride and Methylbenzethonium Chloride indicate that these com-
pounds have a peak absorbance at approximately 274 and 275 nm, respec-
tively. ®'® The physicochemical properties of these compounds are presented in
Table 1.

Quaternary ammonium compounds can be synthesized via multiple routes,
beginning with fatty acids, fatty alcohols, or a hydrocarbon source. However, the
exact methods of manufacture for Benzethonium Chloride and Methylbenzetho-
nium Chloride are proprietary information. After developing the appropriate ter-
tiary amine, Benzethonium Chloride can be prepared by heating the amine with
the quaternizing agent benzyl chloride at 60 to 80°C in the presence of water.
Manufacturers use a 5 to 25 percent excess of the stoichiometric quantity of ter-
tiary amine to ensure complete consumption of the toxic benzyl chloride. Hy-
drochloric acid is then added to convert the unreacted tertiary amine to its hy-
drochloride salt. Formulations incorporating Benzethonium Chloride and
Methylbenzethonium Chloride must therefore have an acid pH to prevent
conversion back to the free amine. Methylbenzethonium Chloride is a methyl
derivative of Benzethonium Chloride with the methyl group on the benzene ring
containing the phenoxy group. 781471

These commercial preparations contain a large number of functional groups
and impurities including unreacted starting materials and side reaction products,
such as amides and primary and secondary amines. Impurities from the quatern-
izing agent benzyl chloride may include traces of benzyl chloride itself, benzal
chloride, benzyl alcohol, and benzaldehyde. Other impurities include benzyl-
amine derivatives, sodium chloride, and hydrochloric acid. These impurities
contribute greatly to the properties of the quaternary ammonium product. Ger-
stein *® even states: “The behavior of a quaternary material is not influenced, but
rather determined, by the impurities and additives.” No data are available on ni-
trosamine impurities.

Qualitative and quantitative determinations of Benzethonium Chloride and
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TABLE 1. Physicochemical Properties of Benzethonium Chloride and Methylbenzethonium Chloride

Value

Methylbenzethonium

Property Benzethonium Chloride Chloride Reference
Empirical formula
Anhydrous C,HCINO, C,sH4CINO, 3
Molecular weight
Anhydrous 448.09 462.11 3,11
Monohydrate 466.11 480.13
Melting point (°C) 158-166 (sinters at 120) 159-163 1,3,4,6
Density (Ib/ft?) 27.5 27.5 7,8
Assay as ingredient (anhydrous basis) 97.0-103.0% 97.0-103.0% 3
Loss on drying (105° for 4 hours) <5% <5% 3,12
Residue on ignition <0.1% <0.1% 3
Solubility*
Water S, VS S, VS 4,6-8, 13
Alcohol s S, VS 4,6-8, 13
Acetone S — 4,6
Benzene s vs (hot) 1, 4,6
Carbon tetrachloride m m, i 4,7,8
Cellosolve — S, Vs 4,6,8
Chloroform s i, vs 4,6,13
Ether ss, S i,s, vs 4,7,8,13
Ethylene dichloride m m 7,8
Glycols s s 7,8
Tetrachloroethane s 3 7,8
pH
10% solution 7.01 - 5
1 % solution 4.8 to slightly alkaline Neutral to slightly 6,13
alkaline
Surface tension (10% solution) 36 dynes/cm - 5
Wetting power (0.1% solution) 142 seconds - 5
Foam height (1.0% solution) 268 nm — 5
UV spectra-peak absorbance (nm) 274 275 9, 10

*i, insoluble; m, miscible; s, soluble; ss, slightly soluble; vs, very soluble.

Methylbenzethonium Chloride have been made by many methods, including
colorimetry, chromatography, multiphase titrations, extraction and spectropho-
tometry, electrophoresis, ultraviolet spectroscopy, potentiometric assays, and va-
rious other physical and chemical assays. Many of these depend on the formation
of a relatively stable ion-pair complex. Tanaka et al.*” report that the extractabil-
ity of quaternary ammonium compounds as an ion-pair complex with bromo-
phenol blue is determined by the lipophilic character of the ion and the steric ef-
fect around the cationic head. Table 2 lists the reported analytical methods for
Benzethonium Chloride and Methylbenzethonium Chloride determination.
The reactivity of Benzethonium Chloride and Methylbenzethonium Chloride
is determined for the most part by their cationic properties. They are inactivated
by and are incompatible with soaps, anionics, organic material, nitrates, iodides,
hexachlorophene, potassium chromate, potassium dichromate, sodium hepta-
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phosphate, cotton fabrics, cellulose sponges, certain plastics, and other porous
materials. Benzethonium Chloride (in greater than 2 percent concentrations) is
precipitated from mineral acids and salt solutions as an oil that recrystallizes on
drying. Both compounds are considered biologically active due to their precipi-
tation, denaturation, redispersion, and complex formation reactions with pro-
teins. Benzethonium Chloride and Methylbenzethonium Chloride are readily ad-
sorbed onto a variety of surfaces, including proteinaceous surfaces, gauze, cork,
plastics, and cellulose. As antimicrobial agents they adsorb onto the negatively
charged cell wall of microorganisms, interrupt normal cell metabolism, and lead
to death or growth inhibition, (*:4-6-8.15.18-23)

Benzethonium Chloride and Methylbenzethonium Chloride are relatively
stable compounds; both aqueous and alcoholic solutions are stable in light, air,
and temperatures up to 100°C. They are stabilized in detergents, cosmetics, and
pharmaceuticals containing oxygen-forming substances by the presence of
organotin compounds. Gamma-irradiation was found to decrease the antibacte-
rial activity of Benzethonium Chloride, although this effect became less severe as
the concentration of Benzethonium Chloride increased. Irradiation also in-
creased the surface tension of 0.01 to 0.1 percent solutions; however, little effect
was noted on 1 percent solutions. (*:22:42:4%)

In a study on sarcosinate-cationic creme rinse shampoos, Benzethonium
Chloride was compatible with many sarcosinate surfactants while retaining its
antimicrobial activity.“* Methylbenzethonium Chloride had an increase in bac-
teriostatic action when combined with sodium lauroyl sarcosinate.** These
quaternary compounds also molecularly bind other formulation ingredients to
the surface of the hair, thus intensifying the effects of fatty alcohols and esters,
perfume oils, and other waxy and oily compounds. *®’

Benzethonium Chloride loses its antimicrobial activity when formulated with
such cosmetic ingredients as lecithin (0.3 percent), polysorbate 80 (1.0 percent),
and sodium sulfite (0.1 percent). “®> Methylbenzethonium Chloride in a 0.1 per-
cent aqueous solution was inactivated by adsorption onto a variety of powders,
including calamine, heavy and light kaolin, and magnesium trisilicate after 18
hours of storage at 22°C. Autoclaving Methylbenzethonium Chloride with the
powders for 15 minutes at 121°C decreased the amount of Methylbenzethonium
Chloride adsorbed.“”’ Germicidal activity of both quaternary ammonium com-
pounds was decreased by metallic ions in cosmetic formulations. This decrease
was proportional to the valence of the ion, which interfered by competing for the
negative sites on the microbial cell wall.*”

USE

Cosmetic Use

Benzethonium Chloride and Methylbenzethonium Chloride are used in cos-
metics as preservatives, antimicrobials, and cationic surfactants. They are usually
found at concentrations below 1 percent in the following product categories:
baby, bath, eye makeup, personal cleanliness, fragrance, noncoloring hair, shav-
ing, skin, and suntan preparations, (*5-444%
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The FDA product formulation data for Benzethonium Chloride and Methyl-
benzethonium Chloride are compiled through voluntary filing of such data in ac-
cordance with Title 21 part 720.4 of the Code of Federal Regulations*®’ (Table 3).
Ingredients are listed in prescribed concentration ranges under specific product
type categories. *® Since certain cosmetic ingredients are supplied by the manu-
facturer at less than 100 percent concentration, the value reported by the cos-
metic formulator may not necessarily reflect the actual concentration found in
the finished product; the actual concentration in such a case would be a fraction
of that reported to the FDA. The fact that data are only submitted within the

TABLE 3. Product Formulation Data“®

No. of Product Formulations
Within Each Concentration

Total No. of Total No. Range (%)*
Formulations Containing

Product Category* in Category Ingredient >1-5 >0.1-1 =0.1
Benzethonium Chloride
Baby products 15 1 - 1 —
Bath preparations 132 1 - - 1
Eyeliner 396 2 - 2 -
Colognes and toilet waters 1120 6 - 6 -
Perfumes 657 3 - 3 —
Fragrance powders (dusting and talcum, 483 1 - 1 -

excluding aftershave talc)
Hair conditioners 478 2 - 2 -
Hair sprays (aerosol fixatives) 265 1 - - 1
Hair rinses (noncoloring) 158 3 - - 3
Hair shampoos (noncoloring) 909 1 - 1 —
Tonics, dressings, and other hair 290 1 — — 1

grooming aids
Wave sets 180 1 - - 1
Other hair preparations (noncoloring) 177 2 - - 2
Deodorants (underarm) 239 11 - 8 3
Douches 26 7 4 3 -
Feminine hygiene deodorants 21 3 - - 3
Other personal cleanliness products 227 7 - 3 4
Aftershave lotions 282 2 - - 2
Men’s talcum 13 2 - 1 1
Preshave lotions (all types) 29 1 - 1 -
Skin cleansing preparations (cold 680 5 - 1

creams, lotions, liquids, and pads)
Face, body, and hand skin care 832 7 — 2 5

preparations (excluding shaving

preparations)
Moisturizing skin care preparations 747 2 — — 2
Paste masks (mud packs) - 171 2 — — 2
Skin fresheners 260 13 - 1 12
Other skin care preparations 349 3 - - 3
Suntan gels, creams, and liquids 1642 2 — — 2
Indoor tanning preparations 15 1 — — 1

1981 TOTALS . 93 4 36 53
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TABLE 3. (Continued)

No. of Product Formulations
Within Each Concentration

Total No. of Total No. Range (%)*
Formulations Containing

Product Category* in Category Ingredient >1-5 >0.1-1 =<0.1
Methylbenzethonium Chloride
Baby lotions, oils, powders, and creams 56 2 — 1 1
Colognes and toilet waters 1120 1 - - 1
Hair conditioners 478 1 - - 1
Hair sprays (aerosol fixatives) 265 6 - - 6
Deodorants (underarm) 239 5 - 4 1
Douches 26 1 - 1 -
Feminine hygiene deodorants 21 2 - - 2
Other personal cleanliness products 227 1 - — 1
Aftershave lotions 282 4 - 3 1
Other shaving preparation products 29 1 — - 1
Skin cleansing preparations (cold 680 1 — - 1

creams, lotions, liquids, and pads)
Face, body, and hand skin care 832 1 - - 1

preparations (excluding shaving

preparations)
Moisturizing skin care preparations 747 1 — — 1
Skin fresheners 260 3 - - 3
Suntan gels, creams, and liquids 164 2 - - 2
Other suntan preparations 28 1 - — 1

1981 TOTALS 33 0 9 24

*Preset product categories and concentration ranges in accordance with federal filing regulation (21 CFR
720.4).

framework of preset concentration ranges also provides the opportunity for over-
estimation of the actual concentration of an ingredient in a particular product.
An entry at the lowest end of a concentration range is considered the same as
one entered at the highest end of that range, thus introducing the possibility of a
2- to 10-fold error in the assumed ingredient concentration.

In 1981, approximately 96 and 97 percent of the formulations containing
Benzethonium Chloride and Methylbenzethonium Chloride, respectively, incor-
porated these ingredients at concentrations of 1 percent or less. Furthermore, 57
and 71 percent of the total 93 Benzethonium Chloride and 34 Methylbenzetho-
nium Chloride formulations, respectively, contained concentrations of 0.1 per-
cent or less. *®

The European Economic Community (EEC) has approved a maximum con-
centration of 0.1 percent for Benzethonium Chloride as a provisionally permitted
preservative in cosmetics.*® No further limitations or label requirements of any
kind are listed.

The formulation data presented in Table 3 indicate that cosmetic products
containing Benzethonium Chloride and Methylbenzethonium Chloride may
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contact all external body surfaces and hair, as well as the eyes and mucosal mem-
branes. These products may be used daily or occasionally over a period of up to
several years. The frequency and length of application could result in continuous
exposure.

Noncosmetic Use

Benzethonium Chloride and Methylbenzethonium Chloride are widely used
in disinfectants, germicides, herbicides, bactericides, topical antiinfectives, as ca-
tionic detergents, and preservatives, (+614716.20.27.51-60) Their varied applications as
disinfectants encompass use in restaurants (on eating equipment), dairy farms (on
milking equipment), janitorial purposes, food plants, hospitals, barber and
beauty shops, textile factories, food storage rooms, and swimming pools. Addi-
tionally, the veterinary and agricultural uses of Benzethonium Chloride include
sanitizing chicken drinking water, in egg handling, as general disinfectants, and
as topical antibacterials. As cationic surfactants, these compounds are used in ore
flotation, fabric softening, colloid flocculation processes, asphalt emulsification,
corrosion inhibition, paper processing wood pulp slurries, and as pigment wet-
ting and grinding aids in the production of thixotropic paints and printing inks.

Benzethonium Chloride is or has been used in various pharmaceuticals pri-
marily as a preservative. Benzethonium Chloride has been incorporated into vac-
cines, preparations for treating cardiovascular disorders, anesthetics, and in-
jectable solutions and is also used in the production of heparin derivatives.
Benzethonium Chloride concentrations vary from product to product but sel-
dom exceed 1 percent.?”"¢") |n addition, 0.2 percent aqueous or alcoholic
solutions of Benzethonium Chloride have been used in the treatment of hydro-
fluoric acid burns. (8¢9

Benzethonium Chloride and Methylbenzethonium Chloride are currently
under evaluation by the FDA Over-the-Counter (OTC) Drug Review Program.
These compounds were assigned to 8 of the 17 advisory panels pertaining to their
use as antimicrobials, in contraceptives and other vaginal products, dentifrices
and dental care agents, miscellaneous external, ophthalmic, and oral cavity drug
products, topical analgesics, antirheumatics, otic, burn, and sunburn treatment
and prevention products.”® The Ophthalmic Panel found Benzethonium Chlo-
ride satisfactory as a preservative at maximum concentrations of 0.01 percent for
preparations used directly in the eye and at a maximum of 0.02 percent for prep-
arations not for direct use in the eye.”" The Antimicrobial | Panel also con-
cluded that Benzethonium Chloride and Methylbenzethonium Chloride are safe
and effective for use as detergents in skin wound cleansers at a maximum con-
centration of 0.13 percent; no claims of antimicrobial activity are associated with
this use.® Several panels noted that although quaternary ammonium com-
pounds were embraced as disinfectants upon their appearance in 1935, subse-
guent reviews have produced significant doubt as to their safety and antimi-
crobial effectiveness.?*7'"”® Controversy surrounds their microbial spectrum
(particularly gram-negative bacteria) and inactivation by a substantial number of
compounds. Consequently, the major classification of Benzethonium Chloride
and Methylbenzethonium Chloride as used in OTC products falls in Category IlI:
insufficient data available for final evaluation of safety and effectiveness. Benze-
thonium Chloride and Methylbenzethonium Chloride have been classified as
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inactive ingredients in contraceptives: Benzethonium Chloride in dentifrices,
ophthalmic solutions, and hair growth and hair loss prevention products, and
Methylbenzethonium Chloride in acne treatment products. ?*7°7:747%) Taple 4
presents a synopsis of the status of Benzethonium Chloride and Methylbenzetho-
nium Chloride in the OTC drug review.

Benzethonium Chloride and Methylbenzethonium Chloride are included in
the listing of quaternary ammonium chlorides (hexadecyl, octadecyl derivative)
as indirect food additives, limited to use as preservatives only in adhesives used
in packaging, transporting, or holding food.”® The literature also contains refer-
ences to the use of Benzethonium Chloride in India as a plant growth regulator
applied to sugar cane foliage. Five to six weeks treatment with 1000 and 2500
ppm Benzethonium Chloride improved the sugar cane purity coefficient and in-
creased the percentage of fiber.”7:7®

Benzethonium Chloride and Methylbenzethonium Chloride are also used in
several analytical methods: an aqueous Zimmermann reaction test for the deter-
mination of 17-ketosteroids (Benzethonium Chloride), a microturbidimetric
method for the determination of protein in cerebrospinal fluid and urine (Benze-
thonium Chloride), and in combination with toluene and octoxynol-9 in a scintil-
lator for colloidal counting of plasma and urine (Methylbenzethonium Chlo-
ride). (83-8%)

GENERAL BIOLOGY

Antimicrobial

The antimicrobial properties of Benzethonium Chloride and Methylbenze-
thonium Chloride have been extensively studied. Their lack of odor, color, insta-
bility, and toxicity (at effective levels) has resulted in their widespread use as dis-
infectants and preservatives since 1935.%*7® However, varying experimental
and in-use results have engendered controversy over the scope of their microbial
spectrum and their inactivation by a large number of materials. This has led the
majority of FDA OTC Drug Review Panels to conclude that insufficient data are
available to determine the safety and efficacy of Benzethonium Chloride and
Methylbenzethonium Chloride as used in OTC drug products (Table 4).

Benzethonium Chloride and Methylbenzethonium Chloride are inactivated
by soaps, anionics, phospholipids, proteins, nitrates, iodides, polysorbate 80, so-
dium sulfite, magnesium, calcium, and iron salts.*-¢-20-224® Hard water, acidity,
and the presence of organic matter also generally reduce antimicrobial effective-
ness. The surface-active nature of these compounds, causing them to be readily
adsorbed on glass or plastic surfaces, also accounts for some reduction in effec-
tiveness. (2072273

The germicidal action of Benzethonium Chloride and Methylbenzethonium
Chloride has generally been credited to their ability to disrupt cell membrane
permeability and the subsequent loss of intracellular materials. Many other fac-
tors are believed to add to the sum total mechanism, varying in relative influence
with changing conditions. These include lysis, protein denaturation, oxidation
and enzyme inhibition, effects on activating ions, and interference with growth
and reproduction, (33:73.86789)
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Benzethonium Chloride and Methylbenzethonium Chloride are effective
against many gram-positive and some gram-negative bacteria, the former gener-
ally being more susceptible to their germicidal action, whereas many strains of
the latter, particularly Pseudomonas aeruginosa, are resistant. *-2>273.909%) Chris-
tensen ®® obtained satisfactory bactericidal activity (at 37°C) with concentrations
of Benzethonium Chloride ranging from 0.005 to 0.01 percent; concentrations of
0.0025 percent Benzethonium Chloride, intended for use in vaccines, had insuf-
ficient antibacterial effects. Rawlins et al.®®® and Joslyn et al.,* on the other
hand, have reported satisfactory activity (at 20°C) with Benzethonium Chloride
concentrations of 0.00125 to 0.0083 percent.

Benzethonium Chloride and Methylbenzethonium Chloride have less fungi-
cidal than bactericidal activity.”® Concentrations of Benzethonium Chloride
ranging from 0.1 to 0.2 percent were effective against some fungi and ineffective
against others, (9%

Benzethonium Chloride has synergistic antibacterial and antifungal activity
with acylated peptides,®® chlorhexidine gluconate,®® candicidin, a polyene
macrotide antifungal antibiotic,®”> and thimerosol.®*

Benzethonium Chloride has been tested widely for its potential to reduce
bacterial plaque accumulation. Results of numerous studies indicate that solu-
tions or mouthrinses containing Benzethonium Chloride (0.075 to 0.1 percent)
give a moderate to significant reduction in plaque accumulation.®®*'°® One
clinical study found no significant reduction in existing plaque accumula-
tions. % Benzethonium Chloride was slightly less effective in inhibiting plaque
formation than chlorhexidine and chlorhexidine gluconate, whereas zinc chlo-
ride reduced the antiplaque potency of this compound.®*1%41%® Several investi-
gators have reported yellow-brown tooth and tongue discolorations associated
with the use of Benzethonium Chloride-containing dentifrices. %1617 Gaffar
and Volpe %1% reported that the dental staining can be prevented by the incor-
poration of a polyamine polyphosphonate without inactivating Benzethonium
Chloride.

A process has been developed for incorporating Corobex CP-4 containing
0.075 percent Benzethonium Chloride into polymerized methyl methacrylate
used in contact lenses. The treated lenses had reduced numbers of organisms,
and thus treatment would lessen bacterial and other contamination of ocular
tissues. 1%

Benzethonium Chloride has also been used for many years as a bacterial in-
activator in the manufacture of vaccines. Marked losses in vaccine potency, first
reported in 1960, necessitated numerous studies on the antimicrobial effective-
ness of Benzethonium Chloride in the poliomyelitis, pertussis, diphtheria-pertus-
sis-tetanus (DPT), and the combined DPT-poliomyelitis (DPTP) vaccines. *%:27-6*
1L12) pivnick et al.*? found Benzethonium Chloride, at 25 ppm, to be an inef-
fective inhibitor of gram-negative bacteria in both the poliomyelitis and DPTP
vaccines. However, Benzethonium Chloride did inhibit growth of gram-positive
bacteria, yeasts, and mold while also increasing the antifungal activity of other
preservatives in the vaccines.

Biochemical Effects

Benzethonium Chloride inhibited proteolytic enzymes, including brain
aminopeptidases and arylamidases, trypsin (Methylbenzethonium Chloride in-
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hibits also), and bovine hypothalamus acid proteinase.®¢**3""'? Stedman et al.,
in their studies on Serratia marcescens, emphasized the contributing role this en-
zyme activity loss plays in the cytotoxic effects of Benzethonium Chloride. They
found that approximately 50 percent enzyme inhibition was achieved with a
Benzethonium Chloride concentration that gave less than a 2 percent loss in cell
viability. Makinen *®) found that Benzethonium Chloride markedly inhibited the
enzymatic hydrolysis of all but 1 tested amino acid, 2-naphthylamides purified
from human saliva. Kinetic data indicated that the inhibition was competitive and
effective under high substrate conditions.

Sugiura and Ogiso'? studied the effect of Benzethonium Chloride on the
enzymatic hydrolysis of olive oil by Mucor lipase. Benzethonium Chloride at a
maximum concentration of 0.0065 percent enhanced the rate of hydrolysis. The
investigators found that the increased rate depended on the oil:surfactant ratio
and that a small amount of Benzethonium Chloride increased lipase adsorption
at the oil-water interface. However, Benzethonium Chloride concentrations
greater than 0.0065 percent resulted in lipase inhibition.

Several studies have been conducted on the effects of Benzethonium Chlo-
ride on acetylcholinesterase. Addition of Benzethonium Chloride to electric eel
spinal cord or tissue preparations decreased the proportion of solubilized en-
zyme as globular species and slowed or inhibited the conversion of “native” spe-
cies into globular forms. 112120 Benzethonium Chloride also had an inhibitory ef-
fect on acetylcholinesterase in homogenates from rabbit or ox caudate nuclei.
The investigators suggested that inhibition was achieved through the complexing
of the benzethonium cation with the anionic enzyme site. 2"

Several other biochemical effects of Benzethonium Chloride have been stud-
ied. Benzethonium Chloride (0.02 M) in a phosphate-buffered solution did not
inhibit the photodecomposition of flavin adenine dinucleotide (FAD) after irradi-
ation for 2 hours.*?» Benzethonium Chloride also induced UV spectral changes
in drugs, such as thiamylal and thiopental, and enhanced ampicillin partition be-
havior, (123:129

Cellular Effects

Benzethonium Chloride and Methylbenzethonium Chloride are known to
cause cytolytic injury by disrupting the permeability properties of cellular mem-
branes with a subsequent loss of intracellular materials. Absolute cell density and
the weight ratio of preservative to cells dictates the amount of lysis obtained. Sig-
nificant reduction in either the cell density or in the weight ratio also reduces the
amount of lysis. Other cytotoxic effects include protein denaturation, oxidation
and enzyme inhibition, effects on activating ions, and interference with growth
and reproduction'(23,73,86—89,97.125,126)

In one of the many studies on Benzethonium Chloride, the compound was
toxic at a concentration of 10 ug/ml to 3 types of cultured human cells, whereas,
1 ug/ml inhibited cell growth.*?” In another test for adjuvant activity using diph-
theria toxoid in guinea pigs, Benzethonium Chloride was an active adjuvant,
hemolytic, and disruptive to cellular cytoplasm. 2%

In an ultrastructural study, suspensions of ram spermatozoa and avian eryth-
rocytes were coincubated (45 minutes at 22°C) in the presence of Benzethonium
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Chloride and Methylbenzethonium Chloride at concentrations ranging from O to
177 ug/ml. Erythrocyte swelling was induced as a result of increased membrane
permeability. This, in turn, created a situation of close proximity with localized
regions of membrane fusion and, in some cases (all concentrations of Benzetho-
nium Chloride, only the highest concentration of Methylbenzethonium Chlo-
ride), erythrocyte-erythrocyte fusion. Spermatozoa with intact acrosomes were
also observed embedded in erythrocyte cytoplasm; adjacent membranous vesi-
cles were believed to represent the fused cellular membranes. Benzethonium
Chloride and Methylbenzethonium Chloride have been used to accelerate the
acrosome reaction in guinea pig spermatozoa and to produce acrosomal vesicu-
lation in bovine sperm. 2

Benzethonium Chloride and Methylbenzethonium Chloride are also potent
spermicides. A foam containing 0.2 percent Benzethonium Chloride was an ef-
fective spermicide. **® Brotherton **® tested Benzethonium Chloride and Meth-
ylbenzethonium Chloride for spermicidal activity by titration against human
spermatozoa and found both effective. She also found that slight “variations” in
chemical structure resuited in large potency differences: Methylbenzethonium
Chloride, with an extra ring methyl group, was 3 times more potent than Benze-
thonium Chloride (1.82 pmol/cell Methylbenzethonium Chloride compared to
6.03 pmol/cell Benzethonium Chloride necessary for 100 percent stripping of
spermatozoa).

Fur depigmentation has been noted in a number of studies on Benzethonium
Chloride. In a study in which Benzethonium Chloride was injected subcutane-
ously into 50 black mice after an injection of dibenzo(a,i)pyrene (DBP), all of the
mice receiving 2 injections of 0.7 mg Benzethonium Chloride at Days 1 and 8
had decolorization of the fur at the site of injection. Of those 50 receiving 0.35
mg Benzethonium Chloride on Days 1, 8, and 15, 97.4 percent had depigmenta-
tion. In another study, spotty depigmentation occurred 10 days after treatment in
2 of 3 mice painted with 140 mg/kg Benzethonium Chloride in tricaprylin. Other
mice in this study received doses ranging from 8.75 to 280 mg/kg and did not
have depigmentation. Hair exposed in vitro for 48 hours was not bleached by
concentrations of Benzethonium Chloride up to 280 mg/kg. One hundred mice
injected subcutaneously in the groin with 0.7 mg Benzethonium Chloride (in tri-
caprylin) also had fur depigmentation. In another study, all of the 8 mice receiv-
ing repeated subcutaneous injections of 70 mg/kg Benzethonium Chloride had
depigmentation near the injection site at 34 days; 5 of the 8 mice receiving 35
mg/kg had a similar spotty depigmentation. When the depigmented fur was
plucked, the new hair growth was also depigmented. "3

Tissue Effects

Several studies have been conducted on the tissue effects of Benzethonium
Chloride. The ciliary activity of isolated mouse tracheal mucosa was weakened
after a 15-minute contact with a Benzethonium Chloride concentration of 0.01
percent in Locke-Ringer’s solution. 3" A final Benzethonium Chloride dilution of
1:40,000 in Parker's medium 199 was toxic to tissue cultures of primary monkey
kidney cells. The toxic action was also found to be time dependent. 3%

The apparent exsorption rate constant K (excretion into the intestinal lumen
through the intestinal wall) of sulfaguanidine administered intravenously to rats
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was used to measure the influence of Benzethonium Chloride upon the intestinal
mucosa. The perfusion of Benzethonium Chloride in an isotonic (pH 7.4) phos-
phate buffer through the intestine at a rate of 4 ml/minute for 10 minutes greatly
increased K and resulted in histological changes in the intestinal mucosa. The dif-
fusion of sulfaguanidine from the blood vessel to the intestinal lumen was in-
creased. The K values for Benzethonium Chloride were independent of the con-
centration (5 MM and 10 mM), and the investigators believed this was due either
to good tissue permeability or a rate determining effect of blood or lymph
flow. (3%

The effects of Benzethonium Chloride on tone and motility of isolated seg-
ments of rabbit and rat ileum were studied by the Magnus technique. Benzetho-
nium Chloride was added to the muscle preparation to give effective concentra-
tions ranging from 0.00005 to 0.5 percent; fresh segments were used for each test
concentration. Benzethonium Chloride inhibited the motility of the smooth mus-
cle of the rabbit ileum. Concentrations of 0.002 to 0.5 percent totally inhibited
muscle contractions and markedly decreased muscle tone. Some motility re-
mained at 0.001 percent concentration, but muscle tone was equally depressed.
Decreasing concentrations produced decreasing effects. At 0.0002 percent con-
centrations, tone was still depressed, but motility was only slightly affected;
0.0001 percent had only a slight effect on tone and no effect on motility. A con-
centration of 0.00005 percent produced no effects. The effects of Benzethonium
Chloride on rat ileum were similar in their progression, but the results were in-
dicative of a slightly greater sensitivity of the rat ileum. The investigators sug-
gested that Benzethonium Chloride had a specific toxic action and reported that
the inhibitory effect at concentrations as high as 0.005 percent could be reversed
by several changes of Locke-Ringer’s solution. ¢¢©

Absorption, Metabolism, and Excretion

Labeled **C-Benzethonium Chloride at doses of 1.13 and 3.56 mg/kg per day
was administered orally to pregnant rats on Days 6 through 15 of gestation. The
fetal absorption of **C-Benzethonium Chloride was variable, and most of the ra-
dioactivity remained within the dam. 3%

ANIMAL TOXICOLOGY

Acute Toxicity

Oral

The reported acute oral LDs, values in rats for Benzethonium Chloride in-
clude 368, 420 + 25, 450, and 665 mg/kg.(¢*135-138) Thege values place Benze-
thonium Chloride in the moderately and slightly toxic categories according to
Hodge and Sterner.***) In the tests conducted by Finnegan and Dienna, ¢ a few
deaths occurred within 24 hours, but approximately half of the animals died after
1 week; the longest survival period was 21 days. All deaths were preceded by se-
vere depression.

Rosen et al.**® conducted a study to determine the influence of dimethyl-
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sulfoxide (DMSO) on the permeability and absorption of Benzethonium Chloride
and other drugs. The acute oral LDses for Benzethonium Chloride in both dis-
tilled water and in 50 percent DMSO were determined in rats and mice. Male al-
bino rats of the Charles River CD strain and Charles River CD-1 albino male and
female mice were used. All animals were fasted 18 hours prior to oral dosing; a
constant volume of 16 ml/kg, previously determined to be well tolerated, was
used for both mice and rats. A total of 220 mice and rats were used: approxi-
mately 10 animals per dose group with 5 or 6 dose groups in each experiment.
The acute oral LDses for Benzethonium Chloride administered in water and
DMSO, respectively, were 665 and 368 mg/kg in rats and 485 and 338 mg/kg in
mice. The lower values (more toxic) obtained with use of DMSO were statistically
significant (p < 0.05). The investigators concluded that DMSO used as a solvent
increased the oral toxicity of Benzethonium Chloride in both rats and mice.

Subcutaneous

Mason et al.**® subcutaneously injected 5 groups of 4 Fischer 344 rats with
varying doses of Benzethonium Chloride; the acute LDso, was 119.0 mg/kg.

Gall*?® tested Benzethonium Chloride for adjuvant activity with a purified
diphtheria toxoid. A 0.2 ml dose of 1 Lf in borate-succinate buffer was mixed with
0.1 mg Benzethonium Chloride, gently agitated for 1 hour on a turntable, and
then subcutaneously injected into the abdominal wall of 5 albino guinea pigs.
Twenty-eight days later, the animals received a second injection of the diphtheria
toxoid alone. Diphtheria antitoxin titers were measured by the guinea pig intra-
cutaneous method. Benzethonium Chloride was a moderately active adjuvant.
No mention was made of any specific toxic effects due to the administration of
Benzethonium Chloride alone.

Intraperitoneal

Finnegan and Dienna‘®® reported an intraperitoneal LDso, of 33.1 + 2.5 mg/
kg in male albino rats. Death usually occurred in 24 hours and was preceded by
severe depression.

The lowest intraperitoneal lethal doses in mice were 7.813**" and 8 mg/
kg.(l35)

Intravenous

The acute intravenous toxicity of Benzethonium Chloride in mice was stud-
ied by Arro and Salenstedt. **» Twofold dilutions of a 10 percent Benzethonium
Chloride solution were prepared, and 0.5 ml of each was injected into 5 mice.
Five control animals were administered the diluent, Parkers medium 199.
Observation continued for 14 days. The mean intravenous LDs, in 2 experiments
was 35 mg/kg.

The intravenous LDs, of Benzethonium Chloride in male albino rats was 19.1
+ 0.8 mg/kg. Most of the animals died within 10 minutes, although a few deaths
occurred after several hours. All deaths were preceded by severe depression.
Hematuria was noted in these animals immediately after dosing, but erythrocyte
numbers determined at 48 hours were only slightly lower than normal. ¢
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Intranasal

Benzethonium Chloride was tested in vitro and in vivo for activity against in-
fluenza A virus. **» Four mice under light ether anesthesia were inoculated intra-
nasally with 0.05 ml of a mixture of equal volumes of Benzethonium Chloride
and virus in saline. Deaths and the degree of lobar consolidation of the lungs
were recorded for the next 10 days. Benzethonium Chloride at a concentration
of 0.0125 percent completely inhibited influenza A virus (no deaths or lobar con-
solidation), and 0.00625 percent gave partial inhibition (no deaths but presence
of some lobar consolidation). These concentrations of Benzethonium Chloride
were above the toxic range for mice. Concentrations of Benzethonium Chloride
ranging from 0.25 to 4 percent were initially tested also but were toxic, causing
death with lobar consolidation similar to an influenzal pneumonia.

In the in vivo methods, lightly etherized mice were exposed to Benzetho-
nium Chloride preceding and following the test virus dose of 10 MLD. Prelimi-
nary doses were administered into the intranasal passage by means of a pasteur
pipet; however, subsequent doses were administered via a spray chamber. Five
mice were exposed to 2 percent Benzethonium Chloride for 9 minutes before
and ater the 10 minute virus dose. Five additional mice were exposed only to the
test virus dose (in the same chamber) as controls. This was repeated with 5 mice
exposed to 0.4 percent Benzethonium Chloride for 60 minutes before and after
the virus dose. In both cases, Benzethonium Chloride had no protective activity:
2 and 3 mice of the 2 percent Benzethonium Chloride group died on Days 6 and
7, respectively, whereas 2 and 3 of the 0.4 percent group died on Days 5 and 7,
respectively. Based on these results and those of a similar study on Sephiran and
pneumococcus, Benzethonium Chloride appears to be rapidly inactivated upon
contact with the lung.**»

Irritation

Topical

A percutaneous toxicity study was conducted by Finnegan and Dienna**” to
determine the local and systemic effects of Benzethonium Chloride and Methyl-
benzethonium Chloride. The hair of 12 healthy albino rabbits was clipped from
the back and sides over an area extending from the neck to the hind legs. Two
milliliters of a 0.1 percent solution of Benzethonium Chloride were applied to the
clipped area of the skin of 6 rabbits once daily, 5 days per week for 4 weeks. Simi-
larly, a 0.1 percent solution of Methylbenzethonium Chloride was applied to the
other 6 rabbits. The animals were closely watched for signs of irritation, but none
were observed during this period.

Groups of 3 male C57BL/6 mice (black mice) were given single doses of 8.75,
17.5, 35, 70, 140, and 280 mg/kg Benzethonium Chloride (in tricaprylin) by ap-
plication with a camel’s hair brush. A control group was painted with tricaprylin
alone. Severe local blistering occurred at the 2 highest doses, more moderate
local reactions occurred at the 70 and 35 mg/kg doses, and no visible reactions-
occurred at the 2 lowest doses. The mice had no immediate bleaching. Ten days
later, spotty depigmentation occurred at the site of painting in 2 of the mice of
the 140 mg/kg group. Hair exposed in vitro for 48 hours was not bleached by the
same concentrations of Benzethonium Chloride as used in this experiment. (:3®
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Ocular

Benzethonium Chloride and Methylbenzethonium Chloride were evaluated
for ocular irritancy by an “irritant threshold” test.**”’ The test solutions were in-
troduced into the conjunctival sac of the rabbit eye, and observations of edema,
erythema, and increased secretions were recorded for 1 hour. Five rabbits were
used at each concentration (not specified) within a selected significant range. The
threshold concentration, defined as the highest concentration not producing irri-
tation in 3 or more of the 5 test rabbits was determined for each compound. Ben-
zethonium Chloride and Methylbenzethonium Chloride were quite irritating,
with a threshold concentration of 0.03 percent.

A Draize eye irritation test was conducted on Benzethonium Chloride. Three
groups of 3 albino rabbits each received a 0.1 ml instillation of Benzethonium
Chloride in distilled water into the conjunctival sac of 1 eye; the other eye served
as the control. In the first group of 3 rabbits, the treated eye was not rinsed. The
treated eyes of the second and third groups were rinsed with 20 ml of lukewarm
water 2 and 4 seconds after instillation, respectively. Reactions were recorded at
24, 48, and 72 hours and 4 and 7 days following treatment or until such time as
all signs of irritation had disappeared. Benzethonium Chloride had a maximum
tolerated concentration, defined as that concentration at which no corneal or
iridic lesions are present at the seventh day reading, of 0.5 percent.**

In a subchronic eye irritation study, a 0.1 percent solution of Benzethonium
Chloride was instilled into the conjunctival sac of rabbit eyes 2 to 3 times per day
for 1 to 3 months. Only the superficial layers of the cornea and conjunctiva were
affected: the corneal epithelium was thick and rough, with slight vascularization
of the corneal stroma. The deep layers of the cornea and the intraocular tissues
were not damaged, as determined by slit lamp or microscopic examination. *4®

A cologne stick containing 0.5 percent Benzethonium Chloride was eval-
uated for ocular irritation in 3 rabbits. A 0.1 g sample of the cologne was instilled
into 1 eye of each rabbit; the other eye served as the control. Eyes were scored
according to Draize at 1 hour and daily thereafter for up to 7 days. The
highest daily scores for each rabbit were 4, 4, and 6 (max, 110); all eyes were nor-
mal by Days 4, 4, and 5, respectively. The cologne stick was minimally irritating
according to the Draize standard of classification. (>

Intracutaneous

An intracutaneous irritation study was conducted on four quaternaries, in-
cluding Benzethonium Chloride.*** Intracutaneous injections of 0.1 ml of serial
3-fold dilutions of each compound were administered to rabbits. Corresponding
dilutions of each compound, as well as the diluent (Parker's medium 199) alone,
were injected on the same side in the same rabbit, and 4 rabbits were used for
each of the 6 dilutions. Rabbits were observed daily for erythema and infiltration,
and observations were recorded on Days 1, 2, 4, 6, and 13. Numerical scores of
0, 1, 2, and 3 were given for no visible reaction, slight, moderate, and severe re-
actions, respectively. All inoculations with the diluent alone produced no skin re-
actions. A concentration of 1.0 percent Benzethonium Chloride produced a
reaction of grade 1 on Days 1.and 2, 3 on Days 6 and 13; 0.33 percent Benzetho-
nium Chloride produced a reaction of grade 0.5 on Day 1, 1 on Day 2, and 3 on
Days 6 and 13; 0.11 percent Benzethonium Chloride produced a reaction of
grade 0 on Day 1, 0.1 on Days 2, 6, and 13; 0.037 percent Benzethonium Chlo-
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ride produced a reaction of grade 0 on Days 1 and 6 and 0.5 on Days 2 and 13.

The investigators ranked the four compounds tested for relative toxicity. Ben-
zethonium Chloride received the score of 3 on a relative scale of 3:3:1:2. They
also commented that this test was not very sensitive, as similar scores were ob-
tained with all the 4 compounds tested, and they suggested that the rabbits could
be interfering with the results by scratching of the injection sites. *3

Vaginal

A contraceptive foam containing 0.2 percent Benzethonium Chloride pro-
duced no signs of vaginal mucosal irritation after 10 and 15 injections in rabbits
and dogs, respectively, over a 3-week period.*?®

In a test for the British Family Planning Association, a contraceptive foam
containing 0.2 percent Benzethonium Chloride was applied to the vaginas of 2
monkeys 5 times per week for 4 to 6 months. The monkeys had no signs of vag-
inal irritation. %)

Subchronic Toxicity
Oral

Oral doses of Benzethonium Chloride ranging from 1.13 to 35.58 mg/kg
were administered to both rats and rabbits. Little or no toxic effects were noted at
any dose except for the highest. Average body weight was reduced in rats receiv-
ing 35.58 mg/kg Benzethonium Chloride over a subchronic exposure period (ex-
perimental period unspecified). '3

Percutaneous

A percutaneous toxicity study was conducted on 0.1 percent solutions of
Benzethonium Chloride and Methylbenzethonium Chloride. The hair of 12 al-
bino rabbits was clipped from the back and sides over an area extending from the
neck to the hind legs. Two millilters of the Benzethonium Chloride solution were
applied to the clipped area of the skin of 6 rabbits once daily 5 days per week for
4 weeks. Similarly, 2 ml of the Methylbenzethonium Chloride solution were ap-
plied to the other 6 rabbits. The animals were observed for signs of systemic tox-
icity, including weight loss. At termination, all the animals were killed, and repre-
sentative tissues were examined microscopically. No systemic effects were noted
for either compound. *37

Subcutaneous

Sixty Fischer 344 rats were separated into 5 groups of 6, 12, 24, 12, and 6
with equal numbers of males and females, and administered twice-weekly subcu-
taneous injections of Benzethonium Chloride in saline for 4 weeks.**® The
doses of Benzethonium Chloride were separated by quarter- or half-log intervals.
The maximum tolerated dose (by repeated injections) was 3.0 mg/kg.

Groups of 8 C57BL/6 mice (black mice) were given subcutaneous injections
of Benzethonium Chloride (in tricaprylin) ranging from 17.5 to 180 mg/kg. The
maximum tolerated dose for repeated injection was 35 mg/kg. At injection sites
some large ulcers were found, and these healed within approximately 4 weeks.
In all of the mice receiving 70 mg/kg Benzethonium Chloride, depigmentation of
the fur near the site of injection was noted after 34 days. Five of the eight mice re-
ceiving 35 mg/kg had a similar spotty depigmentation. When the depigmented
fur was plucked, the new hair growth was also depigmented. (3®
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Chronic Toxicity

Oral

A 1-year chronic oral feeding study was conducted using 9 adult mongrel
dogs. “® Benzethonium Chloride was mixed with Purina dog chow meal to give
concentrations of 5, 100, and 500 ppm. Each diet was fed to 3 dogs for 1 year. All
animals appeared well and gained weight during the test period. Prior to the start
of the experiment and during the sixth and twelfth months, hemoglobin and
complete blood counts were determined; all values were within normal limits. At
termination, the dogs were necropsied, and the following organs were preserved
for histopathological examination: heart, liver, lungs, thyroid, stomach, small in-
testine, cecum, large intestine, spleen, pancreas, kidneys, adrenals, and gonads.
No gross or microscopic abnormalities were noted (Table 5).

A 2-year chronic oral feeding study was conducted using albino rats. > Ben-
zethonium Chloride was mixed with finely ground Purina dog chow meal to give
concentrations of 50, 200, 1000, 2500, and 5000 ppm. Sixty male and sixty fe-
male rats were divided into 12 groups of 10 (separated as to sex) and were indi-
vidually housed. One group of each sex was fed one of the diets, and one served
as the control group. Mortality was increased only at the 5000 ppm concentra-
tion between Weeks 10 and 30 in both males and females. Similarly, body
weights were not significantly reduced (p < 0.05) except at the 5000 ppm con-
centration during the first week. The erythrocyte and differential white blood cell
counts and the hemoglobin values taken during the 11th and 23rd months were
within normal limits. All rats dying on test (not autolyzed) and all survivors at ter-
mination were necropsied, and the following organs were preserved for histo-
pathological examination: heart, liver, lungs, thyroid, stomach, small intestine,
cecum, large intestine, spleen, pancreas, kidneys, adrenals, and gonads. Micro-
scopic examination was made on tissues from the survivors and those that died
just prior to termination. One male (of 6 examined) at the 2500 ppm level, and
two (of 3 examined) at the 500 ppm level had testicular atrophy. At the first ne-
cropsies, greatly distended ceca were observed in the higher dietary groups
(1000, 2500, and 5000 ppm). This condition became progressively worse with in-
creasing Benzethonium Chloride concentration and apparently occurred less
than a week after treatment initiation. Thinning of the cecal wall, but no other ab-
normalities, were found at microscopic examination (Table 5).

Chronic (experimental period unspecified) oral doses of Benzethonium
Chloride ranging from 1.13 to 35.58 mg/kg were administered to rats and rabbits.
Few, if any, toxic effects were observed at doses other than the highest. A reduc-
tion in average body weight was noted in rats receiving a dose of 35.58 mg/kg
Benzethonium Chloride**® (Table 5).

Subcutaneous

A T-year subcutaneous toxicity and carcinogenicity study was conducted on
Benzethonium Chloride.**® Groups of 20, 40, 60, and 80 Fischer 344 rats re-
ceived approximately 0.25 ml doses of 0.1, 0.3, 1.0, and 3.0 mg/kg Benzetho-
nium Chloride in saline, respectively, twice weekly for 52 weeks. Animals were
held for observation another 6 months after treatment. Three controls were used:
a vehicle control of twice weekly 0.25 ml saline injections (60 males and 60 fe-
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males), a negative control (60 males and 60 females), and a positive control using
predetermined fixed doses of nickel sulfide (80 males and 80 females). Toxicity
was determined by survival time, weight changes, and drug-related lesions. The
animals were necropsied either at 12 or 18 months, as planned, and tissues from
all spontaneous deaths, moribund rats, those rats with gross lesions or abnormal
organ weights, and randomly selected rats were examined microscopically. Mor-
tality for the first 12 months was only 1.5 percent, compared to 75 percent for the
positive control. Mortality of Benzethonium Chloride-treated rats at 18 months
was 7.5 percent, compared to 5.8 to 8.3 percent for the negative and vehicle con-
trols and 90 percent for the positive controls. Benzethonium Chloride, at the
highest dose, causes a 14 percent reduction in weight gain over 12 months com-
pared to untreated and vehicle controls. The rats recovered body weight slightly
by 18 months, with a reduction of 12 percent. Lower doses resulted in less reduc-
tions in body weight gains (Table 5).

Newborn Swiss mice were injected subcutaneously with 2 doses of Benze-
thonium Chloride, 1 set at 10 percent of the LDso (0.0034 mg) and 1 set at the ap-
proximate LDso (0.034 mg). A single injection was administered to each mouse in
groups of 50 males and 50 females per dose. A saline vehicle control group and
positive control groups of dibenz(a,h)anthracene (DBA) in both corn oil and
saline were used. Injections were made at the base of the tail, and the needle was
inserted along the hypodermal layer to the area of the neck and shoulders. The
entire mouse population was afflicted with a respiratory condition at 15 weeks,
causing some mortality. The animals were also treated with a DDT dust prepara-
tion at 15 and 19 weeks for sarcoptic mange mites. Animals were observed for 15
months and then sacrificed. Body weights were in the normal range. Females re-
ceiving the higher dose of Benzethonium Chloride had slightly decreased body
weights. No mortality trends were noted. However, the higher dose Benzetho-
nium Chloride group had more deaths than did the high dose DBA group. Sur-
vival did not appear to be correlated with compound administration. No com-
pound-related nonneoplastic lesions were noted at termination. An insignificant
number of tumors were found (except for injection site tumors in positive con-
trols) distributed among test and control groups. These were typical spontaneous
tumors in mice, and no correlation could be made between Benzethonium Chlo-
ride treatment and neoplasm formation**® (Table 5).

Teratogenesis

A series of studies designed to determine the teratogenic effect of Benzetho-
nium Chloride in rats were conducted by Gilman and DeSalva. **” Pregnant rats
were administered doses of Benzethonium Chloride up to 35.58 mg/kg per day
by gastric intubation on Days 6 through 15 of gestation. Animals were killed on
Day 20, and the fetuses were examined. The high dose (35.58 mg/kg per day) of
Benzethonium Chloride produced lower mean body weights and delayed ossifi-
cation. This finding was confirmed in a second study. No clinical manifestations
of skeletal deformity were observed in rat fertility, perinatal, and postnatal stud-

ies. The investigators concluded that delayed ossification was not an expression -

of skeletal teratogenic changes but was most likely related to maternal toxicity
~and secondarily to reduced fetal maturation.
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The Chemical Evaluation Committee (CEC) of the National Toxicology Pro-
gram (NTP) has recommended testing Benzethonium Chloride for reproductive
effects. (4

Mutagenesis

The Ames test with Salmonella typhimurium strains TA1535, TA1537,
TA1538, TA98, and TA100 was used to study the mutagenic potential of Benze-
thonium Chloride; assays were conducted both with and without rat liver S-9
fraction. Benzethonium Chloride, at a maximum dose of 100 nmol/plate (due to
bacterial toxicity), was nonmutagenic both with and without metabolic activa-
tion. (149

Benzethonium Chloride was nonmutagenic in the NTP mutagenicity testing
program using S. typhimurium. *59

Carcinogenesis

One hundred C57BL/6 male mice were injected subcutaneously in the groin
with 0.7 mg Benzethonium Chloride (in tricaprylin). Five weeks later, the injec-
tion sites were excised, minced in 6 ml of Ringer'’s solution, and pooled. The re-
sulting mix was injected subcutaneously into 25 C57BL/6 mice of the same age.
All animals were killed after 18 weeks and examined grossly and microscopically
for tumors. Positive dibenzo(a,i)pyrene and negative (tricaprylin) controls were
also subjected to the same treatment. No significant mortality was observed in
the Benzethonium Chloride-treated group. The injection sites had granulation
tissue and multiple granulomas with numerous giant cells. Scar tissue and numer-
ous cysts, lined by single layers of endotheliumlike cells or granulation tissue
with numerous giant cells, frequently contained cholesterol clefts. Some cysts
were filled with granular or reticular amorphous material. None of the fibroblasts
in this granulation and scar tissue had features suggestive of malignant transfor-
mation. Similar foreign body reactions were observed in the negative controls.
All of the mice receiving Benzethonium Chloride had local depigmentation of
the fur. However, depigmentation was not seen in any of the secondary hosts.
Benzethonium Chloride was not found to be carcinogenic under these test con-
ditions. 3

In another study, reportedly “the most sensitive system” for carcinogen detec-
tion, 0.35 mg Benzethonium Chloride were injected as a single dose into the tail
vein of each of 50 CF-1 and 50 A/Jax female mice. Twenty additional CF-1 female
mice were given 7 injections at monthly intervals. Positive dibenzo(a,i)pyrene
and negative (Ringer’s solution) controls were used for the single dose groups. All
mice were killed at 7 months. The lungs were inflated with formaldehyde and ex-
amined under a dissecting microscope for tumors visible on the lung surface.
Benzethonium Chloride did not induce a significant number of pulmonary tu-
mors when compared to controls. (39

In a cocarcinogen study, 50 C57BL/6 male mice were each injected subcuta-
neously with 12.5 ug dibenzo(a,i)pyrene (DBP) in tricaprylin. Twenty-four hours
and again 8 days later, 0.70 mg of Benzethonium Chloride was injected into the
same site. An additional series of Benzethonium Chloride at one-half the maxi-
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mum tolerated dose, 0.35 mg/mouse, was started approximately 6 weeks later.
This group received 0.35 mg Benzethonium Chloride 1, 8, and 15 days after the
injection of DBP. Positive (croton oil) and negative controls were used. All ani-
mals in the 0.70 mg group were killed at 29 weeks; those in the 0.35 mg group at
23 weeks. Tissues from all were examined microscopically for tumors; tumors
found were fibrosarcomas produced by DBP. Benzethonium Chloride was not
cocarcinogenic. However, the study was considered inconclusive due to the fact
that croton oil, the positive control, failed to have any cocarcinogenic action.
The investigator commented on the “significant” inhibiting effect of Benzetho-
nium Chloride upon tumor formation following the injection of DBP. Benzetho-
nium Chloride groups had 34.1 and 0 percent cumulative tumor incidence for
the high and low dose groups, respectively, compared to 48.8 and 52.0 percent
for the positive control (croton oil and DBP) and the DBP control. All mice re-
ceiving 0.7 mg Benzethonium Chloride and 97.4 percent of the 0.35 mg Benze-
thonium Chloride group had depigmented fur. 3

Newborn Swiss mice were injected subcutaneously with 2 doses of Benze-
thonium Chloride, a low dose (0.0034 mg) set at 0.1 of the LDso and a high dose
set at the approximate LDso, (0.034 mg). A single injection was administered to
each mouse of groups of 50 males and 50 females per test dose. Positive (DBA)
and vehicle (saline) control groups were used. Animals were observed for 15
months, killed, and tissues were examined microscopically. No compound-re-
lated nonneoplastic lesions were noted at termination. An insignificant number
of tumors was found distributed among the test and control groups (with the
exception of injection site tumors in positive controls). These were typical spon-
taneous tumors for mice, and no correlation could be made between Benzetho-
nium Chloride treatment and neoplasm formation. Under these study condi-
tions, Benzethonium Chloride was not a chemical carcinogen. %)

Weanling Swiss and Balb/c male and female mice were to be given multiple
injections of Benzethonium Chloride (concentration not given) either subcutane-
ously or intraperitoneally every 2 weeks for 20 injections. Difficulties ensued so
that only 15 to 16 injections were given. Animals were observed for 18 months.
Similar groups of mice were given a single injection of Benzethonium Chloride as
controls. A significant number of tumors did not occur in the treated mice as
compared to controls. Benzethonium Chloride was not carcinogenic in these
mice. (51

In a carcinogenicity study, groups of 20, 40, 60, and 80 (equal males and fe-
males) Fischer weanling rats were injected subcutaneously with 0.1, 0.3, 1.0, and
3.0 mg/kg Benzethonium Chloride in saline, respectively, twice weekly for 52
weeks. %9 Animals were held for observation another 6 months after treatment.
Positive (nickel sulfide), negative, and vehicle (saline) controls were used. All rats
were necropsied at the time of death or at the 18-month sacrifice and tissues
were examined microscopically for tumor formation. The treated rats had 26 sar-
comas at injection sites (13 percent) compared to 0 and 1 tumors in the vehicle
and negative controls (0 to 2 percent) and 90 percent incidence in the positive
controls. A high incidence of granulomatous reactions occurred at the sites of the
subcutaneous injection of Benzethonium Chloride, and these were dose related.
The tumors were principally fibrosarcomas; none metastasized, but some did
grow to a large size. This type of induced neoplasm has been described as arising
from mesenchymal cells in the area of repeated irritation. Based on the incidence
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of dose-related tumors at the injection sites, Benzethonium Chloride should be
classified as a weak carcinogen under the classification system of Grasso and Gol-
berg.** Clayson,*** however, regards the induction of localized sarcomas in
mice upon repeated subcutaneous injection of test solutions as “notoriously un-
reliable as an indicator of carcinogenicity.” Furthermore, he considers “the results
of individual experiments as extremely variable.”

A 2-year chronic oral feeding study was conducted using albino rats. ¢ Ben-
zethonium Chloride was mixed in the diet to give concentrations of 0, 50, 200,
1000, 2500, and 5000 ppm. One group of 10 males and one of 10 females were
fed each dietary concentration. Rats that died and those killed at termination
were necropsied and tissues were examined microscopically. Three mammary
gland fibroadenomas were found; none occurred in the 2 highest dose groups.
The investigators commented that this tumor occurrence of 6.5 percent was low
for rats of that age. One subcutaneous reticulum cell sarcoma was found in a
male of the 200 ppm group after 53 weeks, but the occurrence of this tumor was
unrelated to treatment because no such tumors were found in higher dose
groups over a longer period of time.

The Chemical Evaluation Committee of the NTP has recommended Benze-
thonium Chloride for carcinogenicity testing. *5®

CLINICAL ASSESSMENT OF SAFETY

Irritation and Sensitization

An occlusive patch containing 0.1 ml of a 5 percent aqueous Benzethonium
Chloride solution was applied to the upper back of each of 100 volunteer white
males. Patches were removed after 48 hours, and the sites were evaluated 0, 1,
24, 48, and 72 hours later. Fifty-one of the 100 subjects had irritant reactions, de-
fined as “redness without vesiculation or infiltration, declining in intensity 24
hours after removal, nonitching, and not spreading beyond the patch.” In doubt-
ful cases, the patches were repeated on the forearms. The investigators noted that
Benzethonium Chloride is a known irritant, not a sensitizer**® (Table 6).

In clinical studies designed to determine the antiseptic properties of Benze-
thonium Chloride, observations were made on skin sensitivity or other toxic re-
actions. The conditions of the test conformed to hospital preoperative skin prepa-
ration procedures. The abdominal skin of each patient was first scrubbed with a
tincture of green soap and water, cleansed with alcohol, and then painted with
either an aqueous solution of Benzethonium Chloride (0.2 percent) or a tincture
of Benzethonium Chloride (0.2 percent) on one side only. Three hundred obstet-
ric deliveries and 100 surgical cases were evaluated. The skin of each patient was
carefully observed for several days after treatment; no evidence of irritation, des-
guamation, or other reactions was noted. A tincture of Benzethonium Chloride
was further studied to determine the effect of heat and sweating on its antiseptic
properties. Both thighs of 10 patients were painted with the Benzethonium Chlo-
ride tincture and a heat cradle was placed over 1 thigh of each for 22 hours. No
irritation or rise in bacterial count was noted**® (Table 6).

An aerosol antiperspirant and a deodorant, each containing 0.12 percent
Benzethonium Chloride, were evaluated in a repeated insult patch test for irrita-
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tion and sensitization.**¢**" Each product (full strength) was applied using a
24-hour occlusive patch on 50 human subjects. Each site was examined at the
time of patch removal and graded on a scale of 0 to 4, representing no response
to a severe response. Patches were applied Monday through Thursday for 2
weeks, followed by a 2-week rest period and a challenge patch application to the
same area in the fifth week of the study. Challenge patches were removed after
24 hours, and the sites treated with the aeorsol antiperspirant were examined at
removal and after 24, 48, and 96 hours. Sites treated with the deodorant were ex-
amined 10 minutes, 24, 48, and 72 hours after removal of the patches. All 50 sub-
jects in each test had no reactions during the induction or challenge phases. The
investigators concluded that, under these test conditions, neither product was a
primary irritant, fatiguing agent, or sensitizer in any of the subjects. They also pre-
dicted with 95 percent certainty that 92.89 percent of a general population
would not be sensitized by these products (Table 6).

A hydrocortisone-containing aerosol foam with 0.1 percent Benzethonium
Chloride was tested clinically for symptomatic control in 98 patients with derma-
tological disorders. These consisted of contact dermatitis (70), pruritis ani (14),
neurodermatitis (6), and miscellaneous disorders (8). In most cases, the aerosol
was applied every 2 hours for an average time of 6 days. With the exception of 1
case of slight stinging with the first appication in a patient with pruritis, no other
side effects were reported **® (Table 6).

A skin cleanser containing 0.5 percent Methylbenzethonium Chloride was
tested for skin irritation in 18 human subjects.***> A patch containing a 0.1 ml
dose of the cleanser was applied to the volar surface of the forearm or inner as-
pect of the arm. A comparable product was used as a control. Reactions were
graded 2 and 24 hours after patch removal on a scale of 0 to 4, representing no
response to a severe response. All 18 panelists had no reactions. Type of patch,
application, and duration of application were unspecified. The control product
was also nonirritating (Table 6).

A skin irritation and allergic contact sensitization test was conducted to eval-
uate a cleanser containing 0.5 percent Methylbenzethonium Chloride.*¢®
Twenty-four hour occlusive patches were applied to the backs of 100 panelists
(96 females, 4 males). Each patch contained a 0.1 ml dose of the full-strength
cleanser, and applications were made every Monday, Wednesday, and Friday at
the same site for 3 consecutive weeks. Responses were scored on a scale of 0 to 4
just prior to applications 2 through 9 and the next test date after application 9.
Following a 2-week nontreatment period, a 24-hour challenge patch was applied
to a previously unpatched site, and reactions were scored 24 and 48 hours after
removal. Any subjects with reactions at challenge indicative of possible induced
sensitization were retested 1 week later. This follow-up testing consisted of occlu-
sive patches with the cleanser full-strength and in a 1:3 dilution, and an example
of exaggerated use in which the cleanser was applied full-strength to the flex area
of the arm 3 times daily for 5 days. A total of 10 reactions were observed in 7 sub-
jects during the induction phase: 5 barely perceptible and 5 mild. Six subjects
had a total of 10 reactions at challenge, 4 of whom had no reactions during in-
duction. The reactions observed were mild (1+) or barely perceptible, and 3 of
these subjects were selected for rechallenge. All 3 subjects gave no response 24,
48, and 72 hours after the full strength and diluted patch applications. One sub-
ject had a mild reaction on Day 3 of the 5-day exaggerated use test. However,
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this subject had been vigorously rubbing the “abrasive cleanser” onto her arm,
causing noticeable abrasions considered irritant in nature. The majority of reac-
tions during induction and challenge were apparently due to this same grain
pressure effect. This reactivity was not confirmed in the 3 rechallenged subjects.
Under these test conditions, the cleanser had no potential for inducing sensitiza-
tion (Table 6).

Fisher*¢V reported that Benzethonium Chloride is rarely a sensitizer to either
skin or oral membranes. Topical oral application may produce allergic sensitization.

Case Reports

Three cases of Benzethonium Chloride sensitization have been reported. A
laborer using Benzethonium Chloride and benzalkonium chloride applied topi-
cally as disinfectants for many years developed a contact dermatitis. On patch
testing, he was sensitive to both compounds in dilutions of 1:100,000.%* A
23-year-old woman acquired a severe edematous, pruritic, vulvar and perivulvar
eruption after using a hygiene spray containing Benzethonium Chloride for 1
month. This was superimposed upon a seborrheic dermatitis in the inguinal area.
A 1:1000 aqueous solution of both Benzethonium Chloride and benzalkonium
chloride produced a strongly positive reaction in this patient. A 29-year-old man
developed penile and scrotal dermatitis after each act of sexual intercourse with
a woman who used a spray containing Benzethonium Chloride. This man also
gave strongly positive reactions to patch tests with 1:1000 aqueous solutions of
Benzethonium Chloride and benzalkonium chloride.**® Fisher suggests that in-
dividuals may have cross sensitization reactions to Benzethonium Chloride and
benzalkonium chloride.

Irritation — Ocular, Vaginal, Oral, and Otic

Benzethonium Chloride is used as a preservative in ophthalmic preparations.
Over a period of 5 years, various wetting agents, including Benzethonium Chlo-
ride, were administered to “hundreds” of patients at an eye clinic. Instillations
varied from a single administration to 2 to 4 times daily for periods up to 3 years.
The cornea were examined by slitlamp, and patients were questioned regarding
irritation. Solutions of 0.1 percent administered as a single 0.50 ml drop into the
conjunctival sac of volunteers produced conjunctival reactions consisting of
hyperemia, edema, and thickening and reduced transparency of the superficial
layers associated with dilation of capillaries. Other effects noted were profuse
lacrimation, enlargement of deeper-lying vessels in some cases, and frequently,
desquamation of the conjunctival epithelium. Corneal lesions developed 10 min-
utes after instillation. Solutions of approximately 0.03 to 0.04 percent instilled 3
to 4 times daily for 2 to 8 weeks produced similar but much less severe corneal
reactions. In most cases, recovery time was 12 hours or less. The investigator re-
ported that individuals had varied responses to these solutions but that the mini-
mal concentrations producing irritation were greater than those found therapeu-
tically effective. Surface activity, pH variation, and osmotic pressure were cited
as possible causes of irritation. Frequent or prolonged administration greatly in-
creased the severity of the irritation. ***

Benzethonium Chloride has been added to several ophthalmic solutions
used to reduce intraocular pressure. A carbostyril derivative containing 0.1 mg
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Benzethonium Chloride was placed in the eye of a person with secondary glau-
coma, and no irritation was reported. (*** Bupranolol solutions (35 ul of 1 percent
or 0.5 percent) containing 0.01 g Benzethonium Chloride were instilled in 1 eye
of each of 12 normal humans and 30 patients with either ocular hypertension or
primary open-angle glaucoma. The other eye of the 12 served as controls,
whereas the other eye of the 30 received a placebo instillation. No side effects
were reported. Similarly, 10 patients received 4 times daily instillations of the 1
percent Bupranolol solution for 6 months. Two of the patients also received a 1
percent pilocarpine solution. No side effects were reported, with the exception
of a stinging sensation at the time of instillation and lasting for several seconds. At
the end of 6 months, no change in isopters or abnormalities in tear secretions
were found. ¢

In a review of Benzethonium Chloride as a preservative in ophthalmic prepa-
rations, the Ophthalmic Panel of the FDA OTC Drug Review Program found Ben-
zethonium Chloride satisfactory as a preservative at maximum concentrations of
0.01 percent for preparations used directly in the eye and 0.02 percent for prepa-
rations not for direct use in the eye.""

A number of studies have been conducted on a vaginal aerosol foam contra-
ceptive containing 0.2 percent Benzethonium Chloride and 8.0 percent nonyl
phenoxypolyethoxyethanol in an oil in water dispersion. One hundred thirty
women of childbearing age used the foam over an average period of 20.4 months
(1 to 57 months), and no clinical evidence of irritation, sensitization, or other ab-
normalities resulted. **>> Sobrero "¢’ encountered no reports of burning, itching,
irritation, or unfavorable reactions by husbands to the foam in postcoital tests
with 22 women. He also found that daily vaginal injections in 12 volunteer
women over approximately 3 weeks produced no evidence of irritation by in-
spection or papanicolaou smear. In another study, 142 couples used the foam for
a month or more; 1 couple discontinued the test because of urethal irritation in
the wife.*?® Six percent (15 of 247) of the volunteers in a trial of the foam com-
plained of postcoital irritation.**” A study was conducted involving 2932
women who used the foam over an average period of 270 days (1076 used the
foam for 1 year or more). Of the 1994 women who discontinued the study, 107
did so because of vaginal irritation and 17 discontinued because of irritation of
the genitalia of the male partner. There were no reports of severe local reac-
tion**® (Table 7).

A 3-year trial of a spermicidal cap containing 4.5 mg Benzethonium Chloride
and 39.0 mg nonoxynol 9 was conducted with 326 couples, of which 230 cou-
ples completed the test. Average use was 14 months. Mild redness, burning, and
local irritation occurred in 18 couples (5.5 percent) and caused one couple to
discontinue the test. Variation in vaginal pH and inflammatory changes were not
of clinical significance. No evidence of neoplastic changes was found in cells of
the portio or of the vagina in cytologic preparations obtained from these
areas. %

In a study of odor changes following the intravaginal administration of a sup-
pository containing 0.4 mg Methylbenzethonium Chloride to 10 women, no vag-
inal irritation was reported.*”®

Numerous clinical studies have been conducted to determine the effect of
antimicrobial formulations containing Benzethonium Chloride on the onset of
caries, calculus, and gingival inflammation. Benzethonium Chloride generally re-
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duced plaque accumulation but had no significant effect on gingivitis. No signs of
oral mucosal irritation were reported. (°8:99:101.103)

In several studies otic solutions containing approximately 0.02 percent Ben-
zethonium Chloride were used both prophylactically and in the treatment of
otitis externa. Drops were instilled in the ears of a total of 1282 humans as fre-
quently as 4 times daily and for periods up to 16 days. No irritation or other toxic
effects were reported. 717179

SUMMARY

Benzethonium Chloride and Methylbenzethonium Chloride are synthetic
quaternary ammonium salts occurring as colorless to white, slightly odorous, and
bitter tasting monohydrate crystals. Both compounds are soluble in water, the
lower alcohols, glycols, ether, and benzene. The exact methods of manufacture
of these compounds are proprietary. Commercial preparations contain a large
number of functional groups and impurities that contribute to the physicochemi-
cal properties of the product. Analytical procedures for the detection and quanti-
fication of Benzethonium Chloride and Methylbenzethonium Chloride are
numerous, and most depend on the formation of a relatively stable ion-pair com-
plex.

Benzethonium Chloride and Methylbenzethonium Chloride are relatively
stable compounds. Their reactivity is determined for the most part by their cati-
onic properties. They are inactivated by and adsorbed onto a variety of sub-
stances.

Benzethonium Chloride and Methylbenzethonium Chloride are used in cos-
metics primarily as preservatives and secondarily as cationic surfactants, usually
at concentrations below 1 percent. In 1981, Benzethonium Chloride and Methyl-
benzethonium Chloride were used in 93 and 33 formulations, respectively. Cos-
metic products containing these compounds may contact all external body sur-
faces and hair, as well as ocular and vaginal mucosae. Frequency and length of
application could result in continuous exposure. Benzethonium Chloride and
Methylbenzethonium Chloride also are used widely in industry and in pharma-
ceuticals and are indirect food additives (limited to use as preservatives in
adhesives).

Benzethonium Chloride and Methylbenzethonium Chloride have been ex-
tensively used and studied as antimicrobials. Controversy surrounds the scope of
their microbial spectrum and their inactivation by a large number of materials.
They are considered more bactericidal than fungicidal, and their antimicrobial
activity has been credited generally to their ability to disrupt permeability of cell
membranes. Benzethonium Chloride and Methylbenzethonium Chloride cause
additional cytolytic injury by protein denaturation, by oxidation and enzyme in-
hibition, by effects on activating ions, and by interference with growth and repro-
duction. Tissue effects of Benzethonium Chloride include weakened activity of
cilia of mucosal cells of the isolated trachea of the mouse and inhibition of
smooth muscle contraction in rabbit ileum.

Fur depigmentation was noted in black mice either receiving Benzethonium
Chloride injections or painted with the compound.
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In acute toxicity studies, Benzethonium Chloride was moderately to slightly
toxic when administered orally or intraperitoneally and mildly toxic to mice
treated intranasally with concentrations of 0.25 to 4 percent. The subcutaneous
LDso for Benzethonium Chloride was 119.0 mg/kg in rats and the intravenous
LDso was 35 and 19.1 mg/kg in mice and rats, respectively.

Benzethonium Chloride and Methylbenzethonium Chloride were both irri-
tating to the rabbit eye at concentrations greater than 0.03 percent. Additionally,
Benzethonium Chloride produced ocular irritation in rabbits at a concentration
of 0.1 percent and gave a maximum tolerated concentration (no corneal or iridic
lesions at 7 days) of 0.5 percent. A cologne stick containing 0.5 percent Benze-
thonium Chloride was minimally irritating to rabbit eyes.

Both Benzethonium Chloride and Methylbenzethonium Chloride were non-
irritating when applied topically (0.1 percent) to the skin of rabbits, although
mice had local reactions to the moderate and high doses (35 to 280 mg/kg) of
Benzethonium Chloride in a skin-painting study. Benzethonium Chloride was
slightly irritating when administered intracutaneously to rabbits and nonirritating
in tests of vaginal contraceptives with rabbits, dogs, and monkeys.

In subchronic studies, little or no toxic effects were found when Benzetho-
nium Chloride was administered orally or percutaneously. Methylbenzethonium
Chloride was also nontoxic when administered percutaneously. The maximum
tolerated dose of Benzethonium Chloride administered subcutaneously was 3.0
and 35 mg/kg in rats and mice, respectively.

Chronic oral studies were also generally negative for toxic effects due to Ben-
zethonium Chloride except for a slight increase in mortality and reduced body
weight in rats at the high dietary concentration (5000 ppm) in one study. Greatly
enlarged ceca were also noted in this latter study. In 1 of 2 chronic subcutaneous
studies on Benzethonium Chloride, reduced weight gain was found at the high
dose only, and a 13 percent incidence of sarcomas at injection sites was dose re-
lated.

Placental transport of Benzethonium Chloride was variable and inconsistent.
Some delayed ossification was noted in fetuses. However, this change was attrib-
uted to maternal toxicity and only secondarily to reduced fetal maturation.

Benzethonium Chloride was nonmutagenic in a microbial sensor system and
in the Ames test both with and without metabolic activation. No evidence of car-
cinogenicity of Benzethonium Chloride was found in 6 studies with mice and
rats. However, in a seventh study, Benzethonium Chloride was classified as a
weak carcinogen in rats due to a high incidence (13 percent) of compound-re-
lated tumors at injection sites. Benzethonium Chloride was not cocarcinogenic
in combination with 3,4,9,10-dibenzpyrene (DBP) in mice, and in fact had a sig-
nificant inhibiting effect upon tumor formation following injection of DBP,

In clinical studies, Benzethonium Chloride produced mild skin irritation at 5
percent and at lower concentrations produced no irritation. An aerosol antiper-
spirant and a deodorant, each containing 0.12 percent Benzethonium Chloride,
produced no irritation or sensitization reactions when tested in human volun-
teers. Two skin cleansers, each containing 0.5 percent Methylbenzethonium
Chloride, were tested for irritation, and irritation and sensitization, respectively.
No irritation resulted from use of the first cleanser; irritant reactions caused by
the second were apparently due to the “abrasive” nature of the cleanser, and no
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sensitization was noted with either product. Three cases of Benzethonium Chlo-
ride sensitization have been documented.

Benzethonium Chloride is used as a preservative in ophthalmic preparations
with maximum concentrations of 0.1 percent for use directly in the eye and 0.02
percent for use not directly in the eye. In various clinical uses of ophthalmic wet-
ting agents containing Benzethonium Chloride, individuals varied in their irritant
response to these solutions, although a general dose-response was seen. Increas-
ing irritation was observed at concentrations greater than those found antibacte-
rially effective.

In numerous studies of a vaginal aerosol foam contraceptive containing 0.2
percent Benzethonium Chloride, no irritation was found in 3 and no sensitiza-
tion in 1. In others 0.7, 4, and 6 percent irritation were reported. Methylbenze-
thonium Chloride produced no vaginal irritation when used in a suppository.
Benzethonium Chloride (4.5 mg) in a spermicidal cap produced mild irritation in
5.5 percent of the test population after an average use period of 14 months. No
neoplastic changes were found in cells of the portio or vagina of these women.

No signs of oral mucosal irritation were noted in studies with antimicrobial
formulations containing Benzethonium Chloride. Also, no irritation or toxic ef-
fects were produced by otic solutions containing Benzethonium Chloride.

DISCUSSION

Benzethonium Chloride and Methylbenzethonium Chloride are weak anti-
microbial agents. They can be irritating to the skin at concentrations of 5 percent
or greater. However, at the concentrations used in cosmetics, neither compound
produces significant irritation. These compounds have been reported to be ocu-
lar and vaginal irritants. In one study, fur depigmentation was noted in black
mice upon subcutaneous injection or topical application of Benzethonium Chlo-
ride.

CONCLUSION

On the basis of the available animal and clinical data, the Expert Panel con-
cludes that Benzethonium Chloride and Methylbenzethonium Chloride are safe
at concentrations of 0.5 percent in cosmetics applied to the skin. A maximum
concentration of 0.02 is safe for cosmetics used in the eye area.
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