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ABSTRACT 

The CIR Expert Panel assessed the safety of dicarboxylic acids and their salts and esters as used in cosmetics.  
Most dicarboxylic acids function in cosmetics as pH adjusters or fragrance ingredients.  The functions of most of 
the salts are not reported.  Some of the esters function as skin conditioning or fragrance ingredients, plasticizers, 
solvents, or emollients.  The Expert Panel noted gaps in the available safety data for some of the dicarboxylic acid 
and their salts and esters in this safety assessment.  The available data on many of the ingredients are sufficient, 
however, and similar structural activity relationships, biologic functions, and cosmetic product usage, suggest that 
the available data may be extrapolated to support the safety of the entire group.  The Panel concluded that the 
ingredients named in this report are safe in the present practices of use and concentration.   

INTRODUCTION  

This safety assessment includes sebacic acid and other alkyl α,ω-dicarboxylic acids, and their salts, monoesters and 

diesters as used in cosmetics.  The dicarboxylic acids are terminally functionalized straight alkyl chains characterized by a 

separation between the acid functional groups of one to 10 carbons (1 carbon = malonic acid; 2 carbons = succinic acid; 3 

carbons = glutaric acid; 4 carbons = adipic acid; 5-6 carbons = no representative cosmetic ingredients; 7 carbons = azelaic 

acid; 8 carbons = sebacic acid; 9 carbons = no representative cosmetic ingredients; and 10 carbons = dodecanedioic acid).  

The simple alkyl di-esters are the result of the condensation of alkyl dicarboxylic acids and two equivalents of alkyl alcohols.  

These ingredients can be metabolized via hydrolysis back to the parent alcohol, the mono-ester, and the parent dicarboxylic 

acid (Figure 1).  The simple alkyl esters (mono- and di-) of these dicarboxylic acids have straight or branched side chains 

ranging in length from one to 18 carbons.  Throughout this report, the data are presented by order of acid chain length (i.e., 

beginning with malonic acid and ending with dodecanedioic acid; beginning with dimethyl malate and ending with diisocetyl 

dodecanedioate).  

This report presents available information pertinent to the safety of 56 cosmetic ingredients in two groups, first, the 

12 alkyl dicarboxylic acids/salts and, second, the 44 corresponding esters (mono- and di-).  The alkyl dicarboxylic acids and 

salts include:  

malonic acid 
succinic acid 
sodium succinate 
disodium succinate 
glutaric acid 
adipic acid 
 

azelaic acid 
dipotassium azelate 
disodium azelate 
sebacic acid 
disodium sebacate 
dodecanedioic acid. 

 

The esters include: 

diethyl malonate 
decyl succinate 
dimethyl succinate 
diethyl succinate 
dicapryl succinate 
dicetearyl succinate 
diisobutyl succinate 
diethylhexyl succinate 
dimethyl glutarate 
diisobutyl glutarate 
diisostearyl glutarate 
dimethyl adipate 
diethyl adipate 
 dipropyl adipate 
dibutyl adipate 

dihexyl adipate 
dicapryl adipate 
di-C12-15 alkyl adipate 
ditridecyl adipate 
dicetyl adipate 
diisopropyl adipate 
diisobutyl adipate 
diethylhexyl adipate 
 diisooctyl adipate 
diisononyl adipate 
diisodecyl adipate 
dihexyldecyl adipate 
diheptylundecyl adipate 
dioctyldodecyl adipate 
diisocetyl adipate 

diisostearyl adipate 
isostearyl sebacate 
diethyl sebacate 
dibutyl sebacate 
dicaprylyl/capryl sebacate 
diisopropyl sebacate 
diethylhexyl sebacate 
dibutyloctyl sebacate 
diisooctyl sebacate 
dihexyldecyl sebacate 
dioctyldodecyl sebacate 
diisostearyl sebacate 
dioctyldodecyl dodecanedioate 
diisocetyl dodecanedioate
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 The structures and functions of these ingredients are presented in Table 1. 

A safety assessment of diethylhexyl adipate (often inaccurately named dioctyl adipate)1 and diisopropyl adipate was 

published in 1984 with the conclusion that these ingredients are safe as used in cosmetics.2  The safety of these ingredients 

was reviewed and confirmed in 20053 and 2006.4  Additionally, dibutyl adipate was originally reviewed in 1996, and at that 

time the available data were found insufficient to support the safety of dibutyl adipate in cosmetic formulations.  When re-

reviewed in 2006, additional data were made available to address the data needs identified by the CIR Expert Panel, and an 

amended conclusion was issued stating that dibutyl adipate is safe for use in cosmetic formulations.5  

The acids and their salts included in this report function in cosmetics as pH-adjusters, and the esters function as 

fragrance ingredients, plasticizers, skin-conditioning agents or solvents and corrosion inhibitors.  

 

CHEMISTRY  

Definition, Structure and Manufacture 

The CAS numbers, definitions, structures and functions for the alkyl dicarboxylic acid, salt and ester ingredients 

included in this report are given in Table 1. 

Alkyl Dicarboxylic Acids 

While many of the alkyl dicarboxylic acids are present in natural products, commercial production of these acids has 

historically occurred via alkali pyrolysis of lipids.6  For example, when castor oil (a lipid which is comprised of approximately 

84% ricinoleic acid-sidechain bearing triglycerides) is pyrolyzed with sodium hydroxide, some of the major products are 

sebacic acid and 2-octanol (Figure 2).6  Sodium and potassium salts of the alkyl dicarboxylic acids are readily prepared via 

addition to the appropriate stoichiometric equivalent(s) of sodium hydroxide or potassium hydroxide, respectively. 

Some of the ingredients in this assessment are tallow derivatives.  The CIR accepts the Food and Drug 

Administration (FDA) determination (21 CFR 700.27(a)), that tallow derivatives are not prohibited cattle materials and may 

be used in cosmetics. . 

Malonic Acid (C3) 

Malonic acid, first prepared by malic acid oxidation, is commonly manufactured by more recent methods including 

the ozonolysis of cyclopentadiene or the air oxidation of 1,3-propanediol.7 

Succinic Acid (C4) 

Succinic acid is an intermediate of the citric acid cycle and is found in almost all plant and animals cells, although at 

very low concentrations.8  Succinic acid is commonly produced synthetically by catalytic (e.g., nickel or palladium catalyst) 

hydrogenation of maleic anhydride.  

Glutaric (C5) and Adipic(C6) Acids 

Although glutaric acid is often encountered in nature, adipic acid is not commonly encountered in nature.  Glutaric 

and adipic acids were first synthesized by oxidation of castor oil with nitric acid.  However, adipic acid is now more common-

ly manufactured by oxidation of cyclohexane, cyclohexanol, or cyclohexanone, and glutaric acid may be manufactured by 

ozonolysis of cyclopentene.9 

Azelaic Acid (C9) 

Azelaic acid, first detected in rancid fats, was originally produced via nitric acid oxidation of oleic acid. 10  Azelaic 

acid is a naturally-occurring dicarboxylic acid that can be found in dietary sources, such as whole grains.11  Azelaic acid is 

commonly manufactured by oxidative cleavage of oleic acid (obtained from grease or tallow) with chromic acid, nitric acid or 
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by ozonolysis.10,7 

Sebacic Acid (C10) 

Sebacic acid was originally isolated from distillation products of beef tallow.  More recently, however, sebacic acid 

has been manufactured via alkali pyrolysis of castor oil, as mentioned above and drawn in Figure 2, or by alkali pyrolysis of 

ricinoleic acid.12,7 

Dodecanedioic Acid (C12)  

Dodecanedioic acid can be manufactured by fermentation of long-chain alkanes with a specific strain of Candida 

tropicalis.13  Another method of manufacture involves the nitric acid oxidation of a mixture of cyclododecanone and 

cyclododecanol.7 

Alkyl Dicarboxylic Acid Esters 

The alkyl dicarboxylic acids are easily esterified with the appropriate alcohol, with our without acid or metal catalyst 

(Fischer esterification).9  For example, diethylhexyl adipate can be manufactured from adipic acid and ethylhexanol with an 

acid catalyst (Figure 3). 

Diethyl Malonate 

Malonic acid esters can be produced either by cobalt-catalyzed alkoxycarbonylation of chloroacetates with carbon 

monoxide in the presence of the appropriate alcohol, or by hydrolysis of cyanoacetic acid followed by esterification with the 

respective alcohol.14  Diethyl malonate is prepared from chloroacetic acid and sodium cyanide followed by esterification with 

ethanol and sulfuric acid.15 

Diisopropyl Adipate  

Diisopropyl adipate is produced by esterification of adipic acid with an excess of isopropanol.  The excess alcohol is 

removed by vacuum stripping and the ester is then alkali-refined and filtered.2 

Dibutyl Adipate 

Adipic acid is esterified with butyl alcohol by a continuous distillation process.16 

Diethylhexyl Adipate 

Diethylhexyl adipate can be prepared by the reaction of adipic acid and 2-ethylhexanol in the presence of an esterifi-

cation catalyst such as sulfuric acid or para-toluenesulfonic acid (Figure 3).17  Purification of the reaction product includes 

removal of the catalyst, alkali refining, and stripping.2 

Alkyl Succinates 

 Succinic anhydride reacts readily with alcohols to give monoesters of succinic acid (e.g., decyl succinate from 

decanol), which are readily further esterified to the diesters by Fischer methods.7  Dimethyl succinate can be produced from 

methanol and succinic anhydride or succinic acid, or by hydrogenation of dimethyl maleate.  Diethyl succinate can be 

prepared by the same methods (from ethanol or diethyl maleate). 

Physical and Chemical Properties 

Tables 2a lists physical and chemical properties of the dicarboxylic acids and salts and Table 2b lists the properties 

of the esters.  Charts 1, 2, and 3 demonstrate the relationship between molecular weight and the log octanol – water 

partitioning coefficient. 

Dicarboxylic Acids - General 

The alkyl dicarboxylic acids vary considerably in their physical properties.  The shorter chain (malonic, succinic, and 

glutaric) members are crystalline solids, very water-soluble, and have limited solubility in organic solvents.  As the chain 
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length increases through adipic to dodecanedioic, water solubility decreases sharply (although still soluble in hot water).  In 

other words, the water solubility of these acids is inversely proportional to their chain length.  There is a marked alternation in 

melting point with changes in carbon number from even to odd.7  Odd members (e.g., malonic acid and glutaric acid) exhibit 

lower melting points and higher solubility than even carbon number alkyl dicarboxylic acids (e.g., succinic acid and adipic 

acid).  These alternating effects are believed to be the result of the inability of odd carbon number compounds to assume an 

in-plane orientation of both carboxyl groups with respect to the hydrocarbon chain.   

Dicarboxylic acids react with Brønsted-Lowry bases (e.g., sodium hydroxide) to form carboxylate salts (e.g., sodium 

succinate or disodium succinate).  Dicarboxylic acids also react with alcohols to give mono- and di-esters, such as those in 

this report.  

Esters 

The diesters, in contrast to the free acids, are much more lipid soluble and more difficult to dissolve in water.  The 

mono-esters, by definition, are hybrids of the acids and diesters, but their physical properties are much more closely related to 

the diesters.  

The short-chain alkyl (i.e., methyl, isopropyl, and butyl) mono- and diesters are more soluble in water, less lipo-

philic, and relatively more volatile than the corresponding longer-chain alkyl (i.e., C8-C13 alcohol) esters.18  Most esters with 

molecular weights greater than 340 have boiling points greater than 300°C and are relatively non-volatile and lipophilic (log 

Kow >7).  

Analytical Methods 

Succinic Acid 

Methods used to analyze succinic acid include acidimetric titration for acidity; comparison with platinum-cobalt (Pt-

Co) standard calibrated solutions for color; oxidation with potassium permanganate for detection of unsaturated compounds; 

atomic absorption or plasma spectroscopy for metals; and titration with silver nitrate or barium chloride for chloride or sulfate 

detection, respectively.7  Small concentrations of succinic acid can be detected by common instrumentation such as gas/liquid 

chromatography and polarography.  

Adipic Acid 

Adipic acid can be extracted from a water sample and analyzed by gas chromatography/mass spectrometry.17 

Sebacic Acid  

Gas chromatography can be used to identify sebacic acid in air.19 

Diisopropyl Adipate and Diethylhexyl AdipateDiisopropyl adipate and diethylhexyl adipate can be identified 

through standard infrared (IR) spectroscopy.  Gas-liquid chromatography (GLC), liquid-liquid extraction, mass spectrometry, 

and high-pressure liquid chromatography (HPLC) are also methods of analysis for the adipates.2 

Impurities 

Diethyl Malonate 

Diethyl malonate is a colorless organic liquid with an ester like odor.14  The purity is typically > 99 %.  Impurities 

from the production process include ethanol (ca. 0.1 % w/w), ethyl acetate (ca. 0.05 % w/w), and ethyl methyl malonate (ca. 

0.05 % w/w).  

Dibutyl Adipate 

Impurities are generally not found due to the manufacturing process, but available data demonstrate that arsenic 

levels are below a detection limit of 1 ppm, heavy metals (as lead) are below a detection limit of 10 ppm, and sulfated ash is 
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below a detection limit of 0.1%.16 

Diisopropyl Adipate and Diethylhexyl Adipate 

Diisopropyl adipate and diethylhexyl adipate are considered stable; however, hydrolysis of the ester groupings may 

occur in the presence of aqueous acids or bases.  No known impurities occur in either diisopropyl adipate or diethylhexyl 

adipate, although the acid values imply the presence of adipic acid or of the monoester in both.2 

Diethylhexyl adipate is commercially available with the following specifications: purity – 99 to 99.9%; acidity – 0.25 

µg/100g max; moisture – 0.05 to 0.10% max.17 

Diisopropyl Sebacate 

A supplier reported that the expected impurities in diisopropyl sebacate are the starting material sebacic acid, <0.3%, 

and isopropyl alcohol, <0.2%.20 

Ultraviolet Absorption 

The ingredients included in this review would not be expected to have any meaningful ultraviolet (UV) absorption.  

Except for the acid and ester functional groups, these ingredients do not possess any conjugated π-bonds or non-bonding 

electrons.  The π-bonds and non-bonding electrons in the acid and ester functional groups are not part of any conjugated 

systems.  Accordingly, the likelihood of any of these ingredients to absorb light within the UVA-UVB spectrum, at a 

detectable molar absorptivity, is extremely low.  As such, no UVA-UVB absorption data were found. 

USE 

Cosmetic 

The ingredients included in this safety assessment have a variety of functions in cosmetics.21  The majority of the 

dicarboxylic acids function in cosmetics as pH adjusters or fragrance ingredients.  The functions of most of the salts are not 

reported, but it is stated that sodium succinate functions as a buffering agent or pH adjuster.  For the esters, some of the 

common functions include skin conditioning agents, fragrance ingredients, plasticizers, solvents, and emollients.  The 

functions of all ingredients are listed in Table 1. 

 Six of the 12 dicarboxylic acids and their salts and 24 of the 44 esters included in this safety assessment are reported 

to be used in cosmetic formulations.  The frequency of use of the acids and salts, as supplied to the FDA by industry in 2010 

as part of the Voluntary Cosmetic Registration Program (VCRP),22 and the concentration of use, as supplied by industry in 

response to Personal Care Products Council (Council) surveys in 200923 and 2010,24,25  are found in Table 3a.  The frequency 

and concentration of use of the esters, with the exception of dibutyl, diisopropyl, and diethylhexyl adipate, which have 

previously been reviewed, are found in Table 3b.  The 2010 and historical use data for the 3 previously reviewed esters are 

found in Table 3c.  The 6 acids and salts and 20 esters not currently reported to be used are listed in Table 3d. 

For the dicarboxylic acids and their salts, disodium succinate has the greatest number of reported uses, with a total of 

45.  The acid with the highest concentration of use is succinic acid, with a use concentration up to 26%; use at this 

concentration is in a bath product that will be diluted for use.  The highest leave-on concentration is 0.4% disodium succinate, 

with dermal contact exposure. 

For the esters, diisopropyl adipate has the greatest number of uses, with 70 reported.  The highest concentration of 

use is for dimethyl glutarate, 15% in a dermal rinse-off product.  The ingredients with the highest leave-on use concentrations, 

which are all dermal contact exposures, are diethylhexyl adipate, 14%, diisostearyl adipate, 10%, and diisopropyl sebacate, 

10%. 

Some of the ingredients are applied around the eye, can possibly be ingested, or involve mucous membrane expo-
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sure, and some are used in underarm deodorants.  None are reported to be used in baby products. 

Dicapryl and diethylhexyl succinate, dibutyl, dicapryl, diisopropyl, diisobutyl, and diethylhexyl adipate, diisopropyl, 

diethylhexyl, and dioctyldodecyl sebacate, and dioctyldodecyl and diisocetyl dodecanedioate are used in hair sprays, and 

effects on the lungs that may be induced by aerosolized products containing this ingredient, are of concern. 

The aerosol properties that determine deposition in the respiratory system are particle size and density.  The para-

meter most closely associated with deposition is the aerodynamic diameter, da, defined as the diameter of a sphere of unit 

density possessing the same terminal settling velocity as the particle in question.  In humans, particles with an aerodynamic 

diameter of ≤ 10µm are respirable.  Particles with a da from 0.1 – 10 µm settle in the upper respiratory tract and particles with 

a da < 0.1 µm settle in the lower respiratory tract.26,27 

Particle diameters of 60-80 µm and ≥80 µm have been reported for anhydrous hair sprays and pump hairsprays, 

respectively.28  In practice, aerosols should have at least 99% of their particle diameters in the 10 – 110 µm range and the 

mean particle diameter in a typical aerosol spray has been reported as ~38 µm.29  Therefore, most aerosol particles are 

deposited in the nasopharyngeal region and are not respirable. 

The dicarboxylic acids and their salts and esters are in the European Union (EU) inventory of cosmetic ingredients.30 

Non-Cosmetic 

Many of the dicarboxylic acids, their salts, and their esters are used in foods as direct or indirect food additives.  The 

alkyl dicarboxylic acids are unusually versatile because of their two carboxyl groups.9  This enables many additional types of 

useful reactions, particularly the manufacture of polymers (e.g., nylon).  The most common uses include functions as plastici-

zers, lubricants and building blocks in the manufacture of polyesters, polyamides and other plastics.  The alkyl dicarboxylic 

acid salts are used to synthesize cyclic ketones, including commercially used macrocyclic musk compounds.31  The diesters 

have widespread use as lubricants, plasticizers, and solvents.32 

Malonic Acid 

Malonic acid is a useful intermediate in the manufacture of barbiturates.33 

Succinic Acid  

Succinic acid is listed by the FDA as a food additive that is Generally Recognized as Safe (GRAS).34  Succinic acid 

is also utilized in detergents, pigments, toners, cement additives, soldering fluxes and as an intermediate in the synthesis of a 

number of pharmaceutical products.7 

Adipic Acid 

Adipic acid is listed as a GRAS food additive by the FDA.35  Adipic acid has several industrial uses in the produc-

tion of adhesives, plasticizers, gelatinizing agents, hydraulic fluids, lubricants, emollients, polyurethane foams, leather tan-

ning, and urethane.7  However, the bulk of the industrial production of adipic acid is driven by its usefulness in the manufac-

ture of nylon-6,6 (in combination with 1,6-hexanediamine). 

Azelaic Acid 

FDA has approved azelaic acid for use in treating acne and rosacea. A skin cream containing 20% (w/w) azelaic acid 

is indicated for the topical treatment of mild-to-moderate inflammatory acne vulgaris,36 and a gel containing 15% azelaic acid 

is approved for treating rosacea.37 These drugs are available by prescription only. (As a reference point, azelaic acid is 

reported to be used in cosmetics at 0.3% in leave-on and 10% in rinse-off formulations that have dermal exposure.25) 

Azelaic acid is used in the manufacture of plasticizers, lubricants, and greases.  Azelaic acid was identified as a 

molecule that accumulated at elevated levels in some parts of plants and was shown to be able to enhance the resistance of 
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plants to infections.38  

Sebacic Acid 

Sebacic acid was widely used in the U.S. as an aromatic in food before 1973.39 

Sebacic acid is used in resorbable polymer systems that deliver chemotherapeutic agents (e.g. cisplatin, carboplatin) 

that are implanted at the site of tumors to provide for sustained release of the drugs.40  Sebacic acid and its derivatives have a 

variety of industrial uses as plasticizers, lubricants, diffusion pump oils, candles and as intermediates in the synthesis of 

polyamides and various alkyd resins.7 

Dodecanedioic Acid 

Dodecanedioic acid is used in the production of nylon (nylon-6,12), polyamides, coatings, adhesives, greases, 

polyesters, dyestuffs, detergents, flame retardants, and fragrances.41  

Diethyl Malonate 

 Diethyl malonate finds great utility as the starting material in Malonic Ester Synthesis, a classic organic chemistry 

reaction wherein a very wide variety of esters can be synthesized.31 

Diisobutyl Adipate 

Diisobutyl adipate is considered by FDA to be a Prior-Sanctioned Food Ingredients, Plasticizer.(21 CFR § 181.27). 

Diethylhexyl Adipate 

Diethylhexyl adipate is used as a plasticizer for polyvinyl chloride (PVC) plastics.42 

Diethyl Sebacate 

Diethyl sebacate was widely used in the U.S. as an aromatic in food before 1973.39 

Dibutyl Sebacate 

Dibutyl sebacate is a component of PVC.43 

 

DICARBOXYLIC ACIDS AND THEIR SALTS  

GENERAL BIOLOGY  

Absorption, Distribution, Metabolism, and Excretion 

Dicarboxylic acids are natural metabolic products of the ω-oxidation of monocarboxylic acids when the β-oxidation 

of free fatty acids is impaired.44  Under normal physiological conditions, dicarboxylic acids are rapidly β-oxidized, resulting 

in very low cellular concentrations and practically non-detectable concentrations in the plasma.45  Medium-chain dicarboxylic 

acids (up to 12 carbon atoms) are β-oxidized in mitochondria and peroxisomes.  Oxidation of odd- and even-numbered chains 

proceeds to different end points.  Odd-chain dicarboxylic acids are β-oxidized, giving acetyl Co-A and malonic acid (C3).  

Oxidation can then go no further, and malonic acid is the starter of fatty acid synthesis.  Even-chain carboxylic acids are com-

pletely oxidized and produce succinyl-CoA, a gluconeogenic substrate, as an intermediate metabolite.  Dicarboxylic acids are 

more polar than their esters, therefore they will diffuse less readily through normal cell membranes.46 

Malonic Acid 

Malonic acid can be activated to malonyl-CoA and undergoes decarboxylation to acetyl-CoA by various mammalian 

tissues.14 

Adipic Acid 

(The studies on adipic acid summarized in this section were performed between 1919 and 1960 and were described 

in a summary document.47) 
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Non-Human 
Adipic acid metabolism was studied using fasted male albino rats.47  In one study, in which the rats were given a 

single oral dose, by gavage, with 50 mg radioactive adipic acid (labeled on C1 or C2), 70% of the radioactivity was exhaled 

as carbon dioxide in 24 h.  Adipic acid and the metabolites urea, glutamic acid, lactic acid, β-ketoadipic acid, and citric acid, 

were recovered in the urine.  Very little radioactivity was found in the tissues.  Fasted male rats were also given a single dose 

of a solution containing 50 mg radioactive adipic acid (labeled on C1), by gavage, in conjunction with the intraperitoneal 

(i.p.) injection of 2 ml of 0.5 M sodium malonate.  After 24 h, both radioactive adipic acid and succinic acid were found in the 

urine, which the researchers stated was an indication that adipic acid underwent β-oxidation.  In a study in which rats were fed 

25 mg radioactive adipic acid (labeled on C1) and 100 mg γ-phenyl-α-aminobutyric acid, followed by a 48-h urine collection, 

it was determined that acetate is a metabolite of adipic acid.  Finally, rats were given radioactive sodium bicarbonate with 

non-radioactive adipic acid.  Radioactive citric acid was formed, which suggested that carbon dioxide interacted with a 

metabolite of adipic acid.  (Details not specified.) 

Two rats were dosed orally by gavage with 2.43 g/kg partially neutralized adipic acid for 28 days.  In the urine, 67% 

of the dose was recovered unchanged.  There was no change in excretion pattern over time during the study. 

Rabbits were dosed orally by gavage (n=4) or by intravenous (i.v.) administration (n=2) with 2.43 g/kg partially 

neutralized adipic acid for 2 days.  Following oral administration, 53-61% of the dose was recovered unchanged in the urine.  

With i.v. administration, 59-71% was recovered unchanged in the urine.  In another study using rabbits, animals were given a 

subcutaneous (s.c.) dose of 2000 mg adipic acid; 3 rabbits were given a single dose, one was dosed on days 1 and 5, and one 

was dosed on days 1, 5, 9, 13, and 15.  On average, 61% of the dose was recovered unchanged in the urine.  There was an 

increase in urinary oxalic acid concentrations. 

A female dog was fed either 150 mg/kg bw adipic acid (in 2 feedings) for 5 days or 750 mg/kg bw (in 2 feedings) for 

7 days.  In the urine, 18% and 63.6% of the low and high doses, respectively, were recovered unchanged. 

Rabbits (number not stated) were given up to 4 s.c. injections of ≤2000 mg sodium adipate.48  An average of 61% of 

the dose was recovered unchanged in the urine.  Oxalic acid was increased in the urine. 

Human 
In a study in which one subject was given 33 mg/kg bw sodium adipate, orally, for 5 days (10 g total), 6.76% of the 

dose was recovered in the urine.  In another study in which one person was given 100 mg/kg bw adipic acid for 10 days (70 g 

total), 61% of the dose was recovered in the urine.  Administration of 19.0 g adipic acid over 5 days or 23.4 g over 6 or 9 

days (1 subject per dose) resulted in 53% of the administered dose recovered in the urine. 

C9 to C12 Dicarboxylic Acids 

Non-Human 
Groups of 30 male Wistar rats were dosed orally, by gavage, with azelaic (C9), sebacic (C10), undecanedioic (C11), 

or dodecanedioic (C12) acid.49  Ten rats in each group were dosed with 20, 50, or 100 mg of the respective acid.  Blood, 

urine, and feces from the treated rats were analyzed and compared to the blank control obtained from untreated rats.  (None of 

the C9-C12 acids were found in the blank controls.)  In urine, approximately 2.5% of azelaic, 2.1% of sebacic, 1.8% of unde-

canedioic, and 1.6% of dodecanedioic acid was recovered after 5 days; the amount recovered was not affected by dosage.  

The dicarboxylic acids were not excreted in conjugated form.  None of the C9-C12 dicarboxylic acids were recovered in the 

feces.  In the plasma, dicarboxylic acid catabolites that were 2-, 4-, or 6-carbons shorter than the corresponding dicarboxylic 

acid were detected. 
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Human 
Groups of 3 male and 2 female subjects were also dosed with azelaic, sebacic, undecanedioic, or dodecanedioic acid 

orally, in gelatin capsules, once a wk for 5 wks.49  The dose administered increased each week, from 0.5 g at wk 1 to 5.0 g at 

wk 5.  None of the C9-C12 acids were found in the blank control samples of blood, urine, and feces obtained from non-treated 

humans.  In urine, approximately 60% of azelaic, 17% of sebacic, 5% of undecanedioic, and 0.1% of dodecanedioic acid was 

recovered after 12 h; the amount recovered was not affected by dosage.  At 24 h, the amounts recovered were not much 

increased.  Initially, undecanedioic and dodecanedioic acid administration raised the urinary pH to a value of 7.4-8.5; the pH 

returned to normal within 3-6 h.  The dicarboxylic acids were not excreted in conjugated form.  None of the C9-C12 

dicarboxylic acids were recovered in the feces.  In the plasma, dicarboxylic acid catabolites that were 2-, 4-, or 6-carbons 

shorter than the corresponding dicarboxylic acid were detected.  Plasma levels of azelaic acid peaked at 2 h, while the levels 

of the other three acids peaked at 3 h. Recovery in the plasma was greatest for azelaic acid, 74.6 µg/ml with the 5 g dose, and 

the amount detected decreased with increasing chain length. 

Azelaic Acid 

Azelaic acid is a dietary constituent found in whole grain cereals and animal products.50  It can be formed endoge-

nously from longer-chain dicarboxylic acids, metabolism of oleic acid, and ψ-oxidation of monocarboxylic acids.51  Endoge-

nous plasma concentration and daily urinary excretion of azelaic acid are highly dependent on dietary intake.  Azelaic acid 

crosses the blood-brain barrier.52 

A group of 25 male Wistar rats were dosed orally, by gavage, with 100 µCi of [1,9-14C]azelaic acid, and the animals 

were killed at various intervals 1-96 h after dosing.49  After 12 and 48 h, 13 and 14.5% of the radioactivity was found in 

expired carbon dioxide, respectively.  Approximately 40% of the radioactivity was recovered in the urine over 5 days.  The 

C7 and C5 dicarboxylic acid metabolites were found in the urine up to 72 h after dosing.  Very little was recovered in the 

feces.  Labeled dicarboxylic acids were present in the blood for up to 72 h, and consisted mainly of dicarboxylic acid metabo-

lites.  Radioactivity was found in all tissues, with the highest levels present in the liver, lungs, and kidneys after 12 h.  Tissue 

radioactivity levels then decreased slowly in all organs except adipose tissue, in which case increasing levels were still seen at 

96 h.  Approximately 90% of the radioactivity found in the tissues was present in the lipids, and it was essentially localized in 

the fatty acid portion of the triglycerides and of the phospholipids.  Traces of C9, C5, and C7 dicarboxylic acids were 

detected in the first 24 h. 

Sebacic Acid 

Sebacic acid is oxidized to water and carbon dioxide, passing through acetyl-CoA and succinyl-CoA formation.53 

Disodium Sebacate 

Non-Human 
Disodium sebacate, 80 and 160 mg  with 25 µCi of (1,10) [14C]sebacic acid tracer, was administered by a single  i.v. 

injection to 14 male Wistar rats, and blood samples were obtained at various intervals 5-320 min after dosing.53  The plasma 

half-life of radioactive disodium sebacate was 37.86 and 39.82 min for the 80 and 160 mg dose groups, respectively.  The 

apparent volume of distribution was 2.65 ml/100 g body wt. 

In a second experiment, a group of 4 male Wistar rats were given a single dose 160 mg disodium sebacate with 25 

µCi sebacic acid tracer by i.v. injection, and expired carbon dioxide, urine, and feces were collected.  The carbon dioxide 

half-life for radioactive sebacate was 93.64 min; 25% of the administered dose was expired in carbon dioxide.  A total of 

34.6% of sebacate was recovered in the urine in 24 h, while 5.08% suberic acid (C8) was recovered in the same time frame.  
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Most of the excretion occurred in the first 4 h.  Radioactivity was not found in the feces. 

In the third experiment, groups of 10 male Wistar rats were also given 160 mg disodium sebacate with 25 µCi 

sebacic acid tracer by i.v. injection, and the animals were sacrificed at various intervals from 30-360 min after dosing.  The 

amount of radioactivity in various organs was analyzed.  No appreciable radioactivity was found in the body.  Sebacate 

appeared to be in an absorption phase in fat 1 h after dosing, but no radioactivity was found in the body after 24 h. 

The pharmacokinetics of disodium sebacate was studied in male and female Wistar rats.54  Sebacate was admini-

stered either i.p., 6 doses of 10-320 mg, or orally, 2 doses of  80 or 60 mg. Plasma concentrations of sebacate and urinary 

concentrations of sebacate and its products of β-oxidation (suberic and adipic acids) were measured using GLC/mass spec-

trometry.  Both renal and non-renal elimination parameters were obtained. The sebacate half-life was 31.5 min.  The tissue 

elimination rate was 0.0122 min-1, and the overall volume of distribution was 26.817 ml/100 g.  The renal clearance was 

0.291 ml/min/100 g, which was much less than the value of the glomerular filtration rate (GFR) of approximately 1 

ml/min/100g reported elsewhere, suggesting the presence of sebacate reabsorption from the ultrafiltrate.  Sebacate renal 

clearance was found to be a concentration-independent function, suggesting the presence of a passive back-diffusion.  The 

relative bioavailability of the oral route compared to the i.p. route was 69.09%, showing an extensive absorption of the 

compound. 

Human 
The metabolism and excretion of disodium sebacate was studied in 7 fasting male subjects that were given a continu-

ous steady infusion of 20 g unlabeled disodium sebacate over 480 min.55  At 240 min into the infusion, (1,10)[C14]sebacic 

acid was infused simultaneously as a tracer (sp. act. 0.416 µCi/min).  The was a gradual increase in the amount of radioacti-

vity expired in carbon dioxide for the first 300 min; the value remained elevated for an additional 120 min before declining.  

At 24 h, 11.38 mmol sebacate was recovered in the urine, as well as 2.04 mmol suberic acid and 1.11 mmol adipic acid, 

which was less than 15% of the dose administered.  The serum concentration of unlabeled sebacate reached a plateau after 

270 min of infusion.  Ten to 15% of serum radioactivity was found in the aq. fraction of serum extracts.  The renal clearance 

rate was 5.67 ml/min.  The overall tissue uptake of unlabeled sebacate was 180 µmol/min, and the apparent distribution 

volume was 12.46 l.  The percent oxidation of sebacate was 6.14%. 

The pharmacokinetic profile of disodium sebacate during a short-time infusion (5 h at 10 g/h) was also studied in 7 

male subjects.56  Sebacate in serum and urine was measured by HPLC. The apparent volume of distribution of sebacate was 

8.39 l, and the plasma fractional removal rate constant was 0.0086 min-1. 

Six male subjects were given a single i.v. bolus of 1 g disodium sebacate, while another 6 received 10 g of sebacate 

in 500 ml of distilled water, i.v., at a rate of 3.33 g/h over 3 h.57  For the group given a bolus dose, the distribution phase had a 

short half-life, 0.34 h, and a rapid elimination, 2.045 h-1.  For the group given the 3 h infusion, 12% of the dose was excreted 

as sebacic acid in 24 h; suberic acid (C8) and adipic acid were also present in the urine. 

Dodecanedioic Acid 

A group of 25 male Wistar rats were dosed orally, by gavage, with 100 µCi of [10,11-3H]dodecanedioic acid, and 

the animals were killed at various intervals 1-96 h after dosing.49  Approximately 50% of the radioactivity was recovered in 

the urine over 5 days.  The C10, C8, and C6 dicarboxylic acid metabolites were found up to 72 h after dosing.  Only 2% of 

the radioactivity was recovered in the feces.  Labeled dicarboxylic acids were present in the blood for up to 72 h, and 

consisted mainly of dicarboxylic acid metabolites.  Radioactivity was found in all tissues, with the highest levels present in the 

liver, lungs, and kidneys after 24 h.  Tissue radioactivity levels then decreased slowly in all organs except adipose tissue, in 
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which case an increase in radioactivity was still seen at 96 h.  Radioactivity levels were 20-40% lower in the lipid extracts of 

the tissues than in the residual matter.  3H was distributed in the whole molecule, not only the fatty acid portion, of the 

phospholipid and triglyceride fractions.  Traces of C12, C10, C8, and C6 dicarboxylic acids were detected in the first 24 h. 

Male Wistar rats were given an i.v. bolus of 800 µmol/kg disodium dodecanedioic acid.58  The apparent volume of 

distribution was 0.248 l/kg, and the plasma half-life was 12.47 min.  The renal clearance was 0.00051 l/kg/min, while 

systemic clearance was 0.0138 l/kg/min.  Only 3-5% of the dose was recovered in the urine. 

Percutaneous Absorption 

Azelaic Acid 

Vehicle affects the absorption of azelaic acid.46  After a 12 h period, absorption from a 15% azelaic gel was 8%, 

while absorption from a water-soluble polyethylene glycol ointment base was only 3%.  (Species and details not given.) 

The in vitro percutaneous absorption of a 15% azelaic acid gel through human skin, prior to or after the application 

of three different moisturizer formulations, was determined.59  All doses were applied as 5 µl/cm2.  The second dose was 

applied 15 min after the first.  [14C]Azelaic acid had a finite dose absorption profile, with a rise to peak penetration followed 

by a slow but steady decline.  In vitro, 70% of the azelaic acid diffused into the reservoir solution over 48 h.  The application 

of a moisturizer, and whether it was applied prior to or following azelaic acid administration, did not have a statistically 

significant effect on the penetration of azelaic acid.  However, there was a trend toward greater percutaneous penetration and 

mass distribution with the application of a moisturizer lotion prior to the azelaic acid gel. 

The percutaneous absorption of azelaic acid was determined using 6 male subjects.  A total of 5 g of a cream 

containing 20% azelaic acid was applied to the face (1 g), chest (2 g) and upper back (2 g) of each subject, giving an area 

dose of approx 5 mg cream/cm2 skin.  The test areas were covered 1 h after dosing with cotton tissues, and washed 24 h after 

dosing.  After 1 wk, 100 ml of an aq. microcrystalline suspension containing 1 g azelaic acid was given orally to each subject.  

Urinary excretion of unchanged azelaic acid was measured after each dose.  Following dermal application, 1.29% of the dose 

was recovered unchanged in the urine in 24 h, and a total of 2.2% was recovered by day 3.  Following oral administration, 

61.2% of the dose was recovered within 4 h; excretion was complete at this point.  Assuming similar rates and pathways in 

biotransformation following both routes of exposure, percutaneous absorption of azelaic acid was determined to be 3.6% of 

the dermally applied dose.60 

Peroxisome Proliferation 

Adipic Acid 

The effect of adipic acid on hepatic peroxisome proliferation was evaluated in an in vivo study in which 4 male F344 

rats were fed chow containing 2% adipic acid dissolved in alcohol.61  After 3 wks of dosing, the animals were killed.  Adipic 

acid did not induce peroxisome proliferation and did not affect relative liver to body weights. 

Cellular Effects 

Dicarboxylic acids have a cytotoxic effect on the abnormally hyperactive and malignant epidermal melanocytes.  

Dicarboxylic acids, C8to C13, have been shown to inhibit mitochondrial oxidoreductases,62 and they have been shown to 

reversibly inhibit microsomal NADPH and cytochrome P450 reductase.63  Medium chain length dicarboxylic acids are also 

competitive inhibitors of tyrosinase in vitro.  

Adipic Acid 

The effect of adipic acid on primary keratinocyte cultures was evaluated using epidermal cells from neonatal NMRI 

mice.64  Concentrations of ≤30 mM did not inhibit 3H-thymidine incorporation or affect DNA synthesis, while 40 and 50 mM 
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inhibited both of these parameters.  No effect on labeling indices was observed with 1-30 mM adipic acid. 

Azelaic Acid 

Azelaic acid, a naturally occurring competitive inhibitor of tyrosinase, has a cytotoxic effect on malignant melano-

cytes .65  Azelaic acid is also a competitive inhibitor of a number of oxidoreductive enzymes, enzymes involved in DNA 

synthesis, and of oxidoreductases of the respiratory chain.66  It has been reported that, in vitro, azelaic acid has time- and 

dose-dependent, reversible, and anti-proliferative and cytotoxic effects on a number of tumoral cell lines.  Azelaic acid had no 

effect on normal cell lines. 

Disodium Azelate 

Disodium azelate inhibited cell proliferation and affected viability of Cloudman and Harding-Passey murine melano-

mata at concentrations ≥10-2 M when incubated over a 3 day period.62  The mitochondria were the prime target of action. 

The effect of disodium azelate on primary keratinocyte cultures was evaluated using epidermal cells from neonatal 

NMRI mice.64  A dose-dependent inhibition of 3H-thymidine incorporation into DNA, ranging from 50% inhibition with 20 

mM to 90% inhibition with 50 mM disodium azelate, was observed following a 12 h incubation period.  Concentrations of 1 

and 10 mM did not affect DNA synthesis, but a marked reduction was seen with 20-50 mM.  The effects on DNA synthesis 

were time-dependent, with the maximum inhibitory effect observed at 4 h; this effect was reversible.  RNA and protein syn-

thesis were also inhibited during the first 4 h of incubation with 50 mM disodium azelate.  Cellular structure was altered upon 

incubation with disodium azelate, primarily affecting mitochondria, and the rough endoplasmic reticulum.  These effects were 

also reversible. 

Dodecanedioic Acid 

The disodium salt of dodecanedioic acid inhibited cell proliferation and affected viability of Cloudman and Harding-

Passey murine melanomata at concentrations ≥10-2 M, when incubated over a 3 day period.62  The mitochondria were the 

prime target of action. 

ANIMAL TOXICOLOGY  

Acute Toxicity 

The acute oral, dermal, inhalation and parenteral toxicity of the dicarboxylic acids and some of the salts are sum-

marized in Table 4.47,67-72  The oral LD50 values of the dicarboxylic acids had a wide range, for example, adipic acid had 

values for rats ranging from 940 mg/kg to greater than the highest dose tested (11,000 mg/kg).  Most reported values for the 

acids were >200 mg/kg.  The reported dermal LD50 values ranged from >6000 mg/kg dodecanedioic acid to >10,000 mg/kg 

glutaric acid. 

Short-Term Oral Toxicity 

Adipic Acid 

Groups of 6 male Sprague-Dawley rats were dosed orally (method not specified) with 3600-5600 mg/kg bw adipic 

acid as an 18.6-24.9% solution in saline for 14 days.47  Three animals of the 3600 mg/kg bw group, 5 of the 4000 mg/kg bw 

group, and all of the 4500-5600 mg/kg bw groups died prior to study termination.  Signs of toxicity included depressed 

activity, labored respiration, ataxia, and convulsions.  No gross findings were noted at necropsy at study termination. 

Groups of 5 rats were dosed with 0 or 3000 mg/kg bw of a neutralized 20% adipic acid solution orally, by gavage, 

for 4 wks.  A non-significant decrease in body weight gain was observed.  In a 4 wk study in which a group of 3 rats was 

dosed orally, by gavage, with 2400 mg/kg bw adipic acid, no significant toxicological effects were noted. 

In a 4-wk dietary study in which groups of 17-20 female rats were fed 0-40 mg/day (0-435 mg/kg bw/day) adipic 
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acid, no effects were reported.  The no-observable adverse effect level (NOAEL) was >435 mg/kg bw/day.  In a 5-wk dietary 

study in which groups of 15-18 male rats were fed 0-800 mg/day (0-13,333 mg/kg bw bw/day) decreased body weight gains, 

an unkempt appearance, and diarrhea were observed for the animals fed 800 mg/day the first 3 wks. In another 5-wk dietary 

study in which groups of 4 rats, gender not specified, were fed 100 or 200 mg/day (310-922 mg/kg bw/day) of a 20% adipic 

acid solution in ethanol, 5 days/wk, no signs of toxicity were observed. 

Ten rats were dosed orally, method not specified, with 199 mg/day (638-1332 mg/kg bw/day) sodium adipate, 5 

days/wk for 9 wks. No toxicological effects were observed. 

A group of 5 guinea pigs, gender not specified, were dosed orally using capsules with 400 mg/day (682-942 mg/kg 

bw/day) adipic acid for 5 days, followed by dosing with 600 mg/day (1032-1739 mg/kg bw/day), 5 days/wk for 5 wks.  No 

signs of toxicity were observed. 

No toxicity was observed in a study in which pigs were fed 1% adipic acid in the diet for 7 days.  

Short-Term Inhalation Toxicity 

Adipic Acid 

Mice, gender and number per group not specified, were exposed to 460 mg/m3 adipic acid dust for 1.5 mos.47  

(Details of exposure were not specified.)  Decreased weight gain, altered oxidase activity, and upper respiratory tract, liver, 

kidney, and central nervous system effects were observed.  (Details were not given.) 

Two male and 2 female rats were exposed to 126 mg/m3 adipic acid dust for 15 days, 6 h/day.  No signs of toxicity 

were observed, and no gross or microscopic findings were noted at necropsy. 

Subchronic Oral Toxicity 

Sodium Succinate 

The oral toxicity of sodium succinate was evaluated using F344 rats.71  Groups of 10 males and 10 females were 

given 0, 0.3, 0.6, 1.25, 2.5, 5 or 10% sodium succinate in the drinking water for 13 wks.  All animals were killed at the 

termination of dosing.  Body weight gains of animals of the 10% group were significantly decreased, and all animals of this 

group died by wk 4.  These animals were extremely emaciated; however, no compound-related microscopic lesions were 

found.  Body weight gains were decreased in animals given ≥2.5% sodium succinate, as compared to controls.  No toxicologi-

cal treatment-related effects were observed. 

Glutaric Acid 

Groups of 15 male and 15 female Sprague Dawley rats were fed a diet containing 0-2% glutaric acid  for 90-days.68  

Body weight gains were decreased for males and statistically significantly decreased for females of the 2% group.  No differ-

ences were noted between test and control animals in hematology, clinical chemistry, or urinalysis.  There were no micro-

scopic findings or organ weight changes attributable to the test substance.  There was no treatment-related mortality.  The 

NOAEL was ≥1%, and the LOAEL was 2% glutaric acid. 

Four male and 4 female Beagle dogs were fed a diet containing 0-5% glutaric acid for 90 days.  Decreased body 

weights, accompanied by reduced feed consumption, were observed for the males and females of the 5% group and females of 

the 3% group.  No other treatment-related effects were observed.  The NOAEL was ≥2% and the LOAEL was 3%. 

Adipic Acid 

Groups of 8-10 male rats were given 0, 420, 840, 1700, or 3400 mg/kg bw/day sodium adipate for 19 wks in a 

protein deficient diet.70  Animals were killed after either 7 wks or at study termination.  For unexplained reasons, only 5-7 

animals/group survived until study termination.  Rats of the 3400 mg/kg bw/day group had decreased body weight gains and 
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decreased body weights.  (Statistical significance not stated.)  Slight effects were seen in the liver, and the NOAEL was 3333 

mg/kg bw. 

Adipic/Glutaric/Succinic Acid Mixture 

Groups of 15 male and 15 female rats were dosed orally, by gavage, for 90 days with 0-30% of a mixture that con-

tained 4% adipic, 16% glutaric, and 5% succinic acid.68  The vehicle was deionized water, and the dosing volume was 10 

ml/kg.  Two males and 1 female of the 30% group died, and the deaths were considered dose-related.  Also in this group, 

body weights were reduced for males and females, and feed consumption was statistically significantly reduced in males.  An 

increased incidence of labored breathing and rales was noted.  The urine pH was statistically significantly reduced in both 

males and females dosed with 30% of the mixture.  In the 10% group, body weight gains were slightly, but not statistically 

significantly, reduced in females and feed consumption was statistically significantly reduced in males. The NOAEL was 3% 

and the LOAEL was 10%. 

Subchronic Inhalation Toxicity 

Adipic Acid 

Mice, gender and number per group not specified, were exposed to 13 or 129 mg/m3 adipic acid for 4 mos.47  

(Details of exposure were not specified.)  Decreased weight gain, altered oxidase activity, and upper respiratory tract, liver, 

kidney, and central nervous system effects were observed. 

Chronic Oral Toxicity 

Adipic Acid 

Groups of 13-15 male and female rats were fed a diet containing 0, 1600, or 3200 mg/kg bw/day adipic acid for 33 

wks.47  Rats were killed at various intervals throughout the study.  Ten of 14 rats fed 3200 mg/kg bw/day died during wks 0-4; 

surviving rats had decreased weight gains during this time. However, at study termination, body weights were for surviving 

animals of this group were similar to controls.  Slight effects were seen in the liver.  (Statistical significance not stated.)  

In a 2-yr study, groups of 20 male rats were fed a diet containing 0, 0.1, 1, 3, and 5% adipic acid (equiv. to 0, 75, 

750, 2250, and 3750 mg/kg bw/day), and groups of 10 and 19 females were fed 0 and 1% adipic acid, respectively.  Weight 

gains of male rats fed 3 and 5% adipic acid were significantly less than controls.  There were no significant toxicological 

findings upon gross or microscopic observation.  The NOAEL was 1% adipic acid for male and female rats. 

Azelaic Acid 

Groups of 15 male and 15 female Wistar rats were fed a diet containing 140 or 280 mg/kg bw azelaic acid for 180 

days, and a control group of 10 males and 10 females was given untreated feed.72  No significant toxicological effects were 

observed.  Growth was similar between test and control groups, as were the microscopic examinations and clinical chemistry 

parameters.  The researchers found similar, negative, results when groups of 10 male and 10 female New Zealand rabbits 

were fed diets containing 0, 200, or 400 mg/kg bw azelaic acid for 180 days. 

Disodium Sebacate 

Groups of 10 male and 10 female Wistar rats were fed a diet containing 0, 500, or 1000 mg/kg bw disodium sebacate 

for 6 mos, after which time they were killed and necropsied.67  Growth was similar between test and control groups, as were 

the microscopic examinations and clinical chemistry parameters.  The researchers found similar, negative, results when 

groups of 10 male and 10 female New Zealand rabbits were fed diets containing 0, 750, or 1000 mg/kg bw disodium sebacate 

for 6 mos. 
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Ocular Irritation 

Ocular irritation studies are summarized in Table 5. 

Succinic Acid 

The ocular irritation potential of succinic acid was evaluated using albino rabbits.68  Undiluted test material, 0.005 

ml, was applied to the center of the cornea.  The eyes were not rinsed.  Succinic acid was a severe eye irritant, with necrosis 

visible upon staining.  The score for ocular irritation, on a scale of 1-10, was 8. 

Glutaric Acid 

A Draize ocular irritation study was performed in which 100 mg of glutaric acid was instilled in the eyes of 3 rabbits 

and the eyes were rinsed 24 h after application.68  Glutaric acid was irritating to rabbit eyes, with a primary irritation index 

(PII) of 35.2/110.  Mild erythema, slight edema, and slight dullness were still present after 7 days. 

Adipic Acid 

The ocular irritation of adipic acid was evaluated using groups of 2 albino rabbits.68  Ten or 57.1 mg of adipic acid 

was placed in the eye of each rabbit, and the eye of 1 animal in each group was rinsed.  With 10 mg followed by rinsing, mild 

conjunctival irritation was observed; and the eye was normal within 3 days.  In the unrinsed eye, mild conjunctival irritation 

and a minimal iritic effect were observed; minimal conjunctival irritation was still observed after 7 days and the eye was 

normal after 14 days.  With instillation of 57.1 mg adipic acid followed by rinsing, moderate to mild conjunctival irritation 

and transient mild opacity were observed; the eye was normal in 3 days.  In the unrinsed eye, moderate to mild conjunctival 

irritation, mild opacity of the cornea, and a minimal iritic effect were observed; the eye was normal at day 7.  However, other 

studies have reported that adipic acid produced severe irritation in rabbit eyes, and the signs of irritation were still present 

after 8 days.47 

Adipic/Glutaric/Succinic Acid Mixture 

The ocular irritation potential of a mixture of adipic, glutaric, and succinic acid, percentages not specified, was eval-

uated using 2 male albino rabbits.68  One-tenth ml of the test substance was instilled in the conjunctival sac of each animal, 

and the eye of one animal, but not the other, was rinsed.  The contralateral eye served as the negative control.  Mild to severe 

conjunctivitis was observed in on both the rinsed and unrinsed rabbit eyes.  Both eyes were normal within 21 days. 

Dodecanedioic Acid 

In studies using rabbits that evaluated the ocular irritation of dodecanedioic acid, slight irritation was reported in one 

study, with a PII of 11.96/110, and small areas of corneal opacity and mild conjunctival irritation were seen in the other 

study.69  Details were not provided.  

Dermal Irritation/Sensitization 

 Dermal irritation and sensitization studies are summarized in Table 6. 

Succinic Acid 

Succinic acid was a slight irritant to rabbit skin.68  Details were not provided. 

Glutaric Acid 

The dermal irritation potential of glutaric acid was determined using 2 male and 4 female New Zealand white 

rabbits.68  A 0.5 g aliquot of glutaric acid was applied to the clipped skin on the back of the rabbits.  The test site was scored 

for irritation after 3 min, and the site was then washed.  The test material was then applied to two other test sites, which were 

covered with a rubber wrap.  The sites were examined at 1 and 4 h, and the site was washed after both examinations.  The 

sites were then evaluated at 24 and 48 h after application.  Slight erythema was seen in one rabbit throughout the study.  
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Irritation was not observed in the other rabbits. 

Adipic Acid 

A dermal irritation study was performed in which 500 mg of 50% aq. adipic acid was applied under an occlusive 

patch to a 5 cm x 5 cm area of intact and abraded skin of 6 rabbits for 24 h.47  With intact skin, an erythema score of 2-3/4 

was reported, with clearing by day 3.  With abraded skin, mild to severe erythema and edema were reported, which cleared by 

day 7. 

Adipic acid, undiluted or as an 80% aq. paste, was applied occlusively to the backs of ears of rabbits for 24 h.  Two 

rabbits were used per group.  No irritation was observed on the backs of animals. Erythema was observed on the ear, with 

clearing by 72 h.  In another study in which adipic acid was applied occlusively for 24 h, irritation was not observed. Details 

were not provided. 

A semi-occlusive application of 500 mg of a paste of 50% adipic acid in propylene glycol to 6 rabbits produced 

slight to mild irritation in 3 of the rabbits.  A semi-occlusive application of undiluted adipic acid was not corrosive.  Adipic 

acid, 50% in propylene glycol, was not irritating to a group of 10 guinea pigs. 

The sensitization potential of adipic acid was evaluated using groups of 10 guinea pigs.  For induction, 0.1 ml of 1% 

aq. adipic acid was given as a sacral intradermal injection, once a week for 4 wks.  After a 2-wk non-treatment period, the 

dermal challenge was performed with 0.05 ml of 50 and 25% adipic acid in propylene glycol.  Adipic acid produced very 

mild or no irritation and it was not a sensitizer. 

Adipic/Glutaric/Succinic Acid Mixture 

A mixture of adipic, glutaric, and succinic acid (percentages not specified) was evaluated for irritation and for sensi-

tization using groups of 10 male guinea pigs.68  The primary irritation potential was evaluated by applying 0.05 ml of an 8 or 

80% suspension in dimethyl phthalate to the shaved, intact skin on the shoulder of the animals.  The sensitization potential 

was also evaluated, using 4 sacral intradermal injections of 0.1 ml of a 1% suspension for induction.  After a 13-day non-treat-

ment period, a dermal challenge was performed with 0.05 ml of an 8% and 80% suspension of the mixture.  Ten previously 

untreated guinea pigs were exposed to the same challenge applications as the test animals.  In the test for primary irritation, 

the 8% suspension produced no irritation, and no to mild irritation was observed 24 h after exposure to the 80% suspension.  

No sensitization was observed at either dose. 

Dodecanedioic Acid 

Dodecanedioic acid was not an irritant to rabbit skin in a 4-h exposure study or upon application of 0.5 g.69  In a 

maximization study using female guinea pigs, 0.5% dodecanedioic acid was injected intracutaneously at induction and 25 and 

50% was used for the dermal challenge.  Dodecanedioic acid was not a sensitizer. 

Mucosal Irritation 

Succinic Acid 

Succinic acid has been considered to be an exacerbating factor in ulcerative colitis, therefore its influence on rat co-

lonic mucosa in terms of mucosal blood flow and superoxide generation was investigated.73  The left side of the colon of 5 

male and 5 female rats was exposed, and 0.9-5% succinic acid in physiological saline was instilled into the colonic lumen.  A 

segment of the colon was then ligated as to not include the mesenteric blood vessel.  Mucosal blood flow decreased with all 

dose levels. Microscopically, the higher the concentration of succinic acid, the greater was the erosion formation in the colon-

ic mucosa.  Significant polymorphonuclear cell infiltration superoxide generation from colon tissue was observed with 0.01% 

succinic acid, as compared to higher or lower concentrations.  Succinic acid, at fecal concentrations found in active stage 
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ulcerative colitis, appears to be implicated in mucosal injury, mediated by a decrease in colonic mucosal blood flow and infil-

tration of superoxide-generating polymorphonuclear cells into the mucosa.  

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY  

Malonic Acid 

Malonic acid, 0.1%, reduced the pH of sperm suspensions from 7.5 to 4.5-5.5 and it rendered human spermatozoa 

immotile within 30 min.74  A concentration of 1.0% reduced the pH to 1.5-3.0 and was almost instantaneously spermicidal. 

Succinic Acid 

 Thirty ovariectomized female rats were given daily subcutaneous injections of 5.0 mg/day succinic acid for 3 wks.68   

Ten females were used as controls.  Daily vaginal smears were similar for test and control animals.  Microscopically, no 

changes were seen in the uterine horn, cervix, or vagina of the animals. 

Glutaric Acid 

The reproductive toxicity of glutaric acid was evaluated using groups of 25 female rats.68  The animals were dosed 

orally, by gavage, with 0, 125, 400, or 1300 mg/kg glutaric acid on days 6-15 of gestation, and the animals were killed on day 

20 of gestation.  No toxicological or reproductive effects were observed for the 125 mg/kg group.  In the 400 mg/kg group, 

salivation, rales, and nasal discharge were observed.  One dam of the 1300 mg/kg group died on day 10 of gestation, and one 

was killed due to moribund condition on day 13 of gestation.  Mean body weight gains were decreased in the 1300 mg/kg 

group during dosing, but body weight gains in this group were normal post-dosing.  Clinical signs of toxicity in the 1300 

mg/kg group included salivation, rales, nasal discharge, and staining around the mouth, nares, and anogenital area.  No 

adverse effects on pregnancy and no teratogenic effects were reported at any of the dose levels.  There was a significant 

increase in resorptions in the 1300 mg/kg group compared to controls, but the value was within normal expected limits and, 

therefore, not considered biologically meaningful. 

Groups of 18 gravid female New Zealand white rabbits were dosed orally, by gavage, on days 6-18 of gestation with 

0, 50, 160, or 500 mg/kg glutaric acid, and the animals were killed on day 29 of gestation.68  No test-article related mortality 

occurred.  There were no clinical signs of toxicity, and body weights were not affected. No embryotoxic, teratogenic, or 

adverse reproductive effects were reported. 

Adipic Acid 

Groups of 20-24 gravid albino CD-1 mice were dosed orally, by gavage, with 0, 2.6, 12, 56, or 263 mg/kg bw adipic 

acid on days 6-15 of gestation.47  All animals were killed on day 17 of gestation.  No reproductive, developmental, or 

maternal effects were observed, and the NOAEL for maternal and developmental toxicity was 263 mg/kg bw.  Similar results 

were obtained in a study in which gravid Wistar rats were dosed orally, by gavage, with 0, 2.9, 13, 62, or 288 mg/kg bw 

adipic acid on days 6-15 of gestation.  The NOAEL for maternal and developmental toxicity was 288 mg/kg bw. 

Groups of 21-24 gravid hamsters were dosed orally, by gavage, with 0, 2.9, 5, 44, or 205 mg/kg bw adipic acid on 

days 6-10 of gestation.  A significant increase in resorption per implant site was observed with 205 mg/kg bw adipic acid, 

resulting in a decreased number of live fetuses.  (This decrease was not evaluated statistically.)  No other effects were 

reported. 

Groups of 10-14 gravid Dutch-belted rabbits were dosed by oral intubation with 0, 2.5, 12, 54, or 250 mg/kg bw 

adipic acid on days 6-18 of gestation.  No reproductive, developmental, or maternal effects were observed.  The NOAEL for 

maternal toxicity was ≥250 mg/kg bw and for developmental toxicity was 250 mg/kg bw. 
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Azelaic Acid 

Reproductive and teratogenic effects of azelaic acid were evaluated using Wistar rats and New Zealand rabbits.72  A 

group of 20 gravid rats was fed a diet containing 140 mg/kg bw/day azelaic acid, and a control group of 10 gravid rats was 

given untreated feed.  Half of each group was killed and necropsied on day 19 of gestation, and the remaining animals 

continued dosing for 3 mos.  The day of gestation that dosing started is not clear.  No gross or microscopic lesions were 

observed for the uteri, placentas, or ovaries.  There were no differences in reproductive, teratogenic, or developmental effects 

between treated and control groups, nor were there any differences in fetal weights of the live fetuses.  Similar results were 

seen using groups of 20 gravid rabbits fed 200 mg/kg bw/day azelaic acid; 10 untreated gravid rabbits were used as a negative 

control group. 

Embryotoxic effects were observed in oral studies with rats receiving 2500 mg/kg bw/day of azelaic acid.51  Similar 

effects were observed in studies in rabbits given 150 to 500 mg/kg bw/day and in monkeys given 500 mg/kg bw/day.  The 

doses at which these effects were noted were all within toxic dose ranges for the dams.  No teratogenic effects were observed.  

(Details were not provided.) 

Disodium Sebacate  

Reproductive, teratogenic, and developmental effects of disodium sebacate were evaluated using Wistar rats and 

New Zealand rabbits.72  Groups of 20 gravid rats were fed a diet containing 0 or 500 mg/kg bw/day disodium sebacate, and 

groups of 20 gravid rabbits were fed 0 or 1000 mg/kg bw.  Half of each group was killed and necropsied on day 19 of 

gestation, and the remaining animals continued dosing for 3 mos.  The day of gestation that dosing started is not clear.  No 

gross or microscopic lesions were observed for the uteri, placentas, or ovaries.  There were no differences in reproductive or 

developmental effects between treated and control groups, nor were there any differences in fetal weights of the live fetuses. 

Dodecanedioic Acid 

The reproductive toxicity of 0-1000 mg/kg bw dodecanedioic acid was evaluated in an OECD combined repeated 

doe and reproductive/developmental toxicity screening test using male and female Crl:CD:BR rats.69  The no-observable 

effect level (NOEL) for reproductive and developmental toxicity was 1000 mg/kg bw.   

Sodium Salt of Adipic, Azelaic, Sebacic, and Dodecanedioic Acids 

The influence of the sodium salt of some dicarboxylic acids (adipic acid, azelaic acid, sebacic acid, dodecanedioic 

acid) on both spontaneous and evoked muscle activity of the uterine horns of 35 female Wistar rats (250-300g) has been 

studied in vitro.75  Spontaneous activity of uterine muscle was inhibited by dicarboxylic salts causing the total abolition of 

mechanical events at concentrations of 24, 32, 40, and 64 x 10-3 M. Dicarboxylic salts antagonized the maximal isometric 

contraction of the uterine horn induced by administration of acetylcholine, oxytocin or prostaglandins (PGF2-α). The amount 

of antagonism was dependent upon the concentration of dicarboxylic salt used.  Dicarboxylic salts had an specific inhibitory 

effect on the uterine horn which progressively increased with their chain length. The results suggested that the inhibitory 

effects of dicarboxylic salts on smooth muscle could be due to a cellular membrane hyperpolarization. 

GENOTOXICITY  

Available genotoxicity studies are summarized in Table 7. 

In Vitro 

Malonic Acid 

Malonic acid, 3333 µg/plate, was not mutagenic in a National Toxicology Program (NTP) preincubation assay, with 

or without metabolic activation.76 
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Succinic Acid 

The genotoxic potential of succinic acid was evaluated in an Ames test and in a chromosomal aberration study using 

a Chinese hamster fibroblast cell line.77  Succinic acid, at a concentration of ≤5.0 mg/plate in phosphate buffer, was not muta-

genic in the Ames test. (Whether metabolic activation was used is not stated.)  Concentrations of ≤1.0 mg/ml in saline were 

not genotoxic in the chromosomal aberration assay.   

Disodium Succinate 

The genotoxic potential of disodium succinate was evaluated in an Ames test and in a chromosomal aberration study 

using a Chinese hamster fibroblast cell line.77  In the Ames test, disodium succinate was not mutagenic at concentration up to 

5.0 mg/plate in phosphate buffer.  (Whether metabolic activation was used is not stated.)  Equivocal genotoxic results were 

obtained in the chromosome aberration assay of ≤15.0 mg/ml disodium succinate in saline using Chinese hamster fibroblast 

cells.  

Disodium succinate, ≤10 mg/plate, was negative in another Ames test, with and without metabolic activation.78 

Glutaric Acid 

Glutaric acid was evaluated in vitro in a standard Ames assay, the L5178Y/TK ± mouse lymphoma assay with and 

without metabolic activation, and the mammalian in vitro Balb/c-3T3 cell transformation assay with and without metabolic 

activation.79  The Ames tests were negative.  However, the cell transformation assay was positive both in the presence and 

absence of metabolic activation and the results in the mouse lymphoma assay were dependent upon pH of the culture medium.  

The researchers stated that the variable response in the mouse lymphoma assay and the positive effect in the cell transforma-

tion assay may have been an indirect effect of other factors (such as the pH or osmolarity of the media in which the cells were 

exposed), rather than a direct effect of glutaric acid. 

Adipic Acid 

Adipic acid was evaluated in a number of Ames assays using Salmonella typhimurium and Escherichia coli; results 

were negative, with or without metabolic activation, at concentrations as high as 10,000 mg/plate.47,80,81  Negative results were 

also obtained in an Ames test with 0-200 mg/l adipic acid using S. typhimurium TA1530 and G-46 without metabolic activa-

tion47.  Results were negative in a yeast gene mutation assay using Saccharomyces cerevisiae without metabolic activation at 

concentrations ≤200 mg/l.  A mouse lymphoma assay using L5178Y/TK ± cells was negative with and without metabolic acti-

vation at concentrations of ≤2000 µg/plate,81 as was a cytogenetic assay using human embryonic lung fibroblast cells with 

≤200 mg/l adipic acid.47  In a viral enhanced cell transformation assay using Syrian hamster embryo cells at doses of 62-1000 

µg/ml adipic acid, results were negative. 

Adipic/Glutaric/Succinic Acid Mixture 

A mixture of adipic, glutaric, and succinic acid, percentages not specified, tested as a 50% aq. solution, was not 

mutagenic in an Ames assay using S. typhimurium, with or without metabolic activation, at concentrations of ≤300 µg/plate.68  

Negative results were also obtained in an unscheduled DNA synthesis assay at concentrations of ≤5000 µg/plate using rat 

hepatocytes and in an HGPRT assay at concentrations of ≤2500 µg/plate, without, and of ≤3500 µg/plate, with, metabolic 

activation.  In an in vitro transformation assay using Chinese hamster ovary (CHO) cells at concentrations of ≤1500 µg/ml 

without and ≤2500 µg/ml with metabolic activation, positive results were obtained with, but not without, metabolic activation 

at 2000 µg/plate. 

Azelaic Acid 

Azelaic acid, 20%, was not mutagenic or genotoxic in an Ames assay, HGPRT test in CHO cells, or human 
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lymphocyte test.51  Details were not provided. 

Dodecanedioic Acid 

Dodecanedioic acid was not mutagenic in an Ames assay at concentrations of ≤5000 µg/plate, with and without 

metabolic activation.69 Toxicity occurred at ≥500 µg/plate. 

In Vivo 

Glutaric Acid 

Glutaric acid was evaluated in a mammalian micronucleus cytogenetic assay in mice.79  Glutaric acid was not 

genotoxic in this assay.  (Details not specified.) 

Adipic Acid 

Adipic acid was not genotoxic in in vivo cytogenetic assays using chromosomes from rats dosed orally, by gavage, 

with a single dose of 5000 mg/kg bw or daily for 5 days with 2500 mg/kg bw.47 Adipic acid was also not genotoxic in 

dominant lethal studies with doses up to 5000 mg/kg bw. 

Adipic/Glutaric/Succinic Acid Mixture 

A mixture of adipic, glutaric, and succinic acid, percentages to specified, was not genotoxic in vivo using male and 

female Sprague Dawley rats dosed orally by gavage with 2750 and 1375 mg/kg of the mixture, respectively.68 

 Azelaic Acid 

Azelaic acid was not genotoxic in a dominant lethal assay in mice.51  (Details not specified.) 

Dodecanedioic Acid 

Dodecanedioic acid, ≤5000 mg/kg bw, was not mutagenic in a micronucleus assay using mice.69 

CARCINOGENICITY  

Sodium Succinate 

Groups of 50 male and 50 female F344 rats were given drinking water containing 0, 1, or 2% sodium succinate for 2 

yrs, and the carcinogenic potential was determined.71  Dosing was discontinued after 104 wks, and, after a 9-wk recovery 

period, the rats were killed.  Body weights of the high dose animals were decreased by 10% as compared to controls.  There 

were no statistically significant differences in overall tumor incidence or mean survival time between treated and control 

animals.  An increase in the incidence of C-cell adenoma/carcinoma of the thyroid in females of the 2% group, and a positive 

trend in the occurrence of this tumor, was considered a function of experimental variability and not related to dosing.  Sodium 

succinate was not toxic or carcinogenic to male or female F344 rats when given in the drinking water for 2 yrs. 

Adipic Acid 

Adipic acid was not carcinogenic in the 2-yr chronic oral toxicity study (described previously) in which groups of 20 

male rats were fed diets containing 0, 0.1, 1, 3, and 5% adipic acid, and  groups of 10 and 19 females were fed 0 and 1% 

adipic acid, respectively.70 

Tumor Promotion 

Succinic Acid, Sodium Succinate, Disodium Succinate 

The promotion of urinary bladder carcinogenesis by sodium succinate was evaluated using male F344 rats.82  Groups 

of 16 male F344 rats were given 5% succinic acid, sodium succinate, or disodium succinate with 0.05% N-butyl-N- (4-

hydroxybutyl)nitrosamine (BBN) in the drinking water for 4 wks, followed by dietary administration of 5% of the respective 

test article without BBN for 32 wks.  Negative controls were given water with BBN only and untreated feed.  Groups of 8 

male F344 rats followed the same protocol without the addition of BBN to the drinking water, as did a group of non-BBN-
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treated negative controls.  The animals were killed at wk 37.   

In the BBN-pretreated groups, many rats given sodium or disodium succinate developed hematuria towards the end 

of the study.  There were no statistically significant differences in body or organ weights between the control and test groups.  

(Information on organ and body weights was not provided for the non-BBN groups.)  Large tumors were found on the urinary 

bladders of the BBN-pretreated animals given sodium and disodium succinate; tiny lesions were found in the control or 

succinic acid BBN-pretreated animals.  The incidence and number of urinary bladder carcinomas and papillomas and of papil-

lary or nodular hyperplasia (preneoplastic lesions) were statistically significantly increased in the sodium and disodium 

succinate BBN-pretreated groups as compared to the succinic acid and control BBN-pretreated groups.  The incidence and 

numbers observed in the sodium and disodium succinate groups were not statistically significantly different from each other.  

An association between tumor area and sodium intake was noted.   Urinary bladder lesions were not observed in any of the 

animals that were not pretreated with BBN.  Urinary pH and electrolyte concentrations were affected by dosing with sodium 

or disodium succinate with BBN, as compared to the control and succinic acid groups, and statistically significant differences 

between these two groups were observed as well. 

The researchers also evaluated cell proliferation and DNA synthesis in the urinary bladder epithelium.  Groups of 20 

male F344 rats were given 5% succinic acid, sodium succinate, or disodium succinate in the feed, without BBN pretreatment 

for 8 wks.  Negative controls were given basal diet.  Five rats per group were given an i.p. injection of 50 mg/kg bw 5-bromo-

2’-deoxyuridine (BrdU) 1 h prior to being killed.  Compared to control values, BrdU uptake was statistically significantly 

increased by increased disodium succinate and was increased, but not in a statistically significant manner, by sodium 

succinate.  Succinic acid did not have any effect on DNA synthesis.  Microscopically, simple hyperplasia was observed in the 

urinary bladders of animals given sodium and disodium succinate.  The appearance of the urinary bladder epithelial surface 

was altered by sodium and disodium succinate.  Spermidine/spermine N1-acetyltransferase activity in the urinary bladder epi-

thelium was increased for disodium succinate, but not sodium succinate, when compared to controls.  Urinary pH and 

electrolyte concentrations were affected as described previously. 

CLINICAL ASSESSMENT OF SAFETY  

Dermal Irritation 

Azelaic Acid 

The cumulative irritation potential of a 15% azelaic acid gel (prescription formulation; vehicle not identified) was 

determined in a study using 31 female and 2 male subjects.83  (During the study, 1 subject withdrew for personal reasons.)  

White petrolatum was used as a negative control.  Azelaic acid and petrolatum, 0.2 g of each, were applied under occlusion to 

2 cm x 2 cm sites on the back of each subject 3 times per week for 3 wks.  Weekday patches were removed after 24 h, while 

the patches applied on Fridays were removed after 72 h.  The test sites were evaluated 15-30 min after removal of the patch, 

and then a new patch was applied.  Application was discontinued if severe irritation, which was designated by a maximum 

erythema score of 3, was observed.  A 15% azelaic acid gel was statistically significantly more irritating than the negative 

control, with a mean cumulative irritancy index of 1.05/3.  Individual reaction scores for the test article ranged from 0 to 3, 

and 5 subjects discontinued patching with azelaic acid due to an irritation score ≥3.  Cumulative irritancy increased with suc-

cessive patching.  The researchers noted that since the vehicle used for azelaic acid was not tested, there was uncertainty as to 

whether the vehicle components affected the irritation scores. 

Twice daily application of a cream containing 20% azelaic acid has been reported to cause erythema, irritation, 

pruritus, dryness, scaling, and burning.84 
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Case Reports 

Adipic Acid 

In two case reports with industrial exposure to adipic acid, positive sensitization reactions were reported with follow-

up testing.47 

 

ESTERS OF DICARBOXYLIC ACIDS  

Much of the information on the esters of dicarboxylic acids was obtained from summary documents that mostly 

contained unpublished data.  Data on esterase metabolites other than the parent dicarboxylic acid (i.e. parent alcohol and 

monoester) are summarized in Appendix I, immediately following the reference section.   

GENERAL BIOLOGY  

Absorption, Distribution, Metabolism, and Excretion 

Metabolism of diesters in animals is expected to occur, initially, via enzymatic hydrolysis, leading to the correspond-

ing dicarboxylic acids and the corresponding linear or branched alcohol.85  These dicarboxylic acids and alcohols can be fur-

ther metabolized or conjugated to polar products that are excreted in urine.  However, other studies have shown that enzy-

matic hydrolysis of at least some diesters may be incomplete and result, instead, in the production of monoesters.86 

Diethyl Malonate 

Diethyl malonate is hydrolyzed via a two-step reaction to malonic acid and the corresponding alcohol, ethanol.14   

Dimethyl malonate, which is not listed in the International Cosmetic Ingredient Dictionary, has similar physico-

chemical properties and hydrolyzes in the same manner to malonic acid and methanol.  Because of this similarity, data on 

dimethyl malonate  are  included in this safety assessment to provide read-across data. 

Distribution of diethyl malonate (and dimethyl malonate) is likely to occur in the water compartments, and accumu-

lation in fat is unlikely based on physical and chemical properties.  Both esters are likely to be metabolized by unspecific 

(serine-) esterases of different tissues, in particular, in the liver to the mono- esters and then to malonic acid and ethanol (or 

methanol). The hydrolysis product is likely to be metabolized via physiological pathways, such as the tricarboxylic acid cycle, 

as they are part of the normal intermediate metabolism.  Both are assumed to readily absorb via mucous membranes. 

In Vitro - Non-Human 
The percutaneous absorption of radiolabeled diethyl malonate was determined in vitro using skin from Yorkshire 

pigs.14  [2-14C]Diethyl malonate was applied either undiluted (100 µg/cm2) or diluted in ethanol at 12.5 mg/ml with an applied 

dose of 100 µg/cm2 or as 0.5 mg/ml with an applied dose of 4 µg/cm2.  At 50 h, with undiluted diethyl malonate, 8.8% of the 

radioactivity was found in the skin and 3% was in the receptor fluid.  With 100 µg in ethanol, 13% of the radioactivity was 

found in the skin and 6% in the receptor fluid and with 4 µg in ethanol, 30% was found in the skin and 10% in the receptor 

fluid.  Absorption appeared to be enhanced with ethanol. 

The percutaneous absorption of 1 mg/cm2 [2-14C]diethyl malonate in 10 µl acetone was determined in vitro also 

using skin from Yorkshire pigs.  At 24 h, 0.2-1.6% of the diethyl malonate was found in the receptor fluid, 0.2-0.9% was 

found in the skin, and 0.6-0.7% was found on the skin surface.  Skin mediated hydrolysis amounted to 15-35% of the applied 

dose.  In the receptor fluid, 20-21% of the applied dose was present as hydrolysis products.  In the skin and on the skin 

surface, 3-5% and 2-4%, respectively, of the applied dose was present as hydrolysis products. 

In Vivo - Non-Human 
The percutaneous penetration of radiolabeled diethyl malonate was studied in vivo in the following animal models: 
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athymic nude mouse, human, and pig skin grafted to athymic nude mice, in weanling pigs, and in hairless dogs.14  [2-14C]Di-

ethyl malonate was applied at a dose of 0.1 mg/cm2 for 24 h to a 1.27 cm2 area of mouse skin, or for 48 h to a 25 cm2 area of 

pigs and hairless dogs using non-occluded applications.  According to the authors, the percutaneous absorption, was estimated 

from the recovery of radioactivity in  urine and feces and corrected for the recovery observed after parenteral (s.c.) 

administration.  Absorption was 15% in nude mice, 4 % in human skin grafted to nude mice, 6% in pig skin grafted to nude 

mice, 2.5% in pigs, and 4% in dogs. 

In Vitro - Human 
An in vitro skin absorption study was performed using diethyl malonate, no vehicle given.14 Human cadaver split 

thickness skin was used in flow through cells.  Diethyl malonate (4 µl) was applied to the skin samples.  After 24 h, 16% of 

the applied dose had penetrated through the skin. The maximum flux rate was reached after 5 h and amounted to 280 µg/h 

(350 µg/cm2/h); the mean penetration rate was 99 µg/h (120 µg/cm2/h).  Much of the test substance, 45 to 50%, evaporated 

from the skin, and 34 to 39% remained on the skin.  

Ditridecyl Adipate 

The percutaneous absorption of [14C]ditridecyl adipate was determined using groups of 10 male and 10 female 

Sprague-Dawley rats that were untreated or that had previously been exposed to unoccluded dermal applications of 0 or 2000 

mg/kg bw ditridecyl adipate, 5 days/wk for 13 wks.87  (This study is described in the section on ‘Subchronic Dermal Toxi-

city’).  A single 58 µl dose of 2000 mg/kg bw [14C]ditridecyl adipate was applied topically (size of test site not specified), and 

urine and feces were collected for 4 days.  In the previously untreated rats, a total of 11.6 and 10.6% of the [14C] solution was 

absorbed by male and female rats, respectively, over 4 days.  Approximately 63 and 52% of the absorbed dose (7.4 and 5.5% 

of the applied dose, respectively) was found in the tissues of males and females, respectively.  A total of 3.5-4.7% of the 

applied dose was recovered in the urine and 0.4-0.7% in the feces of previously untreated rats.  The values for the animals 

previously dosed with 2000 mg/kg bw ditridecyl adipate were not statistically significantly different from the controls.  In the 

previously dosed animals, a total of 10.8 and 9.1% of the dose was absorbed by males and females, respectively, over the 4 

days, with approximately 87 and 81% of the absorbed dose (9.4 and 7.4% of the applied dose, respectively) found in the 

tissues of the male and female rats, respectively.  A total of 0.7-1.3% of the [14C] was recovered in the urine and 0.4-0.6% in 

the feces.  Based on the radioactivity recovered in the urine, the bioavailability of ditridecyl adipate was 2-6%, and previous 

dosing did not significantly affect absorption. 

Diethylhexyl Adipate 

In Vitro 
The in vitro hydrolysis of diethylhexyl adipate (and mono-(2-ethylheyxl) adipate [MEHA]) using tissue preparations 

from the liver, pancreas, and small intestine of 2 rats was examined, as were the effects of diethylhexyl adipate on serum and 

hepatic enzymatic activities in vitro.88  Diethylhexyl adipate was readily hydrolyzed to MEHA or adipic acid by each tissue 

preparation.  The formation of adipic acid was rapid and approximately the same for all three tissues, while the formation of 

MEHA was rapid only in pancreatic tissue and was negligible in the intestine.  The rate of hydrolysis from MEHA to adipic 

acid was greater that than from diethylhexyl adipate and the highest activity was found in intestinal tissue.  In examining the 

effects on serum and hepatic enzymes, only N-demethylase activity was considerably inhibited by diethylhexyl adipate. 

In Vivo – Non-Human 
The elimination, distribution, and metabolism of diethylhexyl adipate was investigated using male Wistar rats.88  In 

these studies, diethylhexyl adipate was labeled at the carbonyl carbon.  In elimination studies, 2 rats were dosed by gavage 
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with 500 mg/kg bw [14C]diethylhexyl adipate (1.26 µCi/rat) as a saturated solution in dimethyl sulfoxide (DMSO), and 

respired carbon dioxide, urine, and feces were collected for 2 days.  At 24 h after dosing, 86% of the administered dose was 

excreted, and at 48 h, more than 98% of the dose was excreted.  In one animal, 44.8% of the dose was excreted in expired 

carbon dioxide and 33.9% in the urine at the 48 h measurement, while in the other rat, 21.1% and of the dose was excreted in 

expired carbon dioxide and 52.2% in the urine.  Little (1.4 or 5% of the dose) was excreted in the feces. 

In the distribution study, 3 rats per group were given a single dose as described above.  The animals were killed at 

various intervals, and blood, organ, and tissue samples were collected.  Not taking into account the stomach and intestines, the 

greatest levels of radioactivity, as a percent of dose administered, were found in the liver, kidney, blood, muscle, and adipose 

tissue.  These values ranged from 0.34-8.21% at 6 h, with the greatest percentage found in the adipose tissue, and from 0.54-

3.44% at 12 h, with the greatest percentage found in the muscle.  In most tissues, the amount of residual radioactivity reached 

a peak by 6 h, except for the liver, kidneys, testicles, and muscle, which reached a peak at 12 h.  The researchers stated that 

the elimination of radioactivity from the tissues and organs was very rapid, and there was no specific organ affinity. 

The metabolism of diethylhexyl adipate was examined in rats dosed orally, by gavage, with 100 mg of non-labeled 

diethylhexyl adipate as a 5% solution in DMSO.  A control group was dosed with vehicle only.  The rats were killed 1, 3, or 6 

h after dosing.  The metabolites were determined using GLC.  Diethylhexyl adipate was rapidly hydrolyzed to adipic acid, the 

main intermediate metabolite, and MEHA.  In the urine, adipic acid was detected at 1 h, and excretion as adipic acid in the 

urine reached 20-30% at 6 h.  Diethylhexyl adipate and MEHA were not detected in the urine. Adipic acid only also was de-

tected in the blood and the liver, with constant excretion of 0.5-0.7% of the dose in the blood and excretion in the liver in-

creasing with time, with 2-3.3% excreted in the liver at 6 h.  In the stomach, diethylhexyl adipate, adipic acid, and MEHA 

were found.  The concentrations of diethylhexyl adipate declined rapidly, while the levels of adipic acid (9-10%) and MEHA 

(6-11.5%) peaked at 3 h.  Adipic acid, but not MEHA, was found in the intestine and increased with time, reaching 19% at 6 

h. 

The absorption, distribution, and elimination of diethylhexyl adipate was examined using radioactive labeling on the 

acid [carbonyl-14C] (specific activity 39.5 mCi/mmol) or the alcohol [2-ethylhexyl-1-14C] (44.1 mCi/mmol).42  The research-

ers used both DMSO and commercial corn oil as vehicles for all tests, since the were of  the opinion that DMSO is an active 

penetrant and carrier of other substances through tissue membranes.  It was also their opinion that a fat-soluble substance, 

such as diethylhexyl adipate, is more realistically studied dissolved in corn oil.  The following groups of animals were dosed 

with 84.3 µg (9 µCi) [carbonyl 14C]diethylhexyl adipate or 84.3 µg (10 µCi) [2-ethylhexyl-1-14C]diethylhexyl adipate in both 

vehicles:  12 male NMRI mice were dosed i.v. and killed at intervals from 5 min to 4 days after dosing; 10 male NMRI mice 

were dosed intragastrically (i.g.) and killed at intervals from 20 min to 4 days after dosing; 12 gravid NMRI mice were dosed 

i.v. or i.g. on day 17 of gestation and killed at intervals from 20 min to 24 h.  Six male rats were dosed i.g. with 843 µg (90 

µCi) [carbonyl 14C]diethylhexyl adipate or 843 µg (100 µCi) [2-ethylhexyl-1-14C]diethylhexyl adipate and killed at intervals 

from 20 min to 4 h.  Whole body autoradiography was used to determine tissue distribution. 

Following dosing with [carbonyl-14C]diethylhexyl adipate,  distribution was similar in male mice, male rats, and 

gravid mice.  The amount of radioactivity in the tissues peaked at a later time following i.g. dosing as compared to i.v. dosing.  

The presence of radioactivity in the gastrointestinal tract following i.v dosing indicated biliary excretion.  Four h following 

both i.v. and i.g. dosing, the greatest uptake of radioactivity was found in the liver, bone marrow, brown fat, adrenal cortex, 

kidneys, and a few other tissues.  At 24 h after i.g. dosing, significant levels of radioactivity remained in several tissues, 

including the liver, of both rats and mice.  In gravid mice, a “remarkable strong uptake” of radioactivity in the corpora lutea of 
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the ovary was observed at all time intervals with both i.v. and i.g. dosing, and some radioactivity was found in the fetal 

intestine, liver, and bone marrow. 

Similar distribution patterns were seen following dosing with [2-ethylhexyl-1-14C]diethylhexyl adipate as were seen 

with [carbonyl-14C]diethylhexyl adipate.  Following i.g. dosing, the appearance of radioactivity was lessened and not as great 

as it was with i.v. dosing.  Very high radioactivity levels were seen in the liver and kidney at 5 min-1 h after i.v. dosing and at 

20 min-4 h after i.g. dosing.  The radioactivity in the liver was still high at 24 h after i.g. dosing in mice and rats.  Radioacti-

vity was also seen in the intestinal contents at 1-4 h after i.v. dosing, again indicating biliary excretion.  At longer intervals 

after i.v. injection, 4 h-4 days, radioactivity was detected in the bronchi of mice.  While radioactivity was observed in the 

ovaries of gravid mice and some fetal tissues following dosing with [carbonyl-14C]diethylhexyl adipate, none was detected in 

the ovaries of gravid mice after dosing with [2-ethylhexyl-1-14C]diethylhexyl adipate, and very little radioactivity was seen in 

some fetal tissues. 

The effect of vehicle on the absorption and biliary and urinary excretion of diethylhexyl adipate was also examined 

using rats in a gavage study with [14C]diethylhexyl adipate.  Radioactivity was measured every 30 min for 7.5 h.  The times 

and extent of absorption were different for all four preparations of [14C]diethylhexyl adipate.  Radioactivity levels in the blood 

increased faster and were greater with DMSO as the vehicle, as compared to corn oil.  The highest blood radioactivity levels 

were found with [carbonyl-14C]diethylhexyl adipate in DMSO.  Biliary excretion of [14C]diethylhexyl adipate was greatly 

affected by vehicle; with DMSO, 41% of the dose was detected in the bile, while only 10% of the dose was found with the 

corn oil vehicle.  This difference was not seen with [carbonyl-14C]diethylhexyl adipate.  Finally, vehicle did not have much 

influence on urinary excretion.  However, unlike the results reported by the previous researchers, little radioactivity was 

excreted in the urine.  The researchers hypothesized that since the study duration was only 7.5 h, urinary excretion may not 

have been complete. 

The metabolism of diethylhexyl adipate was examined in vivo using male Wistar rats and compared to in vitro 

metabolism using hepatocytes.89  In vivo, rats were dosed with 0.665 or 1.5 g/kg diethylhexyl adipate in corn oil by gavage for 

5 days, and the controls were given vehicle only.  Urine was collected daily.  Diethylhexyl adipate was not recovered in the 

urine after 24 h.  Adipic acid was the main metabolite of diethylhexyl adipate.  In vitro, the first hydrolysis of diethylhexyl 

adipate appears to be a rate-limiting step.  In vivo, it was thought that this hydrolysis probably occurs in the gastrointestinal 

tract.  Metabolic pathways (ω and ω-1oxidations, glucuronidation) seemed to prove that transformations of diethylhexyl 

adipate are localized mainly in the liver.  

Oral administration of diethylhexyl adipate to cynomolgus monkeys results in rapid elimination, with 47-57% of the 

dose excreted in the urine.17 Unchanged diethylhexyl adipate is absorbed from the gastrointestinal tract, and the glucuronide 

of MEHA and traces of unchanged diethylhexyl adipate were found in the urine.  (Details were not provided). 

In Vivo - Human 
The pharmacokinetics of [2H10]diethylhexyl adipate, labeled on the ethyl side-chains, were examined using 6 male 

subjects.90  A dose of 46 mg [2H10]diethylhexyl adipate in corn oil, for a total volume of 0.5 cm3, was administered orally in a 

gelatin capsule.  Blood samples were taken for up to 31 h after dosing, and urine samples were taken at intervals for up to 96 

h after dosing.  In the plasma, unconjugated [2H5]2-ethylhexanoic acid was the only measurable diethylhexyl adipate-related 

compound.  This compound appeared rapidly in the plasma, and the peak concentrations (1.6 ±0.5 µg/cm3) occurred between 

1 and 2 h.  [2H5]2-Ethylhexanol was detected, but it was below the limit of quantification.  The rate of metabolite formation 

was calculated, since there was no evidence of diethylhexyl adipate absorption, as 1.63 ± 1.19 hr-1.  The rate of elimination 
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from the plasma was also rapid and estimated to be 0.42 ± 0.15 h-1., which corresponded to an elimination half-life of 1.65 h.  

Although there were inter-individual differences in the rate and extent of [2H5]2-ethylhexanoic acid formation, it was below 

the limit of detection in all subjects by 31 h. 

In the urine, [2H5]2-ethylhexanoic acid was again the principal metabolite, and it was probably eliminated as a 

conjugated product.  This conjugated form, most likely the glucuronide, accounted for up to 99% of the total [2H5]2-ethyl-

hexanoic acid measured.  Conjugation of the other urinary metabolites was minimal.  Peak urinary elimination of the 

measured metabolites occurred within 8 h of dosing, and no metabolites were detected in the urine after 36 h.  The rates of 

elimination were similar for all metabolites, with a mean elimination half-life of 1.5 h.  The measured urinary metabolites 

accounted for 12.1% of the dose, with the majority being eliminated in 24 h.  Fecal analysis determined that a minor portion 

of the dose was present as diethylhexyl adipate (0.43%) and [2H5]MEHA (0.27%).  The researchers noted that recovery of the 

administered dose was incomplete and hypothesized that it was most probably due to further systemic metabolism. 

Diethylhexyl Sebacate 

Diethylhexyl sebacate is not readily absorbed through the skin of guinea pigs (no further details were provided).1  It 

was noted that the metabolism of diethylhexyl sebacate in rodents and humans may follow partially common pathways, 

Peroxisome Proliferation 

Diethylhexyl adipate is a peroxisome proliferator requiring extensive phase I metabolism to produce the proximate 

peroxisome proliferator, which in both mice and rats, appears to be 2-ethylhexanoic acid.91,92  Diethylhexyl adipate has been 

studied because it is structurally related to diethylhexyl phthalate, although diethylhexyl adipate is not as potent a proliferator 

as diethylhexyl phthalate.93,94 

Peroxisome proliferation causes an increase in liver weights and can induce hepatocarcinogenicity in rats and mice.  

Peroxisome proliferation is not believed to pose the risk of inducing hepatocarcinogenesis in humans, as a species difference 

in response to peroxisome proliferators exists.95  In vitro and in vivo studies examining the induction of peroxisome prolifera-

tion by diethylhexyl adipate and diethylhexyl sebacate are summarized in Table 8.61,91-94,96,97  While proliferation was ob-

served, these ingredients have much weaker activity than diethylhexyl phthalate and ciprofibrate, which are very effective 

peroxisome proliferators. 

Humans do not react to peroxisome proliferators in the manner that rodents do.95  There is no effect on organelle 

proliferation and induction of peroxisomal and microsomal fatty acid-oxidizing enzymes in species other than rats and mice, 

including humans.  Consequently, these results have no relevance to humans. 

DNA Binding/DNA Synthesis 

Diethylhexyl Adipate 

The potential of  diethylhexyl adipate to bind to liver DNA of female NMRI mice was evaluated by administering a 

solution of 119 mg diethylhexyl adipate/ml with 3.85 mCi/ml of [14C]diethylhexyl adipate (labelled at C1 of the alcohol 

moiety) and 27.7 mCi/ml of [3H]diethylhexyl adipate (tritiated at positions 2 and 3 of the alcohol moiety) in olive oil.98  The 

animals were dosed by gavage, and the livers were excised 16 h after dosing.  Some animals were pretreated with 10 g/kg of 

unlabeled dietary diethylhexyl adipate for 4 wks.  Diethylhexyl adipate did not covalently bind to hepatic DNA in mice.  Pre-

treatment with diethylhexyl adipate caused an increase in liver weight, but no increase in DNA binding.  The researchers 

stated that tumorigenicity of diethylhexyl adipate must be due to an activity other than DNA binding. 

The ability of diethylhexyl adipate to stimulate liver DNA synthesis in male F344 rats was investigated using radio-

labeled thymidine.99  Contrary to expected results, diethylhexyl adipate did stimulate DNA synthesis.  The stimulation factor, 
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which is indicated by the ratio of the thymidine incorporation in treated animals compared to controls, was 10.5 and the 

doubling dose, which is the dose that produced a doubling of the control level DNA synthesis, was 0.7 mmol/kg.  

The effect of dosing with diethylhexyl adipate on 8-hydroxydeoxyguanosine (8-OH-dG) in liver and kidney DNA of 

rats was examined.100  Groups of 10 male F344 rats were fed a diet containing 0 or 2.5 diethylhexyl adipate.  Five animals per 

group were killed after 1 wk, and the other 5 after 2 wks of dosing.  Relative liver to body weights were statistically signifi-

cantly increased after 1 and 2 weeks of dosing, and the relative kidney to body weights were statistically significantly 

increased only after 2 wks.  A statistically significant increase in 8-OH-dG was observed in the liver DNA, but not the kidney 

DNA, at wk 1 and 2.  

The IARC remarked that the weight of evidence for diethylhexyl adipate, and other rodent peroxisome proliferators 

in general, demonstrated that rodent peroxisome proliferators do not act as direct DNA-damaging agents.17 

Hepatic Lipid Metabolism 

Diethylhexyl Adipate 

Dietary administration of diethylhexyl adipate affects hepatic lipid metabolism.17  Hepatic fatty acid-binding protein 

and microsomal stearoyl-CoA desaturation were increased in Wistar rats fed 2% diethylhexyl adipate for 7 days.101,102  When 

fed to rats for 14 days, an increase in hepatic phospholipid levels and a decrease in phosphatidylcholine:phosphatidylethanol-

amine ratio was reported.103  In male NZB mice fed 2% diethylhexyl adipate for 5 days, an induction of fatty acid translocase, 

fatty acid transporter protein, and fatty acid binding protein in the liver was reported.104 

Cellular Effects 

Dibutyl Adipate 

Dibutyl adipate was tested for cytotoxicity in the metabolic inhibition test. A dilution series of dibutyl adipate was 

suspended in HeLa cells. Dibutyl adipate had no acute toxicity to the cells, which was attributed to its insolubility in water.5 

 

ANIMAL TOXICOLOGY  

Acute Toxicity 

Acute toxicity data on esters of dicarboxylic acids are presented in Table 9.   

The acute toxicity of esterase metabolites are also summarized in this table.  

Short-Term Oral Toxicity 

Dibutyl Adipate 

Male and female Crj:CD(SD) rats, number per group not specified, were dosed orally, by gavage, with 0, 20, 140, or 

1000 mg/kg bw dibutyl adipate in olive oil daily for 28 days.105  No clinical, hematological, or microscopic test-article related 

changes were observed. 

Diethylhexyl Adipate 

In a 14-day dietary study, groups of 5 male rats and mice were given ≤50,000 ppm and groups of 5 female rats and 

mice were given ≤100,000 ppm diethylhexyl adipate.  Male rats and mice fed 50,000 ppm and female rats and mice fed 

≥25,000 ppm had decreased weight gains or weight loss.  (It is not specified whether the results were statistically significant.)  

One female rat and all female mice of the 100,000 ppm group died.2 

In a 14-day study  in which 5 male and 5 female Wistar and F344 rats and Swiss and B6C3F1 mice were dosed with 

0-2.5 g/kg diethylhexyl adipate in corn oil for 14 days, diethylhexyl adipate was toxic to female B6C3F1 mice, causing 

mortality, at a dose level of 2.5 g/kg.92  The toxicity of two metabolites of diethylhexyl adipate, 2-ethylhexanol and 2-ethyl-
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hexanoic acid, was also examined using Wistar rats and Swiss mice.  2-Ethylhexanol was toxic to male and female rats, with 

mortality reported at doses >1.05 g/kg in male and female rats.  2-Ethylhexanoic acid was toxic to female rats, with mortality 

reported at doses ≥1.9 g/kg; mortality was not reported for male rats.  These effects were not reported in mice. 

In a 1 and 4-wk dietary study in which groups of 5-8 rats and  mice were fed diets containing 0-4.0% and 0-2.5% di-

ethylhexyl adipate, respectively, feed consumption by rats was decreased in the 4.0% group at 1 wk and in the 2.5 and 4.0% 

dose groups at 4 wks.96  Body weights were significantly decreased in these groups.  Feed consumption by mice was not 

affected, but a significant decrease in body weights was seen in the 1.2 and 2.5% dose groups at 4 wks. 

Toxicity was evaluated in a study in which groups of 10 female Crl:CD(SD) rats were dosed, by gavage, with 5 

ml/kg of 0, 200, 1000, or 2000 mg/kg bw diethylhexyl adipate in corn oil for 2  or 4 wks.120  All animals survived until study 

termination.  In the 2-wk study, no statistically significant findings were observed for the animals dosed with 200 mg/kg bw, 

and the only statistically significant finding in the 1000 mg/kg bw dose group was an increase in relative liver to body weight.  

In the 2000 mg/kg bw dose group, there was staining around the perineum, statistically significant increases in relative liver 

and kidney to body weights, and a statistically significant decrease in the relative weight of the left ovary.  Microscopically, 

abnormal findings were reported for both the ovary and kidney.  In the ovary, an increase in atresia of the large follicle and a 

decrease in currently formed corpora lutea were seen in animals dosed with 1000 and 2000 mg/kg bw, and in the 2000 mg/kg 

bw group, an increase in follicular cysts was observed.  In the kidney, an eosinophilic change of the proximal tubule was 

observed for the 2000 mg/kg bw dose group.  The NOAEL was 200 mg/kg bw. 

In the rats dosed for 4 wks, similar observations were made.  There was staining around the perineum of animals 

dosed with 1000 and 2000 mg/kg bw diethylhexyl adipate, and final body weights of animals dosed with 2000 mg/kg bw were 

statistically significantly decreased.  The relative kidney to body weights were statistically significantly increased in animals 

at all dose levels, and liver weights were statistically significantly increased in animals of the 1000 and 2000 mg/kg bw dose 

groups.  The mean estrous cycle length was statistically significantly decreased in the 200 mg/kg bw dose group, but this was 

not considered treatment-related since a dose-response was not seen.  The same microscopic abnormalities reported in the 2 

wk study were seen in the ovaries and kidneys of the animals dosed with 1000 and 2000 mg/kg bw in the 4-wk study.  As in 

the 2-wk study, the NOAEL for ovarian toxicity was 200 mg/kg bw. 

Short-Term Dermal Toxicity 

Dibutyl Adipate 

Groups of 10 rabbits were dosed dermally with 0.5 or 1.0 ml/kg/day of a 20% dispersion of dibutyl adipate, 5x/wk 

for 6 wks.  A significant reduction in body weight gain was seen for animals of the 1.0 ml/kg/day group, and renal lesions 

were seen in one animal of each group. 5 

Diisopropyl Adipate 

An immersion study was performed using guinea pigs in which a product containing 20.75% diisopropyl adipate was 

diluted, giving an actual adipate concentration of 0.10%.  The animals were immersed 4 h/day for 3 days.  There were no 

signs of systemic toxicity, and the degree of dermal irritation was considered minimal.2 

Diethylhexyl Adipate 

Diethylhexyl adipate, 410 or 2060 mg/kg bw, was applied to the shaved abdomen of male rabbits, 4 per group, 5 

days per wk for 2 wks.116  Mineral oil was applied in the same manner to a group of 4 rabbits as a negative control.  A collar 

was used to restrict ingestion.  One animal in the 410 mg/kg bw group died during wk 2 of the study.  All other animals in this 

group appeared normal.  Slight to moderate erythema was observed at the test site.  No animals of the 2060 mg/kg bw group 
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died, but 3 of the 4 did not gain weight, and they had labored breathing and were lethargic during wk 2.  Moderate erythema 

was observed in this group.  Microscopically, one animal of the 2060 mg/kg bw group had altered cytology of the liver 

parenchymal cells.  No other microscopic lesions were noted. 

Short-Term Inhalation Toxicity 

Diethylhexyl Sebacate 

No deaths occurred when 4 rats, 2 guinea pigs, 2 rabbits and 1 cat were exposed to 400 mg diethylhexyl sebacate/m3, 

7 hrs/day, for 10 days.1  Details were not provided. 

Subchronic Oral Toxicity 

Diethyl Malonate 

Groups of 10-16 male and female CD rats were fed diets containing either 0, 36  (males) or 41 mg/kg bw/day 

(females) diethyl malonate for 90 days.14  No treatment related effects were observed. 

Di-C7-9 Branched and Linear Alkyl Esters of Adipic Acid 

Groups of 15 male and 15 female Sprague-Dawley rats were fed a diet containing 0, 0.1, 0.5, or 2.5% di-C7-9 

branched and linear alkyl esters of adipic acid for 90 days, corresponding to approximately 1500 mg/kg bw/day for high dose 

males and 1900 mg/kg bw/day for high dose females.87  All rats were killed for necropsy at study termination.  No systemic 

toxicity was reported.  Small, but significant, increases in absolute and relative kidney to body weights reported for females of 

the 2.5% dose group were not considered treatment-related.  The NOAELs for male and female rats were 1500 and 1950 

mg/kg bw/day, respectively. 

Diethylhexyl Adipate 

In a 13-wk dietary study, groups of 10 rats and 10 mice were fed ≤25,000 ppm diethylhexyl adipate.  With the 

exception of decreased weight gain for some of the groups, no compound-related toxicologic effects were observed.2 

In a 90-day dietary study, groups of 10 rats per group were fed 0-4740 mg/kg bw diethylhexyl adipate for 90 days.116  

Mortality occurred in the 4740 mg/kg bw group, but the number of deaths was not specified.  Decreased growth and feed con-

sumption was reported for animals fed 2920 mg/kg bw.  Changes in kidney and liver weights were noted, but no details were 

given.  The NOEL was 610 mg/kg bw, and the LOEL was 2920 mg/kg bw diethylhexyl adipate. 

Groups of 15 male and 15 female Sprague Dawley rats were fed 0 or 2.5% diethylhexyl adipate for 90 days.87  At 

study termination, all animals were killed for necropsy.  Body weight gains were statistically significantly decreased for 

treated males and females, and relative kidney and liver to body weights were statistically significantly increased for treated 

females, when compared to controls.  

In a 13-wk dietary study described in the section on “Peroxisome Proliferation” in which groups of 5-8 rats and  

mice were fed diets containing  0-4.0% and 0-2.5% diethylhexyl adipate, feed consumption by rats was decreased in the 2.5 

and 4.0% dose groups, and body weights were significantly reduced in these groups.96  Feed consumption by mice was not 

affected, but a significant decrease in body weights was seen in the 1.2 and 2.5% dose groups. 

Diisononyl Adipate 

Groups of 10 male and 10 female rats were fed 0, 50, 150, or 500 mg/kg bw diisononyl adipate for 13 wks.87  A sta-

tistically significant increase in relative kidney to body weights was reported for males and females given 500 mg/kg bw, but 

absolute kidney weights were not affected and no significant microscopic effects were seen.  Microscopic changes in any of 

the organs, including the testes and epididymis of males and ovaries of females, were not observed.  There were no significant 

toxicological findings, and the NOAEL was 500 mg/kg bw/day. 
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In another 13-wk study, groups of 4 male and 4 female Beagle dogs were fed 0, 0.3, 1.0, or 3.0% diisononyl adipate; 

the high dose was increased to 6% during wks 9-13.87   No significant findings were reported for the 0.3 or 1.0% groups.  In 

the high dose group, decreased body weights, testes weight, and feed consumption, increased liver weights, elevated enzyme 

levels, liver and kidney discoloration, and microscopic changes in the liver, testes, spleen, and kidneys were reported.  The 

dietary NOAEL for diisononyl adipate was 1.0%.   

Subchronic Dermal Toxicity 

Dibutyl Adipate 

No adverse effects were reported in a study using 4 dogs in which entire-body applications of an emulsion containing 

6.25% dibutyl adipate were made 2x/wk for 3 mos.5 

Ditridecyl Adipate 

Ditridecyl adipate, 0, 800, or 2000 mg/kg bw, was applied to the backs of groups of 10 male and 10 female Sprague-

Dawley rats, 5 days/wk for 13 wks.87  The test sites were not occluded, but the animals wore Elizabethan collars.  Slight 

erythema and flaking of the skin was observed in the treated groups, with hyperplasia of the sebaceous glands in the dermis, 

but otherwise no significant differences were observed between test and control animals.  Differences in relative organ to 

body weights were not statistically significant, and ditridecyl adipate did not appear to cause systemic toxicity. 

Subchronic Inhalation Toxicity 

Diethylhexyl Sebacate 

Groups of 12 F344 rats, gender not specified, were exposed 4 h/day, 5 days/wk, to 25 or 250 mg/m3 diethylhexyl 

sebacate for ≤13 wks.87  No adverse systemic or lung effects were observed. 

Chronic Oral Toxicity 

Diethylhexyl Adipate 

Intragastric doses of ≤2.0 g/kg diethylhexyl adipate to rats (number not stated) for 6 mos produced no enzymatic 

changes, but levels of sulphydryl compounds in the blood were increased.  Hepatic detoxification appeared depressed at the 

onset of the study, but it was accelerated after 6 mos.  Administration of 0.1 g/kg for 10 mos decreased central nervous system 

excitability.2 

Dibutyl Sebacate  

Groups of 5 male and 5 female Sprague-Dawley rats were fed a diet containing 0, 0.01, 0.05, 0.25, or 1.25% dibutyl 

sebacate for 1 yr.115   Necropsies were performed whenever rats exhibited significant weight losses or other evidences of 

severe concurrent infection.  Dibutyl sebacate had no effect on growth or well-being. 

The researches then fed groups of 16 male Sprague Dawley rats a diet containing  0.01, 0.05, 0.25, 1.25, or 6.25% 

dibutyl sebacate for 2 yrs.115  Two control groups were given untreated feed.  Necropsies were performed on 3 rats from each 

group after 1yr, and the experiment was terminated at the end of the 2-year feeding period.  Interim, animals were killed 

whenever they became moribund.  In such instances the rats usually had incapacitating tumors or severe intercurrent infec-

tions.  Dibutyl sebacate did not adversely affect growth or survival, and it did not produce significant hematological changes 

in peripheral blood.  As the rats increased in age, slight changes in distribution of leukocytes were found, but these trends 

occurred in both the control and treatment groups.  

Ocular Irritation 

Ocular irritation data on esters of dicarboxylic acids are presented in Table 10.  The available ocular irritation data 

on esterase metabolites are also summarized in this table. 
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Diethyl Malonate 

The ocular irritation potential of diethyl malonate was evaluated using rabbits, number and gender not specified.14   

A volume of 0.1 ml was instilled into the conjunctival sac of one eye, which was not rinsed, and the contralateral eye was 

untreated and served as the negative control.  Diethyl malonate produced slight to moderate irritation. 

In a similar study, undiluted dimethyl malonate produced slight to moderate irritation in rabbit eyes.14  All signs of 

irritation were cleared by day 8. 

Dibutyl Adipate 

Undiluted dibutyl adipate was minimally irritating to the eyes of rabbits, and 0.1% in olive oil was non-irritating.5 

Diisopropyl Adipate 

The ocular irritation potential of 2 lots of undiluted diisopropyl adipate was evaluated using rabbits.  One caused 

negligible irritation, while the other was non-irritating.  A formulation containing 0.7% diisopropyl adipate produced some 

corneal stippling in rabbit eyes, while a formulation containing 5.0% and one containing 20.75% were non-irritating to rabbit 

eyes. 2 

The ocular irritation of undiluted diisopropyl adipate was evaluated using 3 albino rabbits.113  A volume of 0.1 ml 

was instilled into the conjunctival sac of one eye, which was not rinsed.  The contralateral eye was untreated and served as the 

negative control.  Diisopropyl adipate was not irritating. 

Diethylhexyl Adipate 

Undiluted diethylhexyl adipate was non-irritating to rabbit eyes and a formulation containing 0.0175 was, at most, a 

mild transient irritant.2 

Diisopropyl Sebacate 

A primary ocular irritation study was performed using 6 New Zealand white rabbits to determine the ocular irritation 

potential of diisopropyl sebacate.121  A volume o f 0.1 ml was instilled into one eye of each animal, which was not rinsed, and 

the contralateral eye of each animal served as the control.  The average Draize scores were 2.0 at 24 and 48 h, 0.3 at 72 h, and 

0.0 at 4 days.  Diisopropyl sebacate was a minimal ocular irritant. 

Diethylhexyl Sebacate 

The ocular irritation of a cream containing 1.2% diethylhexyl sebacate was evaluated using  the in vitro EpiOcular 

MTT viability assay.122  The tissue samples were exposed to undiluted test material for 64 min, 256 min, or 1200 min. 

Following treatment, the viability of those tissues were calculated. The ET50 (time for tissue viability to be reduced by 50%) 

was 484.9 min, and diethylhexyl sebacate was considered to be non-irritating. 

Dioctyldodecyl Dodecanedioate 

The primary eye irritation of dioctyldodecyl dodecanedioate was evaluated using 6 albino rabbits.123  A volume of 

0.1 ml was instilled into one eye of each animal, which was not rinsed. and the contralateral eye served as a negative control.  

They eyes were evaluated at 24, 48, and 72 h.  At 24 h, the maximum mean total score (MMTS) was 0.00, and dioctyldodecyl 

dodecanedioate was considered not irritating. 

Diisocetyl Dodecanedioate 

The primary eye irritation of diisocetyl dodecanedioate was evaluated using the procedure described above.124  The 

MMTS was 0.00, and diisocetyl dodecanedioate was considered not irritating to the eyes of rabbits. 

Dermal Irritation 

Dermal irritation and sensitization data on esters of dicarboxylic acids are presented in Table 11.  The available 
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dermal irritation and sensitization data on esterase metabolites are also summarized in this table. 

Diethyl Malonate 

The dermal irritation potential of diethyl malonate was evaluated using a 24 h occlusive application.14  Diethyl 

malonate was slightly irritating to rabbit skin. 

Dimethyl Malonate 
Dimethyl malonate was applied undiluted to rabbit skin for 4 h under a semi-occlusive patch.14  Slight erythema was 

observed only at 30-60 min after patch removal, and dimethyl malonate was considered non-irritating to rabbit skin. 

Dibutyl Adipate 

Application of undiluted butyl adipate to rabbit skin resulted in a primary irritation score of 2/8.  Undiluted dibutyl 

adipate caused moderate erythema in rabbits following repeated dermal exposure.  However, material impregnated with 

dibutyl adipate was not irritating to the skin of rabbits.  Application of dibutyl adipate at 10% in acetone produced no 

observable adverse effect when applied to rabbit ears, and no dermal reaction was observed following twice daily application 

for 14 days to the backs of hairless mice.  Two perfume formulations containing 1.1% diisopropyl adipate were not primary 

dermal irritants using rabbits5 

Diisopropyl Adipate 

Draize tests of undiluted diisopropyl adipate resulted in, at most, mild irritation of rabbit skin.  In Draize tests with 

formulations containing 5.0% or 20.75% diisopropyl adipate, minimal irritation was reported with both formulations. 2 

Diethylhexyl Adipate 

Undiluted diethylhexyl adipate was a very mild irritant when applied under occlusion to intact and abraded rabbit 

skin.  A formulation containing 0.175% diethylhexyl adipate had an irritation index of 1.6/4.2 

Diisodecyl Adipate, Dioctyldodecyl Adipate, Diisocetyl Adipate 

The dermal irritation  potential of diisodecyl adipate, dioctyldodecyl adipate  and diisocetyl adipate was determined 

using 3 albino rabbits.110,111, 112,  Undiluted test material was applied to the skin for 4 h under a semi-occlusive patch.   The 

erythema scores for each of the three materials were 0-1 during 1-72 h, and the edema scores were 0.  Diisodecyl adipate, 

dioctyldodecyl adipate  and diisocetyl adipate were considered non-irritating to rabbit skin. 

Diethyl Sebacate 

Undiluted diethyl sebacate and 30% diethyl sebacate in ethanol were tested on 8 male Japanese White strain rabbits 

(gender not specified).125  The flank of the animals was clipped free of hair 1 day prior to application of test substance.  The 

skin of 4 animals was abraded.  The test substance, 0.3 ml, was applied occlusively to the back of all animals for 24 h.  The 

skin reactions were evaluated at 24 h and 72 h.  The primary irritation score was 0.0 (none to weak irritant) in undiluted 

diethyl sebacate and 0.3 (none to weak irritant) in 30% diethyl sebacate.  These results suggest that 100% diethyl sebacate has 

no primary skin irritation under these test conditions. 

Diisopropyl Sebacate 

A  primary dermal irritation study on diisopropyl sebacate was performed using 6 New Zealand white rabbits.121   A 

dermal application of 0.5 ml of undiluted test material was applied to an abraded and an intact site on each animal.  The test 

sites were occluded for 24 h and observed individually for erythema, edema, and other effects 24 and 72 h after application.  

Mean scores from the 24 and 72 h reading were averaged to give a primary irritation index (PII) of 2.88. Diisopropyl sebacate 

was not considered a primary dermal irritant. 

The dermal irritation  potential of diisopropyl sebacate was determined using 3 albino rabbits.126   Undiluted test 
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material was applied to the skin for 4 h under a semi-occlusive patch.   The erythema scores were 1 during 1-72 h, and the 

edema scores were 0-1.  Diisopropyl sebacate was considered non-irritating to rabbit skin. 

Diethylhexyl Sebacate 

The dermal irritation potential of diethylhexyl sebacate was evaluated using the same procedure.109  The erythema 

scores were 1 during 1-72 h, and the edema scores were 0.  Diethylhexyl sebacate was considered non-irritating to rabbit skin. 

Patch tests with diethylhexyl sebacate (neat; 48-hr occluded) did not irritate the skin of 2-4 rabbits.1  It was also 

reported that diethylhexyl sebacate was non-irritating to the skin of guinea pigs.  No further study details were provided. 

Dermal Sensitization 

Dimethyl Malonate 

Dimethyl malonate was not a sensitizer in a Buehler guinea pig sensitization test according to OECD TG 406.14    

Dibutyl Adipate 

Dibutyl adipate was not a dermal sensitizer in guinea pigs when tested at 25% in a maximization test.5 

Diethylhexyl Adipate 

Diethylhexyl adipate, 0.1%, was not a sensitizer in a maximization study using guinea pigs.2 

Diethylhexyl Sebacate  

A  limited attempt was made to sensitize a group of 2-4 rabbits by applying diethylhexyl sebacate using occlusive 

patches.1  No reactions were seen in an occlusive challenge with the undiluted test article 2 weeks later.  Details were not 

provided. 

Dioctyldodecyl Dodecanedioate 

A maximization test was performed to evaluate the sensitization potential of dioctyldodecyl dodecanedioate.127  Ten 

female guinea pigs were used.  The dose used at intradermal injection was 0.1 ml, and 0.5 ml was used for the topical 

challenge.  Slight erythema was observed at induction, but a sensitization reaction was not observed. 

Phototoxicity 

Diisopropyl Adipate 

Two perfume formulations containing 1.1% diisopropyl adipate were not phototoxic in rabbits.2 

Mucous Membrane Irritation 

Diethylhexyl Adipate 

A product containing 0.175% diethylhexyl adipate did not produce mucous membrane irritation in rabbits.2  

 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY  

Dimethyl Malonate 

The reproductive and developmental toxicity of dimethyl malonate was evaluated using groups of 10 male and 10 

female Wistar rats.14  The animals were dosed with 0, 100, 300, or 1000 mg/kg bw dimethyl malonate orally, by gavage.  

Males were dosed for 2 wks prior to mating, during mating, and 2 wks after mating, for a total of 39 doses.  Females were 

dosed 2 weeks prior to mating, during mating, and through day 4 of lactation.  A recovery group of 5 male and 5 female high 

dose animals were observed for 14 days after the termination of dosing.  Microscopically, the incidence of treatment-related 

hepatocellular hypertrophy of the liver was observed for males and females given 1000 mg/kg bw dimethyl malonate.  This 

effect was not observed in the recovery animals or in the other test groups.  No other significant toxicological effects were 

observed.  Performance in a functional observation battery was similar for test and control animals.  There was no effect on 
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fertility.  In the 100 mg/kg bw group, a statistically significant decrease in the number of live pups was due to an increase in 

post-implantation loss.  This effect was not considered treatment related, and no developmental toxicity was reported.  The 

NOAEL was 300 mg/kg bw for repeated doses and maternal toxicity and 1000 mg/kg bw for fertility and developmental 

toxicity. 

Dimethyl Adipate 

The fetotoxic and teratogenic effects of dimethyl adipate were evaluated in a study in which groups of  5 gravid 

Sprague Dawley rats were dosed i.p. with 0.0603-0.6028 ml/kg (1/30, 1/10, 1/5, and 1/3 of the i.p. LD50 value) on days 5, 10, 

and 15 of gestation.114  A pooled volume control consisted of animals dosed with 10 ml/kg distilled water, saline, or cotton-

seed oil.  A positive control group was not used.  All animals were killed and examined on day 20 of gestation.  The mean 

fetal weights and the numbers of live fetuses were not statistically significantly different between treated and blunt-needle 

control groups.  Resorptions in animals dosed with 0.1809 ml/kg were statistically significantly increased when compared to 

the pooled controls, but not the blunt-needle controls.  Gross and skeletal abnormalities, but not visceral, were statistically 

significantly increased in fetuses of the 0.3617 and 0.6028 ml/kg groups. 

Diethyl Adipate 

The fetotoxic and teratogenic effects of diethyl adipate were evaluated following the same procedure described 

above.114  These rats were dosed i.p. with 0.0837-0.8373 ml/kg diethyl adipate.  The mean fetal weight and the number of live 

fetuses were not statistically significantly different between treated and blunt-needle control groups, and the number of resorp-

tions was similar between treated animals and both the blunt needle and pooled controls.  There were no differences in the 

incidences of gross, skeletal, or visceral abnormalities in fetuses of the treated groups compared to pooled controls. 

Dipropyl Adipate 

The fetotoxic and teratogenic effects of dipropyl adipate were evaluated following the same procedure described 

earlier.114  These rats were dosed i.p. with 0.1262-1.2619 ml/kg dipropyl adipate.  The numbers of live and dead fetuses were 

not statistically significantly different between treated and blunt-needle control groups, but there was a statistically significant 

decrease in the mean fetal weight of the 0.7572 ml/kg group.  Resorptions in animals dosed with 1.2619 ml/kg were statisti-

cally significantly increased when compared to the pooled controls, but not the blunt-needle controls.  Gross abnormalities,   

but not skeletal or visceral, were statistically significantly increased in fetuses of the 1.2619 ml/kg group. 

Dibutyl Adipate 

A reproductive toxicity study was performed in which groups of 5 gravid Sprague Dawley rats were dosed i.p. with 

0.1748-1.7480 ml/kg dibutyl adipate on days 5, 10, and 15 of gestation.  The incidence of gross abnormalities was only 

statistically significantly increased in the high dose group when compared to pooled controls.5  

The reproductive toxicity of dibutyl adipate was evaluated in a study Sprague-Dawley rats.105  Groups of 13 male 

and 13 female rats were dosed with 0, 100, 300, or 1000 mg/kg bw dibutyl adipate orally, by gavage, for 14 days prior to mat-

ing through parturition; males were dosed for a total of 42 days and female dams were dosed until day 3 of lactation.  The test 

article had no effect on fertility.  Body weight gains of males of the 1000 mg/kg bw group were slightly decreased.  Kidney 

weights of the high dose males and females sere increased compared to controls.  No gross or microscopic effects were noted 

at necropsy, and the internal genitalia were normal.  Dosing with dibutyl adipate did not produce any reproductive effects.  

The only effect on the offspring was a decrease in pup weight on post-natal days 0 and 4 and in viability on post-natal day 4 in 

the 1000 mg/kg group.  The NOEL for parental and offspring toxicity was 300 mg/kg bw/day. The reproductive NOEL was 

1000 mg/kg bw/day. 
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Di-C7-9 Branched and Linear Alkyl Esters of Adipic Acid 

Groups of 24 gravid Sprague Dawley rats were dosed orally by gavage with 0, 1000, 4000, or 7000 mg/kg bw/day 

di-C7-9 branched and linear alkyl esters of adipic acid on days 6-19 of gestation, and all animals were killed and examined on 

day 20.87  All dams survived until study termination.  Body weights were significantly decreased for dams of the 7000 mg/kg 

bw group.  Weights of male and female fetuses of the 7000 mg/kg bw group were slightly, but not statistically significantly, 

decreased compared to the other groups.  A greater incidence of rudimentary structures was observed for high dose fetuses as 

compared to the other groups in this study, but the incidence was within the range of historical controls.  There was no 

evidence of developmental toxicity at any dose tested. 

Ditridecyl Adipate 

The reproductive and developmental toxicity of ditridecyl adipate was evaluated using groups of 15 mated female 

Sprague-Dawley rats.87  Doses of 0, 800, and 2000 mg/kg bw were applied dermally without occlusion on days 0-19 of gesta-

tion, and the dams were killed on day 20. Mild skin irritation consisting of erythema and flaking were observed at the test sites 

of the treated animals.  No maternal mortality was reported.  Weight gains were statistically significantly decreased for the 

2000 mg/kg bw group during days 0-3 and 16-20 of gestation.  Weight gains were statistically significantly decreased in the 

800 mg/kg bw group during days 0-3 of gestation.  No differences in skeletal anomalies were observed, but there were some 

differences in visceral anomalies, including increased incidence of levocardia at 2000 mg/kg bw.  These anomalies were not 

considered treatment-related. The NOAEL for maternal toxicity was 2000 mg/kg bw/day, and for developmental and 

reproductive effects it was 800 mg/kg bw/day. 

Groups of 25 mated female rats were dosed dermally with 0 and 2000 mg/kg bw ditridecyl adipate following the 

same study protocol as above.  Again, there were no signs of maternal toxicity.  No developmental toxicity was reported, and 

there were no visceral anomalies or levocardia. 

Tridecyl adipate, 2000 mg/kg bw,  was applied, unoccluded, to groups of 10 male Sprague-Dawley rats, 5 days/wk 

for 13 wks, and the effect on sperm morphology was evaluated.87  (The 'Subchronic Dermal Toxicity’ study was described 

earlier.)  No differences in sperm morphology were observed between control and test animals. 

Diisobutyl Adipate 

The fetotoxic and teratogenic effects of diisobutyl adipate were evaluated following the procedure described in the 

earlier i.p. study.114  These rats were dosed i.p. with 0.1983-1.9833 ml/kg diisobutyl adipate.  The numbers of live and dead 

fetuses were not statistically significantly different between treated and blunt-needle control groups, but there was a statistical-

ly significant decrease in the mean fetal weight of the 1.1900 and 0.9833 ml/kg dose groups.  The number of resorptions was 

similar between treated animals and both the blunt needle and pooled controls.  Gross abnormalities, but not skeletal or vis-

ceral, were statistically significantly increased in fetuses of the 0.5950 and 1.9833 ml/kg groups. 

Diethylhexyl Adipate 

The reproductive effects of diethylhexyl adipate were studied in Swiss mice.  Groups of 10 male mice were dosed 

i.p. with ≤9.3 g/kg and then mated with undosed females.  A reduction in the number of gravid females was considered an 

anti-fertility effect, and the dominant lethal mutation was determined directly from the dose-dependent increase in the number 

of early fetal deaths and indirectly from the dose- and time-dependent decrease in implantations.  There were no test article-

related changes in the incidence of late fetal deaths.  It was noted that the experimental design and interpretation have been 

questioned by some.  Diethylhexyl adipate, ≤9.3 g/kg, was administered by i.p. injection to groups of 5 gravid Sprague 

Dawley rats on day 5, 10, and 15 of gestation.  Resorption rates were similar to controls.  A decrease in the mean fetal body 
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weight and a significant increase in gross fetal abnormalities at the high dose were observed when compared to pooled control 

values.  However teratogenic effects were not observed when compared to concurrent controls.  It was stated that the lack of 

historical and positive controls affected the validity of the results.2  

Groups of 15 male and 30 female Wistar rats were fed a diet containing 0, 0.03, 0.18, or 1.2%  diethylhexyl adipate 

(calculated as 28, 170, or 1080 mg/kg bw/day) for 10 weeks prior to mating.87  Dosing was terminated, and the animals were 

mated.  (A different source indicated that dosing continued throughout the study).128  A reduction in body weight gain was 

reported during gestation for the dams of the 1.2% group.  No test article-related effects on fertility were observed.  Fetal 

weight, total litter weight, and litter size were reduced in the 1.2% group, but the number of pups born live, or their survival, 

was not affected.  The NOAEL was 170 mg/kg bw/day and the LOAEL was 1080 mg/kg bw/day. 

In another study in which gravid females were fed the same doses as above on days 1-22 of gestation, maternal body 

weight and feed consumption were statistically decreased in the 1.2% group.  No significant effects on fetal weight or litter 

size were reported.  Animals of the 0.18 and 1.2% groups had slightly increased incidences of minor skeletal abnormalities; 

this increase was attributed to fetotoxicity.  The NOEL for maternal toxicity was 170 mg/kg bw/day.  The NOAELs for 

developmental toxicity and fetotoxicity were 170 and 28 mg/kg bw/day, respectively.  The LOAEL was 1080 mg/kg bw day. 

A dose-range finding study was performed using groups of 8 gravid Wistar rats that were dosed by gavage with 2 

ml/kg of 0, 800, or 1200 mg/day diethylhexyl adipate, in peanut oil, from day 7 of gestation until day 17 after parturition.129  

No signs of toxicity were reported in any of the groups.  In the 800 mg/kg bw group, the only statistically significant 

observation made was decreased body weights of male and female pups on day 3.  In the 1200 mg/kg bw group, statistically 

significant effects were observed for a number of parameters, including decreased maternal weight gain during days 7-21 of 

gestation, increased length of gestation (by 1 day), decreased pup body weights at birth and day 3, and an increase in perinatal 

loss per litter.  (Perinatal loss was 42% in the 1200 mg/kg bw groups, as compared to 4.6% in controls.) 

Based on the results of the dose-range finding study, groups of 20 gravid Wistar rats were dosed with 2 ml/kg of 0, 

200, 400, or 800 mg/kg bw diethylhexyl adipate, in peanut oil, from day 7 of gestation until post-natal day 17.  At postnatal 

day 21, all dams and pups were killed, with the exception that one male and one female pup per litter was kept for further 

evaluation.  No signs of toxicity were reported in any of the groups.  No significant effects were observed in the 200 mg/kg 

bw group.  In the 400 mg/kg bw dose groups, the number of postnatal deaths per number of pups was statistically significant 

increased.  In the 800 mg/kg bw group, statistically significant effects were observed for a number of parameters, including 

increased length of gestation (by 1 day), decreased pup body weights at birth and days 3 and 13, increased mean number of 

postnatal deaths, and an increase in postnatal death per number of pups.  The percentage of perinatal loss per litter was twice 

as high in the 400 and 800 mg/kg bw groups (23%) as compared to controls (11%), but the change was not statistically signi-

ficant.  Testicular testosterone levels were unaffected in any of the pups that were killed on postnatal day 21 or the adult male 

offspring, and serum luteinizing hormone and prolactin levels were similar to controls.  None of the sperm parameters that 

were evaluated were affected by dosing.  The only statistically significant effects, noted in the 800 mg/kg bw group, were 

increased relative liver to body weights in male pups on day 21 and increased body weights and decreased adrenal weights in 

adult male offspring.  Diethylhexyl adipate did not produce any antiandrogenic effects in the study. Fetal steroidogenesis was 

not evaluated.  NOAEL was 200 mg/kg bw. 

Groups of 10 female Crl:CD(SD) rats were dosed with 5 ml/kg, by gavage, of 0, 200, 1000, or 2000 mg/kg bw 

diethylhexyl adipate in corn oil for 2 wks prior to mating with undosed males, throughout mating, and until day 7 of 

gestation.120  The dams were killed on day 14 of gestation.  All animals survived until study termination. Body weights and 
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body weight gains were significantly decreased in the 2000 mg/kg bw dose group prior to mating.  Staining around the 

perineum was observed in the 1000 and 2000 mg/kg bw dose groups.  No statistically significant differences were observed 

for the 200 mg/kg bw group compared to controls. The mean estrous cycle length was statistically significantly increased in 

the 1000 and 2000 mg/kg bw groups, and the post-implantation loss rate was also statistically significantly increased in these 

groups.  Additionally, in the 2000 mg/kg bw group, there was a significant decrease in implantation rate, and the number of 

live embryos was statistically significantly decreased and the pre-implantation loss rate statistically significantly increased.  

The researchers stated that the effects observed in this fertility study, in conjunction with the ovarian effects described earlier 

in the repeated dose study, suggest that diethylhexyl adipate disturbed ovulation.  This correlated with the effect on estrous 

cycle length. 

The testicular toxicity of diethylhexyl adipate was examined using male F344 rats.130   Groups of six rats were fed a 

diet containing 6000 or 25,000 ppm diethylhexyl adipate for 4 wks, and the controls were given untreated feed.  Some groups 

were dosed i.p. with 200 mg/kg bw thioacetamide, 3x/wk for 4 wks, and prior to dosing with diethylhexyl adipate to evaluate 

whether liver disease enhanced testicular effects.  (There was a 1-wk rest period prior to dosing with diethylhexyl adipate.)  

The final body weights of animals given 25,000 ppm diethylhexyl adipate, with and without prior administration of 

thioacetamide, were statistically significantly decreased compared to their respective controls.  The relative liver to body 

weights of these animals were statistically significantly increased.  No significant effect on the relative weights of the testes or 

epididymis was seen for any of the test groups.  Diethylhexyl adipate did not have any testicular toxic effects, with or without 

the induction of hepatic damage. 

Diisononyl Adipate 

In a subchronic dietary study described earlier, groups of male and female Beagle dogs were fed 0, 0.3, 1.0, or 3.0% 

(wks 1-8) and 6.0% (wks 9-13) diisononyl adipate for 13 wks.87  Reproductive tissues were evaluated.  No significant findings 

were reported for the 0.3 and 1.0% groups.  In the high dose group, testes weight was decreased.  At microscopic examina-

tion, it was found that the epididymal ducts were devoid of spermatozoa, the seminiferous tubules were composed of Sertoli 

cells and spermatogonia, spermatocytes and spermatids were not evident, and there was almost total aspermatogenesis.  

Ovaries were not weighed at necropsy.  There were no gross or microscopic changes in the ovaries of the high dose group 

compared to controls. 

Dibutyl Sebacate  

A test group of 20 male and 20 female Sprague-Dawley rats was fed a diet containing 6.25% dibutyl sebacate for 10 

wks, while a control group of 12 male and 12 female rats were fed the basal diet, and then animals of each group were then 

mated.115  The dams were allowed to deliver their litters, and at weaning, 24 male and 24 female offspring were randomly 

chosen, fed the test diet for 21 days, and then killed for necropsy.  The study results indicated that ingestion of a diet contain-

ing 6.25% dibutyl sebacate had no adverse effect on fertility, litter size, or survival of offspring.  Growth was decreased dur-

ing the pre-weaning and post-weaning periods.  However, no gross pathological changes were found among young rats killed 

at the end of the 21-day post-weaning period. 

Diethylhexyl Sebacate 

Reproduction, suckling and growth were normal in a four-generation study of rats fed a diet containing 200 ppm 

diethylhexyl sebacate (~10 mg/kg bw/day).1  No reproductive or developmental toxicity was observed. 

Dimethyl Glutarate/Dimethyl Succinate/Dimethyl Adipate Mixture 

The developmental toxicity produced by the inhalation of dibasic esters (mixture of 65.1% dimethyl glutarate, 17.8% 
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dimethyl succinate, and 16.8% dimethyl adipate) was evaluated in rats.131  Groups of 24 gravid Crl:CD rats were exposed for 

6 h/day to 0, 0.16, 0.4, or 1.0 mg/l dibasic esters, by whole body inhalation, on days 7-16 of gestation.  The aerosol particle 

size in the 1.0 mg/l chamber was 5.3-5.4 µm, with 72-74% of the aerosol <10 µm.  The animals were killed on day 21 of 

gestation.  All animals survived until study termination. Body weight gains were statistically significantly decreased in the 0.4 

and 1.0 mg/l groups.  Feed consumption by these groups was reduced during the first 6 exposures; statistical significance was 

not given.  Statistically significant differences in absolute and relative liver to body weights were not observed, but there was 

a significant trend of decreased absolute, but not relative, liver weights.  The only significant clinical signs observed were 

perinasal staining and wet fur of rats in the 1.0 mg/l group.  Reproductive and developmental effects were not observed, and 

the dibasic esters mixture was not a developmental toxicant in rats following inhalation of ≤1.0 mg/l. 

Groups of 20 Crl:CD(SD)BR rats/gender were exposed for 6 h/day, 5 days/wk, to 0, 0.16, 0.40, or 1.0 mg/l dibasic 

esters by whole body inhalation for 14 wks prior to mating, and then 7 days/wk for 8 wks of mating, gestation, and lacta-

tion.132  The mean aerosol particle size in the 1.0 mg/l chamber was 6.2 µm, with 69% of the aerosol <10 µm.  Exposure was 

discontinued from day 19 of gestation through day 3 post-partum.  All parental rats and 10 pups/gender were killed and 

necropsied on day 21 post-partum.  The remaining pups were not necropsied.  Maternal body weights in the 0.40 mg/l group 

were decreased during the last week of the study, while body weights of male and female rats of the 1.0 mg/l group were 

slightly decreased from wk 7 on.  Relative liver to body weights were slightly, but not significantly, decreased in the 0.4 and 

1.0 mg/l groups.  Other differences in organ weights were not considered dose-related.  With the exception of a statistically 

significant decrease in pup body weights at birth and day 21, no reproductive or developmental effects were observed.  The 

only microscopic findings were squamous metaplasia in the olfactory epithelium of all treated parental rats.  This effect was 

minimal in the 0.16 mg/l group and mild to moderate in the 0.4 and 1.0 mg/ml groups.  The NOEL for reproductive 

parameters was 1.0 mg/l. 

Endocrine Disruption 

Diethylhexyl Adipate 

A 28-day repeated-dose toxicity study was performed to determine whether diethylhexyl adipate has endocrine-

mediated activities.133  Groups of 10 male and 10 female Crj:CD (SD) rats were dosed orally by gavage with 0, 40, 200, or 

1000 mg/kg bw diethylhexyl adipate in corn oil, at a volume of 10 ml/kg, for a minimum of 28 days.  In addition to clinical 

observations, a functional observation battery was performed during wk 4, estrous cycling was assessed from day 22, 

hormone analysis was measured at the end of the test period, and sperm morphology and sperm count were examined.  Male 

animals were killed and necropsied on day 29, while females were killed and necropsied on days 30-34 when in diestrous. 

Signs of toxicity were not observed, and no clinical chemistry or hematological findings were recorded.  Hormonal and 

spermatological analyses were normal. Statistically significant increases were seen in relative kidney to body weights in males 

of the 200 and 1000 mg/kg bw groups, relative liver to body weights of males in the 1000 mg/kg bw group, and in relative 

liver, kidney, and adrenal to body weights in females of the 1000 mg/kg bw group. Microscopically, increased eosinophilic 

bodies and hyaline droplets were seen in the kidneys of male rats of the 1000 mg/kg bw group.  Ovarian follicle atresia was 

observed in 4 females of the 1000 mg/kg bw group, accompanied by a prolonged estrous cycle in 2 of these rats.  A change in 

the estrous cycle is an important endpoint for determination of endocrine-mediated effects in the enhanced TG 407 assay.  

The researchers stated that this effect, in conjunction with the microscopic findings, appears to be related to endocrine-

mediated effects of diethylhexyl adipate.  However, it was also stated that these findings may be attributable to the 

disturbance of ovarian function according to the hypothalamic-pituitary-gonad axis.  The changes in relative organ to body 
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weights were considered toxic effects, and the NOEL was 40 mg/kg bw/day. 

The effect diethylhexyl adipate. at concentrations of 1 x 10-10 to 5 x 10-5 M, on estrogen receptor and thyroid hor-

mone (TH) functions was also examined.134  The TH-like activity was assessed using the rat pituitary tumor cell line GH3 

expressing intracellular TH and estrogen receptors and responding to physiological concentration of TH by proliferation.  At 

“low potency”, diethylhexyl adipate stimulated the TH- dependent rat pituitary GH3 cell proliferation in a concentration-

dependent manner. Cotreatment of GH3 cells with diethylhexyl adipate potentiated the L-3,5,3’-triiodothyronine (T3)-EC50  

potentiated the T3-induced GH3 cell proliferation. 

GENOTOXICITY  

Details of the genotoxicity studies on esters of dicarboxylic acids are described in Table 12.  Details of the available 

genotoxicity data on esterase metabolites are also summarized in this table. 

Diethyl Malonate 

Diethyl malonate was not mutagenic in an Ames test or a cytogenetic assay using human peripheral lymphocytes at 

concentrations ≤5000 µg/plate.14 

Dimethyl Malonate 
Dimethyl malonate was not mutagenic in an Ames test at concentrations ≤5000 µg/plate.14 

Dimethyl Succinate 

Dimethyl succinate was not mutagenic in an Ames tests with concentrations of ≤ 20,000 µg/plate135 or in a 

preincubation assay with concentrations of  ≤10,000 µg/plate.136 

Dimethyl Glutarate 

Dimethyl glutarate was not mutagenic in a preincubation assay with concentrations of  ≤10,000 µg/plate.137  

Dimethyl Adipate 

Dimethyl adipate was not mutagenic in a preincubation assay with concentrations of  ≤10,000 µg/plate.138 

Dibutyl Adipate 

Dibutyl adipate was mutagenic in an Ames test at concentrations of ≤5000 µg/plate.  It was not genotoxic in an in 

vivo mouse micronucleus assay in which the animals were dosed with ≤2000 mg/kg bw.5  

Di-C7-9 Branched and Linear Alkyl Esters of Adipic Acid 

Di-C7-9 branched and linear alkyl esters of adipic acid were not mutagenic in an Ames test at concentrations of 

≤10.0 µl/plate.87 

Ditridecyl Adipate 

Ditridecyl adipate was not mutagenic in an Ames test at concentrations of 0-10 µl/plate, and it was not clastogenic in 

an in vivo micronucleus assay using rats dosed dermally with 0, 800, or 2000 mg/kg bw ditridecyl adipate.87 

Diethylhexyl Adipate 

Diethylhexyl adipate was not mutagenic in an Ames (concentrations tested were not provided) test.2  

Diethylhexyl adipate was not mutagenic in a number of genotoxicity studies.  In vitro, negative results were reported 

in Ames tests at concentrations ranging from ≤150 -10,000 µg/plate,87,139-141 in an NTP preincubation assay,142 in a liquid 

suspension assay,143 and in a forward mutation assay using L5178Y cells at concentrations ≤1000 µg/ml .144  In an assay for 

sister chromatid exchanges and chromosomal aberrations using concentrations of ≤200 µg/plate, results were negative,145 

while in another assay with ≤400 µl/plate, results were negative without, but equivocal with, metabolic activation in the sister 

chromatid exchange assay and there was some evidence of genotoxicity without, but none with, metabolic activation in the 
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chromosomal aberration assay.146  In a 3H-thymidine assay, there was a dose-dependent inhibition of 3H-thymidine incorpora-

tion into replicating DNA, with a dose-dependent increase in the ratio of acid-soluble DNA-incorporated 3H-thymidine.140   In 

vivo, results were negative in micronucleus tests87,147 and chromosomal aberration assays.148,149 

An Ames test was performed on urine of rats dosed with diethylhexyl adipate to assess whether mutagenic substances 

occur in the urine following diethylhexyl adipate adminstration.150  Groups of ≥6 male Sprague-Dawley rats were dosed orally 

by gavage with 0 or 2000 mg/kg bw diethylhexyl adipate in corn oil for 15 days.  Urine was collected daily.  The urine was 

not mutagenic in the Ames test, indicating that diethylhexyl adipate is not converted to mutagenic urinary metabolites.  The 

urine of rats dosed with 1000 mg/kg bw 2-ethylhexanol by gavage for 15 days was also tested in an Ames assay.  The urine of 

these rats also was not mutagenic.  Urine from rats that were dosed with a known mutagen gave a positive response in an 

Ames test. 

Diisononyl Adipate 

Diisononyl adipate was not mutagenic in an Ames assay at ≤1000 µg/plate, and it was not genotoxic in a mouse 

lymphoma assay, a transformation assay, or a BALB/3t3 assay at concentrations of ≤100, 1000, or 1.3 µg/ml, respectively.151   

Diethyl Sebacate 

Diethyl sebacate was non-mutagenic in an Escherichia coli Sd-4-73 reversion (streptomycin dependence to 

independence) assay.152 

Dibutyl Sebacate 

Dibutyl sebacate, ≤10,000 µg/plate, was not mutagenic in the Ames assay.153,154 

Diethylhexyl Sebacate 

Diethylhexyl sebacate was not mutagenic in an Ames assay at concentrations of ≤10,000 µg/plate.139,155  In the rat 

liver foci test, diethylhexyl sebacate demonstrated no evidence of promotion activity when administered orally at 500 mg/kg 

bw 3x/wk for 11 wks, following a single oral treatment with a known carcinogen.156  

CARCINOGENICITY  

Diethylhexyl Adipate 

In an NTP carcinogenicity study, administration of ≤25,000 ppm diethylhexyl adipate to rats in the diet for 103 wks 

did not produce carcinogenic effects.  However, mice fed the same amount for 103 wks had dose-related body weight 

reductions and a higher incidence of hepatocellular adenoma and carcinoma than the controls.  In another study in which rats 

were fed ≤2.5% diethylhexyl adipate for 2 yrs, tumor incidence for the test animals was similar to that of controls.  The same 

researchers found no tumors in dogs fed up to 0.2% diethylhexyl adipate for 1 yr.  A single 10 mg dose of diethylhexyl 

adipate given by s.c. injection was not carcinogenic in mice.  In a lifetime study, diethylhexyl adipate caused no skin tumors 

when 10 mg was applied weekly to the back skin of mice.2  

Research has shown that other compounds with a 2-ethylhexyl group that have been evaluated for carcinogenicity 

had some evidence of hepatocarcinogenicity, ranging from very strong to equivocal, in rodents. 157 

In an evaluation of the carcinogenic risk of diethylhexyl adipate, the IARC stated that there was limited evidence in 

experimental animals for the carcinogenicity of diethylhexyl adipate.17  Therefore, the overall evaluation of diethylhexyl 

adipate was not classifiable as to its carcinogenicity to humans (Group 3). 

Diethylhexyl Sebacate  

No evidence of carcinogenicity was observed in an unspecified number of rats fed a diet providing about 10 mg 

diethylhexyl sebacate/kg/day for up to 19 months.1  No further study details were provided. 
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Tumor Promotion 

Diethylhexyl Adipate 

A group of 14 male F344 rats were used to assess the carcinogenic potential of diethylhexyl adipate in a medium-

term liver bioassay.158  The rats were given a single i.p. dose of diethylnitrosamine, and 2 wks later they were given 20,000 

ppm diethylhexyl adipate in the diet.  At wk 3, a partial hepatectomy was performed.  Positive results for carcinogenic 

potential were indicated by a significant increase in GST-P positive foci.  Diethylhexyl adipate did not have an enhancing 

effect on the development of GST-P-positive foci. 

CLINICAL ASSESSMENT OF SAFETY  

Human Exposure 

Diethylhexyl Adipate 

Diethylhexyl adipate can migrate into food, and it is most marked when plasticized PVC film comes in direct contact 

with fatty foods.90  Using the analyses of a range of typical food, a maximum intake of 16 mg/person/day for diethylhexyl 

adipate was estimated.  The amount of diethylhexyl adipate used in PVC films was reduced, and the maximum intake estimate 

was revised to 8.2 mg/day. 

Dibutyl Sebacate 

Dibutyl sebacate, a component of PVC, can pass from the packing films to the enclosed food.43 

Dermal Irritation and Sensitization 

Clinical dermal irritation and sensitization data on esters of dicarboxylic acids are presented in Table 13.  The 

available dermal irritation and sensitization data on esterase metabolites are also summarized in this table. 

Dimethyl Malonate 

The sensitization potential of 8% dimethyl malonate in petrolatum was evaluated in a maximization test using 25 

subjects.14  Dimethyl malonate was not a sensitizer. 

Dibutyl Adipate 

Undiluted dibutyl adipate was not irritating in a 24-hr clinical patch test with 10 subjects.  Slight reactions (not 

defined) were reported for 4 of 18 subjects in a 24-h patch test with dibutyl adipate, 20% in alcohol.5  

Diisopropyl Adipate 

The dermal irritation and sensitization of diisopropyl adipate was evaluated in a number of studies.   Undiluted 

diisopropyl adipate produced no irritation in 4 h patch tests, but was moderately irritating in a 21-day cumulative irritancy 

test.  Formulations containing 0.26-20.75% diisopropyl adipate caused minimal to mild irritation, but no sensitization.2  

Diethylhexyl Adipate 

The dermal irritation and sensitization of diethylhexyl adipate was evaluated in a number of studies with formu-

lations containing 0.01-9% diethylhexyl adipate.   Mild reactions were seen with a formulations containing 0.01%.  Using a 

formulation containing 0.7%, on subject reacted strongly following the second challenge, with erythema and papules 

observed.  Strong reactions were seen for 3 subjects in a patch test of a formulation containing 9.0% diethylhexyl adipate.2  

Diisostearyl Adipate 

A human repeat insult patch test (HRIPT) using 50 subjects was used to evaluate the irritation and sensitization 

potential of diisostearyl adipate.159   Two-tenths ml was applied neat to the back of each subject under an occlusive patch for 

24 h, after which time the subject removed the patch.  This procedure was performed 3 times per wk for 3 wks, for a total of 9 

induction patches.  Following a 10-14 day non-treatment period, a 24 h challenge patch was applied to a previously untreated 
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site, and reactions were scored at 24 and 48 h.  No adverse reactions were observed, and diisostearyl adipate was not a 

primary irritant or a sensitizer. 

Diethyl Sebacate 

A single insult occlusive patch test (SIOPT) was performed using 20 subjects to determine the irritation potential of 

a body cream containing 1.5% diethyl sebacate.160   The test patch was applied for 24 h.  The PII was 0.00, and the body 

cream containing 1.5% diethyl sebacate was non-irritating. 

The sensitization potential of a body cream containing 1.5% diethyl sebacate was evaluated in a maximization 

study.161  During induction, 0.05 ml of 0.25% aq. sodium lauryl sulfate (SLS) was applied under an occlusive patch for 24 h.  

At that time, the patch was removed and 0.05 ml of the test material was applied to the same site under an occlusive patch for 

48-72 h.  If no irritation was present at the test site upon patch removal, an occlusive patch with 0.25% aq. SLS was applied 

for 24 h, followed by a patch of the test material.  This sequence was used for 5 induction patches.   If irritation developed 

during induction, the SLS patch was eliminated.  After a 10-day non-treatment period, a challenge was performed at a pre-

viously untreated site.  The challenge site was pretreated with 0.05 ml of 5.0% aq. SLS under an occlusive patch for 1 h, 

followed by an occlusive patch of the test material for 48 h.  Twenty-five subjects completed the study.  No reactions were 

seen at challenge, and a body cream containing 1.5% diethyl sebacate did not have contact-sensitizing potential. 

Diisopropyl Sebacate 

An SIOPT was performed using 20 subjects to determine the irritation potential of a foundation containing 1.8% 

diisopropyl sebacate.162  The patch was applied for 24 h.  The foundation containing 1.8% diisopropyl sebacate was not 

irritating. 

The irritation and sensitization potential of diisopropyl sebacate was evaluated in a patch test that consisted of four 

24-h applications of diisopropyl sebacate as supplied (approximately 100%) during weeks 1, 2, 3, and 6 on a 2 cm x2  cm 

area of skin on the right upper arm of each subject.163  Examinations were performed immediately after patch removal.  The 

induction phase was performed during wks 1-4 using 107 subjects.  No clinically significant effects were detected on any of 

the subjects during this phase.  During wk 6, the challenge phase was conducted on 105 subjects. No clinically significant 

effects were noted in any of the subjects during this phase.  Diisopropyl sebacate was not observed to have any significant 

skin-irritating or sensitizing activity under the conditions of this study. 

A maximization assay was performed, using a modified protocol of the maximization assay procedure described 

earlier, to determine the contact-sensitization potential of a foundation containing 2.2% diisopropyl sebacate.164  In this study, 

the test material was allowed to volatilize for 30 min before the occlusive patch was applied.  Twenty-five subjects completed 

the study.  No reactions were seen at challenge, and a foundation containing 2.2% diisopropyl sebacate did not have contact-

sensitizing potential. 

Two heat protection hair spray products containing 1% diisopropyl sebacate were tested using a modified Draize 

HRIPT procedure to determine the potential of those products to induce irritation and contact sensitization.165  The products 

were tested neat and allowed to volatilize prior to patch application.  Samples were patched under semi-occlusive conditions.  

Approximately 0.2ml was used in each patch.  One hundred ten subjects completed the study. Generally transient, barely 

perceptible (0.5-level) to mild (1-level) patch test responses on 22 test subjects for one formulation and only barely per-

ceptible (0.5-level) patch test response on 15 test subjects with the other formulation during the induction and/or challenge 

phases of the study were reported. Both products were considered to be non-irritating and non-sensitizing. 

A heat protection hair spray product containing 7.2% diisopropyl sebacate was tested using an HRIPT to determine 
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the potential of this product to induce irritation and contact sensitization.166  The product was tested neat under semi-occlusive 

conditions.  Approximately 0.2 ml sample was used in each patch.  Fifty-one subjects completed the study.  No skin reactivity 

was observed in any of the test subjects during the course of the study. 

Diethylhexyl Sebacate 

Diethylhexyl sebacate was applied neat using occlusive patches to the skin of 15-30 subjects (sex not specified) for 

48-h.1  No local reactions were observed in the challenge phase (48-h covered contact with neat liquid) that was carried out 2 

weeks later, presumably due to limited induction. 

Dioctyldodecyl Dodecanedioate 

An HRIPT with 50 subjects was performed to evaluate the irritation and sensitization potential of dioctyldodecyl  

dodecanedioate.159  Two-tenths ml of the test material, neat, was applied to the back of each subject under an occlusive patch 

for 24 h, after which time the subject removed the patch.  This procedure was performed 3 times per wk for 3 wks, for a total 

of 9 induction patches.  Following a 10-14 day non-treatment period, a 24 h challenge patch was applied to a previously 

untreated site, and reactions were scored at 24 and 48 h.  No adverse reactions were observed, and dioctyldodecyl dodecane-

dioate was not a primary irritant or a sensitizer. 

Diisocetyl Dodecanedioate 

An HRIPT with 50 subjects was performed as described above to evaluate the irritation and sensitization potential of 

diisocetyl dodecanedioate.159  No adverse reactions were observed, and diisocetyl dodecanedioate was not a primary irritant 

or a sensitizer. 

Phototoxicity and Photosensitization 

Dibutyl Adipate 

Dibutyl adipate, as a 10% dilution in liquid paraffin, was not phototoxic in a clinical phototoxicity study using 30 

subjects.5 

Diisopropyl Adipate 

In photopatch test studies using 49-98 subjects, formulations containing 0.7-17.0% diisopropyl adipate were not 

phototoxic, primary irritants, or sensitizers.2  

Diethylhexyl Adipate 

In a photopatch test on 9.0% diethylhexyl adipate using 25 subjects, no phototoxic or photoallergic reactions were 

observed.2 

Ocular Irritation 

Dibutyl Adipate 

Dibutyl adipate, 0.1% in paraffin oil, was not an ocular irritant in two subjects.5  

Comedogenicity 

Dibutyl Adipate 

Dibutyl adipate, 10-100% (vehicle not stated), was not comedogenic in clinical testing.5  

Case Reports 

A number of investigators have reported cases of allergic contact dermatitis in response to diethyl sebacate-contain-

ing products, and have demonstrated diethyl sebacate to be the substance, or one of several substances in the products, elicit-

ing the dermatitis.39,167-171  Two case studies were reported of allergic reactions to lotion containing diisopropyl sebacate.172,173  

In a case study where one patient was sensitized to other sebacate esters, diethylhexyl sebacate was not irritating.172  For 
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stearyl alcohol, a metabolite of distearyl succinate, contact sensitization was reported in 3 individuals.174  These case reports 

are described in Table 14. 

Risk Assessment 

Diethylhexyl Adipate 

According to the Integrated Risk Information System of the EPA, the weight-of-evidence classification for diethyl-

hexyl adipate was “possible human carcinogen”.128   The classification was based on an absence of human data and increased 

liver tumors in female mice.  The only genotoxic effect was a positive dominant lethal assay.  It was noted that diethylhexyl 

adipate exhibits structural relationships to other non-genotoxic compounds that are classified as probable and possible 

carcinogens. 

SUMMARY  

 This safety assessment includes sebacic acid and other alkyl α,ω-dicarboxylic acids, salts, monoesters and diesters, 

for a total of 56 ingredients.  The dicarboxylic acids are terminally functionalized straight alkyl chains characterized by a sep-

aration between the acid functional groups of one to 10 carbons.  The simple alkyl di-esters are the result of the condensation 

of alkyl dicarboxylic acids and two equivalents of alkyl alcohols.  These ingredients can be metabolized via hydrolysis back 

to the parent alcohol, the mono-ester, and the parent dicarboxylic acid.  The simple alkyl esters (mono- and di-) of these 

dicarboxylic acids have straight or branched side chains ranging in length from one to 18 carbons.  This safety assessment is 

divided into two parts – (1) 12 dicarboxylic acids and their salts and (2) 44 esters of dicarboxylic acids. 

A safety assessment of diethylhexyl adipate (called dioctyl adipate at the time of that assessment) and diisopropyl 

adipate was published in 1984 with the conclusion that these ingredients are safe as used in cosmetics.  This conclusion was 

reaffirmed in 2006.  Additionally, dibutyl adipate was previously reviewed in 1996 and the available data were found insuffi-

cient to support the safety of dibutyl adipate in cosmetic formulations.  When re-reviewed in 2006, additional data were made 

available to address the needs identified by the CIR Expert Panel, and an amended conclusion was issued stating that dibutyl 

adipate is safe for use in cosmetic formulations. 

While many of the alkyl dicarboxylic acids occur in natural products, commercial production of these acids has 

historically occurred via alkali pyrolysis of lipids. 

A relationship exists between the molecular weight and the log octanol – water partioning coefficient.  Physical 

properties change as chain length increases, and the water solubility of these acids is inversely proportional to their chain 

length.  Odd versus even chain length also plays a role.  The alternating effects are believed to be the result of the inability of 

odd carbon number compounds to assume an in-plane orientation of both carboxyl groups with respect to the hydrocarbon 

chain.  The diesters, in contrast, are much more lipid soluble and more difficult to dissolve in water.  The short-chain alkyl 

mono- and diesters are more soluble in water, less lipophilic, and relatively more volatile than the corresponding longer-chain 

alkyl esters. 

The ingredients included in this review would not be expected to have any meaningful ultraviolet absorption. 

The ingredients in this report function in cosmetics as pH-adjusters, fragrance ingredients, plasticizers, skin-condi-

tioning agents and/or solvents and corrosion inhibitors.  The majority of the dicarboxylic acids function in cosmetics as pH 

adjusters or fragrance ingredients.  Six of the 12 dicarboxylic acids and their salts and 24 of the 44 esters included in this 

safety assessment are reported to be used in cosmetic formulations.  For the dicarboxylic acids and their salts, disodium succi-

nate has the greatest number of reported uses, with a total of 45.  The acid with the greatest concentration of use is succinic 

acid, 26%; use at this concentration is in a bath product that will be diluted during use.  The greatest leave-on concentration is 
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0.4%, disodium succinate, with dermal contact exposure.  For the esters, diisopropyl adipate has the greatest number of uses, 

with 70 reported.  The concentration of use is greatest for dimethyl glutarate, 15% in a dermal rinse-off product.  The 

ingredients with the greatest leave-on use concentrations, which are all dermal contact exposures, are diethylhexyl adipate, 

14%, diisostearyl adipate, 10%, and diisopropyl sebacate, 10%.   

Dicarboxylic Acids and Their Salts 
Dicarboxylic acids are natural metabolic products of the ω-oxidation of monocarboxylic acids when the β-oxidation 

of free fatty acids is impaired.  Under normal physiological conditions, dicarboxylic acids are rapidly β-oxidized, resulting in 

very low cellular concentrations and practically non-detectable concentrations in the plasma.  Oxidation of odd- and even-

numbered chains proceeds to different end points; even chains are completely, while odd-number chains are not completely, 

oxidized. 

Unchanged dicarboxylic acid was found in the urine of rats.  With oral dosing, approximately 53-67% adipic acid, 

40% azelaic acid, and 50% dodecanedioate was recovered with the respective acid.  With i.v. dosing, 59-71% adipic acid and 

35% sebacate was recovered.  In humans, 6.76-61 adipic acid, and 61% azelaic acid were found in the urine after dosing with 

the respective acid. With azelaic acid and dodecanedioic acid, radioactivity was found in all tissues, and it decreased after 24 

h in all tissues except adipose tissue.  Radioactivity was found in expired carbon dioxide at 24 h after dosing adipic acid 

(70%), azelaic acid (14.5%), and disodium sebacate (25%).  For rats dosed orally with azelaic, sebacic, undecanedioic, and 

dodecanedioic acid, 2.5, 2.1, 1.8, and 1.6% of the respective acid was found in the urine unchanged.  The amount recovered 

decreased with increasing chain length.  After oral dosing, 60, 17, 5, and 0.1% of azelaic, sebacic, decanedioic, and undecane-

dioic acids, respectively, were recovered unchanged in the urine.  In the plasma of both animals and humans, dicarboxylic 

acid catabolites that were 2-, 4-, or 6- carbons shorter than the corresponding dicarboxylic acid were found. 

Adipic acid did not induce peroxisome proliferation.  Dicarboxylic acids did have some cellular effects and inhibited 

mitochondrial oxidoreductases, reversibly inhibited microsomal NADPH and cytochrome P450 reductase, and competitively 

inhibited tyrosinase in vitro.  

The oral LD50 values of the dicarboxylic acids had a wide range; for example, adipic acid had values in rats ranging 

from 0.94 g/kg to greater than the highest dose tested (11 g/kg).  Most reported values for the acids were >2 g/kg.  The 

reported dermal LD50 values ranged from >6 g/kg dodecanedioic acid to >10 g/kg glutaric acid. 

In short-term oral toxicity studies, ≤3000 mg/kg bw/day adipic acid did not produce significant toxicological effects 

in rats.  Signs of toxicity were seen at >3600 mg/kg bw/day.  No toxicity was observed with guinea pigs fed 400-600 mg/day 

adipic acid.  Short-term inhalation exposure to 126 mg/m3 adipic acid to rats did not produce signs of toxicity, but exposure of 

mice to 460 mg/m3 resulted in decreased weight gain and produced effects in the upper respiratory tract, liver, kidneys, and 

central nervous system. 

In a subchronic oral study, 10 male and 10 female rats exposed to 10% sodium succinate in the drinking water died, 

but no compound-related lesions were found.  Body weights were decreased in rats given ≥2.5% sodium succinate for 13 wks, 

but toxicological treatment-related changes were not observed.  Glutaric acid had a low degree of toxicity to rats (at 2%) and 

dogs (concentration not specified) when given in the feed.  Dietary administration of ≤3400 mg/kg bw/day adipic acid for 19 

wks produced slight effects in the liver of male rats; the NOAEL was 3333 mg/kg bw.  A mixture of adipic, glutaric, and 

succinic acids had a low degree of toxicity in rats when tested at 3% for 90-days.  Signs of toxicity were reported in a sub-

chronic inhalation study in which mice were exposed to 13 or 120 mg/m3 adipic acid. 

Slight effects were seen in the livers of rats fed ≤3200 mg/kg bw/day adipic acid for 33 wks, and the NOAEL for rats 
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fed a diet containing adipic acid for 2 yrs was 1%; no significant toxicological effects were seen at concentrations of ≤5%.  

No significant toxicological effects were observed for mice fed ≤280 mg/kg bw or rabbits fed ≤400 mg/kg bw azelaic acid for 

180 days.  Disodium sebacate was not toxic to rats or rabbits fed up to 1000 mg/kg bw for 6 mos. 

For the dicarboxylic acids, the severity of ocular irritation seems to decrease with increasing carbon number.  Suc-

cinic acid was a severe ocular irritant, glutaric acid was moderately irritating, and dodecanedioic acid was a slight irritant.  

Ocular irritation produced by adipic acid was dose-dependent.  Slight to mild dermal irritation was observed in rabbits for 

succinic, glutaric, and adipic acid, while dodecanedioic acid was not an irritant in rabbits. Using guinea pigs, adipic acid, 

dodecanedioic acid, and a mixture of succinic, glutaric, and adipic acids are not sensitizers. 

Reproductive and developmental effects were not seen upon oral dosing with the dicarboxylic acids or disodium 

sebacate.  Malonic acid, at 0.1% in vitro, has a spermicidal effect on human spermatozoa.  Glutaric acid was tested at doses of 

≤1300 mg/kg bw in rats and 500 mg/kg bw in rabbits, adipic acid at doses of ≤263 mg/kg bw in mice, 288 mg/kg bw in rats, 

205 mg/kg bw in hamsters, or 250 mg/kg bw in rabbits, azelaic acid at doses of ≤140 mg/kg bw in rats and 200 mg/kg bw in 

rabbits, disodium sebacate at 500 mg/kg bw in rats and 1000 mg/kg bw in rabbits, and dodecanedioic acid was tested at 

≤1000 mg/kg bw using rats.  Embryotoxic effects were reported in a reproductive study of 2500 mg/kg bw/day azelaic acid 

using rats and in reproductive studies with ≤500 mg/kg bw/day azelaic acid using rabbits and monkey.  In vitro, sodium salts 

of some dicarboxylic acid had a specific inhibitory effect on muscle activity of the uterine horn, and this effect progressively 

increased with chain length. 

The dicarboxylic acids are not genotoxic, and consistently were not mutagenic in Ames tests.  Positive results were 

seen in a transformation assay on glutaric acid using Balb/c-3T3 cells, both with and without metabolic activation.  The 

results of a mouse lymphoma assay, with and without metabolic activation, on glutaric acid were negative in a neutral pH 

range.  Equivocal results were obtained in an in vitro chromosomal aberration assay of ≤15 mg/ml disodium succinate using 

Chinese hamster fibroblast cells.  The dicarboxylic acids were not genotoxic in in vivo assays. 

Carcinogenicity was not seen in rats given up to 2% sodium succinate in the drinking water or 5% adipic acid in feed 

for 2 yrs.  An increase in the incidence of C-cell adenoma/carcinoma of the thyroid in females given 2% sodium succinate, 

and a positive trend in the occurrence of this tumor, was considered a function of experimental variability and not related to 

dosing.  Adipic acid was not carcinogenic when given orally to rats at up to 5% in the diet. 

In a cumulative irritancy test, the cumulative irritation of a 15% azelaic acid gel increased with successive patching.  

It is not known if the vehicle played a role in the irritation scores.  Daily application of a 20% azelaic cream causes erythema 

and irritation. 

Esters of Dicarboxylic Acids 

The metabolism of diesters in animals is expected to occur, initially, via enzymatic hydrolysis, leading to the corre-

sponding dicarboxylic acids and the corresponding linear or branched alcohol.  These dicarboxylic acids and alcohols can be 

further metabolized or conjugated to polar products that are excreted in urine, or, the enzymatic hydrolysis may be incomplete 

and result, at least for some diesters, in the production of monoesters. 

In in vitro absorption studies using pig skin, 8.8 and 3% of undiluted diethyl malonate was found in the skin and 

receptor fluid, respectively, after 50 h.  Absorption was enhanced when diethyl malonate was diluted with ethanol and re-

duced when diluted in acetone.  Using human skin, 16% of the applied diethyl malonate penetrated in 24 h.  In vivo, absorp-

tion of diethyl malonate, estimated from urinary and fecal recovery, was 15% in nude mice, 4% in human skin grafted to nude 

mice, 6% in pig skin grafted to nude mice, 2.5% in pigs, and 4% in dogs. 
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Approximately 11% of ditridecyl adipate was absorbed through the skin of rats; 5.5-7.4% of the applied dose was 

found in the tissues, 3.5-4.7%was found in the urine, and 0.4-0.7% was found in the feces after 4 days.  Prior dosing with 

ditridecyl adipate did not significantly affect absorption. 

In vitro, diethylhexyl adipate was readily hydrolyzed to mono-(2-ethylhexyl) adipate (MEHA) or adipic acid in rat 

liver, pancreas, and small intestine tissue preparations.  In rats, diethylhexyl adipate is hydrolyzed to adipic acid and 2-

ethylhexanol or MEHA.  2-Ethylhexanol is converted to 2-ethylhexanoic acid, which may form a glucuronide conjugate or 

may be subjected to ω- and (ω-1)-oxidation and further metabolism.  More than 98% of diethylhexyl adipate administered 

orally to rats was excreted in 48 h; 21-45% of the radioactivity was expired in carbon dioxide and 34-52% was excreted in the 

urine.  Diethylhexyl adipate and MEHA are not found in the blood or urine; diethylhexyl adipate or the metabolites are 

recovered in the tissues.  Metabolism studies have shown that excretion in the urine is not as unchanged diethylhexyl adipate; 

mostly adipic acid is found.  In humans, peak urinary elimination of all metabolites occurred within 8 h of dosing. 

Diethylhexyl sebacate is not readily absorbed through the skin of guinea pigs.  Metabolism in rodents and humans 

may follow partially common pathways, producing 2-ethylhexanol as an intermediary metabolite. 

Diethylhexyl adipate is a peroxisome proliferator requiring extensive phase I metabolism to produce the proximate 

peroxisome proliferator, which in both mice and rats appears to be 2-ethylhexanoic acid.  Diethylhexyl adipate is not as potent 

a proliferator as diethylhexyl phthalate.  Peroxisome proliferation causes an increase in liver weights and can induce 

hepatocarcinogenicity in rats and mice.  Peroxisome proliferation is not believed to pose the risk of inducing hepatocarcino-

genesis in humans, as a species difference in response to peroxisome proliferators exists. 

Diethylhexyl adipate did not bind covalently to hepatic DNA in mice.  It did stimulate DNA synthesis in livers of 

rats.  In another study, a statistically significant increase in 8-OH-dG occurred in the liver DNA, but not the kidney DNA, at 

wk 1 and 2.  The IARC remarked that the weight of evidence for diethylhexyl adipate demonstrated that rodent peroxisome 

proliferators do not act as direct DNA-damaging agents. 

The oral and dermal LD50 values are greater than 2 g/kg.  No mortality occurred in rats exposed to concentrated 

vapors of diethyl malonate diethyl succinate, dibutyl adipate, or diethylhexyl adipate for 8 h.  Some deaths, possibly due to 

thermal decomposition were seen in rats and rabbits exposed to 940 mg/m3 for 7 h.  In a 4-hr inhalation toxicity study, a mix-

ture of dimethyl glutarate, dimethyl succinate, and methyl adipate, the anterior and posterior nasal passageways were affected. 

Oral administration of ≤1000 mg/kg bw dibutyl adipate for 28 days did not produce toxic effects in rats.  In short-

term oral dosing with diethylhexyl adipate, decreased weight gain was reported for rats and mice.  The NOELs for rats and 

mice were 2 and 0.63%, respectively, in feed; 5/5 female mice fed 10% dibutyl adipate in feed died. In 2- and 4-wk studies of 

diethylhexyl adipate, the oral NOAEL for ovarian toxicity was 200 mg/kg bw in rats; an increase in atresia of the large follicle 

and a decrease in currently formed corpora lutea were seen in females dosed with 1000 and 2000 mg/kg bw diethylhexyl 

adipate. 

In a short-term dermal study in which 10 rabbits were dosed dermally with 0.5 or 1.0 ml/kg of a 20% dispersion of 

dibutyl adipate for 6 wks, there was a significant decrease in body weights in the high dose group, and renal lesions in one 

animal of each group.  There were no signs of toxicity in guinea pigs in an immersion study with 20.75% diisopropyl adipate, 

diluted to an actual concentration of 0.10% adipate.  Dermal administration of diethylhexyl adipate to rabbits for 2 wks 

resulted in slight to moderate erythema at the test site, but toxic effects were not reported for most of the animals. 

In a 90-day oral toxicity study in which rats were fed 36-41 mg/kg bw diethyl malonate, no treatment-related effects 

were observed.  Dietary administration of ≤2.5% di-C7-9 branched and linear alkyl esters of adipic (approx. 1500 and 1900 
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mg/kg bw/day for males and females, respectively) for 90 days did not result in systemic toxicity.  The NOAELS for male and 

female rats were 1500 and 1950 mg/kg bw/day, respectively.  Subchronic oral administration of diethylhexyl adipate to rats 

caused significant decreases in body weight gains and increases in liver and kidney weights.  The dietary NOEL for rats in a 

90-day study was 610 mg/kg bw.  A decrease in body weights was seen in mice fed a diet with 1.2 and 2.5% diethylhexyl 

adipate.  For diisononyl adipate, dietary administration of up to 500 mg/kg bw to rats for 13 wks resulted in a statistically 

significant increase in relative kidney weights, but there were no toxicological findings.  With dogs, 3.0% dietary diisononyl 

adipate resulted in a decrease in body weights, testes weight, and feed consumption, increased liver weight, elevated enzyme 

levels, liver and kidney discoloration, and microscopic changes in the liver, testes, spleen, and kidneys. 

No adverse effects were reported with whole-body application of a 6.25% emulsion of dibutyl adipate to dogs 2x/wk 

for 3 mos.  Unoccluded dermal application of up to 2000 mg/kg bw ditridecyl adipate for 13 wks to rats produced slight 

erythema, but no systemic toxicity. 

In a 6-month study in which rats were dosed intragastrically with diethylhexyl adipate, hepatic detoxification 

appeared depressed at the beginning of the study, while in a 10-mos study, a decrease in central nervous system excitability 

was noted. Dietary administration of ≤1.25% dibutyl sebacate for 1 yr or ≤6.25% for 2 yrs did not have an effect on growth 

Ocular irritation appeared to lessen in severity as chain length of the dicarboxylic acid esters increased.  Undiluted 

diethyl malonate was slightly to moderately irritating to rabbit eyes.  Dibutyl, diisopropyl, and diethylhexyl adipate, at 

concentrations ranging from 0.1 – 100%, were non- or minimal ocular irritants.  Diisopropyl sebacate was minimally 

irritating.  Diethylhexyl sebacate was non-irritating in an MTT viability assay.  Undiluted dioctyldodecyl and diisocetyl 

dodecanedioate were not irritating to rabbit eyes. 

The esters of dicarboxylic acids were mostly non- or mildly irritating to rabbit skin. Some minimal irritation was 

seen with diisopropyl adipate, undiluted or at 5-20.75% in formulation, and moderate erythema was reported with undiluted 

dibutyl adipate.  Dimethyl malonate, dibutyl and diethylhexyl adipate, diethylhexyl sebacate, and dioctyldodecyl 

dodecanedioate were not sensitizers in guinea pigs or rabbits.  Perfume formulations containing 1.1% diisopropyl adipate 

were not phototoxic in rabbits. 

Oral administration of up to 1000 mg/kg bw dimethyl malonate to Wistar rats did not have an effect on fertility, and 

no developmental toxicity was reported.  The NOAEL was 300 mg/kg bw for repeated dose and maternal toxicity and 1000 

mg/kg bw for fertility and developmental toxicity.  Oral administration of up to 100 mg/kg bw dibutyl adipate to Sprague-

Dawley rats did not cause any reproductive effects, and the NOEL for parental and offspring toxicity was 300 mg/kg bw/day 

and for reproductive toxicity was 100 mg/kg bw/day.  Oral administration of ≤7000 mg/kg bw di-C7-9 branched and linear 

alkyl esters of adipic acid to Sprague-Dawley rats did not result in developmental toxicity.  Dietary administration of up to 

1.2% diethylhexyl adipate did not affect fertility when fed to rats prior to mating. Fetal weight, total litter weight, and litter 

size were reduced with 1.2% diethylhexyl adipate.  In a study in which gravid rats were fed the same doses during gestation, 

no significant effects on fetal weight or litter size were reported.  An increased incidence of minor skeletal abnormalities was 

attributed to fetotoxicity.  In a study in which diethylhexyl adipate was given orally to rats from day 7 of gestation until post-

natal day 17, antiandrogenic effects were not observed, although some increase in post-natal death was observed.  Administra-

tion of up to 2000 mg/kg bw diethylhexyl adipate prior to dosing and through day 7 of gestation did have an effect on the 

mean estrous cycle length at a dose of 1000 and 2000 mg/kg bw, and did appear to disturb ovulation.  Significant decreases 

were also seen in implantation rate and number of live embryos, as well as an increase in pre-implantation loss.  Diethylhexyl 

adipate did not produce testicular toxic effects in male F344 rats when fed at up to 25,000 ppm in the diet for 4 wks.  Dietary 
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administration of 6.25% dibutyl sebacate to male and female Sprague-Dawley rats for 10 wks prior to mating had no adverse 

effects on fertility, litter size, or survival of offspring.  Diethylhexyl sebacate, 200 ppm in the diet, did not produce reproduc-

tive or developmental effects in rats. 

Dermal applications of 2000 mg/kg bw ditridecyl adipate did not have an effect on sperm morphology.  Some 

visceral anomalies were reported.  The NOAELs for maternal toxicity and developmental and reproductive effects were 2000 

and 800 mg/kg bw/day, respectively. 

Dimethyl, diethyl, dipropyl, dibutyl, diisobutyl, and diethylhexyl adipate were evaluated for fetotoxic and teratogenic 

effects in rats when administered i.p. at 1/3 – 1/30 of the i.p. LD50 values.  Some effect on resorptions and abnormalities were 

seen with all but diethyl adipate. 

Inhalation by rats of ≤1.0 mg/l of a mixture of dimethyl glutarate, dimethyl succinate, and dimethyl adipate on days 

7-16 of gestation or for 14 days prior to mating, during mating and gestation, and lactation, no adverse developmental or re-

productive effects were observed.  The only exception was a statistically significant decrease in pup weight at birth and day 

21. 

Diethylhexyl adipate appeared to have endocrine-mediated effects in Crj:CD (SD) rats in a 28-day oral study; how-

ever, it was stated that the findings may be attributable to the disturbance in ovarian function according to the hypothalamic-

pituitary-gonad axis.  Diethylhexyl adipate simulated thyroid hormone-dependent rat pituitary GH3 cell proliferation in a 

concentration-dependent manner. 

The esters of dicarboxylic acids were not mutagenic or genotoxic in a battery of in vitro and in vivo tests.  The only 

non-negative results reported were equivocal results in a sister-chromatid exchange assay with ≤400 µg/ml diethylhexyl 

adipate in the presence of metabolic activation and a dose-dependent inhibition of 3H-thymidine into replicating DNA, with a 

dose-dependent increase in the ratio of acid-incorporated 3H-thymidine with ≤0.01 M diethylhexyl adipate..  (The same effect 

was seen in the 3H-thymidine assay with 2-ethylhexanol.) 

In an NTP 2-yr dietary study, ≤25,000 ppm diethylhexyl adipate did not produce tumors in male or female rats, but it 

did increase the incidence of hepatocellular adenoma and carcinoma in male and female mice.  Diethylhexyl adipate did not 

cause skin tumors with weekly application of 10 mg to the back of mice in a lifetime study.  Other compounds with a 2-ethyl-

hexyl group that have been evaluated for carcinogenicity had some evidence of hepatocarcinogenicity, ranging from very 

strong to equivocal, in rodents.  Feeding of diethylhexyl sebacate to rats for 19 mos did not result in carcinogenic effects.  

In a number of clinical irritation and sensitization studies, the diesters of dicarboxylic acids are not irritants or 

sensitizers.  The only exception noted was that undiluted diisopropyl adipate was moderately irritating in one cumulative 

irritancy test, and some slight irritation was seen with formulations containing diethylhexyl adipate.  A 10% dilution of dibutyl 

adipate tested on 30 subjects and formulations containing 0.7-17% diisopropyl adipate, tested on 49-98 subjects, and 9% 

diethylhexyl adipate, tested on 25 subjects, were not phototoxic.   

Cases of allergic contact dermatitis in response to diethyl sebacate-containing products have been reported, and it 

has been demonstrated that diethyl sebacate was the substance, or one of several substances in the products, eliciting the 

dermatitis.  Two case studies were reported of allergic reactions to lotion containing diisopropyl sebacate. 

According to the Integrated Risk Information System of the EPA, the weight-of-evidence classification for diethyl-

hexyl adipate was “possible human carcinogen”.  The classification was based on an absence of human data and increased 

liver tumors in female mice.  The IARC has stated that diethylhexyl adipate is not classifiable as to its carcinogenicity in 

humans.   
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DISCUSSION 

The Expert Panel reviewed the available data on dicarboxylic acids and their salts, and the data on the esters of 

dicarboxylic acids, and determined that these ingredients are safe as used in cosmetics.  In reaching this conclusion, the 

Expert Panel considered a number of issues. 

The Expert Panel noted gaps in the available safety data for some of the dicarboxylic acid and salts and esters of 

dicarboxylic acids in this safety assessment.  The available data on many of the ingredients are sufficient, however, and 

similar structural activity relationships, biologic functions, and cosmetic product usage, suggest that the available data may be 

extrapolated to support the safety of the entire group.  For example, a concern regarding the extent of dermal absorption for 

certain long-chain, branched diesters is addressed, because dermal penetration of long chain alcohols is likely to be low and 

the dermal penetration for the diesters is likely to be even lower, inferring toxicity characteristics from ingredients where 

toxicity data were available was appropriate 

The CIR Expert Panel considered the dangers inherent in using animal-derived ingredients, namely the transmission 

of infectious agents.  While tallow may be used in the manufacture of some ingredients in this safety assessment and is clearly 

animal-derived, the Expert Panel notes that tallow is highly processed and tallow derivatives even more so.  The Panel agrees 

with determinations by the U.S. FDA that tallow derivatives are not risk materials for transmission of infectious agents. 

The Panel noted that the only significant toxic effect of the dicarboxylic acids was irritation to the skin and eyes, 

which would be expected for acids.  Dicarboxylic acids reviewed in this safety assessment are not expected to be appreciably 

absorbed from cosmetic formulations, exhibit low single-dose or repeated-dose toxicity in animal studies, and are not geno-

toxic or carcinogenic in animal studies.  Since a use of these acids in cosmetics is as a pH adjuster, the irritating property of 

these acids would be lost.  The highest use of an acid in leave-on formulations is 0.3% azelaic acid, of a salt is 0.4% disodium 

succinate, and of an ester is 14% diethylhexyl adipate.  Although bath products can contain higher concentrations of these 

acids, salts, or esters, contact time is short and the product will be diluted as it is being rinsed. 

Case studies have reported reactions to products containing diethyl sebacate.  Follow-up patch tests performed with 

≥5% diethyl sebacate, which is greater than the reported use concentration, had positive results.  Diethyl sebacate is reported 

to be used in cosmetics at 1.5%, and no irritation or sensitization was reported in clinical studies of a formulation containing 

1.5% diethyl sebacate. 

The Expert Panel also noted that esters of dicarboxylic acids, in particular diethylhexyl adipate, have the potential to 

induce peroxisome proliferation. This effect has been examined because ethylhexyl adipate is structurally related to a notable 

peroxisome proliferator, diethylhexyl phthalate.  Diethylhexyl adipate is not as potent a peroxisome proliferator as diethyl-

hexyl phthalate, and, while peroxisome proliferation is toxicologically well-studied, this is an effect observed only in rodents 

and is not relevant to humans.  Accordingly, the hepatocarcinogenic effects observed in rodents are related to this effect and 

not believed to pose the risk of inducing hepatocarcinogenesis in humans. 

The reproductive and developmental toxicity of the dicarboxylic acids and their esters were generally well studied.  

The results of these studies did not cause any concern for the Panel. 

The potential adverse effects of inhaled aerosols depend on the specific chemical species, the concentration and the 

duration of the exposure and their site of deposition within the respiratory system.  In practice, aerosols should have at least 

99% of their particle diameters in the 10 – 110 µm range and the mean particle diameter in a typical aerosol spray has been 

reported as ~38 µm.  Particles with an aerodynamic diameter of ≤ 10µm are respirable.  In the absences of inhalation toxicity 

data, the panel determined that dicarboxylic acids and their salts and the esters of dicarboxylic acids can be used safely in hair 
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sprays, because the product size is not respirable. 

CONCLUSION 

The CIR Expert Panel concluded that dicarboxylic acids and their salts, and the esters of dicarboxylic acids, as listed 

below, are safe in the present practices of use and concentration.  Were ingredients in these groups not in current use (as 

indicated by *) to be used in the future, the expectation is that they would be used in product categories and at concentrations 

comparable to others in these groups. 

Acids and salts: 
malonic acid* 
succinic acid 
sodium succinate 
disodium succinate 

glutaric acid* 
adipic acid 
azelaic acid 
dipotassium azelate* 

disodium azelate* 
sebacic acid 
disodium sebacate* 
dodecanedioic acid*

Esters: 
diethyl malonate 
decyl succinate* 
dimethyl succinate 
diethyl succinate* 
dicapryl succinate 
dicetearyl succinate* 
diisobutyl succinate* 
diethylhexyl succinate 
dimethyl glutarate 
diisobutyl glutarate* 
diisostearyl glutarate 
dimethyl adipate 
diethyl adipate* 
dipropyl adipate* 
dibutyl adipate 

dihexyl adipate 
dicapryl adipate 
di-C12-15 alkyl adipate* 
ditridecyl adipate* 
dicetyl adipate* 
diisopropyl adipate 
diisobutyl adipate 
diethylhexyl adipate 
 diisooctyl adipate* 
diisononyl adipate* 
diisodecyl adipate 
dihexyldecyl adipate* 
diheptylundecyl adipate 
dioctyldodecyl adipate 
diisocetyl adipate* 

diisostearyl adipate 
isostearyl sebacate 
diethyl sebacate 
dibutyl sebacate* 
dicaprylyl/capryl sebacate* 
diisopropyl sebacate 
diethylhexyl sebacate 
dibutyloctyl sebacate* 
diisooctyl sebacate 
dihexyldecyl sebacate* 
dioctyldodecyl sebacate 
diisostearyl sebacate* 
dioctyldodecyl dodecanedioate 
diisocetyl dodecanedioate
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FIGURES 

Figure 1a. Map of the malonic and succinic ester ingredients in this assessment, and associated esterase metabolites 
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Figure 1b. Map of the glutaric and straight-chain adipic ester ingredients in this assessment, and associated esterase metabolites 
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Figure 1c. Map of the branched chain adipic ester ingredients in this assessment, and associated esterase metabolites 
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Figure 1d. Map of the sebacic and dodecanedioic ester ingredients in this assessment, and associated esterase metabolites 
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Figure 2. Sebacic acid synthesis from castor oil. 

 
 
       

 
 

 
Figure 3. Diethylhexyl adipate synthesis from adipic acid. 
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CHARTS 

 

Chart 1.   Dicarboxylic Acids; Log Kow vs Molecular Weight 
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Chart 2.   Dicarboxylic Acids and their Salts; Log Kow vs Molecular Weight 
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Chart 3.  Example of the effects of chain length and branching on solubility.  Log Kow vs Molecular Weight 
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TABLES 

Table 1.   Definitions, functions and structures of dicarboxylic acid, salt and ester ingredients in this safety assessment 

Ingredient CAS No. Definition Function(s) Formula/structure 

Dicarboxylic Acids and Metal Salts 
Malonic Acid 
141-82-2 

Malonic Acid is the organic 
compound that conforms to 
noted structure. 

Fragrance 
Ingredients; pH 
Adjusters 

 
 

Succinic Acid 
110-15-6 

Succinic Acid is the 
dicarboxylic acid that 
conforms to noted structure. 

Fragrance 
Ingredients; pH 
Adjusters  

Sodium Succinate 
2922-54-5 

Sodium Succinate is the 
sodium salt of succinic acid. 

Buffering Agents; 
pH Adjusters 

 
Disodium Succinate 
150-90-3 

Disodium Succinate is the 
disodium salt of Succinic Acid 
. 

Fragrance 
Ingredients; Not 
Reported  

Glutaric Acid 
110-94-1 

Glutaric Acid is the organic 
compound that conforms to 
noted structure. 

Fragrance 
Ingredients; pH 
Adjusters 

 

Adipic Acid 
124-04-9 

Adipic Acid is the organic 
dicarboxylic acid that 
conforms to noted structure. 

Fragrance 
Ingredients; pH 
Adjusters  

Azelaic Acid 
123-99-9 

Azelaic Acid is the 
dicarboxylic acid that 
conforms to noted structure. 

Fragrance 
Ingredients; pH 
Adjusters 

 

Disodium Azelate 
17265-13-3   
 

Disodium Azelate is the 
disodium salt of azelaic acid. 

Not Reported 

 

Dipotassium Azelate 
19619-43-3 

Dipotassium Azelate is the 
organic salt that conforms to 
noted structure. 

Not Reported 

 

Sebacic Acid 
111-20-6 

Sebacic Acid is the organic 
dicarboxylic acid that 
conforms to noted structure. 

pH Adjusters 

 
Disodium Sebacate 
17265-14-4 

Disodium Sebacate is the 
disodium salt of Sebacic Acid 
. It conforms to the noted 
structure. 

Not Reported 

 

Dodecanedioic Acid 
693-23-2 

Dodecanedioic Acid is the 
organic compound that 
conforms to noted structure. 

Skin-
Conditioning 
Agents - 
Miscellaneous 

 

     
Malonic Diester Ingredient 
Diethyl Malonate 
105-53-3 

Diethyl Malonate is the 
organic compound that 
conforms to noted structure. 

Fragrance 
Ingredients  

     
Succinic Ester Ingredients 
                               Monoester 
Decyl Succinate 
54482-22-3 
(wrong CAS No. 2530-
33-8) 

Decyl Succinate is the 
monoester of decyl alcohol 
and succinic acid. 

Skin-
Conditioning 
Agents - 
Emollient 

 

                              Diesters 
Dimethyl Succinate 
106-65-0 

Dimethyl Succinate is the 
diester of methyl alcohol and 
Succinic Acid. 

Nail Polish and 
Enamel Removers 
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Table 1.   Definitions, functions and structures of dicarboxylic acid, salt and ester ingredients in this safety assessment 

Ingredient CAS No. Definition Function(s) Formula/structure 
Diethyl Succinate 
123-25-1 

Diethyl Succinate is the 
diester of ethyl alcohol and 
Succinic Acid . 

Fragrance 
Ingredients; 
Plasticizers; 
Solvents 

 

Dicapryl Succinate 
14491-66-8 

Dicapryl Succinate is the 
organic compound that 
conforms to noted structure. 

Film Formers; 
Hair Conditioning 
Agents; Nail 
Conditioning 
Agents; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient 

 

Dicetearyl Succinate 
93280-98-9 

Dicetearyl Succinate is the 
diester of Cetearyl Alcohol  
and Succinic Acid . 

Skin-
Conditioning 
Agents - 
Miscellaneous 

 
wherein n=15 or 17 

                            Branched 
Diisobutyl Succinate 
925-06-4 

Diisobutyl Succinate is the 
organic compound that 
conforms to the noted 
structure. 

Plasticizers 

 

Diethylhexyl Succinate 
2915-57-3 

Diethylhexyl Succinate is the 
diester of 2-ethylhexyl alcohol 
and Succinic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

     
Glutaric Ester Ingredients 
Dimethyl Glutarate 
1119-40-0 

Dimethyl Glutarate is the 
diester of methyl alcohol and 
glutaric acid. 

Nail Polish and 
Enamel Removers  

                            Branched 
Diisobutyl Glutarate 
71195-64-7 

Diisobutyl Glutarate is the 
organic compound that 
conforms to noted structure. 

Plasticizers 

 
Diisostearyl Glutarate 
No CAS No. 

Diisostearyl Glutarate is the 
diester of isostearyl alcohol 
and glutaric acid. 

Skin-
Conditioning 
Agents - 
Emollient 

One example of an “iso” 

 
     
Adipic Ester Ingredients 
Dimethyl Adipate 
627-93-0 

Dimethyl Adipate is the 
diester of methyl alcohol and 
Adipic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

O

O

O

OH3C
CH3

 

Diethyl Adipate 
141-28-6 

Diethyl Adipate is the diester 
of ethyl alcohol and adipic 
acid. 

Fragrance 
Ingredients; Skin-
Conditioning 
Agents - 
Emollient 

 

Dipropyl Adipate 
106-19-4 

Dipropyl Adipate is the diester 
of propyl alcohol and adipic 
acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 
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Table 1.   Definitions, functions and structures of dicarboxylic acid, salt and ester ingredients in this safety assessment 

Ingredient CAS No. Definition Function(s) Formula/structure 
Dibutyl Adipate 
105-99-7 

Dibutyl Adipate is the diester 
of butyl alcohol and adipic 
acid. 

Nail Polish and 
Enamels; Suntan 
Gels, Creams, and 
Liquids 

 

Dihexyl Adipate 
110-33-8 

Dihexyl Adipate is the diester 
of hexyl alcohol and adipic 
acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Dicapryl Adipate 
105-97-5 

Dicapryl Adipate is the diester 
of capryl alcohol and adipic 
acid. 

Plasticizers 

 
Di-C12-15 Alkyl 
Adipate 
No CAS No. 

Di-C12-15 Alkyl Adipate is 
the diester of C12-15 Alcohols  
and adipic acid. 

Skin-
Conditioning 
Agents - 
Emollient 

 
wherein n=11, 12, 13 or 14 

Ditridecyl Adipate 
16958-92-2 

Ditridecyl Adipate is the 
diester of Tridecyl Alcohol  
and Adipic Acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Dicetyl Adipate 
26720-21-8 

Dicetyl Adipate is the diester 
of cetyl alcohol and adipic 
acid. 

Skin-
Conditioning 
Agents - 
Emollient 

 
 

                             Branched 
Diisopropyl Adipate 
6938-94-9 

Diisopropyl Adipate is the 
diester of isopropyl alcohol 
and Adipic Acid. 

Fragrance 
Ingredients; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Diisobutyl Adipate 
141-04-8 

Diisobutyl Adipate is the 
diester of isobutyl alcohol and 
Adipic Acid. 

Fragrance 
Ingredients; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Diethylhexyl Adipate 
103-23-1 

Diethylhexyl Adipate is the 
diester of a 2-ethylhexyl 
alcohol and Adipic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Diisooctyl Adipate 
108-63-4 

Diisooctyl Adipate is the 
organic compound that 
conforms to noted structure. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

One example of an “iso” 

 

Diisononyl Adipate 
33703-08-1 

Diisononyl Adipate is the 
diester of isononyl alcohol and 
Adipic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

One example of an “iso” 
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Table 1.   Definitions, functions and structures of dicarboxylic acid, salt and ester ingredients in this safety assessment 

Ingredient CAS No. Definition Function(s) Formula/structure 
Diisodecyl Adipate 
27178-16-1 

Diisodecyl Adipate is the 
diester of isodecyl alcohol and 
Adipic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

One example of an “iso” 

 

Dihexyldecyl Adipate 
57533-90-1 

Dihexyldecyl Adipate is the 
diester of hexyldecanol and 
adipic acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Diheptylundecyl 
Adipate 
155613-91-5 

Diheptylundecyl Adipate is 
the diester of adipic acid and 
heptylundecanol. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Dioctyldodecyl Adipate 
85117-94-8 

Dioctyldodecyl Adipate is the 
diester of octyldodecanol and 
adipic acid . 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient  

Diisocetyl Adipate 
59686-69-0 
 
sec: 
58262-41-2 

Diisocetyl Adipate is the 
diester of hexadecyl alcohol 
and adipic acid . 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

One example of an “iso” 

 

Diisostearyl Adipate 
62479-36-1 

Diisostearyl Adipate is the 
diester of Isostearyl Alcohol 
and Adipic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient 

One example of an “iso” 

 
     
Sebacic Ester Ingredients 
Diethyl Sebacate 
110-40-7 

Diethyl Sebacate is the diester 
of ethyl alcohol and Sebacic 
Acid 

Fragrance 
Ingredients; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Dibutyl Sebacate 
109-43-3 

Dibutyl Sebacate is the diester 
of butyl alcohol and sebacic 
acid. 

Fragrance 
Ingredients; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

O

O

O

OCH3(CH2)3
(CH2)3CH3

 

Dicaprylyl/ 
Capryl Sebacate 
No CAS. No. 

Dicaprylyl/Capryl Sebacate is 
the organic compound that 
conforms generally to the 
noted structure. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 
wherein n=7 or 9 

     
                            Branched Monoester 
Isostearyl Sebacate 
478273-24-4 

Isostearyl Sebacate is the half-
ester of isostearyl alcohol and 
sebacic acid. 

Skin-
Conditioning 
Agents - 
Miscellaneous 

One example of an “iso” 
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Table 1.   Definitions, functions and structures of dicarboxylic acid, salt and ester ingredients in this safety assessment 

Ingredient CAS No. Definition Function(s) Formula/structure 

                            Branched Diesters 
Diisopropyl Sebacate 
7491-02-3 

Diisopropyl Sebacate is the 
diester of isopropyl alcohol 
and Sebacic Acid. 

Plasticizers; Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 

Diethylhexyl Sebacate 
122-62-3 

Diethylhexyl Sebacate is the 
diester of 2-ethylhexyl alcohol 
and Sebacic Acid. 

Fragrance 
Ingredients; 
Plasticizers; 
Solvents 

 
Dibutyloctyl Sebacate 
184706-97-6 

Dibutyloctyl Sebacate is the 
diester of butyloctyl alcohol 
and sebacic acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 
Diisooctyl Sebacate 
10340-41-7 

Diisooctyl Sebacate is the 
organic compound that 
conforms to noted structure. 

Antioxidants; 
Plasticizers; Skin-
Conditioning 
Agents - 
Emollient 

One example of an “iso” 

 

Dihexyldecyl Sebacate 
359073-59-9 

Dihexyldecyl Sebacate is the 
diester of hexyldecyl alcohol 
and sebacic acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 
Dioctyldodecyl Sebacate 
69275-01-0 

Dioctyldodecyl Sebacate is the 
diester of octyldodecanol and 
sebacic acid. 

Skin-
Conditioning 
Agents - 
Emollient; 
Solvents 

 
Diisostearyl Sebacate 
No CAS No. 

Diisostearyl Sebacate is the 
diester of isostearyl alcohol 
and sebacic acid. 

Skin-
Conditioning 
Agents - 
Emollient 

One example of an “iso” 

 
     
Dodecanoic Ester Ingredients 
Dioctyldodecyl 
Dodecanedioate 
129423-55-8 

Dioctyldodecyl 
Dodecanedioate is the 
diester of octyldodecanol 
and dodecanedioic acid. 

Hair 
Conditioning 
Agents; Skin-
Conditioning 
Agents - 
Miscellaneous  

Diisocetyl 
Dodecanedioate 
131252-83-0 

Diisocetyl Dodecanedioate 
is the organic compound 
that conforms to noted 
structure. 

Skin-
Conditioning 
Agents - 
Emollient; 
Surfactants - 
Emulsifying 
Agents 

One example of an “iso” 
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Table 2a.  Physical and Chemical properties of the alkyl dicarboxylic acid and salt ingredients.33,175,176 

INCI Name Malonic Acid Succinic 
Acid 

Sodium 
Succinate 

Disodium 
Succinate 

Glutaric Acid Adipic Acid 

Appearance small crystals colorless 
prisms 

crystalline crystalline large 
monoclinic 

prisms 

white, monoclinic 
prisms 

Molecular Weight 
(g/mol) 

104.06 118.09 140.07 162.05 132.11 146.14 

Melting/Boiling 
Point (°C) 

135 (dec.)/ 
264 (est.) 

185-187/ 235 206 (est.)/ 486 
(est.) 

156 (est.)/ 426 
(est.)  

97.5-98/ 302-
304 

152/265 

Density (g/cm3) 1.63 1.56 -- -- 1.429 1.360 

Vapor pressure 
(mm Hg @ 25°C) 

0.001 (est.) 0.0000002 7.3 E-10 (est.) 8.7 E-8 (est.) 0.000003 0.07 

Solubility (g/L 
water @ 25°C) 

1520 83 1000 (est.) 31 (est.) 639 30 

Log Kow -0.81 -0.59 -3.98 (est.) -3.98 (est.) -0.29 0.08 

 
 
 
 

      

INCI Name Azelaic Acid Disodium 
Azelate 

Dipotassium 
Azelate 

Sebacic Acid Disodium 
Sebacate 

Dodecanedioic 
Acid 

Appearance monoclinic 
prismatic 
needles 

crystalline crystalline Monoclinic 
prismatic 

tablets 

crystalline -- 

Molecular Weight 
(g/mol) 

188.22 238.18 264.40 202.25 246.21 230.31 

Melting/Boiling 
Point (°C)  

106.5/ 
286.5 

186 (est.)/ 
484 (est.) 

186 (est.)/ 484 
(est.) 

134.5/ 
294.5 

194/496 (est.) 128/383 (est.) 

Density (g/cm3) 1.0291 -- -- 1.207 -- 1.16 

Vapor pressure 
(mm Hg @ 25°C) 

0.00002 (est.) 1.4 E-9 (est.) 1.4 E-9 (est.) 0.000007 
(est.) 

5.9 E-10 (est.) 0.000002 (est.) 

Solubility (g/L 
water @ 20°C) 

2.4 1000 (est.) 1000 (est.) 1.0 1000 (est.) 0.040 

Log Kow 1.57 -3.56 (est.) -3.56 (est.) 2.19 (est.) -3.01 (est.) 3.17 (est.) 
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Table 2b.  Physical and Chemical properties of the mono- and di-carboxylic acid esters. 33,175,176 

INCI Name Diethyl 
Malonate 

Decyl 
Succinate 

Dimethyl 
Succinate 

Diethyl 
Succinate 

Dicapryl 
Succinate 

Dicetearyl 
Succinate 

Diisobutyl 
Succinate 

Appearance colorless 
liquid 

-- -- liquid -- -- liquid 

Molecular 
Weight (g/mol) 

160.17 258.35 146.14 174.19 342.51 566-623 230.30 

Melting/Boiling 
Point (°C) 

-50/ 
198-199 

96/377 (est.) 19.5/196.1 -21.3/217.7 14 (est.)/ 375 
(est.) 

--/-- -48 (est.)/ 
216 

Density (g/cm3) 1.055 1.002 (est.) 1.1 1.04 0.94 (est.) -- 0.967 

Vapor pressure 
(mm Hg @ 
25°C) 

0.269 0.000001 
(est.) 

0.4 (est.) 0.126 0.000008 (est.) -- 0.019 (est.) 

Solubility (g/L 
water @ 25°C) 

20 20 (est.) 50 (est.) 10 (est.) 0.0015 (est.) -- 0.60 (est.) 

Log Kow 0.96 4.57 (est.) 0.26 (est.) 1.28 (est.) 7.39 (est.) -- 3.00 (est.) 

 
 

INCI Name Diethylhexyl 
Succinate 

Dimethyl 
Glutarate 

Diisobutyl 
Glutarate 

Diisostearyl 
Glutarate 

Dimethyl 
Adipate 

Diethyl 
Adipate 

Dipropyl 
Adipate 

 

Appearance -- liquid -- -- -- -- --  

Molecular Weight 
(g/mol) 

342.51 160.17 244.33 637.07 174.19 202.25 230.30  

Melting/Boiling 
Point (°C) 

-12 (est.)/ 359 
(est.) 

-42.5/ 214.2 -38 (est.)/ 
237 

212 (est.)/ 600 
(est.) 

210/229 
(est.) 

24-26/ 
248-249 

-15.7/ 274 
(est.) 

 

Density (g/cm3) 0.933 1.0876 0.97 (est.) -- 1.062 1.08 0.98  

Vapor pressure 
(mm Hg @ 25°C) 

0.00002 0.185 (est.) 0.008 (est.) 7.8 E-13 (est.) 0.073 (est.) 0.027 
(est.) 

0.0055 
(est.) 

 

Solubility (g/L 
water @ 25°C) 

0.002 (est.) 27 (est.) 0.29 (est.) 1.16 E-16 (est.) 14 (est.) 2.8 (est.) 0.62 (est.)  

Log Kow 7.08 (est.) 0.57 (est.) 3.44 (est.) 17.5 (est.)  0.95 (est.) 1.97 (est.) 2.99 (est.)  

         

INCI Name Dibutyl 
Adipate 

Dihexyl 
Adipate 

Dicapryl 
Adipate 

Di-C12-15 
Alkyl 

Adipate 

Ditridecyl 
Adipate 

Dicetyl 
Adipate 

Diisopropyl 
Adipate 

 

Appearance -- liquid -- -- -- -- liquid  

Molecular Weight 
(g/mol) 

258.35 314.46 426.67 482-567 510.83 594.99 230.30  

Melting/Boiling 
Point (°C) 

37.5/300 
(est.) 

-8/351 
(est.) 

26.5-27.1/ 
442 (est.)  

--/-- 45.9/503 
(est.) 

56.5-57/ 559 
(est.) 

-1.1/253 (est.)  

Density (g/cm3) 0.96 0.95 (est.) 0.92 (est.) -- 0.91 (est.) 0.897 (est.) 0.982 (est.)  

Vapor pressure 
(mm Hg @ 25°C) 

0.0011 (est.) 0.00004 
(est.) 

0.00000005 
(est.) 

-- 3.0 E-10 (est.) 1.5 E-12 (est.) 0.0192 (est.)  

Solubility (g/L 
water @ 25°C) 

0.14 (est.) 0.0082 
(est.) 

0.000041 
(est.) 

-- 0.0000011 
(est.) 

0.00000005 
(est.) 

0.78 (est.)  

Log Kow 4.0 (est.) 6.0 (est.) 10.1 (est.) -- 13.8 (est.) 17 (est.) 2.68 (est.)  
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Table 2b.  Physical and Chemical properties of the mono- and di-carboxylic acid esters 

INCI Name Diisobutyl 
Adipate 

Diethylhexyl 
Adipate 

Diisooctyl 
Adipate 

Diisononyl 
Adipate 

Diisodecyl 
Adipate 

Dihexyldecyl 
Adipate 

  

Appearance liquid liquid -- -- -- --   

Molecular Weight 
(g/mol) 

258.35 370.57 370.57 398.62 426.67 594.99   

Melting/Boiling 
Point (°C) 

-20/278-280 -67.8/390 9 (est.)/ 
382 (est.) 

56 (est.)/ 230 51 (est.)/ 
426 (est.) 

181 (est.)/ 548 
(est.) 

  

Density (g/cm3) 0.95 0.925 0.93 (est.) -- -- 0.896 (est.)   

Vapor pressure 
(mm Hg @ 25°C) 

0.0036 (est.) 0.0000009 0.000004 
(est.) 

3.3 E-6 (est.) 1.9 E-6 
(est.) 

4.6 E-12 (est.)   

Solubility (g/L 
water @ 25°C) 

0.18 0.00078 0.00067 
(est.) 

4.0 E-5 (est.) 5.2 E-6 
(est.) 

0.00000006 
(est.) 

  

Log Kow 3.70 (est.) 6.11 7.77 (est.) 9.24 (est.) 10.1 (est.) 16.6 (est.)   

 
 

INCI Name Diheptylundecyl 
Adipate 

Dioctyldodecyl 
Adipate 

Diisocetyl 
Adipate  

Diisostearyl 
Adipate 

Diethyl 
Sebacate 

Dibutyl 
Sebacate 

  

Appearance -- -- -- -- liquid liquid   

Molecular Weight 
(g/mol) 

651.10 707.20 594.99 651.10 258.35 314.46   

Melting/Boiling 
Point (°C) 

229 (est.)/  
584 (est.) 

267 (est.)/  
619 (est.) 

181 (est.)/ 565 
(est.) 

229 (est.)/ 
611 (est.) 

5/298 -10/ 
344-345 

  

Density (g/cm3) 0.892 (est.) 0.888 (est.) 0.896 (est.) -- 0.969 
(est.) 

0.94   

Vapor pressure 
(mm Hg @ 25°C) 

1.26 E-13 (est.) 3.17 E-15 (est.) 1.4 E-11 (est.)  2.4 E-13 (est.) 0.00054 
(est.) 

0.00004 
(est.) 

  

Solubility (g/L 
water @ 25°C) 

9.8 E-9 (est.) 2.1 E-9 (est.) 4.0 E-12 (est.) 3.6 E-14 (est.) 0.15 (est.) 0.0085 (est.)   

Log Kow 18.7 (est.) 20.9 (est.) 16.0 (est.) 17.9 (est.) 3.92 (est.) 5.96 (est.)   

 
 

INCI Name Dicaprylyl/Capryl 
Sebacate 

Isostearyl 
Sebacate 

Diisopropyl 
Sebacate 

Diethylhexyl 
Sebacate 

Dibutyloctyl 
Sebacate 

Diisooctyl 
Sebacate 

  

Appearance -- -- -- -- -- --   

Molecular Weight 
(g/mol) 

426-482 454.73 286.41 426.67 538.89 426.67   

Melting/Boiling 
Point (°C) 

--/-- 215 (est.)/ 545 
(est.)  

-7 (est.)/ 308 
(est.) 

-48/436  
(est.) 

135 (est.)/ 
510 (est.) 

51 (est.)/ 
428 (est.) 

  

Density (g/cm3) -- 0.929 (est.) 0.953 (est.) 0.91 0.901 (est.) 0.916 
(est.) 

  

Vapor pressure 
(mm Hg @ 25°C) 

-- 2.5 E-13 (est.) 0.0007 (est.) 8.7 E-8 (est.) 1.6 E-10 (est.) 1.6 E-7 
(est.) 

  

Solubility (g/L 
water @ 25°C) 

-- 0.0013 (est.) 0.046 0.00006 (est.) 0.0000006 
(est.) 

0.00006 
(est.) 

  

Log Kow -- 11.2 (est.) 4.63 (est.) 9.72 (est.) 14.1 (est.) 9.72 (est.)   
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Table 2b.  Physical and Chemical properties of the mono- and di-carboxylic acid esters 

INCI Name Dihexyldecyl 
Sebacate 

Dioctyldodecyl 
Sebacate 

Diisosteary
l Sebacate 

Dioctyldodecyl 
Dodecanedioate 

Diisocetyl 
Dodecanedioate 

   

Appearance -- -- -- -- --    

Molecular Weight 
(g/mol) 

651.10 763.31 707.20 791.36 679.15    

Melting/Boiling 
Point (°C) 

229 (est.)/ 
584 (est.) 

299 (est.)/  
652 (est.) 

268 (est.)/ 
568 (est.) 

314 (est.)/  
668 (est.) 

247 (est.)/ 
635 (est.) 

   

Density (g/cm3) 0.892 (est.) 0.885 (est.) -- 0.884 (est.) --    

Vapor pressure 
(mm Hg @ 25°C) 

1.3 E-13 (est.) 7.4 E-17 (est.) 4.8 E-15 
(est.) 

1.1 E-17 (est.) 3.6 E-14 (est.)    

Solubility (g/L 
water @ 25°C) 

0.0000001 (est.) 6.8 E-10 (est.) 3.2 E-16 
(est.) 

3.6 E-10 (est.) 3.4 E-15 (est.)    

Log Kow 18.4 (est.) 22.6 (est.) 19.9 (est.) 23.7 (est.) 18.9 (est.)    

 
“(est.)” = estimated value by EPI Suite 
“(dec.)” = some decomposition occurred 
 “--“    = Value not found 
  “E-13” = divided by 1013 
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Table 3a.  Frequency22 and concentration23,25 of use by duration and exposure - Dicarboxylic Acids and Their Salts 

  
No. of  Uses Conc. of Use (%) No. of Uses Conc. of Use (%) No. of  Uses Conc. of Use (%) 

  Succinic Acid Sodium Succinate Disodium Succinate 

Totals 4 0.001-26 7 NR 45 0.0005-0.4 

Duration of Use 

Leave-On 2 0.001-0.2 3 NR 38 0.005-0.4 

Rinse Off 2 0.001-26 4 NR 7 0.0005 

Exposure Type 

Eye Area NR NR NR NR 4 NR 

Possible Ingestion NR NR NR NR NR NR 

Inhalation NR NR NR NR NR NR 

Dermal Contact 2 0.01-26 5 NR 40 0.0005-0.4 

Deodorant (Underarm) NR NR NR NR NR NR 
Hair, Non-Coloring 2 0.001-0.2 2 NR 5 NR 

Hair, Coloring NR NR NR NR NR NR 

Nail NR NR NR NR NR NR 

Mucous Membrane NR 0.2 1 NR NR NR 

Bath Products NR 26 1 NR NR NR 

Baby Products NR NR NR NR NR NR 

  Adipic Acid Azelaic Acid Sebacic Acid 

Totals 25 0.000001-18 9 0.007-10 12 0.0009-1 

Duration of Use 

Leave-On 2 0.000001 7 0.007-0.3 9 0.0009-0.03 

Rinse Off 23 0.5-18 2 10 3 0.001-1 

Exposure Type 

Eye Area NR 0.000001 NR NR NR NR 
Possible Ingestion NR 0.000001 NR NR NR NR 

Inhalation NR NR NR NR NR NR 

Dermal Contact 1 0.000001-18 25 0.007-10 12 0.0009-1 

Deodorant (Underarm) NR NR NR NR NR 0.0009 

Hair, Non-Coloring 24 0.5 NR NR NR NR 

Hair, Coloring NR NR NR NR NR NR 

Nail NR NR NR NR NR NR 

Mucous Membrane - NR NR NR 1 0.04 

Bath Products 1 15-18 NR NR NR NR 

Baby Products NR NR NR NR NR NR 
 
NR – not reported to be used 
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Table 3d.  Ingredients not reported to be used  
 
Dicarboxylic Acids and Their Salts 
Malonic Acid 
Glutaric Acid 
Disodium Azelate 
Dipotassium Azelate 
Disodium Sebacate 
Dodecanedioic Acid 
 
 
Esters of Dicarboxylic Acids 
Decyl Succinate 
Diethyl Succinate 
Dicetearyl Succinate 
Diisobutyl Succinate 
Diisobutyl Glutarate 
Diisostearyl Glutarate 
Diethyl Adipate 
Dipropyl Adipate 
Di-C 12-15 Alkyl Adipate 
Ditridecyl Adipate 
Dicetyl Adipate 
Diisooctyl Adipate 
Diisononyl Adipate 
Dihexyldecyl Adipate 
Diisocetyl Adipate 
Dibutyl Sebacate 
Dicaprylyl/Capryl Sebacate 
Dibutyloctyl Sebacate 
Dihexyldecyl Sebacate 
Diisostearyl Sebacate 
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Table 4. Acute toxicity - Dicarboxylic Acids and Their Salts 

Animals No./Gender/Group Dose median lethal dose/conc. Reference 
ORAL  

Succinic Acid     
rats not specified not specified 2260 mg/kg 178 
Sodium Succinate       
rats 4 males, 4  females 0.5-8 g/kg 8 g/kg 71 
Glutaric Acid     
rats 5/dose, male and female 50% aq. solution 2750 mg/kg 68 
Adipic Acid 
mice 13 males 1500-2500 mg/kg of a 6% suspension in 0.5% methyl 

cellulose 
1900 mg/kg 47 

mice not specified not specified 4175 mg/kg 47 
mice not specified not specified 4200 mg/kg 47 
rats M/F, no. not specified 20% in corn oil 5050 mg/kg 68 
rats 5 or 10 males 100-3000 mg/kg (n=5) or 5000 mg/kg (n=10) adipic 

acid in 0.85% saline 
940 mg/kg 

47 

Wistar rats not specified not specified approx. 3600 mg/kg 47 
rats 10 males 5000 mg/kg of a 33.3% suspension in 0.85% saline grater than highest dose tested 47 
rats 5 males, 5 females 14.7-10,000 mg/kg as a 14.7-50% suspension in 

carboxymethyl cellulose (CMC) 
5560 mg/kg 

47 

rats not specified 10,000 mg/kg greater than highest dose tested 47 
rat and rabbit not specified not specified greater than highest dose tested 47 
rabbits not specified 2430 or 4860 mg/kg of a 20% partially neutralized 

soln (75% sodium adipate) 
>2430 and <4860 mg/kg 47 

Adipic/Glutaric/Succinic Mixture (percentages not given)     
rats 10 males 5000-7500 mg/kg aq. 6829 mg/kg 68 
Azelaic Acid 
Wistar rats 6 males 6 females 500-4000 mg/kg greater than highest dose tested 72 
New Zealand 
rabbits 

6 males 6 females 500-4000 mg/kg greater than highest dose tested 72 

Disodium Sebacate    
Wistar rats 4 males, 4  females 0-5000 mg/kg greater than highest dose tested 67 
New Zealand 
rabbits 

4 males, 4  females 0-6000 mg/kg greater than highest dose tested 67 

Dodecanedioic Acid    
rats m/f; no. not specified not specified >3000 mg/kg 69 

DERMAL  
Glutaric Acid 
rabbits 1 rabbit/group; M/F 50% aq. solution >10,000 mg/kg 68 
Adipic Acid         
rabbits 1- 2/group; male and 

female 
5010 (n=1) or  7940 mg/kg (n=2) 40% adipic acid in 
corn oil, with occlusion 

greater than highest dose tested 47 

Adipic/Glutaric/Succinic Mixture (percentages not given)  
 rats not specified not specified >200 mg/kg 68 

New Zealand 
white rabbits 

not specified 40% aq. solution; 24 h occlusive exposure >7940 mg/kg 68 

Dodecanedioic Acid       
albino rabbits males; no. not specified not specified >6000 mg/kg 69 

INHALATION  
Adipic Acid     
rats 20/group; males and 

females 
5.4 or 7.7 mg/l; head/nose-only exposure; MMAD50 
<3.5 µm 

greater than highest dose tested 70 
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Table 4. Acute toxicity - Dicarboxylic Acids and Their Salts 

Animals No./Gender/Group Dose median lethal dose/conc. Reference 
Adipic/Glutaric/Succinic Mixture    
rats 20, gender not specified 4 h exposure' percentages not given >0.03 mg/l 68 
rats Crl:Cd/BR; 42 males  5.9 mg/l ; 4 h nose-only exposure; 66.0% dimethyl 

glutarate; 16.5% dimethyl succinate; 17.0% dimethyl 
adipate 

anterior and posterior nasal passages 
were affected; nasal lesions distribut-
ed along inspiratory airflow routes; 
lesions in posterior nasal cavity were 
less severe 

117 

PARENTERAL  
Disodium Succinate    
mice not specified i.v. 4500  mg/kg 178 
Adipic Acid     
mouse not specified i.p., 0.681-50% solution in 0.5% CMC approx. 170 mg/kg 47 
mouse not specified i.p., 600 and 900 mg/kg aq. 600 mg/kg 47 
mouse not specified i.p. admin 4000 mg/kg 47 
rats 7 males i.p., 200-350 mg/kg 275 mg/kg 47 
mouse not specified i.v., 650-700 mg/kg 2% solution 680 mg/kg 47 
rabbit not specified i.v., 2430 mg/kg 20% soln, partially neutralized 2430 mg/kg 47 

Disodium Azelate        
rats 6 males, 6 females i.p., 0-1198 mg/kg greater than highest dose tested 72 
rabbits 6 males, 6 females i.p., 0-1198 mg/kg greater than highest dose tested 72 
Disodium Sebacate       
Wistar rats 4 males, 4  females i.p., 0-7000 mg/kg 5500 mg/kg; dehydration and ascites 

formation was noted 
67 

New Zealand 
rabbits 

4 males, 4  females i.p., 0-8000 mg/kg 6000 mg/kg; dehydration and ascites 
formation was noted 

67 

Wistar rats 10 i.v. , 0-1000 mg/kg 560 mg/kg; dehydration and ascites 
formation was noted 

67 

New Zealand 
rabbits 

10 i.v., 0-1800 mg/kg 1400 mg/kg; dehydration and ascites 
formation was noted 

67 
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Table 9.  Acute toxicity - Esters of Dicarboxylic Acids 
Animals No./Gender/Group Dose median lethal dose/concentration, or result Reference 

ORAL  
Diethyl Malonate         
rats not specified not specified 15,000 mg/kg 14 
Dimethyl Malonate       

 rats not specified not specified >2000 mg/kg 14 
Diethyl Succinate       

 rats not specified not specified 8530 mg/kg 119 
Dibutyl Adipate 
rats not specified 20% dispersion 11,260-12,900 mg/kg 5 
rats not specified undiluted 1520 mg/kg 5 
rats not specified not specified 1290 mg/kg 105 
rats not specified undiluted 12,900 mg/kg 87 
Di-C7-9 Branched and Linear Alkyl Esters of Adipic Acid  

 Sprague-Dawley rats 5-10; males/females 2000-15,800 mg/kg, undiluted greater than highest dose tested 87 
Ditridecyl Adipate      

 Sherman Wistar rats 5/gender 16,000 mg/kg greater than highest dose tested 87 
Wistar rats 5/gender 15,000 mg/kg greater than highest dose tested 87 
Diisopropyl Adipate   

 Sprague-Dawley rats 5 males/5 females formulation containing 1.08% 1 female died 2 
Sprague-Dawley rats 5 males/5 females formulation containing 1.08% no animals died 2 
Sprague-Dawley rats 5 males/5 females formulation containing 5% no animals died 2 
2rats 5 males/f5 females formulation containing 0.7% >76,800 mg/kg 2 
rats not specified formulation containing 20.75% >15,000 mg/kg 2 
Diisobutyl Adipate       

 NMRI mice 5 males 2000 mg/kg greater than highest dose tested 113 
Diethylhexyl Adipate     

 mice 5 males/5 females ≤20,000 mg/kg in corn oil males: 15,000 mg/kg; females: 24,600 mg/kg 2 
rats 5 males/5 females ≤20,000 mg/kg, undiluted 2 males of the 10,000 mg/kg group died; 1 male and 

1 female of the 20,000 mg/kg group died 
2 

albino rats 5 males/5 females 7400 mg/kg 1 animal died 2 
rats not specified not specified single oral toxic dose - 9.11 g/kg 2 
rats not specified not specified no-effect dose: 6000 mg/kg; central nervous system 

effects seen at higher concentrations 
2 

Harlan-Wistar rats 5 males/5 females formulations containing 0.175% >6500 mg/kg 2 
rats not specified not specified 9110 mg/kg 116 
rats 5 males/females 7380 mg/kg, undiluted >7300 mg/kg 87 
rats not specified not specified 9.1 g/kg 87 
Diisooctyl Adipate    

 rats 5/group 2000-64,000 mg/kg, undiluted greater than highest dose tested 87 
guinea pigs not specified not specified >5 ml/kg 87 
Diisononyl Adipate    

 rats 5/group 346-10,000 mg/kg, undiluted greater than highest dose tested 87 
Diisodecyl Adipate    

 NMRI mice 5 male 2000 mg/kg greater than highest dose tested 111 
rats not specified undiluted 20,500 mg/kg 87 
Dioctyldodecyl Adipate   

 NMRI mice 5 female 2000  mg/kg greater than highest dose tested 112 
rats not specified not specified NOAEL <4000 mg/kg 43 
Diisocetyl Adipate    

 NMRI mice 5 males 2000 mg/kg greater than highest dose tested 110 
Diisopropyl Sebacate    

 NMRI mice 5 female 2000 mg/kg greater than highest dose tested 126 
Diethylhexyl Sebacate   

 NMRI mice 5 female 2000 mg/kg greater than highest dose tested 109 
mice not specified undiluted 9.5 g/kg 87 
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Table 9.  Acute toxicity - Esters of Dicarboxylic Acids 
Animals No./Gender/Group Dose median lethal dose/concentration, or result Reference 
rats not specified undiluted 5.0 cc/kg 87 
rats not specified undiluted 12.8 g/kg 87 
rats not specified undiluted 17 g/kg 87 
Dioctyldodecyl Dodecanedioate     

 Wistar rats 5 male/5 female 5000 mg/kg greater than highest dose tested 123 
Diisocetyl Dodecanedioate    

 Wistar rats 5 male/5 female 5000 mg/kg greater than highest dose tested 107 
Esterase Metabolites (summary information/results  only provided)  
Ethylhexyl Alcohol (metabolite of diethylhexyl succinate, diethylhexyl adipate, and diethylhexyl sebacate) 

 rats   1516-7000 mg/kg 118 
mice      2500-3768 mg/kg 118 
Hexyl Alcohol (metabolite of dihexyl adipate)  

 rats   3131-4900 mg/kg 118 
mice   103-1950 mg/kg 118 
Butyloctanol (metabolite of dibutyloctyl sebacate)   

 rats     12,900 mg/kg 119 
Decyl Alcohol (metabolite of decyl succinate )  

 rats   9800 mg/kg 119 
Isooctyl Alcohol (metabolite of diisooctyl adipate and diisooctyl sebacate)   

 rats   mixture of C7-9 branched alkyl 
alcohols 

>2000 mg/kg 118 

Nonyl Alcohol (metabolite of diisononyl adipate)  
 rats  mixture of C8-10 branched alkyl 

alcohols 
3000 mg/kg 118 

Isodecyl Alcohol (metabolite of diisodecyl adipate)   
 rats  mixture of C9-11 branched alkyl 

alcohols 
4600 mg/kg 118 

DERMAL  
Diethyl Malonate     
rabbits not specified not specified 16,700 mg/kg 14 
Dibutyl Adipate       

 rabbits not specified 96%  20 ml/kg 5 
rats not specified i.m. NOAEL >8000 mg/kg 115 
Ditridecyl Adipate    

 rabbits 3 2000 mg/kg greater than highest dose tested 87 
rabbits 10 5000 m/kg to abraded skin; semi-

occlusive 
greater than highest dose tested 

87 

Diethylhexyl Adipate     
 rabbits 8 ≤8700 m/kg to abraded skin; occlusive mild irritation; no systemic toxic effects 2 

rabbits 1 male/1 female ≤8660 mg/kg for 24 h, occluded, 1 
intact and 1 abraded site 

>8670 mg/kg 116 

Diisononyl Adipate    
 

rabbits 4/group 50-3160 mg/kg to abraded skin greater than highest dose tested 87 
Diethylhexyl Sebacate   

 guinea pigs not specified not specified <10,000 mg/kg 1 
Dioctyldodecyl Dodecanedioate     

 NZW rabbits 5 male/5 female 2000 mg/kg, intact skin, 24 h occlusive >2000 mg/kg 108 
Esterase Metabolites (summary information/results  only provided) 
Ethylhexyl Alcohol (metabolite of diethylhexyl succinate, diethylhexyl adipate, and diethylhexyl sebacate) 

 rats   >3000 mg/kg 118 
rabbits     1980-2600 mg/kg 118 
Hexyl Alcohol (metabolite of dihexyl adipate)  

 rats   1500 mg/kg 118 
rabbits   1500 - >500 mg/kg 118 
Butyloctanol (metabolite of dibutyloctyl sebacate)   
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Table 9.  Acute toxicity - Esters of Dicarboxylic Acids 
Animals No./Gender/Group Dose median lethal dose/concentration, or result Reference 
rabbits     3.36 ml/kg 119 
Decyl Alcohol (metabolite of decyl succinate )  

 rabbits   3.5 ml/kg 119 
Isooctyl Alcohol (metabolite of diisooctyl adipate and diisooctyl sebacate)   

 rats   mixture of C7-9 branched alkyl 
alcohols 

>2600 mg/kg 118 

Nonyl Alcohol (metabolite of diisononyl adipate)  
 rats  mixture of C8-10 branched alkyl 

alcohols 
3160 mg/kg 118 

Isodecyl Alcohol (metabolite of diisodecyl adipate)   
 rats   mixture of C9-11 branched alkyl 

alcohols 
>2600 mg/kg 118 

INHALATION  
Diethyl Malonate     
rats not specified concentrated vapors for 8 h no deaths 14 
Diethyl Succinate       

 rats not specified concentrated vapors for 8 h no deaths 119 
Dibutyl Adipate       

 albino rats 6 male flowing stream of saturated air, 8 h no mortality 2 
Diethylhexyl Adipate   

 rats not specified concentrated vapors for 8 h no deaths 119 
Diethylhexyl Sebacate   

 rats not specified 250 mg/m3 for 4 h no effect on lung or liver 1 
rats 3 saturated vapor, 6 h no lung toxicity 1 
rats 4 940 mg/m3, 7 h 3 rats died, may be attributable to thermal decomp 

products 
1 

guinea pigs 2 940 mg/m3, 7 h no animals died 1 
rabbits 4 940 mg/m3, 7 h 2 rabbits died, may be attributable to thermal decomp 

products 
1 

Esterase Metabolites (generally, summary information/results  only provided) 
 Ethylhexyl Alcohol (metabolite of diethylhexyl succinate, diethylhexyl adipate, and diethylhexyl sebacate) 
 rats 3 males/3 females vapor conc. of 0.89 mg/l or aerosol/ 

vapor conc of 5.3 mg/l, 4 h 
0.89 mg/l: all animals survived; 5.3 mg/l: all animals 
died 

118 

mice, rats, and guinea 
pigs 

10 227 ppm, 6 h all animals survived 
118 

Hexyl Alcohol (metabolite of dihexyl adipate)  
 rats  21 mg/l, 1 h greater than highest dose tested 118 

Butyloctanol (metabolite of dibutyloctyl sebacate)   
 rats   concentrated vapors for 8 h no deaths 119 

Decyl Alcohol (metabolite of decyl succinate )  
 rats  concentrated vapors for 8 h no deaths 119 

PARENTERAL  
Dimethyl Adipate     
Sprague-Dawley rats not specified i.p. 1.8 ml/kg 114 
Diethyl Adipate       

 Sprague-Dawley rats not specified i.p. 2.5 ml/kg 114 
Dipropyl Adipate     Sprague-Dawley rats not specified i.p. 3.8 ml/kg 114 
Dibutyl Adipate       

 rats not specified i.p. 5.2 ml/kg 5 
Diisopropyl Adipate     

 rats not specified i.v. 640 mg/kg 2 
Diethylhexyl Adipate   

 rats not specified i.v. 900 mg/kg 2 
rabbits not specified i.v. 540 mg/kg 2 
Sprague-Dawley rats not specified i.p. >50 ml/kg 114 
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Table 10. Ocular Irritation - Esters of Dicarboxylic Acids* 

Concentration Animals/System Procedure Results Reference 
Diethyl Malonate    

 
undiluted rabbits, no./gender not 

specified 
0.1 ml slight to moderate irritation 14 

Dimethyl Malonate       
 undiluted rabbits, no./gender not 

specified 
0.1 ml ,unrinsed slight to moderate irritation; cleared by day 8 14 

Dibutyl Adipate    
 undiluted rabbits, no. not specified unrinsed minimally irritating 5 

undiluted 2 New Zealand rabbits unrinsed slight irritation 5 
0.1% in olive oil rabbits unrinsed non-irritating 5 
Diisopropyl Adipate       

 undiluted 6 albino rabbits 0.1 ml, unrinsed negligible irritation 2 
undiluted 6 albino rabbits 0.1 ml, unrinsed non-irritating 2 
0.7% in formulation 9 albino rabbits 0.1 mi, undiluted, 

rinsed 
some corneal stippling 2 

5% in formulation 6 albino rabbits not specified non-irritating 2 
20.75% in formulation 6 albino rabbits not specified non-irritating 2 
undiluted 3 albino rabbits 0.1 ml, unrinsed non-irritating 113 
Diethylhexyl Adipate       

 
undiluted 6 albino rabbits 0.1 ml, unrinsed non-irritating 2 
0.01% in formulation 6 albino rabbits 0.1 ml, unrinsed non-irritating 2 
0.175% in formulation 6 albino rabbits 0.1 ml, unrinsed mild transient irritant 2 
Diisopropyl Sebacate       

   6 rabbits 0.1 ml, unrinsed minimally irritating 121 
Diethylhexyl Sebacate    

 1.2% in formulation EpiOcular MTT viability 
assay 

undiluted non-irritating 122 

Dioctyldodecyl Dodecanedioate     
 undiluted 6 rabbits 0.1 ml, unrinsed MMTS = 0.0; non-irritating 106 

Diisocetyl Dodecanedioate   
 undiluted 6 rabbits 0.1 ml, unrinsed MMTS = 0.0; non-irritating 124 

Esterase Metabolites (generally, summary information/results  only provided) 
Ethylhexyl Alcohol (metabolite of diethylhexyl succinate, diethylhexyl adipate, and diethylhexyl sebacate) 
  rabbits 20 µg moderately severe corneal irritation 118 

Isopropyl Alcohol (metabolite of diisopropyl adipate and diisopropyl sebacate) 
 

 rabbits  severely irritating 182 
Hexyl Alcohol (metabolite of dihexyl adipate)     

   rabbits   highly irritating 118 
*Data from original safety assessments are in italics. 
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APPENDIX I – ESTERASE METABOLITE SUMMARY DATA  

 
Decyl Alcohol – metabolite of Decyl Succinate 
 
Clinical Irritation and Sensitization 
 Tested in at a concentration of 3% in petrolatum, decyl alcohol produced no irritation in a 48 h closed-patch test in 
25 human subjects.185 
 
Methanol – metabolite of Dimethyl Succinate, Dimethyl Glutarate, Dimethyl Adipate 
 
Absorption, Distribution, Metabolism, and Excretion 
 Methanol is further metabolized to formaldehyde and then to formic acid.  The CIR Expert Panel concluded that 
formic acid is safe where used in cosmetic formulations as a pH adjustor with a 64 ppm limit for the free acid.201  The main 
toxicological risks in humans are severe metabolic acidosis with increased anion gap, typically following oral exposure 
resulting in > 100 mg/L of formate in the urine.202  The acidosis and the formic acid metabolite are believed to play a central 
role in both the central nervous system toxicity and the ocular toxicity.A study to determine the formate levels that resulted 
from exposure of human volunteers to 200 ppm of methanol for 4 h was conducted.  Human volunteers (n=27; age 20-55 y) 
were exposed to 200 ppm methanol (the Occupational Safety and Health Administration [OSHA] Permissible Exposure 
Limit) for 4 h and to water vapor for 4 h in a double-blind, random study.203  Urine samples were collected at 0, 4 and 8 h and 
blood samples were collected from the subjects before they entered the chamber, every 15 min for the first hour, every 30 min 
from the first to the third hour and at 4 h.  Urine and serum samples were analyzed for formate (LOD 0.5 mg/L).  Twenty-six 
of 27 enrolled subjects completed the study (11 females and 15 males).  The researchers did not find any statistically 
significant differences in serum or urine formate levels between the two exposure conditions at any time point.  At the end of 
the 4 h methanol exposure, formate concentrations of 14.28 ± 8.90 and 7.14 ± 5.17 mg/L were measured in serum and urine, 
respectively.  Under control conditions, formate concentrations of 12.68 ± 6.43 (p=0.38; n=26) and 6.64 ± 4.26 (p=0.59; 
n=25) mg/L were measured in serum and urine respectively.  After 8 h (4 h of no exposure) the serum concentrations were not 
statistically different with 12.38 ± 6.53 mg/L under methanol exposure conditions and 12.95 ± 8.01 (P=0.6; n=26) under 
control conditions.  Urine formate concentrations after 8 h were 6.08 ± 3.49 and 5.64 ±3.70 mg/L (p=0.6; n=25) in exposed 
and control conditions, respectively, and were not statistically significantly different.182 

 
Clinical Irritation and Sensitization 
 Methyl Alcohol caused primary irritation to the skin; prolonged and repeated contact with Methyl Alcohol resulted 
in defatting and dermatitis. In one occupational study, 3.2% of 274 metalworkers with dermatitis had positive results to a 
patch test of 30% Methyl Alcohol.  Typical allergic responses observed after contact with alcohols were eczematous eruption 
and wheal and flare at the exposure sites.  Eczema and erythema were reported after the consumption of alcoholic beverages 
by persons sensitized to ethyl alcohol.  Five percent Methyl Alcohol caused a slight positive (+) reaction in a closed patch test 
for allergic contact dermatitis, and concentrations of 7% and 70% caused (+++) reactions.204 

 
Clinical Assessment of Safety 
 Clinical data show that Methyl Alcohol can cause severe metabolic acidosis, blindness, and death: toxicity was 
manifested earlier and at a lower dose compared to ethyl alcohol, but the comparative fatal dose was the same for both 
alcohols.  All routes of exposure were toxicologically equivalent, as the alcohol distributed readily and uniformly throughout 
all tissues and organs.  Individual susceptibilities to Methyl Alcohol varied, but typically, the ingestion of 80 to 150 ml of 
80% Methyl Alcohol was fatal.  Symptoms of Methyl Alcohol intoxication after ingestion were delayed for 12 to 18 hours; 
afterwards, the symptoms included headache, anorexia, weakness, fatigue, leg cramps, and/or pain and vertigo.  Severe 
gastrointestinal pain, nausea, vomiting, diarrhea, mania, failed vision, and convulsions could occur. Chronic exposure to 
Methyl Alcohol could cause edema, granular degeneration, and necrosis of heart muscle fibers, as well as fatty degeneration 
of the heart muscle; sudden cardiac failure was associated with Methyl Alcohol intoxication.  The liver and kidneys often had 
parenchymatous degeneration, and the liver had focal necrosis and fatty infiltration.  Severe acidosis was necessary for the 
development of blindness. Similar symptoms were observed after percutaneous or inhalation exposure to Methyl Alcohol.204 

 
 
Propyl Alcohol – metabolite of Dipropyl Adipate 
 
Absorption, Distribution, Metabolism, and Excretion 
 Rats (strain/sex/number not specified) were exposed via inhalation to 2,000 ppm (8360 mg/m3) for 90 min.205  Propyl 
acetate was rapidly hydrolyzed to propyl alcohol.  During the 90 min exposure period, blood levels of propyl alcohol were 
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between 2.6 and 7.7 fold greater than propyl acetate.182 

 
Reproductive and Developmental Toxicity 
 The effects of propyl alcohol on fertility were investigated by exposing male Sprague-Dawley rats (18/group) to 0, 
3500 or 7000 ppm (0, 8.61 or 17.2 mg/L) propyl alcohol vapor via inhalation 7 h/day, 7days/week for 62 days, prior to 
mating with unexposed virgin females.206  Female Sprague-Dawley rats (15/group) were similarly exposed and mated with 
unexposed males.  Following parturition, litters were culled to 4/sex and the pups fostered by unexposed dams.  The pups 
were weaned on post natal day (PND) 25 and weighed on PND 7, 14, 21, 28 and 35.  Male rats exposed to 7000 ppm 
exhibited a decrease in mating success with 2/16 producing a litter (1 male died as a result of a cage fight and 1 male did not 
mate).  Mating success was not affected in 3500 ppm exposed males or in females.  Six males from the 7000 ppm group were 
retained to determine if this effect was reversible.  All 6 males successfully mated 15 weeks after exposure.  The authors 
reported that weight gain was not affected in 7000 ppm exposed females (data not shown), but feed intake was decreased in 
this treatment group.  Crooked tails were observed in 2-3 offspring in 2 of 15 litters from the 7000 ppm maternally exposed 
group.  No other effects on female fertility were reported.  No significant differences resulted between offspring of the 7000 
ppm group and controls on several behavioral toxicology measures including the Ascent test, Rotorod test, Open Field test, 
activity test, running wheel activity, avoidance conditioning, and operant conditioning.  Activity measures were significantly 
different between offspring of the 3500 ppm exposure group and controls.182 

 
Clinical Irritation and Sensitization 
 A cumulative irritation study was conducted involving 20 male subjects, where the relative irritancy of free fatty 
acids of different chain lengths was evaluated.191  Equimolar concentrations (0.5 M and 1.0 M) of even- and odd-numbered - 
straight chain saturated fatty acids were dissolved in propanol.  Each Al-test® patch containing a fatty acid (0.5 M) was 
applied to the interscapular area of 10 subjects, and, similarly, each fatty acid was applied at a higher concentration (1.0 M) to 
the remaining 10 subjects.  A control patch containing propanol was also applied to each subject.  Patches remained in place 
for 24 h and reactions were scored 30 minutes after patch removal.  This procedure was repeated daily for a total of 10 
applications.  In both groups of 10 subjects, there were no reactions to propanol.\ 
 In an irritation study, wherein 116 healthy male subjects (21 to 55 years old) were patch tested with pelargonic acid 
at concentrations of 5%, 10%, 20%, and 39.9% in propanol, a propanol-treated control patch was used.192  Dose response 
curves were developed.  Patches (Al-test® discs) were saturated with 0.04 ml of a test solution and applied to the upper back 
for 48 h.  Reactions were scored at 48 h and 96 h post-application.  There were no reactions to propanol. 
 In an another irritation study, wherein 16 volunteers (10 females, 6 males; median age of 29.5 years) were patch 
tested (closed patches, Finn chambers) with 20% pelargonic acid in propanol (pH of 4.3), propanol was one of the controls 
used.207  Patches were applied to the anterolateral surface of both upper arms for 24 h.  Reactions were scored at 24, 48, and 
96 h post-application according to the following scale: 0 (no reaction) to 3 (strong positive reaction: marked erythema, 
infiltration, possibly vesicles, bullae, pustules and/or pronounced crusting).  There were no reactions to propanol.  
 A skin irritation study was conducted using 42 healthy, non-atopic male volunteers (mean age = 34 years; skin types: 
II [20 subjects], III [17 subjects], and IV [5 subjects]).193  Pelargonic acid was patch-tested (Finn chambers, volar forearm) at 
the following concentrations (in propanol): 40% (12 subjects), 60% (32 subjects), 70% (32 subjects), and 80% (28 subjects), 
and propanol was used as a control.  Each subject received between 3 and 10 patch tests.  The patches remained in place for 
48 h, and reactions were scored 1 h later according to the following scale:  - (no visible reaction) to 4+ (intense erythema with 
bullous formation).  There were no reactions to propanol. 
 In an irritation study, wherein 16 healthy subjects (ages not stated) were patch tested with pelargonic acid (20% in 
propanol), propanol was used as a control.194  Closed patches (Finn chambers) containing the test substance were applied to 
the anterolateral surface of both upper arms.  The patches were removed at 24 h post-application and reactions were scored at 
24 h and 96 h post-application.  There were no reactions to propanol. 
 In study conducted to investigate a possible seasonal variation in the skin response to pelargonic acid during the 
winter and summer, propanol was used as a control.196 The study was conducted using 17 healthy volunteers (10 males, 7 
females; mean age = 27 years).  The test substance was applied (closed patch, Finn chamber) to each arm for 24 h.  Reactions 
were scored at 30 min post-removal.  Reactions were not observed at sites treated with propanol, water, or to which an empty 
chamber was applied. 
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Cetyl Alcohol – metabolite of Dicetyl Succinate and Dicetyl Adipate 
 
Clinical Irritation and Sensitization 
 A topical tolerance study involving an 11.5% Cetyl Alcohol cream base was conducted with 80 male subjects, 
ranging in age from 21 to 52 years and in weight from 120 to 220 pounds. The preparations were applied five times daily 
(every 3 hours) for 10 days.  One subject had erythema, folliculitis, and pustule formation (forearm site).200 

 A formulation containing 6.0% Cetyl Alcohol was tested for its skin irritation potential in 20 subjects according to 
the protocol stated above.  The product did not induce skin irritation. In another study, the skin irritation potential of a cream 
containing 6.0% Cetyl Alcohol was evaluated in 12 female subjects (18-60 years old).  The total irritation score (all panelists) 
for the 21 applications was 418, indicating mild cumulative irritation.200 

 The skin irritation and sensitization potential of a product containing 8.4% Cetyl Alcohol was evaluated in 110 
female subjects.  Fourteen days after scoring of the tenth application site, a challenge patch was applied to each subject and 
removed after 48 h; sites were scored after patch removal. The product did not induce primary irritation or sensitization.200 

 The sensitization potential of a cream containing 3.0% Cetearyl Alcohol was evaluated in 25 subjects (18-25 years 
old).  Following a 10-day non-treatment period, occlusive challenge patches were applied to new sites and removed after 48 h.  
Sensitization reactions were not observed in any of the subjects.200 

 
Photosensitization 
 The photosensitization potential of a lipstick product containing 4.0% Cetyl Alcohol was evaluated in 52 subjects.  
The experimental procedure was not stated.  Photosensitization reactions were not noted in any of the subjects.  In another 
study, a skin care preparation containing 1.0% Cetyl Alcohol did not induce photosensitization in the 407 subjects tested.  
The experimental procedure was not stated.200 

 
 
Isopropyl Alcohol – metabolite of Diisopropyl Adipate and Diisopropyl Sebacate 
 
Absorption, Distribution, Metabolism, and Excretion 
 Male rabbits (3/group; strain not specified) were treated by different routes of exposure to compare the absorption 
and metabolism of isopropyl alcohol.208  Groups 1 and 2 were treated via gavage with the equivalent of 2 and 4 ml/kg absolute 
isopropyl alcohol, respectively, as a 35% isopropanol/water solution.  Groups 3 and 4 were treated via whole-body inhalation 
for 4 h (towels soaked with isopropyl alcohol were place in the inhalation chamber and replenished at ½ hour intervals to 
maintained a saturated environment; no exact concentration given), with Group 3 animals receiving an additional dermal 
exposure in the form of a towel soaked with 70% isopropyl alcohol applied to the animals’ chests and Group 4 animals having 
plastic barriers on their chests and towels prepared the same way as in Group 3 applied on top of the plastic barriers.  The 
alcohol on the towels was replenished at half hour intervals throughout the duration of the experiment.  Blood samples were 
taken at 0, 1, 2, 3 and 4 h.  Samples were analyzed for isopropyl alcohol and the metabolite acetone. 

Following gavage exposure to 2 or 4 ml/kg, maximum blood levels of 147 and 282 mg/dl, respectively, of isopropyl 
alcohol were measured.  Concentrations of acetone rose steadily over the 4 h period and were 74 and 73 mg/dl following 
exposure to 2 or 4 ml/kg, respectively.  The authors stated that the maximum levels of isopropyl alcohol observed in this 
experiment, correlated with inebriation and near coma in the animals.  Following inhalation and dermal exposure, the 
concentration of isopropyl alcohol in the blood continued to rise and was 112 mg/dl at 4 h while the concentration of acetone 
was 19 at 4 h.  Inhalation exposure with a plastic barrier between the soaked towel and the chest resulted in isopropyl alcohol 
and acetone blood levels of <10 mg/dl.  The researchers concluded that isopropyl alcohol is absorbed by the dermal route but 
that prolonged dermal exposure (i.e. repeated sponging or soaking for several hours) would be required to produce significant 
toxicity. 

  
Subchronic Inhalation Toxicity 
 Fischer 344 rats and CD-1 mice (10/sex/group) were exposed via inhalation to 0, 100, 500, 1500, or 5000 ppm (0, 
246, 1230, 3690, or 12,300 mg/m3) isopropyl alcohol for 6 h/day, 5 days/wk for 13 weeks.209  Ataxia, narcosis, hypoactivity 
and the lack of a startle reflex were observed during exposure at 5000 ppm.  Hypoactivity was observed in animals exposed to 
1500 ppm isopropyl alcohol.  At 13 weeks, no gross lesions were observed.  Microscopic examination of control and 5000 
ppm exposed animal tissues showed hyaline droplets within the kidneys of male rats only.  The size and frequency of the 
droplets was increased in the treated group.  The authors concluded that the NOAEL for this study was 500 ppm and the 
lowest-observable adverse effect level (LOAEL) was 1500 ppm based upon clinical signs and changes in hematology at 6 
weeks. 

To evaluate the neurobehavioral effects of isopropanol exposure, an additional 15 rats/sex were exposed (via 
inhalation) to 0, 500, 1500, or 5000 ppm (0, 1230, 3690, or 12,300 mg/m3) for 6 h/day, 5 days/wk for 13 weeks.  Isopropyl 
alcohol did not produce any changes to the parameters of the functional observations battery which was conducted at 1, 2, 4, 9 
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and 13 weeks.  Clinical signs observed in mice, during the exposure, included ataxia, narcosis, hypoactivity and lack of a 
startle reflex at 5000 ppm.  Narcosis, ataxia and hypoactivity were observed in animals exposed to 1500 ppm isopropyl 
alcohol.  At 5000 ppm, increased body weight and increased rate of weight gain were observed in female mice.  At 13 weeks, 
no gross lesions were observed and no treatment-related microscopic changes were observed.  A 10% and 21% increase in 
relative liver weight was observed in female mice at 1500 and 5000 ppm, respectively.  The authors concluded that the 
NOAEL for this study was 500 ppm and the LOAEL was 1500 ppm based on clinical signs and increased liver weights. 
 
Ocular Irritation 

Isopropyl alcohol has been labeled a severe ocular irritant based on rabbit ocular irritation tests.210 
 
Reproductive and Developmental Toxicity 
 Female Sprague-Dawley rats (25/group) were exposed to 0, 400, 800, or 1200 mg/kg bw/day isopropyl alcohol via 
gavage on gestational days (GD) 6 through 15.211 Female New Zealand white rabbits (15/group) were exposed to 0, 120, 240, 
or 480 mg/kg bw/day isopropyl alcohol via gavage on GD 6 through 18.  Animals were observed for body weight, clinical 
effects and feed consumption and the fetuses examined for body weight, sex and visceral and skeletal alterations at GD 20 for 
rats and GD 30 for rabbits.  In rats, 2 dams died at the 1200 mg/kg bw dose and 1 dam died at the 800 mg/kg bw dose.  
Maternal gestational weight gain was reduced at the highest dose tested.  No other effects were observed on maternal 
reproductive health.  Fetal body weights at the two highest doses were decreased statistically.  No evidence of teratogenicity 
was observed at any dose.  In rabbits, four does died at the 480 mg/kg bw dose.  Treatment related clinical signs of toxicity 
were observed at the 480 mg/kg bw dose and included, cyanosis, lethargy, labored respiration and diarrhea.  No treatment 
related findings were observed at GD 30.  Decreased feed consumption and maternal body weights, at 480 mg/kg bw, were 
statistically significant.  No other effects were observed on maternal reproductive health.  No evidence of teratogenicity was 
observed in the rabbits at any dose.  The authors determined NOAELs for both maternal and developmental toxicity of 400 
mg/kg bw, each, in rats and 240 and 480 mg/kg bw, respectively, in rabbits. 
 
Carcinogenicity 
 Fischer 344 rats and CD-1 mice (65/rats/sex/group; 55/mice/sex/group) were treated via inhalation with 0, 500, 
2500, or 5000 ppm (0, 1230, 6150, or 12,300 mg/m3) isopropyl alcohol for 6 h/day, 5 days/wk for 104 weeks in rats and 78 
weeks in mice.209  An additional 10/animals/sex/species were treated with these same concentrations of isopropyl alcohol for 
6 h/day, 5 days/wk for 72 weeks in rats and 54 weeks in mice and underwent an interim evaluation.  Another 10 
mice/sex/group were treated according to the paradigm described above for 54 weeks and then allowed to recover before 
being killed at 78 weeks.  Animals were observed and evaluated for body and organ weights, ophthalmology, and clinical and 
anatomic pathology. 
 In rats, increased mortality due to chronic renal disease was observed at 5000 ppm (both sexes) and at 2500 ppm (males 
only).  Hypoactivity and lack of startle reflex were observed in 2500 ppm treated rats and hypoactivity, lack of startle reflex 
and narcosis were observed in 5000 ppm treated rats.  With the exception of the ataxia, the clinical signs were transient and 
ceased when the exposure ended.  Increases in body weight, body weight gain, and liver weights were observed in 2500 and 
5000 ppm treated rats.  Chronic renal disease was exacerbated in rats treated with isopropyl alcohol.  Male rats had a 
concentration related increase in absolute and relative testes weights.  At the interim euthanasia (after 72 weeks) male rats 
treated with 5000 ppm had an increased frequency of testicular seminiferous tubule atrophy upon microscopic evaluation.  At 
the terminal euthanasia (104 weeks), male rats had a concentration dependent increase in the incidence of interstitial (Leydig) 
cell adenomas of the testes at all administered doses.  No other tumor types were increased in rats under these treatment 
conditions as compared to controls.  
 In mice, no differences in mortality were observed between control and treated animals.  Hypoactivity, lack of a startle 
reflex, narcosis, ataxia, and prostration were observed in 5000 ppm treated mice.  Hypoactivity, lack of startle reflex and 
narcosis were observed in 2500 ppm treated mice.  Increases in body weight, body weight gain, and liver weights were 
observed in 2500 and 5000 ppm treated mice.  Male mice in all treatment groups had a decrease in relative testes weights, and 
female mice exposed to 5000 ppm isopropyl alcohol exhibited decreases in absolute and relative brain weights. At the 
terminal euthanasia (78 weeks) an increased incidence of minimal to mild renal tubular proteinosis was observed in males and 
females in all treatment groups.  Male mice exposed to 2500 and 5000 ppm exhibited an increased incidence of dilation of the 
seminal vesicles.  No neoplastic lesions were observed in male or female mice. The authors reported a NOAEL for toxic 
effects of 500 ppm for both rats and mice based on kidney and testicular effects.  
 IARC (International Agency for Research on Cancer) has determined that isopropyl alcohol is not classifiable as to its 
carcinogenicity to humans (Group 3).182  
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Clinical Irritation and Sensitization 
 According to unpublished data, a 80.74% spray concentrate caused did not exhibit any potential for dermal 
sensitization in 9 human subjects.197  
 According to unpublished HRIPT study on 109 test subjects, a 2.85% hair dye base formulation of isopropyl alcohol 
and a 1.95% isopropyl acetate caused no dermal sensitization in humans.198  
 The applicability of fluorescence confocal laser scanning microscopy for in situ imaging of irritant contact dermatitis 
caused by pelargonic acid using 12 healthy individuals (8 males, 4 males; 18 to 64 years old) was studied.199  Using Finn 
chambers (occlusive patches), the flexor side of the right and left forearm was exposed to 60 µl of 10% (w/v) pelargonic acid 
in isopropanol solution and isopropanol vehicle.  Isopropanol was used as a control.  The Finn chambers were removed at 24 
h post-application and reactions were scored according to the following scale: 0 (no visible reaction) to 4+ (intense erythema 
with bullous formation).  Reactions were not observed at sites treated with isopropanol. 
 
 
Hexyl Alcohol – metabolite of Dihexyl Adipate 
 
Ocular Irritation 
 Undiluted hexyl alcohol has been labeled as highly irritating on rabbit ocular irritation tests.212 
 
Dermal Sensitization 
 In a maximization test using guinea pigs, hexyl alcohol was not a sensitizer at 1% in petrolatum.212 
 
 
Caprylic Alcohol – metabolite of Dicapryl Succinate, Dicapryl Adipate and Dicaprylyl/Capryl Sebacate 
 
Dermal Irritation – Animals 
 Caprylic alcohol applied full strength to intact or abraded rabbit skin produced a mild irritation.185 
 
Clinical Irritation and Sensitization 
 Tested in at a concentration of 2% in petrolatum, caprylic alcohol produced no irritation in a 48 h closed-patch test 
in 25 human subjects.185 
 
 
Isobutyl Alcohol – metabolite of Diisopropyl Adipate and Diisopropyl Sebacate 
 
Subchronic Inhalation Toxicity 
 Rats (10/sex/group) were exposed via inhalation to isobutyl alcohol vapor concentrations of approximately 0, 770, 
3100, or 7700 mg/m3, for 6 h/day, 5 days/week, for 14 weeks.213  The functional observational battery was conducted along 
with endpoints of motor activity, neuropathology and scheduled-controlled operant behavior.  A slight reduction in 
responsiveness to external stimuli was observed in all treated groups during exposure.  This effect resolved upon cessation of 
exposure to isobutyl alcohol. 
 
 
Ethylhexyl Alcohol – metabolite of Diethylhexyl Succinate, Diethylhexyl Adipate and Diethylhexyl Sebacate 
 
Absorption, Distribution, Metabolism, and Excretion 
 In vitro dermal absorption rates were determined for ethylhexyl alcohol in rats and humans.  In rats, the rate was 0.22 
mg/cm2/h and in the human it was 0.038 mg/cm2/h.214  Accordingly, the human rate of ethylhexyl alcohol absorption was 5.78 
times slower than in the rate in the rat.  
 
Acute Dermal Toxicity 
 In three different acute dermal toxicity studies on rabbits with ethylhexyl alcohol, the LD50 values reported were 
2380, greater than 2600 and greater than 5000 mg/kg body weight.214  
 
Repeated Dose Dermal Toxicity 
 Rats (10) were dosed 2 ml/kg body weight/day (1600mg/kg/day) via single application on shaved backs.214  Absolute 
and relative thymus weights, liver granulomas, brochiectasis in the lung, renal tubular epithelial necroses, edematous heart 
and testes, and spermatogenesis, all decreased. 
Rats (10/sex) were dosed 0, 500, or 1000 mg/kg body weight/day (5 days occlusive, 2 days untreated, 4 days treated).214  500 
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and 1000 mg treated rats exhibited minimal exfoliation, decreased spleen weight and increased serum triglycerides in females.  
 
Ocular Irritation 
 Instillation of 20 µg of ethylhexyl alcohol into the conjunctival sac of rabbits caused moderately severe irritation of 
the cornea.212   
 
Dermal Irritation – Animals 
 Ethylhexyl alcohol was applied under occlusion to the skin of 3 male rabbits for 4 hours and found to be  irritating.212  
In another study with rabbits, 0.5 ml of ethylhexyl alcohol was applied under occlusion on intact skin for 1, 2, 4, and 24 
hours.  Irritation was considered high, and effects seen after 7 days were not reversible. 
 
Reproductive and Developmental Toxicity 
 A group of female rats was exposed for 7 h per day to 850 mg/m3 of ethylhexyl alcohol on gestation days 1-19.212  
Dams were sacrificed at day twenty.  Ethylhexyl alcohol reduced maternal feed intake, but did not produce any 
malformations. 
 The estrogenic activity of 2-ethylhexanoic acid was examined using an E-SCREEN assay using T47D human breast 
cancer cells.215  Weak estrogenic activity was observed.  (Additional details were not provided.) 
 
Genotoxicity 
 In vitro, ethylhexyl alcohol was negative in a number of Ames assays, a liquid suspension assay, mouse lymphoma 
assay, and unscheduled DNA synthesis assay.118,139,140,143,151  In a 3H-thymidine assay, there was a dose-dependent inhibition 
of 3H-thymidine into replicating DNA, with a dose-dependent increase in the ratio of acid-soluble DNA incorporated into the 
thymidine.140  The urine of rats dosed orally with 1000 mg/kg bw ethylhexyl alcohol was not mutagenic.150  In vivo, 
ethylhexyl alcohol was not genotoxic in a mouse micronucleus test or a transformation assay.151 
 
Carcinogenicity 
 B6C3F1 mice (50/sex/group) were administered 0, 50, 200, or 750 mg/kg body weight/day via gavage, 5 days/week 
for 18 months.214  At the 750 mg dose, weak hepatocellular carcinoma increased in females, body weight gain decreased and 
mortality increased.  F344 rats (50/sex/group) were administered 0, 50, 150, or 500 mg/kg body weight/day via gavage, 5 
days/week for 24 months.  Rats dosed at 150 mg and greater were characterized with body weight gain decrease, lethargy and 
unkemptness.  At 500 mg, mortality in females was at 52%.  
 
Clinical Irritation and Sensitization 
 Tested in at a concentration of 4% in petrolatum, ethylhexyl alcohol produced no irritation in a 48 h occlusive-patch 
test in 29 male volunteers.214  In a maximization study, ethylhexyl alcohol did not induce any sensitization reactions. 
 
 
MEHA, Mono-(2-Ethyl-5-Hydroxyhexyl)Adipate, Mono-(2-Ethyl-5-Oxohexyl)Adipate - metabolites of Diethylhexyl 
Adipate 
 
Genotoxicity 
 MEHA was not mutagenic in an Ames assay at concentrations of ≤100086 or 10,000 µg/plate.139  Mono-2(ethyl-5- 
hydroxyhexyl)adipate and mono-(2-ethyl-5-oxohexyl)adipate, were not mutagenic in an Ames assay at concentrations of 
≤1000 µg/plate.86 
 
 
Isooctyl Alcohol – metabolite of Diisooctyl Adipate and Diisooctyl Sebacate 
 
Subchronic Oral Toxicity 
 In a subchronic gavage toxicity study of a mixture of C7-9, branched alkyl alcohols in rats, a NOEL of 125 mg/kg 
bw/day and a lowest-observed effect level of 250 mg/kg bw/day were determined.118 
 
Reproductive and Developmental Toxicity 
 In an oral gavage developmental toxicity study of a mixture of C7-9, branched alkyl alcohols in rats, a maternal 
NOAEL of 500 mg/kg bw and a fetal NOAEL of 1000 mg/kg bw were reported.212  
 
Genotoxicity 
 A mixture of C7-9, branched alkyl alcohols were not mutagenic in in vitro bacterial and mammalian cell assays.212  
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Carcinogenicity 
 Ethylhexyl alcohol was not oncogenic in rats dosed, via gavage, with 0, 50, 150, or 500 mg/kg bw, in an aqueous 
vehicle with 0.005% Cremophor EL.212   
 
 
Isononyl Alcohol – metabolite of Diisononyl Adipate 
 
Reproductive and Developmental Toxicity 
 In an oral gavage developmental toxicity study of a mixture of C8-10, branched alkyl alcohols in rats, maternal and 
fetal NOAEL values were each reported to be 144 mg/kg bw. 212  
 
 
Isodecyl Alcohol – metabolite of Diisodecyl Adipate 
 
Reproductive and Developmental Toxicity 
 In an oral gavage developmental toxicity study of a mixture of C9-11, branched alkyl alcohols in rats, a maternal 
NOAEL of 158 mg/kg bw and a fetal NOAEL of 790 mg/kg bw were reported. 212 
 
 
Isostearyl Alcohol – metabolite of Diisostearyl Glutarate, Diisostearyl Adipate and Isostearyl Sebacate 
 
Clinical Irritation and Sensitization 
 The skin irritation potential of lsostearyl Alcohol was evaluated in 19 male and female subjects (18-65 years old) at a 
concentration of 25.0% in petrolatum.  The test substance did not induce skin irritation in any of the subjects (Primary 
Irritation Index = 0.05).  In three similar studies, three different lipstick products containing 25.0, 27.0, and 28.0% Isostearyl 
Alcohol, respectively, were tested according to the same protocol.  The three products did not induce skin irritation.200 

The irritation and sensitization potential of Isostearyl Alcohol (25% v/v in 95.0% isopropyl alcohol) was evaluated in 12 male 
subjects (21-60 years old).  Challenge applications were made to original and adjacent sites 2 weeks after removal of the last 
induction patch.  Three of 12 subjects had slight erythema during induction, and there was no evidence of sensitization.200 

 The sensitization potential of a pump spray antiperspirant containing 5.0% Isostearyl Alcohol was evaluated using 148 
male and female subjects.  The product was applied via an occlusive patch to the upper arm for a total of nine induction 
applications (3 times/week for 3 weeks).  Each patch remained for 24 h, and sites were scored immediately before subsequent 
applications.  During the challenge phase, a patch was applied to the induction site and to a new site on the opposite arm of 
each subject.  Reactions were scored 48 and 96 h after application.  Ten of the twelve subjects with reactions suggestive of 
sensitization were re-challenged with the product 2 months later.  Patches remained for 24 h, and sites were scored at 48 and 
96 h post-application.  Six subjects had reactions during the re-challenge.  Four of the six subjects were then tested with 5.0% 
Isostearyl Alcohol in solution with ethanol 6 weeks after scoring of the first rechallenge; all had positive responses.  Negative 
responses were reported when the product (without lsostearyl Alcohol) and 100.0% ethanol each were tested.  In a second 
study, the same product was applied to 60 male and female subjects (same protocol).  Five of the subjects had positive 
responses after the first challenge. One of the five was re-challenged with 5.0% Isostearyl Alcohol in ethanol solution, and a 
positive reaction was observed.200 

 
 
Isopropanol  
 
Comedogenicity 
 An LDLo of 2-4 ml/kg of isopropyl alcohol has been reported in adults and 6 ml/kg (9 ml/kg 70% isopropyl alcohol) 
was reported to induce coma in children.   
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ABSTRACT 

 The CIR Expert Panel assessed the safety of 244 Plant-Derived Fatty Acid Oils as used in cosmetics. Oils are used 
in a wide variety of cosmetic products for their skin conditioning, occlusive, emollient, and moisturizing properties.  Since 
many of these oils are edible, and their systemic toxicity potential low, the review of the Panel focused on their potential 
dermal effects.  The Expert Panel concluded that the 244 Plant-Derived Fatty Acid Oils are safe as used in cosmetics.   
 

INTRODUCTION 

 Oils derived from edible vegetables, fruits, seeds, and tree and ground nuts have been safely consumed by humans 

for millennia.  While nuts and some fruits and vegetables themselves may cause allergic reactions in certain individuals, the 

refined oils derived from these plants generally pose no significant safety concern following oral exposure, and their general 

biology is well characterized due to extensive use in food materials.  Most of the ingredients in this report are mixtures of 

triglycerides containing fatty acids and fatty acid derivatives, the safety of which in cosmetics has been established. This 

safety assessment focused solely on the basic chemistry, manufacturing/production, uses, and irritation and sensitization data 

available on these oils as they are used in cosmetic ingredients.   

 Various oils have been used on the skin since antiquity.  Initially used for anointing in religious ceremonies, oils and 

their components have also been long used on the skin for cosmetic purposes.  They are used in a wide variety of cosmetic 

products for their skin conditioning, occlusive, emollient, moisturizing and other properties.  The full list of ingredients in 

this report, which includes oils, hydrogenated oils, unsaponifiables, oil fatty acids, and salts of the fatty acids, is found in 

Table 1.   While a large number of oils derived from plants are included in this literature review, there is a commonality in 

that they all are mixtures of triglycerides containing fatty acids and fatty acid derivatives, the safety of which in cosmetics 

have been established. 

 In preparing this report, numerous inconsistencies were noted with both taxonomic and INCI naming conventions.  

For example, this report includes the macadamia nut ingredients, Macadamia Integrifolia Seed Oil and Macadamia Ternifolia 

Seed Oil, which are described in the International Cosmetic Ingredient Dictionary and Handbook.1  The species M. 

integrifolia is currently the only species of macadamia nut that is used for oil production.  The name M. ternifolia is an old 

naming convention for the edible nut that is currently used to describe a non-cultivated, inedible species.2,3  Macadamia 

Integrifolia Seed Oil and Macadamia Ternifolia Seed Oil are the same ingredient.  Similar naming conflicts have been 

discovered with Triticum Vulgare (Wheat) Germ Oil and Triticum Aestivum (Wheat) Germ Oil, Orbignya Oleifera Seed Oil 

and Orbignya Speciosa Kernel Oil, and Moringa Pterygosperma Seed Oil and Moringa Oleifera Seed Oil, with these pairs 

being synonyms for each other. The shea plant also has two species names, Butyrospermum parkii and Vitellaria paradoxa.  

Only B. parkii (as Butyrospermum Parkii [Shea] Oil or Butter) is the current naming convention described by the cosmetics 

industry. 

 This report includes cosmetic ingredients that have been previously reviewed by the Cosmetic Ingredient Review 

Expert Panel.  The ingredients, their conclusions, and published citations are found in Table 2.  Previously reviewed fatty 

acids and glyceryl triesters are also found in Table 2.   

CHEMISTRY 

 The group of ingredients characterized as fats and oils are the glyceryl esters of fatty acids (triglycerides) normally 

found in plants, including those which have been hydrogenated to reduce or eliminate unsaturation.4  Figure 1 represents the 

general structure of fats and oils.  The raw oil may include diglycerides, monoglycerides, free fatty acids, plant sterols, 

pigments, glucosides, proteins, natural antioxidants, vitamins and impurities.5,6  The extent to which these components are 

removed during processing varies.  The available information on chemical properties of oils in this report, including Food 
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Chemicals Codex specifications when provided, are found in Table 3.7 The available fatty acid compositions for the oils in 

this report are found in Table 4.   

 The percentage of chemical constituents in individual oil types is dependent on the region where the oilseed plant is 

grown, individual cultivars, and plant genetics.6  This is especially true with rapeseed, where the erucic acid content varies 

from 1% to 58.6%.  Low erucic acid rapeseed oil is also known as canola oil.  

 The nutritional content of these oils varies with oil type.  For example, sunflower oil contains high levels of vitamins 

A, D, and K, while palm oil is a rich source of vitamins A and E.  Crude sunflower oil also has the highest content of vitamin 

E in the form of α-tocopherol amongst vegetable oils.6   

 Vegetable Oil and Hydrogenated Vegetable Oil are cosmetic labeling names for blends of plant-derived oils.8  The 

composition of a blend is determined by the desired physical properties.  Vegetable Oil and Hydrogenated Vegetable Oil may 

include, but are not limited to: Canola Oil, Brassica Campestris (Rapeseed) Oil, Carthamus Tinctorius (Safflower) Seed Oil, 

Helianthus Annuus (Sunflower) Seed Oil, Sesamum Indicum (Sesame) Seed Oil, Elaeis Guineensis (Palm) Oil, Elaeis 

Guineensis (Palm Kernel) Oil, Cocos Nucifera (Coconut) Oil, Gossypium Herbaceum (Cottonseed) Oil, Glycine Soja 

(Soybean) Oil, Zea Mays (Corn) Oil, Olea Europaea (Olive) Oil, Prunus Amygdalus Dulcis (Sweet Almond) Oil, and 

hydrogenated products of these oils. 

Processing 
 The oil may be directly expressed from the source (seed or pulp) followed by solvent extraction.  Bailey’s Industrial 

Oil and Fat Products states that the removal of pigments and polar materials is mandatory for most cosmetic applications.9  

The process used for oil refining for foods may be adequate for this purpose, or additional steps may be required.  Special 

refining methods to yield colorless and odorless oils are used by the cosmetic industry and include proprietary adsorption 

chromatography and supercritical fluid extractions.  

 The majority of the oils presented in this report are produced either from mechanical extraction or solvent extraction 

or a hybrid of both methods, known as prepress solvent extraction.6  In solvent extraction, hexane is the most commonly used 

solvent, as it is economical and easily removed from the extracted oil.  Seeds that are rich in oil can be cold pressed to extract 

oil without the use of solvents.10 

 After the initial extraction by methods such as solvent extraction, the crude (degummed) oil is often refined.6 The 

first step is treating the oil with caustic soda to neutralize free fatty acids, hydrolyze phosphatides, and remove some colored 

pigments and unsaponifiable materials.  Soap stock is usually a by-product of this step.  The next step involves treating the 

neutralized oil with activated earth to further adsorb pigments.  The last major step in refining oil is deodorizing, usually by a 

type of steam distillation, which is intended to remove all oxidative cleavage products that impart odor or flavor to the oil.  

Deodorization also removes tocopherols, sterols, and other minor constituents of free fatty acids and undesirable foreign 

materials. Figure 2 is a flowchart of the basic refinement process. 

 After deodorization, oils can be further processed by hydrogenation, which makes oil more resistant to oxidative and 

thermal damage, and by winterization, where oil is slowly cooled to promote formation of crystals that cause cloudiness, and 

then filtered to remove the crystals.   

 Cosmetic grade fatty acid plant oils may include a physical refining step that involves heating crude oil under 

vacuum.10  This step allows for the removal of volatile components such as color compounds, odor compounds, and free fatty 

acids, which gives the refined oil a lighter color, less odor, and lower acid values.   
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Analytical Methods 
 Near infrared spectroscopy and gas chromatography have been used, respectively, to phenotype and analyze fatty 

acid profiles in shea fat (described as Vitellaria paradoxa, not Butyrospermum parkii).11 The fatty acid composition of hazel 

seed oil (Corylus avellana, in crude form) has also been analyzed by gas chromatography.12  The triacylglycerol and 

diacylglycerol composition oils from hazelnut, pistachio, almond, Brazil nut, and macadamia nuts have been characterized 

with high-performance liquid chromatography with atmospheric pressure chemical ionization and UV detection.13  The 

triacylglycerol profile of Brazil nut oil has also been quantified using dry matrix-assisted laser desorption/ionization time-of 

flight mass spectrometry.14 

Impurities 
Proteins 

 Many edible fatty acid oils are derived from foods that are recognized as potent food allergens.  It has been shown 

that an individual that is allergic to a food will generally not react to the refined oil, especially if the oil has been “hot-

pressed” or has undergone more processing.15,16  A prime example is Arachis Hypogaea (Peanut) Oil.  Peanuts are extremely 

allergenic to a large population, but reaction to the oil is rare.  In its safety assessment on Arachis Hypogaea (Peanut) Oil, the 

Expert Panel noted that the major concern associated with allergic reactions to peanuts is the protein.17  The protein does not 

partition into the refined oil, and therefore the oil is safe for use in cosmetics.  However, researchers have reported protein 

levels in processed oils.  Halsey et al. reported that Lowry protein determinations of cold-pressed and refined sunflower oil 

found 2-8 µg/ml protein,18 while Zitouni et al. reported trace amounts of protein in the refined oil.19  Olszewski et al. found 

0.1-0.2 µg protein per g of peanut oil,20 while Ramazzotti et al. reported finding IgE responsive residual proteins in peanut oil 

extracts.21  Porras et al. found soy protein in some samples of soy oil, but not others.22  Awazuhara et al. reported 1.4-4.0 µg 

protein per 100 g of soy oil.23  Although Paschke et al. found approximately 35 µg/l protein content in refined soybean oil, no 

IgE-binding activity was detectable.24   

 While the Panel has found a general lack of clinical effects for fatty acid oils already reviewed,17,25-33 other groups 

have raised concerns.  The European Medicines Agency (EMEA) Working Party on Herbal Medicinal Products concluded 

that soy and peanut products “should be treated as allergenic unless they have an analytically-monitored non-allergenic 

specification and a safe maximum daily dose.”34  The EMEA found that threshold concentrations for induction of a protein 

contact dermatitis were not available and recommended, “all medications for topical use containing soya or peanut products 

should be treated as allergenic.” 

Aflatoxin 

 Aflatoxins are metabolic products of the molds Aspergillus flavus and Aspergillus parasiticus.  They are most often 
produced in stored agricultural crops (such as peanuts and other nut crops) when growth conditions and genetic requirements 
are favorable.35-37  The International Agency for Research on Cancer (IARC) categorized aflatoxins as group 1 agents, 
“carcinogenic to humans”.38,39   
 The United States government places the following limitations on peanuts to be considered “negative” for aflatoxin: 
< 15 ppb for “peanuts which have been certified as meeting edible quality grade requirements” and < 25 ppb for “non-edible 
quality categories” (7 CFR Sections 997.30 and 998.200).40   
 

A study reported that crude peanut oil (obtained by solvent extraction or hydraulic pressing) has reduced aflatoxin 
concentration compared to peanut kernels, and that subsequent processing (alkali refining and bleaching) reduces the 
concentration still further.17  In one example, processed peanut oil from moldy peanuts (contaminated with 5500 ppb 
aflatoxin) had an aflatoxin concentration of < 1ppb.  [From CIR assessment on Arachis Hypogaea (Peanut) Oil, 
2001.]17 
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In 50 samples of hazel nuts from Spain, all samples showed fungal contamination, but no aflatoxin contamination.41  
Of the 50 fungal strains identified, 25 were aflatoxigenic strains.  In 20 hazel nut samples collected in Egypt, 
however, aflatoxin (25-175 µg/kg) was reported as a contaminant in 90% of samples.  [From CIR assessment on 
Hazel Seed Oil, 2001.]42 
 
Aflatoxin contamination of raw and dried coconut copra has been reported.33  Improper drying, handling, and 
storage greatly increase the possibility of contamination by aflatoxins growing on copra.  Smoke drying of copra 
inhibited aflatoxin formation. [From CIR assessment on Cocos Nucifera (Coconut) Oil, 2008.]43  

 
Glycidol  

 Glycidol and glycidol fatty acid esters have been detected in refined fatty acid oils.44-47   

USE 

Cosmetic 
 There are 244 oil ingredients included in this safety assessment, 146 of which are reported to be used; 118 of the in-

use ingredients have never been reviewed by CIR, while 28 have been reviewed previously.  For the ingredients being 

reviewed for the first time, the  frequency of use, as supplied to the Food and Drug Administration (FDA) by industry as part 

of the Voluntary Cosmetic Registration Program (VCRP),48 and/or concentration of use, as supplied by industry in response 

to a Personal Care Products Council (Council) survey,49-51 can be found in Table 5a.  (Also included in Table 5a are three 

ingredients, Citrullus Vulgaris (Watermelon) Seed Oil, Macadamia Nut Oil, and Vaccinium Oxycoccos (Cranberry) Seed Oil, 

that do not have identifiable International Nomenclature Cosmetic Ingredient (INCI) names.  While these ingredients are not 

part of this assessment, they are very similar to the oils that are identified and information on them is included in this report 

for completeness.)  For the ingredients that have been reviewed previously, the current and historical26-28,32,52-55 frequency and 

concentration of use is given in Table 5b.  The 97 ingredients not currently reported to be used are listed in Table 5c. 48-51,56,57 

 It should be noted that the names vegetable oil and hydrogenated vegetable oil, are used in cosmetic formulations, 

refer to a blend of plant-derived oils, and the composition of the blend varies.8 

  Of the oils included in this report, Butyrospermum Parkii (Shea) Butter has the most reported uses in cosmetic and 

personal care products, with a total of 1950; 1680 of those uses are in leave-on formulations. A recent survey of use concen-

trations for Butyrospermum Parkii (Shea) Butter reports a maximum use concentration of 60% in leave-on products as a 

cuticle softener, a manicuring application.58   Helianthus Annuus (Sunflower) Seed Oil has the second greatest number of 

overall uses reported, with a total of 1414; 1054 of those uses are in leave-on formulations, having use concentrations up to 

96%.  Many other ingredients are used in an extensive number of formulations.  For example, Prunus Amygdalus Dulcis 

(Sweet Almond) Oil, Olea Europaea (Olive) Fruit Oil, and Glycine Soja (Soybean) Oil have 1127, 915, and 912 uses, 

respectively.  Most of the in-use ingredients have uses in both leave-on and rinse-off product types, many are used in 

products that are applied around the eye and some are used in a way they can possibly be ingested.  Some are used in 

products that involve mucous membrane exposure, and a few are used in underarm deodorant formulations.  Many of the 

products are used in formulations at relatively high concentrations.  Olea Europaea (Olive) Fruit Oil is used at up to 100%, 

Persea Gratissima (Avocado) Oil is used at up to 98%, Helianthus Annuus (Sunflower) Seed Oil at up to 96%, and Glycine 

Soja (Soybean) Oil at 95%. 

 Oils are used in a wide variety of cosmetic products for their skin conditioning, occlusive, emollient, moisturizing 

and other properties. 

 Some of the oils included in this report are used in products that can be inhaled, and effects on the lungs that may be 

induced by aerosolized products containing these ingredients are of concern.  The particle size of aerosol hair sprays and of 
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pump hair sprays is 38 µm and >80 µm, respectively, and is relatively large compared to respirable particle sizes (≤10 µm).  

Therefore, because of their size, most aerosol particles are deposited in the nasopharyngeal region and are not respirable. 

 None of the oils, hydrogenated oils, unsaponifiables, oil fatty acids, and salts of the fatty acids described in this 

report were restricted from use in any way under the rules governing cosmetic products in the European Union.59 

Non-Cosmetic 
 The primary uses for plant-derived fatty acid oils are for cooking.  Palm oil is the world's most widely consumed 

edible oil (41.7 million metric tons), followed by soybean oil, rapeseed oil, sunflower seed oil, cottonseed oil, peanut oil, 

palm kernel oil, coconut oil, ,and olive oil.6,60  Non-food, non-cosmetic uses for edible fatty acid oils are found in Table 6. 

 
ANIMAL TOXICOLOGY 

 Many of the fatty acid oils in this assessment are edible, and exposure to the oils from food use would result in a 

much larger systemic dose than that resulting from use in cosmetic products.  Consequently, their systemic toxicity potential 

is not addressed in this report.  The safety focus of use of these oils as cosmetic ingredients is on the potential for irritation 

and sensitization. 

CARCINOGENICITY 

 The safety of glycidol fatty acid esters in refined vegetable oils was assessed by IARC. Glycidol was determined to 

be a Group2A (probably carcinogenic to humans) chemical while glycidol fatty acid esters was determined to be a Group 3 

(not classifiable as to carcinogenicity to humans) chemical.46,47  

 The Federal Institute for Risk Assessment in Germany released a summary of their initial evaluation of the 

assessment of levels of glycidol fatty acid esters detected in refined vegetable fats.45  While acknowledging that the levels of 

glycidol that may be released from glycidol fatty acid esters are not known, the evaluation noted that glycidol is classified as 

probably carcinogenic to humans.  The evaluation was based on findings of the German Chemical and Veterinary Test 

Agency (CVUA) that noted that glycidol is converted to 3-chloropropanediol and it appeared to be the 3-chloropropanediol 

that was detected in the vegetable fat.44  The levels of 3-chloropropanediol were negligible at the crude oil, degummed, 

neutralized, and bleached stages, but levels were significant at the deodorized stage.  

Anacardium Occidentale (Cashew) Seed Oil 

 The modulatory effect of Anacardium Occidentale (Cashew) Seed Oil on antioxidant potential was investigated in 

female Swiss albino mice in a 120 day skin papillomagenesis study.61  The mice were divided into 4 groups of 15 and 1 

group of 10 (vehicle control).  Test groups were as follows: Group I was the vehicle control, receiving 0.1 ml acetone; Group 

II was the positive control, receiving a single dose of 7,12-dimethylbenz(a)anthracene (DMBA) (0.005 mg/0.05 ml acetone ) 

followed by applications of 2% croton oil 3 times a week until study termination; Group III received a single dose of DMBA 

followed by applications of 2.5% cashew nut kernel oil 3 times a week until study termination; Group IV received a single 

dose of DMBA followed by applications of 5% cashew nut kernel oil 3 times a week until study termination; and Group V 

was 5% cashew nut kernel oil applied until study termination.  The oil was applied to the clipped dorsal scapular region that 

was 2 cm in diameter. Body weights were recorded at regular intervals. Skin papillomas greater than 1 mm in diameter at the 

application sites were recorded weekly and included in the data analysis if they persisted for more than 2 weeks. The positive 

control group yielded expected results (86% tumor incidence).  No tumors were observed in the vehicle control or the other 

test groups.  The authors concluded that cashew nut kernel oil did not exhibit any solitary carcinogenic activity. 
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IRRITATION AND SENSITIZATION 

Dermal Effects 
Non-Human 

 Dermal irritation and sensitization studies were performed in animals on a number of the plant-derived fatty acid 

oils, and the results were mostly negative in all of the studies.  These studies are summarized in Table 7a.  Photosensitization 

data, when available, are also included in Table 7a.  None of the tested oils were phototoxic.  Summary statements of non-

human dermal studies from previous CIR reports on oils are provided in Table 7b. 

Human 

 Plant-derived fatty acid oils are commonly believed to be safe for use on the skin.9 de Groot notes that no 

documentation exists to show that high quality edible lipids cause adverse reactions in normal individuals (except for 

potential comedogenicity).62  Very few reports of adverse reactions to cosmetic use of edible fatty acid oils have been 

reported. 

 Many plant-derived fatty acid oils are derived from foods that are recognized as potent food allergens.  The allergic 

reactions are thought to be caused by the proteins present in the food.  It has been shown that an individual that is allergic to a 

food will generally not react to the refined oil, especially if the oil has been “hot-pressed” or has undergone more process-

ing.15,16  In its safety assessment on Arachis Hypogaea (Peanut) Oil, the CIR Expert Panel noted that while peanuts are 

extremely allergenic to a large population, reaction to the oil is rare.  Because the  major concern associated with allergic 

reactions to peanuts is the protein17 which does not partition into the refined oil; therefore the oil is safe for use in cosmetics.  

Crevel et al. also concluded that chemically refined peanut oil is safe for the majority of peanut allergic individuals.16  They 

stated that “as peanut is acknowledged to be one of the most potent food allergens, it is reasonable to extrapolate the conclu-

sions drawn up for peanut oil to other edible oils.”  However, they concede that validated analytical methodology for estab-

lishing the protein content of oil is needed. 

 In support of the conclusions stated earlier, Crevel et al. also examined the allergenicity of some other oils.  Very 

few instances of allergic reactions to other major edible fatty acid oils have been reported.  Even sesame oil, which differs 

from the other oils in that it is used as a flavorant and, therefore, is not as refined and is expected to contain significantly 

more protein that the other edible fatty acid oils, has had very few reports of allergic reaction. Additional studies demon-

strating safety are summarized later in this section.18,63 

 A large number of clinical irritation and sensitization studies were made available on many of the oils, primarily in 

formulation, and these studies are summarized in Table 8a.  All of the data indicated that the oils were not irritants or 

sensitizers.  Summary statements of human dermal studies, including phototoxicity/photosensitization data, from previous 

CIR reports on oils are provided in Table 8b. 

Mucosal Irritation 
Non-Human 

 Ocular irritation studies were performed using animals on a number of plant-derived fatty acid oils.  While the 

majority of the oils were non-irritating to mildly irritating, Crambe Abyssinica Seed Oil was an ocular irritant and Linum 

Usitatissimum (Linseed) Seed Oil was moderately irritating.  Available ocular irritation studies are summarized in Table 9a.  

Summary statements of ocular irritation studies from previous CIR reports on oils are provided in Table 9b. 

Alkyl Esters Supplement Book 2

 
Supplement Panel Book 2 Page 122



 

9 
 

Human 

 In clinical ocular irritation studies, formulations containing Linum Usitatissimum (Linseed) Oil and Ribes Nigrum 

(Black Currant) Seed Oil did not produce adverse reactions, and were considered safe for contact lens wearers.  These studies 

are also summarized in Table 9a. 

 
CLINICAL USE 

Clinical Trials/Case Studies 
 Case studies reporting various results have been summarized in Table 10 for a number of the oils included in this 

report.   

 

SUMMARY 

 The report addresses the safety of Plant-Derived Fatty Acid Oils.  These oils, which are derived from vegetable and 

fruit plants, are composed of mono-, di-, and, primarily, triglycerides, free fatty acids and other minor components, including 

natural antioxidants and fat-soluble vitamins.  The percentage of chemical constituents and nutritional content of individual 

oil types is dependent on region where the oil plant is grown, individual cultivars, and plant genetics.  Oils used in cosmetics 

are likely produced in the same manner as those used in the food industry.  Oils may be expressed through mechanical or 

solvent extraction.  The oils may undergo further refining, such as neutralizing, bleaching, and deodorizing, to remove 

pigments, odors, unsaponifiable materials, and other undesirables. 

 Individuals who have food allergies to a plant protein rarely exhibit allergic reactions when exposed to refined oils 

of the same plant.  Data evaluation by the CIR Expert Panel regarding method of manufacture indicates that protein 

constituents do not partition into the refined oils.  The CIR Expert Panel also has found a general lack of clinical effects for 

fatty acid oils that they have already reviewed; however, other researchers have raised concerns about the presence of 

residual proteins in oils, such as peanut and soy.   

 Glycidol fatty acid esters are possible impurities in refined vegetable oils. While the amount of glycidol that may be 

present with glycidol fatty acid esters is not known, the IARC has noted that glycidol is probably carcinogenic to humans and 

that glycidol fatty acid esters are not classifiable as to carcinogenicity in humans.  Peanuts and soy may contain aflatoxins, 

metabolic products of certain molds that are carcinogenic to humans. 

 Of the oils described in this report, Butyrospermum Parkii (Shea) Butter has the most reported uses in cosmetic and 

personal care products with a total of 1950 and is used at a maximum concentration of 60%.   Oils are used in a wide variety 

of cosmetic products, including use in hair spray and other aerosolized products.  None of the oils, or the related counterparts, 

described in this report are restricted from use in the European Union.   

 Anacardium Occidentale (Cashew) Seed Oil was not a tumor promoter in a DMBA skin test system. 

 The safety focus of use of these oils as cosmetic ingredients is on the potential for irritation and sensitization.  

Undiluted, technical grade, Arachis Hypogaea (Peanut) Oil was moderately irritating to rabbits and guinea pig skin, and 5% 

aq. solutions of a bar soap containing 13% sodium cocoate had irritation scores of 1.6-4.0/8 in animal studies.  However, the 

remaining animal and clinical irritation and/or sensitization studies conducted on a large number of the oils included in this 

report, primarily in formulation, did not report any significant irritation or sensitization reactions, indicating that refined oils 

derived from plants are not dermal irritants or sensitizers. 

 The phototoxic potential of formulations containing Butyrospermum Parkii (Shea) Butter and Elaeis Guineensis 

(Palm) Oil and of Oryza Sativa (Rice) Bran and (Rice) Germ Oil, neat, was evaluated in animal studies, and the phototoxic 
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potential of Cocos Nucifera (Coconut) Oil, Sodium Cocoate, Prunus Amygdalus Dulcis (Sweet) Almond Oil, and Oryza 

Sativa (Rice) Bran Oil was examined clinically.  None of these ingredients were phototoxic. 

 The comedogenicity of Corylus Avellana (Hazel) Seed Oil was evaluated using rabbits, and a slight difference in the 

number and size of the pilosebaceous follicles and a slight excess of sebum and a dilation of the follicles was observed.  In 

clinical testing with an eye mask containing 0.2% Ribes Nigrum (Black Currant) Seed Oil (undiluted), the formulation was 

non-comedogenic. 

 The ocular irritation potential of a number of the oils, mostly in formulation, was evaluated in testing using animals 

or alternative assays.  The majority of the test results did not report significant ocular irritation.  A lotion containing 1.5% 

Elaeis Guineensis (Palm) Oil was moderately irritating to rabbit eyes, and a mascara containing 9.4% Linum Usitatissimum 

(Linseed) Seed Oil was moderately irritating in an alternative assay. 

 In human testing, a mascara containing 9.4% Linum Usitatissimum (Linseed) Seed Oil did not produce ocular 

irritation or adverse effects in contact lenses wearers or subjects with sensitive eyes.  An eye mask containing 0.2% Ribes 

Nigrum (Black Currant) Seed Oil (undiluted) was tested and considered safe for contact lens wearers. 

  

DISCUSSION 

 Plant-derived fatty acid oils, oils which have been hydrogenated to reduce or eliminate unsaturation, fatty acid salts, 

and oil unsaponifiables were reviewed by the CIR Expert Panel.  Most of theses ingredients in this report are mixtures of 

triglycerides containing fatty acids and fatty acid derivatives, the safety of which in cosmetics has been established.  Upon 

review of these ingredients, the Panel expressed concern regarding pesticide residues and heavy metals that may be present in 

botanical ingredients.  They stressed that the cosmetics industry should continue to use the necessary procedures to limit 

these impurities in the ingredient before blending into cosmetic formulations. 

 Additionally, the Panel considered the safety of glycidol and glycidol fatty acid esters in refined vegetable oils.  

While the Panel recognizes that these impurities may be carcinogenic, absorption through the skin would be very low and 

likely does not pose a significant hazard.  Nonetheless, suppliers should take steps to eliminate or reduce the presence of 

glycidol and glycidol fatty acid esters in plant-based fatty acid oils that are used in cosmetic products.  Aflatoxins, which are 

potent carcinogens, may be present in moldy nuts and coconut copra, but are not found in oils expressed from these nuts and 

copra.  The Panel adopted the U.S. Department of Agriculture designation of <15 ppb as corresponding to “negative” 

aflatoxin content. 

 Certain of the plant-derived oils are used in cosmetic products that may be inhaled during their use.  In practice, 

however, the particle sizes produced by the cosmetic aerosols are not respirable. 

 The Panel discussed the relationship between food allergies and exposure to refined oils.  Individuals who have food 

allergies to a plant protein rarely exhibit allergic reactions when exposed to refined oils of the same plant.  The Panel has 

found a general lack of clinical effects for plant-derived fatty acid oils already reviewed. 

 Fatty acid composition data were available for the majority of the oils included in this review and the Panel agreed 

that the composition data, in combination with the available data on method of manufacture, impurities, safety test data, a 

long history of safe use in foods, and an absence of adverse reactions in clinical experience, was a sufficient basis for 

determining safety.  The Expert Panel did note that vegetable oil is a blend of a number of different oils, and that a specific 

composition of vegetable oil was not available.  The Expert Panel determined that the safety of vegetable oil as used in 

cosmetic formulations has been established, providing that the blend contains oils for which the fatty acid composition is 

known. 
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Addtionally, while data on the fatty acid composition of Fragaria Vesca (Strawberry) Seed Oil and Fragaria 

Virginiana (Strawberry) Seed Oil were not available, data were available for Fragaria Ananassa (Strawberry) Seed Oil and 

Fragaria Chiloensis (Strawberry) Seed Oil.  In that the fatty acid compositions of Fragaria Ananassa and Fragaria Chiloensis 

(Strawberry) Seed Oil were similar to each other, it was assumed that Fragaria Vesca and Fragaria Virginiana (Strawberry) 

Seed Oils would also have similar fatty acid compositions. 

 The Expert Panel also noted that arachidonic acid is a fatty acid constituent of Lycium Barbarum Seed Oil, Oryza 

Sativa (Rice) Germ Oil, and Sclerocarya Birrea Seed Oil.  Although a previously published CIR evaluation concluded that 

insufficient data exist to support the safety of arachidonic acid in cosmetic products, the Panel was of the opinion that the 

concentration of use of these ingredients was sufficiently low that the amount of free arachidonic acid from these oils would 

not warrant concern. 

 Finally, the conclusion reached by the Panel on the safety of the plant-derived fatty acid oils supersedes the 2001 

conclusion of insufficient data for Corylus Americana and Corylus Avellana (Hazel) Seed Oil. 

 

CONCLUSION 

 The CIR Expert Panel concluded that the 244 plant-derived fatty acid oils included in this review are safe in the 

present practices of use and concentration described in this safety assessment.  Were the ingredients not in current use (as 

indicated by *) to be used in the future, the expectation is that they would be used in product categories and concentrations 

comparable to others in these groups.  The ingredients found safe are: 

Actinidia Chinensis (Kiwi) Seed Oil 
Adansonia Digitata Oil 
Adansonia Digitata Seed Oil* 
Aleurites Moluccanus Bakoly Seed Oil* 
Aleurities Moluccana Seed Oil 
Amaranthus Hypochondriacus Seed Oil* 
Anacardium Occidentale (Cashew) Seed Oil  
Arachis Hypogaea (Peanut) Oil  
Arctium Lappa Seed Oil* 
Argania Spinosa Kernel Oil  
Astrocaryum Murumuru Seed Butter  
Avena Sativa (Oat) Kernel Oil  
Babassu Acid* 
Bassia Butyracea Seed Butter* 
Bassia Latifolia Seed Butter  
Bertholletia Excelsa Seed Oil 
Borago Officinalis Seed Oil  
Brassica Campestris (Rapeseed) Oil Unsaponifiables* 
Brassica Campestris (Rapeseed) Seed Oil 
Brassica Napus Seed Oil* 
Brassica Oleracea Acephala Seed Oil* 
Brassica Oleracea Italica (Broccoli) Seed Oil 
Butyrospermum Parkii (Shea) Butter  
Butyrospermum Parkii (Shea) Butter Unsaponifiables 
Butyrospermum Parkii (Shea) Oil 
Camelina Sativa Seed Oil  
Camellia Japonica Seed Oil 
Camellia Kissi Seed Oil  
Camellia Oleifera Seed Oil  
Camellia Sinensis Seed Oil 
Canarium Indicum Seed Oil* 
Canola Oil 
Canola Oil Unsaponifiables 
Carica Papaya Seed Oil  
Carthamus Tinctorius (Safflower) Seed Oil 
Carya Illinoensis (Pecan) Seed Oil* 

Caryocar Brasiliense Fruit Oil  
Chenopodium Quinoa Seed Oil  
Citrullus Lanatus (Watermelon) Seed Oil 
Citrus Aurantifolia (Lime) Seed Oil* 
Citrus Aurantifolia (Lime) Seed Oil Unsaponifiables* 
Citrus Aurantium Dulcis (Orange) Seed Oil* 
Citrus Aurantium Dulcis (Orange) Seed Oil Unsaponifiables* 
Citrus Grandis (Grapefruit) Seed Oil* 
Citrus Grandis (Grapefruit) Seed Oil Unsaponifiables* 
Citrus Limon (Lemon) Seed Oil* 
Citrus Paradisi (Grapefruit) Seed Oil 
Coconut Acid  
Cocos Nucifera (Coconut) Oil 
Cocos Nucifera (Coconut) Seed Butter* 
Coix Lacryma-Jobi (Job’s Tears) Seed Oil* 
Corn Acid* 
Corylus Americana (Hazel) Seed Oil 
Corylus Avellana (Hazel) Seed Oil 
Cottonseed Acid* 
Crambe Abyssinica Seed Oil  
Cucumis Sativus (Cucumber) Seed Oil  
Cucurbita Pepo (Pumpkin) Seed Oil  
Cynara Cardunculus Seed Oil* 
Elaeis (Palm) Fruit Oil* 
Elaeis Guineensis (Palm) Butter* 
Elaeis Guineensis (Palm) Kernel Oil  
Elaeis Guineensis (Palm) Oil  
Elaeis Oleifera Kernel Oil 
Euterpe Oleracea Fruit Oil  
Fragaria Ananassa (Strawberry) Seed Oil* 
Fragaria Chiloensis (Strawberry) Seed Oil* 
Fragaria Vesca (Strawberry) Seed Oil* 
Fragaria Virginiana (Strawberry) Seed Oil* 
Garcinia Indica Seed Butter  
Gevuina Avellana Seed Oil 
Gevuina Avellana Oil  
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Glycine Soja (Soybean) Oil  
Glycine Soja (Soybean) Oil Unsaponifiables  
Gossypium Herbaceum (Cotton) Seed Oil  
Guizotia Abyssinica Seed Oil* 
Helianthus Annuus (Sunflower) Seed Oil  
Helianthus Annuus (Sunflower) Seed Oil Unsaponifiables 
Hippophae Rhamnoides Fruit Oil  
Hippophae Rhamnoides Oil  
Hippophae Rhamnoides Seed Oil* 
Hydrogenated Adansonia Digitata Seed Oil* 
Hydrogenated Apricot Kernel Oil 
Hydrogenated Apricot Kernel Oil Unsaponifiables* 
 Hydrogenated Argania Spinosa Kernel Oil* 
Hydrogenated Avocado Oil 
Hydrogenated Black Currant Seed Oil* 
Hydrogenated Camelina Sativa Seed Oil*   
Hydrogenated Camellia Oleifera Seed Oil 
Hydrogenated Canola Oil 
Hydrogenated Coconut Acid  
Hydrogenated Coconut Oil 
Hydrogenated Cottonseed Oil  
Hydrogenated Cranberry Seed Oil* 
Hydrogenated Evening Primrose Oil 
Hydrogenated Grapefruit Seed Oil* 
Hydrogenated Grapefruit Seed Oil Unsaponifiables* 
Hydrogenated Grapeseed Oil 
Hydrogenated Hazelnut Oil* 
Hydrogenated Kukui Nut Oil* 
Hydrogenated Lime Seed Oil* 
Hydrogenated Lime Seed Oil Unsaponifiables* 
Hydrogenated Macadamia Seed Oil* 
Hydrogenated Meadowfoam Seed Oil*  
Hydrogenated Olive Oil 
Hydrogenated Olive Oil Unsaponifiables 
Hydrogenated Orange Seed Oil* 
Hydrogenated Orange Seed Oil Unsaponifiables* 
Hydrogenated Palm Acid* 
Hydrogenated Palm Kernel Oil  
Hydrogenated Palm Oil  
Hydrogenated Passiflora Edulis Seed Oil* 
Hydrogenated Peach Kernel Oil* 
Hydrogenated Peanut Oil 
Hydrogenated Pistachio Seed Oil* 
Hydrogenated Pumpkin Seed Oil* 
Hydrogenated Punica Granatum Seed Oil* 
Hydrogenated Rapeseed Oil* 
Hydrogenated Raspberry Seed Oil  
Hydrogenated Rice Bran Oil* 
Hydrogenated Rosa Canina Fruit Oil* 
Hydrogenated Safflower Seed Oil* 
Hydrogenated Sesame Seed Oil* 
Hydrogenated Shea Butter 
Hydrogenated Soybean Oil  
Hydrogenated Sunflower Seed Oil 
Hydrogenated Sweet Almond Oil 
Hydrogenated Sweet Almond Oil Unsaponifiables* 
Hydrogenated Vegetable Oil 
Hydrogenated Wheat Germ Oil* 
Hydrogenated Wheat Germ Oil Unsaponifiables* 
Irvingia Gabonensis Kernel Butter  
Juglans Regia (Walnut) Seed Oil  
Limnanthes Alba (Meadowfoam) Seed Oil  
Linseed Acid  
Linum Usitatissimum (Linseed) Seed Oil  
Luffa Cylindrica Seed Oil  
Lupinus Albus Oil Unsaponifiables* 

Lupinus Albus Seed Oil  
Lycium Barbarum Seed Oil 
Macadamia Integrifolia Seed Oil 
Macadamia Ternifolia Seed Oil  
Magnesium Cocoate 
Mangifera Indica (Mango) Seed Butter 
Mangifera Indica (Mango) Seed Oil  
Morinda Citrifolia Seed Oil* 
Moringa Oleifera Seed Oil  
Moringa Pterygosperma Seed Oil  
Oenothera Biennis (Evening Primrose) Oil 
Olea Europaea (Olive) Husk Oil* 
Olea Europaea (Olive) Oil Unsaponifiables 
Olea Europaea (Olive) Fruit Oil 
Olive Acid* 
Orbignya Cohune Seed Oil  
Orbignya Oleifera Seed Oil 
Orbignya Speciosa Kernel Oil 
Oryza Sativa (Rice) Bran Oil  
Oryza Sativa (Rice) Germ Oil 
Oryza Sativa (Rice) Seed Oil* 
Palm Acid 
Palm Kernel Acid 
Passiflora Edulis Seed Oil  
Peanut Acid* 
Perilla Ocymoides Seed Oil  
Persea Gratissima (Avocado) Butter 
Persea Gratissima (Avocado) Oil  
Persea Gratissima (Avocado) Oil Unsaponifiables 
Pistacia Vera Seed Oil  
Plukenetia Volubilis Seed Oil  
Potassium Babassuate* 
Potassium Cocoate  
Potassium Cornate* 
Potassium Hydrogenated Cocoate* 
Potassium Hydrogenated Palmate* 
Potassium Olivate 
Potassium Palm Kernelate 
Potassium Palmate 
Potassium Peanutate 
Potassium Rapeseedate* 
Potassium Safflowerate* 
Potassium Soyate* 
Prunus Amygdalus Dulcis (Sweet Almond) Oil 
Prunus Amygdalus Dulcis (Sweet Almond) Oil Unsaponifiables* 
Prunus Armeniaca (Apricot) Kernel Oil  
Prunus Armeniaca (Apricot) Kernel Oil Unsaponifiables* 
Prunus Avium (Sweet Cherry) Seed Oil 
Prunus Domestica Seed Oil  
Prunus Persica (Peach) Kernel Oil  
Punica Granatum Seed Oil  
Pyrus Malus (Apple) Seed Oil 
Rapeseed Acid* 
Ribes Nigrum (Black Currant) Seed Oil  
Ribes Rubrum (Currant) Seed Oil* 
Rice Bran Acid* 
Rosa Canina Fruit Oil  
Rubus Chamaemorus Seed Oil  
Rubus Idaeus (Raspberry) Seed Oil  
Safflower Acid* 
Schinziophyton Rautanenii Kernel Oil 
Sclerocarya Birrea Seed Oil  
Sesamum Indicum (Sesame) Oil Unsaponifiables 
Sesamum Indicum (Sesame) Seed Butter* 
Sesamum Indicum (Sesame) Seed Oil  
Silybum Marianum Seed Oil [Thistle] 
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Sodium Astrocaryum Murumuruate 
Sodium Avocadoate 
Sodium Babassuate 
Sodium Cocoa Butterate* 
Sodium Cocoate  
Sodium Grapeseedate 
Sodium Hydrogenated Cocoate* 
Sodium Hydrogenated Palmate* 
Sodium Macadamiaseedate* 
Sodium Mangoseedate 
Sodium Olivate 
Sodium Palm Kernelate  
Sodium Palmate  
Sodium Peanutate* 
Sodium Rapeseedate* 
Sodium Safflowerate* 
Sodium Sesameseedate 
Sodium Soyate* 
Sodium Sweet Almondate 
Sodium Theobroma Grandiflorum Seedate* 

Solanum Lycopersicum (Tomato) Fruit Oil 
Solanum Lycopersicum (Tomato) Seed Oil  
Soy Acid* 
Sunflower Seed Acid* 
Theobroma Cacao (Cocoa) Seed Butter  
Theobroma Grandiflorum Seed Butter 
Torreya Nucifera Seed Oil* 
Triticum Aestivum (Wheat) Germ Oil* 
Triticum Vulgare (Wheat) Germ Oil  
Triticum Vulgare (Wheat) Germ Oil Unsaponifiables* 
Vaccinium Corymbosum (Blueberry) Seed Oil* 
Vaccinium Macrocarpon (Cranberry) Seed Oil 
Vaccinium Myrtillus Seed Oil  
Vaccinium Vitis-Idaea Seed Oil  
Vegetable (Olus) Oil 
Vitis Vinifera (Grape) Seed Oil  
Wheat Germ Acid  
Zea Mays (Corn) Germ Oil 
Zea Mays (Corn) Oil  
Zea Mays (Corn) Oil Unsaponifiables
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Table 1. Plant-derived fatty acid oils. 

 

Actinidia Chinensis (Kiwi) Seed Oil 

Adansonia Digitata Oil [Baobab] 

   Adansonia Digitata Seed Oil 

   Hydrogenated Adansonia Digitata Seed Oil 

Aleurities Moluccana Seed Oil [Kukui] (CAS No. 8015-80-3) 

   Hydrogenated Kukui Nut Oil 

   Aleurites Moluccanus Bakoly Seed Oil 

Amaranthus Hypochondriacus Seed Oil [Amaranth] 

Anacardium Occidentale (Cashew) Seed Oil (CAS No. 8007-24-7) 

Arachis Hypogaea (Peanut) Oil (CAS No. 8002-03-7 )a 

   Hydrogenated Peanut Oil (CAS No. 68425-36-5) 

   Potassium Peanutate 

   Sodium Peanutate 

   Peanut Acid (CAS No. 91051-35-3) 

Arctium Lappa Seed Oil [Burdock] 

Argania Spinosa Kernel Oil [Argan] 

   Hydrogenated Argania Spinosa Kernel Oil 

Astrocaryum Murumuru Seed Butter [Murumuru]  

   Sodium Astrocaryum Murumuruate 

Avena Sativa (Oat) Kernel Oil  

Bassia Butyracea Seed Butter 

Bassia Latifolia Seed Butter [Mahwa] 

Bertholletia Excelsa Seed Oil [Brazil] 

Borago Officinalis Seed Oil [Borage] (CAS No. 225234-12-8) 

Brassica Campestris (Rapeseed) Seed Oil 

   Brassica Campestris (Rapeseed) Oil Unsaponifiables 

   Hydrogenated Rapeseed Oil 

   Rapeseed Acid 

   Potassium Rapeseedate 

   Sodium Rapeseedate 

Brassica Napus Seed Oil [Rapeseed] 

Brassica Oleracea Acephala Seed Oil [Kale] 

Brassica Oleracea Italica (Broccoli) Seed Oil 

Butyrospermum Parkii (Shea) Oil 

   Butyrospermum Parkii (Shea) Butter (CAS No. 68920-03-6;194043-92-0) 

   Butyrospermum Parkii (Shea) Butter Unsaponifiables 

        (CAS No. 194043-92-0; 225234-14-0) 

   Hydrogenated Shea Butter 

Camelina Sativa Seed Oil [False Flax]  

   Hydrogenated Camelina Sativa Seed Oil   

Camellia Japonica Seed Oil 

Camellia Kissi Seed Oil [Tea] 

Camellia Oleifera Seed Oil [Tea Seed] 

   Hydrogenated Camellia Oleifera Seed Oil 

Camellia Sinensis Seed Oil 

Canarium Indicum Seed Oil [Galip] 

Canola Oil 

   Canola Oil Unsaponifiables 

   Hydrogenated Canola Oil 

Carica Papaya Seed Oil [Papaya] 

Carthamus Tinctorius (Safflower) Seed Oil 

   Hydrogenated Safflower Seed Oil 

   Potassium Safflowerate 

   Sodium Safflowerate 

   Safflower Acid 

Carya Illinoensis (Pecan) Seed Oil 

Caryocar Brasiliense Fruit Oil [Pequi] 

Chenopodium Quinoa Seed Oil [Quinoa] 

Citrullus Lanatus (Watermelon) Seed Oil 

Citrus Aurantifolia (Lime) Seed Oil 

   Citrus Aurantifolia (Lime) Seed Oil Unsaponifiables 

   Hydrogenated Lime Seed Oil 

   Hydrogenated Lime Seed Oil Unsaponifiables 

Citrus Aurantium Dulcis (Orange) Seed Oil 

   Citrus Aurantium Dulcis (Orange) Seed Oil Unsaponifiables 

   Hydrogenated Orange Seed Oil 

   Hydrogenated Orange Seed Oil Unsaponifiables 

Citrus Grandis (Grapefruit) Seed Oil 

   Citrus Grandis (Grapefruit) Seed Oil Unsaponifiables 

   Hydrogenated Grapefruit Seed Oil 

   Hydrogenated Grapefruit Seed Oil Unsaponifiables 

Citrus Paradisi (Grapefruit) Seed Oil  

Citrus Limon (Lemon) Seed Oil (CAS No. 85085-28-5) 

Cocos Nucifera (Coconut) Oil (CAS No. 8001-31-8) 

   Hydrogenated Coconut Oil (CAS No. 84836-98-6) 

   Cocos Nucifera (Coconut) Seed Butter 

   Magnesium Cocoate 

   Potassium Cocoate (CAS No. 61789-30-8) 

   Potassium Hydrogenated Cocoate 

   Sodium Cocoate (CAS No. 61789-31-9) 

   Sodium Hydrogenated Cocoate 

   Coconut Acid (CAS No. 61788-47-4) 

   Hydrogenated Coconut Acid (CAS No. 68938-15-8) 

Coix Lacryma-Jobi (Job's Tears) Seed Oil 

Corylus Americana (Hazel) Seed Oil 

   Hydrogenated Hazelnut Oil 

Corylus Avellana (Hazel) Seed Oil 

Crambe Abyssinica Seed Oil [Abyssinian Mustard] 

Cucumis Sativus (Cucumber) Seed Oil (CAS No. 70955-25-8) 

Cucurbita Pepo (Pumpkin) Seed Oil (CAS No. 8016-49-7) 

   Hydrogenated Pumpkin Seed Oil 

Cynara Cardunculus Seed Oil [Artichoke] (CAS No. 923029-60-1) 

Elaeis Guineensis (Palm) Oil (CAS No. 8002-75-3) 

   Elaeis Guineensis (Palm) Kernel Oil (CAS No. 8023-79-8) 
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   Hydrogenated Palm Kernel Oil (CAS No. 68990-82-9; 84540-04-5) 

   Elaeis (Palm) Fruit Oil 

   Hydrogenated Palm Oil (CAS No. 8033-29-2; 68514-74-9) 

   Elaeis Guineensis (Palm) Butter (CAS No. 8002-75-3) 

   Palm Kernel Acid 

   Potassium Palm Kernelate 

   Potassium Palmate 

   Potassium Hydrogenated Palmate 

   Sodium Palm Kernelate (CAS No. 61789-89-7) 

   Sodium Palmate (CAS No. 61790-79-2) 

   Sodium Hydrogenated Palmate 

   Palm Acid 

   Hydrogenated Palm Acid 

Elaeis Oleifera Kernel Oil 

Euterpe Oleracea Fruit Oil [Acai]  

Fragaria Ananassa (Strawberry) Seed Oil 

Fragaria Chiloensis (Strawberry) Seed Oil 

Fragaria Vesca (Strawberry) Seed Oil 

Fragaria Virginiana (Strawberry) Seed Oil 

Garcinia Indica Seed Butter [Kokum] 

Gevuina Avellana Oil [Chilean Hazel] 

   Gevuina Avellana Seed Oil 

Glycine Soja (Soybean) Oil (CAS No. 8001-22-7) 

   Glycine Soja (Soybean) Oil Unsaponifiables (CAS No. 91770-67-1) 

   Hydrogenated Soybean Oil (CAS No. 8016-70-4) 

   Soy Acid (CAS No. 68308-53-2) 

   Potassium Soyate  

   Sodium Soyate 

Gossypium Herbaceum (Cotton) Seed Oil (CAS No. 8001-29-4) 

   Hydrogenated Cottonseed Oil (CAS No. 68334-00-9) 

   Cottonseed Acid (CAS No. 68308-51-0) 

Guizotia Abyssinica Seed Oil [Ramtil/Niger] 

Helianthus Annuus (Sunflower) Seed Oil (CAS No. 8001-21-6) 

   Helianthus Annuus (Sunflower) Seed Oil Unsaponifiables 

   Hydrogenated Sunflower Seed Oil 

   Sunflower Seed Acid (CAS No. 84625-38-7) 

Hippophae Rhamnoides Oil [Sea-Buckthorn] 

   Hippophae Rhamnoides Fruit Oil [Sea-Buckthorn] 

   Hippophae Rhamnoides Seed Oil [Sea-Buckthorn] 

Irvingia Gabonensis Kernel Butter [Dika] (CAS No. 192230-28-7) 

Juglans Regia (Walnut) Seed Oil (CAS No. 8024-09-7) 

Limnanthes Alba (Meadowfoam) Seed Oil (CAS No. 153065-40-8)  

   Hydrogenated Meadowfoam Seed Oil  

Linum Usitatissimum (Linseed) Seed Oil (CAS No. 8001-26-1) 

   Linseed Acid (CAS No. 68424-45-3) 

Luffa Cylindrica Seed Oil [Luffa] 

Lupinus Albus Seed Oil [White Lupine] 

   Lupinus Albus Oil Unsaponifiables 

Lycium Barbarum Seed Oil [Goji Berry] 

Macadamia Integrifolia Seed Oil 

   Hydrogenated Macadamia Seed Oil 

Macadamia Ternifolia Seed Oil (CAS No. 128497-20-1 or 129811-19-4) 

   Sodium Macadamiaseedate 

Mangifera Indica (Mango) Seed Oil 

   Mangifera Indica (Mango) Seed Butter 

   Sodium Mangoseedate 

Morinda Citrifolia Seed Oil [Noni] 

Moringa Oleifera Seed Oil [Ben/Moringa] 

   Moringa Pterygosperma Seed Oil  

Oenothera Biennis (Evening Primrose) Oil 

   Hydrogenated Evening Primrose Oil 

Olea Europaea (Olive) Fruit Oil (CAS No. 8001-25-0) 

   Olea Europaea (Olive) Oil Unsaponifiables (CAS No. 156798-12-8) 

   Hydrogenated Olive Oil 

   Hydrogenated Olive Oil Unsaponifiables 

   Potassium Olivate (CAS No. 68154-77-8) 

   Sodium Olivate (CAS No. 64789-88-6) 

   Olea Europaea (Olive) Husk Oil 

   Olive Acid (CAS No. 92044-96-7) 

Orbignya Cohune Seed Oil [Cohune] 

Orbignya Oleifera Seed Oil [Babassu] (CAS No. 91078-92-1) 

   Potassium Babassuate 

   Sodium Babassuate 

   Babassu Acid 

Orbignya Speciosa Kernel Oil 

Oryza Sativa (Rice) Bran Oil (CAS No. 68553-81-1; 84696-37-7) 

   Hydrogenated Rice Bran Oil 

   Oryza Sativa (Rice) Germ Oil 

   Oryza Sativa (Rice) Seed Oil   

   Rice Bran Acid (CAS No. 93165-33-4) 

Passiflora Edulis Seed Oil [Passion Fruit] (CAS No. 87676-26-1) 

   Hydrogenated Passiflora Edulis Seed Oil 

Perilla Ocymoides Seed Oil [Perilla] 

Persea Gratissima (Avocado) Oil (CAS No. 8024-32-6) 

   Persea Gratissima (Avocado) Oil Unsaponifiables (CAS No. 91770-40-0) 

   Hydrogenated Avocado Oil 

   Persea Gratissima (Avocado) Butter 

   Sodium Avocadoate 

Pistacia Vera Seed Oil [Pistachio] (CAS No. 90082-81-8; 129871-01-8) 

   Hydrogenated Pistachio Seed Oil 

Plukenetia Volubilis Seed Oil [Sacha Inchi] 

Prunus Amygdalus Dulcis (Sweet Almond) Oil 

       (CAS No. 8007-69-0; 90320-37-9) 

   Prunus Amygdalus Dulcis (Sweet Almond) Oil Unsaponifiables 

   Hydrogenated Sweet Almond Oil 

   Hydrogenated Sweet Almond Oil Unsaponifiables 

    Sodium Sweet Almondate 

Prunus Armeniaca (Apricot) Kernel Oil (CAS No. 72869-69-3) 
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   Prunus Armeniaca (Apricot) Kernel Oil Unsaponifiables 

   Hydrogenated Apricot Kernel Oil 

   Hydrogenated Apricot Kernel Oil Unsaponifiables 

Prunus Avium (Sweet Cherry) Seed Oil 

Prunus Domestica Seed Oil [Prune/Plum]  

Prunus Persica (Peach) Kernel Oil (CAS No. 8002-78-6; 8023-98-1) 

   Hydrogenated Peach Kernel Oil 

Punica Granatum Seed Oil [Pomegranate] 

   Hydrogenated Punica Granatum Seed Oil 

Pyrus Malus (Apple) Seed Oil 

Ribes Nigrum (Black Currant) Seed Oil (CAS No. 97676-19-2) 

   Hydrogenated Black Currant Seed Oil 

Ribes Rubrum (Currant) Seed Oil 

Rosa Canina Fruit Oil [Dog Rose] 

   Hydrogenated Rosa Canina Fruit Oil 

Rubus Chamaemorus Seed Oil [Cloudberry] 

Rubus Idaeus (Raspberry) Seed Oil  

   Hydrogenated Raspberry Seed Oil 

Schinziophyton Rautanenii Kernel Oil [Mongongo] 

Sclerocarya Birrea Seed Oil [Marula] 

Sesamum Indicum (Sesame) Seed Oil (CAS No. 8008-74-0) 

   Sesamum Indicum (Sesame) Oil Unsaponifiables 

   Hydrogenated Sesame Seed Oil 

   Sesamum Indicum (Sesame) Seed Butter 

   Sodium Sesameseedate 

Silybum Marianum Seed Oil [Thistle] 

Solanum Lycopersicum (Tomato) Fruit Oil 

   Solanum Lycopersicum (Tomato) Seed Oil  

Theobroma Cacao (Cocoa) Seed Butter (CAS No. 8002-31-1) 

   Sodium Cocoa Butterate  

Theobroma Grandiflorum Seed Butter [Cupuacu] (CAS No. 394236-97-6) 

   Sodium Theobroma Grandiflorum Seedate 

Torreya Nucifera Seed Oil [Kaya] 

Triticum Vulgare (Wheat) Germ Oil (CAS No. 8006-95-9; 68917-73-7) 

   Triticum Aestivum (Wheat) Germ Oil 

   Triticum Vulgare (Wheat) Germ Oil Unsaponifiables 

   Hydrogenated Wheat Germ Oil Unsaponifiables 

   Hydrogenated Wheat Germ Oil 

   Wheat Germ Acid (CAS No. 68938-32-9) 

Vaccinium Corymbosum (Blueberry) Seed Oil 

Vaccinium Macrocarpon (Cranberry) Seed Oil 

   Hydrogenated Cranberry Seed Oil 

Vaccinium Myrtillus Seed Oil [Bilberry] (CAS No. 1161921-09-0) 

Vaccinium Vitis-Idaea Seed Oil [Ligonberry],  

Vegetable (Olus) Oil 

   Hydrogenated Vegetable Oil 

Vitis Vinifera (Grape) Seed Oil (CAS No. 8024-22-4) 

   Hydrogenated Grapeseed Oil 

   Sodium Grapeseedate 

Zea Mays (Corn) Oil (CAS No. 8001-30-7) 

   Zea Mays (Corn) Oil Unsaponifiables 

   Zea Mays (Corn) Germ Oil 

   Potassium Cornate (CAS No. 61789-23-9) 

   Corn Acid (CAS No. 68308-50-9) 

a Previously reviewed ingredients are in bold and italics. 
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Table 2. Previously reviewed oil and fatty acid ingredients.  

Ingredients Publication Date Conclusion 

Oil Ingredients 

Arachis Hypogaea (Peanut) Oil (CAS No. 8002-03-7) 

IJT 20(S2):65-77, 2001 Safe Hydrogenated Peanut Oil (CAS No. 68425-36-5) 

Peanut Acid (CAS No. 91051-35-3) 

Carthamus Tinctorius (Safflower) Seed Oil (CAS No. 8001-23-8) 
JACT 4(5):171-197, 1985; 

Re-reviewed, not reopened IJT 25(2):1-89, 2006 
Safe 

Cocos Nucifera (Coconut) Oil (CAS No. 8001-31-8) 

JACT 5(3):103-121, 1986; CIR Final Report, 2008 Safe 

Coconut Acid (CAS No. 61788-47-4) 

Hydrogenated Coconut Acid (CAS No. 68938-15-8) 

Hydrogenated Coconut Oil (CAS No. 84836-98-6) 

Magnesium Cocoate 

Potassium Cocoate (CAS No. 61789-30-8) 

Potassium Hydrogenated Cocoate  

Sodium Cocoate (CAS No. 61789-31-9) 

Sodium Hydrogenated Cocoate 

Corylus Americana (Hazel) Seed Oil 
IJT 20 (S1):15-20, 2001 Insufficient data 

Corylus Avellana (Hazel) Seed Oil 

Elaeis Guineensis (Palm) Oil (CAS No. 8002-75-3) 

IJT 19(S2):7-28, 2000 Safe 
Elaeis Guineensis (Palm) Kernel Oil (CAS No. 8023-79-8) 

Hydrogenated Palm Oil (CAS No. 8033-29-2; 68514-74-9) 

Hydrogenated Palm Kernel Oil (CAS No. 68990-82-9; 84540-04-5) 

Gossypium Herbaceum (Cotton) Seed Oil (CAS No. 8001-29-4) 
IJT 20(S2):21-29, 2001 Safe Cottonseed Acid (CAS No. 68308-51-0) 

Hydrogenated Cottonseed Oil (CAS No. 68334-00-9) 

Oryza Sativa (Rice) Bran Oil (CAS No. 68553-81-1; 84696-37-7) 
IJT 25(S2):91-120, 2006 Safe Oryza Sativa (Rice) Germ Oil 

Rice Bran Acid (CAS No. 93165-33-4) 

Prunus Amygdalus Dulcis (Sweet Almond) Oil (CAS No. 8007-69-0) 
JACT 2(5):85-99, 1983; Re-reviewed, not reopened IJT 

24 (S1):1-102, 2005 Safe 

Sesamum Indicum (Sesame) Seed Oil (CAS No. 8008-74-0) 

JACT 12(3):261-277, 1993; 
Amended Final Report, 2009 

Safe 
Hydrogenated Sesame Seed Oil 

Sesamum Indicum (Sesame) Oil Unsaponifiables 

Sodium Sesameseedate 

Zea Mays (Corn) Oil (CAS No. 8001-30-7) 

Final Report, 2008 Safe 
Zea Mays (Corn) Germ Oil 

Zea Mays (Corn) Oil Unsaponifiables 

Corn Acid (CAS No. 68308-50-9) 

Potassium Cornate (CAS No. 61789-23-9) 

Persea Gratissima (Avocado) Oil (CAS No. 8024-32-6) 
JEPT 4(4):93-103, 1980; 

Re-reviewed, not reopened IJT 22(1):1-35, 2003 Safe 

Triticum Vulgare (Wheat) Germ Oil (CAS No. 8006-95-9; 68917-73-7) 
JEPT 4(4):33-45, 1980; 

Re-reviewed, not reopened IJT 22(1):1-35, 2003 Safe 

Fatty Acids  
Arachidonic Acid (CAS No. 506-32-1) JACT 12 (5):481-559, 1993 Insufficient data 

Hydroxystearic Acid (CAS No. 106-14-9) IJT 18(S1):1-10, 1999 Safe 

Lauric Acid (CAS No. 143-07-7) 

JACT 6(3):321-401, 1987; 
Re-reviewed, not reopened IJT 25(2):1-89, 2006 

Safe 
Myristic Acid (CAS No. 544-63-8) 

Oleic Acid (CAS No. 112-80-1) 

Palmitic Acid (CAS No. 57-10-3) 
Stearic Acid (CAS No. 57-11-4) 
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Table 2. Previously reviewed oil and fatty acid ingredients.  

Ingredients Publication Date Conclusion 

Glyceryl Triesters   
Trilaurin 

IJT 20 (S4):61-94, 2001 Safe 

Triarachidin 

Tribehenin 
Tricaprin 

Tricaprylin 

Trierucin 

Triheptanoin 
Triheptylundecanoin 

Triisononanoin 

Triisopalmitin 

Triisostearin 
Trilinolein 

Trimyristin 

Trioctanoin 

Triolein 
Tripalmitin 

Tripalmitolein 

Triricinolein 

Tristearin 
Triundecanoin 

Glyceryl Triacetyl Hydroxystearate 

Glyceryl Triacetyl Ricinoleate 

Glyceryl Stearate Diacetate 
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Table 5c.  Ingredients with no reported use concentrations or uses.  
 
Adansonia Digitata Seed Oil 
Aleurites Moluccanus Bakoly Seed Oil 
Amaranthus Hypochondriacus Seed Oil 
Arctium Lappa Seed Oil 
Babassu Acid 
Bassia Butyracea Seed Butter 
Brassica Campestris (Rapeseed) Oil Unsaponifiables 
Brassica Napus Seed Oil 
Brassica Oleracea Acephala Seed Oil 
Canarium Indicum Seed Oil 
Carya Illinoensis (Pecan) Seed Oil 
Citrus Aurantifolia (Lime) Seed Oil 
Citrus Aurantifolia (Lime) Seed Oil Unsaponifiables 
Citrus Aurantium Dulcis (Orange) Seed Oil 
Citrus Aurantium Dulcis (Orange) Seed Oil Unsaponifiables 
Citrus Grandis (Grapefruit) Seed Oil 
Citrus Grandis (Grapefruit) Seed Oil Unsaponifiables 
Cocos Nucifera (Coconut) Seed Butter 
Coix Lacryma-Jobi (Job's Tears) Seed Oil 
Corn Acid 
Cottonseed Acid 
Cynara Cardunculus Seed Oil 
Elaeis (Palm) Fruit Oil 
Elaeis Guineensis (Palm) Butter 
Fragaria Ananassa (Strawberry) Seed Oil 
Fragaria Chiloensis (Strawberry) Seed Oil 
Fragaria Vesca (Strawberry) Seed Oil 
Fragaria Virginiana (Strawberry) Seed Oil 
Guizotia Abyssinica Seed Oil 
Hippophae Rhamnoides Seed Oil 
Hydrogenated Adansonia Digitata Seed Oil 
Hydrogenated Apricot Kernel Oil Unsaponifiables 
Hydrogenated Argania Spinosa Kernel Oil 
Hydrogenated Black Currant Seed Oil 
Hydrogenated Camelina Sativa Seed Oil   
Hydrogenated Cranberry Seed Oil 
Hydrogenated Grapefruit Seed Oil 
Hydrogenated Grapefruit Seed Oil Unsaponifiables 
Hydrogenated Hazelnut Oil 
Hydrogenated Kukui Nut Oil 
Hydrogenated Lime Seed Oil 
Hydrogenated Lime Seed Oil Unsaponifiables 
Hydrogenated Macadamia Seed Oil 
Hydrogenated Meadowfoam Seed Oil  
Hydrogenated Orange Seed Oil 
Hydrogenated Orange Seed Oil Unsaponifiables 
Hydrogenated Palm Acid 
Hydrogenated Passiflora Edulis Seed Oil 
Hydrogenated Peach Kernel Oil 

Hydrogenated Pistachio Seed Oil 
Hydrogenated Pumpkin Seed Oil 
Hydrogenated Punica Granatum Seed Oil 
Hydrogenated Raspberry Seed Oil 
Hydrogenated Rice Bran Oil 
Hydrogenated Rosa Canina Fruit Oil 
Hydrogenated Safflower Seed Oil 
Hydrogenated Sesame Seed Oil 
Hydrogenated Sweet Almond Oil Unsaponifiables 
Hydrogenated Wheat Germ Oil 
Hydrogenated Wheat Germ Oil Unsaponifiables 
Lupinus Albus Oil Unsaponifiables 
Morinda Citrifolia Seed Oil 
Olea Europaea (Olive) Husk Oil 
Olive Acid 
Oryza Sativa (Rice) Seed Oil   
Peanut Acid 
Potassium Babassuate 
Potassium Cornate 
Potassium Hydrogenated Cocoate 
Potassium Hydrogenated Palmate 
Potassium Peanutate 
Potassium Rapeseedate 
Potassium Safflowerate 
Potassium Soyate  
Prunus Amygdalus Dulcis (Sweet Almond) Oil Unsaponifiables 
Prunus Armeniaca (Apricot) Kernel Oil Unsaponifiables 
Rapeseed Acid 
Ribes Rubrum (Currant) Seed Oil 
Rice Bran Acid 
Safflower Acid 
Sesamum Indicum (Sesame) Seed Butter 
Sodium Cocoa Butterate  
Sodium Hydrogenated Cocoate 
Sodium Hydrogenated Palmate 
Sodium Macadamiaseedate 
Sodium Peanutate 
Sodium Rapeseedate 
Sodium Safflowerate 
Sodium Sesameseedate 
Sodium Soyate 
Sodium Theobroma Grandiflorum Seedate 
Soy Acid  
Sunflower Seed Acid  
Torreya Nucifera Seed Oil 
Triticum Aestivum (Wheat) Germ Oil 
Triticum Vulgare (Wheat) Germ Oil Unsaponifiables 
Vaccinium Corymbosum (Blueberry) Seed Oil 
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Table 10.  Clinical Trials/Case Studies 
Ingredient Patients/Condition Effect/Observation Reference 

Aleurites Moluccana Seed Oil 
Aleurites Moluccana oil 15; mild, stable plaque 

psoriasis 
efficacy study “just enough (oil) to moisten the plaque” was applied 3 
x daily for 12 wks; no side effects or adverse events were reported.  

324 

Anacardium Occidentale (Cashew) Seed Oil 
Anacardium Occidentale (Cashew) 
Seed Oil 

37-year-old male resin 
researcher 

presentation of  bullae on his right leg after dropping pure oil from a 
bottle on his right thigh; skin was thoroughly washed immediately; 
erythema developed 10 days after exposure 
Patch testing was performed with cashew nut oil 3% alcohol, cashew 
nut oil 0.3% alcohol, cashew nut oil 0.03% alcohol, and urushiol 
0.01% petrolatum.; a “+” reaction was reported on day 2 and “++” 
reactions on days 3 and 4 to the 3% dilution,; a “+” reactions to the 
0.3% dilution and urushiol was reported on days 2-4; a  “?+” reaction 
was observed on days 2 and 3 and a “+” reaction was observed on 
day 4 to the 0.03% dilution 

325 

Cocos Nucifera (Coconut) Oil 
Cocos Nucifera (Coconut) Oil   did not produce adverse effects in several therapeutic studies 33 

Glycine Soja (Soybean) Oil 
Glycine Soja (Soybean) Oil 7; history of immediate hyper-

sensitivity reaction after the 
ingestion of soybeans 

a double-blind crossover study;  the patients were first skin tested by 
the puncture method with a crude whole soybean extract, a partially 
hydrogenated oil, a non-hydrogenated oil, and a cold-pressed soybean 
oil; olive oil from a retailer was used as a negative control. 
 Since all 7 patients had negative skin tests to the oils and positive 
reactions to the crude soybean extract, they were challenged orally 
with capsules of each of the oils in random order on 4 separate days.  
None of the patients reacted to the oral challenges; the researchers 
remarked that while a reaction to the cold-pressed soybean oil did not 
occur in this study, cold-pressed oils may contain soybean protein 
and should be avoided 

63 

soy oil proteins 4; known allergy to soybean Sera was used to examine the allergenicity; neither the IgE nor the 
IgG4 in the sera reacted to protein in the soy oil 

23 

Helianthus Annuus (Sunflower) Oil 
refined and cold-pressed 
sunflower oils 

patients  had anaphylactic 
reactions following ingestion 
of sunflower seeds 

no reactions were seen upon oral or open challenge with refined or 
cold-pressed sunflower oils, both of which were shown to contain 
detectable amounts of protein.   

18 

 1 woman; desensitized to 
mugwort (of the Compositae 
family) pollen for a yr, then 
had an anaphylactic reaction 
to sunflower (also of the 
Compositae family) seeds 

a delayed positive reaction to sunflower oil in a skin prick test was 
discovered; prick test results with 10 control subjects  were negative.  
In an oral challenge test, a delayed reaction was again observed, with 
symptoms occurring 2.25-8 h after administration. 
 

326 

Macadamia Seed Oil 
Macadamia Seed Oil in a lipstick 
(species description or concentra-
tion were not reported) 

28-year-old woman; chelitis Chelitis case reported after lipstick use; patient was patch tested with 
ingredients contained in the lipstick, 
Positive reactions to diisostearyl malate and Macadamia Seed Oil 
were reported; the condition .  improved after  discontinuing use of 
lipsticks containing these 2 ingredients  

327 

Olea Europaea (Olive) Fruit Oil 
Olea Europaea (Olive) Fruit Oil  Throughout the literature, it is stated that sensitization to Olea 

Europaea (Olive) Fruit Oil is considered rare.  Case reports have 
been described, however, and generally involved patients with 
venous eczema, some type of dermatitis or lesion, or an occupation-
al exposure.  Patch testing with Olea Europaea (Olive) Fruit Oil 
produced positive reactions in most of these cases, and these results 
were usually regarded as allergenic. The concentrations of Olea 
Europaea (Olive) Fruit Oil tested were not always given, but when 
stated, test concentrations giving positive results, ranged from 30-
100%.  When the constituents of olive oil were tested as well, the 
results of that testing were negative. 

328-335 

Olea Europaea (Olive) Fruit Oil  Whether the reactions to olive oil were contact sensitization or 
irritation were investigated using open and occlusive testing.  It was 
concluded that olive oil presented as a weak irritant rather than a 
contact sensitizer in the few case studies observed. 

336 
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Table 10.  Clinical Trials/Case Studies 
Ingredient Patients/Condition Effect/Observation Reference 

Persea Gratissima (Avocado) Oil 
Persea Gratissima (Avocado) Oil 1 female; dermatitis around 

the eyes and earlobes 
Patch testing with her sunscreen resulted in positive results.  In 
subsequent patch testing of the individual ingredients, a positive 
reaction to undiluted oil, but not to the active ingredient, was 
observed; 20 controls subjects were used, and reactions to Persea 
Gratissima (Avocado) Oil were not seen 

337 

Sesamum Indicum (Sesame) Seed Oil 
Sesamum Indicum (Sesame) Seed 
Oil in an ointment 

female Pruritic erythema, papules, and vesicles appeared after application of 
the ointment; patch testing was performed with the ointment and with 
the individual ingredients, including undiluted Sesamum Indicum 
(Sesame) Seed Oil 
Both the ointment and Sesamum Indicum (Sesame) Seed Oil pro-
duced positive reactions on days 2, 3, 4, and 1; the other components 
did not cause a reaction 
Results were negative in patch testing of Sesamum Indicum (Sesame) 
Seed Oil using 20 healthy subjects.  
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Amended Final Report on the Safety Assessment
of Hydroxystearic-Acid’

Hydroxystearic Acid is a fatty acid used as a surfactant-cleans-
ing agent in cosmetic products. Initial review of available safety test
data resulted in a finding that there were insufficient data to sup-
port the safety of Hydroxystearic Acid for use in cosmetic products.
Data needed included concentration of use, chemical characteriza-
tion, dermal reproductive and developmental toxicity, genotoxicity
(and carcinogenicity data if the genotoxicity data were positive),
and shin irritation data. Subsequent to that conclusion, new data
were received. Use concentrations were reported as high as 10%.
Small amounts of other fatty acids are commonly found in prepara-
tions of Hydroxystearic Acid. Genotoxicity was not found in bacte-
rial or mammalian systems and only subcutaneous sarcomas at the
site of injection were found in carcinogenicity studies. Dermal re-
productive and developmental toxicity studies were negative. Skin
irritation was produced by antiperspirant prototype formulations
containing Hydroxystearic Acid under occluded or semioccluded
patch test conditions. It was considered that such formulations un-
der those exaggerated conditions can be irritating, but are gener-
ally not irritating in actual use. Because Hydroxystearic Acid and
Steak  Acid are structurally similar, data from a previous safety as-
sessment of Oleic Acid, Laurie  Acid, Palmitic Acid, Myristic Acid,
and Steak  Acid were summarized. On the basis of the animal and
clinical data, it was concluded that Hydroxystearic Acid is safe as
a cosmetic ingredient in the present practices of use.

INTRODUCTION

Hydroxystearic Acid is a fatty acid used as a surfactant-
cleansing agent in cosmetic products. The Cosmetic Ingredient
Review (CIR) Expert Panel issued a Final Report on the safety
of Hydroxystearic Acid on March 17, 1995, with the following
conclusion: The CIR Expert Panel concludes that the available
data are insufficient to support the safety of Hydroxystearic Acid
for use in cosmetic products. It was determined that the follow-
ing data were needed in order for the Panel to complete its safety
assessment: (1) concentration of use; (2) chemical characteriza-
tion; (3) dermal teratogenicity study; (4) one genotoxicity test
using a mammalian system (if the results of the genotoxicity test
are positive, a dermal carcinogenicity test by National Toxicol-
ogy Program (NTP) standards will be requested); and (5) skin
irritation data. Subsequent to the completion of the Final Report,
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‘Reviewed by the Cosmetic Ingredient Review Expert Panel. Wilbur

Johnson, Senior Scientific Analyst and Writer, prepared this report.
Address correspondence to him at Cosmetic Ingredient Review, 1101
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new data inclusive of all of the above were received. According
to Section 46 of the CIR Procedures, Amendment of a Final
Report, the Expert Panel will reconsider a Final Report that has
been issued when new data are available. In order to provide
readers with a complete picture of the data available, the data
included in the original report are presented in their entirety.

CHEMISTRY

Chemical and Physical Properties

Hydroxystearic Acid (CAS No. 106-14-9) is the fatty acid
that conforms to the formula (Wenninger and McEwen 1995a)
shown in Figure 1. Other names for this chemical are as follows:
12-Hydroxyoctadecanoic  Acid; 12-Hydroxystearic Acid; and
Octadecanoic Acid, 12-Hydroxy- (Wenninger and McEwen
1995b). 12-Hydroxystearic Acid has a molecular weight of
300.48 and crystallizes from alcohol (crystalline form not re-
ported). It also has a melting point of 82°C and is soluble
in ethyl alcohol, ether, and chloroform (Lide and Frederikse
1993). Other values for the melting point of 12-Hydroxystearic
Acid, recrystallized from ethanol, that have been reported range
from 75 to 77°C (Zevenhuizen 1974). The phase transition of
12-Hydroxystearic Acid (in CC14)  from gel to sol occured at
36°C and the transition from sol to gel occured at 18°C
(Umezawa, Nobuharu, and Yamabe  1970).

The ultraviolet (UV) absorption maximum for 12-Hydroxy-
stearic Acid in concentrated sulfuric acid occurs at 295 nm
(Zevenhuizen 1974). UV irradiation of this compound has re-
sulted in the formation of two main products, an aldehyde,
CHs(CH&CHO,  and an acid, CHs(CH&COOH:  12-Hydroxy-
stearic Acid was not oxidized. The UV lamp that was used in this
experiment had maxima at 254 and 366 nm (Fedeli and Favini
1980).

Methods of Production

12-Hydroxystearic Acid may be synthesized as follows: 2-
hexylcyclododecanone is oxidized with a mixture of peracetic
and permaleic acids in methylene chloride to form the lactone of
Hydroxystearic Acid. Alkaline hydrolysis of the lactone leads to
the production of Hydroxystearic Acid. Acylcyclododecanones,
such as 2-hexylcyclododecanone, can be obtained by the addi-
tion of cyclododecanone at the double bond of the respective l-
alkene. This reaction occurs through a radical-chain mechanism;
organic peroxides are used as initiators (Tanchuk, Kotenko, and
Rozhenko 1989).

International Journal of Toxicology, 18(Suppl.  I): l-10, 1999
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OH

FIGURE 1
Chemical formula for Hydroxystearic Acid (Wenninger

and McEwen 1995a).

The catalytic hydrogenation of castor oil to 12-Hydroxy-
stearic Acid has also been reported (Mankovskaya et al. 1970;
Maskaev, Simurova, and Mankovskaya 1973). This reaction also
yielded small amounts of ricinoleic acid, stearic acid, oleic acid,
palmitic acid, arachidic acid, and traces of linolenic acid and
linoleic acid (Mankovskaya et al. 1970).

Analytical Methods

12-Hydroxystearic Acid has been identified by mass spec-
trometry (Murata et al. 1990),  two-dimensional thin-layer chro-
matography (Takatori and Yamaoka 1976),  and gas-liquid chro-
matography (Binder et al. 1970; Zevenhuizen 1974). The struc-
ture of 12-Hydroxystearic Acid has also been confirmed by data
from infrared (IR) and 13C nuclear magnetic resonance (NMR)
spectrometry (Tanchuk, Kotenko, and Rozhenko 1989).

Impurities

Specific information on impurities in 12-Hydroxystearic Acid
has not been identified. However, the catalytic hydrogenation of
castor oil to 12-Hydroxystearic Acid also yielded small amounts
of ricinoleic acid, stearic acid, oleic acid, palmitic acid, arachidic
acid, and traces of linolenic acid and linoleic acid (Mankovskaya
et al. 1970). Information on the chemical characterization of
typical Hydroxystearic Acid samples is included in Table 1. The
data, reported as weight percentage, are from two chemical sup-
pliers [Cosmetic, Toiletry, and Fragrance Association (CTFA)
1995a].

TABLE 1
Chemical characterization of typical Hydroxystearic Acid

samples (CTFA 1995a)

Chemical detected Supplier 1 Supplier 2

12-Hydroxystearic Acid (12 HSA) 84% 84.9%
Stearic Acid 8.3% 9.5%
Palmitic Acid 0.9% 1 %
Triglyceride (castor oil) 5%a 5%a
Polyvinyl Stearate 2%b tl%b

‘Quantitation based on thin layer chromatography (TLC) (*OS%).
‘Quantitation  based on TLC (&0.5%);  material identified by su-

per critical fluid/mass spectrophotometer (SFUMS) as combination of
diester, triester,  and tetraester of 12 HSA.

TABLE 2
Product formulation data on Hydroxystearic Acid (FDA 1996)

Total No. of
formulations Total No. containing

Product category in category Hydroxystearic Acid

Body and hand skin 1012 2

care preparations
(excluding shaving
preparations)

1996 totals 2

USE

Purpose in Cosmetics

Hydroxystearic Acid is used as a surfactant~leansing  agent
in cosmetic products (Wenninger and McEwen 1995b).

Scope and Extent of Use in Cosmetics

The product formulation data submitted to the Food and
Drug Administration (FDA) in 1996 indicated that Hydroxy-
stearic Acid is used in two cosmetic product formulations
(Table 2) (FDA 1996). Concentration of use values are no longer
reported to FDA by the cosmetics industry (FDA 1992a). Be-
cause concentration of use data are no longer available from
FDA, CIR has requested these data be provided directly. Data
on Hydroxystearic Acid were submitted indicating that this in-
gredient is used in lipstick at a concentration of 2.5% (CTFA
1995b) and, in one antiperspirant/deodorant product, in the >5
to 10% concentration range (CTFA 1995~).

Cosmetic products containing Hydroxystearic Acid are in-
tended for application to the hands and torso; however, the po-
tential for application to other parts of the body exists. Product
formulations containing Hydroxystearic Acid may be used on a
daily basis and are expected to remain in contact with the skin
for extended periods of time. Each product has the potential for
being applied many times over a period of several years.

international Use

Hydroxystearic Acid is included in the CTFA List of Japanese
Cosmetic Ingredients known to be approved for cosmetic use in
Japan. The inclusion of any ingredient in the CTFA list does not
guarantee either that the ingredient is safe for use as a cosmetic
ingredient, or that the use of the substance as a cosmetic in-
gredient complies with the laws and regulations governing such
use in Japan (Rempe and Santucci 1992). Hydroxystearic Acid
is not included among the ingredients listed as prohibited from
use in cosmetic products marketed in the European Union (EEC
1993).
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Noncosmetic Use

12-Hydroxystearic Acid has been used as a textile lubricant
(Mankovskaya et al. 1970) and as a saponifiable base for greases
(Maskaev, Simurova, and Mankovskaya 1973). 12-Hydroxy-
stearic Acid-polyethylene glycol block polymers have been
approved by FDA for use as surfactants, for dispersion of poly-
acrylamide retention and draining aids, employed prior to the
sheet forming operation in the manufacture of paper and paper-
board, that come in contact with aqueous and fatty foods. These
block copolymers are produced by the reaction of polyethylene
glycol (minimum molecular weight of 1500) with 12-Hydroxy-
stearic Acid (FDA 1992b).

BIOLOGICAL PROPERTIES

Effect on Muscle Contraction

The effect of 12-Hydroxystearic Acid (solubilized in propy-
lene glycol) on the twitch response of the coaxially stimulated
guinea pig ileum preparation was evaluated. Each of six sections
of terminal ileum was immersed in an organ bath that was filled
with modified Kreb’s solution. The organ baths were gassed with
95% oxygen-5% carbon dioxide and maintained at 37 to 38°C.
Voltage from a stimulator was passed through a voltage divider
to drive six tissues simultaneously. When added to the organ
bath at concentrations of lop7  to 10e5 M, 12-Hydroxystearic
Acid caused a small, transient stimulation of the smooth muscle
twitch contractile height. This stimulatory effect was not dose
related and, therefore, was not quantified. Furthermore, this ef-
fect was not observed after the tissues were allowed a longer
initial equilibration period in the bath solution. Control concen-
trations of propylene glycol did not alter the contractile activity
of ileal smooth muscle (Stewart, Gaginella, and Bass 1975).

Effects on Proliferation of Cells in Culture

In a study of primary and secondary lipid peroxidation prod-
ucts as modulators of DNA synthesis, murine Lewis carcinoma
cells were treated with Hydroxystearic Acid at physiologic lev-
els (50 and 100 ,uM).  The test substance was dissolved in 90%
ethanol and then added to the culture medium. DNA profiles
obtained from flow cytometry analysis of cell cycle showed a
time- and dose-dependent accumulation of cells in the G2-M
phase compared to untreated exponentially growing cells. To
determine if this effect was mediated by interaction of Hydrox-
ystearic Acid with cyclin-dependent kinases-cyclin complexes,
histone Hl kinase activity in C 108 cell crude extracts was mea-
sured. It was determined that Hydroxystearic Acid inhibited hi-
stone Hl kinase activity up to 95% of that noted for mitotic cells
(synchronized control Cl08 cells) (Casali et al. 1994).

In another study, the same research group sought to establish
the role of Hydroxystearic Acid in human cell lines. Hydroxys-
tearic Acid, found in murine carcinoma cells in the study above,
was also present in lipid extracts from human colon carcinoma

cells (HT29) and normal human embryonic intestine cells (1407).
HT29 and 1407 cells were exposed in culture to Hydroxystearic
Acid to determine the effect on cell proliferation. The test sub-
stance was dissolved in 90% ethanol and added to each culture
medium, yielding final concentrations of 20, 50, and 100 PM.
At all concentrations, there was significant inhibition of prolif-
eration of HT29 cells. At the 20 and 50 PM levels, the effect was
primarily cytostatic, but at the 100 PM level the HT29 cells were
not viable after 4 days. Contrary to the results reported above
with murine carcinoma cells, these human carcinoma cells accu-
mulated in the GO-G1 phase of the cell cycle. 1407 cells treated
with Hydroxystearic Acid showed a lesser and delayed cytostatic
effect compared to HT29 cells, and flow cytometry analysis of
cell cycle kinetics showed only a slight increase in the proportion
of cells at GO-G1 (Gesmundo et al. 1994).

Metabolism and Distribution

The distribution and metabolism of 12-Hydroxystearic Acid
were evaluated using 90 young male albino rats (Slonaker sub-
strain of Wistar strain; weights = 43 to 83 g). The rats were
divided into groups of six and fed the following diets over a
period of 16 weeks: 20% corn oil (control diet); 1% hydro-
genated castor oil and 19% corn oil; and 10% hydrogenated
castor oil and 10% corn oil. Laboratory chow accounted for
80% of each diet. The fatty acid composition of hydrogenated
castor oil that was added to the diet was as follows: 86.5% 12-
Hydroxystearic Acid, 10.3% nonoxygenated acids, and 3.2%
12-ketostearic  acid. Therefore, the actual dietary concentrations
of 12-Hydroxystearic Acid that were fed to experimental ani-
mals were 0.87% (in 1% hydrogenated castor oil diet) and 8.7%
(in 10% hydrogenated castor oil diet). At 8 weeks after the initi-
ation of feeding, half of the groups were fed a corn oil diet for the
remainder of the 16-week study. After 4 weeks of feeding, three
rats on the 8.7% 12-Hydroxystearic Acid diet and three rats on
the 0.87% 12-Hydroxystearic Acid diet were killed for necropsy
and abdominal adipose tissue was excised. Tissue samples were
pooled within each experimental group. At 8 and 12 weeks, sets
of three rats on the corn oil (control) diet were also used. Adi-
pose tissue samples were obtained (at 16 weeks) from rats on
the following diets: corn oil; 0.87% 12-Hydroxystearic Acid;
8.7% 12-Hydroxystearic Acid; 0.87% 12-Hydroxystearic Acid,
changed to corn oil diet at 8 weeks; and 8.7% 12-Hydroxystearic
Acid, changed to corn oil diet at 8 weeks. Adipose tissue samples
obtained at 16 weeks were not pooled within each experimental
group. Lipids were extracted from adipose tissue samples and
carcasses (three rats on each diet) after 8, 12, and 16 weeks. The
number of rats on each experimental diet that were alive at 4,
8, 12, and 16 weeks was 33, 30, 12, and 6, respectively. The
number of control rats that were alive at 4, 8, 12, and 16 weeks
was 15, 15, 12, and 6, respectively (Binder et al. 1970).

The results of the preceding study indicate that 12-Hydro-
xystearic Acid was deposited in abdominal fat, as well as other
body lipids, along with its metabolites (hydroxypalmitic acid,
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hydroxymyristic acid, and hydroxylauric acid). The percent
composition of hydrogenated castor oil-derived hydroxy fatty
acids in rat lipids was 8 1% 12-Hydroxystearic Acid, 17% lo-
hydroxypalmitic acid, 1.6% 8-hydroxymyristic  acid, and 0.4%
6-hydroxylauric acid. The greatest content of hydroxy acids in
lipids was 4.4% in abdominal fat obtained from rats after 4
weeks of feeding of the 8.7% 12-Hydroxystearic Acid diet. This
concentration decreased during the following weeks, and, at 16
weeks, was less than 2% (approximately the same concentration
that was detected in carcass lipids). Hydroxy acids (as % of dry
carcass weight) increased during weeks 8 to 16 in rats on both
diets, 0.87% and 8.7% 12-Hydroxystearic Acid. After the diet
for half of the experimental rats was changed to corn oil (con-
trol diet) at 8 weeks, the tissue content of hydroxy fatty acids
decreased rapidly (Binder et al. 1970).

When 12-Hydroxystearate was added to the diet of one dog
(weight not stated) in the amount of 2.2 g/day, 12-Hydroxystearic
Acid accounted for 46% of the total fecal fatty acids. When
the amount added to the diet was increased to 8.8 g/day, 12-
Hydroxystearic Acid accounted for 60.2% of the total fecal fatty
acids (Kim and Spritz 1968).

Hydroxystearic Acid has been detected in the feces of 12 nor-
mal subjects who had been encouraged to eat a normal mixture
of foods. Gas-liquid chromatography served as the method of de-
tection, and the results of this analysis did not give any indication
as to the position of the hydroxyl group (Wiggins et al. 1974).

TOXICOLOGY

Subchronic Oral Toxicity

The subchronic (90-day) oral toxicity of hydrogenated cas-
tor oil was evaluated using weanling female rats (weights not
stated). This study represented a preliminary feeding trial for
the metabolism study (Binder et al. 1970) that is summarized in
Metabolism and Distribution. The fatty acid composition of the
test substance was as follows: 86.5% 12-Hydroxystearic Acid,
10.3% nonoxygenated acids, and 3.2% 1Zketostearic  acid. The
rats were divided into groups of three and fed diets contain-
ing 5, 10, and 20% hydrogenated castor oil, respectively, for
90 days. Thus, the content of 12-Hydroxystearic Acid in each
diet was as follows: 5% diet (4.3% 12-Hydroxystearic Acid),
10% diet (8.7% 12-Hydroxystearic Acid), and 20% diet (17.3%
12-Hydroxystearic Acid). The control group was fed a com-
mercial rat diet. At necropsy, organ weights were recorded and
numerous tissues were preserved for microscopic examination.
Blood samples were obtained for hematologic evaluation prior
to necropsy. The only abnormality noted in this study was a re-
duced growth rate in rats fed diets containing 8.7 and 17.3%
12-Hydroxystearic Acid (Binder et al. 1970).

The investigators in the preceding experiment noted that
hydrogenated castor oil was probably poorly digested because of
its high melting point, and suggested that the poor body weight
gains noted in that experiment may have been due to the lower
caloric density of diets that contained lo%, or more, hydro-

genated castor oil. Thus, in a second 90-day experiment, hydro-
genated castor oil was dissolved in corn oil prior to addition to
the diet. Groups of three weanling female rats were fed diets con-
taining hydrogenated castor oil at concentrations of 1% (0.87%
12-Hydroxystearic Acid), 5% (4.3% 12-Hydroxystearic Acid),
and 10% (8.7% IZHydroxystearic  Acid). The control group was
fed a commercial rat diet. At the time of necropsy, the growth
of rats fed the diet containing 8.7% 12-Hydroxystearic Acid
seemed equivalent to rats on other diets. Based on hematologic
and microscopic examinations and organ weights, there were no
detectable adverse effects (Binder et al. 1970).

Hepatotoxicity

The disturbance of oxidative phosphorylation in the rat liver,
induced by 12-Hydroxystearic Acid, was evaluated. The basic
reaction mixture (volume = 3 ml) for measuring mitochondrial
swelling, respiration, and ATPase had the following composi-
tion: 0.75 mg mitochondrial protein (prepared from male rat
liver); 75 mM sucrose; 75 mM Tris chloride buffer, pH 7.4;
2 mM potassium chloride; and 2 mM Tris malate. Solutions of
the test substance in 0.03 ml of acetone were added to the reaction
mixture. Acetone was added to control mixtures. Mitochondrial
swelling was indicated by a decrease in absorbance at 520 nm.
The procedures for measuring mitochondrial swelling, respira-
tion, and ATPase have been described (Falcone and Hadler 1968;
Hadler et al. 1971). Oxidative phosphorylation was uncoupled
and mitochondria were damaged by 30 PM 12-Hydroxystearic
Acid; respiration was stimulated in a transitory manner. The mi-
tochondrial damage that resulted was to the extent that after res-
piration decreased, there was no subsequent stimulation of res-
piration when dinitrophenol was added to the reaction mixture.
1ZHydroxystearic  Acid (30 PM) also induced mitochondrial
ATPase activity. ATPase activity was inhibited by rutamycin
(blocks phosphorylation by ATP); this effect is expected for
ATP-energized mitochondrial reactions. A small, but decided,
mitochondrial volume change (swelling) was also induced by
30 /.LM 12-Hydroxystearic Acid without the aid of ATP  This
effect was inhibited by the respiratory inhibitor antimycin or
dinitrophenol, but not by rutamycin; therefore, this effect was de-
pendent on oxidative phosphorylation. 12-Hydroxystearic Acid-
induced mitochondrial swelling was enhanced when ATP was
added to the reaction mixture. The investigators concluded that
12-Hydroxystearic Acid interferes with the machinery of ox-
idative  phosphorylation in rat liver mitochondria (Hadler and
Mueller 1977).

MUTAGENICITY

The mutagenicity of 12-Hydroxystearic Acid was evaluated
according to a modification of the Ames test (Ames, McCann,
and Yamasaki 1975) using strains TA1535,  TAlOO,  TA1537,
TA1538, and TA98 of Salmonella typhimurium, with and with-
out metabolic activation. The Ames test was modified in or-
der to increase the sensitivity of this assay to weak mutagens.
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Dimethyl  sulfoxide (DMSO) and ethanol served as vehicle con-
trols and the following substances served as positive controls:
benzo(a!)pyrene  B[a]P), 2-aminoanthracene, 9aminoacridine,
and sodium azide. 12-Hydroxystearic Acid, tested at concentra-
tions of 500, 1000, and 2500 pg/plate,  was not mutagenic for
any strain. Mutagenic effects were noted with all of the positive
control substances (Scheutwinkel-Reich, Ingerowski, and Stan
1980).

In another study, the mutagenicity of 12-Hydroxystearic Acid
was evaluated using strain Hs30  of Escherichia coli. Cultures
were prepared and incubated with 12-Hydroxystearic Acid
(700 FM) for 18 and 48 hours according to the method of
Nakamura and Yamamoto (1982). Positive control cultures were
incubated with ginger01  (700 FM). The mutation frequency was
calculated according to the method of Green and Muriel ( 1976).
12-Hydroxystearic Acid induced mutations at a low frequency;
the mutation frequency was 3 x lo* revertants per 10’ viable cells
per 700 pug 12-Hydroxystearic Acid. The mutation frequency
for the positive control, gingerol, was 1 x lo7 revertants per
lo* viable cells per 700 pug gingerol. 12-Hydroxystearic Acid
was classified as mutagenic (Nakamura and Yamamoto 1983).

The mutagenicity of 86% pure Hydroxystearic Acid (in
DMSO), with and without metabolic activation, was evaluated
in the L5 178Y  TK+/- mouse lymphoma assay according to the
method of Clive and Spector (1975). An analysis of the test mate-
rial showed the following: Hydroxystearic Acid, 94.9%; Stearic
Acid, 8%; Palmitic Acid, 1%; triglyceride (castor oil), 5%; and
polyvinyl stearate, < 1% (CTFA 1995d).

Nonactivated cultures
6 DMSO only

54
107
213

MNNGC

Cultures without metabolic activation were treated with con-
centrations of Hydroxystearic Acid ranging from 40 to 250
pg/ml (in DMSO), and those with metabolic activation were
treated with concentrations of 10 to 100 pg/ml (in DMSO). Ethyl
methanesulfonate (in DMSO) and 7,12-dimethylbenz(a)anthra-
cene (in DMSO) served as positive controls, and solvent con-
trol cultures were treated with DMSO. Neither the nonactivated
cultures (with total growth of 10% or greater) nor the acti-
vated cultures that were cloned had a mutant frequency that
was at least twice the mean mutant frequency of the solvent
controls. The total growths of cultures ranged from 1% to 7 1%
(nonactivated) and from 18% to 119% (activated). Additionally,
a dose-dependent response was not observed in activated or non-
activated cultures. The solvent and positive controls fulfilled the
requirements for a valid test. It was concluded that Hydroxys-
tearic Acid (in DMSO) was not mutagenic in the absence or
presence of exogenous metabolic activation (Microbiological
Associates 1993).

Hydroxystearic Acid (85% pure, in DMSO) was tested in
a chromosome aberrations study using Chinese Hamster ovary
(CHO) cells. (See above for the composition of the Hydrox-
ystearic Acid used.) Cultures of CHO cells were exposed to
concentrations ranging from 4 to 213 pg/ml (in DMSO), with
and without metabolic activation, using Aroclor 1254induced
rat liver S-9. Nonactivated cultures were exposed to the test sub-
stance for 6, 18, and 42 hours, whereas activated cultures were

exposed for 6 hours. N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG), 2 @g/ml,  served as the positive control for nonac-
tivated cultures, and Benzopyrene (B[a]P)  [BP], 3O@g/ml,  was
the positive control for activated cultures. Colcemid was added to
each culture to a final concentration of 0.1 pg/ml to arrest cell
division at metaphase. Cultures representing the three highest
doses at each exposure duration with 200 storable  metaphase
cells (100 per duplicate flasks) were selected for microscopic
analysis. The results are shown in Table 3 for the initial test and
in Table 4 for a repeat test. Hydroxystearic Acid (in DMSO) did
not induce a statistically significant increase (p > 0.025, Fisher’s
exact test) in structural or numerical chromosome aberrations,
with or without metabolic activation, at either of the test con-
centrations. Solvent and positive controls fulfilled the require-
ments for a valid test. Hydroxystearic Acid (in DMSO) was nega-
tive in this CHO cytogenicity study (Microbiological Associates
1994).

TABLE 3
Chromosome aberrations in Chinese Hamster Ovary (CHO)

Cells exposed to Hydroxystearic Acid-initial test

Exposure
duration (hrs)

Dose
(@ml) Survival”

Chromosome
aberrations

per cellb

18 DMSO only 0.00
54 0.02

107 0.015
213 48% 0.005

MNNG 0.235

42 DMSO only
9

18
36

MNNG
S-9 activated cultures
6 DMSO only

54
107
213

B(cr)Pd

0.02
0.02
0.025

52% 0.06
0.295

0.01
0.005
0.00

44% 0.01
0.345

0.02
0.04
0.035

82% 0.015
1.03

‘Mean cells per treated flask/mean cells per DMSO flask.
bAverage  of two flasks.
‘N-methyl-N’-nitro-N-nitrosoguanidine,  positive control.
d Benzo(a)pyrene, positive control.
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Chromosome
Exposure Dose aberrations

duration (hrs) (&ml) Survivala per cellb

Nonactivated cultures
6 DMSO only 0.005

54 0.025
107 0.02
213 57% 0.015

MNNGC 0.84

18 DMSO only 0.00
54 0.015

107 0.00
213 40% 0.005

MNNG 0.785

42 DMSO only 0.005
9 0.003

18 0.01
36 46% 0.01

MNNG 0.69
S-9 activated cultures
6 DMSO only 0.01

54 0.035
107 0.015
213 75% 0.025

B(cr)Pd 1.05

“Mean cells per treated flask/mean cells per DMSO flask.
‘Average of two flasks.
‘N-methyl-N’-nitro-N-nitrosoguanidine,  positive control.
d Benzo(a)pyrene, positive control.

TABLE 4
Chromosome aberrations in Chinese Hamster Ovary cells

exposed to Hydroxystearic Acid-repeat test

CARCINOCENICITY

The carcinogenicity of 12-Hydroxystearic Acid was evalu-
ated using two groups of 15 female CFW (Swiss-Webster) mice;
the mice were 2 months old. 12-Hydroxystearic Acid (1 mg/O.  1
ml tricapryhn) was administered to one group (Group 1) of mice
and 12-Hydroxystearic Acid (0.05 mg 11 ml tricaprylin) was
administered to the second group (Group 2). In each group, the
test substance was injected subcutaneously at approximately the
same sites in the inguinal and axillary regions of each animal.
Injections were made twice per week for a total dose of 80 mg
delivered in a total of 8 ml of tricaprylin (Group 1) and a total
dose of 4 mg delivered in a total of 8 ml of tricaprylin (Group 2).
Vehicle and untreated control groups consisted of 104 and 202
mice, respectively. Only 6 of the 15 mice that received a total
of 80 mg 12-Hydroxystearic Acid survived to the 18th month
of the study, and there were no survivors (at 18 months) in the
group that received a total of 4 mg 12-Hydroxystearic Acid. 12-

Hydroxystearic Acid induced subcutaneous sarcomas at the site
of injection in 9 of the 28 mice (14 per dose group) that were alive
at 6 months, and was classified as tentatively carcinogenic. All of
the sarcomas were observed at the lower dose (total dose of 4 mg
in 8 ml tricaprylin for 80 weeks). One sarcoma was observed in
both vehicle and untreated control groups. Two pulmonary tu-
mors (one per experimental group) and two lymphomas (one per
experimental group) were also reported. Compared to controls,
there was no significant increase in the number of lung tumors.
Five and 11 pulmonary tumors were observed in the vehicle and
untreated control groups, respectively. Lymphomas were not ob-
served in the vehicle control group and four lymphomas were
observed in the untreated control group (Swem et al. 1970).

In another experiment, the carcinogenicity of 12-Hydroxy-
stearic Acid was evaluated using the pulmonary tumor induc-
tion technique (Shimkin et al. 1969). The test substance was
dissolved in 0.1 ml tricaprylin and injected intraperitoneally
(ip.) into each of nine strain A/He male mice (2 months old).
Twelve i.p. injections were made three times per week for 4
weeks, and the total dose of 12-Hydroxystearic Acid that was
administered was 60 mg. At 20 weeks after the last injection,
the mice were killed, the lungs were excised and fixed, and the
pulmonary nodules counted. A single pulmonary nodule was
observed in one mouse and two mice had two pulmonary tu-
mors each (mean = 0.6 lung tumor/animal). A comparison of
these results with untreated mice indicated that the frequency
of lung tumors was within the spontaneous occurrence (Swem
et al. 1970).

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

The semiquantitative formula for two antiperspirant proto-
type formulations is shown in Table 5 (CTFA 1995e,  1995f). In-
cluded with that data was the following summary: “From chem-
ical analysis and structure activity relationship analysis, it was
concluded that Hydroxystearic Acid [HSA] (including major
contaminants) will undergo oxidative metabolism endogenously
and the metabolites will have no potential for reproductive or
developmental toxicity. Based upon these considerations, a ter-
atology study should not be considered a necessary element of

TABLE 5
Semiquantitative formula for antiperspirant formulations,

BDOO7-36,  BDOO17-074,  BDOO14-184,  BDOO14-162,
BD0047-064,  and BD0047-058,  containing Hydroxystearic

Acid (CTFA 1995e,  1995f)

Aluminum Zirconium Trichlorohydrex Gly
Cyclomethicone
Octyldodecanol
Hydroxystearic Acid
Dibutyl lauroyl glutamide
Minor ingredients

40 to 70%
8 to 20%

7%
1 to8%

t2% total
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HYDROXYSTEARIC ACID 7

safety support for HSA under current conditions of use in cos-
metic products. Nevertheless, in the course of a safety program
for some antiperspirant prototypes, two test materials (BD0047-
064 and BD0047-058)  containing HSA were evaluated. The re-
sults show that there were no indications of maternal or develop-
mental toxicity in any treatment group (including BD0047-064
and BD0047-058)  when compared to the control” (CTFA 1995e,
1995f).

The results of teratogenicity studies using two antiperspi-
rant prototype formulations (off-white solids) containing 7%
Hydroxystearic Acid were evaluated using two groups of 30
mated Charles River Crl:CD VAF/Plus female rats (12.5 weeks
old; weights = 2 11 to 289 g) (International Research and Devel-
opment Corporation 1994). The test substance was applied (with
gloved finger) to dorsal skin (clipped free of hair) of each animal.
Applications were made on gestation days 6 through 15, once
daily, and left on for 6 hours each day. Test sites were covered
(but not occluded) to prevent ingestion during the study, The
control article was similarly applied to an additional group of
30 rats of the same strain. The control article was described as a
clear liquid; details regarding its composition were not provided.
For statistical analyses, experimental groups were compared to
the control group; the levels of significance were at p 5 0.05
and p 5 0.01. All surviving animals were killed on day 20
of gestation, followed immediately by Cesarean section. Skin
irritation reactions were observed during the treatment period.
Compared to the control group, increases in the severity of ery-
thema and desquamation at the application site were observed in
experimental groups. In both experimental and control groups,
the effect peaked at the 5th and 6th day of treatment, then di-
minished. In the control group, 10 rats had very slight erythema
and one had well-defined erythema; desquamation was observed
in 20 rats. In one experimental group, 10 rats had very slight
erythema, 10 rats had well defined erythema, and one rat had
moderate to severe erythema; desquamation was observed in 26
rats. In the other experimental group, 16 rats had very slight
erythema, 6 had well-defined erythema, and three had moder-
ate to severe erythema; desquamation was observed in 28 rats.
Edema was not observed in experimental or control groups. No
deaths were reported during the study. There were no signif-
icant differences in clinical or necropsy observations between
experimental and control groups. There were also no significant
differences between experimental and control groups with re-
spect to implantations, postimplantation losses, corpora lutea,
fetal sex ratio, mean fetal body weight, or uterine weight. The
incidence of postimplantation losseslresorptions was 14 of 325
viable fetuses in the first experimental group and 20 of 316
viable fetuses in the second experimental group (International
Research and Development Corporation 1994).

Regarding the incidence of fetal malformations, there were
no test article-related or statistically significant differences be-
tween experimental and control groups. Additionally, the total
number of litters with any malformation was comparable be-
tween experimental and control groups. The incidence of mal-
formations was 2 of 325 viable fetuses in the first experimental

group and 1 of 3 16 viable fetuses in the second group. Malfor-
mations were defined by the investigators as “those structural
anomalies that alter general body conformity, disrupt or interfere
with body function, or are thought to be incompatible with life.”
With respect to the incidence of fetal developmental variations,
there were also no test article-related or statistically significant
differences between experimental and control groups. Further-
more, the total number of litters with any developmental varia-
tion was comparable between experimental and control groups.
The incidence of developmental variations was 88 of 325 vi-
able fetuses in the first experimental group and 80 of 3 16 viable
fetuses in the second group. The investigators defined develop-
mental variations as “those alterations in anatomic structure that
are considered to have no biological effect on animal health or
body conformity, representing slight deviations from normal”
(International Research and Development Corporation 1994).

CLINICAL ASSESSMENT OF SAFETY

Skin Irritation

The skin irritation potential of four antiperspirant proto-
type formulations (see Table 5 for description) containing 7%
Hydroxystearic Acid was evaluated using 35 healthy adult vol-
unteers between the ages of 18 and 65 years old (33 females;
2 males). The four formulations were applied to the back of
each subject (in vertical rows over the scapulae areas) in occlu-
sive and semiocclusive patch tests. Prior to patch application,
test sites on the back were wiped with a pad containing 70%
isopropyl alcohol. Each formulation was applied to a patch by
wiping the antiperspirant stick across the patch approximately
five times. The quantity of test material applied per patch appli-
cation (occlusive and semiocclusive) was in the range of 0.05 to
0.1 g. The semiocclusive patches were applied to the left side of
the back three times, each for 48 hours (total of three 48-hour
applications per test site). Occlusive patches were applied to the
right side of the back (total of three 24-hour applications per test
site). Both semiocclusive and occlusive patches were reinforced
with strips of tape. Following patch removal, subjects were in-
structed to rinse the test sites with warm water. Patches were also
removed by laboratory personnel, and were not reapplied to any
site that was assigned a score of 2 or greater. Test sites were
evaluated for skin irritation within 24 hours after patch removal
according to the following scale: 0 (no visible erythema) to 3
(severe erythema, very intense redness). Reactions to semioc-
elusive patches were scored on days 4,7, and 10; occlusive patch
test reactions were scored on days 4, 6, and 8. Reactions to the
four antiperspirant formulations are summarized in Table 6 and
Table 7 (Hill Top Research, Inc. 1994).

SUMMARY

Hydroxystearic Acid is a fatty acid that is used as a surfactant-
cleansing agent in cosmetic products. One method of production
involves the catalytic hydrogenation of castor oil.

Product formulation data submitted to FDA in 1996 indicate
that Hydroxystearic Acid was used in two cosmetic products

Alkyl Esters Supplement Book 2

 
Supplement Panel Book 2 Page 221



8 COSMETIC INGREDIENT REVIEW

TABLE 6
Group reaction scores in human primary irritation

tests-semioccluded application of Hydroxystearic Acid

Day

Group Grade 4 7 10

Control 0 35 35 33
1 0 0 2a

BD0007-36 0 32 28 31
1 3 5 46
2 0 2” 0

BD0014-184 0 28 26 28

BDOO

BDOO

1 7 8d 7’
2 0 1 0

17-74 0 26 28 26
1 8 7f 9g
2 Ih 0 0

14-162 0 28 32 34
1 7 2 1
2 0 1 0

“Both with vesicles; bone  with vesicles; ‘one with papules; done with
vesicles; ‘one with vesicles; ‘one with papules; gone with vesicles; hone
with papules.

categorized as body and hand skin care preparations (excluding
shaving preparations).

In male rats fed a diet containing hydrogenated castor oil,
Hydroxystearic Acid was deposited in abdominal fat, as well as
other body lipids, along with its metabolites (hydroxypalmitic
acid, hydroxymyristic acid, and hydroxylauric acid). Hydrox-
ystearic Acid has also been detected in the feces of 12 subjects

TABLE 7
Group reaction scores in human primary irritation

tests-occluded application of Hydroxystearic Acid

Day

Group Grade 4 6 8

Control 0 34 34 35
1 1 1 0

BD0007-36 0 30 22 22

BDOO

BDOO

1
2

14-184 0
1
2

17-074 0
1
2

5
0

28
6
lb

30
5
0

12”
1

27
7
1

25
9
1

12
1

24
11
0

22
12

1
BD0014-162 0 30 24 18

1 5 10” 16
2 0 1 1

“One with edema; ‘one with edema; ‘one  with papules.

who presumably ate a normal mixture of foods. Reduced growth
rate was noted in rats fed diets containing 8.7% and 17.3% 12-
Hydroxystearic Acid, but not in rats fed 4.3% Hydroxystearic
Acid, in a 90-day subchronic oral toxicity study. The results of
a second 90-day experiment (no reduction in growth rate) con-
firmed that the reduction in growth rate previously observed was
due to the lower caloric density of diets consisting of 8.7% and
17.3% Hydroxystearic Acid. In both experiments, the results of
hematologic and microscopic evaluations were unremarkable.

In an in vitro study, Hydroxystearic Acid interfered with
oxidative phosphorylation in rat liver mitochondria. Oxidative
phosphorylation was uncoupled and mitochondria were dam-
aged. Hydroxystearic Acid was not mutagenic in strains TA1535,
TAlOO,  TA1537, TA1538, and TA98 of S. typhimurium.  How-
ever, Hydroxystearic Acid was classified as mutagenic in strain
Hs30  of E. coli. Hydroxystearic Acid was not mutagenic in
the L5178Y  TK+/- mouse lymphoma assay, with or without
metabolic activation, nor did it produce chromosome aberra-
tions in Chinese hamster ovary cells, with or without metabolic
activation.

In an 18-month  carcinogenicity study (subcutaneous study),
Hydroxystearic Acid was classified as tentatively carcinogenic
in Swiss-Webster mice. Subcutaneous sarcomas were observed
at the site of injection in 9 of the 28 mice (14 per dose group)
that were alive at 6 months. All of the sarcomas were observed
in the low-dose group (total dose of 4 mg delivered in a total of
8 ml tricaprylin for 80 weeks). The high-dose group received a
total dose of 80 mg delivered in a total of 8 ml of tricaprylin.
In a second study in which nine A/He male mice received a
total intraperitoneal dose of 60 mg Hydroxystearic Acid over a
period of 4 weeks, the frequency of lung tumors was within the
spontaneous occurrence.

The dermal teratogenicity of two antiperspirant prototype for-
mulations containing 7% Hydroxystearic Acid was evaluated
using two groups of 30 Charles River Crl:CD VAF/Plus  female
rats. There were no test article-related or statistically significant
differences in the incidence of fetal malformations or fetal devel-
opmental variations between experimental and control groups.
Skin irritation reactions, however, were observed in greater than
50% of the dams in both experimental groups. No deaths were
reported during the study.

Skin irritation reactions to each of three antiperspirant pro-
totype formulations, each containing 7% Hydroxystearic Acid,
were observed in a human primary irritation patch test using 35
volunteers. Semioccluded patches produced reactions in as many
as nine of the subjects, whereas occluded patches produced reac-
tions in as many as 17 individuals. Only two reactions were noted
in the semi-occluded patch controls and only one in the occluded
patch controls. Although the formulations reportedly contained
the same concentration of Hydroxystearic Acid, there were small
differences in the numbers of individuals reacting to each.

DISCUSSION

Because of a paucity of information on Hydroxystearic Acid,
the Expert Panel considered in its original assessment that the
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available data on related compounds might be used (e.g., stearic
acid). Findings on long-chain aliphatic acids were taken from
the published CIR Report on Oleic Acid, Laurie Acid, Palmitic
Acid, Myristic Acid, and Stearic Acid. Slight local edema and
no deaths were observed among New Zealand white rabbits af-
ter 4 weeks of topical administration (dorsal skin) of product
formulations containing 2.0% Stearic Acid. There were no sig-
nificant gross or microscopic lesions that were considered treat-
ment related. In 13-week  dermal toxicity studies, two cosmetic
product formulations containing, at most, 5% Stearic Acid pro-
duced moderate skin irritation (dorsal skin) in rats receiving
4.0 ml/kg and 227 mg/kg doses. All other physiologic parame-
ters were normal. Low incidences of carcinomas, sarcomas, and
lymphomas were observed in mice receiving single or repeated
subcutaneous injections of 25 and 50 mg Palmitic Acid and up to
82 mg Stearic Acid. Stearic Acid was not carcinogenic in mice
fed dietary doses up to 50 g/kg/day. In clinical primary and cu-
mulative irritation studies, Oleic, Myristic, and Stearic Acids at
concentrations of 100% or 40 to 50% in mineral oil were non-
irritating. Mild to intense erythema in single insult occlusive
patch tests, soap chamber tests, and 21-day cumulative irritation
studies were produced by cosmetic product formulations con-
taining 2-93% Oleic, Palmitic, Myristic, or Stearic Acid and
were generally not related to the fatty acid concentrations in the
formulations. In clinical repeated insult patch tests, maximiza-
tion tests, and prophetic patch tests with cosmetic product for-
mulations containing Oleic, Laurie, Palmitic, and Stearic Acids
at concentrations ranging from less than 1 to 13%,  no primary
or cumulative irritation or sensitization was reported. Addition-
ally, cosmetic product formulations containing 1 to 13% Oleic,
Palmitic, or Stearic Acid did not induce photosensitization; how-
ever, there were slight reactions to some induction patches.

Because of the possible influence of the hydroxyl group on
toxicity, however, the Expert Panel determined that these data
are not pertinent to the safety assessment of Hydroxystearic
Acid. Accordingly, the CIR Expert Panel issued a Final Report in
March 1995 concluding that the available data were insufficient
to support the safety of Hydroxystearic Acid. The following
data were considered necessary to make a safety assessment:
(1) concentration of use; (2) chemical characterization; (3) a
dermal teratogenicity study; (4) one genotoxicity test using a
mammalian system (if the results of the genotoxicity test are
positive, a dermal carcinogenicity test by NTP standards will be
requested); and (5) skin irritation data.

Subsequently, new data inclusive of all of the above data
needs were received. The Expert Panel, with data now available
on the use of the ingredient, received the reproduction and devel-
opmental toxicity and genotoxicity data that found no significant
effects at exposures likely to exceed that seen from expected
cosmetic use concentrations. The sarcomas produced by sub-
cutaneous injection of Hydroxystearic Acid were considered to
be a physical phenomenon unrelated to the specific material in-
jected and not relevant to the use of this ingredient in cosmetics.
Under semioccluded and occluded patch testing conditions, the

Expert Panel recognized irritation was found with antiperspirant
prototype formulations. It is the experience of the Expert Panel
that such formulations under those exaggerated conditions do
produce irritation, but are not generally irritating in actual use.

CONCLUSION

On the basis of the animal and clinical data included in this
report, the CIR Expert Panel concludes that Hydroxystearic Acid
is safe as a cosmetic ingredient in the present practices of use.
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Final Report on the Safety 

Assessment of Hydrolyzed 

Collagen 

Hydrolyzed Collagen is a hydrolysate derived from animal byproducts. It is 
used in cosmetic products as a conditioner or moisturizer at concentrations 
less than 5 percent. 

Hydrolyzed Collagen was practically nontoxic when administered orally or 
dermally in acute animal toxicity studies. This ingredient was minimally irritat- 
ing to rabbit eyes when tested full-strength. Primary skin irritation tests in 
rabbits indicated that Hydrolyzed Collagen was nonirritating or minimally irri- 
tating when tested full-strength. Subchronic dermal studies on 2 cosmetic for- 
mulations containing 2 percent Hydrolyzed Collagen were negative for sys- 
temic toxicity. Hydrolyzed Collagen was nonsensitizing in guinea pigs. 

In clinical studies, Hydrolyzed Collagen produced no skin irritation, sensi- 
tization, or indication of phototoxicity. 

On the basis of the available animal and clinical data, it is concluded that 
Hydrolyzed Collagen is safe as a cosmetic ingredient in the present practices of 
use and concentration. 

INTRODUCTION 

T his report presents the available information published between 1940 and the 
present and the unpublished cosmetic industry data on Hydrolyzed Collagen 

(formerly Hydrolyzed Animal Protein). 

CHEMICAL AND PHYSICAL PROPERTIES 

Hydrolyzed Collagen is defined as a collagen hydrolysate derived by acid, 
enzyme, or other method of hydrolysis. (I) It is a polypeptide of molecular weight 
1000 to 10,000 with the following generalized structure:(2) 

199 
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The typical amino acid composition is given in Table 1 along with the corre- 
sponding structures of R, R’, and R”. 

Hydrolyzed Collagen is an off-white to white hygroscopic powder. It is also 
available as a viscous, amber aqueous solution. t2) The physicochemical proper- 
ties of Hydrolyzed Collagen and its solution are given in Table 2. 

Hydrolyzed Collagen can be prepared by any 1 of 3 methods: alkaline hy- 
drolysis of bovine skin products followed by enzymatic hydrolysis to the desired 
molecular weight, enzymatic hydrolysis of fresh animal byproducts or bovine-de- 
rived leather, or acid or alkaline hydrolysis of chrome leather fold splinters with 
inorganic acids or lyes to a defined molecular weight. The hydrolysate produced 
by the latter method is purified in an aqueous solution and then by precipitation 
and filtration to effectively remove the heavy ions.(‘) Acid hydrolysis tends to 
split the polypeptide bond between proline (or hydroxyproline) and other amino 
acids, with very little specificity for which amino acid donates its amino group to 
the peptide bond.(3) 

The spectrum of amino acids resulting from the hydrolysis of collagen differs 
substantially from that of other proteins by its high content of glycine and proline 
and low content of histidine, tryptophan, and cystine (Table 1). Collagen also 
contains 2 amino acids, hydroxyproline and hydroxylysine, not found in other 
proteins. (4) 

Hydrolyzed Collagen is analyzed primarily by column chromatography. The 
literature cites numerous chromatographic methods. (5-g1 Its solution can be posi- 
tively identified by comparison to a standard infrared spectrum.(‘O) The 2 amino 
acids found only in collagen, hydroxyproline and hydroxylysine, allow for differ- 
entiation between collagen hydrolysates and other protein hydrolysates.(4) 

Hydrolyzed Collagen is stable under the conditions of normal cosmetic use. 
However, the addition of perfumes high in aldehyde content may cause color re- 
actions and odor changes due to the reaction of active carbonyl groups with the 
amino group of the hydrolysate.‘*,“’ Burnett (11) has found that cosmetics con- 
taining proteins are better preserved at successively lower pH values, whereas 
Frech et aI. found that sodium acetate is an effective preservative in protein 
hydrolysate solutions. Hydrolyzed Collagen has shown a 15 to 45 percent reduc- 
tion in viscosity after storage for 1 month at room temperature.(13’ 
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TABLE 1. Typical Amino Acid Composition of Hydrolyzed Collagen(*’ 

Amino Acid R, R’, or R” 

Typical Composition * 

I%) 

Clycine 

Alanine 

Serine 

Threonine 

Proline 

Hydroxyproline 

Valine 

lsoleucine 

Leucine 

Phenylalanine 

Tyrosine 

Cystine/cysteine 

Methionine 

Aspartic acid 

Glutamic acid 

Arginine 

Histidine 

Lysine 

Hydroxylysine 

-H 20.0-30.5 

-CH, 8.0-l 1 .O 

-CH,OH 2.9-4.1 

-CHOHCH, 1 B-2.6 

CYCLIC+ 13.7-18.0 

CYCLIC+ 12.1-14.5 

-CHCH,CH, 2.1-3.4 

-CHCH,CH,CH, 1.3-l .8 

-CH,CHCH,CH, 2.8-3.5 

-CHKsH5 1.1-2.6 

-CH&H,OH 0.2-l .o 

-+/-CH,-SH 0.0-0.9 

-CH,CH,SCH, 0.7-0.9 

-CHZCOZH 5.7-9.0 

-CH~CHICOZH 10.0-11.7 

-CH,CHKH,CfNH),NH, 7.8-9.0 

NHCHNCHtCH,- 0.7-l .o 

-CH,CH#ZH,CHINH~ 3.9-5.2 

-(CHIKHOHCHZNHZ 0.7-l .2 

*Prepared by alkaline hydrolysis of bovine skin products to form a food-grade gelatin, 

followed by enzyme hydrolysis to the desired molecular weight. 

+These do not conform to the generalized formula. 

Proline: CH z- CH, Hydroxyproline: HOCH,- CH, 

I I I I 
1 CHCO,H 

P / 
NH 

Cystine: S-CH,CHCO,H 

I 
NH, 

S-CHKHCOIH 

I 

USE 

Cosmetic Use 

Hydrolyzed Collagen is used in cosmetics, primarily hair and skin care prod- 
ucts, because of its conditioning and moisturizing properties. It is generally used 
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202 COSMETIC INGREDIENT REVIEW 

TABLE 2. Physicochemical Properties of Hydrolyzed Collagen’2’ 

Value 

Property Powder 

Molecular weight 1000 to 10,000 

Solids content (105W16 hours) - 

Moisture content (vacuum oven 9O”C/6 hours) 0.0% max. 

PH - 

Nitrogen 12.0% min. 

Ash content 12.0% max. 

Iron - 

Heavy metals - 

So/u tion 

- 

35% min. 

- 

4.0-6.5 (10% aqueous solution) 

8.0% min. 

5.0% max. 

3 ppm max. 

25 ppm max. 

at concentrations <5 percent in the following product categories: baby sham- 
poos, bath, eye makeup, hair, hair coloring, makeup, manicuring, personal 
cleanliness, shaving, skin care, and tanning preparations.‘2.13-‘6) 

Table 3 presents the FDA product formulation data for Hydrolyzed Colla- 
gen. (Is) The cosmetic product formulation computer printout that is made 
available by the Food and Drug Administration (FDA) is compiled through volun- 
tary filing of such data in accordance with Title 21 part 720.4 of the Code of Fed- 
eral Regulations. Ingredients are listed in prescribed concentration ranges under 
specific product type categories. Since certain cosmetic ingredients are supplied 
by the manufacturer at < 100 percent concentration, the value reported by the 
cosmetic formulator may not necessarily reflect the actual concentration found 
in the finished product; the actual concentration in such a case would be a frac- 
tion of that reported to the FDA. The fact that data are only submitted within the 
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 lo-fold error in the assumed ingredient concentration. 

In 1981, approximately 95 percent of the 923 formulations containing Hy- 
drolyzed Collagen incorporated the hydrolysate at concentrations of <5 per- 
cent: 23 percent of these at concentrations 10.1 percent, 50 percent at concen- 
trations >O.l to 1 percent, and 22 percent at concentrations > 1 to 5 percent. 
Hair preparations accounted for 66 percent of the total product listings of Hydro- 
lyzed Collagen, with the second highest listing (16 percent) found in skin care 
products. (15) 

The formulation data presented in Table 3 indicate that cosmetic products 
containing Hydrolyzed Collagen may contact all external body surfaces and hair, 
as well as the eyes. These products may be used daily or occasionally over a pe- 
riod of up to several years. The frequency and length of application could result 
in continuous exposure, 
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FINAL REPORT: SAFETY ASSESSMENT OF HYDROLYZED COLLAGEN 203 

Noncosmetic Use 

Hydrolyzed Collagen is used in soaps to impart a soft texture to skin.‘“) It is 
also used in a treatment for duodenal and gastric ulcers and gastritis.“” A protec- 
tive film-forming composition containing Hydrolyzed Collagen is also applied to 
cow teats. (l*) 

GENERAL BIOLOGY 

Su bstantivity 

The literature contains many studies documenting the substantivity of Hydro- 
lyzed Collagen to human hair and skin. Hydrolyzed Collagen generally is ad- 
sorbed on hair; the amount of protein adsorbed is measured by hydroxyproline 
analysis.‘*3,19) Kim et al. found that adsorbed Hydrolyzed Collagen increased the 
tensile strength and elongation of hair. Increasing concentrations of Hydrolyzed 
Collagen increased adsorption. (19,*0) Hydrolyzed Collagens of average molecular 
weight 1000 and 2000 have greater substantivity to hair and skin, respectively, 
than those of average molecular weight 10,000. (13,*1) Brooks’**’ stated that Hy- 
drolyzed Collagen substantivity is due to the distribution of terminal amino 
groups along (primarily at the lysine and arginine residues) and at the ends of the 
polypeptide. 

Cooperman and Johnsen (23) studied the penetration of Hydrolyzed Collagen 
into both unbleached and bleached hair strands. In the hair strands treated with 
the lower molecular weight Hydrolyzed Collagens, the cuticle contained the 
highest percentage of protein. However, the cortex, by virtue of its greater bulk, 
contained the greater amount of protein. Hair strands treated with the higher mo- 
lecular weight Hydrolyzed Collagens had equal quantities of protein in the cuti- 
cle and cortex. Protein penetration increased with increasing damage to hair. 

As a hygroscopic compound, Hydrolyzed Collagen helps bind water to the 
hair and skin surfaces. (11.13,24.25) Brooks(22) found that Hydrolyzed Collagen binds 
water better at higher relative humidities and at pH 5 rather than pH 7 or 9. Hy- 
drolyzed Collagen potentiates epidermal metabolism by providing a suitable, 
moist environment on the surface of the epidermis for healthy skin and hair.“” 

The amphoteric nature of Hydrolyzed Collagen makes it an acceptable buf- 
fering agent for alkali in permanent waving products. It is incorporated in waving 
formulations to avoid or minimize damage to hair. A protective application of 
Hydrolyzed Collagen is sometimes made prior to waving. Hydrolyzed Collagen 
is also used in hair dyes to insure uniformity in dyeing.“” 

General Effects 

Various enzymes will hydrolyze collagen: trypsin, (26) intracellular proteolytic 
enzymes of Oidiodendron kalari, (*‘) Streptomyces griseus protease, (28,29) collage- 
nases of genera Bacteroides, Clostridium, and Peptostreptococcus,‘30.3’) rat he- 
patic lysosomal extracts,‘32’ collagenases from rabbit synovial fibroblasts,‘33’ and 
cathepsin B and collagenolytic cathepsin from human placenta.(34) 
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In other studies, a proteinase from Pseudomonas aeruginosa catalyzed the 
hydrolysis of collagen,(35’ whereas anthocyanosides isolated from Vaccinium 
myrtillis decreased collagen hydrolysis. (36) Hydrolyzed Collagen induced the ac- 
tivity of an extracellular collagenase produced by a marine Vibrio,(37) and a sec- 
ondary vitamin K deficiency in rats increased the hydrolysis of collagen.(3s) The 
epimerization of trans-4-hydroxy-L-proline to cis-4-hydroxy-D-proline during 
acid hydrolysis of collagen has also been documented.‘3g’ 

Collagen hydrolysates have been studied for their stimulatory effect on the 
healing of open wounds. (40) The ears of 1 rabbit were incised: 1 was kept as a 
control and 1 was treated with Hydrolyzed Collagen. The same rate of healing 
was observed for the first few days; thereafter, the treated ear healed more 
rapidly.‘16’ 

Animal Toxicology 

Acute Toxicity 

Oral 

Hydrolyzed Collagen (100 percent) was analyzed for acute oral toxicity in 
rats in 2 tests. LDSOs were > 10 g/kg and > 15 g/kg, respectively. In each study, in- 
vestigators concluded that Hydrolyzed Collagen was nontoxic by ingestion’41,42’ 
(Table 4). 

Two shampoo formulations, each containing 2 percent Hydrolyzed Colla- 
gen, were tested for acute oral toxicity in mice and rats. LD50s were > 15 ml/kg in 
both mice and rats. The investigators concluded that each formulation was prac- 
tically nontoxic(43*44) (Table 4). 

A hair conditioner containing 0.5 percent Hydrolyzed Collagen had an oral 
LDso of >40.0 ml/kg in rats, estimated by interpolation from the probit response 
curve. The investigators’ observations included decreased activity, rales, diar- 
rhea, salivation, and an increase in body weight(46) (Table 4). 

Ocular Irritation 

Four lots of Hydrolyzed Collagen (100 percent) were evaluated for ocular ir- 
ritation by a modified Draize eye test. A 0.1 ml sample of Hydrolyzed Collagen 

TABLE 4. Acute Oral Toxicity of Hydrolyzed Collagen 

Compound Species LDso Results/Comments Reference 

Hydrolyzed Collagen, 100% 

Hydrolyzed Collagen, 100% 

Hydrolyzed Collagen, 2% in 

a shampoo 

Hydrolyzed Collagen, 2% in 

a shampoo 

Hydrolyzed Collagen 0.5% 

in a hair conditioner 

Rat 

Rat 

Mouse 

Rat 

Rat 

>lO g/kg 

> 15 g/kg 

> 15 g/kg 

>15 g/kg 

>4O.O ml/kg 

Nontoxic 41 

Nontoxic 42 

Practically nontoxic 43 

Practically nontoxic 44 

- 45 
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was instilled into the conjunctival sac of 1 eye of each of 6 albino rabbits. Eyes 
were scored by Draize classification (max, 110) at 1, 2, 3, 4, and 7 days or until 
negative. The 4 lots had average irritation scores of 5, 4, 3, 0; 6, 3, 1, 0; 5, 3, 3, 0; 
and 6, 3, 3,0 on Days 1, 2, 3, and 4, respectively. As judged by the Draize classifi- 
cation of eye irritation, Hydrolyzed Collagen was mildly irritatingf4” (Table 5). 

Hydrolyzed Collagen was evaluated as a 50 percent aqueous solution in a 
modified Draize eye irritation test. A 0.1 ml sample of the solution was instilled 
into the conjunctival sac of 1 eye of each of 6 albino rabbits; the other eye served 
as a control. The eyes were examined for 7 days or until negative. Average irrita- 
tion scores were 1 and 0 (max, 110) on Days 1 and 2, respectively. As judged by 
the Draize classification of eye irritation, the test solution was minimally irri- 
tating’48’ (Table 5). 

A shampoo formulation containing 2 percent Hydrolyzed Collagen was 
tested for ocular irritation in 9 albino rabbits. The shampoo was diluted to a con- 
centration of 20 percent (w/v) with distilled water, and a 0.1 ml sample was in- 
stilled into the conjunctival sac of the left eye. Each right eye served as a control. 

TABLE 5. Ocular Irritation of Hydrolyzed Collagen 

Compound 

Number of 

Rabbits/Test 

Groups Results/Comments Reference 

Hydrolyzed Collagen, 

100% (4 lots) 

6 Average irritation scores (max, 110) on 

Days 1, 2, 3, and 4, respectively were: 

Lot 1 -5, 4, 3, 0 

Lot 2-6, 3, 1, 0 

Lot 3-5, 3, 3, 0 

Lot 4-6, 3, 3, 0; 

47 

Hydrolyzed Collagen was concluded to 

be mildly irritating 

Hydrolyzed Collagen, 

50% aqueous solu- 

tion 

6 Average irritation scores (max, 110) were 

1 and 0 on Days 1 and 2, respectively; 

test solution concluded to be mini- 

mally irritating 

48 

Hydrolyzed Collagen, 

0.2% in a sham- 

poo, tested as a 

20% (w/v) aqueous 

dilution 

91 3 rinsed 

6 unrinsed 

No irritation observed in rinsed eyes; un- 

rinsed eyes had mean total scores 

(max, 130) of 3.33, 0.67, 0.0, and 0.0 

at 24, 48, and 72 hours and 7 days, re- 

spectively; concluded that shampoo 

was a nonirritant but could cause min- 

imal irritation under test conditions 

49 

Hydrolyzed Collagen, 

0.5% in a hair con- 

ditioner 

91 3 unrinsed 

3 rinsed 

3 received 

1:9 dilu- 

tion with 

water 

Conjunctival scores of 2 or less (max, 

110) seen in all unrinsed eyes, 1 

rinsed, and 1 dilution eye; effects 

cleared by 72, 72, and 48 hours, re- 

spectively; concluded that hair condi- 

tioner was a mild, transient irritant 

under all test conditions 

50 
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The eyes of 3 rabbits were rinsed with water 2 seconds after application; the 
other 6 were not rinsed. Eyes were scored at 24,48, and 72 hours and 7 days. The 
unrinsed treated eyes had conjunctival irritation at 24 hours consisting of slight 
erythema (6 rabbits), very slight edema (3 rabbits), and slight discharge (1 rabbit). 
Irritation decreased progressively, and all unrinsed eyes were normal at 72 hours. 
No irritation was observed in the rinsed eyes throughout the 7-day period. Mean 
total scores for the unrinsed eyes were 3.33, 0.67, 0.0, and 0.0 (max, 130) at 24, 
48, and 72 hours and 7 days, respectively. The shampoo was found to be a nonir- 
ritant. However, under test conditions, it could cause minimal eye irritation’49’ 
(Table 5). 

A hair conditioner containing 0.5 percent Hydrolyzed Collagen was tested 
for ocular irritation in 9 albino rabbits. A 0.1 ml sample was applied to the right 
eye of each rabbit. The rabbits were divided into groups of 3: Group I received 
the product full-strength, Group II received a full-strength application followed 
by rinsing 4 seconds later, and Group III received a 1:9 dilution of the condi- 
tioner with water. Ocular reactions were recorded 24, 48, and 72 hours and 7 
days after instillation of the test material. Conjunctival effects (score of 2 or less, 
max, 110) were seen in all 3 rabbits of Group I and in 1 rabbit of Groups II and III. 
These effects had disappeared by 72 hours in Groups I and II and by 48 hours in 
Group III. The investigators concluded that the hair conditioner was a mild, tran- 
sient irritant when applied full-strength with or without rinsing, or diluted 1:9 
with water(“) (Table 5). 

DermalPrimary Skin irritation 

Hydrolyzed Collagen (100 percent) was tested for primary skin irritation us- 
ing 6 rabbits. The backs of the rabbits were clipped and divided into 2 sections, 
of which 1 was abraded. Hydrolyzed Collagen was applied to both sections 
under gauze pads for 24 hours. Sites were scored upon patch removal and 48 
hours later. No reactions were noted. The investigators concluded that Hydro- 
lyzed Collagen was nonirritatingt41) (Table 6). 

Hydrolyzed Collagen was applied full-strength to the shaved backs of 9 rab- 
bits in a modified Draize primary skin irritation test. A 0.1 ml sample was applied 
to each rabbit by occlusive filter disc for 24 hours. Four lots of Hydrolyzed Colla- 
gen were evaluated. Sites were graded upon disc removal and 48 hours later. 
Average irritation socres (max, 4) for the 4 lots were 0.25, 0.20, 0.16, and 0.26. 
The investigators concluded the Hydrolyzed Collagen was minimally irritatingt5” 
(Table 6). 

Hydrolyzed Collagen was evaluated as a 50 percent aqueous solution for pri- 
mary skin irritation using 9 albino rabbits. Samples of 0.1 ml were applied by oc- 
clusive filter disc to the shaved skin of the rabbits for 24 hours. Applications were 
made for 3 consecutive days. Sites were scored for irritation 24 hours after each 
application. The maximum average irritation response was 1.33 (max, 4); the test 
solution was considered mildly irritating(521 (Table 6). 

Various concentrated solutions of a soap containing 26 to 28 percent Hydro- 
lyzed Collagen were brushed onto the skin of guinea pigs (number unspecified). 
Skin changes were monitored clinically and microscopically. Body weights were 
recorded and necropsies performed on a number of the animals. No internal in- 
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juries were noted. The soap was considered significantly less irritating than a 
lauryl sulfate solution of the equivalent concentration(53’ (Table 6). 

A shampoo formulation containing 2 percent Hydrolyzed Collagen was eval- 
uated for skin irritation and acute dermal toxicity. Three groups of 4 rabbits each 
received doses of 1.5, 3, and 6 ml/kg of the test shampoo, and a fourth group re- 
ceived 6 ml/kg of a regular shampoo as a comparative control. Backs of all rabbits 
were clipped; 2 in each group also were abraded. The shampoos were applied 
full-strength under an occlusive wrap for 24 hours. Sites were evaluated accord- 
ing to Draize at 24, 48, and 72 hours and 7 and 14 days. At 24 and 48 hours, 
moderate erythema (score of 2 on 0 to 4 scale) was seen in all control rabbits and 
1 high-dose nonabraded rabbit. Slight erythema (score of 1) was noted in all 
others, and no edema was noted. The skin appeared darkened at 48 hours in 1 
control rabbit and in the high-dose rabbit with moderate erythema. At 72 hours, 
no erythema or edema was noted. However, the same 2 rabbits still had dark- 
ened skin, whereas peeling and scaling of the skin was observed in the others. At 
7 and 14 days, treated skin sites appeared normal except for areas of pustular der- 
matitis due to a secondary infection; 1 high-dose rabbit had darkened, thickened 
skin (Day 7), and 1 had dry, cracked, and peeling skin (Day 14). The investigators 
reported that application of the shampoo caused erythema and burning of the 
skin of the rabbit. Its application, under exaggerated conditions, was responsible 
for the degeneration and necrosis of the skin of some rabbits and was followed by 
secondary bacterial infection in others as manifested by a pustular dermatitis. 
There were no significant differences in hematological and urinalysis values. A 
dose-related decrease in feed consumption and body weight gain was observed. 
However, there were no other signs of systemic toxicity. Necropsy of the 3 rab- 
bits that died during the study (2 control, 1 high dose) indicated that acute pneu- 
monia was the prime contributing factor(54’ (Table 6). 

Two other shampoo formulations, each containing 2 percent Hydrolyzed 
Collagen, were evaluated for skin irritation using identical tests. The first sham- 
poo was administered full-strength, whereas the second was diluted to 20 per- 
cent (w/v) in distilled water. SampJes of 0.5 ml of the shampoo or dilution were 
administered to the intact and abraded skin of 6 rabbits and occluded for 24 
hours. Sites were scored according to Draize at 24, 48 (shampoo only), and 72 
hours. Moderate to severe irritation was observed in the rabbits treated with the 
full-strength shampoo; very slight to mild irritation was seen in the rabbits receiv- 
ing the dilution treatments (Table 6). The shampoo and dilution had primary irri- 
tation scores (PIS) of 4.67 and 1.46, respectively, where a score of 5 (max, 8) is 
considered to be a primary skin irritant. The investigators concluded that the 
shampoo was a dermal irritant to the intact and abraded skin of rabbits, whereas 
the dilution was classified as a nonirritant. However, it was noted that mild irrita- 
tion can occur under these test conditions.(55.56) 

A hair conditioner containing 0.5 percent Hydrolyzed Collagen was evalu- 
ated for dermal irritation in a combined irritation and phototoxicity test. Occlu- 
sive patches containing 0.20 ml of the conditioner were applied to the backs of 6 
clipped rabbits for 48 hours. Sites were scored for erythema and edema at 49, 72, 
and 96 hours; all rabbits had a score of 0 (max, 8). It was concluded that the hair 
conditioner was not a primary dermal irritantc5’) (Table 6). 
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212 

Subchronic Toxicity 

Dermal 

CbSMETlC INGREDIENT REVIEW 

A hair preparation containing 2 percent Hydrolyzed Collagen was tested for 
subchronic dermal toxicity. Three groups of 2 male and 2 female rabbits received 
100, 1000, or 3200 mg/kg of the test shampoo. Control groups received 2000 
mg/kg of a marketed antidandruff shampoo, 3220 mg/kg of the test shampoo 
without the active drug ingredient, and 1 ml water/kg. All test and control appli- 
cations were made daily for 30 days, were left on the skin for 15 minutes, and 
were then removed with water. The skin of 1 male and 1 female in each group 
was abraded weekly. The only treatment-related finding was local skin irritation. 
No deaths, abnormal behavior, gross or microscopic lesions were associated 
with treatment.(58) 

Another shampoo containing 2 percent Hydrolyzed Collagen was tested for 
dermal toxicity using Yorkshire pigs (white). Three groups of 2 male and 2 female 
pigs (1 of each sex abraded twice weekly) received applications of 0.5, 1 .O, and 
2.0 ml/kg. Control groups received 2.0 ml/kg saline and 2.0 ml/kg of another mar- 
keted shampoo. Applications were made to the clipped back of each pig twice 
daily for 4 weeks. Treated sites were rinsed with warm water 1 hour after each 
application. All pigs were given a general physical examination before and at 4 
weeks observation. Body weights were recorded weekly, and blood samples 
were obtained for routine hematological and serum chemistry evaluations. All 
animals were necropsied. The abraded skin of 1 high-dose female was slightly ir- 
ritated; the skin of all others appeared unremarkable. No dose-related effects 
were determined by physical examination, hematological and serum chemistry 
evaluations, necropsy examination, and histopathological evaluation. A statis- 
tically significant dose-regression relationship for male gonad weights was not 
considered indicative of systemic toxicity due to the immaturity and variation in 
size of the testes of these young pigs. Minimal focal inflammatory cellular infiltra- 
tion was noted in the treated dermis of 1 middle-dose and 1 high-dose pig. How- 
ever, this same condition was observed in the untreated skin of 1 saline control 
and 1 high-dose pig.‘5g) 

Sensitization 

Hydrolyzed Collagen was tested for sensitization using 2 male white guinea 
pigs. A 0.1 percent solution of Hydrolyzed Collagen in physiological saline was 
injected intracutaneously into the clipped back or flank of each guinea pig every 
other day or 3 times weekly for a total of 10 injections. The first injection con- 
sisted of 0.05 ml of the test solution; each succeeding injection consisted of 0.1 
ml. Sites were scored for diameter, height, and color 24 hours after each injec- 
tion. After a 2-week rest period, a challenge injection of 0.05 ml was adminis- 
tered into a different site. Induction injections gave average diameter scores of 
7.6 and 8.9 mm, average heights of 0.3 and 0.2 mm, and an average color of pink 
for the 2 guinea pigs. On challenge, 1 animal had no reaction, whereas the sec- 
ond had a reaction of diameter 5 mm, no height, and a pink color. Both animals 
had a sensitization score of 0 (9 or above is severely sensitizing), classifying Hy- 
drolyzed Collagen as a nonsensitizer.(41) 

A shampoo formulation containing 2 percent Hydrolyzed Collagen was 
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tested for sensitization using a modification of the Buehler and Griffithf60) 
method. A total of 3 inductive applications, 1 per week, were made to the 
clipped back of 10 guinea pigs. The first inductive application consisted of 0.5 ml 
of a 1, 5, and 10 percent dilution (distilled water v/v) occlusively patched on 3 
separate sites on the right side of the animal for 24 hours. The second and third 
inductions consisted of 0.5 ml of a 10 percent aqueous dilution occlusively 
patched on the left side of the animal for 6 hours. A 24hour challenge patch was 
applied 2 weeks later to an untreated site on the animal’s right side. Sites were 
scored for erythema 24 hours after each application. Dinitrochlorobenzene 
(DNCB) was tested as a positive control. The first and third inductive patches pro- 
duced no erythema, and the second produced very slight erythema in 2 guinea 
pigs. No erythema was observed at challenge. The investigators concluded that 
the shampoo formulation did not cause sensitization.(45) 

Phototoxicity 

A shampoo formulation containing 2 percent Hydrolyzed Collagen was 
tested for phototoxicity using 2 guinea pigs. The shampoo was tested as a 20 per- 
cent (w/v) mixture in distilled water, and 8-methoxypsoralen was tested undi- 
luted as a positive control. The back of each animal was clipped and divided into 
4 site:; 2 received 0.1 ml of the shampoo and 2 received 0.05 ml of 8-methoxy- 
psoralen. Fifteen to twenty minutes later, the right side of each animal was 
shielded with cardboard while the animals were irradiated for 1 hour with UVA 
light (320 to 400 nm) using a No. F40 BL 40W Westinghouse Blacklight. Sites 
were graded for erythema (max, 4) 24 hours after exposure. All exposed and un- 
exposed sites treated with the shampoo dilution had scores of 0. 8-Methoxypso- 
ralen gave a mean score of 3.5 for the irradiated sites and a score of 0 for the non- 
irradiated sites. The investigators concluded that the shampoo formulation was 
not phototoxic in guinea pigs.‘“” 

A hair conditioner containing 0.5 percent Hydrolyzed Collagen was also 
analyzed for phototoxicity using 6 rabbits. One rabbit received 8-methoxypsora- 
len as a positive control. A 0.20 ml sample of the conditioner was applied to a 
gauze patch, evaporated for 5 minutes, and then placed on the clipped back of 
the rabbit and occluded. Two patches were applied to each animal. Two hours 
later, 1 patch was removed and the other protected with aluminum foil while the 
animals were irradiated for 15 minutes with Sylvania lights No. F-40-BLB. The 
patches were then replaced until 48 hours posttreatment, at which time all 
patches were removed. Sites were scored for erythema and edema (max, 8) 1 
hour later and at 72 and 96 hours. Each rabbit had an individual score of 0 for 
both irradiated and nonirradiated sites. The hair conditioner was neither a pri- 
mary dermal irritant nor a phototoxic irritant to rabbit skin.ts7) 

CLINICAL ASSESSMENT OF SAFETY 

Irritation and Sensitization 

Hydrolyzed Collagen (100 percent) was tested for skin irritation on 20 hu- 
mans. A single patch containing 0.1 ml of Hydrolyzed Collagen was applied to 
the volar forearm or the inner aspect of the arm of each subject. A standard con- 
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214 COSMETIC INGREDIENT REVIEW 

trol was also tested. Reactions were recorded 2 and 24 hours after patch removal. 
The irritation score for Hydrolyzed Collagen and the controls in all 20 subjects 
was 0 (max, 4). No significant difference in irritancy potential existed between 
Hydrolyzed Collagen and the control’62’ (Table 7). 

Patch tests were performed on 33 subjects (18 men and 15 women) using Hy- 
drolyzed Collagen at concentrations of 2 and 20 percent. Occlusive patches con- 
taining Hydrolyzed Collagen at each concentration were applied to the breast or 
arm for 24 hours. Sites were scored at 24, 48, and 72 hours; no reactions were 
observed’“3’ (Table 7). 

A 21 -day cumulative irritation test was conducted on a hair conditioner con- 
taining 0.5 percent Hydrolyzed Collagen. Semiocclusive patches with 0.5 ml of 
the conditioner were applied to the upper part of the back of 20 subjects for 24 
hours. Patches were then removed, evaluated 30 minutes later, and a new patch 
was applied. These procedures were repeated for 15 applications, allowing for 
21-day continuous exposure. Mineral oil was used as the standard control. Of the 
17 subjects who completed the study, only 1 had any reaction, giving a cumula- 
tive irritation score of 0.5 (max, 84). The mean cumulative irritation score of 0.03 
was exactly comparable to that of mineral oil (0.03). The investigators concluded 
that the product as used by label directions would not present any medical 
hazard to the consumer’64) (Table 7). 

Various compositions of a soap containing 26 to 28 percent Hydrolyzed Col- 
lagen were applied daily to the skin as a 5 percent solution for 10 to 48 days. A 
large number of healthy subjects and people with dermatitis were used. A low 
degree of irritation was seen even at high concentrations of the least irritating 
composition. No sensitization was observed. The treated skin area was examined 
microscopically; those with acute dermatitis had moderate irritation’53’ (Table 7). 

Five cosmetic formulations were evaluated for irritation and sensitization in 
repeated insult patch tests (RIPT). Three of these, a morning cream, a suntan lo- 
tion, and a night cream, containing 3.0, 2.2, and 3.0 percent Hydrolyzed Colla- 
gen, respectively, were tested in the same manner. A series of 10 48-hour occlu- 
sive patches containing the undiluted formulation was applied to the back of 
each subject. Sites were graded after each removal and 24 hours after removal of 
the tenth patch (morning cream and suntan lotion only). After apprcximately an 
1 l-day rest period, challenge patches were applied, occluded for 48 hours, and 
scored upon removal and 24 hours later. Scattered irritant responses after the 
third application were seen in the 103 subjects who completed the induction 
phase for the morning cream and suntan lotion. The maximum number of re- 
sponses seen at any 1 reading for the suntan lotion was 11 with erythema and 8 
with very mild erythema. Maximum response to the morning cream was 5 with 
erythema and 10 with very mild erythema. Of the 96 subjects who completed the 
challenge phase, 1 had erythema and 1 had very mild erythema to the suntan lo- 
tion at 24 hours. However, the panelist with erythema had a negati-e reaction on 
rechallenge. No reactions were observed on challenge with the morning cream. 
Two of the 113 panelists completing the induction phase testing of the night 
cream had irritant responses: 1 had very mild erythema and 1 had erythema. One 
of the 103 subjects completing the challenge phase had erythema. The investiga- 
tors concluded that the morning cream, suntan lotion, and night cream were 
mildly irritating, definitely irritating, and nonirritating, respectively, whereas 
none of the formulations gave significant evidence of sensitization(65,66) (Table 7). 
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The fourth formulation tested by RIPT was a mascara containing 0.5 percent 
Hydrolyzed Collagen. Occlusive patches containing the undiluted mascara were 
applied to the upper backs of 205 subjects on Monday, Wednesday, and Friday 
for 3 consecutive weeks. Patches were removed and sites graded just prior to the 
next scheduled patch application. Following a 2-week rest, 2 consecutive 
48-hour challenge patches were applied to adjacent sites on the back. Sites were 
graded at 48 and 96 hours. One subject had faint erythema during the induction 
phase; no reactions were observed at challenge. The mascara was found to be 
neither an irritant nor a sensitizer(67) (Table 7). 

The fifth formulation evaluated by RIPT was a hair conditioner containing0.5 
percent Hydrolyzed Collagen. A 0.1 percent dilution of the conditioner was ap- 
plied using semioccluded patches to the upper backs of the subjects for 48 hours. 
Patches were then removed, sites evaluated, and new patches applied for a total 
of 10 applications. Following a 2-week rest period, challenge patches were ap- 
plied to the subjects’ thighs. Mean cumulative irritation scores (max, 50) were as 
follows: 167 subjects had a score of 0, 22 subjects had a score of 1, 12 subjects 
had a score of 2, 3 subjects had scores of 3,4, and 6 (each), and 3 subjects had a 
score of 5. Of the 201 subjects completing the challenge phase of the study, 1 
had erythema. However, this panelist also reacted to 10 of the other 13 sub- 
stances being tested. A rechallenge on the other thigh produced no reaction(68) 
(Table 7). 

A mascara formulation containing 0.5 percent Hydrolyzed Collagen was 
evaluated by a 4-week controlled use test. Twenty-seven women used the prod- 
uct daily as per normal instructions. No reactions were observed(69) (Table 7). 

A prospective study of cosmetic-induced dermatitis by 11 dermatologists of 
the North American Contact Dermatitis Group (NACDG) identified 1 case of der- 
matitis associated with use of Hydrolyzed Collagen from among a total of 487 
cases. (‘O) 

Phototoxicity/Photosnsitization 

A mascara formulation containing 0.5 percent Hydrolyzed Collagen was 
tested for phototoxicitylphotosensitization on a panel of 23 humans. Occlusive 
patches containing 0.1 g/cm* of the mascara were applied to the backs of the sub- 
jects for 24 hours. Patches were then removed, evaluated, and irradiated with 3 
times the individual’s MED using a xenon arc solar simulator (150 W) filtered to 
produce a continuous UVA-UVB emission spectrum (290 to 400 nm). Sites were 
evaluated 48 hours later, and the procedures of application, patching, and irradi- 
ation were repeated for a total of 7 applications. No reactions were observed. 
The investigators concluded that the mascara was neither phototoxic nor a pho- 
tosensitizer. (‘l) 

Domsch et al.(“) have found that UV-induced erythema was decreased by 
rubbing Hydrolyzed Collagen (mean molecular weight of 1500) into the skin. A 
10 percent solution of Hydrolyzed Collagen applied immediately and 24 hours 
after irradiation decreased erythema by 20 percent at 24 hours and 25 percent at 
48 hours. 
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SUMMARY 

COSMETIC INGREDIENT REVIEW 

Hydrolyzed Collagen is a collagen hydrolysate derived by acid, enzyme, or 
other method of hydrolysis. It is a white to off-white hygroscopic powder of mo- 
lecular weight 1000 to 10,000 and is also available as a viscous, amber aqueous 
solution. 

Hydrolyzed Collagen can be prepared by any 1 of 3 methods: alkaline hy- 
drolysis of bovine skin products followed by enzymatic hydrolysis to the desired 
molecular weight, enzymatic hydrolysis of fresh animal byproducts or bovine-de- 
rived leather, or acid or alkaline hydrolysis of chrome leather fold splinters with 
inorganic acids or lyes to a defined molecular weight. The hydrolysis of collagen 
yields a high content of glycine and proline compared to other proteins, as well 
as 2 unique amino acids, hydroxyproline and hydroxylysine. Hydrolyzed Colla- 
gen is usually analyzed by column chromatography. 

Hydrolyzed Collagen is used in cosmetics, primarily hair and skin care prod- 
ucts, because of its conditioning and moisturizing properties. It is usually incor- 
porated at concentrations ~5 percent and was in 923 formulations reported in 
1981. Cosmetic products containing Hydrolyzed Collagen may contact all exter- 
nal body surfaces and hair, as well as the eyes. Frequency and length of applica- 
tion could result in continuous exposure. 

Many studies have documented the substantivity of Hydrolyzed Collagen to 
human hair and skin. Hydrolyzed Collagen generally is adsorbed on hair, al- 
though it has been shown to penetrate the cuticle and cortex. Increasing concen- 
trations of Hydrolyzed Collagen increased adsorption, as did increasing damage 
to hair. Hydrolyzed Collagen also binds water to the hair and skin surfaces and is 
used as a buffering agent for alkali in permanent waving preparations. 

Acute toxicity studies found Hydrolyzed Collagen and formulations contain- 
ing Hydrolyzed Collagen practically nontoxic when administered orally to mice 
and rats. Dermal studies gave no indication of systemic toxicity when formula- 
tions containing Hydrolyzed Collagen were applied to rabbits and guinea pigs. 
However, a shampoo formulation (2 percent Hydrolyzed Collagen) administered 
to rabbits under exaggerated conditions did cause erythema and burning, lead- 
ing to degeneration and necrosis of the skin. 

Hydrolyzed Collagen was minimally irritating to rabbit eyes when tested full- 
strength and in formulation. Primary skin irritation tests in rabbits indicated that 
Hydrolyzed Collagen was nonirritating or minimally irritating when tested full- 
strength, whereas a 50 percent aqueous solution of Hydrolyzed Collagen was 
mildly irritating. Shampoo formulations containing Hydrolyzed Collagen (2 per- 
cent) were generally nonirritating when tested as dilutions. However, these were 
irritating under the exaggerated conditions of a full-strength application. A soap 
(26 to 28 percent Hydrolyzed Collagen) and hair conditioner (0.5 percent Hydro- 
lyzed Collagen) produced no dermal irritation in guinea pigs and rabbits, respec- 
tively. 

Subchronic dermal studies on 2 cosmetic formulations containing 2 percent 
Hydrolyzed Collagen were negative for systemic toxicity in rabbits and Yorkshire 
pigs. 

Hydrolyzed Collagen was nonsensitizing in guinea pigs. Cosmetic formula- 
tions containing Hydrolyzed Collagen (2, 2, and 0.5 percent) were also nonsensi- 
tizing and nonphototoxic in guinea pigs and rabbits. 
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In clinical studies, Hydrolyzed Collagen produced no skin irritation. Formu- 
lations containing Hydrolyzed Collagen at concentrations ranging from 0.5 to 28 
percent produced some irritation. However, no significant evidence of sensitiza- 
tion was observed in any study. No phototoxicity or photosensitization was evi- 
dent in a study of a mascara containing 0.5 percent Hydrolyzed Collagen. It has 
been reported that UV-induced erythema was decreased by rubbing Hydrolyzed 
Collagen into the skin after irradiation. 

CONCLUSION 

On the basis of the available animal and clinical data presented in this report, 
the Panel concludes that Hydrolyzed Collagen is safe as a cosmetic ingredient in 
the present practices of use and concentration. 
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Final Report on the Safety 
Assessment of Isostearic Acid 

lsostearic Acid is a mixture of fatty esters consisting mainly of methyl branched 
isomers of octadecanoic acid and is used at concentrations up to 10% in a wide 
variety of cosmetic products. In rats, the acute oral LD50 is estimated to be 
greater than 32 ml/kg. The raw ingredient produced no significant skin or eye 
irritation in Draize rabbit irritation tests. 

In clinical studies, 100 subjects showed no signs of irritation after a 24 h 
single insult skin patch with undiluted lsostearic Acid. Thirty-four percent 
lsostearic Acid was neither an irritant nor a sensitizer in 168 subjects, and gave 
no indication of phototoxicity in a subset of this population. 

It is concluded that lsostearic Acid is safe as a cosmetic ingredient in the 
present practices of use. Consideration for the compound’s potential for pro- 
duction of human comedogenicity is noted. 

CHEMISTRY 

Composition 

I 
sostearic Acid is the Cosmetic, Toiletry and Fragrance Association (CTFA) 
adopted name for a complex blend of branched-chain saturated isomers of 

octadecanoic acid. The chemical literature sometimes uses the term lsostearic 
Acid to refer specifically to the isomer 16-methylheptadecanoic acid (CAS 
Number 2724-58-5). However, the ingredient which is used in cosmetics is a mix- 
ture of the 18 carbon isomers generally branching with the methyl group.“.*’ Ac- 
cording to CTFA Specifications, lsostearic Acid consists of approximately 80% 
branched chain Cl6 and CIs acids and 20% straight-chain C14, Cla, and CIs 
acids.c3) Approximate values for the distribution of the different types of fatty 
acids present in lsostearic Acid are listed in Table 1. 

lsostearic Acid is prepared by dimerizing the fatty acids of Tall Oil, Soybean 
Oil, or Tallow in the presence of a catalyst. The reaction mixture is then 
separated into monomer and dimer fractions by distillation. The monomer frac- 
tion which is rearranged during the reaction is further refined by hydrogenation, 
solvent separation, and an additional distillation.‘4.5’ 

Methods for the laboratory synthesis of 16-methylheptadecanoic acid have 
also been described.(6-‘0’ 
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TABLE 1. Fatty Acid Components of lsostearic Acid. 

Component Level I%) 

Methyl-branched isomers of octadecanoic acid approx. 80 

Cl4 linear saturated fatty acid (Myristic) l-10 

Cl8 linear saturated fatty acid (Stearic) l-10 

Cl6 linear saturated fatty acid (Palmitic) 4-8 

Cl 8 Oleic acid o-2 

Data from Ref. 4. 

Physical Properties 

lsostearic Acid is a clear, oily liquid with little odor. It is insoluble in water 
but easily soluble in such organic solvents as ethanol, acetone, ethyl ether, car- 
bon tetrachloride, and others. Its alkaline salts are readily soluble in water.(*) 

The different isomers are mutually soluble and show virtually identical prop- 
erties. Since it is a mixture, the melting point of lsostearic Acid is much lower 
than one would expect for a saturated fatty acid of similar molecular weight.(*) 
Whereas the melting point of 16-methylheptadecanoic acid has been reported 
as 69 5O-69 7”C,(‘) lsostearic Acid is a liquid at room temperature. 

Table 2 ‘presents CTFA specifications for lsostearic Acid(‘) as well as mea- 
sured values for the chemical and physical properties of lsostearic Acid obtained 
from three different commercial sources.(*) 

Studies on the molecular and crystalline structures of 16-methylheptadecanoic 
acid have been conducted, (llt’*) and infrared data are available.“3) The surface 
chemistry of lsostearic Acid as a cosmetic ingredient has also been studied.“4’ 

Reactivity 

lsostearic Acid should participate in chemical reactions common to long 
chain, saturated fatty acids. 

TABLE 2. Chemical and Physical Properties of lsostearic Acid. 

Mol. wt. Solid pt. Viscosity Sp. gr. Iodine value Acid value Sapon. value 

284 10 “C max. 50 0.89 3.0 max.a 191 .o-201 .oa 197.0-204.0a 

cps 2s “C 25 oc 

0.906 3.0 191 .o-201 .o 197.0-204.0 

25 “C 

8b 180-200 185-205 

8 177 189 

aCTFA Specification. 

bResulting from chain branching, not from double bonds. 

Data from Refs. 2,3. 
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Analytical Methods 

Gas chromatography,(‘5.16) mass spectrometry,“‘) infrared spectrometry,“3) 
and x-ray crystallography (11) have been used in the study of lsostearic Acid or its 
component isomers. 

Impurities 

lsostearic Acid typically contains unsaponifiable matter and moisture at 
levels of 3.0% and 1.0’S, respectively. (4) Analysis of one sample of lsostearic Acid 
revealed unsaponifiables at 4% and moisture at 0.01 oh.(2) 

USE 

Purpose in Cosmetics 

lsostearic Acid is an emollient”B’ which shows some of the same chemical 
properties as stearic acid and has physical properties similar to those of oleic 
acid. It is used as a replacement for stearic acid when “smoother and more easily 
spreading” products are desired without the use of oleic acid. Emulsions using 
lsostearic Acid have desirable organoleptic properties and resist degradation of 
color and odor. This ingredient is also employed in synthesizing a wide variety of 
esters that are used in cosmetic formulations.(2) 

Scope and Extent of Use in Cosmetics 

Table 3 lists product types and the number of product formulations contain- 
ing lsostearic Acid as reported by the Food and Drug Administration (FDA) in 
1981. It is contained in a wide variety of cosmetic products at concentrations 
generally less than 5%; one fragrance preparation and one suntan product were 
reported to contain lsostearic Acid in the 5%-10% range.(19) Unpublished safety 
data (reviewed elsewhere in this report) on a skin cleansing product containing 
35% lsostearic Acid suggest possible use at higher concentrations.(20*211 

The cosmetic product formulation computer printout which is made 
available by the FDA is compiled through voluntary filing of such data in accor- 
dance with Title 21 part 720.4 of the Code of Federal Regulations. Ingredients are 
listed in prescribed concentration ranges under specific product type categories. 
Certain cosmetic ingredients are supplied by the manufacturer at less than 100% 
concentration. The value reported by the cosmetic formulator in such a case may 
not necessarily reflect the actual concentration found in the finished product; the 
actual concentration would be a fraction of that reported to the FDA. The fact 
that data are submitted only within the framework of preset concentration ranges 
also provides the opportunity for a two- to lo-fold overestimation of the actual 
concentration of an ingredient in a particular product. 

Potential Interactions with Other Ingredients 

Chemical interactions of lsostearic Acid with the other ingredients in 
cosmetic formulations have not been reported. 
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TABLE 3. Product Formulation Data on lsostearic Acid. 

No. of product formulations within each 
Total no. of Total no. concentration range C%) 
formulations containing 

Product category in category ingredient >5-10 >l-5 >O.l-1 50.1 

lsostearic Acid 

Eye1 i ner 

Eye shadow 

Mascara 
Blushers (all types) 

Face powders 

Makeup foundations 

Lipstick 

Makeup bases 

Rouges 

Bath soaps and detergents 

Other personal cleanliness 

products 

Shaving cream (aerosol 

brushless, and lather) 

Other shaving preparation 

products 

Skin cleansing preparations 

(cold creams, lotions liquids 

and pads) 

Face, body, and hand skin 

care preparations (excluding 

shaving preparations) 

Moisturizing skin care 

preparations 

Night skin care preparations 

Skin lighteners 

Suntan gels, creams, and 

liquids 

Other suntan preparations 

396 2 - 1 

2582 17 - 2 

397 9 - 9 
819 20 - 10 

555 13 - 1 

740 12 - 11 

3319 8 1 - 

831 17 - 11 

211 1 1 

148 3 - 3 

1 

14 
- 

9 
2 

1 

6 

6 
- 

- 
1 

- 

1 

10 

227 2 2 - 

2 - 2 114 - 

29 1 1 

680 5 - 3 2 - 

832 6 - 3 3 

747 19 - 8 11 
219 2 - 1 1 

44 1 - 1 - 

164 

28 

1 - 
- 1 

- 
- 

1981 TOTALS 

Data from Ref. 19. 

142 2 68 59 12 

Surfaces to which Commonly Applied 

Products containing lsostearic Acid are applied to all areas of the skin, hair, 
nails, and mucous membranes (Table 3). They may be applied as many as several 
times a day and remain in contact with the skin for various periods of time follow- 
ing each application. Daily or occasional use may extend over many years. 

BIOLOGICAL PROPERTIES 

Although branched chain fatty acids are not usually found in animal 
tissues,(22) the 16-methylheptadecanoic acid component of lsostearic Acid has 
been isolated from a number of animal sources. Hydrogenated mutton fat,(23) 

Alkyl Esters Supplement Book 2

 
Supplement Panel Book 2 Page 251



ASSESSMENT: ISOSTEARIC ACID 65 

wool,(‘) and milk fat (15.16*24) have been found to contain trace amounts of 
16-methylheptadecanoic acid. Likewise, it appeared in relatively small amounts 
in the mitochondrial and microsomal fractions of rat pituitary homogenate.(22) It 
was also detected in bovine muscle, where its relative concentration was 
significantly correlated with subjective evaluations of tenderness and flavor.(“) 

lsostearate and other branched chain fatty acids supported the growth of a 
sterol requiring Mycoplasma (strain Y) which was unable to synthesize or alter 
the chain length of either saturated or unsaturated fatty acids.(26) 

The incorporation of free fatty acids into myxoviruses was shown through the 
use of branched chain fatty acids as molecular markers. Gas-liquid 
chromatography revealed the presence of incorporated 16-methylheptadecanoic 
acid.(27) 

Metabolism 

Acyl coenzyme A synthetase of rat liver homogenate was found to activate 
lsostearic Acid.(2*’ Iso-fatty acids are metabolized in a way similar to that of 
straight-chain fatty acids by the mitochondrial and microsomal fractions of rat 
liver homogenate. In contrast, however, with the straight-chain fatty acids which 
are successively oxidized at the /3 carbon to yield two carbon fractions, the iso- 
fatty acids are also oxidized to a large extent at the w carbon to ultimately form 
three carbon dicarboxylic acids. The enzymes catalyzing the o-hydroxylation are 
present in the mitochondrial and microsomal fractions of liver homogenate, 
whereas the enzymes catalyzing the further oxidation into carboxylic acids have 
been demonstrated in the soluble fraction.(“) 

Animal Toxicology 

Acute Studies 

Oral toxicity 

The acute oral toxicity of lsostearic Acid was evaluated in three studies on 
the undiluted ingredient’29-31’ and two studies on product formulations contain- 
ing the ingredient. (32*33) In each study, young adult albino rats were fasted over- 
night and administered a single dose of the undiluted ingredient or product for- 
mulation by gastric intubation. They were then allowed free access to food and 
water for two weeks. The results and other details of these studies are summarized 
in Table 4. From these data, the acute oral LD50 of lsostearic Acid in rats is be- 
tween 32 and 64 ml/kg. 

Primary skin irritation and phototoxicity 

The potentials for primary skin irritation caused by undiluted lsostearic Acid,(34) 
15% lsostearic Acid in corn oil(30) and three product formulations containing 
lsostearic Acid’20~32~35’ were evaluated using the Draize rabbit skin patch test 
technique. In each study, 0.5 ml samples were applied and occluded for 24 h, 
after which time the patch sites were graded for erythema and edema on the 
Draize scale. The results and other details of these studies are summarized in 
Table 5. The undiluted ingredient produced minimal irritation of the rabbit skin, 
whereas no irritation was noted when it was diluted to 15% in corn oil. Product 

Alkyl Esters Supplement Book 2

 
Supplement Panel Book 2 Page 252



TA
B

LE
 

4.
 

A
c

u
te

 
O

ra
l 

To
xi

c
ity

 
Te

st
s 

o
n

 
ls

o
st

e
a

ric
 

A
c

id
. 

C
o

n
c

e
n

tr
a

tio
n

 

I%
) 

lo
o

 

10
0 

10
0 

D
o

se
 

2.
0-

64
.0

 
m

l/
kg

 

5
 g
/
k
g
 

1
5
.
9
 g/

kg
 

D
o

se
 
o
f
 ls

o
st

e
a

ric
 

A
c

id
 

(a
d

ju
st

e
d

 

fo
r 

d
ilu

tio
n

) 

2.
0-

64
.0

 
m

l/
kg

 

5
 g
/
k
g
 

1
5
.
9
 g/

kg
 

A
n

im
a

ls
 

5 
ra

ts
 

a
t 

e
a

c
h

 o
f 

6
 d

o
se

 

le
ve

ls
 

10
 

5 
ra

ts
 

R
e

su
lts

 

n
o

 d
e

a
th

s 

a
t 

d
o

se
s 

u
p

 t
o

 

32
 

m
l/

kg
; 

3 
d

ie
d

 
a

t 

64
.0

 
m

l/
kg

 

n
o

 d
e

a
th

s 

n
o

 d
e

a
th

s 

C
o

m
m

e
n

ts
 

Sl
ig

h
t 

n
a

sa
l 

h
e

m
o

rr
h

a
g

e
 

a
t 

32
.0

 
m

l/
kg

; 
m

o
d

e
ra

te
 

to
 

se
ve

re
 

n
a

sa
l 

h
e

m
o

rr
h

a
g

e
 

a
t 

64
.0

 
m

l/
kg

 
w

ith
 

e
rr

a
tic

 

lo
c

o
m

o
tio

n
 

p
rio

r 
to

 d
e

a
th

. 

Tw
o

 
su

rv
iv

o
rs

 
a

t 
64

.0
 

m
l/

kg
 

w
e

re
 

se
ve

re
ly

 
d

e
b

ili
ta

te
d

. 

LD
50

 
b

e
tw

e
e

n
 

32
.0

 
a

n
d

 

64
.0

 
m

l/
kg

 

R
e

f. 

2
9
 

31
 

3
0
 

4
.
0
 (in

 
p

ro
d

u
c

t 

fo
rm

u
la

tio
n

) 
2.

0 
(i

n
 p

ro
d

u
c

t 

fo
rm

u
la

tio
n

) 

1
5
.
0
 g/

kg
 

0
.
6
 g/

kg
 

5 
ra

ts
 

n
o

 d
e

a
th

s 
3
2
 

1
5
.
9
 g/

kg
 

0
.
3
2
 g/

kg
 

5 
ra

ts
 

n
o

 d
e

a
th

s 
3
3
 

A
lk

yl
 E

st
er

s 
S

up
pl

em
en

t B
oo

k 
2

 S
up

pl
em

en
t P

an
el

 B
oo

k 
2 

P
ag

e 
25

3



ASSESSMENT: ISOSTEARIC ACID 67 

TABLE 5. Draize Primary Skin Irritation Tests on lsostearic Acid. 

Concentration Number Primary irritation 

W of rabbits index fmax = 8) Comments Refs. 

100 6 0.63 Minimal irritation 34 

100 6 0.3 Minimal transient irritation 37 

15 6 0.0 No signs of irritation 30 

(in corn oil) 
________________________________________--------------------------------------- --------- 

35 9 1.89 Moderate irritation by 20 

(in product formulation) product formulation 

4 9 0.39 Minimal irritation by 32 

(in product formulation) product formulation 

4 9 0.06 Minimal irritation by 35 

(in product formulation) product formulation 

1.25 9 0.00 No signs of irritation by 20 

(aqueous solution of aqueous solution of 

product formulation) product formulation 

formulations containing lsostearic Acid produced minimal to moderate skin irri- 
tation, most probably by virtue of the other ingredients present in the formulations. 

In a primary skin irritation and phototoxicity test, 200 mg of 100% lsostearic 
Acid was applied to the dorsal surface of New Zealand rabbits. The test material 
was applied for 2 h under gauze patches to l-in2 skin areas on both the left- and 
right-hand sides. The patch on the right-hand side was removed and exposed to 
5 x 10’ ergs/cm2 black light (320-450 nm). The nonirradiated areas were shielded 
with aluminum foil during the light exposure. A positive Oxsoralen control was 
treated in a similar manner. The investigators concluded that the test material 
was mildly irritating without light exposure and only moderately irritating follow- 
ing light exposure. The investigator reported that a statistically significant dif- 
ference was not detected between the nonirradiated and radiated sites.‘3”) 

Eye irritation 

The Draize rabbit eye irritation procedure or a modification of the test was 
used to evaluate undiluted lsostearic Acid(30*37) and four product formulations 
containing lsostearic Acid. (20~32~33~35) In each study, a 0.1 ml sample was instilled 
intothe conjunctival sac of one eye of each rabbit with no washing; the untreated 
eye served as a control. Treated eyes were examined and graded on the Draize 
eye irritation scale at 1, 2, 3, 4, and 7 days. The results and other details of these 
studies are summarized in Table 6. The undiluted ingredient produced only 
minimal eye irritation which cleared by 24 h. Some of the product formulations 
produced moderate eye irritation, which is greater than that produced by the in- 
gredient alone. 

Comedogenicity 

Comedogenicity* studies were conducted on two sunscreen formulations, 
one containing 2.5% lsostearic Acid and the other without lsostearic Acid.(38-40) 

‘Cornedones are also known as blackheads. 

- 
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The formulation containing lsostearic Acid was tested in two separate 
assays.(3*,39) 1 ml of the product was applied to the glabrous inner portion of the 
right ear of each of nine rabbits. The left ear was untreated and served as a con- 
trol. The test material was applied five days per week for a total of 20 applica- 
tions. Observations of grossly appearing enlarged pores and hyperkeratosis were 
made daily, and terminal biopsies were made with histologic comparison of 
treated and control skin. The product containing lsostearic Acid was significantly 
comedogenic and irritating to rabbit ears under the conditions of this test. An 
identical assay on the product without lsostearic Acidt40) showed the formulation 
to be irritating but not comedogenic to the ears of six rabbits. 

Clinical Assessment of Safety 

Primary Skin Irritation 

A 24 h occlusive patch test procedure was used to evaluate the primary skin 
irritation caused by undiluted lsostearic AcidfJo) and by four product formula- 
tions containing lsostearic Acid. (21~33~41~42) The results and other details of these 

studies are summarized in Table 7. The undiluted ingredient tested “negative” in 
the single insult patch test; product formulations containing lsostearic Acid pro- 
duced up to minimal irritation, most probably by virtue of the other ingredients 
present in the formulations. 

A sunscreen formulation containing 2.5% lsostearic Acid was applied to the 
backs of 10 subjects. Approximately 50-200 mg of the test formulation contain- 
ing 1.2-5.0 mg lsostearic Acid was used in the test. The test sites were occluded 
for 48 h before removal. No irritation was reported.(43) 

In another study, (44) 19 women participated in a controlled-use test on the 
skin cleanser formulation containing 35% lsostearic Acid. The product was ap- 

TABLE 7. Clinical 24-Hour Single Insult Patch Tests with lsostearic Acid. 

fsostearic Acid 

concentration Number of 

Product type (W subjects Results Ref. 

None 100 100 “negative” 30 
________________________________________------------------------------------------------ 

Face color 4 19 No signs of irritation 41 

(in product formulation) 

Mascara 4 18 No signs of irritation 42 
(in product formulation) 

Skin cleanser 0.44 80 Plls = 0.13 to 0.18; 21 

(1.25% aqueous solution (20 each for four (max = 4.0) 

of product formulation versions of the minimal irritation 

containing 35% product 

lsostearic Acid) formulation) 

Face makeup 0.2 104 “negative” 33 
foundation (10% in peach kernel oil 

of product formulation 

containing 2% 

lsostearic Acid) 
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plied once on one cheek the first day and twice on the same cheek on Days 2-4 
of the study. The other cheek, cleansed with soap, served as a control. None of 
the 19 participants noted discomfort. Although three reported mild to moderate 
dryness on the area treated with the cleanser, the product compared favorably to 
the control soap. 

A sunscreen containing 2.5% lsostearic Acid was tested in a 21-day repeated 
insult patch test on 19 subjects. The test material, 0.2 g of formulation, was placed 
on nonwoven fabric patches and semioccluded on the backs of the subjects for 
24 h. A total of 15 applications of the material were applied over a 21-day test 
period. A Cumulative Irritation Index (CII) of 0.87 out of a maximum score of 
84 was reported. The investigator did not consider this value of CII to be clinically 
significant.(45) 

Irritation/Sensitization 

One hundred three subjects completed a repeated insult patch test of 10% 
lsostearic Acid dissolved in mineral oil. Each subject received a patch to the in- 
tact skin of the upper back under semiocclusion. The patches remained in place 
for 48 h (72 h on weekends) at which time they were removed, the sites were ex- 
amined for irritation and new patches were applied. These procedures were 
repeated 10 times, followed by a two-week nontreatment period and rechallenge. 
The test ingredient had a mean cumulative irritation score of 0.243 f 0.068. 
Mineral oil was included in the study as a nonirritating control and had a mean 
cumulative irritation score of 0.177 f 0.042. Propylene glycol, a positive control 
as a known mild irritant, had a mean cumulative score of 0.388 f 0.071. The in- 
vestigators reported there were no skin reactions consistent with ingredient- 
induced sensitization.(46) 

A repeated insult patch test was performed on 168 subjects (115F, 53M) 
using 0.1 ml of a 35% mineral oil solution of lsostearic Acid. The test material was 
applied at 48 h intervals, three times per week for three weeks on the back of the 
subjects. The test area was occluded for 24 h before removal, and washed with 
distilled water. The test sites were read at 48 h, after which fresh test material and 
the occlusive patch were reapplied. After a three-week nontreatment period, the 
test area, as well as a previously untreated site, were challenged using the same 
procedure as previously noted. The sites were scored for sensitization at 24, 48, 
and 72 h. The investigator noted that only transient reactions were observed dur- 
ing the test and that lsostearic Acid was neither an irritant nor a sensitizer.(47) 

A sunscreen containing 2.5% lsostearic Acid was tested in a 21-day repeated 
insult patch test. Approximately 200 mg of the test formulation, which is 
equivalent to 5 mg of lsostearic Acid, was applied at 48 h intervals for 10 applica- 
tions to the backs of 235 Caucasian females. Following a two-week nontreatment 
period, the subjects were re-exposed for 48 h. There were no reactions during 
the induction phase of the study, and the investigator concluded that the for- 
mulation’s potential for sensitization was extremely low, or nonexistent.‘4B) 

A mascara formulation containing 2.85% lsostearic Acid was tested in a 
repeated insult patch test on 98 subjects. (49) The induction phase of the pro- 
cedure consisted of 10 consecutive occlusive patch applications to the same site 
over a period of two weeks. A single occlusive challenge patch was applied to 
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TABLE 8. Clinical Repeated Insult Patch Tests with lsostearic Acid. 

Concentration Number of 

Product Type 6) subjects Results Ref. 

None 35 (mineral oil dil.) 168 No irritation; 47 

no sensitization 

None 10 (mineral oil dil.) 103 None to mild irritation; 46 

no sensitization 
________________________________________------------------------------------------------ 

Mascara 2.85 98 l/98 show some irritation; 49 

no sensitization 

Sunscreen 2.5 235 No irritation potential; as 48 

sensitizer, extremely 

low or nonexistent 

the original contact site and/or a virgin site after a lo- to 1Cday nontreatment 
period. During the induction phase of the experiment, one subject exhibited 
some skin irritation. There were no reactions at challenge and thus no indications 
of skin sensitization. The results of all repeated insult patch tests are summarized 
in Table 8. 

Phototoxicity and Photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization dis- 
cussed above were randomly selected to test the ability of 35% lsostearic Acid in 
mineral oil to induce a phototoxic or photosensitive reaction following 
ultraviolet exposure. The test protocols were the same except that the forearm 
was used as a test site. The 28 subjects were divided into two groups; 19 received 
only UVA and 9 received both UVA and UVB. The UVA (320-400 nm) light was 
applied for 15 min to the 19 subjects (4.4 pW/cm* at the skin surface measured at 
a 360 nm wavelength peak). The UVB was applied at two times Mean Erythema 
Dose (MED) to nine subjects from a 150 watt Xenon Arc Solar Simulator emitting 
at 280-320 nm. The subjects receiving the UVB exposure were also exposed for 
5 min to UVA as previously described. The investigator noted that only transient 
reactions were observed, and that lsostearic Acid was not a photosensitizer.‘47’ 

SUMMARY 

lsostearic Acid is a mixture of fatty esters consisting mainly of methyl branched 
isomers of octadecanoic acid. It is reported by the FDA to be used at concentra- 
tions up to 10% in a wide variety of cosmetic products which may be applied to 
all areas of the body; data have also been received on a product containing 35% 
lsostearic Acid. 

Studies with rat liver homogenate suggest lsostearic Acid is readily 
metabolized following ingestion. In rats, the acute oral LD50 is estimated to be 
greater than 32 ml/kg. The raw ingredient produced no significant skin or eye ir- 
ritation in Draize rabbit irritation tests, whereas variable degrees of irritation were 
produced by product formulations containing lsostearic Acid. A product for- 
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mulation both with and without 2.5% Isostearic Acid was tested in a rabbit ear 
comedogenicity assay. The formulation without lsostearic Acid was irritating but 
did not produce comedones; however, the formulation with lsostearic Acid was 
both irritating and comedogenic. 

In clinical studies, 100 subjects showed no signs of irritation after a 24 h 
single insult skin patch with undiluted Isostearic Acid, and product formulations 
containing up to 4% lsostearic Acid produced, at most, minimal irritation when 
similarly tested on a total of 221 subjects. In another study, 35% Isostearic Acid in 
mineral oil was neither an irritant nor a sensitizer in 168 subjects. A subset 
population of 25 individuals from this study group, when tested in a similar man- 
ner but exposed to UVA + UVB, gave no indication that lsostearic Acid is a 
photosensitizer. lsostearic Acid at 10% in mineral oil was similarly not irritating 
nor sensitizing to 103 subjects. Product formulations containing 2.5%-2.85% 
lsostearic Acid produced no evidence of contact sensitization when tested in 
repeated insult patch tests on a total of 333 subjects. 

DISCUSSION 

The Panel expresses concern regarding the production of comedones in the 
rabbit ear assay by a product formulation containing commercially available 
lsostearic Acid. The Panel recognizes that currently available tests are inadequate 
to predict the potential for human comedogenicity of an ingredient as used in a 
product formulation. However, it is a potential health effect that should be con- 
sidered when lsostearic Acid is used in cosmetic formulations. 

CONCLUSION 

On the basis of the available information presented in this report, the Panel 
concludes that lsostearic Acid is safe as a cosmetic ingredient in the present prac- 
tices of use. 
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3 

Final Report on the Safety 
Assessment of Oleic Acid, 
Laurie Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are fatty acids with hydro- 
carbon chains ranging in length from 12 to 18 carbons with a terminal 
carboxyl group. These fatty acids are absorbed, digested, and transported in 
animals and humans. Little acute toxicity was observed when Oleic, Laurie, 
Palmitic, Myristic, or Stearic Acid or cosmetic formulations containing these 
fatty acids were given to rats orally at doses of 15-19 g/kg body weight. 
Feeding of 15% dietary Oleic Acid to rats in a chronic study resulted in normal 
growth and health, but reproductive capacity of female rats was impaired. 
Results from topical application of Oleic, Palmitic, and Stearic Acid to the skin 
of mice, rabbits, and guinea pigs produced little or no apparent toxicity. 
Studies using product formulations containing Oleic and Stearic acids indicate 
that neither is a sensitizer or photosensitizing agent. Animal studies also 
indicate that these fatty acids are not eye irritants. Laurie, Stearic, and Oleic 
Acids were noncarcinogenic in separate animal tests. In primary and cumula- 
tive irritation clinical studies, Oleic, Myristic, and Stearic Acids at high con- 
centrations were nonirritating. Cosmetic product formulations containing 
Oleic, Laurie, Palmitic, and Stearic Acids at concentrations ranging up to 13% 
were not primary or cumulative irritants, nor sensitizers. On the basis of 
available data from studies using animals and humans, it is concluded that 
Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are safe in present practices 
of use and concentration in cosmetics. 

INTRODUCTION 

0 leic, Laurie, Palmitic, Myristic, and Stearic Acids are long hydrocarbon 
chain carboxylic acids, known as fatty acids. They are usually produced 

by hydrolysis of common animal and vegetable fats and oils. Fatty acids are 
generally used as intermediates in the manufacture of their alkali salts, which 

321 
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are in turn used as emulsifiers, emollients, and lubricants in a variety of 
cosmetic creams, cakes, soaps, and pastes. 

CHEMISTRY 

Structure and Nomenclature 

Laurie, Myristic, Palmitic, and Stearic Acids are saturated fatty acids of 12-, 
14-, 16-, and 18-carbon lengths. Oleic Acid is an 18-carbon cis-mono un- 
saturated fatty acid. These fatty acids consist of long hydrocarbon chains with 
a terminal carboxyl group. Synonyms for the fatty acids (Table 1) were 
obtained from the following sources: Windholz et al.,(l) Estrin et al.,(2) Morri- 
son and Boyd,t3) Lehninger,c4) and Os01.(~) Structural formulae are presented in 
Figure 1. A summary of some physicochemical properties appears in Table 2. 
Since the saturated fatty acids bear the carboxyl functional group and basically 

TABLE 1. Synonyms for the Fatty Acids 

fatty acid Synonyms 

Oleic Acid 

Laurie Acid 

Palmitic Acid 

Myristic Acid 

Stearic Acid 

cis-9-Octadecenoic acid 

cis-%9-Octadecenoic acid 

9-Octadecenoic acid 

Oleinic acid 

Elaic acid 

Red oil 

18.1%9 

n-Dodecanoic acid 

Dodecanoic acid 

Laurostearic acid 

Dodecoic acid 

12:o 

n-Hexadecanoic acid 

Hexadecanoic acid 

Hexadecoic acid 

Hexadecylrc acid 

Cetylic acid 

16.0 

n-Tetradecanoic acid 

Tetradecanoic acid 

Tetradecoic acid 

14:o 

n-Octadecanoic acid 

Octadecanoic acid 

Cetylacettc acid 

Stearophanic acid 

18:0 
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323 

OLEIC ACID 

C18H3402 

LAURIC ACID 

C12H2402 

PALMITIC AC10 

C16H3202 

MYRISTIC ACID 

C14H2802 

STEARIC ACID 

C18H3602 

FIG. 1. Structural formulae of fatty acids. 

differ from each other by 2-6 methylene groups, their properties are similar. 
The cis double bond of Oleic Acid alters several physical properties relative to 
those of Stearic Acid.(4) 

Description and Source 

Fatty acids have been found in marine and freshwater organisms,@ 
bacteria,cJ) and vegetable oils and animal fats. c3) Although mammalian tissues 
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ASSESSMENT: OLEIC ACID 325 

normally contain trace amounts of free fatty acids, conjugated forms can be 
found in several tissues. (4) 
and epidermal tissue.(‘,lO) 

Free fatty acids have been found in human sebum 

Oleic Acid, in esterified form, is found in many vegetable oils and animal 
fats, frequently constituting greater than 50% of the total fatty acid 
concentration. Oils rich in Oleic Acid include olive (80%), peanut (60%), 
teaseed (85%), and pecan (85%) oils; very few fats contain less than 10% Oleic 
Acid.@’ 

Pure Oleic Acid is a colorless to pale yellow, oily liquid at temperatures 
above 5-7°C. At 4’C, it solidifies to a crystalline mass. Upon exposure to 
oxygen, it darkens gradually, and it decomposes when heated to 80-100°C at 
atmospheric pressure. (‘J*“) Oleic Acid has a characteristic lardlike odor and 
taste.“,@ 

Laurie Acid is one of the three most widely distributed naturally occurring 
saturated fatty acids; the others are Palmitic and Stearic Acids. Its common 
name is derived from the laurel family, Lauraceae. The fatty acid content of 
the seeds is greater than 90% Laurie Acid. Sources of Laurie Acid include 
coconut and palm kernel oils, babassu butter (approximately 40%) and 
other vegetable oils, and milk fats (2-8%). Camphor seed oil has a high Laurie 
Acid content.(1,6,8) 

Laurie Acid occurs as a white or slightly yellow, somewhat glossy crystal- 
line solid or powder-(‘,‘) 
oil.(‘) 

or as a colorless solid(“) with a slight odor of bay 

The glyceryl ester of Palmitic Acid is widely distributed, being found in 
practically all vegetable oils and animal (including marine animal) fats at 
concentrations of at least 5%. Palmitic Acid is the major component of lard 
and tallow (25-30%), palm oil (30-50%), cocoa butter (25%), and other vege- 
table butters. Chinese vegetable tallow is reported to contain 60-70% Palmitic 
Acid.(‘sb) 

that 
Palmitic Acid occurs as a mixture of solid organic acids obtained from fats 
are primarily composed of Palmitic Acid with varying quantities of Stearic 

Acid. Its appearance ranges from a hard, white or faintly yellow, slightly glossy 
crystalline solid to a white or yellow-white powder,(8’ white crystalline scales,(‘) 
or colorless crystals.(“) 

Myristic Acid is a solid organic acid usually obtained from coconut oil, 
nutmeg butter (Myristica fragrans Houtt), palm seed oils, and milk fats.(‘,‘) 
Seed oils of the plant family, Myristaceae, contain the largest amounts of 
Myristic Acid (up to 80%), but small amounts have been measured in most 
animal fats and vegetable oils. 

Myristic Acid occurs as a hard, white or faintly yellow, glossy crystalline 
solid, as a white or yellow-white powder,(‘) or as colorless leaflets.(“) 

Stearic Acid is found primarily as a glyceride in animal fats and oils; lard 
and tallow contain approximately 10 and 20% Stearic Acid, respectively.(‘,@ 
Most vegetable oils contain l-5% Stearic Acid; cocoa butter contains about 
35%. 

Stearic Acid occurs as hard, white or faintly yellow, somewhat glossy 
crystals or leaflets or as an amorphous white or yellow-white powder.(1*5,8*12) It 
has a slight odor and taste resembling tallow.(‘~8) 
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326 COSMETIC INGKtDltNT KEVIEW 

Method of Manufacture and Impurities 

The fatty acids are usually produced by the hydrolysis of common animal 
and vegetable fats and oils followed by fractionation of the resulting fatty 
acids. Fatty acids that are used in foods, drugs, and cosmetics normally exist as 
mixtures of several fatty acids depending on the source and manufacturing 
process. 

Processing operations in the manufacture of fatty acids from fats are 
known to alter their chemical compositions. The processes (e.g., distillation, 
high temperature and pressure hydrolysis, and bleaching) may result in c&-tram 
isomerization, conjugation of polyunsaturates, polymerization, and dehy- 
dration.@) 

Cosmetic-grade Oleic, Laurie, Palmitic, Myristic, and Stearic Acids occur as 
mixtures of fatty acids depending on their method of manufacture and 
source. The individual fatty acids predominate in the mixture ranging from 
74% (Oleic Acid) to 95% (Myristic Acid). All contain varying amounts of 
unsaponifiable matter, and some grades also contain glyceryl monoesters of 
fatty acids. Butylated hydroxytoluene may be added to all five fatty acid 
preparations as an antioxidant. (13-17) In cosmetics containing unsaturated 
materials, the concentration range for butylated hydroxytoluene should be 
0.01 to 0.1%.(18) Butylated hydroxytoluene has been used in some lanolin 
products containing unsaturated fatty acids, alcohols, esters, sterols, and 
terpenols, at concentrations ranging from 200 to 500 ppm.(“) Data on the 
components, impurities, and additives of these cosmetic grade fatty acids are 
presented in Table 3. Comparisons of specifications for cosmetic, food, and 
drug grade fatty acids are presented in Tables 4, 5, 6, 7, and 8. Cosmetic grade 
specifications for fatty acid composition are presented in Table 9. 

Fourteen FAPC (Fatty Acid Producers Council of the Soap and Detergent 
Association) categories of fatty acids are contrasted by titer and iodine value. 
Typical fatty acid compositions are reported. @) FDA files contain some com- 
position data on Oleic and Stearic Acids, which were submitted with Food 
Additive Petitions (Notes from the composition data in CIR files). 

Oleic Acid is produced by the hydrolysis and fractionation (e.g., saponifi- 
cation and distillation) of animal or vegetable fats and oils.(1,5,11~16) Preparation 
of Oleic Acid from animal tallow and olive has been reported.“,‘) It is also 
obtained as a byproduct in the manufacture of solid Stearic and Palmitic 
Acids. Crude (unpurified, unbleached) Oleic Acid of commerce, or red oil, 
contains Stearic and Palmitic Acids in varying quantities.(5,20) 

Several commercial grades of Oleic Acid are available, distinguished by 
varying proportions of saturated fatty acids. The commercial grade contains 
7-12% saturated acids and some unsaturated acids and is usually derived from 
edible sources (internally administered Oleic Acid must be derived from 
edible sources(5)). Oleic Acid derived from tallow contains varying amounts of 
linolenic and Stearic Acids and small but significant quantities of elaidic 
(trans-9-octadecenoic) acid, some of which is generated from certain pro- 
cessin 

8 
operations (e.g., 

clays). ‘s’,~) 
distillation and high-temperature bleaching with 

Hawley(20) reported several technical grades of Oleic Acid: chick edema 
factor-free grade, U.S. Pharmacopeia (USP) grade, Food Chemicals Codex 
(FCC) grade, and purified technical grade Oleic Acid. The latter technical 
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ASSESSMENT: OLEIC ACID 327 

TABLE 3. Components, Impurities, Additives in Cosmetic-Grade Fatty Acids(13-‘7) 

Cosmetic-grade 

fdtt)’ dcid Components in Mixture (%) Minor impurities (%) Additives 

OICIC Acrd 9-Octadecenoic acid (68-74)a Unsaponifiable material (1.5 max) Butylated 

9,12-Octadecadienoic acid (4-l 2) hydroxytolueneb 

9-Hexadecenoic acrd (7-11) 

Hexadecanoic acid (4) 

Tetradecanoic acid (3) 

9-Tetradecenoic acid (l-3) 

Heptadecanoic acrd (l-2) 

Pentadecanorc acid (0.5-2) 

Octadecanoic acid (1) 

Octadecatrienoic acid (1) 

Decanoic acrd 

Dodecanoic acid 

Laurie Acid Dodecanoic acrd (90 min) 

Tetradecanoic acid (6 max) 

Decanoic acid (5 max) 

Hexadecanoic acid (2 max) 

Palmitic Acid Hexadecanoic acid (80 min) 

Octadecanoic acid (11 max) 

Tetradecanoic acid (7 max) 

Heptadecanoic acid (4.5 max) 

Pentadecanoic acid (1 max) 

Myristic Acid Tetradecanoic acid (95 min) 

Hexadecanoic acid (4 max) 

Dodecanorc acid (3 max) 

Stearic Acid Octadecanoic acid (39-95)’ 

Hexadecanoic acid (5-50) 

Tetradecanoic acid (O-3) 

9-Octadecenoic acid (O-5) 

Heptadecanoic acid (O-2.5) 

Eicosanoic acid (O-2) 

Pentadecanoic acid (O-l) 

P-Y 

Unsaponifiable material (0.3 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monolaurateb (0.07 max) 

Unsaponifiable material (0.3 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monopalmitateb (0.07 max) 

Unsaponifiable material (0.2 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monomyristateb (0.07 max) 

9-Hexadecenoic acid BHTb 

9,12-Octadecadienoic acid 

Unsaponifiable material (0.3 max) 

Glyceryl monostearate (0.07 max) 

aThese are concentration ranges of a typical analysis. 

bPresent in some grades. 

grade Oleic Acid contains 2 90% Oleic Acid and has a 4% maximum linoleic 
acid content and a 6% maximum saturated fatty acid content. 

Laurie Acid is produced by the hydrolysis, usually via saponification, of 
animal or vegetable fats and oils followed by fractional distillation.(11,22) Laurie 
Acid is commonly isolated from coconut oil,(l,l’) and several patents describe 
its chemical synthesis.“) 

Palmitic Acid is produced by the hydrolysis and fractionation of palm oil, 
tallow oil, coconut oil, Japan Wax, Chinese vegetable tallow, and spermaceti. 
Fractionation is usually by distillation or crystallization.(1,11,20) Palmitic Acid 
can also be obtained in the manufacturing process for Stearic Acid. 
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328 COSMETIC INGREDIENT REVIEW 

TABLE 4. Comparison of Specifications: Cosmetic and Food Grades 

Oleic Acid Cosmetics(2” Foods@ 

Iodine value 

Acid value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Rwdue on ignition 

Titer (solidification 

point) 

Water content 

83.0-99.0 

190.0-207.0 

198.0-207.0 

1 .O% max 

2-6°C 

83-I 03 

196-204 

196-206 

2% max 

3 max ppm 

10 max ppm 

0.01% max 

< 10°C 

0.4% max 

TABLE 5. Comparison of Specifications. Cosmetic and Food Grades 

Laurie Acid Foods’8’ 

Iodine value 

Acid value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Residue on ignition 

Titer (solidification 

point) 

Water content 

0.5 max 

273-283 

276-284 

0.3% max 

3a-44°C 

3.0 max 

252-287 

253-287 

0.3% max 

3 max ppm 

10 max ppm 

0.1% 

26-44’C 

0.2% max 

TABLE 6. Comparison of Specifications: Cosmetic and Food Grades 

Pahnilic Acid Foods’8’ 

Iodine value 

Acid value 

Ester value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Residue on ignition 

Titer (solidification 

point) 

Water content 

1 .O max 

213-221 

3.0 max 

216.5-220.5 

0.25% max 

59.4-60.4’C 

2.0 max 

204-220 

205-221 

1.5% max 

3 max ppm 

10 max ppm 

0.1% 

53.3-62°C 

0.2% max 

The following methods have been used in the preparation of Myristic 
Acid: isolation from tail-oil fatty acids from 9-ketotetradecanoic acid, by 
electrolysis of a mixture of methyl hydrogen adipate and decanoic acid, by 
Maurer oxidation of myristanol, and from cetanol.“) The most common means 
of preparation is by fractional distillation of hydrolyzed coconut oil, palm 
kernel oil,(20) or coconut acids.(“) 

Commercial Stearic Acid has several crystalline forms and contains varying 
relative concentrations of other fatty acids depending on the sources and 
processing methods used. c9) Commercial Stearic Acid is primarily a mixture of 
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ASSESSMENT: OLEIC ACID 329 

TABLE 7. Comparison of Specifications: Cosmetic and Food Grades 

Myristic Acid Cosmerics(‘3, ‘+ Foods @’ 

Iodine value 0.5 max 1 .O max 

Acid value 243-249 242-249 

Saponification value 243-249 242-251 

Unsaponifiable matter 0.2% max 1% max 

Arsenic 3 ppm max 

Heavy metals (e.g., Pb) 10 ppm max 

Residue on ignition 0.1% max 

Titer (solidification 52-54°C 4a-55.5ac 

point) 

Water content 0.2% max 

TABLE 8. Comparison of Specifications: Cosmetic and Food Grades 

Cosmetics 
Stearic At/d “g~,~%“‘?l’ Foods’8’ 

Iodine value 1 .O max 7 max 

Acid value I%-21 1 

Ester value 3.0 max 

Saponification value 196 4-200.4 197-212 

Unsaponifiable matter 0.25% max 1.5% max 

Arsenic 3 ppm max 

Heavy metals (e.g., Pb) 10 ppm max 

Residue on ignition 0.1% max 

Titer (solidification 67.2-68.2’C 54.5-69°C 

point) 

Water content 0.2% max 

varying amounts of Stearic and Palmitic Acids. Palmitic Acid/Stearic Acid 
ratios in commercial preparations depend on several factors, such as source, 
geographical and climatic influences, genetic uniformity, and fat location site 
(in animals).(b) 

Methods of processing for Stearic Acid include hydrolysis of tallow or 
hydrogenation of unsaturated fatty acids (e.g., Oleic Acid) in cottonseed and 
other vegetable oils, followed by methods of isolation, such as fractional 
distillation or crystallization.(1~5,b,9J1,17) A successive series of pressing 
operations has been used to separate the liquid unsaturated fatty acids from 
the solid saturated fatty acids. (‘) The Palmitic Acid/Stearic Acid ratio obtained 
from tallow hydrolysis and triple-pressing or solvent crystallization is 55%/45%. 
Concentrations of Stearic Acid as high as 95-99%(‘s9) have been reported from 
the hydrogenation of unsaturated fatty acids. 

Both double-pressed (two successive pressings to expel unsaturated fatty 
acids) and triple-pressed Stearic Acid are used by the cosmetic industry.(b,9) 
Triple-pressed Stearic Acid is a product containing 1.5% 14C (14-carbon), 0.5% 
15C, 50% 16C, 1% 17C, and 47% 18C fatty acids, with less than 0.2% Oleic Acid. 
Double-pressed Stearic Acid typically contains about 2.5% 14C, 50% 16C, 1% 
17C, 40% 18C fatty acids, and 6% Oleic Acid.(‘) 
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ASSESSMENT: OLEIC ACID 331 

Three types of Stearic Acid distinguished by average Stearic Acid con- 
centration, their specifications, and infrared spectra are included in CTfA’s 
Compendium of Cosmetic Ingredient Cornposition. These Stearic Acids, 
37.5%, 42.5%, and 95.0%, have minimum Stearic plus Palmitic Acid 
concentrations of 89.0%, 94.0%, and 97.5%, respectively. Regular pharmaceuti- 
cal grade Stearic Acid specifies a 40.0% minimum of either Stearic or Palmitic 
Acid and a 90.0% minimum for their sum. (23) Purified pharmaceutical grade 
Stearic Acid specifies a 90.0% minimum Stearic Acid content and a 96.0% 
minimum for the sum.(23) A comparison of these Stearic Acids is presented in 
Table 9. 

Reactivity and Stability 

Chemical reactions of the fatty acids are typical of reactions of carboxylic 
acids and alkanes (or alkenes, in the case of Oleic Acid). Typical reactions of 
carboxylic acids include reduction to form aldehydes and alcohols, 
esterification, formation of metal salts, high-pressure hydrogenation, formation 
of amides and acid halides, alkoxylation, and pyrolysis. Reactions of alkanes 
and alkenes are dehydrogenation and hydrogenation, halogenation and 
hydration. (3,6) Halogenation across carbon-carbon double bonds is a useful 
method for the quantitative titration for relative unsaturation.(4) 

Insoluble stearates and oleates are formed in reactions of Stearic Acid and 
Oleic Acid with heavy metals and calcium. Oxidizing agents, such as nitric 
acid and potassium permanganate, added to Oleic Acid are known to produce 
various derivatives of this acid. c5) Other oxidation routes for fatty acids include 
oxidation via bacterial action, enzyme-catalyzed hydrolysis and oxidation, and 
autooxidation from atmospheric oxygen.@) 

A significant increase in lipid peroxide concentration has been observed 
after 18-h UVA-irradiation of Oleic Acid.(24) 

Analytical Methods 

Two basic methods for the analysis of the fatty acids have been reported 
by the cosmetic industry. Primarily, gas chromatography (CL) of fatty acid 
methyl esters, prepared by the boron trifluoride-methanol method, is used for 
the separation and relative identification of fatty acids in a mixture.(21,25) 
Infrared spectra of the fatty acids are used for fingerprinting, functional group 
identification, and impurity screening. (6,13-17~26) Determination of physico- 
chemical properties also aids in positive identification of a specific fatty 
acid,(6.25) 

Basic analysis of the fatty acids by GC (4,25) has evolved by technical 
advances in methylation procedures(23,27) and development of new derivati- 
zation reactants and techniques that allow easier detection of smaller 
quantities of fatty acids. 
has been reported.(29) 

(28) A method for the GC of nonmethylated fatty acids 

Flame ionization detection (FID) is usually coupled with the GC of fatty 
acid methyl esters. Mass spectrometry (MS) has also been used with GC for 
compound identification.(30) 
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332 COSMETIC INGREDIENT REVIEW 

Thin-layer chromatography”‘,“’ and high-performance liquid chro- 
matography (HPLC) are also used in fatty acid identification and quantitation. 
Precolumn chemical derivatization (e.g., forming benzyl, dansyl, phenacyl, and 
naphthacyl derivatives) of fatty acids is followed by reversed-phase HPLC. 
Methods of detection include ultraviolet and fluorescence spectroscopic and 
refractive index detection. The analysis of fatty acids by HPLC has been 
reviewed.(32,33) 

Mass spectrometry with temperature profiling of the chemical ionization 
source has been reported as a method for initial compound separation. Its 
coupling with a second MS allows direct analysis of complex lipid sources.(3” 

Other separation methods include centrifugal liquid and adsorption 
chromatography. c3’) Identification procedures range from methods, such as 
gravimetry(25’ and histochemical staining,‘3b’ to ultraviolet, infrared, and nuclear 
magnetic resonance spectroscopy.(6,37,38’ 

USE 

Cosmetic Use 

The fatty acids, Oleic, Laurie, Palmitic, Myristic, and Stearic Acids, are 
primarily used as intermediates in the manufacture of corresponding alkali 
salts, which are, in turn, used as emulsifiers, emollients, and lubricants in a 
variety of cosmetic creams, cakes, soaps, and pastes.(5~9~39-1’) They may also be 
used as base components (of the oil phase) of many cosmetic formulations.“8’ 

Emollient creams containing fatty acids are slightly alkaline, ranging in pH 
from 7.5 to 9.5. Other ingredients in these creams include sodium, potassium, 
and ammonium hydroxide, diethanolamine, triethanolamine, isopropano- 
lamines, amino glycol, and borax.(‘) 

Stearic Acid is contained in 2465 cosmetic products listed by the Food and 
Drug Administration (FDA) in the 1981 product formulation data table.(“” 
Oleic Acid is contained in 424, Myristic Acid in 36, Palmitic Acid in 29, and 
Laurie Acid in 22 cosmetic formulations in several product categories(4” (Table 
10). 

The reported concentrations of the fatty acids in cosmetic products 
primarily range from 0.1 to 25%. Stearic Acid is found in cosmetics in all 
product categories of the FDA table; most products appear in skin care, 
makeup, and shaving preparation categories. Oleic Acid is found primarily in 
hair coloring and eye makeup preparation product categories. Laurie, Palmitic, 
and Myristic Acids are contained in skin care, shaving, and noncoloring hair 
preparations and personal cleanliness products. 

Voluntary filing of product formulation data with FDA by cosmetic manu- 
facturers and formulators conforms to the tabular format listing preset 
ingredient concentration ranges and product categories in accordance with 
Title 21 section 720.4 of the Code of Federal Regulations.(“2) 

Since certain cosmetic ingredients are supplied by the manufacturer at less 
than 100% concentration, the value reported by the cosmetic formulator may 
not necessarily reflect the actual concentration found in the finished product; 
the actual concentration would be a fraction of that reported to the FDA. Data 
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ASSESSMENT: OLEIC ACID 339 

submitted within the framework of preset concentration ranges provide the 
opportunity for overestimation 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 IO-fold error in the assumed ingredient 
concentration. 

Products containing these fatty acid ingredients may contact the skin, hair 
and eyes. Use of Oleic and Stearic Acids in lipstick and manicuring preparal 
tions may lead to ingestion of small quantities of these ingredients. Frequency 
of application of the fatty acids may range from once per week to several 
times per day, from less than 1 h to several hours, due to the variety of 
cosmetic products in which they are contained. 

Noncosmetic Use 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are used in foods as 

p~asthz;ng, lubricat;ng, binding, and defoaming agents and as reagents in the 
manufacture of other food-grade additives. (8,20,43) Myristic Acid is used as a 
flavoring agent in foods.(“) 

Straight-chain monobasic carboxylic acids from fats and oils derived from 
edible sources, such as the fatty acids, Oleic, Laurie, Palmitic, Myristic, and 
Stearic Acids, are accepted as safe for use in food and in the manufacture of 
food-grade additives providing they meet particular conditions and speci- 
fications.‘42’ The unsaponifiable matter in the fatty acid or fatty acid-derived 
food additive must not exceed 2%, the food additive must be free of chick- 
edema factor, and it must be produced and labeled in accordance with good 
manufacturing practice.(42) 

The fatty acids as a group are permitted as direct food additives.(42) Oleic 
Acid derived from tall oil and Oleic Acid meeting the specifications in Section 
172.860 are permitted as direct food additives. (42) Oleic Acid is also allowed as 
a food additive in preparations of Polysorbate 80 for which it was used as a 
reagent. 
base.(j2) 

(42) Stearic Acid is permitted as a direct food additive in chewing gum 

Particular salts of fatty acids are allowed as direct food additives.(42’ These 
salts are not reviewed in this report. 

There are no limitations other than the observance of current good 
manufacturing practice(42) on the use of Oleic and Stearic Acids as indirect 
food additives.(42) These two fatty acids are also listed as substances that are 
G RAS.(42’ 

Regulation of Oleic and Stearic Acids as GRAS substances is based on 
reviews and evaluation by the Select Committee on GRAS Substances 
(SCOGS). (44,45) 
able.(46)47) 

Monographs prepared for these evaluations also are avail- 
Several additional reports on fatty acid salts and various ester 

derivatives have been developed by SCOGS.(48) 

FDA files contain both published and unpublished data on the Oleic Acid 
Group fatty acids (and some of their salts) in the form of Flavor and Extract 
Manufacturers’ Association Monographs, Food Additive Safety Profiles, GRAS 
Monographs, GRAS Petitions, Food Additive Petitions, and Color Additive 
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340 COSMETIC INGREDIENT REVIEW 

Petitions.* The agency’s food safety evaluation of these fatty acids and their 
salts as direct and indirect food additives and as GRAS substances was based 
on reviews of these data (document dates range from 1928 to 1977). 

Unpublished data from industry submissions to FDA include a two- 
generation feeding and reproduction study in the rat using Oleic Acid derived 
from tall oil,(49) a 90-day subchronic oral toxicity study of food-grade Oleic 
Acid in rats,(50) a 52-day subchronic feeding study of rats using Steak Acid 

mixed with lactate salts,@‘) a l-month feeding study of control rats using 
Stearic Acid as a diet supplement,(52) and a 209-day chronic oral toxicity study 

of control rats fed a diet supplement of Stearic Acid.(53’ 
Fatty acids have pharmaceutical uses as lubricants in tablet formulations, 

in the manufacture of their salts for ointment base emulsifiers,‘5’ and as calorie 
sources in parenteral and enteral nutrition therapy.(54) Steak Acid is widely 
used in the pharmaceutical coating of enteric pills and bitter remedies and in 
the preparation of suppositories and ointments.(1,5) 

None of the five Oleic Acid Group fatty acids are currently on the 

Over-The-Counter (OTC) Ingredient list 01 substances currently be;ng re- 
viewed by OTC scientific panels. W) Several OTC advisory review panels have 

determined the level of efficacy of Stearic Acid in the (I) miscellaneous 
external drug product, (2) topical analgesic including antirheumatic, otic, burn, 
sunburn treatment, and prevention products, (3) antimicrobial II, and (4) 
contraceptive and other vaginal drug products categories. However, no 
determination of its safety was made. (56) Sodium Oleate is under review as a 
stimulant laxative by the OTC Panel for review of laxatives.(55) The ingredients, 
“fatty acid,” ” Oleic Acid,” and “Stearic Acid” are listed as “inactive ingredients 
for approved prescription drug products” that are not required in labeling of 
these products.(57) The “Inactive Ingredient” list also contains common 

mmes for the fatty acids, such as olive, peanut, cottonseed, nutmeg, tall, and 
coconut oils. 

Fatty acids are used in the manufacture of soaps, detergents, metal salts, 
driers, and rubber; they are used as solvents for water-insoluble compounds, 
in polishing compounds, lubricating oils, waterproofing, in candles, 
phonograph records, insulators, modeling compounds, and as intermediates in 
chemical synthesis.(‘J1,20,43) 

Recent clinical uses for fatty acids are their conjugation with antibodies to 
aid incorporation of the proteins into membranes(58’ and their conjugation 
with antigens for immune potentiation. (59) A derivative of Stearic Acid is 
commonly used as a paramagnetic probe in the measurement of membrane 
fluidity by electron spin resonance spectroscopy,(bO’ and radioactive Palmitic 
Acid is a diagnostic radiotracer in positron emission tomography.@‘) 

BIOLOGY 

Absorption, Distribution, Metabolism, Excretion 

and 
The digestion of dietary fatty acids, their absorption in micellar aggregates, 
their transport esterified to glycerol in chylomicrons and very low density 

*A listing of these documents was obtained through the Freedom of Information Act. Copies of and 

notes taken from originals have been placed in Cosmetic Ingredient Review (CIR) files. 

I 
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ASSESSMENT: OLEIC ACID 341 

lipoproteins has been reviewed. (62-65) Oleic, Palmitic, Myristic, and Stearic 
Acids are primarily transported via the lymphatic system, and Laurie Acid is 
transported by the lymphatic and (as a free fatty acid) portal systems.(b4) Fatty 
acids originating from adipose tissue stores are either bound to serum albumin 
or remain unesterified in the blood.(66,67) 

Absorption and distribution studies of some fatty acids were reported in 
GRAS evaluations and scientific literature reviews of Stearic(45,46) and Oleic 
Acids(44,“7’ and the sodium salts of oleate and palmitate.(68) Metabolizable 
energy values and digestibility coefficients were calculated for Oleic and 
Stearic Acids in rats, pigs, and chickens. Distribution of radioactivity into 
various lipid classes in lymph from the thoracic duct of rats was followed for 
Oleic and Palmitic Acids. 

Another monograph on Stearic Acid reviewed its digestion, absorption, 
and metabolism.@9) It was noted that several investigators found that in- 
creasing fatty acid chain length slightly decreased their digestibility; Stearic 
Acid was the most poorly absorbed of the common fatty acids.(“,“) 

Oleic Acid has been reported to penetrate the skin of rats.(72) On histo- 
logical examination, fluorescence from absorbed Oleic Acid was found in 
epidermal cell layers of skin removed from treated rats within 10 min of its 
application. The path of penetration was suggested to be via the hair 
follicles.(73) Only minute amounts of Oleic Acid were visualized in the blood 
vessels throughout the experiment. Skin permeability was shown to increase 
with the lipophilic nature of a cornpound. 

Radioactivity has been traced to the heart, liver, lung, spleen, kidney, 
muscle, intestine, adrenal, blood, and lymph, and adipose, mucosal, and 
dental tissues after administration of radioactive Oleic, Palmitic, and Stearic 
Acids.(69,75s76) The sites of the radioactive atoms (3H, 14C, 13’1) were not stated 
in these studies. Radioactive fatty acids were administered orally, intravenously, 
intraperitoneally, and intraduodenally into rats, dogs, sheep, chicks, frogs, and 
humans in various physiological states. Uptake and transport of fatty acids into 
the brain have been observed.(77’ 

Proposed mechanisms for fatty acid uptake by different tissues range from 
passive diffusion to facilitated diffusion or a combination of both.(78,79) Fatty 
acids taken up by the tissues can either be stored in the form of triglycerides 
(98% of which occurs in adipose tissue depots) or they can be oxidized for 
energy via the P-oxidation and tricarboxylic acid cycle pathways of 
catabolism.(80’ 

The P-oxidation of fatty acids occurs in most vertebrae tissues (except the 
brain) using an enzyme complex for the series of oxidation and hydration 
reactions resulting in the cleavage of acetate groups as acetyl-CoA (coenzyme 
A). An additional isomerization reaction is required for the complete catabo- 
lism of Oleic Acid.(b3) Alternate oxidation pathways can be found in the liver 
(w-oxidation) and in the brain ( cu-oxidation).@-83) 

Fatty acid biosynthesis from acetyl-CoA takes place primarily in the liver, 
adipose tissue, and mammary glands of higher animals. Successive reduction 
and dehydration reactions yield saturated fatty acids up to a 16-carbon chain 
length. Stearic Acid is synthesized by the condensation of palmitoyl-CoA and 
acetyl-CoA in the mitochondria, and Oleic Acid is formed via a mono- 
oxygenase system in the endoplasmic reticulum.(4s82) 
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342 COSMETIC INGREDIENT REVIEW 

Fatty acid metabolism has been extensively studied under various physio- 
logical conditions,(84-86) in mammalian development,(87,88) in various or- 
ganisms,(89) as affected by xenobiotics, such as ethanol(W,W) and drugs.(92) The 
regulation of fatty acid metabolism has been reviewed.(93-96) 

Simultaneous ingestion of trace amounts of 14C-triolein (10 PCi) and 
3H-Oleic Acid (20 PCi) in 42 g of carrier fat by patients with normal fecal fat 
excretion resulted in estimated fecal excretion of less than 10% of both 
substances.(97) Gastrointestinal transit times for 14C-triolein, 3H-Oleic Acid, 
and a nonabsorbable marker, “CrC13, did not differ significantly. 

Fatty acid metabolism has been studied in several tissues. Interest in the 
correlation between fatty acids, cholesterol, and coronary heart disease has 
spurred extensive research on myocardial fatty acid metabolism.(98-101) Fatty 
acid metabolism has also been studied in the liver,(102-104) the intestine and 
intestinal microflora,(105,106) the lungs,(““) the kidneys,(108-110) skeletal 
muscle,(lll) bone and cartilage,(l12) and oral mucosal epithelium.(l13) 

Maternal -Fetal Transfer 

Free fatty acids readily cross the placental barrier in rabbits, guinea pigs, 
rats, and humans.(114-118) A b o us of I-14C-Palmitic Acid was injected over 10 I 
set into the carotid artery of 4 pregnant guinea pigs ranging in gestational age 
from 48 to 65 days. (‘19) The fetal side of the placenta was perfused in situ. A 
rapid decline in maternal plasma radioactivity and a rapid appearance of 
radioactivity in the perfusate were observed. The disappearance profile of fetal 
radioactivity essentially paralleled that of maternal radioactivity after a lag 
time of 1.6 min. Other studies of maternal-fetal transfer of fatty acids were 
performed primarily with albumin-bound or lipoprotein-emulsified l-14C- 
Palmitic Acid.(119,120) 

Dietary Fat and Coronary Heart Disease 

The Select Committee on GRAS Substances stated its “concern over the 
role of saturated versus polyunsaturated fatty acids in the etiology of 
arteriosclerosis and associated vascular diseases” in their review of Stearic 
Acid.(45) The Committee noted a joint statement by the Food and Nutrition 
Board of the National Research Council and the Council on Foods and 
Nutrition of the American Medical Association that acknowledged the impor- 
tance of reducing the intake of saturated fatty acids and cholesterol.(12’) 
Cholesterol has been reviewed by Cosmetic Ingredient Review.(122) 

Current studies and reviews confirm the correlation between dietary 
saturated fatty acid intake and the incidence of atherosclerosis and thrombosis 
found in earlier studies and reports. (123.124) Research is now focused on the 
mechanism(s) of induction and the elucidation of the multifactorial influence 
of diet on coronary heart disease.(lOO,lO1) 
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ASSESSMENT: OLEIC ACID 

TABLE 11. Antimicroblal Activity of Fatty Acids”*’ ‘26) 

343 

Oleic Acid Laurie Acid Palmitic Acid Myristic Acid Stearic Acid 

Organism Minimal Inhibitory Concentration (mM) 

Aspergillus niger 

Bacillus cereus 
Bacillus subtilis 
Candida a/b/cans 
Candida ulilis 

Micrococcus lysodeikticus 
Penicillium citrinum 

Pseudomonas aerugfnosa 

Streptococcus pneumoniae 

Saccharomyces cerevisiae 

Staphylococcus aureu~ 

Weprococcus Group A 

Strepptococcus /3-hemolytic 

type 

>4 

>2 

> 2.0.5” 

NI” 2.49 

4. 1” 

>2 

4 

NI NI 

NI 0 062 

>4 

NI 2.49 

1.77 0.124 

- 0 249 

- 

NI 4.37 NI 

- 
- 

0.48 0.218 NI 

NI 4.37 NI 

3.9 0.547 NI 

3.9 2.18 NI 

“NI. not inhibitory at concentrations tested (1.0 mg/ml or 3-6.0 mM). 

“1st value obtalned by agar dilution method, 2nd value obtained by broth dilution method. 

Antimicrobial Activity 

The antibacterial activities of Oleic, Laurie, Palmitic, Myristic, and Stearic 
Acids were studied by placing them in liquid broths containing different 
microorganisms. (I*‘) Minimal inhibitory concentrations at 37OC were deter- 
mined. Results of this study and of other studies on bacteria and fungi(12” are 
presented in Table 11. 

The effects of Oleic, Laurie, Palmitic, Myristic, and Stearic Acids on 
aflatoxin B, production and growth of the fungus Aspergillus parasiticus were 
studied.(127) Concentrations of 5 mM fatty acid were added to liquid medium 
containing “three drops of the emulsifier, Tween-80.” Myristic, Palmitic, and 
Stearic Acids stimulated and Oleic Acid inhibited toxin synthesis. Laurie Acid 
inhibited fungal growth. 

The antiviral activity of Oleic Acid and other unsaturated fatty acids was 
studied.(128) These fatty acids inactivated enveloped viruses, such as herpes, 
influenza, Sendai, and Sindbis viruses at concentrations from 5 to 50 pg/ml. 
“Naked” viruses, such as polio, SV40, and encephalomyocarditis viruses, were 
not affected, indicating a direct memebrane effect. Stearic Acid did not 
inactivate any of the viruses at the concentrations tested. 

TOXICOLOGY 

Reviews of the literature from 1933 to 1976 were prepared for the safety 
evaluations of Oleic and Stearic Acids as GRAS substances by FDA(44-47) and of 
Stearic Acid as a fragrance raw material by Research Institute for Fragrance 
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344 COSMETIC INGREDIENT REVIEW 

Materials (RI FM). (“) RIFM Reviews of Oleic and Myristic Acids have been 
prepared and are pending publication. A subchronic oral toxicity study of 
Palmitic Acid was presented in a GRAS monograph on sodium oleate and 
sodium palmitate.(68) 

Oral Toxicity Studies 

Acute Oral Toxicity 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids were tested for acute 
oral toxicity to rats (Table 12). 

Administration of doses up to 21.5 ml/kg of Oleic Acid and up to 10.0 
g/kg of Palmitic and Myristic Acids (commercial grades) by gavage to albino 
rats resulted in no deaths and no significant gross lesions at necropsy.(‘29,130) 
Doses of 10.0 g/kg of commercial grade Laurie Acid and of 25% (w/v) Stearic 
Acid in corn oil produced the deaths of 1 rat in each group. At necropsy of 
these rats, congested lungs and kidneys and advanced autolytic changes were 
observed. No significant gross lesions were found at necropsy of 2 rats of the 
0.464 and 4.64 g/kg triple-pressed Stearic Acid dose groups. Transient signs of 
toxicity were observed in rats of the higher dose groups of 10.0 and 21.5 
ml/kg Oleic Acid, 10.0 g/kg 25% Stearic Acid in corn oil, and the 4.64 and 10.0 
g/kg Laurie, Palmitic, Myristic, and triple-pressed Stearic Acids. Signs of 
toxicity included slight depression, depressed righting and placement reflexes, 
oily and unkempt fur, mucoid diarrhea, excessive salivation, and sero- 
sanguineous discharge from the muzzle and eyes. 

A cream formulation containing 5% Oleic Acid administered to rats at a 
dose of 5 ml/kg produced no mortalities. Signs of toxicity included transient 
weakness in the legs and colored urine and feces.(13’) 

Oral administration of a 5.0 g/kg dose of a product formulation containing 
8.7% Laurie Acid to rats produced slight toxicity and no deaths.(132) 

A shave cream formulation containing 2.2% Palmitic Acid administered to 
rats at a dose of 5 g/kg produced no deaths and was classified as “non- 
toxic,‘r(‘33) 

White rats were fed a diet containing 50% Stearic Acid.(144) Treated male 
rats died after an average of 8.2 days and female rats died after 10.2 days. 
Spasms and paralysis of the extremities of some rats and cardiac irregularities 
were observed immediately preceding death. With a lower concentration of 
15% Stearic Acid in the diet, the rats lived for a much longer period. 

In three studies, groups of 5 male albino rats received oral doses of 
0.464-10.0 g/kg “eutectic, triple-pressed” Stearic Acid and 25% (w/v) Stearic 
Acid in corn oil,(‘30) or approximately 16% Stearic Acid in ethylene oxide and 
water (65% solution in ethylene oxide diluted I:3 in water).(13”) There were 2 
deaths in the 4.64 g/kg dose group of the first study and 1 death in the 10.0 
g/kg dose groups of the second and third studies. 

A dose of 5 g/kg of a face cream formulation containing 13% Stearic Acid 
produced no deaths when administered to albino rats by gavage.(13’) Skin 
lotion formulations containing 2.8% Stearic Acid administered at doses of 15 
g/kg by gavage to groups of 10 albino rats resulted in 1 death in 1 group.(136,137) 
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At necropsy of the rat that died, fibrous tissue around the heart and reddish 
fluid throughout the thoracic cavity were observed. Normal behavior and 
appearance were observed, and there were no gross alterations in surviving 
rats. Slight dehydration and depression were observed in 1 rat. 

In other studies, testing for acute oral toxicity of skin lotion formulations 
8% Stearic Acid by administration of 5 ml/kg(1’0-143) and 5 

of the formulations resulted in few, if any, deaths. At 
necropsy of the rats that died, fibrous tissue encasing the heart and lungs was 
observed. 

Subchronic and Chronic Oral Toxicity 

Feeding of 5% Oleic Acid or 50% Stearic Acid diets to chicks for 4 weeks 
had no adverse effects (Table 13).(‘45~‘16) De creased clotting time, moderate 
hyperlipemia, and severe phlebothrombosis following initiation with an 
intravenous injection of lipopolysaccharide from Salmonella typhosa were 
observed in rats fed high-fat diets containing 5% Stearic Acid.(147,148) Rats fed 
diets containing 4.6 g/kg/day Palmitic Acid for 6 weeks developed hyperli- 
pemia. (lq8) A diet containing 50% Stearic Acid fed to rats for 8 weeks resulted 
in a microscopic “foreign body-type reaction” in adipose tissue.(‘49’ Rats fed 
high-fat diets containing 6% Stearic Acid for 9 weeks developed severe aortic 
atherosclerosis and thrombosis induced by 5. typhosa lipopolysaccharide; high 
mortality was also observed.(‘47) 

Feeding 15% Oleic Acid diets to rats for IO-16 weeks had no adverse 
effects on growth or general health. 
for 16 weeks, 

(150) Of 4 female weanling rats fed the diet 
“all 4 were able to become pregnant; however 2 died at 

parturition, a litter was eaten at birth, and the remaining litter died within 3 
days of birth.” Mating of 7 adult female rats fed the diet for 16 weeks resulted 
in production of 52 young, 44 of which survived 1 week and 11 of which 
survived 3 weeks. Mammary development was retarded, and a few rats had 
ovarian cysts. No lesions were found in other organs. 

A “foreign body-type reaction” in perigonadal fat and the reversible 
formation of lipogranulomas were observed in rats fed 50 g/kg/day Stearic 
Acid for 24 weeks.(“‘)Anorexia, severe pulmonary infection, and high mortality 
were observed in rats fed diets containing 3OCO ppm Stearic Acid for 30 
weeks.“52’ 

Dermal Toxicity Studies 

Acute Dermal Toxicity 

Oleic, Palmitic, and Stearic Acids were tested for acute dermal toxicity 
after topical application and intradermal administration to the skin of guinea 
pigs, rabbits, and mice (Table 14). 

In one study, application of commercial grade Oleic Acid to the skin of 
guinea pigs produced no deaths and no signs of toxicity. The number of 
applications was not stated. (‘53) Marked irritation characterized by crusting, 
ulceration, and thickening of the skin was observed following topical applica- 
tion of commercial grade Oleic Acid to the skin of rabbits, guinea pigs, and 
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350 COSMETIC INGREDIENT REVIEW 

mice.(“‘) Microscopically hyperkeratosis, pronounced acanthosis follicular 
keratotic plugs, hyperplasia of sebaceous glands, and loss of hair shafts from 
follicles were observed. Treated skin returned to normal when treatment was 
discontinued. 

Local skin inflammation and necrosis were observed at sites on the backs 
of guinea pigs receiving 0.1 ml intradermal injections of 25, 50, and 75% Oleic 
Acid in peanut oil and Oleic Acid as commercially supplied. No alterations 
were observed at sites injected with peanut oil alone.(“@ 

Epidermal hyperplasia and hyperkeratosis were observed in the skin of 
mice after topical application of 50% Oleic Acid in mineral oil.(155) 

Application of a 2 g/kg dose of a shave cream formulation containing 2.2% 
Palmitic Acid was considered nontoxic to rabbits.(‘33,158) 

Concentrations from 10 to 100 mM Stearic Acid in olive oil applied to the 
skin of guinea pigs and rabbits produced mild erythema and slight 
induration.(‘5’) 

Short-Term Dermal Toxicity 

Follicular-keratogenic properties of Oleic, Laurie, Palmitic, Myristic, and 
Stearic Acids were studied after topical application to the skin of the external 
ear canal of 4 albino rabbits(ls9) (Table 15). A 5% (w/v) alcohol solution of 
Stearic Acid and alcohol solutions of the other fatty acids equimolar with the 
Stearic Acid solution were prepared [5% (w/v) Stearic Acid - 18 mmol% 
Stearic Acid]. A dose of 3 ml of each of the fatty acid solutions was applied 
once daily, 5 days per week, for 6 weeks. Controls in one group received 
similar treatment with absolute alcohol and those in another group received 
no treatment. Myristic and Palmitic Acids produced transient slight erythema 
and desquamation in the first 2 weeks of application. No clear alterations 
were observed after Stearic Acid treatment. One day after treatment with 
Oleic and Laurie Acids, erythema was observed. The intensity of the redness 
increased over the following few days and desquamation developed. Distinct 
follicular keratosis was observed within 1 month. After discontinuation of the 
applications, the erythema and scaling gradually disappeared, but the keratosis 
was discernible after 6 weeks. 

Follicular epidermal hyperplasia was produced after topical application of 
undiluted commercial grade Oleic Acid (unspecified dose) to the backs of 
white mice 6 times per week for 1 month.(l”) 

In a recent study, no adverse effects were 
topical application of Myristic Acid to rabbit skin. 

produced from subchronic 
(161) One-half milliliter of a 

30% preparation of Myristic Acid in ether and propylene glycol (solvents at a 
1 :I ratio in concentration) was massaged into the depilated skin of the flanks 
of 5 rabbits daily for 30 days. The opposite flank of the rabbits was depilated 
and treated with solvent only. No significant macroscopic changes were 
observed. Microscopic lesions included thinning of collagen fibers in the 
superficial layers of the dermis after 10 days and a loose dermal infiltrate of 
lymphomononuclear cells and histiocytes after 20 and 30 days. 

Stearic Acid application had little effect on the epidermis of rats.(72) Hair 
on the dorsa of albino or Long-Evans rats had been closely clipped before an 
unspecified dose of Stearic Acid was swabbed on the treatment sites once 
daily for 5 days to 2 weeks. 
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352 COSMETIC INGREDIENT REVIEW 

Stearic Acid, at a concentration of 2.0% in 2 cosmetic product formulations 
was tested for subchronic dermal toxicity using groups of 6 New Zealand 
strain albino rabbits.(162’163) Hair was clipped from the backs of the rabbits, and 
the skin was either abraded or left intact. Doses of 2 ml/kg of the product 
formulations were applied to the sites daily, 5 days per week, for a total of 20 
applications. The rabbits in the untreated control group had no signs of skin 
irritation. No mortalities were observed in the 2 groups of rabbits receiving 
applications of either formulation. 

In the first group, the mean percentage gain in body weight was 33%, and 
the skin of all 6 rabbits was slightly edematous; edema was observed in 3/6 
rabbits after the first week, l/6 rabbits during the third week, and 2/6 rabbits 
during the fourth week. The skin of 5 of the 6 rabbits remained edematous for 
the duration of the study. Two of the rabbits had slight local desquamation of 
the skin that was of irregular duration. The brown color of the product 
obscured scoring of treatment sites for erythema. Both abraded and intact skin 
had similar reactions to treatment with the product. Individual fluctuations in 
hematological values were noted in animals of all groups including controls. 
Slight differences in serum glutamic-pyruvic transaminase values were ob- 
served that were considered unrelated to treatment. At necropsy, organ 
weights of the treated group were comparable to those of controls, and the 
pulmonary hemorrhages observed in 1 male were considered unrelated to 
treatment and common in New Zealand strain rabbits. Discharge from the left 
eye of 1 male rabbit was noted. No significant microscopic lesions considered 
to be treatment-related were noted. 

In the second group of 6 NZW rabbits that received applications of a 
product formulation containing 2.0% Stearic Acid for 4 weeks, the mean body 
weight gain was 18%. The skin of all 6 rabbits was slightly edematous; edema 
was observed in l/6 rabbits during the first week, l/6 rabbits during the 
second week, and 4/6 rabbits during the fourth week. The edema observed in 
the skin of the first 2 rabbits disappeared after a few days, recurring in 1 
during the fourth week. One rabbit had slight atonia during the second week 
only. Four rabbits during the second week and 2 rabbits during the third week 
developed slight desquamation of the skin at treatment sites, which returned 
to normal. Slight scaling of the skin was observed for the duration of the 
study. The brown-colored product obscured scoring of treatment sites for 
erythema. Clinical signs of toxicity included nasal discharge in 2 male rabbits 
(on days 18-28 and on days 10 and 11) and scabs on the back of a female 
rabbit (on days 7-28). Both intact and abraded sites had similar reactions to 
the treatment. No distinct treatment-related effects were noted in hemato- 
logical, biochemical, or organ weight values. There were no significant gross 
or microscopic alterations. 

A facial skin care product formulation containing 5.0% Stearic Acid was 
applied to the shaved dorsal skin of 15 female rats of the Crl:COBS CD(SD)BR 
strain in a 13-week dermal toxicity study. (164) Daily doses of 4.0 ml/kg of the 
product were applied 5 days per week for a total of 65 applications. The 
treatment was estimated to provide a dose IOO-fold greater than the daily 
exposure to humans. Controls received no treatment. There were no deaths in 
the treatment group and one death in the control group. No major changes in 
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appearance or behavior were observed that were treatment-related, although 
minimal to moderate skin irritation was observed in all rabbits throughout the 
study. Statistically significant (p < 0.05) changes included decreased glucose 
and increased serum glutamic-pyruvic transaminase concentrations during the 
7th week, and decreased hemoglobin, hematocrit, mean corpuscular volume, 
and total erythrocyte count during the 13th week. Urinalysis values were 
within normal limits. At necropsy, increases in absolute weights of the liver, 
heart, kidneys, and adrenals and in liver/body weight ratios were statistically 
significant (p < 0.05). The apparent statistical significance between hemato- 
logical, biochemical, and organ weight values of treated and control groups 
was within normal limits. Subclinical bronchitis and “focal interstitial 
mononuclear cell infiltration into the kidneys, liver and heart” were noted in 
an unspecified number of rats. Grade 1 hyperkeratosis was observed in 5 of I5 
treated rats. 

A concealing cream product formulation containing 2.4% Stearic Acid was 
applied to the shaved dorsal skin of 15 female Sprague-Dawley rats in a 
13-week dermal toxicity study. (lb5) Daily doses of 227 mg/kg of the product 
were applied 5 days a week for a total of 65 applications. As in the preceding 
study, (lb4) the treatment was estimated to provide a dose 100 times greater 
than the typical human exposure. Controls received no treatment. There were 
no deaths or significant differences in growth rates. Sporadic and transient 
skin irritation was observed in the treatment group throughout the study. 
Statistically significant (p < 0.05) differences between treatment and control 
groups in mean hematology values (decreased hemoglobin during weeks 7 
and 13, decreased hematocrit during week 7, increased mean corpuscular 
volume during week 13, and decreased total erythrocyte count during weeks 7 
and 13) and mean serum chemistry values (decreased serum alkaline 
phosphatase during week 13) were within normal limits. Urinalysis values 
were considered normal. At necropsy, changes in mean absolute organ weight 
(brain) and mean relative organ weights (liver/body, spleen/body) were 
considered toxicologically insignificant. Minimal hyperkeratosis of the 
epidermis was observed in some rats. 

Administration of subcutaneous Oleic Acid injections at volumes increas- 
ing from 0.25 to 0.5 ml for 400 days had no adverse effects in the growth of 
albino mice. The life duration of mice of both sexes was lower than that 
expected for normal mice.(lbb) 

Primary Skin Irritation 

The fatty acids, Oleic, Laurie, Palmitic, Myristic, and Stearic Acid, were 
tested for primary skin irritation from topical application to the skin of rabbits 
(Table 16). 

In a single insult occlusive patch test (SIOPT) with 6 albino rabbits, 
administration of a 0.5 ml dose of Oleic Acid, as commercially supplied, 
resulted in a primary irritation index (PII) of 0.5 (max PII =8.0) and mild 
erythema 24 h after treatment. (130) In a Repeat Open Patch study with 6 rabbits 
(specific procedure not reported), application of commercial grade Oleic Acid 
produced mild to moderate erythema after 24 h, mild to marked erythema 
after 48 h, and moderate to marked erythema after 72 h. Slight to moderate 
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356 COSMETIC INGREDIENT REVIEW 

edema was observed after 72 h. (lb’) In Modified Draize tests,(lba) 3 repeated 
open patch topical applications of cream blush formulations containing 5.08% 
Oleic Acid produced mild erythema in 6 female NZW rabbits after 72 h. The 
formulations were not primary skin irritants. (1b9.170) In a 14-day study with 6 
NZW rabbits, the daily topical applications of a red cream formulation 
containing 5% Oleic Acid produced slight to well-defined erythema and slight 

In an SIOPT, commercial grade Laurie Acid applied to intact and abraded 
sites of the skin of 6 albino rabbits produced slight erythema at both sites after 
24 h, which subsided by 72 h, minimal edema after 72 h, and a PII of 1.12. 
Blanching and some coriaceous tissue were noted at a few abraded sites.(13’) 
In an SIOPT, a 5% aqueous preparation of a product formulation containing 
8.7% Laurie Acid applied to intact and abraded skin of 6 albino rabbits resulted 
in a PII of O.(“‘) 

A dose of 0.5 ml of commercial grade Palmitic Acid applied to intact and 
abraded sites on the skin of 6 albino rabbits in an SIOPT resulted in a PII of 
0.(‘30) Administration of product formulations containing 2.2-74% Palmitic 
Acid produced minimal erythema and no edema 2-24 h after application to 
the skin of albino rabbits.(133,172-174) 

In an SIOPT, commercial grade Myristic Acid was applied to intact and 
abraded sites on the skin of 6 albino rabbits, and the PII was 0.(13’) In a Repeat 
Open Patch test using commercial grade Myristic Acid, all 6 treated albino 
rabbits developed mild to moderate erythema from 24 to 72 h. One rabbit 
developed very slight edema after the 72-h scoring.(175) 

No irritation was observed at intact or abraded sites of the skin of albino 
rabbits in two SIOPT studies involving a commercial grade Stearic Acid.(13’) In 
an SIOPT of commercial grade Stearic Acid, transient minimal erythema and 
no edema were noted in 9 albino rabbits after a 2-h exposure period.(l”) 

A preparation of 65% Stearic Acid in ethylene oxide produced erythema 
and minimal edema 24 and 72 h after application to intact and abraded sites 
on the skin of 6 NZW rabbits. The PII for this SIOPT was 3.00.(134) No irritation 
was observed in SIOPT studies involving 4-h exposures of intact and abraded 
skin of 6 albino rabbits to 45 and 59% Stearic Acid in combination with “other 
fatty acids. “u’~) Two-hour exposures of the skin of 9 albino rabbits to 35.0% 
Stearic Acid in water and 50% Stearic Acid in petrolatum resulted in respective 
Plls of 0.33 and 0.56. Transient mild erythema and no edema were observed in 
both SIOPT studies.(177,178) 

SIOPT studies with lotion and cream formulations containing l.O-13% 
Stearic Acid resulted in Plls, ranging from 0.63 to 2.2, that were not directly 
related to Stearic Acid concentration. A face cream formulation containing 
13% Stearic Acid was determined “non-irritating” in a 24-h SIOPT of the fatty 
acid applied to intact and abraded sites on the skin of at least 6 albino rabbits. 
The use of a standard procedure was reported,(15Q and no additional data 
were recorded.(179) 

In a 24-h SIOPT of a skin lotion formulation containing 2.8% Stearic Acid, 
the PII was 1.00, and barely perceptible erythema and edema were observed at 
most intact and abraded sites of 6 NZW rabbits after 24 h. Irritation had 
subsided after 72 h.(13@ 
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Transient irritation was also observed in a 24-h SIOPT to intact and 
abraded sites of the skin of 6 NZW rabbits treated with a skin lotion 
formulation containing 2.8% Stearic Acid. Very slight to well-defined erythema 
was observed at both sites, and very slight edema was observed at some intact 
and all abraded sites after 24 h.(139) 

A skin lotion formulation containing 2.8% Stearic Acid produced very 
slight erythema at both intact and abraded treatment sites and transient 
minimal edema at a few sites 1 day after a 24-h SIOPT.(140) 

A skin lotion formulation containing 2.8% Stearic Acid produced minimal 
to well-defined erythema and edema at both intact and abraded sites of 6 
NZW rabbits 24 h after treatment. Very slight erythema was observed at some 
of the sites after 72 h.(13’) Dry skin was noted in all rabbits. 

A skin lotion formulation containing 2.8% Stearic Acid produced very 
slight to well-defined erythema and edema at intact and abraded sites of 6 
NZW rabbits 24 h after treatment. Very slight erythema was observed at a few 
sites, and there was no edema 48 h later. 
sites of all rabbits, 

(13’) Dry skin was noted at treatment 

Intact and abraded sites on the skin of 4 male albino rabbits were treated 
with a skin lotion formulation containing 2.8% Stearic Acid in a 24-h SIOPT 
study. Transient minimal erythema was observed after 24 h. One abraded site 
had very slight edema after 24 h.(143) 

Intact and abraded sites on the skin of 6 NZW rabbits were treated with 
lotion formulations containing 1 .O% Stearic Acid in two 24-h SIOPT studies.(180) 
Treatment with one formulation produced defined erythema and edema at 
both sites after 24 h, which had subsided by 72 h posttreatment. 

Skin Sensitization 

A cream blush formulation containing 5.08% Oleic Acid was tested for 
sensitization using a group of 24 female Hartley guinea pigs weighing 300- 
500 g. (18’) In a maximization test,(la2) single intradermal injections of 0.1 ml of 
5% Freund complete adjuvant in water, of a 5% solution of the formulation in 
water, and of a 5% solution of the formulation, water, and Freund adjuvant 
were administered in rows along the dorsal midline of the guinea pigs. Seven 
days after the injections, a 10% preparation of sodium lauryl sulfate in 
petrolatum was topically applied to the clipped dorsal area. Twenty-four hours 
later, 1 g of the undiluted formulation was applied to the treatment sites 
under an occlusive patch. The challenge patch, 1 g of the undiluted formulation 
in a Duhring chamber (aluminum disk with diameter of 18 mm and 2 mm 
elevated flange), was topically applied under an occlusive wrapping 14 days 
after topical induction (22 days after the intradermal injection). After a 24-h 
exposure, the challenge patch was removed. Sites were scored at patch 
removal and 48 h later. None of the guinea pigs had reactions to the challenge 
patches. Although no other data were reported, the formulation was consid- 
ered a weak, grade I, sensitizer. 

A suntan lotion formulation containing 1.0% Stearic Acid was tested for 
sensitization on 22 young adult female Hartley guinea pigs(lB3) using the same 
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procedure as in the preceding study. (la’) There was one sensitization reaction 
to the occlusive challenge patch of 1 g of the formulation in a Duhring 
chamber among the 22 treated guinea pigs. The formulation was considered a 
weak, grade I, sensitizer. 

In a maximization study,(la2) a cosmetic product formulation containing 
3.5% Stearic Acid was tested for allergic contact sensitization using a group of 
10 female guinea pigs. (184) lntradermal injections of 50% aqueous Freund 
complete adjuvant, 50% formulation in propylene glycol, and 50% formulation 
in 50% aqueous Freund adjuvant at each of three sites along the upper backs 
of the guinea pigs were followed 1 week later by a topical booster of a slightly 
irritating concentration of the formulation in petrolatum. A topical application 
of 10% sodium lauryl sulfate in petrolatum was made 24 h before the topical 
booster if the formulation was not sufficiently irritating. Guinea pigs in the 
control group received induction injections of 50% aqueous Freund complete 
adjuvant, propylene glycol, and a 1 :I preparation of propylene glycol and 50% 
aqueous Freund adjuvant along the upper back and topical booster applica- 
tions of petrolatum. Two weeks after the topical booster application, occlu- 
sive challenge patches containing 50 or 100% of the formulation were applied 
to control and treated guinea pigs. Sites were scored 48 and 72 h later. Five of 
10 treatment sites had minimal faint erythema, and 1 of 10 sites had mild 
erythema 48 h after challenge with the 100% concentration. There were 3 sites 
with minimal faint erythema after 72 h, 2 of which had signs of desquamation. 
Other treatment sites had no signs of sensitization. Challenge of the treatment 
sites with the 50% formulation preparation resulted in minimal faint erythema 
at 1 of 10 sites after 48 h, which was visible after 72 h. All other treatment sites 
challenged with the 50% concentration had no signs of sensitization. Two 
control guinea pigs died, and 4 of the remaining 8 sites challenged with the 
100% formulation patch had minimal faint erythema after 48 h. Two of 8 sites 
challenged with the 50% concentration had minimal faint erythema, and 
desquamation was observed at another site after 72 h. 

Photosensitization 

Two skin lotion formulations containing 2.8% Stearic Acid were tested for 
phototoxicity.(185*18b) A q u eous preparations of the formulations, 100, 75, 50, 
and 25%, were applied to four different sites on the backs of IO male Hartley 
albino guinea pigs weighing 324-486 gc’85) and 284-452 g.(18’) These sites were 
exposed to UVA radiation. Ten control guinea pigs weighing 268-434 g(ls5) 
and 344-464 g(18@ received the same topical applications but no UVA irra- 
diation. Sites were evaluated 1 and 24 h after treatment. Neither formulation 
was considered phototoxic to the guinea pigs under these conditions because 
the control group had signs of irritation that were comparable to the irradiated 
test group. One guinea pig in the control group of one study died.(185) The test 
groups’ reactions ranged from questionable to moderate erythema at 6 (50% 
preparation) to all 10 sites (75%, 100% preparations). The 25% preparations 
produced no signs of phototoxicity in either study. The control groups in both 
studies had questionable to moderate (50-100% sites,(‘85) 50-75% sitesnab)) or 
considerable erythema (100% site(18b) ). No irritation was observed at control 
sites treated with the 25% preparations. 
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Two skin lotion formulations containing 2.8% Stearic Acid were tested for 
photoallergy using 12 male Hartley albino guinea pigs weighing 378-516 g(186) 
and 330-404 g. (ls5) Each guinea pig received 10 topical induction applications 
of the undiluted formulations. Two weeks after the last application, challenge 
applications of 10, 20, and 100% (w/v) preparations were made to two 
separate sites, one of which was irradiated. Control groups of 12 male guinea 
pigs (360-440 g,(“‘) 358-492 g(‘%)) received no induction applications and 
were treated as test animals in the challenge phase. Induction sites were 
evaluated daily and challenge sites were evaluated 24 and 48 h after treat- 
ment. In one study, 1 test animal died during the induction phase and 2 
animals died during the challenge phase. (185) Neither formulation was 
considered photoallergenic to the guinea pigs under these conditions because 
the control group had signs of irritation comparable to the test group. 
Questionable to moderate erythema was observed at up to 11 of 12 sites by 
the second application of the induction phase. During the challenge phase, 
no irritation was observed at either irradiated or nonirradiated sites of guinea 
pigs in control and test groups at the 10 and 20% concentrations. Questionable 
to minimal erythema was observed at one or two nonirradiated sites and at 
five irradiated sites of the test group challenged with the undiluted 
formulation. In the control group, four to seven nonirradiated sites and five to 
six irradiated sites had questionable to minimal erythema after challenge with 
the undiluted formulation. 

Comedogenicity 

The comedogenicity of UVA-irradiated and nonirradiated Oleic Acid was 
evaluated.(24) A significant increase in lipid peroxide level of Oleic Acid was 
observed after 18 h of UVA irradiation. Daily applications of the nonirradiated 
Oleic Acid (approximately 2 ml of 99% Oleic Acid) for 2 weeks were made on 
the ventral surface of one ear of Japanese and New Zealand White rabbits. An 
equal volume of irradiated Oleic Acid was applied to the other ear. Both Oleic 
Acid and its peroxides induced fairly large comedones in both species of 
rabbit. The lipid peroxide concentration was positively correlated with the 
degree of comedo formation. 

Ocular Irritation Studies 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids were tested for ocular 
irritation (Table 17). 

No or minimal conjunctival irritation was produced in eyes of 6 albino 
rabbits treated with 0.1 ml of Oleic Acid as commercially supplied. Using the 
Draize Method,(‘68) the single instillation was not rinsed from the eyes. 
Untreated eyes served as controls.(‘30,187,188) I n other Draize studies, 0.1 ml of 
mascara and cream product formulations containing 2-5% Oleic Acid pro- 
duced no or slight conjunctival irritation in the eyes of rabbits within 2 days of 
treatment (131,191-192) N o irritation was observed in eyes that had been irrigated 
20 set after treatment with 20 ml lukewarm water.(190) No irritation was 
observed in rinsed and unrinsed eyes of rhesus monkeys treated with a 
mascara formulation containing 6% Oleic Acid.(189) 
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ASSESSMENT: OLEIC ACID 363 

Instillation of commercial grade Laurie Acid into the eyes of 6 albino 
rabbits produced cornea1 opacity, mild conjunctivitis, and iritis throughout the 
72-h observation period. (130) An aqueous dilution of a product formulation 
containing 8.7% Laurie Acid produced no ocular irritation in 6 albino rabbits.(193) 
A 1% aqueous preparation of a soap formulation containing 1.95% Laurie Acid 
was not irritating to treated unrinsed eyes of rabbits. The preparation was 
minimally irritating to treated eyes that had been rinsed 30 set after instil- 
lation with 20 ml deionized water at room temperature.(194) 

Administration of commercial grade Palmitic Acid to the eyes of 6 albino 
rabbits produced no irritation. (13’) Mild to moderate ocular irritation was 
produced in rabbits by product formulations containing 19.4% Palmitic Acid. 
One of these formulations had been diluted to 75% with corn oil.(195,1%) 
Cosmetic product formulations containing 2.2 and 4.4% Palmitic Acid pro- 
duced no ocular irritation in 6 albino rabbits.(133,197*198) 

Slight conjunctival irritation was produced in the eyes of albino rabbits 1 
day after instillation of commercial grade Myristic Acid(13’) and 50% Myristic 
Acid in petrolatum. (199) Lotion formulations containing 1.5% Myristic Acid 
were minimally irritating to rinsed (20 ml ionized water at room temperature, 
30 set after instillation) and unrinsed treated eyes of rabbits.(200,201) 

No ocular irritation was produced in 6 albino rabbits by commercial grade 
Stearic Acid, whereas mild conjunctival erythema was produced in 3 of 6 
albino rabbits by commercial grade eutectic (triple-pressed) Stearic Acid.(13’) 
Treatment with 65% Stearic Acid in ethylene oxide resulted in no ocular 
irritation.(134’ Treatment with 35% Stearic Acid in corn oil and 50% Stearic Acid 
in petrolatum was “practically non-irritating,” primarily producing mild 
conjunctival erythema, which had subsided within 2 days.(202,203) 

lritis was observed in 1 of 6 albino rabbits treated with a face cream 
formulation containing 13% Stearic Acid.(179) No irritation(139) or mild conjunc- 
tival irritation after 1 and 24 h(13b-138,1J1-143,153,204) was observed in the unrinsed 
eyes of albino rabbits treated with lotion formulations containing 1 and 2.8% 
Stearic Acid. Mild iritis was also observed in one study.(153) Eyes of rabbits that 
had been irrigated with water after treatment with a skin lotion formulation 
containing 2.8% Stearic Acid had no signs of irritation(13@ or slight conjunctival 
erythema after 24 and 48 h.(136s137) 

MUTAGENICITY 

Oleic, Laurie, and Stearic Acids were assayed for their abilities to induce 
mitotic aneuploidy and crossing-over of chromosomes in the D, strain of 
Saccharomyces cerevisiae.(205) Concentrations of Oleic Acid from 100 to 500 
pg/ml and of Laurie Acid from 10 to 200 pg/ml increased aneuploidy, 
whereas Stearic Acid at concentrations up to 500 pg/ml was inactive. None of 
the fatty acids tested increased the frequency of mitotic crossing-over events; 
concentrations of Oleic and Laurie Acids up to 50 pg/ml and of Stearic Acid 
up to 500 pg/ml were used. 

Stearic Acid was tested for mutagenicity using the Ames test(20b) with 
Salmonella typhimurium strains TA98, TAIOO, TAI 535, TAI 537, and TAI 538.(207) 
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364 COSMETIC INGREDIENT REVIEW 

Spot tests were performed using 50 mg/ml Stearic Acid suspensions in 
distilled water (50 pg/plate) with and without microsomal activation from 
hepatic S9 fractions from rats induced with Aroclor 1254 (50 pg/plate). 
Positive controls were 2-aminoanthracene and &nitro-o-phenylenediamine in 
dimethyl sulfoxide, 9-aminoacridine in ethanol, and sodium azide in distilled 
water. Stearic Acid had no mutagenic activity over background in the strains 
tested with and without metabolic activation. 

The genotoxicity of Oleic Acid was studied using V79 Chinese hamster 
lung fibroblasts. c208) The three tested concentrations of Oleic Acid, 2.5, 5.0, 
and 10.0 pg/ml, produced a mean number of sister chromatid exchanges per 
metaphase that was similar to controls. Higher incidences of aneuploidy were 
observed in cultures at all three concentrations. The 2.5 pg/ml Oleic Acid- 
treated culture had a higher incidence of tetraploidy when compared to 
controls. 

Isomers of Oleic Acid, cis-12- and cis-13-octadecenoic acids, produced a 
greater increase in mitochondrial DNA mutation in S. cerevisiae than did 
Oleic Acid.‘209’ 

Inhibition of Mutagenesis 

Oleic, Laurie, Stearic, and Palmitic Acids were tested for their inhibitory 
action on the mutagenicity of several compounds using two bacterial systems, 
Escherichia co/i and Salmonella typhimurium. These studies and their results 
are summarized in Table 18. 

In the S. typhimurium system, a modified Ames test(20b) was used in- 
volving preincubation of a mixture containing the mutagen, dimethylsulfoxide 
(DMSO), fatty acid, S9, and bacteria before plating. A phosphate buffer at 
pH 6 was used for the preincubation mixture in the E. co/i system. A 
significant decrease in the number of revertants compared to negative controls 
in both tests was interpreted as inhibition by the fatty acid. Positive controls 
with mutagen alone were done to determine maximum numbers of revertants. 

Oleic Acid was toxic to S. typhimurium TA 100,(211) and Laurie Acid was 
toxic to E. co/i WP2 uvrA/pKMlOl in the absence of S9. In the presence of S9, 
Laurie Acid had a strong inhibitory effect on all N-nitrosodialkylamines 
tested.(212) 

Mechanisms for Oleic and Laurie Acid-inhibition of potent mutagens have 
been discussed, and results of several bacterial tests for fatty acid inhibition of 
mutagenesis have been reported.(214) 

CARCINOGENICITY 

Oleic, Laurie, Palmitic, and Stearic Acids have been tested for carcinogenic 
activity. The studies were reviewed in the safety assessment of particular fatty 
acids (and their salts) as they are used in foods(44-47,b8) and in fragrances.(b9) 
Data and results from these and additional studies are summarized in 
Table 19. 
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ASSESSMENT: OLEIC ACID 369 

The carcinogenicity of Oleic, Laurie, Palmitic, and Stearic Acids was 
studied from 1964 to 1967 in a series of experiments with female BALB/c or 
Swiss-Webster mice.(*15) Subcutaneous injections were administered in the 
inguinal area 3 times per week for 4 weeks. Materials that were administered 
daily or for longer than 4 weeks were given in inguinal and axillary areas to 
prevent their accumulation into deposits of unabsorbed oil. The vehicle for 
the injections was tricaprylin, and the volume per injection was 0.1 ml. One 
group of control mice was administered tricaprylin alone; the other control 
group received no treatment. Mice were observed twice weekly for the 
appearance of subcutaneous neoplasms. Animals with neoplasms or those in 
poor condition were killed and necropsied. 

Oleic Acid was administered to 15 Swiss-Webster mice at a dose of 0.1 mg 
3 times per week for a total of 10 injections. c215) The total dose administered in 
the study was 1.0 mg Oleic Acid per 1 ml tricaprylin. Nine mice were alive 
after 12 months, and 1 was alive after 18 months. No neoplasms were 
observed after this treatment. Another group of 16 Swiss-Webster mice re- 
ceived 2 injections of 0.5 mg Oleic Acid per week for a total of 33 injections. 
The total dose administered was 11.5 mg per 2.3 ml tricaprylin. Eight mice 
were alive after 12 months, and 4 were alive after 18 months. One mammary 
gland carcinoma was found after 9 months, 

Laurie Acid was administered to 15 Swiss-Webster mice at a dose of 1.0 mg 
3 times per week for a total of 12 injections (total dose, 12 mg Laurie Acid/l.2 
ml tricaprylin). r215) Thirteen mice were alive after 12 months, and 8 mice were 
alive after 18 months. One pulmonary neoplasm and 1 “leukemia-lymphoma” 
were found after 23 months. Another group of 16 Swiss-Webster mice re- 
ceived 2 injections of 5.0 mg weekly for a total of 25 injections (total dose, 125 
mg Laurie Acid/2.5 ml tricaprylin). After 12 months, 8 mice were alive, and 
after 18 months, 5 were alive. One subcutaneous sarcoma and 1 pulmonary 
neoplasm were found after 18 months. Two “leukemia-1ymphomas” were 
found after the fourth and fifth months. 

Palmitic Acid was administered to 16 Swiss-Webster mice at a dose of 1.0 
mg 3 times per week for a total of 10 injections (total dose, 10 mg Palmitic 
Acid/l ml tricaprylin). c215) Eight mice were alive after 12 months, and 6 were 
alive after 18 months. One subcutaneous sarcoma was found after 19 months, 
2 pulmonary neoplasms were found after 19 and 22 months, and 1 breast 
carcinoma was found after 22 months. Another group of 16 Swiss-Webster 
mice received two injections of 5.0 mg weekly for a total of 25 injections (total 
dose, 125 mg Palmitic Acid/2.5 ml tricaprylin). Eight mice were alive after 12 
months, and 5 were alive after 18 months. A subcutaneous sarcoma was found 
after 8 months, 2 breast carcinomas were found after 18 months, and 1 
“leukemia-lymphoma” was found after 12 months. 

Stearic Acid was administered to groups of 16 Swiss-Webster mice at doses 
of 0.05 mg and 0.5 mg weekly for a total of 26 injections.(*15) After 18 months, 
10 mice were alive in the group given the lower dose, and 6 mice were alive in 
the group given the higher dose. A third group of 15 Swiss-Webster mice was 
given injections of 1.0 mg Stearic Acid 3 times per week for a total of 10 
injections. Eight mice were alive after 12 months, and 1 was alive after 18 
months. A fourth group of 10 BALB/c mice was given injections of 1.0 mg 
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Stearic Acid twice weekly for a total of 82 injections. Seven mice were alive 
after 18 months. No neoplasms were found in these four groups. 

Neoplasms were found in three other groups of BALB/c mice administered 
Stearic Acid.(215) The first group of 15 mice was injected with 0.05 mg Stearic 
Acid twice weekly for a total of 104 injections. Thirteen mice were alive after 
18 months, and 1 pulmonary neoplasm was found after 19 months. The 
second group of 10 mice received injections of 0.05 mg Stearic Acid twice 
weekly for a total of 114 injections. Four mice were alive after 18 months. Four 
subcutaneous sarcomas (1 after 6 months, 2 after 10 months, and 1 after 12 
months), 1 pulmonary neoplasm (after 19 months), and 1 “leu- 
kemia-lymphoma” (after 19 months) were found. The 10 mice in the third 
group received 0.5 mg Stearic Acid per injection twice weekly for a total of 
114 injections. Nine mice were alive after 18 months. After 21 months, 1 
pulmonary neoplasm and 1 adrenal carcinoma were found. 

In a study modeled after the Swern et al.(215) study, Van Duuren et al.(221) 
found Stearic Acid to be noncarcinogenic, confirming the previous study’s 
conclusion (see Table 14 for details of study). Investigators in both studies 
indicated that a compound’s carcinogenic activity was assessed by its ability to 
induce sarcomas at the injection site. 

Statistical techniques were used to determine possible associations 
between dietary faty acids in triglycerides and the incidence of spontaneous 
mammary tumors in C3H mice. (222) Eleven natural fats and oils and their 
mixtures were used to obtain 20 substances with varying concentrations of 
different fatty acids that were fed to mice. The saturated fatty acids, Laurie, 
Myristic, and Palmitic Acids, had little effect on tumor incidence or the time 
needed for a tumor to appear. The concentration of Stearic Acid was cal- 
culated to be inversely related to tumor incidence and directly related to the 
time for tumor appearance. Oleic Acid produced no significant effect on 
tumor incidence. 

The effects of free fatty acids fed as dietary supplement to mice of the 
T.M. strain were studied.(*‘@ Refined corn oil (free fatty acid content, ap- 
proximately 1.5%, removed during refining process) fed to the mice at a rate of 
150-200 mg/mouse/day contained 1.5% free fatty acids, Oleic and linoleic 
Acids. Feeding of the refined corn oil plus free fatty acid diet resulted in a 
high incidence of lung (48.5%), stomach (27.4% forestomach papillomas, 12.5% 
pyloric tumors), and brain nerve cell (11%) tumors and a low incidence of 
mammary carcinomas, myomas, and lymphosarcomas. Feeding of the refined 
corn oil diet resulted in a high incidence of lung and brain nerve cell tumors, 
lymphosarcomas, and a lower incidence of gastric tumors. One heart tumor 
was found in each treated group (n = 329 in refined corn oil plus free fatty 
acids group, n = 375 in refined corn oil group). Controls fed the standard diet 
(n = 623) had a total tumor incidence of less than 20%; tumors were mainly 
located in the lung. 

A later study was done to determine the types of gastrointestinal tumors 
induced in the T.M. strain mice fed a standard diet supplemented with refined 
corn oil, crude corn oil (contains 1.5% free fatty acids), or refined corn oil plus 
the fatty acids, Oleic Acid and linoleic acid, at concentrations up to 1.5%.(217) 
These corn oil supplements were given to the mice in daily amounts of 200 
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mg/mouse. Controls were fed the standard diet. Mice were killed when they 
began to lose weight rapidly. The average age of the control mice was 645 
days, and that of the treated mice was 454-540 days. In the group fed the 
refined corn oil plus fatty acid diet, 138 gastric tumors were found in 328 
treated mice. In the refined corn oil diet group, 9 gastric tumors were found in 
209 treated mice. The crude corn oil diet group had 63 gastric tumors in 196 
treated mice. Three gastric tumors were observed in the 195 control mice. No 
intestinal polyps or adenocarcinomas were observed in control or treated 

‘mice. The types of induced gastric tumors included papillomas and squamous 
ccl I carcinomas. 

The carcinogenic activity of a feed supplement of Oleic Acid in corn oil 
was studied using C57BL/l black strain mice that were “generally resistant to 
tumor formation.“(218) Control animals from a different supplier were fed 
chow alone, and the 55 treated mice were fed a diet consisting of IO g of a 
mixture of 1.5 g Oleic Acid/l00 g corn oil dispersed in 100 g of laboratory 
chow to which water was added. Throughout the study, randomly selected 
mice were killed and examined after 6, 12, 18, 21, and 24 months. Colon 
adenocarcinomas, which metastasized to the lung and muscle, were found in 
8% (3/36) of the treated mice. Lipid profiles of the livers and pituitary glands 
of the mice were obtained. Results for the 2 groups of mice were compared 
and discussed. 

Tumor-Promoting and Cocarcinogenic Activity 

skin 
In 1932, Twort and Bottomley reported that the induction of nonmalignant 

tumors by chrysene was increased in mice when Oleic Acid was used as 
the solvent compared to liquid paraffin or benzene. In a later study comparing 
the induction of skin tumors in mice by carcinogenic hydrocarbons dissolved 
in various solvents, chrysene induced more tumors when dissolved in Oleic 
Acid than in chloroform, but benzo(a)pyrene and fractions of synthetic tar 
induced fewer tumors when dissolved in Oleic Acid.(223) Also, in that study, 
induction of benign tumors, but not malignant tumors, increased when 
1,2,5,6-dibenzanthracene was dissolved in Oleic Acid, compared to liquid 
paraffin. Use of chloroform as the solvent increased the incidence of malig- 
nant tumors. 

Shubik(22’) tested Oleic Acid as a tumor promoter for 9,10-dimethyl-1,2- 
benzanthracene-initiated mouse skin. Oleic Acid was administered twice 
weekly for 20 weeks but did not promote tumors. Gwynn and Salaman(225) 
also reported negative results for the promotion of 9,10-dimethyl-1,2- 
benzanthracene-initiated mouse skin tumors when Oleic Acid was 
administered twice weekly for 12 weeks or weekly for 15 weeks. Holsti(226) 
demonstrated that more frequent administration of Oleic Acid could promote 
9,10-dimethyl-1,2-benzanthracene-initiated skin papillomas in mice; 2 of 40 
mice developed papillomas when undiluted Oleic Acid was administered 
twice weekly, but 27 of 44 mice developed such tumors when Oleic Acid was 
administered daily for 6 days a week. Oleic Acid or Laurie Acid, but neither 
Palmitic Acid nor Stearic Acid, dissolved in chloroform also stimulated the 
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formation of skin papillomas. No malignant tumors were seen in any of the 
mice treated with any of the fatty acids. 

Van Duuren and Goldschmidt (227) tested Oleic Acid and Stearic Acid as 
cocarcinogens in groups of 50 mice each. Benzo(a)pyrene, administered in 
acetone, induced 26 papillomas in 16 mice and squamous cell carcinomas in 
12 mice. Mice that received the benzo(a)pyrene and 25 mg of Oleic Acid 
in acetone 3 times a week for 440 days developed no skin tumors, benign or 
malignant. Benzo(a)pyrene and 4 mg of Stearic Acid, administered 3 times a 
week for 440 days, resulted in 38 papillomas in 25 mice, but only 7 mice had 
squamous cell carcinomas, fewer than the controls. The results were consid- 
ered inconclusive for Stearic Acid but supportive of the possibility that Oleic 
Acid is not a cocarcinogen. 

Hogan and Shamsuddin (228) studied the tumor-promoting properties of cis- 
and trans-Oleic Acid on the induction of intestinal cancer by azoxymethane. 
cis-Oleic Acid had no promoting effect; trans-Oleic Acid (elaidic acid) had a 
small promoting effect. Both cis- and trans-Oleic Acids increased the inci- 
dence of nephroblastomas and squamous ear duct tumors from 3/30 to 6/30 
rats. No tumors were seen in rats fed a diet containing 25% cis-Oleic Acid 
without azoxymethane for 20 weeks. 

Promotion of mammary gland carcinomas has been observed in mice and 
rats fed diets containing unsaturated fats, particularly polyunsaturated fats.(229) 

Several fats, oils, and fatty acids, including Laurie and Oleic Acids, pro- 
duced acanthosis in guinea pig skin. (230) The acanthosis gradually receded 
with continued topical application. Oleic Acid has been found to enhance 
proliferation of both normal and cancer cells in vitro.(231-233) Myristic, Palmitic, 
and Stearic Acids had an inhibitory effect on normal smooth muscle cell 
proliferation; ability to inhibit proliferation was observed to increase with 
increasing chain length.(234) Traul et al.(235) reported that Oleic Acid and Laurie 
Acid can enhance the transforming ability of 3-methylcholanthrene in Rauscher 
murine leukemia virus-infected rat embryo cells. 

Numerous mechanisms for the role of fatty acids in tumorigenesis have 
been studied and reviewed. Hypotheses include indirect effects on gene 
expression, the endocrine system, and the immune system and direct effects 
on tumor cells, such as alterations in cellular metabolism, membrane fatty acid 
composition, and intercellular cooperation.(236,237) 

Antitumorigenicity 

The antitumor activity of Oleic, Laurie, Myristic, Palmitic, and Stearic Acids 
was studied in vivo using Ehrlich ascites and solid carcinomas implanted into 
Swiss albino mice of strain ddY. (238) Suspensions of the fatty acids in Tween 80 
and distilled water were administered 24 h after tumor implantation and were 
continued daily for 5 consecutive days. Commercial fatty acid preparations 
used in the study were not purified, and no analysis of components was 
performed. Treated mice were killed 30 days after implantation and examined 
for tumors. Doses of 8 mg/mouse/day of Laurie and Myristic Acids were 
effective inhibitors against Ehrlich ascites tumor, more than doubling the 
survival time of treated versus control mice. Similar doses of Palmitic, Stearic, 
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and Oleic Acids were relatively ineffective against Erhlich ascites tumor. The 
mode of administration for these fatty acids was not stated. 

and 
Several modes of administration were tested using a 1 :I mixture of Oleic 
linoleic Acids in the same dosage regimen. (238) Linoleic acid alone was an 

effective ascites tumor inhibitor. lntraperitoneal administration of the mixture 
was the most effective against the ascites tumor, and subcutaneous ad- 
ministration inhibited as much as 60% of the weight gain of the solid tumor. 

Oleic Acid, at a concentration of 10 PM, inhibited the growth of rat 
neuroblastoma cells (cell line B104) in serum-free supplemented media.(239) At 
least a 50% decrease in cell number relative to controls was observed. 

The antitumor activity of palmitoleic (cis-9-hexadecanoic) acid was 
compared to that of Oleic Acid using Erhlich ascites tumors in female ICR 
strain mice.(2’o) The fatty acids were dissolved in a 0.15 M sodium chloride 
(NaCI) solution containing 0.2% Tween 80 and, 24 h after tumor inoculation, 
were injected intraperitoneally once daily for 10 consecutive days. The 
experiment was terminated on day 60 after tumor inoculation. Control mice 
received the same volume of the NaCl plus Tween 80 solution. Significant 
inhibition of tumor growth was observed in Oleic Acid-treated mice at doses 
ranging from 37.5 to 300 mg/kg/day when compared to control mice. Pal- 
mitoleic Acid was more effective than Oleic Acid, inducing complete regres- 
sion of the tumor in 5 of IO treated mice at a dose of 75 mg/kg/day. 

A diet supplement of Oleic Acid, at a daily dose of 1 mg per rat, failed to 
protect Sprague-Dawley rats from colon carcinoma caused by 1,2-dimethyl 
hydrazine (DMH). (24’) All rats (22 rats per group) were killed 22 weeks after the 
first subcutaneous DMH injection and were examined for colon tumors. 
Control rats fed chow alone and injected with 15 mg/kg DMH weekly for 16 
weeks developed 77 colon tumors, whereas those fed chow plus Oleic Acid 
before and during the DMH injections developed 90 colon tumors. 

TERATOCENICITY 

Food and fragrance safety evaluation reports on Oleic and Stearic Acids 
contained no data on their teratogenicity.(44,45,b9) Reviews of the scientific 
literature from 1920 to 1973 were used for the final food safety 
assessments.(46,47) 

Although placental transfer of fatty acids has been documented in several 
species and fetal lipid metabolism has been studied,@7s242) no studies on the 
teratogenicity of fatty acids were found. 

CLINICAL ASSESSMENT OF SAFETY 

A health hazard evaluation report was prepared by the National Institute 
for Occupational Safety and Health (NIOSH) after environmental and medical 
observations and examinations of 7 employees exposed to Laurie Acid.(243) 
Investigators found no significant decreases in pulmonary function, but inter- 
views with workers indicated that Laurie Acid exposure caused local 
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irritation of moist body surfaces (eye, nose, throat, sweaty skin). Severe 
irritation was reported by 1 worker after exposure of moist occluded skin areas 
to Laurie Acid. The suggested reason for the observed irritation was the acidity 
of Laurie Acid. 

Skin Irritation Studies 

In a single insult occlusive patch test (SIOPT), commercial grade Oleic 
Acid produced no irritation in 18 and minimal erythema in 2 of the 20 
panelists. The primary irritation index (PII) was 0.05 and Oleic Acid was 
considered “practically nonirritating”(244) (Table 20). 

A 30% preparation of Oleic Acid in water produced barely perceptible 
erythema in 2, mild erythema in 1, and moderate erythema in 1 of 21 panelists 
in an SIOPT. There were no signs of irritation in 17 panelists. The PII was 0.19 
and Oleic Acid was considered “practically nonirritating.“(245) 

In a soap chamber test, (251) 02 ml of a 50% solution of Oleic Acid in 
mineral oil was applied to the ventral skin of the forearm of 16 human 
subjects once daily for 5 days using the Duhring chamber, an aluminum cup 
with a 12 mm diameter, fitted with nonocclusive tape. The first exposure was 
usually 24 h long. Successive exposures to the same sites were for 6 h. The 
erythema score was 0.22 on a scale of 0 to 5. Oleic Acid was considered 
“non-irritating under conditions of this test.“(246) 

Several bar soap formulations with concentrations of Oleic Acid ranging 
from 2.53 to 92.7% were tested for skin irritation using 16 human subjects. A 
0.2 ml volume of 8% aqueous preparations was applied to the ventral skin of 
the forearm under occlusive patches once daily for 5 days using the Frosch 
and Kligman soap chamber test. (25’) The formulations were considered 
“slightly” to “moderately irritating.” The erythema scores ranged from 1.41 to 
3.21 on a scale of 0 to 5 and were not directly related to Oleic Acid 
concentrations in the formulations.(21’-249,271) 

In a cumulative irritation study, approximately 9.3 ml of each of 2 mascara 
formulations, a black cream and a brown cream, containing 6% Oleic Acid 
were applied to the backs of 14 female and 1 male panelist using closed 
patches. (250) The panelists removed the patches after 23 h and bathed. Reactions 
were scored 24 h after sample application. The samples were reapplied daily 
to the same test sites for 21 consecutive days or until irritation scores of 3, 
corresponding to erythema and papules, were observed.(252) Up to 7 panelists 
had minimum scores of 1 or slight erythema by the 5th application, and 3 to 4 
panelists had maximal scores of 3 and 4 for erythema, papules, or edema by 
the 14th application. The total irritation scores for the formulations, a sum- 
mation of the scores over the number of applications and panelists, were 212 
and 204 compared with a maximal score of 945. Mean scores were 14.1 and 
13.6 compared with a maximal score of 63. The positive control, an aerosol 
deodorant concentrate, had a total score of 828 and mean score of 55.2. The 
negative control, a clear liquid baby oil formulation, had a total score of 18 
and a mean score of 1.2. The formulations were considered “slightly irritating.” 

A red paste cosmetic product formulation containing 5% Oleic Acid was 
tested for cumulative irritation on the skin of 10 human subjects.(255) Each of 
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ASSESSMENT: OLEIC ACID 377 

the 21 consecutive closed-patch applications remained in contact with the 
skin for 23 h. Scoring for irritation and reapplication to the same test site was 
done 24 h after the preceding application. (252,253) The total irritation score for 
all subjects for all 21 applications of the formulation was 95 of a maximal 
possible score of 630. The total scores for the negative and positive controls 
were 7 and 554, respectively. The formulation was considered “probably mild 
in normal use.” 

Three mascara formulations containing 2% Oleic Acid were tested for 
cumulative irritation on the skin of 13 human subjects.(256) The closed patches 
were applied for 21 days, but no applications were made on weekends.(253) 
One of the 13 subjects had a single equivocal erythema reaction (scored +) 
after the fourth application of one of the formulations. No other reactions 
were observed. 

Shave cream formulations containing 2.2% Palmitic Acid were considered 
“non-irritating” to the skin of 101 panelists treated with closed and open 
patch applications(257) and to facial skin of 60 panelists in a 4-week controlled- 
use study. (254,258) Although the former skin irritation study was part of a 
prophetic patch test (272) in which patches usually remain in place for 24 h, no 
specific procedure was outlined. 

In an SIOPT, commercial grade Myristic Acid produced no irritation in 17, 
mild erythema in 2, and moderate erythema in 1 of 20 panelists. The primary 
irritation index was 0.2, and Myristic Acid was considered “practically non- 
irritating.“(259) 

In a soap chamber test, (*‘I) 0 2 ml of a 50% solution of Myristic Acid in . 
mineral oil was applied to the ventral skin of the forearm of 16 human 
subjects once daily for 5 days. (260) The erythema score was 0.48 on a scale of 0 
to 5. Myristic Acid was considered “non-irritating under conditions of this 
test.” 

Several bar soap formulations with concentrations of Myristic Acid of 
10 (261) 22 1 (263) and 91 %W) were tested for skin irritation using 16 human 
subjects. A’0.2 ml volume of an 8% aqueous preparation was applied to the 
ventral skin of the forearm under occlusive patches once daily for 5 days using 
the Frosch-Kligman soap chamber test. (251) The formulations were considered “slightly”(261) to “moderately irritating, “(262) and erythema scores were 1.41, 
1.73, and 1.95 on a scale of 0 to 5 for the formulations containing 10, 22.1, and 
91% Myristic Acid, respectively. 

A white cleanser lotion formulation containing 5% Myristic Acid was 
tested for cumulative irritation on the skin of 12 human subjects using a 
21 -day consecutive closed-patch test. (252,253) The total irritation score for all 
subjects for all 21 applications of the formulation was 609 of a maximal 
possible score of 756. The formulation was considered “highly irritating.“(2b4) 

In an SIOPT, 40% Stearic Acid in mineral oil produced no irritation in 21 
panelists.(2b5) 

A face cream formulation containing 13% Stearic Acid was considered 
“non-irritating” to the skin of 101 panelists treated with single 24-h closed and 
open patch applications. Four of the 101 panelists had mild erythemal reactions 
to the closed patch application; no other reactions were observed.(26b) 
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378 COSMETIC INGREDIENT REVIEW 

A face cream formulation containing 13% Stearic Acid was tested for 
irritation of the facial skin of 105 panelists in a 4-week controlled-use study.(25”) 
Under these conditions, the formulation was considered “non-irritating.“(267) 

As part of a Modified Schwartz/Peck prophetic patch study,(272) a shave 
foam formulation containing 8% Stearic Acid was tested for irritation of the 
dorsal skin of 100 male subjects. (268) The formulation was applied to subjects’ 
backs for 48 h, then washed from the area. Subjects then used the formulation 
to shave at least once daily for 2-4 weeks. No irritation was observed after the 
48-h occlusive patch, and the complaints of minor pruritus by 2 subjects 
during the home-use part of the study were not recorded because no clinical 
signs of erythema or other evidence of itching were noted. 

A gray liquid eyeliner formulation containing 2.8% Stearic Acid was tested 
for cumulative irritation on the skin of 13 human subjects using a 21-day 
consecutive closed-patch test. (252,253) The total irritation score for all subjects 
for all 21 applications of the formulation was 216 of a maximal possible score 
of 675. The formulation was considered “moderately irritating.“(269) 

Two moisturizer product formulations containing 2.6% Stearic Acid were 
tested for cumulative irritation on the skin of 12 human subjects.(270) Occlu- 
sive patches were applied for 24 h to the skin of the scapular or interscapular 
area daily for 21 days. Scoring on a scale of 0 to 4 for erythema and edema was 
done after each patch was removed and before the next application. Markers 
of results after treatment with 0.5% and 2% sodium lauryl sulfate were used for 
comparison with sample treatment. Total irritation scores for the formulations 
from all 12 subjects for all 21 applications were 28 and 56, lower than the 
score of 67 obtained after treatment with 0.5% sodium lauryl sulfate. The 2% 
sodium lauryl sulfate score was 298. Both formulations were considered 
“basically non-irritating.” 

Skin Sensitization Studies 

The maximization test(182) was used to test a black cream mascara formu- 
lation containing 6% Oleic Acid for contact sensitization (Table 21).(273) 
Induction sites on the volar aspect of the 14 subjects’ forearms were pre- 
treated with single 24-h occlusive patches of 5% aqueous sodium lauryl sulfate 
(SLS). Five alternate-day 48-h occlusive induction patches were followed by a 
IO-14-day nontreatment period. After pretreatment of new sites with single 
30-min occlusive patches of 2% aqueous SLS, single 48-h occlusive challenge 
patches were applied. Results for the sites treated with the formulation were 
similar to those for control sites treated with petrolatum alone and petrolatum 
plus SLS, respectively. There was “no significant irritation or evidence of 
contact sensitization.” 

In a repeated insult patch test (RIPT), 200 human volunteers were tested 
for contact sensitization of a purple wax cosmetic formulation containing 5.0% 
Oleic Acid.(274) Nine 24-h closed induction patches containing 0.3 ml of the 
formulation were applied to sites on the volar forearm on Mondays, 
Wednesdays, and Fridays of 3 consecutive weeks during the induction phase 
of the study. Signs of irritation were scored 48 or 72 h after the application. 
After a IO-14 day nontreatment period, a single 48-h challenge patch was 

I I 
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made to a separate site, and the site was scored 48-h and 72-h to 96-h after 
application. Of the 200 subjects, 153 completed the study. Slight irritation was 
observed in 1 to 3 subjects during the induction phase, and 1 subject reacted 
slightly to the challenge patch after 48 h. “No contact sensitization” was 
produced by the formulation under the conditions of this study. 

A mascara formulation containing 3.0% Oleic Acid was tested for irritation 
and sensitization using an RIPT and 222 human subjects, 200 of whom 
completed the study. (275) Ten occlusive induction patches were applied for 24 
h to sites on the upper back on Mondays, Wednesdays, and Fridays. Sites were 
scored before application of the next induction patch. After a 2-week 
nontreatment period, 2 48-h challenge patches were applied 1 week apart. 
Challenge sites were scored after patch removal. Mild erythemal reactions to 
single induction patches were observed and considered toxicologically insig- 
nificant due to their transient nature. Three subjects reacted with mild 
erythema to the 2nd challenge patch after 48 h. Two different subjects with 
mild erythemal reactions 72 h after the 2nd challenge patch was applied were 
challenged again. One of the 2 had a mild reaction to this 3rd challenge patch. 
The formulation was considered “not irritating or allergenic.” 

A mascara formulation containing 2.0% Oleic Acid was tested for irritation 
and sensitization using an RIPT and 222 human subjects, 205 of whom 
completed the study. c2’~) The 10 semiocclusive induction patches, applied for 
24 h, and the 2-week nontreatment phases were followed by 2 48-h challenge 
patches applied to a new site, 1 week apart. No irritation or sensitization was 
observed. 

In a modified Draize RIPT(“) with 14 human subjects, there was “no 
evidence of allergic contact sensitization” produced by a mascara formulation 
containing 2.0% Oleic Acid. (277) The formulation had been applied to the skin 
of the upper arms or backs (unspecified) of subjects during the 9 occlusive 
patch induction phase (3 times weekly for 3 weeks) and after a 2-week 
nontreatment period during the single patch challenge phase. Induction and 
challenge patches remained in contact with the skin for 48 h or 72 h. One 
equivocal reaction to the challenge was observed. There was “no evidence of 
allergic contact sensitization.” 

In a modified Shelanski RIPT of a 1% aqueous dilution of a liquid soap 
formulation containing 1.95% Laurie Acid on intact and abraded skin of the 
backs of 52 human subjects, no primary or cumulative skin irritation and no 
sensitization were observed. (278) Approximately 0.2 ml of the preparation was 
applied to occlusive induction and challenge patches. A total of 12 24-h 
induction patches were were administered for 3 weeks, 4 times per week from 
Monday through Thursday. Sites were scored before application of the next 
patch. No patches were applied from Friday to Sunday of each week. A total 
of 4 24-h challenge patches were applied to a new site on the 4th week, after 
a 72-h nontreatment period, from Monday through Thursday. Of the 52 
subjects who began the study, 46 subjects were present for the completion of 
the study. 

In a prophetic patch test,(2’L) a shave cream formulation containing 2.2% 
Palmitic Acid was tested for irritation and sensitization of the skin of 101 
human subjects. (257) Two 24-h closed and open patches are usually applied to 
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382 COSMETIC INGREDIENT REVIEW 

the skin IO-14 days apart in the standard Schwartz-Peck procedure. There 
were 3 reactions of mild to intense erythema to the closed challenge patch 
and the formulation was considered “nonirritating and nonsensitizing.” 

A modified Shelanski RIPTc2%) in 52 human subjects involved 10 alternate- 
day 24-h induction patches, a 2- to 3-week nontreatment phase and a single 
48-h challenge patch. (257) Closed and open patches with the same shave cream 
formulation containing 2.2% Palmitic Acid were applied. No irritation or 
sensitization was observed. 

A face cream formulation containing 13% Stearic Acid was tested for 
photosensitization using a prophetic patch test(*‘*) in 101 subjects and a 
modified RIPT in 52 subjects. (266) There were mild reactions in a few subjects 
to closed induction and challenge patches, The formulation was considered 
“nonirritating and nonsensitizing.” 

Approximately 0.1 ml of a cosmetic product formulation containing 10% 
Stearic Acid was tested for irritation and sensitization of sites on the upper 
back of 116 human subjects with an RIPT involving 9 alternate-day 24-h 
occlusive induction patches, a 3-week nontreatment period, and a single 24-h 
challenge patch at a new site. (279) Moderate erythema was observed in 1 
subject after the 5th and 6th induction patches and the 7th induction patch at 
an adjacent site; the remaining 2 induction patches were eliminated. There 
were no other reactions to induction and no reactions to challenge. 

In a modified Draize-Shelanski RIPT,(1b8,29b) approximately 0.1 g of a 
mascara formulation containing 10% Stearic Acid produced mild to moderate 
irritation in a few subjects during induction. (280) Signs of erythema, edema, 
and induration or vesiculation were observed in 1 to 4 subjects 48 and 72 h 
after challenge application. The 206 subjects had received 10 alternate day 
24-h occlusive induction patches and single 48-h occlusive challenge patches 
following a 2-week nontreatment period. 

In a prophetic patch and in-use testing study, application of single 48-h 
occlusive induction patches was followed by a 4-week period of daily home 
use and single 48-h occlusive challenge patches of a shave foam formulation 
containing 8% Stearic Acid. c2”) There were no reactions to induction or 
challenge patches, and 2 of the 100 subjects complained of minor pruritus 
during the in-use part of the study. However, there was no erythema or 
itching. 

Several 1 + and a few 2 + reactions were observed 48 h after application 
of induction and challenge patches in another prophetic patch and in-use 
testing study. (22) Fewer reactions were noted after 72 h. No significant 
product-related reactions were reported during the in-use phase of the study. 

In a modified Draize RIPT,(“@ a mascara formulation containing 7.7% 
Stearic Acid was tested for irritation and sensitization in 101 human 
subjects.(*“) A pproximately 0.2 g was applied to upper arm sites with 24-h 
occlusive patches on Mondays, Wednesdays, and Fridays for 3 weeks during 
the induction phase and with single 48-h patches during the challenge phase, 
following a 2-week nontreatment period. One subject had minimal erythema 
after the 8th induction patch. There were no other reactions to induction and 
no reactions to challenge patches. 

No irritation and no sensitization were noted in RlPTs of cosmetic product 
formulations containing 4%(283) and 5%(282) Stearic Acid. The 4% formulation 
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was tested using the 10 alternate-day 24-h occlusive induction patches fol- 
lowed by a single 24-h occlusive challenge patch to a separate site. The 5% 
formulation involved 10 alternate-day 24-h semiocclusive induction patches 
and 2 48-h semiocclusive challenge patches 1 week apart. Both studies had a 
2-week nontreatment period between induction and challenge phases. 

Although slight transient reactions were observed, a hand lotion 
formulation containing 2.8% Stearic Acid was considered nonirritating and 
nonsensitizing.(284) In an RIPT, 0.2 ml of the formulation was applied to the 
skin of 57 human subjects via 10 alternate-day 24-h occlusive induction 
patches and single 24-h challenge patches to the same site and to a new site 
following a IO-14-day nontreatment period. 

In RlPTs of two skin lotion formulations containing 2.8% Stearic Acid, 9 
consecutive 48-h induction patches, followed by a single 48-h challenge patch 
after a 13-day nontreatment period, were applied to the skin of 57 human 
subjects. (285) One to five reactions of barely perceptible to mild erythema were 
observed throughout the induction phase. Application of one lotion produced 
erythema and minimal edema to the induction patch and 1 reaction to the 
challenge patch 72 h after its application in 1 subject. 

Several cosmetic product formulations containing 0.13% (0.5% aqueous 
dilution of formulation containing 25/o ’ (295)) to 2.66%(286) Stearic Acid were 
tested for irritation and sensitization in 76 to 208 human subjects. RlPTs 
involving 9 to 10 alternate-day 24-h occlusive (semiocclusive patches used in 1 
study(289)) induction a h p tc es, a 13-day to 2-week nontreatment period, and 
single 48-h challenge patches(286,292,294*295) or 2 48-h challenge patches 
administered 1 week apart(287-291,293,296) resulted in isolated 1 + irritation 
reactions in few subjects during the induction phase. These occasional 
reactions were considered nonspecific; no cumulative irritation was produced. 
There were no or very few reactions to challenge patches, and the formulations 
were considered nonsensitizing. 

No contact sensitization was produced in 25 human subjects tested with a 
1% aqueous dilution of a bar soap formulation containing 23% Stearic Acid in 
a maximization study. (182) Five 48-h occlusive induction patches applied to 
volar forearm sites were followed by a single 48-h occlusive challenge patch. 
Sodium Lauryl Sulfate was used at concentrations of 2% for pretreatment of 
induction sites and 10% for the l-h pretreatment of challenge sites. 

Photosensitization Studies 

Two makeup formulations containing 5.08%(298) and 1.5%(299) Oleic Acid 
were tested for photosensitization using the skin of the backs of 25 human 
subjects. A Xenon Arc Solar Simulator (150 W), which was filtered to produce 
a continuous emission spectrum in the ultraviolet region ranging from 290 to 
400 nm (UVA and UVB), was used. Individual minimal erythemal dose (MED) 
values were determined.(300) Six alternate-day induction patches were applied, 
each left in place for 24 h, scored, irradiated with 3 MED using the full source 
spectrum, and scored again 48 h after the application. After a IO-day 
nontreatment period, single 24-h occlusive challenge patches were applied to 
new sites. Sites were scored, irradiated for 3 min, using a Schott WG345 filter 
over the light source, then scored again 15 min and 24, 48, and 72 h after 
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irradiation. There were no “reactions” to either formulation recorded. The 
liquid makeup formulation was considered nonphotosensitizing(299) and the 
blusher formulation nonphotoallergenic.(298) No data were presented to 
distinguish between “phototoxic reactions” and “photoallergic reactions.” 

The phototoxicity of a shave cream formulation containing 2.2% Palmitic 
Acid was tested in 101 human subjects using single 24-h closed and open 
patches.(257) Sites were UV-irradiated (wavelength and dosage unspecified) 
after patch removal. Irritation was observed at 1 site tested with a closed 
patch. 

In a photosensitization study with 52 human subjects, sites under 4 
induction patches and 1 challenge patch containing the shave cream formu- 
lation with 2.2% Palmitic Acid were UV-irradiated (wavelength and dosage 
unspecified) after patch removal. (257) Both closed and open patches were 
used. There were no reactions during induction or challenge phases, and the 
formulation was considered “non-photosensitizing.” 

No phototoxicity was observed in 101 human subjects exposed to UVA 
irradiation and single closed or open patches with a face cream formulation 
containing 13% Stearic Acid.(266) 

Minimal to mild erythema was observed at a few sites after treatment with 
a lotion formulation containing 2.8% Stearic Acid or a 1% aqueous dilution of 
a bar soap formulation containing 23% Stearic Acid followed by UVA irra- 
diation.(301,302) Th e o Ion formulation was applied via 24-h occlusive patches I t’ 
to the forearm, and treatment sites were irradiated with UVA light for 15 min 
at a distance of approximately 10 cm, receiving a dose of 4400 pW/cm*. The 
bar soap formulation was applied via 24-h occlusive patches to the infra- 
scapular region of the back, and treatment sites were irradiated with UVA 
light from Xenon Arc Solar Simulator (150 W) with a Schott WG345 filter for 12 
min. Similar results were observed at control sites that had received UVA 
irradiation alone. 

A face cream formulation containing 13% Stearic Acid was tested for 
photosensitization using 52 human subjects and 4 induction patches and 1 
challenge patch. (266) Closed and open 24-h patches were applied, and treated 
sites were irradiated with the full Xenon UV light spectrum at 3 times the 
individuals’ predetermined MED after removal of each patch and 48 h later. 
After the 24-h challenge patch, treated sites were irradiated with UVA light 
(Xenon source plus Schott WG345 filter) for 3 min. There were no reactions 
observed at sites under closed or open patches at either induction or chal- 
lenge sites, 

No reactions were observed in 100 human subjects of a photosensitization 
study testing an eyeliner formulation containing 2.66% Stearic Acid.(286) In a 10 
induction, 1 challenge occlusive patch RIPT, treated sites were irradiated with 
UV light from a Hanovia Tanette Mark 1 light source for 1 min at a distance of 
1 foot after removal of the lst, 4th, 7th, and 10th induction patches and after 
the challenge patch. Approximately 50% of the subjects were designated as 
“sensitive subjects” because of past experiences of rash or irritation from the 
use of facial products or because of reaction to a previous patch test with a 
facial product. 

Most of the 30 human subjects tested with 2 lotion formulations had no 
photosensitization reactions. (303,304) Subjects had been treated with 10 24-h 
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occlusive induction patches, each patch followed by UVA irradiation of the 
site for 15 min at a distance of 10 cm from the source for a dosage of 4400 
pW/cm2. The single 24-h challenge patch was also UVA irradiated. Nonirra- 
diated controls had isolated reactions of minimal erythema. 

No reactions were observed in similar photosensitization studies testing 
suntan lotion,(305,308) moisturizing lotion,(306) and facial lotion(307’ formulations 
containing 1% Stearic Acid in 20-27 human subjects. No other data were 
included in these studies. 

Table 22 summarizes clinical photosensitization studies. 

Ocular Irritation Studies 

To evaluate ocular irritation produced by eye area cosmetics in contact 
lens and noncontact lens wearers, female volunteers participated in a 3-week 
exaggerated-use study. After a brief medical history with emphasis on ocular 
details (e.g., history of eye diseases, use of contact lenses and eye area 
cosmetics) and an eye examination, each subject was instructed to use 
assigned kits of test cosmetics twice daily (morning and early evening) for 3 
weeks. The wearers of contact lenses were to handle, wear, and disinfect their 
contact lenses normally and to apply cosmetics after lens insertion into the 
eye. Examinations were performed on the 7th, 14th, and 21st days of the study. 
Eye area cosmetics in the test kits included mascaras containing 2-3% Oleic 
Acid and eye shadows.(309,310) 

There were no product-related findings of irritation in any of the 23 
subjects after daily use of a mascara formulation containing 2% Oleic Acid.(309’ 
Investigators considered the “risk of any significant eye area irritation and/or 
ocular damage minimal, if existent at all.” 

Similar results were obtained in another 3-week exaggerated use study, 
with 35 female subjects testing mascara formulations containing 2% and 3% 
Oleic Acid in combination with eye shadow formulations.(310) 

Other Studies 

Graded intraduodenal administration of 5-40 ml of Oleic Acid in humans 
inhibited pentagastrin-stimulated gastric acid secretion.(311,312) lntracolonic 
infusion of Oleic Acid (117 Cal., pH 7.4) into human subjects decreased 
pancreatic enzyme concentrations and bicarbonate ion output and inhibited 
biliary secretion.(313) 

SUMMARY 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are fatty acids with 
hydrocarbon chains ranging in length from 12 to 18 carbons with a terminal 
carboxyl group. The saturated fatty acids, Lauric(l2C), Palmitic(lbC), 
Myristic(l4C), and Stearic(l8C) Acids, are solids and the c&9,10 mono- 
unsaturated Oleic Acid(l8C) is a liquid at standard temperature and pressure. 

The fatty acids are obtained by the hydrolysis of animal fats and vegetable 
oils. Cosmetic grade fatty acids occur as mixtures of several fatty acids, the 

Alkyl Esters Supplement Book 2

 
Supplement Panel Book 2 Page 326



T
A
B
L
E
 

22
. 

C
lm

ic
al

 
P

ho
to

se
ns

iti
za

tio
n 

S
tu

di
es

 

Fa
tty

 
a

ud
 

te
st

e
d

 
N

o
. 

o
f 

su
b

je
c

ts
 

St
ud

y 
ty

p
e

 
Re

su
lts

 
Re

fe
re

nc
e

 

O
le

ic
 

A
ci

d 
5.

08
%

 
in

 
bl

us
he

r 
25

 

fo
rm

ul
at

io
n 

I .
5%

 i
n 

liq
ui

d 
25

 

m
ak

eu
p 

fo
rm

ul
at

io
n 

P
ho

to
se

ns
iti

za
tio

n 
N

o 
ph

ot
oa

lle
rg

ic
 

re
ac

tio
ns

 

P
ho

to
se

ns
iti

za
tio

n 
N

o 
in

di
ca

tio
n 

of
 

ph
ot

os
en

si
tiz

at
ro

n 

P
al

m
iti

c 
A

ci
d 

2.
2”

/, 
in

 
sh

av
e 

cr
ea

m
 

1
0
1
 

fo
rm

ul
at

io
n 

2.
2%

 
in

 
sh

av
e 

cr
ea

m
 

52
 

fo
rm

ul
at

io
n 

P
ho

to
to

xi
r-

ity
 

P
ho

to
to

xr
c 

re
ac

tio
n 

to
 

si
ng

le
 

cl
os

ed
 

pa
tc

h 
in

 

1 
su

b)
rc

t 

P
ho

to
se

ns
iti

za
tio

n 
N

o 
ph

ot
os

en
si

tiz
at

io
n 

re
ac

tr
on

s 
to

 
cl

os
ed

 
or

 
op

en
 

pa
tc

he
s 

S
tc

ar
ic

 
A

ci
d 

13
%

 i
n 

fa
ce

 
cr

ea
m

 
1
0
1
 

fo
rm

ul
at

io
n 

2.
8%

 
in

 
lo

tio
n 

10
 

fo
rm

ul
at

io
n 

I 
O

S
/, (

23
%

)”
 

‘I 
0 

in
 

ba
r 

so
ap

 
fo

rm
ul

at
io

n 

13
%

 I
n 

fa
ce

 
cr

ea
m

 
52

 

fo
rm

ul
at

io
n 

2.
66

”/
, 

in
 

ey
el

in
er

 
20

0 

fo
rm

ul
at

io
n 

2.
8%

 
in

 
lo

tio
n 

30
 

fo
rm

ul
at

io
n 

P
ho

to
to

xi
c 

ity
 

P
ho

to
to

xi
ci

ty
 

P
ho

to
to

xi
ci

ty
 

P
ho

to
se

ns
iti

za
tio

n 

P
ho

to
se

ns
iti

za
tio

n 

P
ho

to
al

le
rg

y 

2.
8%

 
in

 
sk

in
 

lo
tio

n 
fo

rm
ul

at
io

n 

1 
0%

 
in

 
su

nt
an

 

lo
tio

n 
fo

rm
ul

at
io

n 

1 
.O

%
 in

 
m

oi
st

ur
iz

in
g 

lo
tio

n 
fo

rm
ul

at
io

n 

‘I 
.O

%
 in

 
fa

ci
al

 

lo
tio

n 
fo

rm
ul

at
io

n 

1 .
O

%
 i

n 
su

nt
an

 

lo
tio

n 
fo

rm
ul

at
io

n 

30
 

P
ho

to
al

le
rg

y 

25
 

P
ho

to
se

ns
iti

za
tio

n 

27
 

P
ho

to
se

ns
iti

za
tio

n 

27
 

P
ho

to
se

ns
iti

za
tio

n 

20
 

P
ho

to
se

ns
iti

za
tio

n 

N
o 

ph
ot

ot
ox

ic
 

re
ac

tio
ns

 
to

 
cl

os
ed

 
or

 
op

en
 

pa
tc

he
s 

26
6 

M
in

im
al

 
er

yt
he

m
a 

af
te

r 
48

 
h 

in
 

2 
su

bj
ec

ts
 

si
m

ila
r 

to
 

co
nt

ro
l 

gr
ou

p.
 

N
o 

irr
ita

tio
n 

af
te

r 
1 

w
ee

k 

M
ild

 
er

yt
he

m
a 

at
 a

ll 
tr

ra
dr

at
rd

 
si

te
s-

bo
th

 

tr
ea

te
d 

an
d 

co
nt

ro
l 

30
1 

30
2 

N
o 

ph
ot

os
en

si
tiz

at
io

n 
re

ar
 t

io
ns

 
to

 
c-

le
w

d 
or

 
op

en
 

pa
tc

he
s 

N
o 

re
ac

tio
ns

 

26
6 

28
6 

N
o 

ph
ot

oa
lle

rg
ic

 
re

ac
tio

ns
 

in
 

m
os

t 
su

bl
ec

ts
. 

N
on

- 

irr
ad

ia
te

d 
co

nt
ro

l 
si

te
s 

ha
d 

Is
ol

at
ed

 
m

in
im

al
 

er
yt

he
m

a 
re

ac
tio

ns
 

30
3 

M
in

im
al

 
er

yt
he

m
a 

at
 

irr
ad

ia
te

d 
an

d 
no

ni
rr

ad
ia

te
d 

30
4 

co
nt

ro
l 

si
te

s 
in

 
l-2

 
su

bj
ec

ts
 

N
o 

re
ac

tio
ns

. 
N

o 
ot

he
r 

da
ta

 
in

cl
ud

ed
 

30
5 

N
o 

re
ac

tio
ns

. 
N

o 
ot

he
r 

da
ta

 
in

cl
ud

ed
 

30
6 

N
o 

re
ac

tio
ns

. 
N

o 
ot

he
r 

da
ta

 
in

cl
ud

ed
 

30
7 

N
o 

re
ac

tio
ns

. 
N

o 
ot

he
r 

da
ta

 
in

c-
lu

de
d 

30
8 

29
8 

29
9 

25
7 

25
7 

’ 
1.

0%
 

aq
ue

ou
s 

di
lu

tio
n 

of
 

ba
r 

so
ap

 
fo

rm
ul

at
io

n 
co

nt
ai

ni
ng

 
23

%
 

S
te

ar
ic

 
A

ci
d 

te
st

ed
. 

A
lk

yl
 E

st
er

s 
S

up
pl

em
en

t B
oo

k 
2

 S
up

pl
em

en
t P

an
el

 B
oo

k 
2 

P
ag

e 
32

7



ASSESSMENT: OLEIC ACID 387 

content varying with method of manufacture and source. Fatty acid 
preparations may include up to 1.5% unsaponifiable matter, glyceryl monoes- 
ters of fatty acids, and butylated hydroxytoluene. Gas chromatography is the 
predominant analytical method for fatty acid identification. 

The fatty acids are primarily used as intermediates of fatty acid salts. These 
salts are used as emulsifiers, emollients, and lubricants in cosmetic creams, 
cakes, soaps, lotions, and pastes that are slightly alkaline, ranging in pH from 
7.5 to 9.5. In product formulation data voluntarily filed in 1981 with FDA by 
the cosmetic industry, 424 products contained Oleic Acid, 22 contained Laurie 
Acid, 29 contained Palmitic Acid, 36 contained Myristic Acid, and 2465 
contained Stearic Acid at concentrations ranging from 0.1 to 25%. 

Fatty acids are absorbed, digested, and transported in animals and humans. 
Radioactivity from labeled fatty acids administered orally, intravenously, 
intraperitoneally, and intraduodenally has been found in various tissues and in 
blood and lymph. P-Oxidation of the fatty acids involves serial oxidation and 
reduction reactions yielding acetyl-CoA. Although placental transfer of fatty 
acids has been documented in several species and fetal lipid metabolism has 
been studied, no studies on the teratogenicity of Oleic, Laurie, Palmitic, 
Myristic, or Stearic Acids were found. High intake of dietary saturated fatty 
acids has been associated with the incidence of atherosclerosis and thrombo- 
sis. 

Little acute toxicity was observed when Oleic, Laurie, Palmitic, Myristic, or 
Stearic Acid, or cosmetic formulations containing these fatty acids at con- 

centrations of 2.2-13% were given to rats orally at doses of 15-19 g/kg body 
weight. 

In subchronic oral toxicity studies, Oleic, Palmitic, and Stearic Acids were 
fed to rats in diets at doses ranging from 5 to 50%. Thrombosis, aortic 
atherosclerosis, anorexia, and mortality were observed. In a subchronic study, 
no signs of toxicity were observed in chicks fed 5% dietary Stearic and Oleic 
Acids. Feeding of 15% dietary Oleic Acid to rats in a chronic study resulted in 
normal growth and general health, but reproductive capacity of female rats 
was impaired. 

Results from topical application of Oleic Acid (at concentrations from 50% 
Oleic Acid to commercial grade Oleic Acid) to the skin of mice, rabbits, and 
guinea pigs ranged from no toxicity to signs of erythema, hyperkeratosis, and 
hyperplasia. lntradermal administration to guinea pigs of 25% Oleic Acid to 
commercial grade Oleic Acid resulted in local inflammation and necrosis. A 
formulation containing 2.2% Palmitic Acid was considered nontoxic to rabbits. 
A topically applied dose of 5 g/kg commercial grade Stearic Acid was not 
toxic to rabbits. lntradermal administration of IO-100 mM Stearic Acid to 
guinea pigs and rabbits resulted in mild erythema and slight induration. 

skin 
Eighteen mmol% concentrations of the fatty acids topically applied to the 

of the external ear canals of albino rabbits for 6 weeks produced a range 
of responses, varying from no irritation with Stearic Acid to slight irritation 
with Myristic and Palmitic Acids to defined erythema, desquamation, and 
persistent follicular keratosis with Oleic and Laurie Acids. Slight local edema 
and no deaths were observed among NZW rabbits after 4 weeks of topical 
administration of product formulations containing 2.0% Stearic Acid. 
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In 13-week dermal toxicity studies, 2 cosmetic product formulations 
containing, at most, 5% Stearic Acid produced moderate skin irritation in rats 
receiving 4.0 ml/kg and 227 mg/kg doses. All other physiological parameters 
were normal. 

In single insult occlusive patch tests for primary irritation, commercial 
grades of all 5 fatty acids, at doses of 35-65% in vehicles (Stearic Acid only) 
and at l-13% in cosmetic product formulations (other fatty acids), produced 
no to moderate erythema and slight, if any, edema in the skin of rabbits. Slight 
increases in irritation were observed in the short-term repeated patch tests 
(daily for 3-14 days) of Oleic and Myristic Acids, 

In maximization studies with 2 cosmetic product formulations containing 
5.08% Oleic Acid and 1.0% Stearic Acid, slight reactions were observed to 
challenge patches. These formulations were considered weak, grade I, sensi- 
tizers In another maximization study, after intradermal induction and booster 
injections of a formulation containing 3.5% Stearic Acid, reactions to topical 
challenge applications of the formulation were few and minimal in intensity. 

Skin lotion formulations containing 2.8% Stearic Acid were not photosen- 
sitizing to the skin of Hartley guinea pigs. 

Oleic Acid and its UVA-induced peroxides were associated with increased 
comedo formation on the treated ears of two species of rabbits. 

In ocular irritation studies, the fatty acids alone and at concentrations 
ranging from 1 to 19.4% in cosmetic product formulations produced no to 
minimal irritation after single and multiple (daily, 14-day) instillations into the 
eyes of albino rabbits. Irritation was primarily in the form of very slight 
conjunctival erythema. A single instillation of Laurie Acid also produced 
cornea1 opacity and iritis. 

Although Oleic and Laurie Acids induced mitotic aneuploidy in in vitro 
mutagenicity tests, both have been indicated as inhibitors of mutagenicity 
produced by positive controls, such as N-nitrosopyrrolidine and sodium azide, 
in other tests. Stearic Acid was inactive in aneuploidy induction tests and in 
the Ames test, and it did not inhibit mutagenicity, as did Oleic and Laurie 
Acids. No increase of mitotic crossing-over events was induced by Oleic, 
Laurie, or Stearic Acids. Oleic Acid did not increase the number of sister 
chromatid exchanges over background. 

In carcinogenicity studies, no malignant tumors were induced by repeated 
subcutaneous injections of 1-16.5 mg Oleic Acid in two species of mice. 
Intestinal and gastric tumors were found in mice receiving dietary Oleic Acid 
at daily concentrations up to 200 mg/mouse. Treatment of mice with re- 
peated subcutaneous injections of 25 and 50 mg Laurie Acid was not 
carcinogenic. Low incidences of carcinomas, sarcomas, and lymphomas were 
observed in mice receiving single or repeated subcutaneous injections of 25 
and 50 mg Palmitic and up to 82 mg Stearic Acid. Feeding of up to 50 
g/kg/day dietary Stearic Acid to mice was not carcinogenic. 

In clinical primary and cumulative irritation studies, Oleic, Myristic, and 
Stearic Acids at concentrations of 100% or 40-50% in mineral oil were 
nonirritating. Mild to intense erythema in single insult occlusive patch tests, 
soap chamber tests, and 21-day cumulative irritation studies were produced by 
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cosmetic product formulations containing 2-93% Oleic, Palmitic, Myristic, or 
Stearic Acid and were generally not related to the fatty acid concentrations in 
the formulations. 

In clinical repeated insult patch tests (open, occlusive, and semiocclusive), 
maximization tests, and prophetic patch tests with cosmetic product formu- 
lations containing Oleic, Laurie, Palmitic, and Stearic Acids at concentrations 
ranging from < 1 to 13%, no primary or cumulative irritation or sensitization 
was reported. A few subjects (< 5% of the approximate 4000 subjects tested) 
reacted to a few, isolated induction patches. Slight, if any, reactions were 
observed after challenge patching at original or adjacent sites on the upper 
backs or forearms of some subjects (- < 2%). Intensity of observed reactions 
to the formulations was not directly related to the concentrations of the fatty 
acid ingredients. 

Cosmetic product formulations containing l-13% Oleic, Palmitic, or Stearic 
Acid produced no photosensitization in human subjects. There were slight 
reactions to a few induction patches. 

There was no treatment-related ocular irritation in female subjects, some 
of whom were contact lens wearers, involved in two 3-week exaggerated-use 
studies of mascara formulations containing 2 and 3% Oleic Acid. These 
formulations were used in combination with other eye area cosmetics. 

DISCUSSION 

Although insufficient data were available for Myristic Acid, the Expert 
Panel included it in this safety assessment due to its structural similarity with 
the other fatty acids of this group. 

Applications of Laurie and Oleic Acids to the skin of rabbits resulted in 
follicular keratosis and/or formation of cornedones. These effects were 
considered by members of the Expert Panel in their safety assessment of the 
fatty acids reviewed in this report. 

CONCLUSION 

On the basis of available data from studies using animals and humans, the 
Expert Panel concludes that Oleic, Laurie, Palmitic, Myristic, and Stearic Acids 
are safe in present practices of use and concentration in cosmetics. 
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4 

Final Report on the Safety 
Assessment of Sorbic Acid and 

Potassium Sorbate 

Sorbic acid is a straight-chain monocarboxylic acid used in cosmetic formula- 
tions as a preservative at concentrations up to 1.0%. 

Sorbic acid and potassium sorbate were practically nontoxic to rats and 
mice in acute oral toxicity studies. In subchronic studies no significant adverse 
effects were observed in rats, mice, or dogs when 10% sorbic acid was 
included in the diet. 

Sorbic acid and potassium sorbate at concentrations up to 10% were 
practically nonirritating to the rabbit eye. Both ingredients at concentrations 
up to 10% were at most only slightly irritating. 

Sorbic acid and potassium sorbate have been tested for mutagenic effects 
using the Ames test, genetic recombination tests, reversion assays, ret assays, 
tests for chromosomal aberrations, sister chromatid exchanges, and gene 
mutations. Results have been both positive and negative. 

Potassium sorbate at 0.1% in the diet or 0.3% in drinking water of rats for 
up to 100 weeks produced no neoplasms. In other chronic studies, no 
carcinogenic effect was demonstrated by sorbic acid in rats or mice fed diets 
containing up to 10% sorbic acid. 

No teratogenic effects have been observed in pregnant mice and rats 
administered potassium sorbate. 

In three repeat insult patch tests, sorbic acid had overall sensitization rates 
of 0, 0.33, and 0.8%. All of the subjects sensitized were inducted with 20% 
sorbic acid and challenged with 5% sorbic acid. Formulations containing up to 
0.5% sorbic acid and or potassium sorbate were not significant primary or 
cumulative irritants and not sensitizers at this test concentration. A formula- 
tion containing 0.01% sorbic acid was not a photosensitizer. 

On the basis of the available data, it is concluded that sorbic acid and 
potassium sorbate are safe as cosmetic ingredients in the present practices of 
use and concentration. 

INTRODUCTION 

1 he literature on sorbic acid and potassium sorbate dating from 1920 to 
1975 has been previously reviewed in a generally recognized as safe 

837 
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(GRAS) report and evaluation and is only briefly summarized here.(l,‘) A survey 
of the most recent literature, pertinent articles not included in the GRAS 
report and evaluation, and the unpublished industry data have been incorpo- 
rated here. 

CHEMICAL AND PHYSICAL PROPERTIES 

Sorbic acid is a straight-chain monocarboxylic acid also known as 2,4- 
hexadienoic acid. Potassium sorbate is the potassium salt of sorbic acid.(3,“’ 
These ingredients conform to the following structures(‘): 

H H 

I I 
.,,\ P\ ii\ 

C C’ COOH 

I I 
H H 

SORBIC ACID 

H2C C C 

C C COOK 

I I 
H H 

POTASSIUM SORBATE 

Sorbic acid is a white, free-flowing, crystalline powder that is relatively 
soluble in alcohol and ether and only slightly soluble in water. It has a faint 
characteristic odor and a slightly acrid taste. Potassium sorbate is a white 
crystalline powder or white granules or pellets with no or slight odor. It is 
soluble in alcohol and freely soluble in water.(5-10’ The physicochemical 
properties of sorbic acid and potassium sorbate are presented in Table 1. 

Sorbic acid occurs naturally as the lactone, parasorbic acid, in berries of 
the mountain ash, Sorbus aucuparia L., Rosaceae. It can be synthesized by 
various processes, which include condensation of crotonaldehyde and acetic 
or malonic acid in pyridine solution,(“~‘O~“’ condensation of crotonaldehyde 
and ketene in the presence of boron trifluoride,‘J~‘O’ preparation from 1,1,3,5- 
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TABLE 1. Physicochemical Properties 

Values 

Propwty Sorbic acid Potassium sorbate 

Appearance 

Odor, taste 

Molecular weight 

Boiling point (“C) 

Melting point (“C) 

Flash point (“C) 

Ionization constant (at 25°C) 

Density (19/4’(I) 

Maximum absorption (chloroform) 

PH 
Solubility (%) 

Water 

Propylene glycol 

Ethanol or methanol 

Ethanol, 20% 

Glacial acetic acid 

Acetone 

Benzene 

Carbon tetrachloride 

Cyclohexane 

Dioxane 

Propanol 

Isopropyl ether 

Methyl acetate 

Toluene 

Chloroform 

Ether 

LOSS on drying (% maximum) 

Residue on Ignition (% maximum) 

Arsenic as As (maximum) 

Lead as Pb (maximum) 

White, free-flowing powder”,‘) 

Faint characteristic, odor,“’ 

slightly acrid taste”’ 

112.1 3’5,“’ 

228 (decomposes)“’ ‘I) 
134 5”0.‘4,‘1’ 

127’1”,‘“’ 

1.73 x10-s”’ 

1.204 (19/4”C)“5’ 

260 nm (E= 2400)t’“1 

3.3 (0.20%)“” 

0.25 (at 30”C)c’“’ 

58.2 (at 20”C)(‘“’ 

3 8 (at lOO”C)r’@’ 

5.5 (at 20”C)(‘“’ 

12.90’“’ 

0.29”” 

11.5”e’ 
9,2’Q 

2.3”” 

1.3”O’ 

0.2&O’ 

ll.o”“’ 

8.4”” 

2.7”” 

6.1”” 
, 9(‘@, 

Relatrvely solubleqJ) 

Relatively soluble’“a) 
0 5’5.13’ 

o,p,9 131 

3 ppmr” 

IO ppm. (‘I 20 ppmf8) 

White crystalline powder’s~” 

No or slight odor(‘) 

1 50.22’s.‘3r 

270 (decomposes)‘4,5,‘0,“rr 

1.36 (25,20”+ 

8.0 (0.3%)“8’ 

- 
6.5”” 

Relatively insoluble(‘) 

Relatively insoluble’“’ 
1 ,0’“,8.%13’ 

3 ppmr5’ 

10 wm, r5) 20 ppm@’ 

tetraalkoxyhexane,(l” and dealkanolation and hydrolysis of a 3,5-dialkoxyhex- 
anal dialkyl acetal under oxidative conditions. (4) The trans,transisomer is usu- 
ally obtained and is the commercial product. (lo) Potassium sorbate is prepared 
by reacting sorbic acid with an equimolar portion of potassium hydroxide. The 
resulting potassium sorbate may be crystallized from aqueous ethanol.(“,6J0) 

Numerous studies have been conducted on the stability of sorbic acid and 
its salts. From a study on the effects of acids, heavy metal ions, and sodium 
chloride on the autoxidation of sorbic acid in aqueous solution, it was 
determined that acetaldehyde and fumaraldehydic acid were formed as reac- 
tion products. Solutions of sorbic acid salts were stabilized against atmo- 
spheric oxidation by the inclusion of gluconic acid, Clactone, citric acid, 
EDTA, or erysorbic acid and its alkaline salts. Propyl gallate was also an 
effective antioxidant for sorbic acid solutions.(12’ 
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McCarthy et al. 09) found that both temperature and type of container 
affected the breakdown of sorbic acid. Aqueous solutions of sorbic acid (0.1% 
w/v) stored for I2 weeks in polypropylene, polyvinyl chloride, polyethylene, 
and glass containers all had significant loss on storage, except when refriger- 
ated or in the presence of an antioxidant (as occurs in polyethylene-92.2% 
sorbic acid remaining). The mechanism of decomposition was uncertain and 
in polyvinyl chloride and glass (at 50°C) was not linear. Although some 
solutions became increasingly acidic with time, leading to improved contact 
killing times, both dilution tests confirmed a loss in potency. These losses 
were not always proportional to the spectrophotometric results. 

Gruntova et al.c20) also studied the stability of sorbic acid in aqueous and 
polysorbate solutions; sorbic acid was oxidized more readily in the polysor- 
bate solutions, with the rate influenced by the packaging material. Kondrat’eva 
et al.(21) found that the amount of sorbic acid in petrolatum and emulsified 
bases stored at room temperature in metal containers started to decrease 
within 1 month and reached 6040% of the initial content of the bases. They 
concluded that sorbic acid does not react with sodium lauryl sulfate or 
diethylene glycol stearate. Nielsen (22) found that sorbic acid incorporated in a 
cough syrup formulation did not decompose after 26 months of storage at 
room temperature. 

Sorbic acid formed complexes with various starches by interacting with the 
amylose fraction of the starch. Sorbic acid complexed with acacia in aqueous 
solution and was also absorbed by nylon and cellulose acetate. The degree of 
sorbic acid uptake by nylon increased with both temperature and time and 
was dependent on the pH of the solution, indicating the undissociated 
molecule was the preferentially absorbed form.(‘2) 

Shihab et al.(23) reported that urea, methylurea, ethylurea, 1,3-dimethyl- 
urea, an 1,3-diethylurea increased the solubility of sorbic acid in water. The 
ureas decreased the hydrophobic attraction between the acid molecules, thus 
allowing the formation of hydrogen bonds between the acid and water 
molecules. In another study on the solubility of sorbic acid in the presence of 
12 macromolecules, it was found that the amount of solubilization was 
greatest with polysorbates.(12) 

Sorbic acid and potassium sorbate are analyzed primarily by chromato- 
graphic techniques, including high-pressure liquid chromatography, (24-26) 

thin-layer chromatography (TLC),(27-29) gas-liquid chromatography,(30-32) gas 
chromatography,(33-35) and a combination of gas chromatography and mass 
spectrometry. c3~) Other methods of analysis include ultraviolet spectropho- 
tometry,(37-39) coIorimetry,(37) and an isotachophoretic separation based on 
different electrophoretic mobilities. (40) Both sorbic acid and potassium sorbate 
can be identified by close matching to standard infrared spectra with no 
indication of foreign materials.(‘) 

There has been some concern in the past that sorbic acid may be 
contaminated with trace amounts of its isomer, parasorbic acid (5-hydroxy-2- 
hexanoic acid S-lactone), which is a suspected carcinogen.(41) Stafford et al.,(42) 
using a new method combining column chromatography, thin-layer chro- 
matography, and gas chromatography-mass spectral analysis, found no para- 
sorbic acid in several food-grade samples of sorbic acid [method sensitive 
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down to concentrations of 20 ppm (20 mg/kg)]. Murphy and Wardleworth(“3) 
described a more sensitive method in which parasorbic acid was extracted 
from aqueous potassium sorbate with dichloromethane and determined by 
gas chromatography using a flame ionization detector. They found no evi- 
dence of parasorbic acid down to a concentration of 0.5 mg/kg in the few 
samples of sorbic acid examined. 

USE 

Cosmetic 

Sorbic acid and potassium sorbate are used in cosmetics and toiletries as 
preservatives and antimicrobials. (44-46) The 1986 U.S. Food and Drug Adminis- 
tration (FDA) data show that sorbic acid was used in a total of 445 products, 
including primarily makeup (44%), skin care (19%), eye makeup (16%), hair 
(7%), and bath (4%) preparations. Of these formulations, 62% incorporated 
sorbic acid at concentrations of I 0.1%; 37% incorporated sorbic acid at 
concentrations of > 0.1-l%. Potassium sorbate was reported in 117 products, 
primarily skin care (including suntan preparations) (44%), hair (34%), and 
makeup (8%) preparations. Of the formulations, 56% incorporated potassium 
sorbate at concentrations of > 0.1-l%; 44% incorporated potassium sorbate at 
concentrations of I 0.1%.(44) 

The FDA cosmetic product formulation data presented in Table 2 are 
compiled through voluntary filing of such data in accordance with Title 21 Part 
720.4 (d)(l) of the Code of Federal Regulations (1979). Ingredients are listed in 
prescribed concentration ranges under specific product type categories, Since 
certain cosmetic ingredients are supplied by the manufacturer at less than 
100% concentration, the value reported by the cosmetic formulator may not 
necessarily reflect the actual concentration found in the finished product; the 
actual concentration is a fraction of that reported to the FDA. Data submitted 
within the framework of preset concentration ranges provide the opportunity 
for overestimation 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 IO-fold error in the assumed ingredient concentration. 

The formulation data presented in Table 2 indicate that cosmetic products 
containing sorbic acid and potassium sorbate may contact all external body 
surfaces and hair, as well as ocular and vaginal mucosae. Sorbic acid addition- 
ally may contact the oral mucosae. These products may be used daily or 
occasionally over a period of up to several years. The frequency and length of 
application can result in continuous exposure. 

Noncosmetic 

Sorbic acid and potassium sorbate are effective preservatives at low con- 
centration for the control of mold and yeast in cheese products, based goods, 
fruit juices, fresh fruits and vegetables, wines, soft drinks, pickles, sauerkraut, 
and certain fish and meat products. r3) These ingredients are generally recog- 
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TABLE 2. Product Formulation Data 

Jotal no of Jota/ no No. of product formu/ations withn 

formulatmns contaming each conteotrat/on range (7;) 
in category rngredrewt > T-5 >o I-I SO1 Product catqorv 

Baby products 

Bubble baths and other bath 

preparation\ 

Eyeliner 

Eye shadow 

Eye makeup remover 

Mascara 

Other eve makeup preparations 

Fragrance preparations 

Powders (dusting, face, and talcum, 

excluding aftershave talc) 

Hair condltloners. nnses. tomes 

and other hair-grooming alds 

Hair shampoos (noncoloring) 

Hair shampoos (coloring) 

Blushers (all tvpes) 

Foundations 

Lipstlck 

Makeup bases 

Rouges 

Other makeup preparations 

(not eye) 

Manlcurlng preparations 

Personal cleanliness 

products 

Skin-cleansing preparations 

(cold creams, lotions, 

hqulds. and pads) 

Face, bodv, and hand 

skin care preparations 

(excluding shaving) 

preparations) 

Moistunrlng skin care 

preparations 

Other skin care preparations 

Suntan preparations 

1986 Totals 

Bubble baths and other 

bath preparations 

Miscellaneous eye makeup 

Hair conditioners 

Hair shampoos (noncoloring) 

Tonics, dressings, and 

other hair-grooming aids 

Wave sets 

Foundations 

Skin and personal cleansing 

preparations 

Face, body, and hand skin care 

preparations, including suntan 

preparations 

1986 Totals 

Sorblc acid 

55 4 

771 20 

235 12 
I-106 26 

77 a 
325 IO 
156 I5 

1848 10 
759 14 

1204 25 

821 3 
27 3 

472 19 
472 13 

1552 32 
462 106 
106 4 
337 21 

77 3 2 
506 b 6 

1000 18 1 7 10 

1029 21 15 b 

802 23 

1042 22 
202 7 

445 2 lb8 

Potassium sorbate 

478 -1 

793 6 

556 7 
838 18 
350 3 

160 12 
472 9 
976 7 

3281 51 35 16 

117 

18 

2 

4 

4 

15 

3 
14 
2 

32 

3 
4 

1 13 

3 

2 

5 

1 
2 

11 
24 
3 
6 

II 
5 
7 

10 

2 

5 
11 

105 
1 

17 

9 

15 
6 

275 

I 

1 
4 

14 
1 

10 
2 
2 

66 51 

Source: From Reference 44 
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nized as safe direct food additives when used in accordance with good 
manufacturing practice. (47,48) Results of a survey of food manufacturers in 1970 
indicated that the mean (weighted) level of the addition of sorbic acid to 
foods ranged from < 0.01 to 1.40% and that for potassium sorbate ranged 
from < 0.01 to 0.58%. The Grocery Manufactures of America has made an 
independent estimate of 0.5-0.3% for the range of sorbate addition to food.c2) 

The Joint FAO-WHO (Food and Agriculture Organization-World Health 
Organization) Expert Committee on food additives has estimated the accept- 
able daily intake of sorbic acid and its salts (expressed as sorbic acid) as 25 
mg/kg body weight.(49) 

Potassium sorbate is also recognized as a GRAS indirect food additive as it 
migrates to food from paper and paperboard products used in food 
packaging.(50) 

Sorbic acid and potassium sorbate are also used as preservatives in a 
variety of pharmaceuticals. (12,13~51-54) The Ophthalmic Advisory Review Panel 
of the FDA over-the-counter (OTC) drug review program has proposed that 
sorbic acid used alone in concentrations of O.l-0.2% is not an effective 
antimicrobial agent because of its limited bactericidal effects. They also 
indicated that more data were required to establish the safety and effective- 
ness of sorbic acid used as a preservative in combination with other approved 
preservatives.(55,56) The OTC panel on contraceptives and other vaginal drug 
products has proposed that potassium sorbate at a concentration of l-3% was 
safe and effective for OTC use as a vaginal douche for the relief of minor 
vaginal irritations. However, as potassium sorbate has not been marketed for 
this purpose to a material extent in the United States, it is considered by the 
FDA to be a new drug within the meaning of Section 201 (p) of the Federal 
Food, Drug, and Cosmetic Act [21 U.S.C. 321 (p)].“‘) 

Sorbic acid and potassium sorbate also have various industrial uses. These 
ingredients are both used as preservatives in starch glue.(58,59) Sorbic acid is 
used to improve the characteristics of drying oils, the gloss in alkyd type 
coatings, and the milling characteristics of cold rubber.(“) Sorbic acid and 
potassium sorbate are used to prevent the premature sprouting of wheat 
seeds,(60,61) to dry out cut plants, such as alfalfa,(62’ and in spray compositions 
applied to the foliage of crop plants to increase yield and growth.(63) Sorbic 
acid has also been used in insect disease control. Silkworm larvae consuming 
mulberry leaves that had been sprayed with O.l-1.0% sorbic acid were pro- 
tected from insect diseases caused by bacteria, fungi, and viruses.@“) 

GENERAL BIOLOGY 

Antimicrobial Effects 

Sorbic acid and potassium sorbate have a broad spectrum of fungistatic 
activity but are less active against bacteria. Their antimicrobial activity de- 
pends upon the amount of undissociated acid, which is determined primarily 
by the dissociation constant (1.73 x IO-’ for sorbic acid) and the pH of the 
system. Optimum effectiveness is attained at pH values up to 6.5.(3,45) Table 3 
gives the percentage of preservative undissociated related to pH value. 
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TABLE 3. Percentage of Sorbic Acid Undissociated Related to pH Value 

P” % Undissociated 

3 98 
4 86 
5 37 
6 6.0 
7 0.6 

Source: From References 45 and 65. 

The anions of dissociated acids may be inactive owing to repulsion from 
the negatively charged microbial cell wall.(45~65) However, Eklund@) has re- 
ported that the inhibition of bacteria by sorbic acid was due to both the 
undissociated and dissociated acid and has calculated the effect in accordance 
with a proposed mathematical model. Although the inhibitory action of the 
undissociated acid was IO-600 times greater than that of the dissociated acid, 
the latter was responsible for more than 50% of the growth inhibition of most 
of the organisms tested at pH levels above 6. 

The antimicrobial activities of sorbic acid and potassium sorbate have 
been studied extensively. Bell et al. (67) tested sorbate against 66 species of 
filamentous fungi, 32 species of yeast, and 6 species of lactic acid bacteria. 
They reported that all organisms grew in media containing 0.1% sorbic acid at 
pH 7; however, this concentration of sorbic acid inhibited the yeasts and fungi 
at pH 4.5 and the bacteria at pH 3.5. Extensive tables on the antimicrobial 
spectrum of sorbic acid are found in the thesis by York.@) The minimal 
inhibitory concentrations of sorbic acid for various common microbes are 
given in Table 4. The reader is referred to Woodford and Adams(‘2) and Sofos 
and Busta(69) for more in depth reviews of the antimicrobial effectiveness of 
sorbic acid and potassium sorbate. 

Numerous mechanisms for microbial growth inhibition by sorbate are 
found in the literature; they indicate there was little or no agreement among 

TABLE 4. Effective Concentrations of Sorbic Acid Against Common Microblals 

Test organisms 
(- lo6 colony-forming 
units ml) per 

Staphylococcus aureus 
C/ostrid/um sporogenes 
Escherichia co// 

Klebsiella pneumoniae 

Pseudomonas aeruginosa 

Pseudomonas fluorescens 
Pseudomonas cepacia 

Candida albicans 

Saccharomyces cerevisiae 

Aspergillus nlger 

Penicillium notatum 

Source: From Reference 11 

hlinimal inhibitory concentration (pg/ml) 
(serial dilution test; incubation times 

of 24 and 72 h; pH 6 0) 

50-100 

100-500 

50-100 

50-100 

100-300 

‘I 00-300 

50-100 

25-50 

200-500 

200-500 

200-300 
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scientists as to the manner in which sorbic acid inhibited microorganisms. 
Many investigators have suggested that sorbic acid works by inhibiting various 
enzyme systems and their reactions. Sorbic acid inhibition of sulfhydryl 
enzymes, including fumarase, aspartase, succinic dehydrogenase, and yeast 
alcohol dehydrogenase, has been noted.(b9) Inhibition of the enzymes 
enolase,(“,69) proteinase,(“) catalase,(“) phosphopyruvic hydratase,(72s73) and 
cytochrome c oxidase (74) has also been reported. Reinhard and Radler(75) 
found that high concentrations of sorbic acid did not inhibit the enzymes 
aldolase, enolase, or pyruvate decarboxylase and assumed that sorbic acid 
inhibited the yeast cells mainly by influencing the cell membrane and its 
permeability. Cells of Saccharomyces cerevisiae rapidly adsorbed sorbic acid 
(primarily the undissociated form), and disturbances of cell growth may be 
caused by a reaction of sorbic acid with thiol groups of the surface of the 
yeast cell. (76) Harada et al.(“) suggested that sorbic acid inhibited the respira- 
tion of yeast through its competitive action with acetate at the site of 
acetyl-CoA formation. Deak and Novak(‘@ suggested that interference with 
active transport processes may play an important role in the inhibition of yeast 
by sorbic acid. Freese et al.(79) and Sheu et al.@‘) generalized that lipophilic 
acid preservatives uncouple both substrate transport and oxidative phosphory- 
lation from the electron transport system. Growth was inhibited by a reduc- 
tion in cellular uptake of amino acids, organic acids, phosphate, and other 
compounds. 

It has been variously reported that sorbic acid was both effective and 
ineffective as an antimicrobial in the presence of nonionic surfactants. Some 
of these discrepancies have been attributed to test conditions,(12’ and it was 
generally accepted that sorbic acid was not strongly affected by the presence 
of nonionic surfactants.@-84) In other interaction studies, pantothenic acid 
and biotin reduced the effectiveness of sorbate against Verticillium dahliae 
but thiamine did not.ca5) The activity of sorbic acid may also be reduced by 
interaction with or loss through the containers.(“5,8b) Sorbic acid can also be 
degraded by microbes capable of using sorbic acid as a carbon source.(‘2.b9,76) 
The mode of sorbic acid degradation has been postulated as being through 
decarboxylation.@‘) 

Potassium sorbate has synergistic antimicrobial activity with butylated 
hydroxyanisole and tert-butylhydroquinone against Staphy/ococcus aureus and 
Salmonella typhimurium. ca8) It has acted synergistically with sodium nitrite 
and tripolyphosphate against Clostridium botu/inum.(89) Potassium sorbate 
acted synergistically with heat to inactivate four types of molds; the addition 
of sucrose and sodium chloride further enhanced the inhibition of Aspergillus 
flavus.(“’ The synergistic action of sorbate with sodium chloride@-93) and 
sucrose(9L) has been previously noted. A chlorine addition product of sorbic 
acid was more effective than sorbic acid alone and was less affected by PH.(“~) 

Biochemical and Cellular Effects 

Sorbic acid did not affect the protein content or the biosynthesis of RNA 
and DNA in mouse embryo fibrobtast cells in tissue culture.(94) 

Sorbic acid (1 .O mmol/kg) and/or aminopyrine (0.4 mmol/kg) and sodium 
nitrite (1.0 mmol/kg) were orally administered to groups of five rats for 3 
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consecutive days. The rats were killed 24 h later and evaluated for alterations 
in biochemical parameters, namely, glutamic-oxaloacetic transaminase and 
glutamic-pyruvic transaminase in serum, hepatic mincrosomal drug oxidation 
systems, and glucose-&phosphate dehydrogenase and lysosomal enzymes in 
hepatic soluble fractions. The simultaneous administration of aminopyrine 
and sodium nitrite induced alterations in these parameters, believed to be due 
to the formation of N-nitrosodimethylamine. Sorbic acid did not inhibit the 
alterations produced by these chemicals, and when administered alone, did 
not significantly affect these parameters.(95’ 

Sorbic acid strongly inhibited both the peroxidase and oxidase activity of 
cabbage peroxidase and its isozymes. Sorbic acid produced a marked differ- 
ence in action on the isozymes, being much more effective on isozyme III 
than I. Inhibition was noncompetitive, and the effectiveness depended on the 
concentration of sorbic acid, time of action, and pH of the medium. Inhibition 
increased with decreasing pH. Sorbic acid was the most effective organic acid 
assayed.(%) 

Alimukhamedova and Mavlanic9’) reported that sorbic acid affected the 
ultrastructural organization of yeast cells. Saccharomyces vini or Rhodotorula 
glutinis incubated with 250-500 mg sorbic acid had an accumulation of dense 
phospholipoprotein granules, numerous mitochondria of various sizes, and 
vacuoles within the cells, as well as the presence of irregular nuclei. 

Sorbic acid was the second active compound of 35 food ingredients 
evaluated for a protective effect against cytogenetic radiation damages in the 
root tip of an onion (Allium cepa). Sorbic acid produced a 31% reduction in 
the rate of aberrant mitosis caused by 100 R irradiation.(98) 

Sorbic acid combined in a 1 :I mixture with monolaurin effectively re- 
duced (> 99.9%) the viability of the 14 human RNA and DNA enveloped 
viruses studied. The sorbic acid-monolaurin mixture was added to the cell 
culture at a concentration of 1% and incubated for 1 h at 23°C. The virucidal 
effect was attributed to the solubilization of the lipids and phospholipids in 
the envelope by the mixture, leading to a generalized disintegration of the 
viral envelope. (99) Similarly, sorbic acid enhanced the viral activity of the 
nucleopolyhedrosis virus in treated larvae of the gypsy moth Lymantria 
d&par. (I O”) 

Sorbic acid had no inhibitory effect on the formation of plaque or the 
development of caries in rats; however, it did enhance the activity of dex- 
tranase on these iactors. 

Metabolism and Excretion 

The results of early metabolic studies indicated that sorbic acid was 
qualitatively metabolized in the same manner as the saturated or singly 
unsaturated fatty acids of the same C-atom number and was readily used as an 
energy source.(“) 

The metabolism of [‘“Cl sorbic acid was studied after the administration by 
stomach tube of approximately 920 mg sorbic acid per kg body weight to 
female Sprague-Dawley rats. Within 4-10 h, 85% of the radioactivity was 
recovered in the expired carbon dioxide, 0.4% in the feces, 2% in the urine, 3% 
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in internal organs and blood, 3% in skeletal muscles, and 6.6% in other parts of 
the carcass. No radioactivity was in the liver or muscle glycogen, but some 
radioactivity was associated with the lipid fraction of the carcass, internal 
organs, and skin. The percentage of the radioactivity found in expired carbon 
dioxide was independent of dosage between 61 and 1213 mg sorbic acid per 
kg body weight. In similar tests, caproic acid was oxidized at the same rate 
and to the same extent.c2) 

Sodium sorbate or sodium caproate was administered orally to fasted 
female rats at doses of 75 or 150 mg (calculated as acetone) per 100 m2 of body 
surface. Administration was conducted daily in two divided doses of approxi- 
mately 6 g sorbic acid per kg body weight; a similar proportion was excreted 
as ketone bodies. Sorbic acid and caproic acid were metabolized via acetone 
bodies, and under normal conditions sorbic acid was completely oxidized to 
carbon dioxide and water.‘2’ 

In rabbits fed 3 g sorbic acid per kg body weight, the urine contained 
O.l-0.2% trans,trans-muconic acid. (1,2) Small amounts of sorbic acid and mu- 
conic acid also have been found in the urine of mice orally administered 
aqueous solutions of sodium sorbate in doses of 40 and 3000 mg/kg body 
weight. Within 4 days, 81 + 10% of the sorbic acid was oxidized to carbon 
dioxide and water; about 4% was found in urine, partially as muconic acid.(‘) 
The metabolism of sorbic acid was identical in animals and humans.(l) 

ANIMAL TOXICOLOGY 

Acute Toxicity 

Oral 

The oral LD,, for sorbic acid in rats has ranged from 7.36 to 12.5 g/kg body 
weight. (1,11,102! In rats fasted for 18 h prior to the administration of sodium 
sorbate, the LD,, (calculated as sorbic acid) was 3.6 g/kg for females and 4.3 
g/kg for males. In rats that had not been fasted, the LD,, was 5.9 g/kg (also 
calculated as sorbic acid). The lower LD,,value for sodium sorbate compared 
with that for sorbic acid was attributed to its more rapid absorption from the 
gut.(2) The oral LD,, for sorbic acid in mice was greater than 8.0 g/kg body 
weight.(lo3) 

Verrett et al.(104) also evaluated the toxicity of potassium sorbate using 
embryonating chicken eggs. They injected up to 10.00 mg potassium sorbate 
(in aqueous solution) into the air sac of the egg at 96 h incubation. The LD,, 
was 2.44 mg potassium sorbate per egg. 

A formulation containing 5% sorbic acid was administered by intubation at 
a dose of 7.0 g/kg to five rats of unspecified strain and sex, and the rats were 
observed for 7 days. One of the rats died 1 day after treatment. The four 
surviving rats gained weight during the 7 day observation period.(lo5) 

A 26 ml/kg dose of a cosmetic containing 0.15% potassium sorbate was 
administered orally to five male and five female fasted Harlan-Wistar rats, 
There were no signs of toxicity, and weight gains were normal during the 7 
day observation period. (lob) Groups of five male and five female fasted 
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Harlan-Fischer 344 rats were given 13 ml/kg of a bronzer(l”) and a 
moisturizer(lo8) containing 0.15% potassium sorbate by gavage, and the ani- 
mals were observed for 2 weeks. There were no deaths and no signs of 
toxicity. 

lntraperitoneal 

Sparfel et al.(lo3) reported an intraperitoneal (IP) LD,, for sorbic acid in 
mice of 2800 mg/kg body weight. Five mice were used for each dose. 
Aqueous solutions of sorbic acid were brought to a pH of 6 with sodium 
carbonate before injection of 0.5 ml/20 g. An IP LD,,value of 2820 mg/kg has 
also been reported for sorbic acid in mice.(‘09) 

Potassium sorbate had an IP LD,, of 1300 mg/kg in mice.(“‘) 

Subcutaneous 

Sorbic acid had a subcutaneous LD,, of 2820 mg/kg in mice.(109’ 

Short-Term to Subchronic Toxicity 

Oral 

Numerous studies have been conducted on the short-term to subchronic 
oral toxicity of sorbic acid and potassium sorbate when administered to mice, 
rats, guinea pigs, and dogs. Results have varied with dose and length of 
administration. 

Groups of 5-10 male and female albino rats were fed diets containing 10% 
sorbic acid for 30-120 days. The test animals had a higher liver-body weight 
ratio than the controls. Liver homogenates of the first-generation rats fed 
sorbic acid had lower oxygen consumption than controls; homogenates of 
liver from second-generation rats had a statistically significant decrease in 
oxygen uptake. Feed intake and reproduction were normal.(‘) 

Rats fed an 8% sorbic acid diet for 90 days had no adverse effects other 
than a slight enlargement of the liver. A 4% diet did not cause hepatic 
enlargement. Similarly, no adverse effects were found upon histopathologic 
examination of three dogs fed a diet containing 4% sorbic acid for 3 months.c2) 

Rats and dogs fed diets containing up to 8% sorbic acid for 3 months were 
not adversely affected.(l) 

A diet containing 2% sorbic acid (about 2 g/kg body weight) was fed to 
8-week-old Wistar rats for 10 weeks. Growth was unaffected. Livers were 
slightly enlarged, although no microscopic abnormalities were noted.c2) 

Groups of rats were fed diets containing 2 or 0.25% sorbic acid or 
potassium sorbate for 3 months. At the 2% dose, slight increases in the 
bilirubin and cholesterol content of the bile were noted as well as decreased 
pancreatic chymotrypsin and amylase. Potassium sorbate also reduced the 
Iipase activity. At the 0.25% level, an increase was seen in the pancreatic juice 
secretion, its protein content, and the activity of all its enzymes.“) It was 
concluded that the significance of these findings could not be assessed from 
the data.“) 
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A 1% oily solution of sorbic acid administered orally to guinea pigs for 20 
days produced a four- to sixfold increase in phagocytosis of staphylococcus.“’ 

Groups of 50 male and 50 female mice were orally administered sorbic 
acid at a dose of 80 mg/kg per day for 3 months. Groups of 25 male and 25 
female mice were similarly administered sorbic acid at a dose of 40 mg/kg per 
day or a polymeric impurity obtained from it at doses of 0, 8, or 800 mg/kg 
per day for 2 months. The mice were observed for general condition and 
behavior, survival, feed consumption, and weight gain. Tests were also con- 
ducted to determine the effects of hunger, physical stress, and carbon tetra- 
chloride poisoning on the test animals compared to controls. Those mice 
administered sorbic acid for 2 months did not differ significantly from controls 
in survival, feed consumption, or weight gain. Weight gain was significantly 
increased in mice receiving the 800 mg/kg dose of the sorbic acid polymeric 
impurity. Mice administered sorbic acid for 3 months had slightly decreased 
weight gains compared to controls, Generally, the test mice reacted as well or 
better than controls to conditions of stress, hunger, and administration of 
carbon tetrachloride.(‘ll’ 

In another study, sorbic acid was administered for a period of 3 months at 
a dose of 40-80 mg/kg per day to 400 albino rats and 1900 mice. No toxic 
effects on weight gain, feed consumption, or survival rate and no deleterious 
effects on reactions to stress were produced. The immunobiologic activity and 
detoxifying action of the liver were increased.(l) 

Groups of 10 rats (5 males and 5 females) were fed a diet containing 0, 1, 
2, 5, or 10% potassium sorbate for 3 months. The weight gain of the female 
rats fed 5 and 10% potassium sorbate was decreased initially. Relative hepatic 
weights were the same in all groups; renal weights were increased in the rats 
fed 10% potassium sorbate, to a lesser degree in those fed 5% potassium 
sorbate. No controls for high potassium intake were described.(2) 

Potassium sorbate was administered in the diet for 3 months at concentra- 
tions of 1 and 2% to two groups of eight dogs each. Weight gains were 
comparable to those of the control group of four dogs. No adverse effects 
attributable to potassium sorbate were found upon gross examination at 
necropsy.(*) 

Dermal 

A dose of 2 ml/kg of a formulation containing 0.5% sorbic acid (pH not 
specified) was applied by inunction 5 days/week for 4 weeks to the clipped 
skin of the backs of three male and three female New Zealand albino rabbits. 
Plastic collars were worn to prevent ingestion of the test material. The skin of 
three of the rabbits was abraded. A control group consisted of three male and 
three female rabbits, Hematologic and biochemical measurements were made 
during the study. At the end of the study, the rabbits were killed, and the 
internal organs were examined microscopically. No adverse effects were 
produced on physical appearance, behavior, body weights, or survival, and no 
systemic effects were attributed to the formulation. No gross or microscopic 
lesions were produced. The intact and the abraded skin responses were the 
same. Slight to moderate erythema and edema were observed in all the rabbits 
during the first week, and this continued throughout the study. Slight atonia 
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was observed in all the animals during the second week and continued to be 
observed in four animals throughout the study. Slight desquamation was 
observed in two animals during week 2 and in two other animals during week 
3, and this continued until the end of the study. The skin had a mild 
intradermal inflammatory response.(l12) 

A cream containing 0.15% potassium sorbate (pH not specified) was 
applied daily for 90 days to the clipped backs of five male and five female 
New Zealand rabbits. The cream was applied with a spatula to 10% of the total 
body surface of each animal in a dose of 6 mg/cm2. Collars were worn to 
prevent ingestion of the test material. There were five male and five female 
control rabbits. The animals were observed for local and systemic effects. They 
were killed at the end of the study, and gross and microscopic examinations 
were performed. Two control rabbits and one treated rabbit died during the 
study from causes not considered treatment related. Mean feed consumption, 
body weights, and organ weights were normal, as were values obtained for 
hematology, clinical chemistry, urinalyses, and light microscopic examination. 
Incidental lesions in treated rabbits included granulomatous meningoen- 
cephalitis and acute colitis. All treated animals developed slight to moderate 
erythema and edema during the first week, and this continued throughout the 
study. Desquamation was slight to moderate in all the rabbits. Four animals 
developed fine fissures during week 3, and one animal had cutaneous fissures 
and bleeding on days 46-48. Papillae were observed on the backs of two 
animals during week 12. Histologically, compound-related dermatitis was 
observed in 8 of the 10 treated rabbits. The dermatitis was mild and was 
characterized by the presence of a few inflammatory cells in the upper dermis. 
No erosion or ulceration of the dermis was observed.(1’3) 

Chronic Toxicity 

Oral 

Sorbic acid was evaluated for chronic oral toxicity in Wistar rats by 
administration of 0,1.5, or 10% sorbic acid in the diet for 2 years. Experimental 
groups consisted of 48 males and 48 females each. For a similar caloric intake 
in all groups, a mixture of corn oil and starch (1 :I) was added to the 0 and 
1.5% sorbic acid diets at 10 and 8.5%, respectively. Body weight, feed and 
water consumption, mortality, and hematologic and urinalysis parameters 
were monitored. The organs of all rats were weighed and examined micro- 
scopically. No changes in appearance or behavior were noted. Mortality was 
similar in test and control groups. No significant effects attributable to sorbic 
acid treatment were found in the hematologic and serum evaluations, urinaly- 
ses, or microscopic examination. The total incidence of neoplasms (malignant 
and nonmalignant), as well as the distribution of affected tissues, was not 
influenced by sorbic acid treatment. The body weight gain in rats of the 1.5% 
sorbic acid group did not differ significantly from that in controls; however, 
rats of the 10% sorbic acid group had a statistically significant reduction in 
body weight gain from weeks 26 and 39 on in the females and males, 
respectively. This difference was only 5-10% of the control weight and was 
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not considered to represent a serious toxic effect because it did not affect 
mortality. No consistent differences were noted in feed consumption; the 
mean daily intake was calculated as 0.63 and 4.33 g/kg in males and 0.85 and 
5.69 g/kg in females fed the diets with 1.5 and 10% sorbic acid, respectively. 
Male rats of the high-dose group had higher thyroid gland weights and higher 
thyroid gland-body weight ratios. All these animals had signs of advanced 
renal disease, and as prolonged renal damage in the rat can result in parathy- 
roid gland hyperplasia, (‘14) the increased thyroid weights were considered due 
to increased parathyroid gland weights. The investigators claimed that their 
evaluation was further supported since this condition was found in males 
only, as glomerulonephrosis is usually less severe in females. Both males and 
females of the 10% sorbic acid group had higher relative liver weights, and the 
females additionally had higher relative kidney, small intestine, and ovary 
weights. The higher relative liver and kidney weights were not considered 
indicative of a serious effect as they were not associated with microscopic 
changes. (The livers of the high-dose females had only a marginal increase in 
fatty change and focal necrosis attributed to increased intakes of fatty acid.) In 
conclusion, the investigators stated that sorbic acid had a no-effect level of at 
least 1.5% (- 750 mg/kg per day), although the lack of a carcinogenic effect 
and the “doubtful nature” of the other effects at 10% (- 5 g/kg per day) 
indicate that the no-effect level may be closer to 5%.(‘15) 

Sorbic acid was evaluated for chronic oral toxicity in a similar study in 
mice (strain ASH/CSI) by administration of 0, 1, 5, or 10% sorbic acid in the 
diet for 80 weeks, Experimental groups consisted of 48 male and 50 female 
mice each. To maintain the caloric intake in all groups, a mixture of corn oil 
and starch (1 :I) was added to the 0, 1, and 5% sorbic acid diets at 10, 9, and 
5%, respectively. Body weights, mortality, and hematologic parameters were 
monitored. At termination, the mice were killed and organs examined micro- 
scopically. Organ weights were also recorded. No adverse effects attributable 
to sorbic acid were noted on mortality, hematologic parameters, or the 
incidence of lesions, including neoplasms. A statistically significant reduction 
in body weight gain was noted in the males fed 5% sorbic acid and in both 
males and females fed the 10% sorbic acid diet; this reduction was more 
pronounced in the latter group. However, as mortality was unaffected and 
these mice had no other adverse effects, the lower weight was considered a 
“mildly unfavorable response.” Statistically significant increases were noted in 
the relative organ weights of the brain, liver, kidney, stomach, and small 
intestine of males on both the 5 and 10% sorbic acid diets. All groups of 
females treated with sorbic acid had increased relative heart and liver weights, 
and females of the highest dietary group also had increased relative brain, 
small intestine, kidney, and spleen weights. The elevation in the relative 
weights of brain, spleen, stomach, and small intestine were not considered a 
toxic effect in that there were no significant differences in their absolute 
weights and no indication of microscopic change. The increased values for 
relative heart weights, occurring in females only, were not considered an 
effect of sorbic acid intake. The increased relative liver weights were consid- 
ered to reflect an increase in metabolic demand resulting from increased fatty 
acid intake as there was a lower incidence of lesions in the livers of mice fed 
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sorbic acid than in controls. Similarly, the enlarged kidneys of these mice were 
not considered a serious toxic effect in that the incidence of lesions in the 
kidneys was significantly less in the treated mice than in controls. In conclu- 
sion, the investigators stated that the no-effect level of sorbic acid in mice 
may be considered 1% of the diet (- 1400 g/kg per day), although because of 
the nature of the effects at concentrations up to IO%, the actual no-effect 
level may be substantially higher.(‘l’) 

Sorbic acid was administered in the diet at concentrations of 0, 0.1, 0.5, 
and 5.0% (0, 50, 250, and 2500 mg/kg per day) for a period of 1000 days to 
groups of 50 male and 50 female rats. No differences between test and control 
animals were noted in appearance, growth, mortality, or reproduction. Rats 
fed through the second generation a 0.1 or 0.5% sorbic acid diet had no signs 
of toxicity in respect to growth or reproduction. A group of 30 rats of the 
second generation maintained on a 5% sorbic acid diet for 252 days had no 
significant lesions. An unpublished report from the same laboratory described 
a study in which 50 male and 50 female rats were again fed 5% sorbic acid in 
the diet during their life span. Mortality was not significantly affected; the 
average life span of test males compared to control males was 811 and 709 
days, and the test and control females lived an average of 789 and 804 days, 
respectively. No differences were reported in organ weights, and only two 
neoplasms were found in each of the control and test groups. No abnormali- 
ties were seen in the liver, kidneys, heart, or testes.(1,2) 

Chronic oral administration of sorbic acid at concentrations of I-500 times 
the amounts used in foods had no adverse effect on the blood or internal 
organs of rats, guinea pigs, rabbits, or dogs.(“‘) 

Shtenberg and lgnatev (“‘) studied the toxicologic effects of some combi- 
nations of preservatives on both mice and rats. Groups of 25 male and 25 
female mice were administered 40 mg/kg per day sorbic acid or 40 mg/kg per 
day sorbic acid plus 2 mg/kg per day nisin as a paste prior to the main feed. 
Administration continued for 17 months. A control group was fed the basal 
diet only. The mice were observed for their general appearance and behavior, 
feed consumption, weight gain, and survival. Organ weights were also 
recorded at the end of the study. Some of these mice were tested for the 
effects of physical stress (swimming with a 2 g weight on the tail) and feed 
restriction. After 8 months on test, some mice from the groups receiving the 
preservative combination or control diets were mated and reproduction was 
studied over five generations. The test mice were given the same combination 
(40 mg sorbic acid and 2 mg nisin per kg per day) from weaning to mating; 
litters were monitored for weight gain for 3.5 months after weaning. Mice 
receiving the sorbic acid-nisin combination had a lower survival rate than 
controls. Relative weights of the liver, kidneys, and testes of mice receiving 
only sorbic acid were lower than those in all other groups; however, these 
were not considered adverse effects. The litters from the five-generation study 
administered the sorbic acid-nisin combination gained more weight than 
those receiving a benzoic acid-sodium bisulfite mixture. Those mice adminis- 
tered sorbic acid or sorbic acid-nisin also had better scores on the stress tests 
than those receiving benzoic acid or the benzoic acid-sodium bisulfite mix- 
ture. No neoplasms were found in the control or sorbic acid-nisin groups. 
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The rats of this study similarly received 40 mg/kg per day sorbic acid 
(groups of 10 males and 10 females) or 40 mg sorbic acid and 2 mg nisin per 
kg per day (groups of 50 males and 50 females). Other groups received 
benzoic acid and/or sodium bisulfite. Feed and water consumption, weight 
gain, and hematologic parameters were monitored. The effects of stress 
factors were also recorded. These consisted of feed restriction, cold stress, 
centrifugation, a carbon tetrachloride detoxication test, and a renal function 
test. Rats fed the sorbic acid-nisin mixture gained more weight and fared 
better than those on the benzoic acid-sodium bisulfite diet under all stress 
conditions except feed restriction. The results of the latter study were incon- 
clusive as rats in all test groups survived longer than the controls.(“‘) (The 
results of this study were not analyzed statistically.) 

Several additive toxicity tests have been conducted with sorbic acid and 
other preservatives. Ohno et al. (‘18) studied the additive toxicity of sorbic acid 
and benzoic acid in groups of 20 male and 20 female Sprague-Dawley rats. 
The rats were administered diets for 1 year containing concentrations of 5% 
sorbic acid 0.5% benzoic acid, 2% benzoic acid, 5% sorbic acid plus 0.5% 
benzoic acid, 5% sorbic acid plus 2% benzoic acid, or a basal diet with no 
supplementation. A slight growth inhibition was noted in the female rats 
receiving 5% sorbic acid after 6 months; no effects were noted on the males. 
No significant effects were noted in the hematologic values or in the serum 
and urine analyses of the test rats when compared to controls. No distinctive 
microscopic changes were noted in any experimental group. Sorbic acid and 
benzoic acid did not produce additive toxicity in the rat. 

Because of concern about the possible contamination of sorbic acid with 
parasorbic acid, two chronic oral toxicity studies were conducted in rats and 
mice using sorbic acid deliberately adulterated with 1000 ppm parasorbic acid. 
Groups of 48 male and 48 female Wistar rats were fed diets containing sorbic 
acid or the adulterated sorbic acid at concentrations of 1.2% for 2 years.(“‘) 
Similarly, groups of 48 male and 48 female mice were fed diets containing the 
same concentrations of sorbic acid and adulterated sorbic acid for 80 weeks.(120’ 

The inclusion of parasorbic acid in the diet of rats had no significant effect 
on feed and water consumption, weight gain, hematologic values, renal 
function, serum analyses, or the incidence of lesions, including neoplasm 
incidence. Mortality was slightly greater in the females of the parasorbic acid 
group, but this was attributed to five rats that died or were killed between 
weeks 58 and 80. No comparable difference was observed in the males. The 
liver weights and relative liver weights of the females in the parasorbic acid 
group were increased compared to those of the sorbic acid group; however, 
this was not considered significant. The investigators concluded the sorbic 
acid diet was not made more toxic by the inclusion of 1000 ppm parasorbic 
acid.(l”) 

The inclusion of parasorbic acid in the diet of mice produced no statisti- 
cally significant effects on weight gain, hematologic values, organ weights, or 
lesions, including the incidence of neoplasms. Mortality was slightly higher in 
the females of the parasorbic acid group (statistically significant for the last 3 
weeks of the study) but was not attributable to the administration of parasor- 
bit acid. Three moribund mice were killed because of severe middle ear 
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infection, generalized lymphoblastoma, and papillary adenoma of the lungs; 
both of the latter are common in mice. The other deaths were of differing 
etiology. The females receiving sorbic acid had only an unusually low mortal- 
ity rate compared with historic controls from the same laboratory, and the 
mortality rate of the females receiving parasorbic acid was within the normal 
range for this strain of mice. The prolonged feeding to mice of a sorbic acid 
diet adulterated with 1000 ppm parasorbic acid did not lead to an increase in 
the toxic effects of sorbic acid and did not have a carcinogenic effect.(12” 

Irritation 

Ocular 

A modified Draize ocular irritation test was conducted to evaluate the 
irritancy of sorbic acid and potassium sorbate to the rabbit eye. Sorbic acid (in 
petrolatum) and potassium sorbate (in aqueous solution) were evaluated at 
concentrations of 1, 5, and 10% (pH not specified). Three rabbits were used for 
each dose group. Eyes were scored at 1, 2, and 24 h and daily thereafter until 
all irritation had disappeared. Sorbic acid at concentrations of 1, 5, and 10% 
had ocular irritation indices (at 24 h) of 0.7, 0.7, and 2 (maximum = IIO), 
respectively. Potassium sorbate had an ocular irritation index of 0 at all 
concentrations (at 24 h). Sorbic acid and potassium sorbate caused practically 
no ocular irritation and were well tolerated under these conditions.(12’) 

A 1% aqueous solution of potassium sorbate (pH not specified) was placed 
in the conjunctival sacs of one eye of each of three male and three female 
rabbits of unspecified strain. The Draize irritation score, 1 day after test 
material administration, was 0; the solution had no potential for eye 
irritation.(‘22) A 0.1 ml dose of a potassium sorbate solution of unspecified 
concentration was instilled into the conjunctival sac of one eye of each of six 
New Zealand white rabbits. The Draize irritation score at 24 h ranged from 2 
to 11, and the average of the Draize scores for 24, 48, and 72 h was 4.7. No 
irritation was observed on day 7 after exposure. Some of the conjunctival 
tissue in two female rabbits was bleached white on day 1, and this was also 
observed in one of these rabbits on day 2. Conjunctival petechial hemorrhage 
was observed in the third female on days l-3; on day 7, this was no longer 
observed.(‘L3) 

An eye makeup remover containing 0.10% sorbic acid was placed in one 
eye of each of six albino rabbits. The Draize irritation score was 0; the 
formulation was nonirritating.(124) 

A 0.1 ml dose of a cosmetic containing 0.15% potassium sorbate was 
instilled into one eye of each of six albino rabbits of unspecified strain, and 
the animals were observed for 7 days. Slight conjunctival redness was ob- 
served 1 h after treatment, but this cleared within 24 h. Cornea and iris were 
not affected.(lob) Groups of six New Zealand albino rabbits were used to 
evaluate the acute ocular irritation potential of a bronzer(lo7’ and a 
moisturizer(‘08) containing 0.15% potassium sorbate. The undiluted formula- 
tions were instilled into one eye of each rabbit in a dose of 0.1 ml, and 
irritation was scored on days 1, 2, 3, and 7. Slight conjunctival hyperemia was 
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observed 1 h after treatment with both formulations, and this cleared within 
24 h. No other signs of irritation were observed. 

Dermal 

A modified Draize irritation test was conducted to evaluate the dermal 
irritancy of sorbic acid and potassium sorbate in rabbits. Sorbic acid (in 
petrolatum) and potassium sorbate (in aqueous solution) were evaluated at 
concentrations of 1, 5, and 10% (pH not specified). Three rabbits were used for 
each dose group. Patches were applied under semiocclusive conditions. Sor- 
bic acid at concentrations of 1, 5, and 10% had irritancy indices of 0, 0.2, and 
0.5 (maximum = 8), respectively. Potassium sorbate had an irritancy index of 0 
at all concentrations. Sorbic acid and potassium sorbate cause practically no 
dermal irritation and were well tolerated under these conditions.(l*‘) 

The primary skin irritation of a 1% aqueous potassium sorbate solution (pH 
not specified) was evaluated with nine rabbits of unspecified strain. A single 
occlusive patch was applied, and erythema and edema were scored 2 and 24 h 
after removal. The primary irritation index (PII) for the test material was 0.6 of 
a maximum possible of 4.0; the material was practically nonirritating.(125) 

Sorbic acid, at a concentration of 5% in a lanoline-petrolatum paste, was 
applied daily, 6 days/week for 3 weeks, to the shaved skin of three rats. The 
paste was massaged lightly into the skin for 2 minutes, and the area was then 
washed with water and any excess paste wiped away. Three rats received 
similar applications of the lanoline-petrolatum paste without sorbic acid as 
controls. Weight gain was monitored over the 3 week period. All of the rats 
gained weight, those receiving petrolatum only at a rate of 5% and those 
receiving sorbic acid at a rate of 3%. No irritation or other adverse effects were 
reported.(lo3) 

The primary skin irritation of a product containing 0.5% sorbic acid (pH not 
specified) was evaluated with nine rabbits of unspecified strain. Erythema and 
edema were scored 2 and 24 h after a single occlusive patch was removed. 
The PII of the test material was 0.72 of a maximum possible of 8.0; the skin 
irritation potential of the material was minimal.(12b) An eye makeup remover 
that contained 0.10% sorbic acid (pH not specified) was evaluated for dermal 
irritation with 24 h occlusive patches on the intact and abraded skin of rabbits. 
The formulation did not irritate rabbit skin.“24’ 

Sensitization 

Maurer et al.“27) compared the results of several methods used to assess 
the contact allergy of weak allergens in guinea pigs with the known epidemio- 
logic data on the occurrence of hypersensitivity reactions in humans. Sorbic 
acid was evaluated for sensitization by an optimization method in 10 male and 
10 female Pirbright white strain guinea pigs at a concentration of 0.1% in 
physiologic saline. The first week of induction consisted of intracutaneous 
injections of 0.1 ml of the test solution on Monday (flank and back), Wednes- 
day (back), and Friday (back). The guinea pigs were chemically depilated 21 h 
after each injection, and the reactions were assessed 3 h later. The diameters 
of the two largest erythematous reactions (in vertical alignment) and the 
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skinfold thickness (as measured with a skinfold gauge) were used to deter- 
mine the individual reaction volume for each animal for each reaction. For 
induction weeks 2 and 3, 0.1 ml of a 1 :I mixture of sorbic acid (in saline) and 
adjuvant was injected intracutaneously into the nuchal skin of each guinea pig 
on Monday, Wednesday, and Friday. The first challenge was administered 2 
weeks after the last induction dose. A volume of 0.1 ml of 0.1% sorbic acid in 
physiologic saline was injected into a previously untreated site on the flank of 
each animal. The diameter and increase in skinfold thickness of each reaction 
were measured 24 h later to determine the individual reaction volumes. For 
each animal, the reaction volume at challenge was compared to the mean 
plus the standard deviation of the first four induction doses (considered the 
individual threshold value). If the reaction volume upon challenge exceeded 
the corresponding threshold value, the animal was considered sensitized. A 
second epidermal challenge was administered 2 weeks after the intradermal 
challenge, Occlusive patches containing 1% sorbic acid in soft white petrola- 
turn were applied for 24 h to a shorn, previously untreated site. The reaction 
sites were chemically depilated 21 h after patch removal and the extent of 
erythema and skinfold thickness determined 3 h later. An allergic reaction was 
considered a clearly discernible reddening of the reaction site. The number of 
positive reactions to the first (intradermal) challenge was 4 of 20 (P = 0.053); 
the second (epidermal) challenge produced no positive reactions. 

REACTIONS WITH NITRITE 

The potential formation of mutagenic or DNA-damaging reaction products 
in the presence of sorbic acid or potassium sorbate and sodium nitrite has 
been studied extensively. Conflicting results have been reported. High con- 
centrations of sorbic acid and sodium nitrite, reactin 

8 
under acidic conditions, 

in most cases produced ethylnitrolic acid (ENA).” 8-130) ENA has been re- 
ported by some as mutagenic and a potent inhibitor of Escherich/a 
co/i.(128,131~132) However, the results of an extensive study by Difate(133) estab- 
lished that nitrite, not ENA, was the mutagenic compound. He attributed the 
mutagenicity of ENA reported in earlier studies to possible free nitrite contam- 
ination of the test solutions. 

Robach et al.,(134) evaluating the mutagenicity of sorbic acid-sodium nitrite 
reaction products produced in bacon-curing brines, reported that ENA was 
not formed at nitrite concentrations < 250 ppm and at a pH of 3.4. ENA was 
not formed at higher pH values (6) even with a nitrite concentration of 500 
ppm. All sorbate-nitrite solutions and their ether extracts were negative in the 
Ames Salmonella assays. 

Osawa and Namiki(13’) analyzed the reactants of sodium nitrite with some 
sorbic acid analogs for mutagenicity using the ret assay and the Ames test. By 
a large-scale reaction of sodium nitrite with sorbic acid methyl ester, they 
isolated and identified 5-nitro-2,4-hexadienoic acid methyl ester and ENA as 
the main mutagens. The investigators concluded that a nitro group adjacent to 
the double bond is an important factor for the development of mutagenicity. 
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Khoudokormoff and Gist-Brocades (‘35) studied the mutagenicity of several 
food preservatives under conditions of pH and nitrite concentrations approxi- 
mating those used in preserved foods. Bacillus subtilis mutant strain M45 ret , 
unable to repair DNA damage, was used as the test organism, with the 
wild-type strain H17+ as control. Sorbic acid (0.1% as potassium sorbate) 
solutions containing 100, 200, or 400 ppm nitrite at a pH range of 3.0-6.5 
consistently had a mutagenic activity that increased as the pH decreased and 
persited for 8 weeks. No mutagenicity was detected at pH 2 6. The results of 
similar experiments carried out with concentrations of SO; approximating 
those used in wine (150 mg/liter) were a weak mutagenic effect after 2 weeks 
of exposure. Sorbic acid, nitrite, or bisulfite, tested alone at any pH, did not 
have mutagenic activity. The sorbic acid-nitrite complex was not mutagenic in 
two other microbiologic systems using Ames Salmonella strains and E. co/i 
WP2 and WP2uvra-. Both these systems had media buffered at pH 7, a pH at 
which sorbate and nitrite exert no mutagenic activity. 

Namiki et al.(13b,137) studied the effects of reaction conditions on the 
induced mutagenic (and antibacterial) activities of sorbic acid-sodium nitrite 
reactants. The pH of the medium, relative molar ratio of nitrite to sorbic acid, 
and time and temperature were all varied. Mutagenicity was assayed by the B. 
subtilis ret assay and by the Ames assay using Salmonella typhimurium TA-98 
and TA-100 strains without metabolic activation. The reaction mixture (20 mM 
sorbic acid and 160 mM sodium nitrite reacted at 60°C for 1 h) obtained at a 
pH above 6.0 was inactive in the ret assay. DNA-damaging activity was 
produced at a pH between 2 and 5, with the maximum at 3.5-4.2. Mutagenic 
activity reached a maximum at a sorbic acid-NaNO, molar ratio of 1 :8 (20 
mM/160 mM), even though the formation of mutagenic compounds was 
detected at a ratio of 1 :0.5.(137) Heating the reaction mixture to 60°C produced 
maximal DNA-damaging activity within 30 minutes, which then decreased 
gradually over time; the reaction carried out at 4°C had activity increasing 
slowly with time and reaching a maximum level between 48 and 96 h. By use 
of TLC and/or column chromatography, five C-nitro and C-nitroso com- 
pounds were isolated. These compounds included ENA, product Y, deter- 
mined to be 1,4-dinitro-2-methylpyrrole, product B (total structure unknown), 
and products F and pre-F, considered primary products of the reaction that 
would lead to secondary and tertiary products. Tested individually for muta- 
genic activity, 1,4-dinitro-2-methylpyrrole was highly mutagenic by both the 
ret assay and the Ames assay. ENA was highly active in the ret assay but had 
no activity with S. typhimurium strain TA-98 and only weak activity with strain 
TA-100. Product B had no mutagenicity by the Ames assay and weak activity 
by the ret assay; products F and pre-F were inactive by all bioassays. Sorbic 
acid (100 mM) and sodium nitrite (160-800 mM) had no mutagenicity by the 
ret assay at the concentrations used in these experiments, although sodium 
nitrite has had mutagenic activity in other systems.(136) The addition of 
ascorbic acid or cysteine effectively inhibited the mutagen formation in this 
reaction system.(‘37’ 

Tanaka et al.(13*) also tested for mutagenic activity in sorbic acid-nitrite 
reaction products. A compound designated compound I (the same as product 
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pre-F just discussed), as well as an unidentified product, were examined by 
the Ames assay with S. typhimurium strains TA-98, TA-100, and TA-1538. 
Neither compound gave positive results with or without metabolic activation. 
These compounds also gave negative results when evaluated for DNA-damag- 
ing activity using the B. subtilis ret assay. The reaction mixture itself (10 mM 
sorbic acid and 100 mM NaNO,, pH 1, 37°C) was negative by the Ames assay 
when evaluated without metabolic activation. 

Because sorbic acid reacts readily with nitrite, it was postulated that sorbic 
acid would inhibit the formation of carcinogenic nitrosamines from amines 
and nitrite. Numerous investigators have studied this under varying experi- 
mental conditions. Tanaka et al. (138) found that sorbic acid (20 mM) inhibited 
the in vitro formation of N-nitrosodimethylamine from dimethylamine and 
nitrite (40 mM NaNO,, pH 2) by up to 74%. Sorbic acid (20 mM) also inhibited 
the formation of N-nitrosomorpholine from morpholine and nitrite (20 mM, 
pH 2) by up to 72%. Sorbic acid had no effect on the nitrosation of N-methyl- 
aniline. Ascorbic acid, tested under similar conditions, was equally inhibiting 
to the formation of N-nitrosodimethylamine but was a much stronger in- 
hibitor of the formation of the other nitrosamines. 

Lathia and Schellhob(‘39) also investigated the inhibition of nitrosamine 
formation in vitro by sorbic acid and/or ascorbic acid. Sorbic acid (0.05 mM) 
inhibited the formation of N-methyl-N-nitrosoaniline by 54% and N- 
nitrosomorpholine by 77% from N-methylaniline and morpholine, respec- 
tively. Reactions were carried out at pH 2 with equimolar amounts of potas- 
sium nitrite with either N-methylaniline (0.1 mM) or morpholine (10 mM). 
Increasing the concentration of sorbic acid to 0.1 mM decreased the amount 
of inhibition for both nitrosamines. Sorbic acid and ascorbic acid synergisti- 
cally inhibited the formation of N-methyl-N-nitrosoaniline but not N- 
nitrosomorpholine. 

Massey et aI, studied the effects of sorbic acid (and ascorbic acid) on 
N-nitrosamine formation in a heterogeneous, protein-based model system 
containing a 20% nonaqueous phase (glycerol tributyrate). The reactions were 
carried out at 37°C with an aqueous phase pH of 5.25. Sorbic acid (0.05 M) 
reduced the formation of nitrosopyrrolidine from pyrrolidine (0.05 M) and 
sodium nitrite (0.1 M) by 50% in both the aqueous and nonaqueous phases of 
the system. 

Amundson et al,(14’) compared the nitrosamine formation in fat and lean 
bacons cured with 0.26% potassium sorbate and either 40 or 120 ppm sodium 
nitrite. Nitrosamine formation was suppressed, although not eliminated, by 
the sorbate cure in both types of bacon. 

Kawanishi et al.(14*) reported that sorbic acid had no effect on nitrosamine 
formation from either aminopyrine or aminocycline reacting with sodium 
nitrite in guinea pig or rat stomachs. 

Sorbic acid inhibited the formation of N-nitrosodimethylamine in human 
saliva from the interaction (in vitro) of salivary nitrite with aminopyrine or 
oxytetracycline. Inhibition ranged from 24 to 45% with 1 mM of sorbic acid 
and from 51 to 81% with 10 mM sorbic acid. Inhibition was greater at pH 3 
than at pH 4.(143) 
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Potassium sorbate has been incorporated into cosmetic formulations to 
minimize N-nitrosamine contamination.(‘“‘) 

MUTAGENICITY 

The results of genetic recombination tests indicated that sorbic acid had a 
deleterious effect on the genetic material of 8. subtilis 168. At concentrations 
of 20 and 30 pg/ml, sorbic acid (pH adjusted to 7) decreased the frequency of 
transformations to 77 and 75%, respectively. Concentrations of I-IO pg/ml 
sorbic acid produced at 90-91% frequency of transformation. In further test- 
ing, sorbic acid (10 pg/ml) did not influence the reversion of characteristic 
genetics in cells of 6. subtilis strains 3308, 112, 566, or 168. Sorbic acid (10 
pg/ml) was also nonmutagenic by the Ames test with S. typhimurium strains 
1535 and 1537.(lJ5) 

Morita et al.(14b) evaluated sorbic acid for mutagenicity using a ret assay 
with wild and recombination-deficient strains of B. subtilis and a reversion 
assay using S. typhimurium strains TA-98 and TA-100, both with and without 
metabolic activation. Sorbic acid was negative by both the ret assay and 
reversion assay at concentrations up to 5.0 mg per disk and 10 pg per plate, 
respectively. Kada (129) also reported that sorbic acid was negative in the ret 
assay. 

Potassium sorbate was evaluated for mutagenicity in a series of short-term 
assays using S. typhimurium strains TA-100 and TA-98 and silkworms for 
mutations, 8. subtilis for ret assay (without metabolic activation, pH 5), and 
hamster lung fibroblast cells for chromosomal aberrations and sister chromatid 
exchanges (SCE; without metabolic activation), as well as rat bone marrow 
cells for chromosomal aberrations, Potassium sorbate was positive for chromo- 
somal aberrations in hamster fibroblast cells and in the ret assay with B. 
subtilis; all other results were negative. No quantitative results were given.(147) 

Potassium sorbate was evaluated for chromosomal aberrations and sister 
chromatid exchanges in a pseudodiploid Chinese hamster cell line at concen- 
trations ranging from 5 x lop3 to 4 x lop2 M (maximum concentration of 
2 X lop2 M for the SCE test). Potassium sorbate produced a significant increase 
in SCE (p = 0.05) at concentrations of 1 and 2 x lop2 M when compared with 
the mean value for the saline solvent, although this was not considered a 
dosage effect. However, a dose-related increase in chromosomal aberrations 
was noted. The investigators concluded that potassium sorbate induced aber- 
rations but did not cause a pronounced increase in SCE.(148) 

lshidate et al.(1”9) studied the induction of chromosomal aberrations using 
a Chinese hamster fibroblast cell line in vitro. No metabolic activation was 
used. Potassium sorbate (in saline) at a maximum tolerated dose of 4.0 mg/ml 
produced chromosomal aberrations (chromatid gaps, breaks, and transloca- 
tions) in 11% of the cells within 48 h. This was considered a positive response. 
Sorbic acid (in dimethylsulfoxide) was negative, producing aberrations in only 
3% of the cells at a maximum tolerated dose of 1.0 mg/ml. 
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lshidate et al.(1”9) conducted further studies using the Ames test with 
S. typhimurium strains TA-92, TA-1535, TA-100, TA-1537, TA-94, and TA-98 
both with and without metabolic activation. Potassium sorbate (in distilled 
water) at a maximum dose of 3.0 mg per plate was negative. Sorbic acid (in 
dimethylsulfoxide) at a maximum dose of 10.0 mg per plate was also negative. 

Potassium sorbate was evaluated for mutagenicity in a series of microbial 
assays. The results of plate tests using S. typhimurium strains TA-1535, TA-1537, 
and TA-1538 with a concentration of 2.5% (w/v) potassium sorbate (in 
phosphate buffer, pH 7.4) were negative for reversions. Suspension tests using 
the same strains of S. typhimurium and S. cerevisiae strain D4 with concentra- 
tions of 2.5 and 5.0% potassium sorbate were negative both with and without 
metabolic activation.(15’) 

Hasegawa et al. (15’) studied the potential of sorbic acid, potassium sorbate, 
and sodium sorbate to induce chromosomal aberrations, SCE, and gene 
mutations in cultured Chinese hamster V79 cells. Sorbic acid was tested at 
concentrations of 350, 700, and 1050 pg/ml; potassium sorbate was evaluated 
at concentrations of 5000, 10,000, 15,000, and 20,000 pg/ml. Sorbic acid and 
potassium sorbate induced chromosomal aberrations in a significant number 
of cells (21 and 28%, respectively) only at the highest doses tested. The effect 
of sorbic acid and potassium sorbate on SCE was very limited, although 
concentration dependent, with the highest doses tested resulting in numbers 
of SCE 1.2 times the control level. The increase in the numbers of SCE was 
statistically significant at concentrations of 1050 pg/ml sorbic acid and at all 
concentrations 2 10,000 pg/ml potassium sorbate. The same test concentra- 
tions of sorbic acid and potassium sorbate produced no 6-thioguanine- 
resistant mutations. The effects of change in osmotic pressure caused by the 
addition of sorbic acid and potassium sorbate were also evaluated by substi- 
tuting sodium chloride and potassium chloride. The induction of chromo- 
somal aberrations could be partially attributed to the change in osmotic 
pressure, whereas the latter did not affect the number of SCE. Sodium sorbate 
was substantially more genotoxic than either sorbic acid or potassium sorbate. 

Tsuchiya and Yamaha (‘52-‘54) conducted a series of mutagenicity tests on 
mice administered sorbic acid or potassium sorbate. Five groups of 77-79 male 
mice were fed diets containing 0 (control), 1.34, 6.7, and 20.1% potassium 
sorbate as well as 15% sorbic acid for periods of time up to 15 months. The 
first test evaluated the mutagenicity of the intestinal contents of these mice. 
Small and large intestinal contents were removed from 5-10 mice of all groups 
at week 1 and after 1, 3, and 6 months. The samples of contents taken from 
mice of the same dose group at the same time were combined, homogenized, 
and extracted with diethyl ether. The ether layer was evaporated, and one part 
was dissolved in dimethyl sulfoxide at a concentration of 0.70 mg/ml for the 
mutagenicity assay test and the other part subjected to fractionation (basic, 
neutral, and acidic). Using a modified Ames assay both with and without 
metabolic activation, the ether extracts of week 1 and 1 and 3 months were 
nonmutagenic in S. typhimurium TA-100 (extensive killing of bacteria oc- 
curred at 6 months); the extracts of contents sampled up through 6 months 
were nonmutagenic in S. typhimurium TA-98. These tests were repeated with 
strain TA-98 using the acidic, basic, and neutral components obtained by 
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fractionating the intestinal contents sampled at 3 and 6 months from the 
control and sorbic acid groups only. The results with basic and neutral 
components were negative. The acidic components from both samples of the 
sorbic acid group were slightly mutagenic but only with metabolic activation. 
The mutagenic ratios of acidic components at 3 months were slightly higher 
than those at 6 months; the distribution of acidic components at 6 months 
was 1.5 times greater than that at 3 months. The investigators suggested that 
mutagens were gradually produced in the intestine and moved into the liver, 
the site of metabolic activation.(152) 

The urine of these mice was collected at 6 months and 100 ~1 samples 
assayed for mutagenicity using the Ames test with S. typhimurium strains 
TA-98 and TA-100. All results were negative. Samples (200 ~1) from the control, 
15% sorbic acid, and 20.1% potassium sorbate groups were also assayed using 
the Ames preincubation method; results were negative. Urinary samples from 
these mice treated with or without P-glucuronidase were fractionated by 
XAO-2 column chromatography and assayed for mutagenicity with strain 
TA-98. Only those samples from the 15% sorbic acid group were mutagenic 
when metabolically activated. Mutagenic ratios were unaffected by treatment 
with P-glucuronidase. Urine from mice on the 15% sorbic acid diet for 12 
months was also collected and fractionated. These samples were nonmuta- 
genie in strain TA-100 but gave positive results in TA-98 with metabolic 
activation. A comparison of the volume and pH of the urine between mice of 
the control and 15% sorbic acid groups at 6 months indicated a slight increase 
in volume and decrease in pH of urine of the sorbic acid group.(153) 

Tsuchiya and Yamaha (15’) further studied the mutagenicity of the intestinal 
contents, the glutathione content in the liver, and the relative body weight- 
liver weight ratios in these mice after administration of sorbic acid or potas- 
sium sorbate for 12 months. The acidic components of the intestinal contents 
of 10 mice from each group were assayed for mutagenicity using S. ty- 
phimurium strain TA-98 both with and without metabolic activation. Those 
samples taken from the 15% sorbic acid group were mutagenic with metabolic 
activation (mutagenicity increased with increasing amount in milligrams of 
acidic components per plate); slight mutagenicity was noted in samples from 
the 20.1% potassium sorbate group (with metabolic activation). The glu- 
tathione content in the liver of the 15% sorbic acid group at 3 months was 
decreased by 60% compared with that of the controls. This low concentration 
was maintained for up to 12 months. A close correlation was noted between 
the extent of depletion of hepatic glutathione content and the concentration 
of sorbic acid in the diet. The relative body-liver weight ratios of animals of 
the 15% sorbic acid group were clearly increased compared with those of the 
other groups. 

CARCINOGENICITY 

Potassium sorbate was administered orally to six rats at a concentration of 
0.1% in the diet and to another six rats at 0.3% in the drinking water. No 
induced hepatic tumors were detected by laparotomy in these animals at 65 
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weeks, and the oral administration was therefore continued for 100 weeks 
(when all had died). The animals were examined postmortem, with micro- 
scopic examination when appropriate; no induced tumors were found in any 
of the rats.(18’ 

No carcinogenic effect was demonstrated by sorbic acid in Wistar rats(1”5) 
or ASH/CSI mice (“@ fed diets containing up to 10% sorbic acid for periods of 
2 years and 80 weeks, respectively. (See Chronic Toxicity: Oral section for 
more details). lshizawa et al. (155) have reported a carcinogenic effect on the 
liver of mice fed diets containing up to 15% sorbic acid for 88 weeks. 

TERATOGENICITY 

Potassium sorbate was evaluated for teratogenicity in groups of approxi- 
mately 20 pregnant mice (CD-l) and rats (Wistar-derived stock). The mice 
were administered potassium sorbate as a water suspension at doses of 4.6, 
21.4, 99.1, and 460.0 mg/kg body weight; the rats received doses of 3.4, 15.8, 
73.3, and 340.0 mg/kg body weight. Doses were administered daily by oral 
intubation on days 6-15 of gestation. Both vehicle and positive (aspirin) 
controls were used. No significant effects were noted on nidation or on 
maternal or fetal survival in either mice or rats. The number of abnormalities 
seen in soft and skeletal tissues of the potassium sorbate groups did not differ 
from the number occurring spontaneously in the vehicular controls.““) 

CLINICAL IRRITATION AND SENSITIZATION 

Clemmensen and Hjorth(15’) patch tested 91 dermatologic patients on the 
upper back with concentrations of 0.1, 1.0, 5.0, and 10% sorbic acid and 
benzoic acid in petrolatum. Occlusive patches were applied for 20 minutes 
and reactions scored upon removal. Sorbic acid produced erythema in 19.8, 
61.5, 64.8, and 67.4% of the patients at each of the four increasing concentra- 
tions, respectively. Edema was produced by sorbic acid in 0, 1.1, 7.7, and 9.0% 
of the patients at successively increasing concentrations, respectively. The 
investigators noted that the positive reactions seemed to follow a dose- 
response curve with a plateau at 1%. A group of 10 patients with positive 
reactions to sorbic acid was selected to test the effects of local application of 
an antihistamine prior to patch testing, Mepyramine (2% in water or gel) was 
applied as a closed patch test 3 h prior to patch testing with sorbic acid. 
Mepyramine produced a mean reduction in erythemal responses of 31.4% 
(range 2.2-65.6%), although in no patient was the reaction totally abolished. 
Prick tests with histamine produced no reactions in these patients (See Table 5 
for clinical irritation and sensitization results.) 

Soschin and Leyden (158) studied the effects of sorbic acid on different body 
regions when used as an ingredient in steroid preparations and other vehicles. 
Patches containing a 0.1 ml sample of sorbic acid at concentrations of 0.1, 0.5, 
and 1.0% in 2-isopropanol and water 1 :I were applied to the deltoid muscle, 
the volar aspect of the forearm, and the upper portion of the back of 15-17 
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ASSESSMENT: SORBIC ACID AND POTASSIUM SORBATE 865 

subjects. The patches were occluded for 20 minutes, and sites were scored 10 
minutes after patch removal using a maximum scale of 4. Of these subjects, 15 
received an additional application of sorbic acid at concentrations of 0.05, 0.1, 
0.5, and 1.0% on the cheeks and forehead. A high prevalence of either 
erythema or edema was observed at all sites, with the dose response evident 
by the intensity of the reaction. Reactions were most intense on the face; the 
number of scores of 3 or 4 on the face was significantly increased compared 
with the other body sites at 0.1% sorbic acid. No significant differences in the 
rate or intensity of the reaction rate were noted at higher concentrations of 
sorbic acid. 

Soschin and Leyden (15’) also investigated the effect of sorbic acid-induced 
reactions on the anti-inflammatory effects of corticosteroid creams. They 
compared the dermal effects of 0.1% sorbic acid in ethanol and water with the 
effects of hydrocortisone cream containing 0.1% sorbic acid or potassium 
sorbate in 17 subjects. Each was applied to the cheek and forehead without 
occlusion for 20 minutes. The intensity of the reaction rate was significantly 
less in the topical steroid preparations than in the ethanol-water vehicle. The 
anti-inflammatory effect was not affected by sorbic acid-induced erythema. 

The results of further studies showed that pretreatment of skin with 
topical steroids to induce vasoconstriction diminished the response to sorbic 
acid. Oral administration of aspirin blocked the erythematous component, and 
the investigators suggested that prostaglandins were therefore important me- 
diators. Systemic steroids, antihistamines, and hydroxyzine failed to influence 
the erythema and edema produced by sorbic acid. In electron microscope 
studies of tissue from the sites on the upper back, it was concluded that 
erythema, edema, and flare in response to sorbic acid were not associated 
with mast cell degranulation.(‘j@ 

Marzulli and Maibach have conducted two Draize repeat insult patch tests 
(RIPT) of sorbic acid. In each test, sorbic acid was applied in petrolatum at 
concentrations of 10 and 20% during the induction period and 5% for the 
challenge. The induction period consisted of ten 48 h occlusive patches (72 h 
on the weekends) applied over a period of 3-5 weeks. Each patch contained 
0.5 g of the test material and was applied to the same site on the lateral arm 
above the elbow. Following a 2 week rest period, a challenge patch was 
applied for 72 h. All reactions were scored upon patch removal on a scale of 
1-4. The results of the first test were 0 in 93 sensitized when treated with 10% 
sorbic acid and 1 in 33 sensitized when treated with 20% sorbic acid. This gave 
an overall sensitization rate of 1 in 126, or 0.8%.(‘59) The results of the second 
test were 0 in 181 sensitized when treated with 10% sorbic acid and 1 in 121 
sensitized when treated with 20% sorbic acid. This gave an overall sensitiza- 
tion rate of 1 in 302, or 0.33%. The sensitization rate of 0.8% for the subjects 
treated with 20% sorbic acid was not statistically significant.(lbO) 

Klauder(“‘) conducted a Draize-Shelanski RIPT with sorbic acid at a 
concentration of 1% in petrolatum. Closed patches containing sorbic acid 
were applied at the same site every other day for a total of 12 applications. It 
was not specified whether the patches were occlusive or nonocclusive. After a 
2 week rest, a challenge patch was applied to the same site. Of the 50 subjects 
completing the test, 49 had negative responses. A single subject had a 
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2+ reaction to the third induction patch; he was given 1 day of rest and then 
patched with 0.5% sorbic acid. All subsequent reactions were negative. The 
investigator noted that this was probably an irritation response and was 
consistent with the results of the pilot study (2 and 4% sorbic acid producing 
irritation in 2 of 12 and 4 of IO subjects, respectively). 

An eye makeup remover containing 0.10% sorbic acid was tested for skin 
irritation in the Schwartz and Peck prophetic patch test using 102 panelists. 
Open and closed patches were scored on a I+ to 3+ scale, and the effect of 
ultraviolet radiation was also determined. There were no reactions to open 
patches. There were five I+ reactions to closed patches on day 1, two 
1 + reactions on day 2, one 2+ reaction on days 1 and 2, respectively, and one 
reaction on day 2 following ultraviolet radiation. The same formulation was 
also tested in a Shelanski and Shelanski RIPT with an unspecified number of 
panelists. There were no reactions to open patches, and there were no 
reactions following ultraviolet radiation. There were up to three 1 + reactions 
to closed patches each day during the 11 days of the study. The eye makeup 
remover was nonirritating, nonsensitizing, and nonphotosensitizing.(162) 

An eye makeup containing 0.10% sorbic acid was tested for skin irritation 
in a controlled use study with 54 panelists. No irritation was observed in any 
panelist during the 4 weeks of the study. The eye makeup remover was 
nonirritating.(‘63) 

A formulation containing 0.5% sorbic acid was tested for skin irritation and 
sensitization in an RIPT procedure using 86 panelists. The formulation was 
tested as a 0.5% aqueous solution. Occlusive 24 h induction patches were 
applied three times a week for 3 weeks to the upper backs of the subjects. An 
untreated site was challenged with a 24 h patch during week 6 of the study. 
Induction patches were each scored 24 h after removal, and the challenge 
patch was scored 24 and 48 h after removal. A total of 19 panelists reacted to 
induction patches: 7 had mild (pink uniform erythema covering most of the 
contact site) reactions, and 12 had at most barely perceptible (minimal faint 
uniform or spotty erythema) reactions. There were three barely perceptible 
reactions at the 24 h challenge reading and no reactions at the 48 h reading. 
The formulation under these test conditions did not induce contact sensitiza- 
tion.(16”) 

A bubble bath containing 0.2% sorbic acid was tested as a 0.25% aqueous 
solution for skin irritation and sensitization in an RIPT with 78 panelists. Three 
occlusive 24 h induction patches were applied to the upper back of each 
panelist each week for 3 weeks, and a 24 h challenge patch was applied to a 
previously untreated site after a 3 weeks rest, Reactions to induction patches 
were scored 24 h after patch removal, and reactions to challenge patches were 
scored 24 and 48 h after patch removal. Of the 78, 3 subjects had barely 
perceptible reactions to induction patches, and there were no reactions at 
challenge. The bubble bath formulation did not induce allergic sensitiz- 
ation.(165’ 

An RIPT was conducted with a formulation containing 0.2% sorbic acid. 
Occlusive 24 h induction patches were applied to the upper backs of 52 
panelists three times a week for 3 weeks, and reactions were scored 24 h after 
the removal of each patch. A 24 h challenge patch was applied to an 
untreated site during week 6 of the study, and the reaction was scored 24 and 
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48 h after patch removal. Of 52 subjects, 9 had barely perceptible reactions to 
at least one induction patch. Another 2 subjects had barely perceptible 
reactions at one reading of the challenge site, 1 at 24 h and 1 at 48 h. 
Follow-up testing was performed with the subject with the reaction at the 
48 h challenge reading; no reactions were observed. The original challenge 
reaction was of a nonspecific, irritant nature and was not due to allergy. Under 
these test conditions, this formulation did not induce allergic sensitization.““’ 

The skin irritation and sensitization of a facial conditioner containing 0.2% 
sorbic acid was determined in an RIPT using 84 panelists, Three occlusive 24 h 
induction patches were applied to the upper back each week for 3 weeks, and 
a 24 h challenge patch was applied after a 3 week rest period. Induction 
reactions were scored 24 h after patch removal, and challenge reactions were 
scored 24 and 48 h after patch removal. Of 84 panelists, 23 had barely 
perceptible to mild reactions to at least one induction patch. A single panelist 
had a barely perceptible reaction, and another panelist had a mild reaction at 
the 24 h challenge reading. There were no reactions at the 48 h challenge 
reading. The facial conditioner did not induce allergic sensitization.C’67) 

A formulation that contained 0.2% sorbic acid was tested in an RIPT for 
skin irritation and allergic sensitization. A total of nine occlusive 24 h induc- 
tion patches were applied to the upper backs of 98 panelists over a 3 week 
period. Reactions to these patches were scored 24 h after patch removal. 
Occlusive 24 h patches were applied to untreated sites in week 6 of the study, 
and reactions to these patches were scored 24 and 48 h later. Of 98 panelists, 
10 had barely perceptible to mild reactions to at least one induction patch. 
There were two reactions to the challenge patch at the 24 h reading, and there 
were no reactions at the 48 h reading. Under the conditions of this RIPT, this 
formulation did not induce allergic sensitization.(168) 

A white cream containing 0.15% potassium sorbate was tested for cumula- 
tive irritation in 12 subjects. Each day for 21 consecutive days, 23 h occlusive 
patches were applied to the backs of the subjects, and reactions to each patch 
were scored every 24 h. The total composite score for the cream was 83 of a 
maximum possible score of 756, and the total score with a base of 10 subjects 
was 69 of a maximum possible score of 630. There was a slight potential for 
very mild cumulative irritation under the conditions of this test; the cream is 
probably mildly irritating in normal use.(“j9) 

The cumulative irritation potential of a moisturizer containing 0.15% potas- 
sium sorbate was evaluated with 23 or 47 h occlusive patches applied to the 
backs of 12 subjects. Patches were applied each day, with the exception of a 
holiday, for 20 consecutive days. Reactions were scored 1 h after patch 
removal. The composite total score for the 12 subjects was 169 of a possible 
maximum score of 720, and the total score with a base of 10 subjects was 
140.83 of a possible maximum of 600. The moisturizer was probably a mild 
irritant in normal use; there was evidence of a slight potential for very mild 
cumulative irritation under the conditions of this test.(170) 

A moisturizer containing 0.15% potassium sorbate was evaluated for cumu- 
lative irritation with 12 panelists. With the exception of a holiday, 23 or 48 h 
occlusive patches were applied to the backs of the subjects each day for 20 
consecutive days. Reactions were scored 1 h after patch removal. The compos- 
ite total irritation score for the 12 panelists was 52 of a possible maximum of 
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720, and the total score calculated for 10 panelists was 43.33 of a possible 
maximum of 600. There was essentially no evidence of cumulative irritation 
under the conditions of this test.(l”) 

A Shelanski-Jordan RIPT was conducted with a formulation containing 
0.15% potassium sorbate. Occlusive induction patches were applied for 24 h 
to the backs of 209 to 210 subjects three times a week for a total of 10 
applications. Reactions were scored at patch removal on a O-4+ scale. A 48 h 
challenge patch was applied IO-14 days later, and this reaction was scored at 
patch removal. After another 7-10 days a second 48 h challenge patch was 
applied, and this reaction was scored 48 and 72 h after patch application. A 
single subject had a 2+ reaction to induction patches 9 and 10; these reactions 
appeared to be irritation due to occlusive patch testing. Another subject had a 
2+ reaction at the 72 h reading of the second challenge; this reaction lacked 
signs of edema. No other reactions were observed. The formulation does not 
appear to be a strong irritant or a strong contact sensitizer.(172) 

A bronzer containing 0.15% potassium srobate was evaluated for skin 
irritation and sensitization in a modified Draize-Shelanski RIPT. Occlusive 
induction patches were applied for 24 h to the upper backs or inner upper 
arms of 199-204 subjects three times a week for a total of 10 applications, and 
reactions were scored on a scale of O-4+ at 24 or 48 h. To the same sites and 
to previously unpatched sites, 48 h occlusive challenge patches were applied 3 
weeks later, and these reactions were scored 48 and 72 h after application. 
There were fourteen I+ and three 2+ reactions to induction patches. There 
were six 1 + reactions to the challenge patch at the original site at the 48 h 
reading, two 1 + reactions to the challenge patch at the untreated site at the 
48 h reading, five I+ reactions to the challenge patch at the original site at the 
72 h reading, and three I+ reactions to the challenge patch at the previously 
untreated site at the 72 h reading. There were no other reactions, The 1 + and 
2+ reactions were judged to be irritant in nature and were not considered 
clinically significant. The bronzer did not appear to be a primary irritant or an 
allergic contact sensitizer.(173’ 

A modified Draize-Shelanski RIPT was used to test the skin irritation and 
sensitization potential of a moisturizer containing 0.15% potassium sorbate. 
Occlusive induction patches were applied for 24 h three times a week for a 
total of 10 applications. These patches were applied to the upper backs or 
inner upper arms of 202-205 subjects, and reactions were scored on a scale of 
0 to 4+, 24 or 48 h later. After a 3 week rest period, 48 h occlusive challenge 
patches were applied to the original sites and to previously untreated sites. 
These reactions were scored 48 and 72 h after patch application. There were 
nine I+ reactions and two 2+ reactions to induction patches; these reactions 
were judged irritant in nature and were not considered clinically significant. 
There was one I+ reaction to the challenge patches applied to previously 
untreated sites at the 48 h reading, three I+ reactions to the challenge 
patches applied to the original sites at the 72 h reading, and three 1 + reactions 
to the challenge patches applied to the previously untreated sites at the 72 h 
reading. The moisturizer appeared not to be a primary irritant or an allergic 
contact sensitizer.(l’“) 

A facial scrub containing 0.1% potassium sorbate was diluted 1 :I00 in 
deionized water and was evaluated for skin irritation and sensitization in an 
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RIPT with 53 subjects. Eight semiocclusive induction patches, each 24 h in 
duration, were applied to the upper arm of each of the subjects over a 2 week 
period. Reactions were graded at patch removal. After a 2 week nontreatment 
period, a semiocclusive challenge patch was applied to a previously untreated 
site for 24 h. Reactions were graded at patch removal and 24, 48, and 72 h 
later. Seven minimal erythema reactions were observed during induction, and 
no reactions at any challenge reading. The facial scrub was a very mild 
cumulative irritant but was not a primary irritant. The formulation did not 
produce sensitization in any of the subjects tested.(175) 

The skin irritation and sensitization of a facial scrub containing 0.1% 
potassium sorbate were evaluated in an RIPT using 53 panelists. The formula- 
tion was diluted 1 :I00 in deionized water. Four semiocclusive induction 
patches were applied to the upper arm of each subject for 24 h each week for 
2 weeks. Reactions were scored at patch removal. A 24 h semiocclusive 
challenge patch was applied to a previously untreated site 3 weeks later. This 
reaction was evaluated at patch removal and 24, 48, and 72 h later. There were 
two minimal erythema reactions during induction and no other reactions. The 
facial scrub was a very mild cumulative irritant, but it was not a primary 
irritant. It did not produce sensitization in any of the subjects tested.(176) 

An RIPT was conducted using 56 panelists and a facial scrub containing 
0.1% potassium sorbate. The formulation was diluted 1 :I00 by weight with 
distilled water for the study. Eight 24 h semiocclusive induction patches were 
applied over a 2 week period to the lateral upper arm of each subject. 
Reactions were scored at patch removal. After an approximately 2 week rest 
period, a 24 h semiocclusive challenge patch was applied to a previously 
untreated site. Reactions to the challenge patch were graded at patch removal 
and 24 and 48 h later. Two slight, transient, questionable erythema reactions 
were observed during induction. No other reactions were observed during 
induction or challenge. The facial scrub did not induce dermal irritation or 
sensitization.(l”) 

The skin irritation and sensitization potential of a facial scrub containing 
0.1% potassium sorbate was evaluated in an RIPT with 47 panelists. The 
formulation was diluted 1 :I00 in distilled water. Eight 24 h semiocclusive 
induction patches were applied to the lateral aspect of the upper arms of the 
subjects over a 2 week period, and reactions were scored on a scale of O-5 at 
patch removal. After a 2 week rest period, a 24 h semiocclusive challenge 
patch was applied, and reactions were scored at patch removal and 24 and 
48 h later. No reactions greater than 2 (moderate erythema) were observed 
during the induction period, and no reactions at challenge were indicative of 
sensitization.(178) 

SUMMARY 

Sorbic acid is a straight-chain monocarboxylic acid, also known as 2,4- 
hexadienoic acid. It is a white crystalline powder soluble in alcohol and ether 
but only slightly soluble in water. Potassium sorbate is the potassium salt of 
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sorbic acid and is a white crystalline powder or white granules or pellets freely 
soluble in alcohol and water. 

Sorbic acid occurs naturally as the lactone, parasorbic acid, in berries of 
the mountain ash, Sorbus aucuparia L., Rosaceae. The sorbic acid used in 
cosmetics is synthesized by various commercial processes. Potassium sorbate 
is prepared by reacting sorbic acid with an equimolar portion of potassium 
hydroxide. 

Solutions of sorbic acid are subject to autoxidation and atmospheric 
oxidation. Both the temperature and the type of container have also affected 
the breakdown of sorbic acid. 

Sorbic acid and potassium sorbate are analyzed primarily by chromato- 
graphic techniques. Several analytic studies have been conducted to deter- 
mine whether sorbic acid was contaminated with its isomer parasorbic acid, a 
suspected carcinogen. No traces of parasorbic acid were found (tests sensitive 
down to a concentration of 0.5 mg/kg). 

Sorbic acid and potassium sorbate are used in cosmetics and toiletries as 
preservatives and antimicrobials generally at concentrations of I 1%. Accord- 
ing to the data voluntarily reported to the FDA through 1986, sorbic acid and 
potassium sorbate were used in 445 and 117 cosmetic formulations, respec- 
tively. These ingredients are primarily used in facial and eye makeup and skin 
care and hair preparations. 

Sorbic acid and potassium sorbate are generally recognized as safe (GRAS) 
direct food additives. They are used as preservatives at low concentrations 
( < 0.01-I .40%) in many foods. Potassium sorbate is also a GRAS indirect food 
additive as it migrates to food from paper products used in packaging. 

The Joint Food and Agricultural Organization-World Health Organization 
Expert Committee on food additives has estimated the acceptable daily intake 
of sorbic acid and its salts (expressed as sorbic acid) as 25 mg/kg body weight. 

Sorbic acid and potassium sorbate are used as preservatives in a variety of 
pharmaceuticals. These chemicals also have various industrial uses. 

Sorbic acid and potassium sorbate have a broad spectrum of fungistatic 
activity but are less active against bacteria. Their antimicrobial activity de- 
pends upon the amount of undissociated acid, which in turn is determined 
primarily by the dissociation constant and the pH of the system. Optimum 
effectiveness is attained at pH values up to 6.5. The mechanism by which 
sorbic acid inhibits microorganisms is not yet understood. 

In biochemical studies, sorbic acid did not affect the protein content or 
the biosynthesis of RNA and DNA in mouse embryo fibroblast cells. Sorbic 
acid did not significantly affect biochemical parameters when administered 
orally to rats. Sorbic acid did inhibit both peroxidase and oxidase activity in 
cabbage and reduced the rate of aberrant mitosis caused by irradiation in 
onion root tips. Sorbic acid also affected the ultrastructural organization of 
yeast cells and effectively reduced the viability of the 14 human RNA and 
DNA enveloped viruses when combined with monolaurin. 

The results of metabolic studies were that sorbic acid was qualitatively 
metabolized in the same manner as the saturated or singly unsaturated fatty 
acids of the same C-atom number. Under normal conditions, sorbic acid was 
almost completely oxidized to carbon dioxide and water. 
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Sorbic acid and potassium sorbate were practically nontoxic to rats and 
mice in acute oral toxicity studies. lntraperitoneal LD,, values in mice were 
2800 and 2820 mg/kg for sorbic acid and 1300 mg/kg for potassium sorbate. 
Sorbic acid had a subcutaneous LD,, of 2820 mg/kg in mice. Formulations 
containing up to 5% sorbic acid administered orally at doses up to 7.0 g/kg 
were not toxic to rats, 

In short-term to subchronic oral studies, sorbic acid did not produce 
significant adverse effects in rats, mice, or dogs at concentrations up to 10% 
(of the diet). Potassium sorbate was practically nontoxic in rats and dogs at 
concentrations up to 10 and 2%, respectively. Application to rabbit skin of 
formulations containing 0.5% sorbic acid or 0.15% potassium sorbate over 
short-term and subchronic periods, respectively, resulted in dermatitis. 

Chronic oral studies in which sorbic acid was administered to mice and 
rats at concentrations up to 10% have established absolute no-effect levels of 
1.5% in rats and 1.0% in mice. No significant toxic effects were noted in rats at 
a 5% concentration in the diet. Sorbic acid had no additive toxicity in rats 
when administered with benzoic acid. Adulteration of a 1.2% sorbic acid diet 
with 1000 ppm parasorbic acid produced not adverse effects in rats or mice 
administered these diets for 2 years and 80 weeks, respectively. 

Sorbic acid (in petrolatum) and potassium sorbate (as aqueous solution) at 
concentrations of 1, 5, and 10% were practically nonirritating and nonirritating, 
respectively, to the rabbit eye. Formulations containing 0.1% sorbic acid or 
0.15% potassium sorbate were nonirritating to the rabbit eye. 

Sorbic acid (in petrolatum) and potassium sorbate (as aqueous solution) at 
concentrations of 1, 5, and 10% were slightly irritating and nonirritating, 
respectively, when evaluated using a modified Draize irritation test. In another 
Draize test, sorbic acid was classified a severe irritant after application of 1 mg 
under occlusive conditions. A 1% aqueous potassium sorbate solution was 
practically nonirritating to rabbit skin. No irritation or adverse effects were 
produced in rats by daily application, 6 days/week for 3 weeks, of 5% sorbic 
acid in a lanoline-petrolatum paste. A formulation containing 0.5% sorbic acid 
was not irritating to rabbit skin. 

In a guinea pig sensitization test, sorbic acid produced four positive 
reactions to the first intradermal challenge although the reactions of all 20 
guinea pigs were negative at the second epidermal challenge. 

The results of studies of the potential formation of mutagenic or DNA- 
damaging reaction products in the presence of sorbic acid or potassium 
sorbate and sodium nitrite have varied. Sorbic acid and sodium nitrite, when 
reacted under acidic conditions, produced ethylnitrolic acid, considered by 
some to be mutagenic. Other reaction products, only partially identified, were 
both mutagenic and nonmutagenic. On the other hand, sorbic acid, in that it 
reacts readily with nitrite, has inhibited the formation of some carcinogenic 
nitrosamines from amines and nitrites. 

Sorbic acid and potassium sorbate have been extensively tested for muta- 
genic effects using the Ames test, genetic recombination tests, reversion 
assays, ret assays, and tests for chromosomal aberrations, sister chromatid 
exchanges, and gene mutations. These tests have been conducted in various 
systems: B. subtilis strains 3308, 112, 566, and 168; S. typhimurium strains 
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TA-98, TA-100, TA-1535, TA-1537, and TA-1538; S. cerevisiae strain D4; silk- 
worms; Chinese hamster cells; and rat bone marrow cells. The results have 
been both positive and negative. 

A series of mutagenicity tests has also been used to evaluate the intestinal 
contents and urine of mice fed sorbic acid and potassium sorbate for periods 
of up to 15 months. The concentration of glutathione in the liver and the 
relative body weight-liver weight ratios were evaluated as well. Acidic com- 
ponents of the intestinal contents and the urine of those mice administered a 
diet containing 15% sorbic acid were mutagenic in S. typhimurium strain 
TA-98, but only with metabolic activation. The concentration of lipid peroxide 
in the livers increased almost linearly with the concentration of sorbic acid in 
the diet. Sorbic acid decreased hepatic glutathione concentrations and in- 
creased the relative body weight-liver weight ratios in these mice. 

The oral administration of potassium sorbate as 0.1% of the diet or 0.3% of 
the drinking water for up to 100 weeks produced no neoplasms in rats. No 
carcinogenic effect was demonstrated by sorbic acid in rats or mice fed diets 
containing up to 10% sorbic acid for periods of 2 years and 80 weeks, 
respectively. A diet containing up to 15% sorbic acid has been reported to 
have a carcinogenic effect in the liver of mice after 88 weeks’ administration. 

No teratogenic effects have been observed in pregnant mice and rats 
administered potassium sorbate at doses of up to 460 and 340 mg/kg body 
weight, respectively. 

In three repeat insult patch tests using a total of 478 subjects, sorbic acid 
had overall sensitization rates of 0, 0.33, and 0.8%. All the subjects sensitized 
were inducted with 20% sorbic acid and challenged with 5% sorbic acid. 
Formulations containing up to 0.5% sorbic acid or 0.15% potassium sorbate 
were not cumulative irritants or were very mild cumulative irritants. They were 
not primary irritants and were not sensitizers. A formulation containing 0.01% 
sorbic acid was not a photosensitizer. 

CONCLUSION 

On the basis of the data included in this report, the CIR Expert Panel 
concludes that sorbic acid and potassium sorbate are safe as cosmetic ingredi- 
ents in the present practices of use and concentration. 
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