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Abstract

The CIR Expert Panel (Panel) assessed the safety of citric acid, 12 inorganic citrate salts, and 20 alkyl citrate esters as used in
cosmetics, concluding that these ingredients are safe in the present practices of use and concentration. Citric acid is reported to
function as a pH adjuster, chelating agent, or fragrance ingredient. Some of the salts are also reported to function as chelating agents,
and a number of the citrates are reported to function as skin-conditioning agents but other functions are also reported. The Panel
reviewed available animal and clinical data, but because citric acid, calcium citrate, ferric citrate, manganese citrate, potassium citrate,
sodium citrate, diammonium citrate, isopropyl citrate, stearyl citrate, and triethyl citrate are generally recognized as safe direct food

additives, dermal exposure was the focus for these ingredients in this cosmetic ingredient safety assessment.
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Introduction

This assessment reviews the safety of citric acid, an o (and B)-
hydroxytricarboxylic acid, as used in cosmetics. The following
12 inorganic citrate salts and 20 alkyl citrate esters are also
included in this safety assessment, for a total of 33 ingredients:

Inorganic salts
aluminum citrate;
calcium citrate;
copper citrate;
diammonium citrate;
disodium cupric citrate;
ferric citrate;
magnesium citrate;
manganese citrate;
monosodium citrate;
potassium citrate;
sodium citrate;
zing citrate;

Alkyl esters
isodecyl citrate;
isopropyl citrate;
stearyl citrate;
dilauryl citrate;
distearyl citrate;

tributyl citrate;
tri-C12-13 alkyl citrate;
tri-C14-15 alkyl citrate;
tricaprylyl citrate;
triethyl citrate;
triethylhexyl citrate;
trihexyldecyl citrate;
tri-isocetyl citrate;
tri-isopropy] citrate;
trilauryl citrate;
trioctyldodecyl citrate;
trioleyl citrate;
triisostearyl citrate;
tristearyl citrate;

ethyl citrates;
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Figure 1. Citric acid.

Citric acid is reported to function in cosmetics as a chelating
agent, pH adjuster, or fragrance ingredient. Although some of
the inorganic citrate salts are also reported to function as a pH
adjuster or chelating agent, there are many other reported func-
tions, including skin-conditioning agent, buffering agent, cos-
metic astringent, oral care agent, cosmetic biocide, or pesticide.
The alkyl citrate esters are reported to function primarily as
skin-conditioning agents but a few have other possible func-
tions reported, including plasticizer, solvent, and fragrance
ingredient.

As listed by the Food and Drug Administration (FDA), citric
acid, calcium citrate, ferric citrate, manganese citrate, potas-
sium citrate, sodium citrate, diammonium citrate, isopropyl
citrate, stearyl citrate, and triethyl citrate are generally recog-
nized as safe (GRAS) direct food additives. Since these 10
ingredients have been shown to be safe for ingestion, this report
will focus on the dermal toxicity of these ingredients. For the
other ingredients, all available data will be included.

Structurally, citric acid is an o-hydroxy acid (AHA). The
safety of AHAs was previously reviewed by the CIR Expert
Panel (Panel).! In its Guidance for Industry: Labeling for Topi-
cally Applied Cosmetic Products Containing Alpha Hydroxy
Acids as Ingredients,” the FDA specifically mentions citric
acid-containing products, for which the following labeling may
be warranted:

Sunburn Alert: This product contains an alpha hydroxy acid
(AHA) that may increase your skin’s sensitivity to the sun and
particularly the possibility of sunburn. Use a sunscreen, wear
protective clothing, and limit sun exposure while using this
product and for a week afterwards.”

Chemistry

Definition, Structure, and Properties

Citric acid (2-hydroxy-1,2,3-propanetricarboxylic acid) is a
common metabolite of plants and animals and is well known
for its part in the Krebs cycle.? It precipitates as white, translu-
cent crystals of monoclinic holohedra form. Citric acid is a
polyprotic AHA. However, citric acid can also be classified
as a B-hydroxy acid as 2 of the carboxylic acid functional
groups of citric acid are 2 carbons removed from the hydroxy
group (Figure 1).

Citric acid differs structurally from the AHAs reviewed
previously' (ie, glycolic and lactic acid) having 3 carboxylic

acid functional groups instead of just 1. Citric acid is therefore
triprotic and thus has 3 different pK,s, making it a prime buffer
component. Even for the most acidic of these carboxylates, that
is, the center acid functional group, is only a weak acid with a
pK, of 3.1.

Citric acid is soluble in water and in some organic liquids
and is very hydrophilic, with an octanol/water partition coeffi-
cient around 1. Citric acid and its salts are solids. The citrate
alkyl esters, however, vary from oily liquids (for shorter chain
analogs like ethyl) to powdery solids (for longer chain analogs
like stearyl). Directly dependent on chain length and degree of
substitution, these esters are less soluble in water and more
soluble in organic liquids and are generally hydrophobic, with
octanol/water partition coefficients estimated between 1
and 12.

The definitions and structures of the ingredients included in
this review are provided in Table 1. The available physical and
chemical property information is found in Table 2. Impurities
and composition data are provided in Table 3.

Methods of Manufacture

Industrial, large-scale production of citric acid is accom-
plished, most commonly, via mycological fermentation of
crude sugar stocks (eg, molasses), historically by strains of
Aspergillus niger.* A common problem associated with these
fermentation methods is the cosynthesis of isocitric acid
(1-hydroxy-1,2,3-propanetricarboxylic acid). However, isoci-
tric acid can be separated using a variety of crystallization
techniques. Careful control of the trace element content is very
important for high production.®> (While citric acid can also be
extracted from citrus fruits, over 99% of the world’s citric acid
output is produced by microbial fermentation.’) The citrate
salts are produced by the same fermentation process but are
simply crystallized in the presence of appropriate alkaline solu-
tions (eg, citric acid can be crystallized with sodium hydroxide
to produce sodium citrate).

Citrate alkyl esters are typically produced via the condensa-
tion of the appropriate alcohol with citric acid (eg, condensing
with butyl alcohol to produce tributyl citrate).® Some
ingredient-specific methods of manufacture are described in
Table 4.

Use

Cosmetic

Citric acid is reported to function in cosmetics as a chelating
agent, pH adjuster, or fragrance ingredient.” Some of the
inorganic salts of citric acid are reported to function as a pH
adjuster or chelating agent; these salts also have many other
reported functions, including skin-conditioning agent, buffer-
ing agent, cosmetic astringent, oral care agent, cosmetic bio-
cide, or pesticide. The alkyl esters are reported to function
primarily as skin-conditioning agents but a few of these have
other reported functions, including plasticizer, solvent, and
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Table I. Definitions and Structures of Citric Acid, Salt and Esters.

Ingredient/CAS No.

Definition

Formula/structure

Citric acid and inorganic salts

Citric acid/77-92-95949-
29-1 [hydrate]

Aluminum citrate/813-92-
331142-56-0

Calcium citrate/5785-44-4

Copper citrate/10402-15-
0866-82-0
(hemitrihydrate)

Disodium cupric citrate/
38218-87-065330-59-8

Ferric citrate/2338-05-
83522-50-7
[hydrate]28633-45-6

Magnesium citrate/ | 44-
23-06150-79-47779-
25-1

Manganese citrate/10024-
66-5

An o-hydroxy tricarboxylic acid

A complex salt of aluminum
hydroxide and citric acid’

The calcium salt of citric acid’

The complex copper (ll) salt of
citric acid. Herein, copper
complexes with the
carboxylates and the hydroxyl

group

The disodium salt of the complex
formed between copper (II)
and citric acid. Herein, copper
complexes with the hydroxyl
group and one of the
carboxylates

The iron (lll) salt of citric acid

The magnesium salt of citric acid’

The manganese (1l) salt of citric
acid
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(continued)
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Table I. (continued)

Ingredient/CAS No.

Definition

Formula/structure

Monosodium citrate/994-
36-518996-35-5

Potassium citrate/866-
84-2

Sodium citrate/68-04-2
(anhydrous)6132-04-3
(dihydrate)

Zinc citrate/546-46-3

Diammonium citrate/
3012-65-5

Alkyl esters

Monoesters

Stearyl citrate/|1323-66-
61337-33-3 [CAS No. is
not specific to
monoester]

Isopropyl citrate/39413-
05-3 [CAS No. is not
specific to monoester]

Isodecyl citrate/90605-17-
7 [CAS No. is not spe-
cific to monoester]

The monosodium salt of citric
acid

The tripotassium salt of citric
acid

The trisodium salt of citric acid

The zinc (ll) salt of citric acid

The diammonium salt of citric
acid

The ester of stearyl alcohol and
citric acid’

The ester of isopropanol and
citric acid”

The ester of branched chain
decyl alcohols and citric acid”
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Table I. (continued)

Ingredient/CAS No.

Definition

Formula/structure

Diesters
Dilauryl citrate/25637-88-1

Distearyl citrate/29589-

99-9

Triesters
Triethyl citrate/77-93-0

Tributyl citrate/77-94-1

Tricaprylyl citrate/76414-
35-2

Trilauryl citrate/65277-
53-4

Tri-C12-13 alkyl citrate

The diester of lauryl alcohol and
citric acid’

The diester of stearyl alcohol and
citric acid’

The triester of ethyl alcohol and
citric acid’

The triester of butyl alcohol and
citric acid’

The triester of capryl alcohol and
citric acid’

The triester of lauryl alcohol and
citric acid”

The triester of C12-13 alcohols
and citric acid’

H3C/ (CH2)7\

OH

wherein R is a 12- or |3-carbon chain
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Table I. (continued)

Ingredient/CAS No. Definition Formula/structure
Tri-C14-15 alkyl citrate/ The triester of C14-15 alcohols R
222721-94-0 and citric acid’ |
o) 0]
/B\I/a\
R R
OH

Tristearyl citrate/7775-
50-0

Triisopropyl citrate/
74592-76-0

Triethylhexyl citrate/
7147-34-4

Trihexyldecyl citrate

Triisocetyl citrate/93385-
14-9

wherein R is a 14 or |5 carbon chain

The triester of stearyl alcohol CH
o .7 3~
and citric acid (CHy)
Y217
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The triester of isopropyl alcohol HyC CH,

and citric acid

The triester of 2-ethylhexanol CH,
and citric acid
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Table I. (continued)

Ingredient/CAS No. Definition

Formula/structure

Triisostearyl citrate/
113431-54-2

The triester of isostearyl alcohol
and citric acid

Trioctyldodecyl citrate/
126121-35-5

The triester of 2-octyldodecanol
and citric acid

Trioleyl citrate/175831-
77-3

The triester of oleyl alcohol and
citric acid

A mixture of mono-, di-, and
triesters of ethanol and citric
acid’

Ethyl citrates/172820-60-9
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| example of an “iso”
- CH3
(CH2)7
- CH3
(CHy)g
0 0
0 0
CH
CHy™ (CHy)g 0 ™ O/\( (CHp)g “CH,
(CH,); (CHZ)]
“CH, CH,
ECH3)SCH: CH(CH2)7CH3
0 0
0 0
CHs(CH,);CH=CH(CH,)g ~o O/ (CH3)gCH=CH(CH,);CH;
OH
R
|
0 0]
0 0
R\o o/R
OH

wherein R is a hydrogen atom or an ethyl group

fragrance ingredient. The various cosmetic functions of these
ingredients are provided in Table 5; some ingredients have
more than 1 reported function.

The FDA collects information from manufacturers on the
use of individual ingredients in cosmetics as a function of
cosmetic product category in its Voluntary Cosmetic Registra-
tion Program (VCRP). The VCRP data obtained from the FDA
in 2011°® and data received in response to a survey of the max-
imum reported use concentration by category conducted by the
Personal Care Products Council (Council)’ indicate that 22 of
the 33 citrates named in this report are currently used in cos-
metic formulations. Citric acid is used in almost every category
of cosmetic product, with 6795 reported uses® at concentrations
up to 4% in leave-on formulations, 10% in rinse-off formula-
tions, and 39% in products diluted for (bath) use.'® Sodium,
tributyl, and triethyl citrate are reported to be used in 980, 331,

and 244 cosmetic formulations, respectively.® All other in-use
ingredients have less than 50 uses. The ingredient with the
highest concentration of use is tri-isostearyl citrate; it is used
at up to 80% in lipstick formulations.'® Trioctyldodecyl citrate
is used at up to 30% in leave-on formulations; it is used at up to
21% in products applied to the eye area and 19% in lipstick
formulations. Tricaprylyl citrate is used at up to 27% in leave-
on formulations. All other in-use ingredients are used at
concentrations of <12%.

Frequency and concentration of use data are provided in
Table 6. The ingredients not in use, according to the VCRP
and Council survey, are listed in Table 7. Products containing
citric acid and some of its salts and esters may be applied to
baby skin or used near the eye area or mucous membranes.
Additionally, citric acid and some of its salts and esters are
used in cosmetic sprays, including hair, deodorant, body, and
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Table 2. Chemical and Physical Properties.

Property Description Reference
Citric acid
Molecular weight 192.12 4
monohydrate: 210.14
Appearance and form Monoclinic holohedrism crystals 4
monohydrate: orthorhombic crystals
Free-flowing, colorless, translucent crystals, or as a white granular to fine powder 48
Melting point 153°C 4
Monohydrate: ~100°C
Boiling point Decomposes above 175°C 19
log P —1.198 + 0.396 (at 25°C) 49
log Kow —1.75 50
Vapor pressure <0.001 mm Hg (20°C) 51
3.7 x 1077 mm Hg (25°C) 50
Solubility Solubility in water increases with temperature (from 54%, w/w at 10°C to 84%) 4
At 100°C; freely soluble in alcohol; very slightly soluble in ether in water: 162 g/100 mL (at 25°C); in 48
alcohol: 59.1 g/100 mL (at 25°C)
Solubility in water increases with temperature from ~54 wt% at 10°C to ~ 88 wt% at 100°C 52
Density I.665monohydrate: |.542 4
pKa pKI = 3.128; pK2 = 4.761; pK3 = 6.396 (25°C) 4
pH (citric acid—sodium pH of water solutions with equal percentages of citric acid and sodium citrate ranged from 4.15 53
citrate solution) (0.25% each chemical) to 3.54 (15% of each chemical)
Aluminum citrate
Density 1.5 g/cm3 4
Calcium citrate
Molecular weight 498.43 4
Appearance and form Fine white, odorless powder 54
Solubility Soluble in 1050 parts cold water, somewhat soluble in hot water; insoluble in alcohol 4
Copper citrate
Molecular weight 315.18 4
Appearance and form Green or bluish-green crystalline powder; odorless 4
Solubility Slightly soluble in water; soluble in ammonia, diluted acids, and cold alkali citrate solutions; freely 4
soluble in hot alkali citrate solutions
Diammonium citrate
Molecular weight 226.18 4
Appearance and form Granules or crystals 4
Solubility Soluble in | part water; slightly soluble in alcohol 4
Ferric citrate
Appearance and form Garnet-red transparent scales or pale brown powder 4
Solubility Slowly but completely soluble in cold water; readily soluble in hot water, practically insoluble in 4
alcohol
Magnesium citrate
Molecular weight Dibasic: 214.41 4
tribasic: 451.11
Monosodium citrate
Molecular weight 214.12 55
Melting point Decomposes 55
Solubility 570 g/L (at 25°C); insoluble in ethanol and ether 55
Potassium citrate
Molecular weight 306.39 4
monohydrate: 324.41
Appearance and form Monohydrate: white crystals, granules, or powder; odorless 4
Monohydrate: white coarse powder 56
Boiling point 211°C (calculated) 50
log Kow (calculated) —0.28 50
Vapor pressure 2.09 x 107'2 mm Hg (25°C) 50
Solubility | g dissolves slowly in 0.65 mL water; practically insoluble in alcohol 4
Monohydrate: 190 g/100 mL water (at 25°C); insoluble in alcohol and ether 56
Stability Monohydrate: very hygroscopic; readily deliquesces in moist air 56

(continued)
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Table 2. (continued)

Property Description Reference
Sodium citrate
Molecular weight 258.07 4
dihydrate: 294.10
Appearance and form Dihydrate: white crystals, granules, or powder; odorless 4
Melting point Anhydrous: >300°C 57
dihydrate: 150°C 58
Density Monohydrate: 1.814 4
log Kow (calculated) —0.28 59
Vapor pressure 2.09 x 107" mm Hg (25°C) 50
Solubility Soluble in water, ~425 g/L (25°C) 50
monohydrate: soluble in 1.3 parts water; insoluble in alcohol 4
Zinc citrate
Molecular weight 574.43 4
Appearance and form Powder; odorless 4
Solubility Slightly soluble in water; soluble in diluted mineral acids and alkali hydroxides 4
Stearyl citrate
Molecular weight 458.60 60
Distearyl citrate
Melting point 70-72°C 6l
Triethyl citrate
Molecular weight 276.29 62
Appearance and form Clear, colorless, oily liquid 30
Melting point —55°C 63
Boiling point 294°C 63
Vapor pressure 6.4 x 1073 mm Hg (20°C) 64
Density 1.137 (20°C) 4
Refractive index 1.440-1.442 (25°C/D) 64
Solubility 6.5 g/100 mL water (25°C) 30
5.5 g/100 mL water (25°C); insoluble in hexane 64
miscible with alcohol, ether 4
log Kow 1.3 (35°C; measured) 62
0.33 (calculated)
Tributyl citrate
Molecular weight 360.44 4
Appearance and form Colorless or pale yellow liquid; odorless 4
Melting point —-20°C 4
Boiling point 170°C (I mm Hg) 30
233°C (22 mm Hg) 4
Vapor pressure 9.6 x 1072 mm Hg (20°C) 64
Density 1.045 (20°C) 4
Refractive index 1.443-1.445 (25°C/D) 64
Solubility Insoluble in water; miscible with most organic liquids 4
log P (predicted) 4324 + 0411 (25°C) 49
pK, (predicted) 11.3 + 0.29 (25°C) 49
Tricaprylyl citrate
Molecular weight 528.76 49
Boiling point 250-255°C (6-7 mm Hg) 65
Density 0.9498 g/em® 65
log P (predicted) 10.438 + 0411 (25°C) 49
pK. (predicted) 11.30 + 0.29 49
Trilauryl citrate
Molecular weight 697.08 49
Boiling point (predicted)  675.9°C 49
Density (predicted) 0.955 g/em® (20°C) 49
log P (predicted) 16.551 (25°C) 49
pK, (predicted) 11.29 (25°C) 49
Tristearyl citrate
Molecular weight 949.56 49
Boiling point (predicted)  840.3°C 49

(continued)
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Table 2. (continued)

Property Description Reference
Density (predicted) 0.924 g/em® (20°C) 49
log P (predicted) 25.722 (25°C) 49
pK, (predicted) 11.29 (25°C) 49
Triisopropyl citrate
Molecular weight 318.36 49
Boiling point (predicted)  331°C 49
Density (predicted) I.116 glem® (20°C) 49
log P (predicted) 2.328 (25°C) 49
pK, (predicted) 11.69 (25°C) 49
Triisostearyl citrate
Molecular weight 944 66
Appearance Clear viscous liquid 67
Trioctyldodecyl citrate
Molecular weight 1032 66
Boiling point (predicted)  883.3°C 49
Density (predicted) 0.917 glem® (20°C) 49
log P (predicted) 29.634 (25°C) 49
pK, (predicted) 11.25 (25°C) 49
Trioleyl citrate
Molecular weight 943.51 49
Boiling point (predicted)  845.8°C 49
Density (predicted) 0.936 g/em® (20°C) 49
log P (predicted) 25.443 (25°C) 49
pK, (predicted) 11.28 (25°C) 49
Table 3. Impurities and Composition.
Ingredient Impurities/composition Reference
Stearyl citrate 10%-15% monostearyl, 70%-80% distearyl, and 10%-15% tristearyl derivatives 18
Isopropyl citrate 65%-80% monoisopropyl, 15%-30% diisopropyl, and 5%-10% triisopropyl citrate 18
Triisostearyl citrate Supplied as >90% triisostearyl citrate 66
impurities include residual isostearyl alcohol (<10%) and citric acid (<0.5%)
Trioctyldodecyl citrate Supplied as ~ 100% trioctyldodecyl citrate (according to one supplier) 66
impurities include residual octyldodecyl alcohol (<5%) and citric acid
Table 4. Ingredient-Specific Methods of Manufacture.
Ingredient Method of manufacture Reference
Calcium citrate Neutralization of citric acid with calcium hydroxide or calcium carbonate 21CFRI184.1195
Copper citrate Prepared by the interaction of hot aqueous solutions of copper sulfate and sodium citrate 4
Ferric citrate Prepared from reaction of citric acid with ferric hydroxide 21CFR184.1298
Manganese citrate Obtained by precipitating manganese carbonate from manganese sulfate and sodium carbonate 21CFR184.1449
solutions. The filtered and washed precipitate is digested first with sufficient citric acid solution
to form manganous citrate and then with sodium citrate to complete the reaction
Potassium citrate Crystallizing and drying of a potassium citrate solution that is prepared using a citric acid solution 68
and potassium hydroxide
Sodium citrate Neutralization of citric acid with sodium hydroxide or sodium carbonate 21CFR184.1751
Zinc citrate Prepared from zinc carbonate and citric acid 4
Diammonium citrate Partial neutralization of citric acid with ammonia 21CFR184.1140
Isopropyl citrate Esterification of citric acid with isopropanol 21CFR184.1386
Stearyl citrate Esterification of citric acid with stearyl alcohol 21CFR184.1851
Triethyl citrate Esterification of ethyl alcohol with citric acid 21CFR184.1911
Tributyl citrate Synthesized from n-butyl alcohol and citric acid 4
Triisostearyl citrate Manufactured from isostearyl alcohol and citric acid in a proprietary esterification process, 66
without the use of heavy metal catalysts
Trioctyldodecyl citrate Manufactured from octyldodecyl alcohol and citric acid in a proprietary esterification process, 66

without the use of heavy metal catalysts
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Table 5. Reported Cosmetic Functions of Citric Acid and its Salts and
Esters.?

pH adjuster
Citric acid
Calcium citrate
Monosodium citrate
Potassium citrate
Sodium citrate
Chelating agent
Citric acid
Diammonium citrate
Potassium citrate
Sodium citrate
Fragrance ingredient
Citric acid
Sodium citrate
Triethyl citrate
Buffering agent
Diammonium citrate
Potassium citrate
Sodium citrate
Skin-conditioning agent—emollient
Dilauryl citrate
Distearyl citrate
Isodecyl citrate
Stearyl citrate
Tri-C12-13 alkyl citrate
Tri-C14-15 alkyl citrate
Triethylhexyl citrate
Triisopropyl citrate
Trioleyl citrate
Skin-conditioning agent—occlusive
Tricaprylyl citrate
Trihexyldecyl citrate
Triisocetyl citrate
Triisostearyl citrate
Trilauryl citrate
Trioctyldodecyl citrate
Tristearyl citrate
Triisostearyl citrate
Trilauryl citrate
Skin-conditioning agent—miscellaneous
Ferric citrate
Magnesium citrate
Hair fixative
Ethyl citrates
Plasticizer
Isodecyl citrate
Isopropyl citrate
Tributyl citrate
Triethyl citrate
Triethylhexyl citrate
Cosmetic astringent
Aluminum citrate
Oral care agent
Zinc citrate
Cosmetic biocide
Zinc citrate
Pesticide
Copper citrate
Solvent
Isopropyl citrate
Tributyl citrate
Not reported
Disodium cupric citrate
Manganese citrate

7
*Reference.

other propellant and pump spray products; the maximum
reported concentrations of citric acid used in a spray product
is 0.7% citric acid, of a salt is 0.2% sodium citrate, of an ester is
4% trioctyldodecyl citrate, and in deodorants is 2% triethyl
citrate. These products could possibly be inhaled. In practice,
95% to 99% of the droplets/particles released from cosmetic
sprays have aerodynamic equivalent diameters >10 pm, with
propellant sprays yielding a greater fraction of droplets/parti-
cles below 10 pm compared with pump sprays.''™'* Therefore,
most droplets/particles incidentally inhaled from cosmetic
sprays would be deposited in the nasopharyngeal and bronchial
regions and would not be respirable (ie, they would not enter
the lungs) to any appreciable amount.'"!* There is some evi-
dence indicating that, generally, deodorant spray products,
compared with hair sprays, can release substantially larger
fractions of particulates having aerodynamic equivalent dia-
meters in the range considered to be respirable.!! However, the
information is not sufficient to determine whether significantly
greater lung exposures result from the use of deodorant sprays,
compared to other cosmetic sprays.

All ingredients included in this review are listed in the
European Union inventory of cosmetic ingredients.'>
“Water-soluble zinc compounds” are listed in Annex III of the
Cosmetic Directive, with a maximum authorized concentration
in the finished cosmetic product of 1% calculated as zinc;
therefore, zinc citrate has a maximum authorized concentration
of use of 1%, calculated as zinc, in finished cosmetic products
in the European Union.'¢

Noncosmetic

The following 10 ingredients are GRAS direct food additives,
restricted only by the need to follow good manufacturing prac-
tices: citric acid (21CFR184.1033), calcium citrate
(21CFR184.1195), ferric citrate (21CFR184.1298), manganese
citrate (21CFR184.1449), potassium citrate (21CFR184.1625),
sodium citrate (defined as the trisodium salt; 21CFR184.1751),
diammonium citrate (21CFR184.1140), isopropyl citrate
(21CFR184.1386), stearyl citrate (21CFR184.1851), and
triethyl citrate (21CFR184.1911). Additionally, the following
are allowed as indirect food additives: citric acid, magnesium
citrate, monosodium citrate, potassium citrate, sodium citrate,
diammonium citrate, stearyl citrate, isopropyl citrate, distearyl
citrate, triethyl citrate, tributyl citrate, and tristearyl citrate."”
Citrate-containing ingredients are allowed as active ingredi-
ents, at a maximum daily dosage of 8 g, in antacid over-the-
counter products (21CFR331.11). Examples of other noncos-
metic uses of citric acid and some of the citrates are provided in
Table 8.

Toxicokinetics

Orally administered citric acid is well absorbed and largely
metabolized.'® Exogenous and endogenous citric acid can be
completely metabolized and serve as a source of energy. Citric
acid is an intermediate in the Krebs (or tricarboxylic acid)
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Table 6. Frequency and Concentration of Use According to Duration and Type of Exposure.

Citric acid Aluminum citrate Diammonium citrate
# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® 6795 0.0000005-39 4 NR 6 NR
Duration of use
Leave on 2851 0.0000005-4 3 NR 2 NR
Rinse off 3753 0.000002-10 | NR 4 NR
Diluted for (bath) use 191 0.3-39 NR NR NR NR
Exposure type
Eye area 580 0.0000005-2 NR NR | NR
Incidental ingestion 214 0.0006-3 NR NR NR NR
Incidental inhalation—spray 149° 0.004-0.7%aerosol: 0.05-0.7pump: 0.003-0.1 NR NR NR NR
Incidental inhalation—powder 35 0.0006-0.3 NR NR NR NR
Dermal contact 4055 0.000008-10 4 NR 2 NR
Deodorant (underarm) 22° 0.000008-0.2 (not spray)0.002pump: 0.01 NR NR NR NR
Hair—noncoloring 1945 0.0001-5 NR NR 3 NR
Hair—coloring 210 0.08-10 NR NR NR NR
Nail 290 0.001-45% diluted to 0.025% NR NR NR NR
Mucous membrane 1875 0.0002-39 (20%-39% is diluted prior to bath use) | NR | NR
Baby products 112 0.2 NR NR NR NR
Dilauryl citrate Ethyl citrates Ferric citrate
# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® | NR NR 0.5-1 7 0.5
Duration of use
Leave on NR NR NR NR 4 NR
Rinse off | NR NR 0.5-1 3 0.5
Diluted for (bath) use NR NR NR NR NR NR
Exposure type
Eye area NR NR NR NR NR NR
Incidental ingestion NR NR NR NR NR NR
Incidental inhalation—spray NR NR NR NR NR NR
Incidental inhalation—powder NR NR NR NR NR
Dermal contact | NR NR 0.5-1 5 0.5
Deodorant (underarm) NR NR NR NR NR NR
Hair—noncoloring NR NR NR NR 2 NR
Hair—coloring NR NR NR NR NR NR
Nail NR NR NR NR NR NR
Mucous membrane NR NR NR | NR 0.5
Baby products NR NR NR NR NR NR
Isodecyl citrate Magnesium citrate Monosodium citrate
# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® 4 NR 9 0.01-2 16 0.004-5
Duration of use
Leave on 4 NR NR 0.01-2 NR 0.004-5
Rinse off NR NR 9 0.5 2 0.8-5
Diluted for (bath) use NR NR NR NR 14 5
Exposure type
Eye area NR NR NR NR NR NR
Incidental ingestion NR NR NR NR NR NR
Incidental inhalation—spray NR NR NR NR NR NR
Incidental inhalation—powder NR NR NR NR NR 5
Dermal contact 4 NR NR 0.01-2 16 0.004-5
Deodorant (underarm) NR NR NR NR NR NR
Hair—noncoloring NR NR 9 0.5 NR NR
Hair—coloring NR NR NR NR NR NR
Nail NR NR NR NR NR NR
Mucous membrane NR NR NR NR 14 5 (diluted prior to use)
Baby products NR NR NR NR NR 5

(continued)
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Table 6. (continued)

Potassium citrate Sodium citrate Stearyl citrate
# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® 8 0.002-0.6 980 0.000005-10 23 0.007-12
Duration of use
Leave on 2 0.002-0.5 587 0.000005-10 | 0.3-12
Rinse off 6 0.002-0.6 386 0.0001-10 22 0.007-2
Diluted for (bath) use NR NR 7 0.9 NR NR
Exposure type
Eye area | NR 47 0.02-2 NR 1-2
Incidental ingestion | 0.6 7 0.003-0.4 NR 12
Incidental inhalation—spray NR 0.06-0.07 30° 0.000005-0.3; 0.4° NR 1-3°
Incidental inhalation—powder NR 0.02 6 0.03 NR4 NR
Dermal contact 4 0.002-0.5 718 0.0001-10 20 0.007-5
Deodorant (underarm) NR NR 1 0.02 (not a spray); 0.1¢ NR 3¢
Hair—noncoloring 3 0.002-0.07 206 0.000005-4 3 |
Hair—coloring NR NR 5 0.1 NR NR
Nail NR NR 2 0.08-0.5 NR NR
Mucous membrane 4 0.002 96 0.003-1 7 0.007-12
Baby products NR NR 9 NR NR NR
Tributyl citrate Tri-C12-13 alkyl citrate Tri-Cl14-15 alkyl citrate
# of uses® Max. conc of use, %’ # of uses® Max. conc of use, %°  # of uses®  Max. conc of use, %’
Totals® 331 0.0005-9 | NR 19 0.1-5
Duration of use
Leave on 35 0.0005-9 | NR 19 0.1-5
Rinse off 267 0.0009-5 NR NR NR NR
Diluted for (bath) use 29 0.0005 NR NR NR NR
Exposure type
Eye area NR NR | NR | 3
Incidental ingestion NR NR NR NR NR NR
Incidental inhalation—spray 6 NR NR NR 13° 0.1-5°
Incidental inhalation—powder | NR NR NR NR NR
Dermal contact 260 0.0005-<0.05 | NR 19 0.1-5
Deodorant (underarm) NR NR NR NR NR NR
Hair—noncoloring 14 NR NR NR NR NR
Hair—coloring 55 NR NR NR NR NR
Nail 2 0.01-9 NR NR NR NR
Mucous membrane 233 0.0005-0.001 NR NR NR NR
Baby products | NR NR NR NR NR
Tricaprylyl citrate Triethyl citrate Triethylhexyl citrate
# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® 19 0.3-27 244 0.0008-6 | NR
Duration of use
Leave on 16 0.3-27 215 0.004-6 | NR
Rinse off 3 0.5-0.8 29 0.0008-0.2 NR NR
Diluted for (bath) use NR NR NR NR NR NR
Exposure type
Eye area | 3 2 0.2-0.6 NR NR
Incidental ingestion 3 14-19 I 0.3 NR NR
Incidental inhalation—spray NR NR 96° 0.2-2 NR NR
Incidental inhalation—powder | NR NR 3 NR NR
Dermal contact 13 0.3-27 127 0.0008-6 | NR
Deodorant (underarm) NR NR 48° 2 (aerosol) NR NR
Hair—noncoloring 3 0.5-0.8 106 0.1-2 NR NR
Hair—coloring NR NR NR 0.5 NR NR
Nail NR NR NR NR NR NR
Mucous membrane 3 14-19 18 0.2-0.3 NR NR
Baby products NR NR NR 0.009 NR NR

(continued)
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Table 6. (continued)

Triisocetyl citrate

Triisostearyl citrate Trioctyldodecyl citrate

# of uses® Max. conc of use, %’ # of uses®  Max. conc of use, %’  # of uses®  Max. conc of use, %’
Totals® 33 0.6-3 47 0.3-80 56 1-30
Duration of use
Leave on 33 0.6-3 44 0.3-80 56 1-30
Rinse off NR NR 3 NR NR NR
Diluted for (bath) use NR NR NR NR NR NR
Exposure type
Eye area NR NR | NR 8 5-21
Incidental ingestion 7 NR 39 9-80 37 1-19
Incidental inhalation—spray NR NR NR NR | 4
Incidental inhalation—powder 11 2 NR NR 2 1-3
Dermal contact 26 0.6-3 5 0.3-9 19 1-30
Deodorant (underarm) NR NR NR NR NR NR
Hair—noncoloring NR NR 3 NR NR NR
Hair—coloring NR NR NR NR NR NR
Nail NR NR NR NR NR NR
Mucous membrane 7 NR 39 9-80 37 1-19
Baby products NR NR NR NR NR NR
Zinc citrate
# of uses® Max. conc of use, %’
Totals® 9 0.05-2
Duration of use
Leave on 5 0.05
Rinse off 4 0.3-2
Diluted for (bath) use NR NR
Exposure type
Eye area NR NR
Incidental ingestion 4 0.3-2
Incidental inhalation—spray NR NR
Incidental inhalation—powder NR 0.05
Dermal contact 5 0.05
Deodorant (underarm) 4¢ NR
Hair—noncoloring NR NR
Hair—coloring NR NR
Nail NR NR
Mucous membrane 4 0.3-2
Baby products NR NR

Abbreviation: NR, no reported uses

?Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses.
BIncludes suntan products, in that it is not known whether or not the reported product is a spray.

‘It is not known whether or not the product is a spray.

Table 7. Ingredients Not Reported to be Used.

Calcium citrate
Copper citrate
Disodium cupric citrate
Distearyl citrate
Isopropyl citrate
Manganese citrate
Trihexyldecyl citrate
Triisopropyl citrate
Trilauryl citrate
Trioleyl citrate
Tristearyl citrate

cycle.'? Citric acid completes the breakdown of pyruvate,
formed from glucose through glycolysis, and it liberates carbon
dioxide. Approximately 2 kg of citric acid are formed and

metabolized every day in humans. Citrate is thought to be
freely filterable at the glomerulus of the kidney and 65% to
90% of filtered citrate is reabsorbed in humans.?® Filtered
citrate of 10% to 35% is excreted in the urine. The normal
blood citrate level in humans is approximately 25 mg/L.>'

In Vitro

Trihexyl citrate. Although trihexyl citrate is not a cosmetic ingre-
dient, this information is presented because this chemical is
structurally similar to cosmetic ingredients included in this
review, supporting that citrate esters undergo hydrolysis.
Trihexyl citrate was incubated with rat serum, an intestinal
cytosolic fraction, and a liver cytosolic fraction obtained from
Sprague-Dawley rats to determine the hydrolysis of trihexyl
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Table 8. Examples of Noncosmetic Uses.

Ingredient Noncosmetic use Reference
Citric acid Used in the food, beverage, and pharmaceutical industries; active ingredient in pesticide products; 3,5,48,69
manufacture of ecologically compatible detergents; chemical cleaning; metal cleaning; concrete
admixtures; plasticizers; photography
Calcium citrate Calcium fortifier in foods; anticaking agent in dry mixes 4
Copper citrate As an astringent or antiseptic 4
Diammonium citrate Determination of phosphate, especially in fertilizers 4
Potassium citrate As a replacement for sodium citrate in foods; as a buffering agent in foods; as a source of potassium ion 4,56
in a nutritional supplement; sequestering or emulsifying agent
Sodium citrate Anticoagulant; acidulant in beverages, confectionery, effervescent salts, powders, and tablets, 4
pharmaceutical syrups, and elixirs; pH adjuster in food; as an synergistic oxidant; in processing
cheese; in the manufacture of alkyd resins; in the manufacture of citric acid salts as a sequestering
agent to remove trace metals; in electroplating; in special inks
Triethyl citrate Plasticizer for cellulose derivatives and natural resins; plasticizer in pharmaceutical excipients; solventin  60,64,70
paint removers; emulsifier in food industry; flavor-preserving agent
Tributyl citrate Plasticizer and solvent for nitrocellulose lacquers; in polishes, inks, and similar preparations; plasticizer 4
in pharmaceutical excipients; as an antifoam agent
Zinc citrate Used in toothpaste and mouthwash 4

citrate in each of these preparations.”” Dimethyl sulfoxide
(DMSO) was used as the vehicle; the volume of DMSO did
not exceed 1% of the total volume of the incubation medium. A
concentration of 50 nmol/mL was used with all 3 preparations;
a concentration of 1000 nmol/mL was also used with rat serum.
In rat serum, at the concentrations of 50 and 1000 nmol/mL, the
half-life of trihexyl citrate hydrolysis was 4 and 90 minutes,
respectively. Hexanol was produced as a product of hydrolysis.
Dihexyl citrate is formed as an intermediate. Hydrolysis was
concentration dependent, being faster at lower concentrations.
Hydrolysis did not occur with 5 pmol/mL of serum. The half-
life of hydrolysis for 50 nmol/mL trihexyl citrate in the rat liver
cytosolic fraction was 1.2 minutes (The half-life was not given
for the intestinal fraction.)

Aluminum citrate. The lipid bilayer permeation of neutral alumi-
num citrate was determined by measuring the flux across unila-
mellar phospholipid vesicles or liposomes, using 2 independent
procedures.”® The permeation of aluminum citrate was then
compared to that of citric acid (as well as malic and lactic acids).
Lipid bilayer permeation of 1.82 mmol/L aluminum citrate was
slow; the permeability coefficient was, at most, 2 x 10~ "' cm/s.
Comparison of permeation of aluminum citrate to the acids
indicated that the flux of aluminum citrate is limited by diffu-
sion across the water—lipid interface. (The permeability coef-
ficient for 6.0 mmol/L citric acid was 3.1 x 10~'" cm/s.)

Oral

Aluminum citrate. Eight male Sprague-Dawley rats were dosed by
gavage with 100 mg aluminum/kg bw, as aluminum citrate, 6
days/wk for 4 weeks.*> A control group was given tap water. Half
of the animals were killed at the termination of dosing; the
remaining animals were killed after a 5-week nontreatment
period. The levels of aluminum in the cortex of the brain, the
hippocampus, and the cerebellum were statistically significantly

increased after 4 weeks of dosing with aluminum citrate, and there
was no major difference between the animals killed at the termi-
nation of dosing and 5 weeks later. (In this study, groups of rats
were also dosed with citric acid for 4 weeks or aluminum hydro-
xide for 9 weeks. The aluminum content in the cortex of the brain
of rats dosed with citric acid was statistically significantly
increased compared to controls. There were no statistically sig-
nificant differences in aluminum content of the brain between
control rats and those dosed with aluminum hydroxide.)

Ten female Sprague-Dawley rats were given drinking water
with 80 mmol/L aluminum citrate for 8 months; a control group
of 8 rats was given untreated water.”® After 8 months of dosing,
aluminum concentrations were statistically significantly
increased in bone, spleen, liver, and kidneys, but not the brains,
of treated animals.

Stearyl/distearyl citrate. Stearyl citrate is hydrolyzed readily to
stearyl alcohol and citric acid in dogs and, to a lesser extent, in
rats.?” Stearyl citrate, predominantly as distearyl citrate, added
to the feed of rats at a concentration of 2.5% to 10% was poorly
absorbed (additional details were not provided).'®

Isopropyl citrate. Isopropyl citrate, mostly as the monoisopropyl
ester, was administered in the diet of 6 rats in a mono- and
diglycerides vehicle at concentrations of <10%.'® Isopropyl
citrate was nearly completely absorbed (additional details were
not provided).

Effect on Transdermal Absorption

Triethyl citrate. Triethyl citrate inhibited the transdermal absorp-
tion of viprostol, a synthetic prostaglandin E,, through the skin of
male hypertensive rats.”® This effect was demonstrated by the
statistically significant decrease in blood radioactivity levels fol-
lowing the topical application of ['*C]viprostol in triethyl citrate
compared to those found with the use of petrolatum (pet) or
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Table 9. Acute Toxicity Studies.
Ingredient Animals® No./group Dose LDsg Reference
Dermal
Citric acid
Citric acid Rabbits 10 5 g/kg tested >5 glkg 51
Triethyl citrate
Triethyl citrate Rabbits 4 Not stated >5 glkg 62
Triethyl citrate Guinea pig Not stated Not stated >10 mL/kg 71
Oral
Tributyl citrate
Tributyl citrate Rats 5 10-30 mL/kg No deaths reported 30
Tributyl citrate Cats 4 30-50 mL/kg No deaths reported 30
Trioctyldodecyl citrate
Trioctyldodecyl citrate Rats 10 (5/sex) 5 glkg No deaths reported 72
Inhalation
Triethyl citrate Rats Not stated 6-h exposure to vapor 1300-3500 ppm 71
Intraperitoneal
Monosodium citrate
Monosodium citrate White mice Not stated 0.0477 mol/L solution 7.6 mmol/kg 73
Monosodium citrate Albino rats Not stated 0.381 mol/L solution 6.3 mmol/kg 73
Tributyl citrate
Tributyl citrate Swiss albino Not stated Chosen from a logarithmic scale 2900 mg/kg 31
mice
Intravenous
Monosodium citrate White mice Not stated 0.019 mol/L; rapid administration 0.23 mmol/kg 73
Monosodium citrate White mice 20 0.25 mol/L administered at rate of |.5 2.01 mmol/kg 73
mmol/min (6 mL/min)
Monosodium citrate Rabbits Not stated 0.477 mol/L; administered at a rate  1.76 mm/kg 73

of 0.358 mmol/min (0.75 mL/min)

Abbreviation: LDsq, median lethal dose.
?Unless it is given, the sex of the animals was not stated.

silicone as the vehicle. A comparison of metabolic profiles also
demonstrated slower hydrolysis of viprostol to free acid with the
use of triethyl citrate as the vehicle.

Toxicological Studies

Single Dose (Acute) Toxicity

Acute toxicity studies are summarized in Table 9. Acute toxi-
city testing did not raise any toxicological concerns.

Repeated Dose Toxicity

Oral

Aluminum citrate. In a toxicokinetics study described previ-
ously, a group of 8 male Sprague-Dawley rats was dosed by
gavage with 100 mg aluminum/kg bw, as aluminum citrate, 6
days/wk for 4 weeks.”> A control group was given tap water.
Half of the animals were killed at the termination of dosing; the
remaining animals were killed after a 5-week nontreatment
period. Body weights of test animals were similar to those of
controls after 4 weeks of dosing. Body weights of treated ani-
mals decreased compared to controls during the recovery
period, but the difference was not statistically significant.

In another toxicokinetics study described previously in this
report, a group of 10 female Sprague-Dawley rats was given

aluminum citrate in the drinking water at a concentration of 80
mmol/L for 8 months.?® Final body weights of animals of the
test group were statistically significantly decreased compared
to the controls. Kidney function was not affected by dosing.

Isopropyl citrate ester mixture. A 6-week feeding study of an
isopropyl citrate ester mixture consisting of 27% isopropyl
citrate, 9% diisopropyl citrate, and 2% triisopropyl citrate, in a
vehicle consisting of mono- and diglycerides (1:1) vegetable oil,
was performed using rats.”’ Male rats had an average daily intake
0f0.78 g and females 0.54 g of the citrate mixture, and no adverse
effects were observed. (Additional details were not provided.)

Groups of 10 rats were fed diets containing 0%, 0.28%,
0.56%, or 2.8% of the above-mentioned isopropyl citrate ester
mixture in the same vehicle (corresponding to 0%, 0.11%,
0.21%, and 1.06% isopropyl citrate ester content, respectively)
for 2 years.?” Again, no signs of toxicity were observed. Micro-
scopic examination of select tissues did not reveal any test
article-related changes.

Six-week dietary and 6-week gavage studies were per-
formed in rabbits using the same isopropyl citrate ester mixture
in the same vehicle.”” Signs of toxicity were not observed in
groups of 1 to 8 rabbits given feed containing 1.9% to 22.5% of
the isopropyl citrate ester mixture or in groups of 1 to 3 rabbits
dosed daily by gavage with 0%, 2.2%, 4.4%, or 9.2% of the
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isopropyl citrate ester mixture. Selected tissues of the 8 high-
dose males used in the feeding study were examined micro-
scopically and no abnormalities were found.

Groups of 2 cocker puppies and 2 adult mongrel dogs were
also fed a diet containing the isopropyl citrate ester mixture in
vehicle.?” Adverse effects were not observed when dogs were
fed a diet containing 0.06% of the test article for 12 weeks.

Distearyl citrate ester mixture. A 6-week feeding study of a
distearyl citrate ester mixture consisting of 12.5% stearyl
citrate, 75% distearyl citrate, and 12.5% tristearyl citrate was
performed using rats.>’ Male rats had an average daily intake of
1.32 g and females 1.06 g of the mixture and no adverse effects
were observed. (Additional details were not provided.)

Groups of 10 rats were fed diets containing 0%, 0.5%, 2.0%,
or 10.0% of the distearyl citrate ester mixture for 2 years.”” No
signs of toxicity were observed. Microscopic examination of
select tissues did not reveal any test article-related changes.

In a 6-week dietary study in rabbits with the same distearyl
citrate ester mixture, 2 groups of 8 rabbits were given feed
containing 2% or 10% of the mixture.”’ No signs of toxicity
were observed. Select tissues of the rabbits of the 10% group,
including the liver, kidneys, heart, and brain, were examined
microscopically. No abnormalities were found.

Groups of 2 cocker puppies and 2 adult mongrel dogs were
also fed a diet containing the distearyl citrate ester mixture.>’
Adverse effects were not observed when dogs were fed a diet
containing 3.0% of the test article for 12 weeks.

Tributyl citrate. Groups of 3 or 4 rats, number per sex not
specified, were fed a diet containing 0%, 5%, or 10% tributyl
citrate for 6 weeks.’® No effect on body weight gain was
observed in the 5% group. Body weight gains in the 10%
group were decreased; the decrease may have been attributa-
ble to frequent diarrhea. No effects on blood counts were
reported and no microscopic lesions were observed.

Two cats were dosed daily by gavage with 5 mL/kg tributyl
citrate daily for 2 months, and 2 cats were used as negative
controls.>® No significant effects were observed.

Intraperitoneal

Tributyl citrate. A test group of 20 mice (sex not stated) was
dosed by intraperitoneal injection with 580 mg/kg tributyl
citrate in 3% acacia for 14 days while a group of 20 control
mice was dosed with vehicle only.>! Two animals per group
were killed at the end of the study. Body weight gains were
decreased in the test animals and the decrease was significant
after 7 days. No significant changes in blood counts were
observed and no microscopic lesions were observed.

Reproductive and Developmental Toxicity
Oral

Aluminum citrate. A group of 20 presumed pregnant rats were
dosed daily by gavage with 1064 mg/kg bw aluminum citrate
and 62 mg/kg bw citric acid, concurrently, on days 6 to 15 of

gestation, and a negative control group of 20 gravid rats
received distilled water only.** All animals were killed on day
20 of gestation. The actual numbers of gravid test and control
rats were 15 and 17, respectively. Administration of aluminum
citrate with citric acid was not maternally toxic, embryotoxic,
or fetotoxic. A statistically significant increase in the absence
of xiphoids was the only skeletal variation reported. The alu-
minum concentration in the maternal liver, kidney, brain, bone
(femur), and placenta, as well as in the whole fetus, was
determined. The aluminum concentration was statistically sig-
nificantly increased in the liver, bone, and placenta of the test
animals compared to controls; however, no aluminum was
detected (detection limit 0.05 pg/g) in the whole fetuses of
control or treated animals.

Distearyl citrate ester mixture. A multigeneration study was per-
formed in which 4 generations of rats were fed a diet containing
0%, 1.9%, or 9.5% of the distearyl citrate ester mixture that was
described earlier in this report.”” Administration of the test
article did not result in any reproductive or developmental
effects or any general signs of toxicity.

In Vitro

Sodium citrate. The embryotoxic potential of sodium citrate was
evaluated in a whole rodent embryo culture system using
9.5-day-old embryos from female Han Wistar rats without
metabolic activation.*® The no-effect concentration for all
parameters evaluated, including crown-rump length and
abnormalities, was >115 umol/L sodium citrate.

Spermicidal Effects

Citric acid. The spermicidal effect of citric acid was determined by
suspending human sperm in a solution of citric acid.>* Addition of
0.1% citric acid to human sperm reduced pH and rendered sperm
immotile within 30 minutes while 1% was almost instantly
spermicidal. The effect on sperm penetration of cervical mucus
was also evaluated by adding the acid to human cervical mucus in
capillary tubes. Addition of 0.01% citric acid reduced, and
addition of 0.1% completely abolished, sperm penetration.

Genotoxicity

Genotoxicity studies are summarized in Table 10. Citric acid
and its salts and esters were mostly negative in in vitro and in
vivo genotoxicity tests. Exceptions were weakly positive
results in host-mediated assays with citric acid, equivocal
results in an Ames test with aluminum citrate, and a weak
dose-related response for sodium citrate in a suspension test
in Salmonella typhimurium TA1537 that was not reproducible.

Antimutagenic Effects

Citric acid. The antimutagenic effect of citric acid was evaluated
in an Ames test, with 4-nitro-1,2-phenylenediamine and
sodium azide used as mutagens.>> Using S typhimurium strain
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TA97, concentrations of 1 to 1000 pg/0.1 mL/plate citric acid
inhibited the mutagenicity of 20 pg/0.1 mL/plate 4-nitro-1,2-
phenylenediamine by 3.54% to 67.72% without metabolic acti-
vation and by 55.34% to 71.97% with metabolic activation.
Using strain TA100, concentrations of 1 to 1000 pg/0.1 mL/
plate citric acid inhibited the mutagenicity of 1.5 pg/0.1 mL/
plate sodium azide by 15.47% to 50.65% without metabolic
activation and 37.47% to 67.10% with metabolic activation.

Carcinogenicity
Aluminum Citrate

The National Toxicology Program has planned toxicity/carci-
nogenicity testing for aluminum citrate.*® The rationale for
testing is that aluminum is listed by the EPA as a drinking
water contaminant with a high health research priority.

Irritation and Sensitization

Skin Irritation/Sensitization

Nonhuman and human skin irritation and sensitization studies
are summarized in Table 11. In irritation studies in rabbits, 30%
citric acid was not a primary irritant, 60% produced some
erythema and edema that subsided with time, and undiluted
citric acid produced mild to severe erythema and mild to mod-
erate edema. Triethyl citrate, at concentrations up to 100%, was
not an irritant in guinea pigs or rabbits, and trioctyldodecyl
citrate applied neat was not a primary skin irritant in rabbits.
In human studies, citric acid was not a dermal irritant at con-
centrations up to 5% aqueous (aq), and 20% triethyl citrate was
not irritating in humans. Sodium citrate did not produce any
immediate (nonimmunologic contact urticaria) reactions. In
sensitization testing, a cuticle cream containing 4% citric acid
was not an irritant or a sensitizer in humans; 2.5% aq citric acid
produced positive results in skin prick test in 3 of the 91
patients with urticaria or angioedema. Triethyl citrate, applied
undiluted during epidermal induction, was a strong sensitizer in
a guinea pig maximization test but 20% in pet was not a pri-
mary irritant or sensitizer in human studies. Trioctyldodecyl
citrate was a mild sensitizer in a local lymph node assay when
applied neat but the same concentration was not an irritant or
sensitizer in human studies. Tributyl citrate (concentration not
stated) was not a sensitizer in animal studies. In human studies,
25% tristearyl citrate and 100% triisostearyl citrate were not
irritants or sensitizers in repeated insult patch tests.

Ocular Irritation

Ocular irritation studies are summarized in Table 12. Citric
acid was predicted to be a moderate/severe to severe/extreme
ocular irritant in in vitro studies, and it was minimally irritating
to rabbit eyes at a concentration of 10% and mildly irritating at
a concentrations 30%. In in vitro studies, tri-isostearyl citrate
was predicted to be nonirritating to eyes. Triethyl citrate,

33.3%, did produce irritation in rabbit eyes and undiluted
trioctyldodecyl citrate was nonirritating.

Miscellaneous Studies

Effects in Skin

Citric acid. The effect of 1 mol/L (16%, w/w) citric acid on skin
cell renewal and irritation (as stinging) was determined at a pH
of 3, 5, and 7. The dansyl chloride method was used to deter-
mine skin cell renewal and irritation was evaluated subjectively
as stinging in the nasal fold area; stinging was scored on a scale
of 0 to 4 every minute for 15 minutes.’” (It is not stated, but the
assumed maximum score is 60.) Citric acid test product of 2
mg/cm?® was applied to the test area on the volar forearm of
humans 2 x/daily. The vehicle consisted of 15% ethanol (spe-
cially denatured 40), 5% ethoxydiglycol, 5% butylene glycol,
and water. Cell renewal was measured in at least 8 patients;
citric acid increased cell renewal by 16.1%, 12.8%, and 3% at
pH 3, 5, and 7, respectively. Using a minimum of 10 patients,
the irritation scores for 1 mol/L citric acid at pH 3, 5, and 7
were 38, 35.4, and 23.6, respectively.

The effect of 5% citric acid on skin cell renewal and irrita-
tion was also evaluated at the same pHs.*® Cell renewal was
greater at this concentration; 18%, 14%, and 8% increases were
seen with 5% citric acid at pH 3, 5, and 7, respectively. Irrita-
tion scores (as stinging) were 2.3, 2.1, and 1.1 (on a scale of
1-5) atpH 3, 5, and 7, respectively. (Details of application were
not provided.)

Five male patients participated in a 30-day study to evaluate
the effects of citric acid on skin morphology.** Cream formu-
lations containing 10%, 20%, or 25% citric acid were evalu-
ated, and 0.2 mL of each cream were applied to a 2 x 2 cm?
area of the ventral forearm of each patient. A fourth site on the
forearm was used as an untreated control. Occlusive patches,
3 x/wk, were applied during week 1 and nonocclusive patches,
3x/wk, were applied during weeks 2 to 3. Open applications
were made daily during week 4. At the end of dosing, a 3-mm
punch biopsy was taken from each site. Irritation was observed
with the 20% and 25% formulations. (Details as to the extent of
irritation was not provided, other than it was ‘““visible.”)
Microscopically, an increase in viable epidermal thickness that
increased with dose was observed at all dose levels, a “sub-
stantial” increase in Langerhans cells was observed with the
20% and 25% citric acid creams, and glycosaminoglycan
(GAG) content was “markedly” increased at the sites dosed
with 20% and 25% citric acid compared to that seen at the
untreated and 10% citric acid sites.

A 20% citric acid lotion, pH 3.5, was applied twice daily for
3 months to photodamaged skin of the forearm of 6 female
patients.*” The lotion vehicle without citric acid was applied
to the contralateral arms as a control. A 4-mm punch biopsy
specimen was taken from each site after 3 months of applica-
tion. Application of the lotion containing citric acid produced a
statistically significant increase in skinfold thickness, with a
16.3% increase from baseline recorded. The skinfold thickness
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of the vehicle-treated skin decreased slightly. Viable epider-
mis thickness also increased in a statistically significant man-
ner, increasing 40% when compared to untreated skin. A
statistically significant increase in GAG content was evi-
denced by a 2.5-fold increase in epidermal hyaluronic acid
staining, a 57% increase in dermal hyaluronic acid staining,
and a 66% increase in dermal chondroitin sulfate staining, as
compared to skin treated with vehicle only. (Although the
percentage of increase in staining was greater for chondroitin
sulfate, staining for hyaluronic acid was approximately dou-
ble that of chondroitin sulfate in both vehicle and citric acid-
treated sites.)

Seven patients with moderate to severe photoaged skin
applied a lotion containing 25% citric acid, pH 3.5, to 1
forearm and a placebo lotion to the other forearm twice
daily for 6 months.*' (Similar lotions containing glycolic
or lactic acid were also evaluated.) Skin thickness measure-
ments were performed in triplicate throughout the study.
The 2-skin layer thickness of the forearm treated with citric
acid (and the other AHAs) increased 25% while the thick-
ness of the control forearm decreased 2%; the difference
between the citric acid and the control sites was statistically
significant. (There was no statistically significant difference
in skin thickness among the 3 AHAs tested.) Microscopi-
cally, the mean epidermal thickness of skin and the mean
thickness of papillary dermis in samples of skin treated with
the citric acid lotion were statistically significantly greater
than controls. (Total number of samples examined micro-
scopically was not given.) There was no indication of
inflammation. The amount of ground substance was variably
increased in the citric acid-treated samples. Collagen fibers
appeared to be increased in treated skin samples, but there
was not a statistically significant difference in collagen fiber
density in the papillary dermis between AHA-treated and -
untreated sites.

It has been hypothesized that AHAs have the following
mechanism of action.?* In the stratum corneum, a low con-
centration of AHAs diminish corneocyte cohesion. In kerati-
nocytes, AHAs stimulate epidermal proliferation, possibly by
improving energy and redox status of the keratinocytes. In
fibroblasts, high concentrations of AHA in an appropriate
vehicle are thought to induce epidermolysis and epidermal
separation and impact the papillary dermis and reticular der-
mis, leading to dermal changes that include the synthesis of
new collagen.

Case Report

Citric acid. A woman reported difficulty in breathing and severe
facial pain 4 hours after a professionally administered cos-
metic peel procedure with a product containing 10% citric
acid (and other compounds that were not identified).*' The
facial peel was applied for 4 hours. The patient also had first-
and second-degree burns to the face and anterior neck. Per-
manent facial and neck scars, but no airway pathology,
resulted.

Cough Reflex

Citric acid. Citric acid was used as a tussive agent in cough
challenge testing.*> Ten humanswere exposed to incremental
doses of citric acid (10-1000 mmol/L) using an air-driven
nebulizer. Using the mean cough frequency, a statistically sig-
nificant dose—response relationship was observed. Individuals
had different threshold and maximum tolerable concentrations;
using interpolated values, the concentration that caused 5
coughs was 141.3 mmol/L citric acid. Using 10 Dunkin Hartley
guinea pigs exposed to 0.9% saline and then, 10 minutes later, a
single challenge of 30 to 300 mmol/L citric acid for 2 minutes,
the calculated concentration producing 5 coughs (in 10 min-
utes) was 74.1 mmol/L citric acid.

The cough reflex to citric acid is produced by irritation of
the larynx and the trachea and thought to be mediated by
receptors that are distributed mainly in the larynx and upper
airways.** In humans, the cough reflex was decreased with
higher inspiratory flow rates as opposed to lower rates. The
researchers were not able to definitively state a reason the
decrease was seen but did state an important factor may be
laryngeal deposition of the aerosol.

The mechanism of irritant properties was examined by
comparing the cough response of isotonic citric acid in saline,
isotonic sodium citrate, sodium citrate in saline, isotonic p-glu-
cose, and distilled water.*> All solutions were nebulized and
inhaled by 7 patients for 1-minute periods. Cough occurred in
response to inhalation of every test article except sodium citrate
in saline (616 mOsm/L). The mean cough frequency (coughs/
min) was 11.4 for 0.69% citric acid in 0.79% saline (308
mOsm/L), 12.5 for sodium citrate (308 mOsm/L), 18.1 for
D-glucose (308 mOsm/L), and 15.7 for water (0 mOsm/L).

Citric acid induced airway constriction in anesthetized Hart-
ley guinea pigs.*® A citric acid aerosol was generated from a
0.6-mol/L citric acid solution and each animal received 50
breaths of 4 mL of the solution using a nebulizer. At 2 to 3
minutes following exposure to citric acid, the aerosol induced
significant airway constriction that persisted to the end of the
study (20 minutes following administration).

In another study, anesthetized guinea pigs were administered
10% weight/volume (w/v) aq aerosol citric acid for 1 minute using
a nebulizer; airway resistance increased 79% and lung compli-
ance decreased 68%.%” In anesthetized guinea pigs in which the
vagal nerve had been cut, a 5% increase in resistance and com-
pliance was seen following exposure to citric acid. In conscious
guinea pigs exposed to a 10% w/v aq aerosol of citric acid for 2
minutes using a glass nebulizer (particle size, 0.5-4 pm), the
animals coughed 1 to 2 times in the first 30 seconds, and then a
short period of hyperventilation was observed. The researchers
theorized that the bronchoconstriction was due to an increase in
airway resistance and involved parasympathetic innervation.

Anesthetic Effects

Triethyl and tributyl citrate. The corneal reflex in rabbit eyes was
temporarily eliminated upon instillation of 3 drops of a 5%
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suspension of triethyl or tributyl citrate in 3% acacia; the num-
ber of animals used was not stated.*® The anesthetic effect was
confirmed by the intradermal administration of 0.1 mL of a 2%
solution of triethyl or tributyl citrate into an area of the shaved
back of guinea pigs; again, the number of animals used was not
stated. Triethyl citrate resulted in insensitivity to pricking of
the area lasting 12 to 20 minutes while tributyl citrate produced
a “deadened area” for a period greater than 2 hours.

Summary

Citric acid is an a-hydroxytricarboxylic acid that is reported to
function in cosmetics as a chelating agent, pH adjuster, or
fragrance ingredient. Citric acid can also be classified as a
B-hydroxy acid. The 12 inorganic salts are reported to have
many diverse functions while the 20 alkyl esters are reported
to function mostly as skin-conditioning agents although they
can have other functions. Citric acid is used in almost every
category of cosmetic product and has 6795 reported uses. Citric
acid is reported to be used at concentrations up to 39% in
products that are diluted for (bath) use and up to 4% in
leave-on products. With the exception of sodium, tributyl, and
triethyl citrate, all other in-use ingredients have less than 50
uses. Triisostearyl citrate is used at up to 80% in lipstick for-
mulations. Trioctyldodecyl and tricaprylyl citrate are used at
concentrations of 30% and 27%, respectively, in leave-on for-
mulations; all other in-use ingredients are used at <12%.

Citric acid, calcium citrate, ferric citrate, manganese citrate,
potassium citrate, sodium citrate, diammonium citrate, isopro-
pyl citrate, stearyl citrate, and triethyl citrate are GRAS direct
food additives. These ingredients, plus magnesium citrate, dis-
tearyl citrate, tristearyl citrate, and tributyl citrate are FDA-
approved indirect food additives.

Citric acid is ubiquitously found in nature in virtually all
organisms as an intermediate of the Krebs cycle. Orally admi-
nistered citric acid is well absorbed and largely metabolized.
Oral administration of aluminum citrate to male Sprague-
Dawley rats, 6 days/wk for 4 weeks, resulted in a statistically
significant increase in levels of aluminum in the brain in 1 study.
In another study in which Sprague-Dawley rats were given alu-
minum citrate in the drinking water for 8 months, aluminum
levels were increased in other parts of the body but not in the
brain. Distearyl citrate, when added to the diet of rats, was poorly
absorbed while nearly complete absorption was observed when
isopropyl citrate was administered in the diet of rats.

The dermal median lethal dose values for citric acid and
triethyl citrate were >5 g/kg in rabbits. Results of oral, inhala-
tion, and other parenteral single-dose studies with various
citrates did not indicate any notable toxic effects in mice, rats,
rabbits, or dogs. Administration of 80 mmol/L aluminum
citrate in water for 8 months did not affect the body weights
of rats. Repeated oral dosing with an isostearyl citrate ester
mixture or a distearyl citrate ester mixture did not have adverse
effects on rats, rabbits, or dogs. Repeated oral dosing with
tributyl citrate did not have an adverse effect on rats (10% in
the diet for 6 weeks) or cats (5 mL/kg for 2 months).

Oral administration of 1064 mg/kg bw aluminum citrate
concurrent with 62 mg/kg bw citric acid to rats was not
maternally-, embryo-, or fetotoxic; the aluminum concentration
was statistically significantly increased in the liver, bone, and
placenta of the test animals but no aluminum was detected in
the control or treated-group fetuses. Dietary administration of
up to 9.5% of a distearyl citrate ester mixture did not produce
any reproductive or developmental effects in a multigenera-
tional study.

Citric acid and its salts and esters gave mostly negative
reports in in vitro and in vivo genotoxicity tests. Exceptions
were weakly positive results in in vitro and in vivo host-
mediated assays with citric acid, equivocal results in an Ames
test with aluminum citrate, and a weak dose-related response in
a suspension test with sodium citrate in S typhimurium TA1537
that was not reproducible. Citric acid had antimutagenic
effects, inhibiting the mutagenicity of 4-nitro-1,2-phenylene-
diamine and sodium azide.

In irritation studies in rabbits, 30% citric acid was not a
primary irritant, 60% produced some erythema and edema that
subsided with time, and undiluted citric acid produced mild to
severe erythema and mild to moderate edema. Triethyl citrate,
at concentrations up to 100%, was not an irritant in guinea pigs
or rabbits, and trioctyldodecyl citrate applied neat was not a
primary skin irritant in rabbits. In human studies, citric acid
was not a dermal irritant at concentrations up to 5% aq and 20%
triethyl citrate was not irritating in humans. Sodium citrate did
not produce any immediate (nonimmunologic contact urticaria)
reactions.

In sensitization testing, a cuticle cream containing 4% citric
acid was not an irritant or a sensitizer in humans; 2.5% aq. citric
acid produced positive results in skin prick test in 3 of the 91
patients with urticaria or anigoedema. Triethyl citrate, applied
undiluted during epidermal induction, was a strong sensitizer in
a guinea pig maximization test but 20% in pet was not a pri-
mary irritant or sensitizer in human studies. Trioctyldodecyl
citrate was a mild sensitizer in a local lymph node assay when
applied neat but the same concentration was not an irritant or
sensitizer in human studies. Tributyl citrate (concentration not
stated) was not a sensitizer in animal studies. In human studies,
25% tristearyl citrate and 100% triisostearyl citrate were not
irritants or sensitizers in repeated insult patch tests.

Citric acid was predicted to be a moderate/severe to severe/
extreme ocular irritant in in vitro studies, and it was minimally
irritating to rabbit eyes at a concentration of 10% and mildly
irritating at a concentration of 30%. In in vitro studies, triisos-
tearyl citrate was predicted to be nonirritating to eyes. Triethyl
citrate, 33.3%, did produce irritation in rabbit eyes, and
undiluted trioctyldodecyl citrate was nonirritating.

Citric acid, >5%, increased cell renewal and epidermal
thickness in human skin, and there appeared to be a greater
increase at higher concentrations and/or lower pH of citric acid.
Citric acid was a tussive agent in human inhalation challenge
tests and induced airway restriction in animals. The cough
reflex to citric acid is produced by irritation of the larynx and
the trachea and is thought to be mediated by receptors that are
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distributed mainly in the larynx and upper airways. Triethyl
and tributyl citrate had an anesthetic effect in rabbit eyes.

Discussion

The Panel considered that the oral safety of citric acid, calcium
citrate, ferric citrate, manganese citrate, potassium citrate,
sodium citrate, diammonium citrate, isopropyl citrate, stearyl
citrate, and triethyl citrate has been well substantiated in that
these ingredients are GRAS direct food additives. Therefore,
the focus of this safety assessment was on the dermal toxicity of
these ingredients. Although there are data gaps, the chemical
structures, physicochemical properties, and functions and
concentrations in cosmetics allow grouping these ingredients
together and extending the available toxicological data to
support the safety of the entire group.

Because citric acid and some of its salts and esters can be
used in products that may be aerosolized, the Panel discussed
the issue of incidental inhalation exposure. The limited
inhalation data address the cough reflex induced by inhalation
exposure to citric acid using a nebulizer so the induction of the
cough reflex was not relevant to cosmetic exposure. Since
inhalation data were limited, the Panel considered other avail-
able data to characterize the potential for citric acid and some
of its salts and esters to cause systemic toxicity, irritation, or
sensitization. They noted that as discussed earlier, many of
these ingredients are GRAS ingredients and therefore oral
toxicity was not a concern with these GRAS ingredients, that
these ingredients gave mostly negative reports in in vitro and in
vivo genotoxicity tests, and that they were not irritants or
sensitizers in clinical testing.

The maximum reported concentrations of citric acid used in
a spray product is 0.7%, of a salt is 0.2% sodium citrate, of an
ester is 4% trioctyldodecyl citrate, and in deodorants is 2%
triethyl citrate. The Panel noted that 95% to 99% of droplets/
particles produced in cosmetic aerosols would not be respirable
to any appreciable amount. However, the potential for inhala-
tion toxicity is not limited to respirable droplets/particles
deposited in the lungs. Inhaled droplets/particles deposited in
the nasopharyngeal and bronchial regions of the respiratory
tract may cause toxic effects depending on their chemical and
other properties. Nevertheless, coupled with the small actual
exposure in the breathing zone and the concentrations at which
the ingredients are used, the available information indicates
that incidental inhalation would not be a significant route of
exposure that might lead to local respiratory or systemic
effects.

The Panel discussed whether citric acid or any of its salts or
alkyl esters would be irritants. Available repeated insult patch
testing at the highest leave-on concentration of 4% citric acid
demonstrated an absence of both dermal irritation and sensiti-
zation, suggesting that these ingredients would not be irritants
in formulation.

Although citric acid can be considered an AHA, it is also a
B-hydroxy acid. Structurally, citric acid is a tricarboxylic acid,
and as such, has a unique functionality and is chemically and

biologically distinct from the AHAs considered in the CIR
safety assessment of AHAs (ie, glycolic and lactic acid).
Therefore, the concerns that stem from the mode of action of
AHAs was not considered relevant to citric acid and its
inorganic salts and alkyl esters.

Conclusion

The Panel concluded that citric acid and the inorganic citrate
salts and alkyl citrate esters, listed subsequently, are safe in the
present practices of use and concentration.

Citric acid

Inorganic salts:
aluminum citrate;
calcium citrate*;
copper citrate*;
diammonium citrate;
disodium cupric citrate*;
ferric citrate;
magnesium citrate;
manganese citrate*;
monosodium citrate;
potassium citrate;
sodium citrate;
zinc citrate.

Alkyl esters:

isodecyl citrate;

isopropyl citrate™;

stearyl citrate;

dilauryl citrate;

distearyl citrate*;

tributyl citrate;

tri-C12-13 alkyl citrate;

tri-C14-15 alkyl citrate;

tricaprylyl citrate;

triethyl citrate;

triethylhexyl citrate;

trihexyldecyl citrate™;

triisocetyl citrate;

triisopropyl citrate™;

trilauryl citrate*;

trioctyldodecyl citrate;

trioleyl citrate*;

triisostearyl citrate;

tristearyl citrate*;

ethyl citrates.

Were ingredients in this group not in current use (as indicated

by *) to be used in the future, the expectation is that they would
be used at concentrations comparable to others in this group.

Auhtors’ Note

Unpublished sources cited in this report are available from the Direc-
tor, Cosmetic Ingredient Review, 1620 L Street, NW, Suite 1200,
Washington, DC 20036, USA.
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