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Memorandum
To: Expert Panel for Cosmetic Ingredient Safety Members and Liaisons
From: Preethi S. Raj, M.Sc.,
Senior Scientific Analyst/Writer, CIR
Date: May 10, 2024
Subject: Re-Review of the Safety Assessment of Cholesterol as Used in Cosmetics

The Expert Panel for Cosmetic Ingredient Safety (Panel) first published a review of the safety of Cholesterol in 1986
(identified in the pdf as originalreport Cholesterol _062024). The Panel concluded, on the basis of the available
information presented in the report, that Cholesterol is safe as presently used in cosmetic products. The Panel previously
considered a re-review of this report in December 2004 and reaffirmed the 1986 conclusion, as published in 2006
(rereview2006 _Cholesterol_062024).

Because it has been at least 15 years since the previous re-review was published, in accordance with Cosmetic Ingredient
Review (CIR) Procedures, the Panel should consider whether the safety assessment of Cholesterol should be re-opened. An
extensive search of the world’s literature was performed as of April 2024 for studies dated 2001 forward. An historical
overview, comparison of original and new use data, and the search strategy used are included herein

(newdata_Cholesterol _062024).

Limited new data on Cholesterol were found. Namely, a plant-based method of manufacture, general absorption
information, and a few studies on acute toxicity, dermal irritation and sensitization studies, and an ocular irritation study
were found.

Also included for your review is a table of current and historical use data (usetable_Cholesterol _062024). According to
2023 FDA VCRP data, Cholesterol has 494 reported uses; in 2002, 258 uses were reported. According to the Council
survey conducted in 2022, the maximum reported concentration of use for Cholesterol was at up to 0.25% in non-spray face
and neck preparations (as well as non-spray and non-powder moisturizing products), compared to at up to 3% in
foundations, as reported in 2002. Reported uses have increased significantly and concentrations of use have decreased.
There are 5 newly reported uses in baby products.

If upon review of the updated use data the Panel determines that a re-review is warranted, a Draft Amended Report will be
presented at an upcoming meeting.

1620 L Street, NW, Suite 1200, Washington, DC 20036
(Main) 202-331-0651
(Email) cirinfo@cir-safety.org (Website) www.cir-safety.org
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Re-Review

- Cholesterol - History and New Data

(Preethi Raj — June 2024 meeting)

Ingredients (1) Citation Conclusion Use - New Data Results Use - Existing Data Results Notes
Cholesterol JACT 5(5):491-516, 1986 |safe as used frequency of use (2023) | 494 uses frequency of use (2002) 258 uses Frequency of use has increased significantly
conc of use (2022) <0.25% conc of use (2004) <3% Concentrations of use have decreased
1T 25(S2):21-2, 2006 reaffirmed significantly, from 3 to 0.25%
Changes to Original List New reported use in baby products
none
NOTABLE NEW DATA
Publication Study Type Results — Brief Overview Different from Existing
Data?
Chemistry
Munt et al. Short and scalable synthesis of plant-based Method of A method to mass-produce plant-based Cholesterol was described in the Yes, plant-based
cholesterol in GMP grade. Adv Synth Catal. 2023; 365: 2406 - | manufacture following steps: manufacture methods are
2409 e Commercially available diosgenin (obtained from Dioscorea wild not described in the original
yam) is acylated with pivaloyl chloride yielding a crystalline report
intermediate (81% yield).
e  The intermediate undergoes Clemmensen reduction, in the presence
of zinc and hydrochloride, resulting in a diol intermediate (81%
yield).
e  The diol intermediate is activated via mesylation, achieved by
dissolving in pyridine, resulting in a white foam (pivdiosgenin
mesylate).
e  The pivdiosgenin mesylate was added to a suspension of 5 eq. of
lithium aluminum hydride and anhydrous tetrahydrofuran, resulting
in crystallized Cholesterol (63% yield).
Toxicokinetics
https://chem.echa.europa.eu/100.000.321/dossier- General Estimated Cholesterol absorption by route of exposure: Yes, these absorption
view/768alca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391- |absorption e  Oral absorption: 60% estimates are not in the
4035-a272-13936200ched_422722fc-1391-4035-a272- information e  Dermal absorption: 60% original report

13936200ched ?searchText=57-88-5

e Inhalation absorption (worst case): 100%

Toxicological Studies

https.//chem.echa.europa.eu/100.000.321/dossier-
view/768alca6-0145-4f6f-b283-88b94b2c0d6/422722fc-1391-
4035-a272-13936200ched_422722fc-1391-4035-a272-
13936200ched ?searchText=57-88-5

Acute toxicity,
dermal

OECD TG 402. Acute dermal toxicity. Male and female Wistar rats
(5/sex/group); single, occlusive, 24-h dermal application of 2000 mg/kg bw
Cholesterol. Test sites were washed with water. Most animals exhibited
chromodacryorrhoea, and 2 animals showed ptosis and/or hunched posture on
day 1. Scales and/or scabs were seen on the treated skin of 4 animals between
day 7 and day 15 post-exposure. Reddish discoloration of the thymus was seen
in 3 females. Based on the absence of mortality, the dermal LDso was
determined to be > 2000 mg/kg bw.

Yes, there is no acute
toxicity data in the original
report



https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
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NOTABLE NEW DATA

Publication

Study Type

Results — Brief Overview

Different from Existing
Data?

https.//chem.echa.europa.eu/100.000.321/dossier-
view/768alca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-
4035-a272-13936200chbe4 _422722fc-1391-4035-a272-
13936200ched ?searchText=57-88-5

Acute toxicity,
oral

OECD TG 401. Acute oral toxicity. Male and female Sprague-Dawley rats
(5/sex/group) received a single dose of 2000 mg/kg bw Cholesterol, in corn oil,
via gavage. The acute oral LDso was determined to be > 2000 mg/kg bw.

Yes, there is no acute
toxicity data in the original
report

Dermal Irritation/Sensitization Studies

https.//chem.echa.europa.eu/100.000.321/dossier-

Skin irritation,

OECD TG 439. In vitro skin irritation: Reconstructed Human Epidermis test

Yes, the original report does

13936200ched ?searchText=57-88-5

view/768alca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391- |in vitro model. 10.2 — 11.5 mg Cholesterol was applied directly to a skin tissue model |not have in vitro irritation
4035-a272-13936200cbe4_422722fc-1391-4035-a272- (3 tissue replicates) for 15 min. After a 42-h post incubation period, data
13936200cbe4?searchText=57-88-5 cytotoxicity was measured in a MTT assay. Appropriate positive and negative

controls were used. Mean tissue viability, compared to the negative control

tissue was 102%. Cholesterol was considered a non-irritant.
https://chem.echa.europa.eu/100.000.321/dossier- Skin OECD TG 429. Local lymph node assay. Female CBA mice (5/group) No, but there is no animal
view/768alca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391- | sensitization,  |received 25 pl/ear, topical induction applications of 10, 25, or 40% Cholesterol |sensitization data in the
4035-a272-13936200chbe4_422722fc-1391-4035-a272- animal in methyl ethyl ketone (vehicle control) over 3 d. a-Hexylcinnamicaldehyde, in |original report
13936200cbe4?searchText=57-88-5 olive oil (4:1) was used as the positive control. The stimulation index (SI)

values calculated for the low-, mid-, and high-exposure group were 2.3, 2.2,

and 1.3, respectively. Mean disintegrations per minute (DPM) values were

990, 950, and 548 DPM, compared to 437 DPM for vehicle controls.

Cholesterol did not elicit an SI > 3, and was considered non-sensitizing.

Ocular Irritation Studies
https://chem.echa.europa.eu/100.000.321/dossier- Ocular OECD TG 405. Acute eye irritation/corrosion. 3 male New Zealand white No, but there is no data
view/768alca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391- |irritation, rabbits; ~ 0.1 ml of Cholesterol was instilled, neat, into 1 eye. Treated eyes using undiluted Cholesterol
4035-a272-13936200che4_422722fc-1391-4035-a272- animal were not rinsed. Irritation of the eye was scored after 1, 24, 48, or 72 h of (is in formulation)

instillation. No corneal opacity or nor corneal epithelial damage was observed.
Mild irritation of the conjunctivae was observed and iridial irritation was
observed 1 h after instillation; all signs of irritation resolved within 72 h. The
test article was considered non-irritating.

DPM - disintegrations per minute; MTT - 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OECD - Organisation for Economic Cooperation and Development; SI— stimulation index; TG — test guideline

Search (from 20010n)
PubMed

(CCCccccceeeeeeeecccceeeeeeeeccccceeeeeeccccccr(cholesterol) OR (Cholest-5-en-3-ol (3B)-)) OR (57-88-5)) OR (Cholesterin)) OR (Cholesteryl Alcohol)) OR (Provitamin
D)) OR (AEC Cholesterol)) OR (Cholesterol)) OR (Cholesterol JSCI)) OR (Cholesterol NF)) OR (Cholesterol USP/NF)) OR (Fancol CH)) OR (Loralan-CH)) OR (OriStar

Cholesterol)) OR (PhytoChol)) OR (Unichol)) OR (Vegechol)) OR (Almolan Lis)) OR (Bioinfra-Cavitation Seed)) OR (Biomimetic Endogenous Peptides (BEPs))) OR (CDP-
Liposome)) OR (CeraCrown Alpha)) OR (CeraCrown Beta)) OR (Ceramide Dispersion)) OR (Ceramide LC L-20)) OR (Ceramide LC P-20)) OR (Ceramide LC S-20)) OR
(Ceramide NP LC Base)) OR (Collagen Stimulation Factor MAP)) OR (Composite-PC)) OR (CoQ10 Disperse)) OR (Depigmentation Factor 2U)) OR (Derma ON 2.0)) OR
(DS-Cerawax20)) OR (DS-CERIX)) OR (DS-SBS)) OR (Fucoxanthin100-Liposome)) OR (Herbasome Centella Asiatica)) OR (Horse Oil Daphne Vesicles)) OR (Lanosoluble
A)) OR (Lanosoluble M)) OR (Lipoid Cerasome 9041)) OR (LipoQ10)) OR (Marine Phospholipids Deodorized)) OR (N.S.L.E.)) OR (Nano Cera-Mineral)) OR (Nanocel
EFA)) OR (Nikkol Aquasome EC-30)) OR (Nikkol Aquasome EC-5)) OR (NMF-10 System)) OR (Presome C-1)) OR (Presome C-2)) OR (Presome CS2-101)) OR (Presome
R-3)) OR (SK-influx)) OR (SK-influx V)) OR (Skinmimics)) OR (SP1-Lipo Caffeicoid)) OR (TEGO CBD Revitalize)) OR (Tri-Solve)) OR (Unieucerin)) OR (USC1994-LS))
OR (Vegenolin)) OR (Vegephos A10-MM) AND (2001:2025[pdat]) — 9,080,835 hits/0 useful

AND toxicity — 474,039 hits/0 useful


https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5
https://chem.echa.europa.eu/100.000.321/dossier-view/768a1ca6-0145-4f6f-b283-8f8b94b2c0d6/422722fc-1391-4035-a272-13936200cbe4_422722fc-1391-4035-a272-13936200cbe4?searchText=57-88-5

57-88-5 cholesterol dermal absorption — 381 hits/0 useful
57-88-5 cholesterol mutagenicity — 272 hits/0 useful
57-88-5 cholesterol genotoxicity — 48 hits/ 0 useful

57-88-5 cholesterol reproductive toxicity — 272 hits/0 useful
57-88-5 cholesterol dermal irritation — 6 hits/ 0 useful
57-88-5 cholesterol dermal sensitization — 0 hits

57-88-5 cholesterol photosensitization — 229 hits/ 0 useful
57-88-5 cholesterol phototoxicity — 9 hits/0 useful
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Frequency (2023/2002) and concentration (2022/2004) of use of Cholesterol according to likely duration and exposure and by product category

# of Uses Max Conc of Use (%)

2023! 20022 20223 2004°
Totals* 494 258 0.00001 — 0.25 0.002 -3
summarized by likely duration and exposure**
Duration of Use
Leave-On 454 194 0.00001 — 0.25 0.005 -3
Rinse-Off 40 64 0.00005 — 0.03 0.002 — 1
Diluted for (Bath) Use NR NR NR NR
Exposure Type**
Eye Area 39 8 0.00001 —0.05 0.002 -0.3
Incidental Ingestion 27 5 0.05 0.1
Incidental Inhalation-Spray 1; 198 120° 2; 942 44° 0.0001 —0.0011; 0.005 -2%

0.00051 —0.1* 0.01 —2°
Incidental Inhalation-Powder 1; 120" 3¢ 3; 44° 0.25¢ 0.01 —2°
Dermal Contact 422 196 0.0025 - 0.25 0.002 - 3
Deodorant (underarm) NR NR NR NR
Hair - Non-Coloring 28 26 0.00005 — 0.1 0.003-2
Hair-Coloring 1 27 NR NR
Nail 1 2 NR 0.1
Mucous Membrane 27 7 0.05 0.1
Baby Products 5 NR NR NR
as reported by product category
Baby Products
Baby Lotions/Oils/Powders/Creams 3 NR NR NR
Other Baby Products 2 NR NR NR
Eye Makeup Preparations
Eyebrow Pencil 1 NR NR NR
Eyeliner NR 1 NR NR
Eye Shadow NR NR NR 0.01
Eye Lotion 12 1 0.0058 — 0.05 0.04-0.3
Eye Makeup Remover NR NR NR 0.002
Mascara 15 2 0.00001 NR
Other Eye Makeup Preparations 11 4 NR NR
Fragrance Preparations
Perfumes 1 NR NR NR
Other Fragrance Preparation NR 2 NR NR
Hair Preparations (non-coloring)
Hair Conditioner 8 13 0.00005 —0.03 0.3
Hair Spray (aerosol fixatives) NR NR aerosol: 0.0001 —0.0011 NR
pump spray: 0.0002

Hair Straighteners NR NR NR 0.003
Rinses (non-coloring) 2 1 NR NR
Shampoos (non-coloring) 6 5 0.0001 —0.002 NR
Tonics, Dressings, and Other Hair Grooming Aids 4 3 0.00051 — 0.1 2
Other Hair Preparations 8 4 NR 0.2
Hair Coloring Preparations
Hair Dyes and Colors (all types requiring caution NR 27 NR NR
statements and patch tests)
Hair Shampoos (coloring) 1 NR NR NR
Makeup Preparations
Face Powders 1 3 NR NR
Foundations 5 7 NR 3
Lipstick 27 5 0.05 0.1
Makeup Bases 5 3 NR 0.02
Rouges NR 1 NR NR
Makeup Fixatives 2 2 NR NR
Other Makeup Preparations 11 4 NR NR
Manicuring Preparations (Nail)
Cuticle Softeners NR 1 NR 0.1
Nail Creams and Lotions 1 NR NR NR
Nail Polish and Enamel Removers NR 1 NR NR
Personal Cleanliness Products
Bath Soaps and Detergents NR 2 NR NR
Shaving Preparations
Aftershave Lotion 1 3 0.012 0.1
Shaving Cream 1 NR NR 0.1
Other Shaving Preparations 1 NR NR NR
Skin Care Preparations
Cleansing 14 11 0.005 1
Face and Neck (exc shave) 80 22 not spray: 0.25 03-2
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Frequency (2023/2002) and concentration (2022/2004) of use of Cholesterol according to likely duration and exposure and by product category

# of Uses Max Conc of Use (%)

2023! 20022 20223 2004*
Body and Hand (exc shave) 40 19 NR 0.01-0.5
Foot Powders and Sprays NR 3 NR 0.5
Moisturizing 171 61 not spray or powder: 0.25 0.005 -1
Night 19 24 NR -0.1-1
Paste Masks (mud packs) 7 4 0.0025 0.5
Skin Fresheners 3 3 NR NR
Other Skin Care Preparations 30 13 NR NR
Suntan Preparations
Suntan Gels, Creams, and Liquids NR 1 NR 0.02-0.4
Indoor Tanning Preparations NR NR NR 0.005
Other Suntan Preparations 1 2 NR NR

NR - not reported

*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.
**]ikely duration and exposure are derived based on product category (see Use Categorization https://www.cir-safety.org/cir-findings)

1t is possible these products are sprays, but it is not specified whether the reported uses are sprays.

Not specified whether a spray or a powder, but it is possible the use can be as a spray or a powder, therefore the information is captured in both categories
¢ It is possible these products are powders, but it is not specified whether the reported uses are powders.

REFERENCES

1. U.S. Food and Drug Administration Center for Food Safety & Applied Nutrition (CFSAN). Voluntary Cosmetic Registration Program - Frequency of Use
of Cosmetic Ingredients. College Park, MD. 2023. (Obtained under the Freedom of Information Act from CFSAN; requested as "Frequency of Use
Data" January 4, 2023; received February 2, 2023.)

2. Andersen FA (ed). Annual review of cosmetic ingredient safety assessments-2004/2005. Int J Toxicol. 2006;25 (S2):21-22.

3. Personal Care Products Council. 2022. Concentration of Use by FDA Product Category: Cholesterol. (Unpublished data submitted by the Personal Care
Products Council on October 31, 2022.)


https://www.cir-safety.org/cir-findings

Distributed for Comment Only -- Do Not Cite or Quote

JOURNAL OF THE AMERICAN COLLEGE OF TOXICOLOGY
Volume 5, Number 5, 1986
Mary Ann Liebert, Inc., Publishers

10

Final Report on the Safety
Assessment of Cholesterol

Cholesterol is used as an emulsifier il €osmetic skin and hair care products
and eye and face makeup formulations at concentrations up to 5%.

The normal metabolism and excretion of Cholesterol is well documented
in man and experimental animals. Cholesterol Is not a significant dermal or
ocular irritant. Cholesterol does not appear to have any genotoxic activity in
bacterial or mammalian cell in vitro mutagenic and transformation assays.
High doses of Cholesterol were teratogenic in rats. Cholesterol has not been
established as a promoter, cocarcinogen, or total carcinogen.

Clinical studies to evaluate the safety of topically applied Cholesterol were
restricted to products formulated with the ingredient. Most products were
moisturizers containing 1.4% Cholesterol. The highest concentration of Cho-
lesterol tested (6%) was evaluated in a modified prophetic test (110 subjects)
and an RIPT (45 subjects); both assays had UVA and UVB exposure incor-
porated into the protocols. The Cholesterol-containing products were minimal
to mild primary and cumulative skin irritants but not sensitizers or photosensi-
tizers.

INTRODUCTION

Cholesterol is one of the most widely studied naturally occurring organic
compounds. Cholesterol is found in all tissues of the animal body. It has sev-
eral important biological functions, such as being a metabolic precursor for ste-
roidal hormones and contributing to the fluidity and/or rigidity of animal cell
membranes. Excess Cholesterol, insufficient Cholesterol, and defects in Choles-
terol metabolism have all been associated with various pathological conditions
that are, and have been, areas of intense research. Cholesterol has also been iso-
lated from plants.®

Due to the variety and abundance of literature on Cholesterol, this review
was, for the most patt, limited to current published literature (~1978-present)
listed in the National Library of Medicine’s Toxline and Medline computer ab-
stract flles, several published reviews and textbooks on Cholesterol including re-
views by Kritchevsky,** an International Agency for Research on Cancer'¥
monograph evaluating the carcinogenic risk of Cholesterol, a comprehensive
textbook on metabolism and adverse effects of Cholesterol by Sabine, *’ stan-
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dard textbooks on biochemistry and human physiology, and unpublished data
submitted by the Cosmetic, Toiletry and Fragrance Association. (¢4

Cholesterol is used primarily as an emollient in cosmetic products. It is an in-
gredient in eye makeup, face makeup, skin lotions and creams, and hair care for-
mulations.

CHEMISTRY
Definition and Structure

Cholesterol is a monounsaturated secondary alcohol of the cyclopenteno-
phenanthrene (four-ring, fused) system. This steroid (CAS No. 57-88-5) has an
empirical formula of C;;H4O, a molecular weight of 386.64, and conforms to
the structural formula:

27
24 CH

25
CH3

26

Cholest-5-en-38-ol and Cholesterin are synonyms for Cholesterol, 41:44:4%)

Physical Properties

Cholesterol is a white or faintly yellow, almost odorless solid that occurs in
pearly granules or crystals. It is practically insoluble in water, slightly soluble in
alcohol, and soluble in organic solvents, oils, fats, and aqueous solutions of bile
salts. ¢4 Methods for identification of Cholesterol4”-*® and the UV absorption
spectra for Cholesterol and derivatives of Cholesterol*> have been published.
Physical constants for Cholesterol are presented in Table 1.

Reactivity

Sterols are crystalline, neutral, unsaponifiable alcohols of high melting
points.*® The reactive sites of Cholesterol at which most chemical reactions oc-
cur are the hydroxyl group, the double bond, and carbon number 7. Cholesterol
can be oxidized by exposure to air, heat, x-rays, and UV irradiation. The princi-
pal air oxidation products of Cholesterol are 7-ketocholesterol and epimeric
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TABLE 1. Physical Properties of Cholesterol 4%

Melting point 149°C

Boiling point (bp760) 360°C

Specific gravity (18°C) 1.052

[¢]Z (2.0 g/100 ml ether) —31.5°

[c1 (2.0 g/100 m! chloroform) -39.5°

AH combustion 3978 Kcal/mol
AH vaporization 27.4 Kcal/mol
AH evaporation 24 Kcal/mol
Electric moment 4.2 x 107" esu
Dielectric constant 5.41

Solubility data

t(°C) Methanol Ethanol
0 0.34 g/100g 0.68 g/100g
20 0.65 1.29
40 1.88 3.40
50 2.94 5.25
60 4.42 7.85
Hexane 1.92 g/100g
Benzene 14.24
Dioxane 11.26
i-Butyl alcohol 6.34
n-Amyl alcohol 10.54
Furfural 0.33
Diethylamine 2.21
Triethylamine 69.16
Ammonia (lig.-0°) 0.008

7-hydroxycholesterols. ¥ When Cholesterol is heated at 180°C for at least 25 h,
5-cholesten-383-73-diol and 5-cholesten-33-7a-diol are among the oxidation
products. % The formation of oxidative products produced by irradiation is pro-
portional to exposure time. Cholestan-38, 5a, 63-triol, 7a-hydroxycholesterol,
7B8-hydroxycholesterol, and 7-ketocholesterol-a-oxide were identified by chro-

matographic technigques following irradiation of *C-Cholesterol by a mercury
arc lamp. ¢

Analytical Methods

A large amount of published literature is devoted to the detection and analy-
sis of Cholesterol. These methods are generally variations on a combination of
extraction, separation, and quantitation. The analytical scheme used depends on
the starting material and the degree of accuracy desired. Extraction with organic
solvents isolates the lipid fraction from a sample. The lipid fraction is then sepa-
rated into its components by any number of chromatographic techniques—col-
umn, paper, thin-layer, gas-liquid, or liquid-liquid, and the most common
methods for quantitation of the isolated cholesterol are colorimetric.®
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Method of Manufacture and Impurities

Several methods for the complete synthesis of Cholesterol in the laboratory
have been published.%*-%% Cholesterol is commercially prepared from bovine
spinal cord and wool grease by extraction with petroleum ether. The extracted
material is then purified by repeated bromination. Cholesterol from animal or-
gans always contains cholestanol (dihydrocholesterol) and other saturated
sterols. (46-56)

USE
Purpose in Cosmetics

Cholesterol is used primarily as an emulsifier and conditioner in cosmetic
products. ¢*775%)

Scope and Extent of Use in Cosmetics

Cholesterol is used in 145 cosmetic products according to the Food and
Drug Administration (FDA) cosmetic product formulation data. Cholesterol is
primarily used in skin care products, eye and face makeup, hair care products,
and shaving preparations. These products contain < 5% Cholesterol, with the
majority of products having a Cholesterol content of 0.1-1%.¢®

Voluntary filing of product formulation data with FDA by cosmetic manufac-
turers and formulators conforms to the prescribed format of preset concentration
ranges and product categories as described in Title 21 part 720.4 of the Code of
Federal Regulations (21 CFR 720.4). Since certain cosmetic ingredients are sup-
plied by the manufacturer at less than 100% concentration, the concentration
reported by the cosmetic formulator may not necessarily reflect the actual con-
centration found in the finished product; the actual concentration in such a case
would be a fraction of that reported to the FDA. The fact that data are only sub-
mitted within the framework of preset concentration ranges also provides 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 consid-
ered the same as one entered at the highest end of that range, thus introducing
the possibility of a two- to ten-fold error in the assumed ingredient concentra-
tion. See Table 2 for the list of cosmetic products containing Cholesterol.

Surfaces, Frequency, and Duration of Application

Products containing Cholesterol have the potential of being applied to the
hair and skin, including the skin of the face and eye area. The major products
containing Cholesterol are makeup and skin care lotions; thus, they could be ex-
pected to remain in contact with the skin for at least 12 h per day.

Noncosmetic Use

Cholesterol is used as an emulsifying agent in pharmaceutical*® and veteri-
nary products.®® A novel experimental pharmaceutical application of Choles-
terol is its use in liposomes to encapsulate and deliver chemotherapeutic drugs
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TABLE 2. Product Formulation Data‘*®
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No. of product

formulations within each

Total no. of Total no. concentration range (%)
formulations containing
Product category in category ingredient >1-5 >0.1-1 =0.1
Cholesterol
Eyeliner 396 6 - 6 -
Eye shadow 2582 15 - 15 —
Mascara 397 16 5 1 —
Other eye makeup preparations 230 3 2 1 -
Other fragrance preparations 191 1 - 1 -
Hair conditioners 478 7 - 4 3
Hair shampoos (noncoloring) 909 1 — 1 -
Makeup foundations 740 7 - 5 2
Makeup bases 831 12 - 7 5
Other makeup preparations (not eye) 530 14 — 5 9
Aftershave lotions 282 1 — 1 -
Other shaving preparation products 29 1 - 1 -
Skin cleansing preparations (cold creams, lo- 680 5 - 3 2
tions, liquids, and pads)
Face, body, and hand skin care preparations 832 11 3 6 2
(excluding shaving preparations)
Moisturizing skin care preparations 747 19 7 10 2
Night skin care preparations 219 15 2 10 3
Wrinkle smoothers (removers) 38 2 1 1 -
Other skin care preparations 349 8 2 6 -
Suntan gels, creams, and liquids 164 1 — 1 .
1981 TOTALS 145 22 95 28

to diseased tissue.®® Cholesterol-'“C is used clinically as an organ- or tumor-
imaging agent. Organs visualized by this technique include ovaries, adrenals,

and spleen, (43-63-66)

BIOLOGY AND METABOLISM

Distribution and Functions of Cholesterol

One hundred forty-five grams, or just over 0.2% of the average adult, 70-kg
male is Cholesterol. Most of the Cholesterol is membrane associated, being in
and on every plasma membrane of the body. About 8 g, or 5.5% of this Choles-
terol is contained in the plasma, and the remainder is distributed in a variety of
physiological sites, such as the gut, triglyceride storage droplets, and possibly

pathological accumulations.®

The overall function of Cholesterol in plasma membranes relates to the fluid-
ity of the membrane. The Cholesterol:phospholipid ratio is inversely propor-
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tional to the fluidity of the membrane. Generally, as the Cholesterol content in-
creases, the fluidity decreases and the membrane becomes more rigid. ¢”

Cholesterol is also a metabolic precursor for other important steroids, such
as adrenal corticosteroids, sex hormones, bile salts, and provitamin D,. ¢

Biosynthesis

The biosynthesis of Cholesterol has commanded intensive research over the
past half-century and is consequently well elucidated and understood. The rudi-
mentary carbon source for Cholesterol is acetyl-CoA. In a complicated, multistep
synthesis requiring 26 enzymes, acetyl-CoA is transformed into Cholesterol, with
B-hydroxy-B-methylglutaryl-CoA, mevalonic acid, and squalene as some of the
important intermediate compounds. As mentioned before, cells can synthesize
Cholesterol; however, the vast majority of Cholesterol (~90% in the squirrel
monkey) is synthesized in the liver and intestine. In general, the biosynthesis of
Cholesterol is regulated by negative feedback where the presence of Cholesterol
inhibits its own synthesis, 67

Absorption

Dietary Absorption of Cholesterol

Cholesterol is absorbed from the gut via lymph. The primary site of absorp-
tion of dietary Cholesterol is the proximal small intestine. Cholesterol is ab-
sorbed from the intestine after incorporation into chylomicrons, which are
mixed micelles composed of triglycerides, phospholipids, protein, and free and
esterified Cholesterol. Bile salts are necessary for the incorporation of Choles-
terol into chylomicrons. The bile salts can increase slightly the solubility of rela-
tively nonpolar molecules, such as Cholesterol and fatty acids. Once the chylo-
microns are absorbed into the lymph, the micelles are absorbed into capillaries
and degraded, and Cholesterol-containing chylomicron remnants are absorbed
into the liver. The liver incorporates Cholesterol (absorbed Cholesterol as well as
the Cholesterol synthesized by the liver) into very low-density lipids (VLDL), in-
termediate-density lipids (IDL), and low-density lipids (LDL). Cholesterol in the
form of LDL then enters the circulatory system, where a variety of metabolic
pathways are available, as well as excretion in bile, feces, urine, milk, or
skin.5-67-68) A schematic diagram of the fate of ingested Cholesterol is given in
Figure 1.

Skin Absorption of Cholesterol

Jones and Murray‘®® investigated the influence of various lipids and sterols
on water loss from human skin. Cholesterol in alcohol, petrolatum, or wool fat
did decrease water loss from the skin, and 2% Cholesterol in petrolatum pene-
trated the skin 33% more than did Cholesterol-free petrolatum.

Cholesterol is a component of skin surface lipids and sebum. Skin surface
lipids contain 2-20% sterols, 90-95% being Cholesterol. ¢’ Sebum from the fore-
afrn:jgenerally contains about 5% Cholesterol, half in the free form and half ester-
ified. 7"




ASSESSMENT: CHOLESJP'ESﬁéltth for Comment Only -- Do Not Cite or Quote 497

ingested Cholesterol
incorporated into chylomicron (gut)
absorbed into lymph (small intestine)
absorbed into capillaries

lipoprotein lipase release of fatty acids, glycerol and Chalesterol
{capillary endothelium)

Fatty acids +gqlycerol Cholesteral {chylomicron remnants)
to adipose cells to liver
reesterified excreted in bile (feces}
and
stored

liver collects dietary
cholesterol and also
7 synthesizes Cholesterol
-~

v

e
HDL transports Cholesterol I incorporated into

back to liver
/
plasma HDL takes

Cholesterol
A

|

into
cell membrane

VLOL (1iver)

VLDL»IDL + LDL
(Tiver)

LOL into
circulation

| |

into cytoplasm /fre}’!’ LDL enter extrahepatic
— hormone synthesis € Cholesterol parenchym:] cells (ova;ieg,
— feedback regulation muscle, adrenals, etc.) via
e 8 R\ cell sarface recéptors to epithelial

and endocytosis lipids and excreted
\\\\\ via the skin and

intestinal lining
golgi apparatus
and reesterified \\\\\\\\\\\

FIG. 1. Fate of Dietary Cholesterol.
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Anabolism

There are two major metabolic pathways of Cholesterol in mammals: metab-
olism to bile acids in the liver, and metabolism to steroid hormones in the adre-
nals, testes, ovaries, and placenta. The largest amount of Cholesterol lost to
anabolism (approximately 600 mg/day) is converted to bile acids. Bile acids are
produced more to remove excess Cholesterol than from a need for large quanti-
ties of bile salts. The synthesis of steroid hormones requires much less Choles-
terol, about 40 mg/day in humans.®

Cholesterol is also metabolized into Cholesterol esters, Cholesterol sulfate,
cholestanol, and vitamin Ds, a compound essential to calcium and phosphorus
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homeostasis. Vitamin D; is interesting in that it is produced in the skin by the re-
action of Cholesterol-derived 7-dehydrocholesterol and UV radiation.‘®

Cholesterol in the gut is also metabolized by intestinal flora to several com-
pounds, predominantly coprostanol and coprostanone.‘® This metabolism of
Cholesterol by gut bacteria has been demonstrated with in vitro and in vivo ani-
mal studies and is markedly suppressed by administration of antibiotics in the rat
and guinea pig."""

Excretion

Cholesterol is eliminated from the body via the feces, urine, and skin sur-
face. The Cholesterol and Cholesterol derivatives excreted in the feces are in the
form of bile salts, cellular and membrane Cholesterol from cells sloughed from
the intestine, unabsorbed dietary Cholesterol, and the metabolic products of gut
bacteria. Cholesterol and its derivatives excreted in the feces accounts for about
50% of the total Cholesterol turnover in man. Free and conjugated Cholesterol is
a normal constituent in urine. Cholesterol is also eliminated in the milk of lactat-
ing females, primarily in the membranes of milk fat globules.®

ANIMAL TOXICOLOGY
Subchronic Oral Toxicity

Albino SPF mice were used in a subchronic feeding study. Thirty mice were
fed diets supplemented with 1% (w/w) Cholesterol and 0.45% (w/w) choline,
and 30 mice were fed a control diet with choline but no Cholesterol. After 4
weeks, 10 mice from each group were killed, and the livers were evaluated mi-
croscopically. Hydroxyproline and glycosaminoglycan concentrations were de-
termined. Twenty mice (10 test and 10 control) were fed their respective diets for
another 20 weeks, and the remaining 20 mice were fed the control diet for
another 4 weeks. The mice fed Cholesterol for either 4 or 24 weeks had signifi-
cantly heavier livers, 20- to 25-fold increases in hepatic Cholesterol accumula-
tion, significantly higher concentrations of hepatic hydroxyproline and glycos-
aminoglycans (as reflected by total hexosamines), and diffuse fatty change
without hepatocellular necrosis or fibrosis. Mice fed the Cholesterol diet for 4
weeks, then switched to the control diet for another 4 weeks, differed from con-
trols only by a slightly raised hepatic Cholesterol concentration, indicating that
the hepatic changes were reversible. "

Skin Irritation

The skin irritation of undiluted Cholesterol was evaluated in nine female al-
bino rabbits. A single, occlusive patch was applied to the clipped skin of each
rabbit, and test sites were scored for irritation 2 and 24 h after removal of the
24-h patch. All irritation scores were 0, and the group primary irritation index
(PI) was O (max 8). Undiluted Cholesterol was not a skin irritant in rabbits.®

A moisturizer containing 1.7% Cholesterol was evaluated for skin irritation
using nine female albino rabbits. Test sites were scored for irritation 2 and 24 h
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after removal of a 24-h occlusive patch containing the full-strength product. At
the 2-h reading, one animal was found dead, five animals had scores of 0.5 (max
4), and one animal had a score of 1. At 24 h, two and one animals had irritation
scores of 0.5 and 1, respectively. The moisturizer was a slight skin irritant with a
group primary skin irritation (PSI) value of 0.56 (max 4).*®

Cholesterol crystals are skin irritants when injected subcutaneously into rat
footpads. The irritation and swelling caused by a 0.20 m| subcutaneous injection
of Cholesterol was not reduced by injections of prostaglandin E,, prostacyclin, or
thromboxane (B,). Injection of Cholesterol crystals produced less severe irrita-
tion and swelling in rats with essential fatty acid deficiencies. "

Ocular Irritation

The ocular irritation of a 5% solution of Cholesterol in corn oil was eval-
uated in two groups of six albino rabbits according to the method of Draize. "%
One-tenth milliliter of the test material was instilled into one eye of each rabbit,
and the other eye served as the control. The eyes were not rinsed. All ocular irri-
tation scores were 0 one day after instillation in one group, and two animals in
the second group had mild conjunctival irritation. All irritation scores were 0 on
Day 2. The group ocular irritation score was 0 (max 110) in the first group and 1
in the second group of rabbits. Five percent Cholesterol in corn oil was a mini-
mal eye irritant.7-®

A face cream containing 6% Cholesterol was evaluated for ocular irritancy in
nine rabbits. One-tenth milliliter of the product was instilled in one eye of each
rabbit, and the contralateral eye served as the control. The treated eyes were
rinsed in three rabbits 30 seconds after instillation of the test material. Eyes were
scored for irritation 1, 2, 3, 4, and 7 days after treatment. In nonrinsed eyes,
slight corneal stippling and conjunctival redness were observed in 2/6 and 5/6
rabbits, respectively. No irritation was observed on Days 3-7. Two of the three
animals whose eyes had been rinsed had minimal conjunctival redness on Day
1. The face cream was a slight eye irritant. *»

A moisturizing formulation containing 1.7% Cholesterol was tested full
strength for eye irritancy in six albino rabbits. Test eyes were not rinsed following
instillation, and the contralateral eye served as the control. Four of five remain-
ing rabbits had mild conjunctival irritation when scored at 24 h, but no irritation
was observed 48 h after instillation. The moisturizer was a minimal eye irritant,
with a group irritation score of 2 (max 110).?Y

See Table 3 for animal oral, dermal, and ocular toxicity studies.

Mutagenicity
Bacterial Assays

Cholesterol was among a large group of chemicals tested in an Ames Sa/mo-
nella/microsome mutagenicity assay. All chemicals were tested using four strains
of Salmonella typhimurium, TA1535, TA1538, TA98, and TA100, with metabolic
activation (S9 fraction from liver homogenates from rats induced with Aroclor

1254). Cholesterol, up to 2500 pg/plate, was not mutagenic in any bacterial
strain tested.’®
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TABLE 3. Oral, Skin, and Ocular Toxicology

No. of animals

Concentration of

Test typea and species cholesterol in vehicle/product Dose Comments Reference
Subchronic oral 30 test and 30 1% Cholesterol + 0.45% choline  N/AP 10 mice per group killed after 4 weeks; 72
control SPF in diet or 0.45% choline in diet 10 mice per group remained on respective diet
mice (control group) for 20 weeks; 10 mice per group fed control diet
for 4 weeks; Cholesterol-fed mice had signifi-
cantly heavier livers and 20- to 25-fold increases
in hepatic cholesterol; mice fed cholesterol diet
for 4 weeks then switched to control diet had
only slightly elevated hepatic Cholesterol con-
centrations
Primary skin irri- 9 female, al- 100% ——— Group PIl = 0 (max 8); not a primary irritant 6
tation bino rabbits '
Ocular irritationc 6 albino rabbits 5% in corn ol 0.1 ml No irritation, not an eye irritant 7
Ocular irritationc 6 albino rabbits 5% in corn oil 0.1 ml Group irritation index = 1 (max 110); minimal 8
eye irritant
Subcutaneous Rats Cholesterol crystals 0.20 ml Injections caused irritation and swelling; irritation 73
injection in not affected by injections of PGE,, prostacyclin,
footpad or thromboxane; Cholesterol produced less irri-
tation in animals with essential fatty acid defi-
ciencies
Primary skin irri- 9 female, al- 1.7% in a moisturizer -—= Group PSI = 0.56 (max 4); Product was slight 20
tation bino rabbits skin irritant
Ocular irritationc 9 rabbits 6% in face cream 0.1 ml Eyes washed in 3/9 rabbits; slight corneal stippling 43
and conjunctival redness in unwashed eyes;
slight conjunctival redness in washed eyes; all
eyes normal by Day 3; product was a slight ocu-
far irritant
Ocular irritation 6 albino rabbits  1.7% in a moisturizer 0.1 ml Group irritation index = 2 (max 110); minimal 21

eye irritant

aSee text for more details of experimental procedures.

bNot applicable.

cEyes were unwashed unless otherwise specified.
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The mutagenicity of ozonation products of several compounds was tested in
Ames assays using six strains of S. typhimurium, TA98, TA100, TA1535, TA1536,
TA1537, and TA1538, with and without metabolic activation (rat liver homoge-
nate from rats induced with Aroclor), and in a mitotic recombination assay using
the yeast Saccharomyces cerevisiae D3. Cholesterol was tested at a very low con-
centration. Cholesterol did not have any mutagenic activity pre- or postozona-
tion."®

A bacterial mutagenicity/genotoxicity assay involving isolated DNA from S.
typhimurium (strains TA1538, TA1537, TA1535) has been developed. " Choles-
terol, up to 40 ug, did not increase UV absorbance in this assay, indicating a lack
of mutagenic/genotoxic activity.

Although Cholesterol was not mutagenic in bacterial assays, some autoxida-
tion products of Cholesterol have mutagenic activity.’*’®

Mammalian Cell Assays

Cholesterol did not transform Golden Syrian hamster embryo cells in vitro at
concentrations up to 10 pg/ml.®?

In another Syrian hamster embryo cell transformation assay, Cholesterol (10
pg/ml) was inactive in causing transformation, but two metabolites of Choles-
terol, cholesterol-a-epoxide (0.31 ug/ml) and cholestan-383,5¢,68-triol (1.1
pg/ml), were cytotoxic and induced in vitro transformation. *®

Cholesterol (no concentration given, but “effective” doses of other com-
pounds ranged from 1072 to 107®M) was not active in a mammalian cell DNA syn-
thesis inhibition test for mutagenic carcinogens.®2*» However, when Choles-
terol plus polysorbate 60 was painted onto mouse skin, mitotic activity in the
skin was decreased. ®®

Teratogenicity

Cholesterol is capable of crossing the placental barrier in several mammalian
species, including rats, rabbits, baboons, and man. It is synthesized by the pla-
centa as well as by the fetus. %

There has been much interest among dental scientists in the teratogenic ef-
fect of Cholesterol. Steroids, including Cholesterol, are capable of experimen-
tally inducing oral cleft anomalies in the rat. Two groups of 10 female albino rats
were used in a study to evaluate the ability of Cholesterol to induce cleft palate.
One group received a daily subcutaneous injection of 15 mg Cholesterol in 2 ml
vegetable oil, and the other group received a 2 ml injection of vegetable oil only.
Both groups received injections from the 8th through the 14th day of pregnancy.
Dams were killed on the 18th day of pregnancy, and fetuses were removed and
evaluated for gross and histological oral anomalies. Seven of the 10 control ani-
mals were pregnant, with an average of 12.5 pups per dam. No malformations
were found in control offspring. In the test group, 5 of the 10 rats were pregnant,
with an average of 10 pups per litter. Fifty-seven percent of the fetuses from the
test group had abnormal palates.®® Buresh and Urban continued these experi-
ments with lower doses of Cholesterol. Following the procedure outlined above,
controls had no cleft malformations, and fetuses from dams receiving daily injec-
tions of 5 mg or 10 mg Cholesterol 'had 27% and 52% incidences of palate
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anomalies, respectively.®” Cleft palate fetal malformations have also been ex-
perimentally induced in Sprague-Dawley rats with 15 mg and 20 mg Cholesterol
injections to the dams on Days 7 through 14 of gestation. ®*®

Two inhibitors of Cholesterol synthesis [1-(p-(2-diethylaminoethoxy)phenyl)-
1-(p-totyl)-2-(chlorphenyl) ethanol and trans 1,4-bis(2-dichlorobenzyl-amino-
ethyl) cyclohexane dihydrochloride] have produced teratogenicity and em-
bryotoxicity in rats. The malformations most commonly observed were of the
holoprosencephalic type: cyclocephaly, cyclopia, monorhinia, and hypoplasia
or aplasia of the pituitary. There were also some urogenital anomalies. The holo-
prosencephalic deformities were prevented by a concurrent (maternal) hyper-
cholesterolemia-provoking diet.®7%

Carcinogenicity

Cholesterol as a Promoter and Cocarcinogen

The promoting activities for cancer of the colon of sodium lithocholate, Cho-
lesterol, Cholesterol epoxide, and Cholesterol triol were examined using germ-
free and conventional Fischer 344 rats. N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) was used as the initiator, and 2.5 mg MNNG in either 0.2 ml of 0.9%
saline or corn oil were administered intrarectally (ir) twice a week for 2 weeks.
Initiation was followed by ir doses of 20 mg sodium lithocholate, Cholesterol,
Cholesterol epoxide, or Cholesterol triol (in 0.2 ml saline or corn oil) three times
a week for 46 weeks. Control groups were given MNNG followed by ir doses of
the vehicle only, or 48 weeks of the vehicle with no initiation. All animals sur-
vived to the end of the experiment, and at 48 weeks, animals were necropsied
and examined grossly and microscopically for number and types of tumors. All
animals given MNNG plus sodium lithocholate had significantly greater number
of colon tumors than had the MNNG controls (78 tumors in 48 rats as compared
to 40 tumors in 48 rats), and sodium lithocholate was considered a tumor pro-
moter in this study. Tumor incidences in rats given MNNG plus Cholesterol or
then Cholesterol metabolites did not differ significantly from animals given
MNNG plus vehicle alone. Cholesterol, Cholesterol epoxide, and Cholesterol
triol were not promoters of colonic tumors in this assay.*

Cruse et al. concluded that Cholesterol is a potent dietary cocarcinogen to
subcutaneously injected 1,2-dimethylhydrazine (DMH), a large bowel carcino-
gen in rats. The authors compared a Cholesterol-free liquid diet with a liquid diet
containing Cholesterol. However, a standard solid diet was as carcinogenic as
the liquid diet with Cholesterol in DMH-treated rats. ®¥

Human epidemiological data and some animal studies have been combined
and used to support the hypothesis that Cholesterol is a cocarcinogen in human
colorectal carcinogenesis. Other investigators have indicated that Cholesterol,
bile acids, or diets with high fat and/or low fiber content are correlated with
~ higher incidences of colorectal cancer.®-1%%

Cholesterol has also had a protective effect in N-methyl-N-nitrosourea
(MNU)-induced colon cancer in rats. Male F344 rats were given one of four diets
for 28 weeks: group 1, control chow; group 2, control chow plus 0.2% Choles-
terol; group 3, control chow plus 8 mg MNU; group 4, control chow plus 0.2%
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Cholesterol plus 8 mg MNU. The groups were made up of 30, 30, 91, and 74
rats, respectively. The carcinogen was administered ir in 0.9% NaCl in 2-mg
doses on Days 1, 4, 7, and 10 of the experiment. No deaths occurred during the
experiment, and there were no colon tumors observed grossly or microscopi-
cally in control groups 1 or 2. Tumor incidence in animals given MNU and no
Cholesterol supplement was 43/91 or 47%. Thirty percent (20/74) of the animals
given MNU plus dietary Cholesterol had colon tumors. This significant reduction
in tumor incidence indicates that dietary Cholesterol may retard colon carcino-
genesis, 1%

Cholesterol as a Carcinogen

Hieger!1°+1%% and Hieger and Orr*'® have evaluated the carcinogenicity of
Cholesterol and related sterols administered via subcutaneous injection in mice.
Clayson‘!'?) regards the induction of localized sarcomas in mice upon repeated
subcutaneous injection of test solutions as an unreliable indicator of carcinoge-
nicity.

Carcinomas and benign tumors of hamster and mouse urinary bladder or
gallbladder have also been studied.****'* Bischoff reviewed the extensive litera-
ture on Cholesterol as a potential carcinogen. He cautioned against overinter-
pretation of the data without a detailed review of each experimental method and
the need to subject the data to a more rigorous statistical analysis. *'*

The International Agency for Research in Cancer (IARC) reviewed the poten-
tial role of Cholesterol as a carcinogen. The 1976 monograph stated that “No
data are available to assess the carcinogenicity of exogenous Cholesterol in man.
Studies of cancer in relation to dietary fat, serum Cholesterol concentrations and
the degradation of biliary steroids are not directly relevant to this question.”®
McMichael et al. reviewed the role of dietary and endogenous Cholesterol and
human cancer. They concluded that there was a small-to-medium increase in
the risk of cancer with increased dietary Cholesterol, but “the close correlation
of Cholesterol with other foods and nutrients precludes causal inference.”*'®

CLINICAL ASSESSMENT OF SAFETY
Skin Irritation

Twenty-three female subjects completed a study comparing the skin irrita-
tion of six cosmetic products, including a moisturizing base containing 1.4%
Cholesterol. A petrolatum control was included in the study. Approximately 0.3
g of the test material was applied to the back via an occlusive patch that re-
mained in contact with the skin for 72 h. The test sites were scored for irritation
on a 0 (normal) to 4 (ulcerating and blistering) scale at patch removal (72 h) and
24 h (96 h) later. The group mean score was 0.31 at 72 h and 0.22 at 96 h (max
4). The moisturizing base was minimally to mildly irritating. **

Three moisturizing bases, each containing 1.4% Cholesterol, were evaluated
for skin irritation as described above.®*" The first product was a mild irritant
using a panel of 25 subjects with mean irritation scores (max 4) of 0.24 at 72 h
and 0.28 at 96 h.*® The second formulation was tested using 26 subjects and
was mildly irritating, with 72-h and 96-h mean scores of 0.17 and 0.23, respec-
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tively. 3 The third moisturizer was a weak irritant when tested using a 25-mem-
ber panel. The group mean irritation scores were 0.42 at 72 h and 0.48 at 96
h. %

Cumulative Skin Irritation

A formulation containing 1.4% Cholesterol was evaluated for skin irritation
in a 10-day cumulative irritation test according to the procedure of Kligman and
Wooding."'"’ Ten subjects received occlusive patches on the volar forearm with
approximately 0.3 g of the test material. Patches were applied once daily for 10
consecutive days, and test sites were scored for irritation each day on a O (nor-
mal) to 4 (intense erythema with edema and vesicular erosion) scale. All 10 sub-
jects developed mild erythema (scores of 1) after repeated applications; the earli-
est irritant reaction was observed after the fourth application and the last in a
subject following the ninth application. All panelists had irritant reactions to
patches 9 and 10. The group irritation index was 3.5 (max 40). The product was
a mild irritant when administered under occlusive patches.?

Eight subjects participated in a 21-day cumulative irritation study with eight
products and petrolatum. Five products were moisturizing bases containing
2.7% Cholesterol. Patches containing approximately 0.3 g of the test material
were applied under occlusive patches daily Monday through Friday for 3 weeks
for a total of 15 patches. The patches administered on Fridays remained in place
over the weekend. Test sites were scored on a 0 (negative) to 4 (erythema, indu-
ration, and bullae) scale each day before application of a fresh patch. All individ-
ual positive scores were 1 (erythema) at any one reading. The five Cholesterol-
containing products were minimal to mild cumulative irritants, with the number
of positive responders (from an eight-member panel) and group cumulative irri-
tation indexes (max 60) of: 8, 10.1; 8, 10.0; 2, 0.8; 7, 3.4; and 8, 9.5 ¥

Cumulative irritation studies as described above®* were performed on six
cosmetic formulations containing 1.4 or 2.7% Cholesterol. The products were
minimal to moderate skin irritants with the following test results. A moisturizing
base containing 2.7% Cholesterol was a moderate skin irritant using an eight-
member panel. All eight panelists had irritant reactions to several patches: 4/8
panelists had erythema and induration (score of 2) and 2/8 panelists had ery-
thema, induration, and vesiculation (score of 3) to one or more patches. The
group cumulative irritation index (Cll) was 13.5 (max 60).**’ Eight panelists re-
ceived repeated patches of a moisturizing base containing 1.4% Cholesterol.
The product was a minimal skin irritant with a Cll of 1.4.* A moisturizing base
containing 1.4% Cholesterol had-a Cll of 1.1 using an eight-member panel. The
product was a minimal irritant. > A moisturizing base containing 1.4% Choles-
terol was a minimal irritant using an eight-member panel. The group Cll was 1.0,
with mild erythema (score of 1) as the strongest reaction.?® The Cll of a moistur-
izing base containing 1.4% Cholesterol was 2.1 (max 56). Fourteen instead of the
routine 15 patches were applied in this study, which accounts for a max Cll of 56
rather than 60. The product was a mild irritant with this eight-member panel.®
A moisturizing base containing 1.4% Cholesterol was a mild cumulative irritant
in 25 panelists. The group Cll was 9.68.39
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Sensitization

Repeated Insult Tests

A repeated insult patch test (RIPT) was conducted on a moisturizing cream
containing 1.7% Cholesterol using 87 subjects. Twenty-four-hour occlusive
patches (~0.1 ml undiluted product) were applied to the same site on Mondays,
Wednesdays, and Fridays for 3 consecutive weeks. Test sites were scored (0 to 4
scale) for reactions immediately before application of the next patch. Challenge
patches were administered in Week 7 of the study. Challenge occlusive patches
were applied to previously unpatched sites for 24 h and scored for reactions 24
and 48 h after patch removal. Three panelists had barely perceptible to mild ery-
thema to one of the nine induction patches. One panelist reacted with barely
perceptible to mild erythema to three of the induction patches. There were no
reactions to the challenge patch. The moisturizer was a minimal irritant and not
a sensitizer under these test conditions. '*

Fifteen subjects participated in a cumulative irritation test of a moisturizing
base containing 1.4% Cholesterol. Occlusive patches containing 0.3 ml undi-
luted product were applied daily to the same site on the back Monday through
Friday for a total of 14 applications. All patches remained in place for 24 h ex-
cept those applied on Fridays, which remained in place over the weekend. Test
sites were scored for irritation immediately upon removal of each patch. The
14-day total score for all 15 subjects was 23, and the group cumulative irritancy
index was 1.5 (max 40). The reactions to a challenge patch were negative at the
48-h and 72-h evaluations. The moisturizing base was a minimal cumulative irri-
tant and not a sensitizer. %

Seven Cholesterol-containing moisturizing bases were evaluated for cumula-
tive irritation and sensitization using a panel of 10 subjects. All seven products
contained 1.366% Cholesterol, and a concurrent product control was included
in the test protocol. Occlusive patches containing 0.3 ml or 0.3 g of the test ma-
terial were applied daily to the same site Monday through Friday for a total of 21
patches. The patches applied on Fridays remained in place over the weekend,
and test sites were scored (0-4 scale) daily through the week and on Mondays
for the patch applied on Friday. Challenge patches were applied 14 days after re-
moval of the 21st irritancy patch. The challenge patches were applied occlu-
sively to fresh sites, then scored for irritation 1, 24, and 48 h after removal of the
24-h patch. One subject was not available for the challenge patch. All seven
products were minimal skin irritants, with group average irritation scores of 4.70,
5.60, 6.00, 3.65, 3.30, 4.30, and 4.70 (max. 60). The group irritation score for the
control product was 3.65. There were no reactions to the challenge patches, in-
dicating that none of the products were sensitizers.‘'"

Seven formulations containing 5% Cholesterol were minimal skin irritants
and nonsensitizers in a 21-day cumulative irritation plus challenge assay. The
products were tested as a 5% w/w solution in olive oil (0.25% Cholesterol) ac-
cording to the above procedure.®*" Eight subjects participated in the study.
There were no reactions at challenge, and the group average irritation scores
were 0.25, 0.44, 0.31, 0.06, 0.13, 0.56, and 1.31 (max 84). The irritancy score of
the olive oil control was 0.13.¢
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Maximization Tests

A moisturizing base containing 1.4% Cholesterol was evaluated for sensitiza-
tion in a maximization test."'® Twenty-five panelists were pretreated with 24-h
occlusive patches containing 1% sodium lauryl sulfate (SLS), since it had been
previously determined that the test lotion was nonirritating. Upon removal of the
irritant SLS patch, the first of five induction patches containing 0.3 g product was
applied. The induction occlusive patches remained in place for 48 h, with 24 h
between each induction patch. Since the lotion was nonirritating, 1% SLS
patches were applied to the induction sites during the 24-h interim between in-
duction patches to maintain minimal brisk dermatitis. Ten days after removal of
the fifth induction patch, an occlusive patch was applied for 48 h to a fresh site
and scored for reaction at patch removal and 24 h later. The challenge site was
pretreated with 10% SLS for 1 h. There were no reactions to any induction or
challenge patch. The product was not a sensitizer. "

Three moisturizing bases, each containing 1.4% Cholesterol, were evaluated
for sensitization using 25-member panels in maximization tests as described
above‘®” except for the concentration of SLS used for the 1-h pretreatment of
the challenge site. One study used 2.5%, the second study used 5%, and the
third study used 10% SLS to irritate the challenge site. There were no reactions
to induction or challenge patches in the three studies. (132837

Photosensitization

Phototoxicity

The phototoxicity of a moisturizing base containing 1.4% Cholesterol was
evaluated in 10 subjects. Five microliters per square centimeter of the test agent
were applied to the lower back, allowed to dry, and placed under occlusion for
6 h. Test sites were irradiated at patch removal with a 150 W xenon solar simula-
tor with a Schott WG345 filter (UVA and visible light; total flux 98.2 mW/cm?;
UVA radiance about 25 mW/cm?), and test sites were scored for phototoxic reac-
tions immediately after irradiation, and 24 and 48 h later. A petrolatum control
was run concurrently with the test material. There were no reactions at any test
or control site. The moisturizing base had no detectable phototoxicity under
these test conditions. '

Two moisturizing bases containing 1.4% Cholesterol were assayed for pho-
totoxicity as described above."* Each product was tested using a 10-member
panel. There were no reactions immediately, 24 h, and 48 h after irradiation.
Neither product was phototoxic under the test conditions. (15-38)

Photosensitization

A face cream containing 6% Cholesterol was evaluated for irritation, sensiti-
zation, and photosensitization in a Schwartz-Peck prophetic patch procedure
and a repeat insult patch test (RIPT). One-hundred ten subjects participated in
the prophetic patch test, which involved open and closed patches. A 48-h closed
patch was applied to each subject’s back along with a simultaneous open patch
application behind the right ear. Forty-eight hours later, the test sites were
scored for irritation. After a 14-day nontreatment period, second open and
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closed patches were applied and scored 48 h later. After the scoring of the sec-
ond closed application, this test site was irradiated with a Hanovia Tanette Mark
| Lamp (300-370 nm continuous emission spectrum) and scored for photosensi-
tization 48 h later. No reactions were observed during any phase of the pro-
phetic patch procedure. Forty-five subjects were used in the RIPT. Ten open and
closed patches were applied to each subject as described for the prophetic patch
procedure. The patches were applied on Mondays, Wednesdays, and Fridays
and scored for irritation 48 h after application. After a 14-day nontreatment pe-
riod, open and closed challenge patches were administered as in the prophetic
patch test after the 1st, 4th, 7th, 10th, and 11th (challenge) insults had been
scored. Irradiated sites were scored for UV-induced reactions 48 h after irradia-
tion. There were no reactions at any open, closed, or irradiated test site. The
Cholesterol-containing face cream was not an irritant, sensitizer or photosensiti-
zer in these two assays. “»

Two moisturizing bases containing 1.4% Cholesterol were evaluated for
photosensitivity following the same procedure. Ten microliters of the test mate-
rial were applied under occlusive patches to test sites on the midback of each
subject for 24 h. Test sites were irradiated upon patch removal with the equiva-
lent of three MEDs from a xenon solar simulator (UVA radiation). The sequence
was repeated at 48-h intervals to the same site for a total of six exposures over 3
weeks. Ten days after the last induction exposure, subjects were challenged with
a 24-h occlusive patch containing 5 ul test material followed by exposure to 4
J/lcm? of UVA radiation from the solar simulator through a Schott WG345 filter.
Challenge sites were scored for reactions 48 and 72 h after irradiation. Both
products were tested using 25-member panels, and there were no reactions in
either study. The two moisturizing bases were not photosensitizers. ¢

Product Usage Studies

A moisturizing lotion containing 1.7% Cholesterol was evaluated for efficacy
and irritation in an in-use study comparing it to a similar product. Sixty subjects
were divided into two groups and instructed in the proper use of the products.
One group of 30 subjects used the test product for 3 weeks, then changed to the
control product for 3 weeks. The other group used the products in the reverse
order for the two 3-week periods. The subjects were clinically evaluated for im-
provement or worsening of facial condition (mainly dryness), and the panelists
subjectively rated the two products. Clinically, two subjects improved and four
worsened after using the test material, and six subjects improved and four wor-
sened from the control material. The test lotion was considered comparable to
the control product in efficacy and irritancy. """

The irritancy and sun sensitivity of a moisturizer containing 1.4% Choles-
terol were evaluated in 102 subjects. The test material was used by the subjects
for a 4-week period. The subjects were instructed to apply the product to their

face and an area of the body not exposed to sunlight twice daily on Days 1-7
and thrice daily through Day 28. One subject quit the study on Day 4 due to test
product-related facial burning and erythema. A second subject discontinued use
of the test material on Day 12 due to periorbital erythema. The product was a
mild skin irritant to approximately 15% of the panelists at some time during the
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study but was no more irritating than similar products tested in the same
manner. The product was recommended as safe for unsupervised use.*®

Three moisturizers containing 1.4% Cholesterol were evaluated in 4-week
in-use tests. The first product was tested using 50 subjects. Prepatch testing was
negative in all subjects, and three subjects had moderate erythema 24 h follow-
ing postpatch test. Facial erythema was observed in three subjects, and periorbi-
tal erythema was observed in one subject on Day 28 of the in-use portion of the
study. The product was considered a mild irritant comparable to similar prod-
ucts. ®® The second product was evaluated in approximately 50 subjects, and fa-
cial inflammation was observed in 1 subject and conjunctival irritation was ob-
served in 5 subjects. The product had a low potential for causing facial irritation
that was comparable to similar products and was considered safe for unsuper-
vised use.*® Fifty-four subjects were used to evaluate the third product. The
product was nonirritating. *®

One case history of sensitivity to Cholesterol esters has been reported.*'?’

See Table 4 for a summary of the clinical studies.

SUMMARY

Cholesterol is a neutral, unsaponifiable, crystalline steroid with a high melt-
ing point. It is practically insoluble in water, slightly soluble in alcohol, and read-
ily soluble in organic solvents and aqueous solutions of bile salts. Cholesterol is
found in all animals, being a membrane component and an important metabolic
precursor for certain hormones, vitamins, and other steroidal compounds.

Cholesterol is used as an emulsifier in cosmetic skin and hair care products
and eye and face makeup formulations. It is used in concentrations up to 5%,
with the majority of formulations containing 0.1-1% Cholesterol.

The normal metabolism and excretion of Cholesterol is well understood in
man and experimental animals. The “average” North American male consumes
0.5 g of Cholesterol daily and synthesizes another 1-1.5 g per day. This Choles-
terol is then incorporated into cell membranes, further metabolized into plasma
lipoproteins, bile salts, and steroid hormones, metabolized by gut bacteria, or
excreted via the skin, urine, and as neutral fecal steroids.

Cholesterol is not a significant dermal (100%) or ocular (5% in corn oil) irri-
tant in rabbits when tested alone or in corn oil. Moisturizing products containing
up to 6% Cholesterol were slight dermal and ocular irritants in rabbits. In a sub-
chronic oral study, excess dietary (4-24 weeks) Cholesterol produced reversible
fatty changes in the murine liver along with higher concentrations of hepatic hy-
droxyproline and glycosaminoglycans.

Cholesterol does not appear to have any genotoxic activity in bacterial or
mammalian cell in vitro mutagenic and transformation assays. However, Choles-
terol plus polysorbate 60 does decrease mitotic activity when painted onto the
skin of mice.

High doses of Cholesterol were teratogenic in rats. Subcutaneous adminis-
tration of Cholesterol to pregnant dams will consistently result in palate anoma-
lies in the pups, and it has been used as an experimental model to study cleft
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TABLE 4. Clinical Assessment of Safety

cream

No reactions at challenge; minimal irritation, not a sensi-
tizer

No. of Concentration of

Test typea subjects Cholesterol/Product type Results Reference

Primary irritation, single occlusive 23 1.4% in moisturizing base ~ Group mean irritation scores were 0.31 (max 4) and 0.22 31
patch at 0 and 24 h following patch removal; a mild skin irritant

Primary irritation, single occlusive 25 1.4% in moisturizing base ~ Group mean irritation scores were 0.24 {max 4) and 0.28 32
patch at 0 and 24 h following patch removal; a mild skin irritant

Primary irritation, single occlusive 26 1.4% in moisturizing base ~ Group mean irritation scores were 0.17 (max 4) and 0.23 33
patch at 0 and 24 h following patch removal; a mild skin irritant

Primary irritation, single occlusive 25 1.4% in moisturizing base  Group mean irritation scores were 0.42 {max 4) and 0.48 35
patch at 0 and 24 h following patch removal; a mild skin irritant

Cumulative irritation, 10 consec- 10 1.4% in formulation Group irritation index was 3.5 (max 40); a mild skin irritant 10
utive 24-h patches

Cumulative irritation, 15 24-h 8 2.7% in 5 moisturizing Cumulative irritation indexes (Cl!) for the 5 products 22
patches over 3 weeks bases tested simultane- ranged from 0.8 to 10.1 (max 60); the 5 products were

ously mild cumulative skin irritants

Cumulative irritation, 15 24-h 8 2.7% in moisturizing base  Cll = 13.5 (max 60); moderate skin irritant 23
patches over 3 weeks

‘Cumulative irritation, 15 24-h 8 1.4% in moisturizing base Cll = 1.4 (max 60); minimal skin irritant 24
patches over 3 weeks

Cumulative irritation, 15 24-h 8 1.4% in moisturizing base CIl = 1.1 (max 60); minimal skin irritant 25
patches over 3 weeks

Cumulative irritation, 15 24-h 8 1.4% in moisturizing base Cll = 1.0 {max 60); minimal skin irritant 26
patches over 3 weeks

Cumulative irritation, 14 24-h 8 1.4% in moisturizing base  CIl = 2.1 (max 56); mild skin irritant 30
patches over 3 weeks

Cumulative irritation, 15 24-h 25 1.4% in moisturizing base CIl = 9.68 (max 60); mild skin irritant 36
patches over 3 weeks

RIPT 87 1.7% in moisturizing 3 panelists had barely perceptible erythema at induction; 12
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No. of Concentration of
Test typea subjects Cholesterol/Product type Results Reference
Cumulative irritation plus chal- 15 1.4% in moisturizing base  Cll = 1.5 {max 40); no reactions at challenge; minimal ir- 34
lenge ritant, not a sensitizer
Cumulative irritation plus chal- 10 1.366% in 7 products Cll ranged from 3.30 to 6.00 (max 60); no reactions at 11
lenge tested simultaneously challenge; the 7 products were minimal irritants and not
sensitizers
Cumulative irritation plus chal- 8 5% in 7 products tested Cll ranged from 0.06 to 1.31 (max 84); no reactions at 9
lenge simultaneously; products challenge; the products were minimal irritants and not
were tested at 5% in sensitizers
olive oil (0.25% Choles-
terol)
Maximization (with SLS) 25 1.4% in moisturizing base  No reactions to any induction or challenge patch; not a 27
sensitizer
Maximization (with SLS) 25 1.4% im moisturizing base  No reactions to any induction or challenge patch; not a 37
sensitizer
Maximization (with SLS) 25 1.4% in moisturizing base  No reactions to any induction or challenge patch; not a 28
sensitizer
Maximization (with SLS) 25 1.4% in moisturizing base  No reactions to any induction or challenge patch; not a 13
sensitizer
Phototoxicity (xenon solar simu- 10 1.4% in moisturizing base  No reactions to 6-h occlusive patch followed by irradia- 14
fator— UVA and visible) tion; not a phototoxin
Phototoxicity (xenon solar simu- 10 1.4% in moisturizing base  No reactions to 6-h occlusive patch followed by irradia- 15
lator— UVA and visible) tion; not a phototoxin
Phototoxicity (xenon solar simu- 10 1.4% in moisturizing base  No reactions to 6-h occlusive patch followed by irradia- 38
lator— UVA and visible) tion; not a phototoxin
Photosensitization, Schwartz-Peck 110 6% in face cream ©cclusive challenge patch site, only, was irradiated; not a 42
prophetic patch (300-370 nm) sensitizer or photosensitizer
Photosensitization, RIPT (300- 45 6% in face cream Occlusive patch sites were irradiated after the 1st, 4th, 7th, 42

370 nm)

10th, and challenge patches; no reactions to any open,
closed, or irradiated test site; not a photosensitizer

oLS

MIIATY INIFIATYONI DILIWSOD



Distributed for Comment Only -- Do Not Cite or Quote

Photosensitization, RIPT (xenon 25 1.4% in moisturizing base
solar simulator— UVA)

Photosensitization, RIPT (xenon 25 1.4% in moisturizing base
solar simulator— UVA)

Product usage test, comparison 60 1.4% in moisturizing lo-
to competitive product tion

Product usage test, comparison 102 1.4% in a moisturizer

to competitive product

Product usage test, comparison 50 1.4% in a moisturizer
to competitive product

Product usage test, comparison ~50 1.4% in a moisturizer
to competitive product

Product usage test, comparison 54 1.4% in a moisturizer
to competitive product
Sensitivity, case history 1 “Cholesterol Esters”

6 induction patches and 1 challenge patch; all insults fol-
lowed by irradiation; no reactions; not a photosensitizer

6 induction patches and 1 challenge patch; all insults fol-
lowed by irradiation, no reactions; not a photosensitizer

Test material comparable to competitive product in effi-
cacy and irritancy; test material was a mild irritant

2 subjects discontinued use due to facial burning and ery-
thema; test material was a mild skin irritant to ~15% of
the panelists at some time during the 4-week study, but
comparable to competitive products in irritancy; a mild
irritant

Facial erythema (3 subjects) and periorbital erythema (1
subject) were observed during the 4-week study; test ma-
terial was comparable to competitive product in irritancy;
a mild irritant

Facial inflammation (1 subject) and conjunctival irritation
(5 subjects) were observed during the 4-week study; test
material was comparable to competitive product in irri-
tancy; a mild irritant

Test material was nonirritating in the 4-week study

Case history of sensitization to a cosmetic traced to “Cho-
lesterol Esters”

16

39

17

18

29

40

119

aSee text for more details on testing procedures and results.
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malformations. The holoprosencephalic teratogenic effects of inhibition of Cho-
lesterol synthesis can be prevented by a concurrent maternal hypercholesterol-
emia-provoking diet.

Cholesterol has not been established as a promoter, cocarcinogen, or total
carcinogen. In several rat studies, the results have varied: it was not a colon can-
cer promoter in one study when administered ir after initiation with MNNG, it
was a dietary cocarcinogen with DMH, and dietary Cholesterol had a protective
effect in MNU-induced colon cancer. Increased dietary Cholesterol increased tu-
mor incidences over that found in control mice. Subcutaneous injections of a
supersaturated solution of Cholesterol into mice produced sarcomas at injection
sites. Undersaturated solutions of Cholesterol in an oily vehicle or as an aqueous
suspension were not carcinogenic in mice or rats.

Clinical studies to evaluate the safety of topically applied Cholesterol were
restricted to products formulated with the ingredient. Most products were mois-
turizers containing 1.4% Cholesterol. The highest concentration of Cholesterol
tested (6%) was evaluated in a modified prophetic patch test (110 subjects) and
an RIPT (45 subjects); both assays had UVA and UVB exposure incorporated into
the protocols. The Cholesterol-containing products were minimal to mild pri-
mary and cumulative skin irritants but not sensitizers or photosensitizers.

CONCLUSION

On the basis of the available information, the CIR Expert Panel concludes
that Cholesterol is safe as presently used in cosmetic products.
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CHOLESTEROL

A safety assessment of Cholesterol was published in 1986
with the conclusion that this ingredient is safe as presently used
in cosmetic products (Elder 1986). The CIR Expert Panel re-
viewed new studies available since that time, along with updated
information regarding types and concentrations of use, and de-
termined to not reopen this safety assessment.

According to the entry in the International Cosmetic In-
gredient Dictionary and Handbook, Cholesterol functions as
an emulsion stabilizer, miscellaneous skin-conditioning agent,
and nonaqueous viscocity-increasing agent in cosmetic products
(Gottschalck and McEwen 2004).

Frequency of use data provided by industry to FDA for 2002
show that cholesterol is used in 258 cosmetic products (FDA
2002), an increase compared to 145 uses reported in 1981 (Elder
1986). In 1981, Cholesterol use concentrations (again, as re-
ported by industry to FDA) ranged from <0.1% to 5% (Elder
1986). A survey by the Cosmetic, Toiletry, and Fragrance Asso-
ciation (CTFA) in 2004 found the range of use concentrations
to be 0.002% to 3%, with majority of products around 0.1%.

Historical and current cosmetic product uses and concen-
trations for Cholesterol are given in Table 6. The most recent
information now constitutes the present practices of use.
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CHLOROXYLENOL

A safety assessment of Chloroxylenol was published in 1985
with the conclusion that this ingredient was safe as a cosmetic
ingredient in the practices of use at that time (Elder 1985). New
studies, along with the updated information below regarding
types and concentrations of use, were considered by the CIR
Expert Panel. The Panel determined not to reopen this safety
assessment.

As given in the International Cosmetic Ingredient Dictionary
and Handbook, the functions of Chloroxylenol in cosmetic prod-
ucts are now described as a cosmetic biocide, deodorant agent,
and preservative (Gottschalck and McEwen 2006).
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TABLE 6
Historical and current cosmetic product uses and concentrations for Cholesterol
1981 uses 2002 uses 1981 concentrations 2004 concentrations
Product category (Elder 1984)  (FDA 2002) (Elder 1984) % (CTFA 2004) %
Bath
Soaps and detergents — 2 — —
Eye makeup
Eyeliners 6 1 >0.1-1 —
Eye shadow 15 — <0.1-1 0.01
Eye lotions — 1 — 0.04-0.3
Eye makeup remover — — — 0.002
Mascara 16 2 >0.1-5 —
Other eye makeup 3 4 >0.1-5 —
Fragrances
Other fragrances 1 2 >0.1-1 —
Noncoloring hair care
Conditioners 7 13 <0.1-1 0.3
Straighteners — — — 0.003
Rinses — 1 — —
Shampoos 1 5 >0.1-1 —
Tonics, dressings, etc. — 3 — 2
Other noncoloring hair care — 4 — 0.2
Hair coloring
Dyes and colors — 27 — —
Makeup
Face powders — 3 — —
Foundations 7 7 <0.1-1 3
Lipsticks — 5 — 0.1
Makeup bases 12 3 <0.1-1 0.02
Rouges — 1 — —
Makeup fixatives — 2 — —
Other makeup 14 4 <0.1-1 —
Nail care
Cuticle softeners — 1 — 0.1
Nail polish and enamel removers — 1 — —
Shaving
Aftershave lotions 1 3 >0.1-1 0.1
Shaving cream — — — 0.1
Other shaving 1 — >0.1-1 —
Skin care
Cleansing creams, lotions, etc. 5 11 <0.1-1 1
Face and neck Skll'l care 1% 22 <0.1-5+ 0.3-2
Body and hand skin care 19 0.01-0.5
Foot powders and sprays — 3 — 0.5
Moisturizers 19 61 <0.1-5 0.005-1
Night skin care 1 24 <0.1-5 0.1-1
Wrinkle smoothers** 2 — <0.1-5 —
Paste masks/mud packs — 4 — 0.5
Skin fresheners — 3 — —
Other skin care 8 13 <0.1-5 —
Suntan
Suntan gels, creams, liquids, and sprays 1 1 >0.1-1 0.02-0.4
Indoor tanning — — — 0.005
Other suntan — 2 — —
Total uses/ranges for Cholesterol 145 258 <0.1-5 0.002-3

*This category was combined when the original safety assessment was performed and is now two separate categories.
**No longer listed as product categories.
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