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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: September 6, 2024
Subject: Re-Review of the Safety Assessment of Ricinus Communis (Castor) Seed Oil and Ricinoleates as Used in
Cosmetics

The Expert Panel for Cosmetic Ingredient Safety (Panel) first published a review of the safety of Ricinus Communis
(Castor) Seed Oil and Ricinoleates, in 2007 (identified as originalreport_CastorOil 092024 in the pdf). The Panel
concluded that Ethyl Ricinoleate, Glycol Ricinoleate, Hydrogenated Castor Oil, Methyl Ricinoleate, Potassium Ricinoleate,
Ricinoleic Acid, Ricinus Communis (Castor) Seed Oil and Sodium Ricinoleate are safe as cosmetic ingredients in the
practices of use and concentrations as described in the safety assessment. Six other ingredients that were originally a part
of this group have since been reviewed with other ingredient groups. Namely, Cetyl Ricinoleate, Isopropyl Ricinoleate,
and Octyldodecyl Ricinoleate have been reviewed with the Alkyl Esters, Glyceryl Ricinoleate and Ricinoleate SE have
been reviewed with Monoglyceryl Monoesters, and Zinc Ricinoleate has been reviewed with Zinc Salts.

Because it has been at least 15 years since the previous safety assessment was published, in accordance with Cosmetic
Ingredient Review (CIR) Procedures, the Panel should consider whether the safety assessment of Ricinus Communis
(Castor) Seed Oil and ricinoleates should be re-opened. In August 2024, an extensive search of the world’s literature was
performed for studies dated 2002 forward. A historical overview, comparison of original and new use data, the search
strategy used, and a synopsis of notable new data are enclosed herein (newdata_CastorOil_092024).

Data pertaining to FDA-approved uses in food contact surfaces and as inactive ingredients in drugs, a dermal absorption
study of Ricinoleic Acid, and dermal and oral absorption studies of Ricinus Communis (Castor) Seed Oil in humans were
found. Additionally, the effect of Ricinoleic Acid and Ricinus Communis (Castor) Seed Oil upon the induction of labor, a
retrospective study of allergic contact cheilitis in patients exposed to Ricinus Communis (Castor) Seed Oil in personal
cosmetics, and several case reports of subjects that patch tested positive to Hydrogenated Castor Oil, Ricinoleic Acid, and
Ricinus Communis (Castor) Seed Oil were found.

Also included for your review are current and historical use data (usetable CastorOil_092024). Reported frequency of use
has significantly increased for both Hydrogenated Castor Oil (202 uses in 2002 to 501 uses in 2023) and Ricinus
Communis (Castor) Seed Oil (769 uses in 2002 to 1018 uses in 2023). Maximum reported concentrations of use have
decreased for Hydrogenated Castor Oil from a maximum of 39% in other eye makeup preparations in 2002 to a maximum
of 21% in eyebrow pencils in 2023. Ricinus Communis (Castor) Seed Oil was reported to be used at a maximum of 81% in
lipsticks in 2002, and was reported to be used at a maximum of 77.8% in moisturizing products in 2023. Ricinoleic Acid
and Sodium Ricinoleate did not have reported concentrations of use in the previous or present review. Ethyl Ricinoleate,
Glycol Ricinoleate, Methyl Ricinoleate, and Potassium Ricinoleate continue to not have reported frequencies or
concentrations of use.

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

555 13 Street, NW, Suite 300W, Washington, DC 20004
(Email) cirinfo@cir-safety.org (Website) www.cir-safety.org
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Re-Review - Castor QOil - History and New Data

Preethi Raj — September 2024 Panel meeting

Ingredients (8) Citation Conclusion |Use - New Data Use -Historical Data Notes

Ethyl Ricinoleate T 26(S3): 31-77,2007 |safe asused |Hydrogenated Castor Oil Hydrogenated Castor Oil The following ingredients were not reported
Glycol Ricinoleate frequency of use (2023): 501 uses frequency of use (2002): 202 uses to be in use in the report published in 2007 or
Hydrogenated Castor Oil conc of use (2022): <21% conc of use (2004): <39% as of 2023:

Methyl Ricinoleate « Ethyl Ricinoleate

Potassium Ricinoleate Ricinoleic Acid Ricinoleic Acid * Glycol Ricinoleate

Ricinoleic Acid frequency of use (2023): 2 uses frequency of use (2002): 6 uses * Methyl Ricinoleate

Ricinus Communis (Castor) Seed
Oil
Sodium Ricinoleate

Changes to Original List

6 of the ingredients in the original
report have since been reviewed in
3 other CIR reports:

Alkyl Esters

1T 34(S2):5S — 698, 2015
-Cetyl Ricinoleate
-Isopropyl Ricinoleate
-Octyldodecyl Ricinoleate

Monoglyceryl Monoesters
1T 39(S3):93S — 1268, 2020
-Glyceryl Ricinoleate
-Glyceryl Ricinoleate SE

Zinc Salts
1T 43(S2):5S — 698, 2024
-Zinc Ricinoleate

conc of use (2022): not reported

Ricinus Communis (Castor) Seed Oil

conc of use (2004): not reported

Ricinus Communis (Castor) Seed Oil

frequency of use (2023): 1018 uses
conc of use (2022): <77.8%

Sodium Ricinoleate

frequency of use (2023): 3 uses
conc of use (2022): not reported

frequency of use (2002): 769 uses
conc of use (2004): <81%

Sodium Ricinoleate
frequency of use (2002): 12 uses
conc of use (2004): not reported

« Potassium Ricinoleate

Frequency of use has significantly increased
for Hydrogenated Castor Oil and Ricinus
Communis (Castor) Seed Oil, and slightly
decreased for Ricinoleic Acid and Sodium
Ricinoleate

Concentrations of use have decreased;
concentrations of use were not reported for
Ricinoleic Acid and Sodium Ricinoleate in
2004 or as of 2023

Slight increase in reported frequency of use of
Hydrogenated Castor Oil and Ricinus
Communis (Castor) Seed Oil in baby products
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NOTABLE NEW DATA

Publication

| Study Type

|Results — Brief Overview

|Different from Existing Data?

USE

Non-Cosmetic Use

https.://www.ecfr.gov/

Regulation, use
types

e 21CFR178.3280: safe use of Hydrogenated Castor Oil in the manufacture of articles
and components for use in food contact surfaces
o notto exceed 4% by weight (when used as a lubricant for vinyl chloride
polymers)
o notto exceed 2% by weight (as a component of olefin polymers)
e 40CFR180.950: tolerance exemption of Hydrogenated Castor Oil and Ricinus
Communis (Castor) Seed Oil as minimal risk active and inert ingredients in a
pesticide chemical formulation

Ricinus Communis (Castor) Seed Oil
e 21CFR178.3910: may be used as a surface lubricant for the manufacture of metallic
food contact articles, provided that the total residual lubricant does not exceed 0.2
mg/in? of food-contact surface
e 21CFR524.2620: as an ingredient in a topical and otic fluocinolone liquid or aerosol,
each gram of liquid should contain 788 — 800 mg castor oil

Yes, these CFRs are not in the
original report

https.://'www.accessdata.fda.gov/scripts/cd |FDA approved |Hydrogenated Castor Oil has approved uses in an oral capsule/tablet form at up to 1337 mg, in | Yes, FDA-approved use of this
er/iig/index.cfin inactive a topical aerosol foam at 2% w/w, in a topical liquid at 0.24% w/w, and in a topical suspension |ingredient is not mentioned in
ingredient use at 286 mg the original report
https://'www.accessdata.fda.gov/scripts/cd |FDA approved |Ricinus Communis (Castor) Seed Oil has approved uses in an intramuscular injection at up to |no, but usage amounts are not
er/iig/index.cfin inactive 885 mg, in a nasal gel at 429 mg, in a nasal spray (amount not specified), in an ophthalmic specified in the original report

ingredient use

emulsion at 5% w/v, in an oral capsule/tablet form at up to 128 mg, in a topical ointment at
14.9% w/w, and in a topical solution at 1.38% w/w

TOXICOKINETIC STUDIES

Dermal Permeation — Ricinoleic Acid

Baynes and Riviere. Mixture additives
inhibit the dermal permeation of the fatty
acid, ricinoleic acid. Toxicol Lett. 2004;
147(1): 15 -26.

Dermal
absorption, in
vitro

The dermal permeability of Ricinoleic Acid when mixed in cutting fluid additives was
examined using an in vitro Bronough flow-through diffusion cell system. Inert silastic
membranes and porcine skin sections were exposed to 5% 3H-Ricinoleic Acid (control) or in
2-, 3-, and 4-component mixtures containing 2% triazine, 5% triethanolamine, or 5% linear
alkylbezene sulfate over 8 h. The radio-labelled Ricinoleic Acid was dissolved in ethanol, and
all of the mixtures were prepared in water and either 5% mineral oil or 5% polyethylene glycol
for physiochemical and diffusion studies. Permeability and absorption of the Ricinoleic Acid
control was significantly higher than most of the mixtures; significantly higher absorption was
only observed in porcine skin exposed to mineral oil mixtures containing triethanolamine. Up
to 5% Ricinoleic Acid was detected in dosed skin and up to 16% was detected in the stratum
corneum dosed with mineral oil mixtures. Overall, the presence of more additives in the
mixtures reduced deposition of Ricinoleic Acid in skin tissues. Ricinoleic Acid deposition
was higher in mineral oil mixtures compared to PEG mixtures, which was statistically
significant for 6/8 of the comparisons.

no
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NOTABLE NEW DATA
Publication |Study Type |Results — Brief Overview |Different from Existing Data?
Dermal Absorption — Ricinus Communis (Castor) Seed QOil
Mein et al. Transdermal absorption of Dermal Three male subjects had a castor oil pack (10 in? of wool flannel saturated with Ricinus Yes, the original report does not
Castor Oil. Evid Based Integrative Med. |absorption, Communis (Castor) Seed Oil) placed on the lower right quadrant of the stomach area for 1.5 h |have toxicokinetics data for
2005; 2(4): 239 —244. human on 3 consecutive days. Transdermal absorption was enhanced by use of varying levels of heat, | humans

using an electrical heating pad (50, 100, or 200 W). Following removal of the oil packs,
excess Ricinus Communis (Castor) Seed Oil was washed from the skin; urine was collected
and urine volume was recorded for the next 8 h. Levels of urinary epoxydicarboxylic acids
after topical application of Ricinus Communis (Castor) Seed Oil packs did not vary from
relatively low levels of these molecules present in endogenous baseline samples. The amount
of heat used also did not seem to affect the outcome.

Oral Absorption — Ricinus Communis (Castor) Seed Oil

Mein et al. Transdermal absorption of
Castor Oil. Evid Based Integrative Med.
2005; 2(4): 239 — 244.

Oral absorption,
human

Urine samples were collected from 3 male subjects before and during 2, 3-d applications of
abdominal Ricinus Communis (Castor) Seed Oil packs. After a 1-wk washout period, during
which urine was collected to determine clearance rate, Ricinus Communis (Castor) Seed Oil
was administered 2 times orally, 1 wk apart, at 2.5 cc and then at 15 cc, with urine samples
collected at baseline and after oil ingestion. Statistically significantly higher levels of
epoxydicarboxylic acids (epoxyoctanedioic acid and epoxydodecanedioic acid) were excreted
in urine samples after oral ingestion of both doses of Ricinus Communis (Castor) Seed Oil,
compared to urine samples taken at baseline and after castor oil pack exposure.

Yes, the original report does not
have toxicokinetics data for
humans

OTHER RELEVANT STUDIES

Ricinoleic Acid and Ricinus Communis (Castor) Seed Qil

Tunaru et al. Castor oil induces laxation
and uterus contraction via ricinoleic acid
activating prostaglandin EP3 receptors.
PNAS. 2012; 109(23): 9179 — 9184.

Cellular
signaling

Ricinoleic Acid (a substantial component of castor oil) was shown to be a selective agonist of
prostaglandin receptors, EP3 and EP4, in the human megakaryocyte leukemia cell line. EP3 and
EP4 were shown to exhibit effects that were comparable to prostaglandin E: effects seen in
smooth muscle tissue. Wild-type mice given 100 uM Ricinoleic Acid responded with diarrhea
and strong laxative effects in the intestine. Normal intestinal transit time was observed in mice
in which EP3 receptor deficiency was induced (these results were not seen in response to other
laxatives which are thought to form prostaglandin E), suggesting that laxative effects induced
by Ricinoleic Acid occur through the direct activation of EP3 receptors. Similarly, uterine
contraction magnitude and frequency increased significantly in wildtype nonpregnant and
pregnant mice exposed to 100 uM Ricinoleic Acid, but uteri from EP3-deficient mice did not
respond. Intestines and uteri from both wild-type and EP3-deficient mice gave expected results
when exposed to the positive control (100 uM carbachol).

Bayoumi et al. Castor oil for labor
initiation in women with a previous
caesarean section: a double-blind
randomized study. J Matern-Fetal
Neonatal Med. 2022; 35(25): 8945 —
8951.

Clinical trial,
maternal and
fetal outcomes

The efficacy of Ricinus Communis (Castor) Seed Oil to initiate labor and increase the rate of
vaginal birth after cesarean section (VBAC) was evaluated in a double-blind randomized trial.
Two groups of pregnant women (n = 35/group) who had 1 previous cesarean section were
orally administered either 60 ml Ricinus Communis (Castor) Seed Oil or 60 ml sunflower oil
(placebo) to initiate labor at the start of pregnancy week 39. Labor was initiated within 24 h of
exposure for 16 patients (45.7%) in the treatment group, compared to 3 patients (8.5%) in the
placebo group; the rate of successful VBAC was 65.7% (23 patients) in the treatment group,
compared to 48.5% (17 patients) in the placebo group.

no
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NOTABLE NEW DATA

Publication

Study Type

Results — Brief Overview

Different from Existing Data?

Gilad et al. Castor oil for induction of
labor in post-date pregnancies: a
randomized controlled trial. Women
Birth. 2018; 31(1): €26 — e31.

Clinical trial,
maternal and
fetal outcomes

The efficacy of Ricinus Communis (Castor) Seed Oil to induce labor for post-date pregnancies
(> 40 wk) was evaluated in an outpatient setting. All women (primiparous and multiparous)
were orally administered either 60 ml Ricinus Communis (Castor) Seed Oil (n = 38) or 60 ml
sunflower oil (controls; n = 43), both mixed in orange juice. No differences in the percentage
of women who entered labor were observed between the treatment group and the control
group. When stratified for parity, a statistically significant increase in entering active labor
within 24, 36, and 48 h of treatment with Ricinus Communis (Castor) Seed Oil was observed
in multiparous women, compared to the placebo group (hazard ratios = 2.93, 3.29, and 2.78,
respectively). This effect was not observed in primiparous women in the treatment group.

no

CLINICAL STUDIES

Retrospective Studies — Ricinus Communis (Castor) Seed Oil

Kanokrungsee et al. Prevalence and
causative allergens of contact cheilitis in
Thailand. Contact Dermatitis. 2023;
89:345-351

Retrospective
cohort study

A retrospective chart review of patients with allergic contact cheilitis (ACC) referred for patch
testing at a university-based tertiary care hospital between January 2007 and December 2021
was conducted. Of the 5366 patients referred for patch testing, 410 (7.6%) had cheilitis, and
ACC was diagnosed in 32% (131) of cheilitis patients. Twenty-eight of the contact cheilitis
patients were patch tested with 100% Ricinus Communis (Castor) Seed Oil; 4 of these patients
(14.3%) tested positive.

Case Reports

Hydrogenated Castor Oil

Taghipour et al. Allergic axillary Case report A 43-yr-old man presented with axillary dermatitis following use of an anti-perspirant Yes, this data is not in the
dermatitis due to hydrogenated castor oil deodorant stick. Patch testing with a departmental standard series, including 2 disperse blue  |original report
in a deodorant. Contact Dermatitis. dyes and Hydrogenated Castor Oil (30% in petrolatum) was negative. The patient reacted to
2008; 58(3): 168 — 169. the antiperspirant applied ‘as is’ with ++ at 48 h and + at 96 h. Constituents of the
antiperspirant were subsequently obtained from the manufacturer for patch testing;
pharmaceutical grade Hydrogenated Castor Oil was negative, when tested ‘as is’ in 10
controls.
Shaw, D.W. Allergic contact dermatitis | Case report A 34-yr-old male developed severe contact dermatitis after using a lip balm and a fragrance- | Yes, this data is not in the
from 12-hydroxystearic acid, the principal free solid stick underarm deodorant. The subject was patch tested with the individual lip balm |original report
fatty acid in hydrogenated castor oil. ingredients. The subject also patch-tested positive, in separate tests, to 1% Hydrogenated
Dermatitis. 2009; 20(4): 236. Castor Oil, undiluted Ricinus Communis (Castor) Seed Oil, and 0.1% Ricinoleic Acid in
petrolatum.
Verheyden et al. Contact allergy to castor |Case report A 25-yr-old atopic woman suffered from perioral eczema after using several lip balms. Patch | Yes, this data is not in the

oil, but not to castor wax. Cosmetics.
2017; 4(5): 1-4.

tests were performed on the upper back with Chemotechnique Belgian baseline and cosmetic
series. Ricinus Communis (Castor) Seed Oil was patch tested ‘as is’ (undiluted) and
Hydrogenated Castor Oil was tested at 30% in pet. After an occlusion of 2 d, readings were
performed according to ESCD guidelines. On day 4, reactions were seen to Ricinus
Communis (Castor) Seed Oil (+). No reactions were seen in response to Hydrogenated Castor
Oil 30% pet. The perioral dermatitis resolved upon avoidance of all the contact allergens.

original report
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NOTABLE NEW DATA
Publication |Study Type |Results — Brief Overview |Different from Existing Data?
Ricinoleic Acid
Leow et al. Pigmented contact cheilitis  |Case report A 30-yr-old woman presented with pigmented contact cheilitis of the lips, which she had Yes, this data is not in the
from ricinoleic acid in lipsticks. Contact experienced for 1 yr. The patient had been using commercial and a prescribed lipstick original report
Point. 2003; 49(1): 48 — 49. formulations. The patient had no family history of atopy, and had no other obvious reasons for

these symptoms. She was subsequently patch tested with the NSC standard series, including
Ricinoleic Acid (30% in pet.) and to her own commercial lipsticks. On day 3, there were ++
reactions to Ricinoleic Acid and to a lipstick preparation. Upon subsequent patch testing,
numerous + reactions were found in response to 3 of the commercial lipsticks, and marked
hyperpigmentation occurred at the patch test site of 1 of the commercial lipsticks. Symptoms
completely resolved after the patient stopped using all lipsticks in the following year.
Hyperpigmentation of her lips improved by 40%, with residual brown hyperpigmentation on
her lower lip.

Ricinus Communis (Castor) Seed Oil

Verheyden et al. Contact allergy to castor |Case report A 50-yr-old man presented with a perioral eczema following the use of 2 different lip balms. | Yes, this data is not in the
oil, but not to castor wax. Cosmetics. The patient tested positive to Ricinus Communis (Castor) Seed Oil (++) in a Chemotechnique |original report
2017; 4(5): 1-4. Belgian baseline and cosmetic series. A repeated open application test was performed with 1

of the lip balms, twice daily on the forearm, producing a positive reaction after 3 d. Upon
subsequent testing with the individual ingredients of the lip balm, positive reactions were seen
to undiluted Ricinus Communis (Castor) Seed Oil, but not to Hydrogenated Castor Oil 30%
pet. According to packaging, Ricinus Communis (Castor) Seed Oil was present in both lip
balms. The perioral eczema healed after avoidance of all contact allergens, especially, Ricinus
Communis (Castor) Seed Oil.

Sanchez-Guerrero et al. Angioedema- Case report A 47-yr-old woman developed marked facial swelling and urticated lesions on her neck several | Yes, this data is not in the
like allergic contact dermatitis to castor hours after applying commercial ear drops in her left ear. Negative results were obtained from |original report

oil. Contact Dermatitis. 2010; 62(5): 318 a skin prick test with the ear drops. A closed patch test was performed with the ear drops and

—-319. its individual ingredients (Ricinus Communis (Castor) Seed Oil, benzocaine, turpentine oil,

and phenol 5%, in pet.). The patient patch-tested positive to the ear drops, while 20 controls
tested negative. The patient also patch tested positive to Ricinus Communis (Castor) Seed Oil
(5% in pet.), and tested negative to the other ingredients.

ACC - allergic contact chelitis; ESCD — European Society of Contact Dermatitis; EP; — prostaglandin EP; receptor ; EP, — prostaglandin EP, receptor; ICDRG — International Contact Dermatitis Research Group; NSC —
National Skin Centre; OECD — Organisation of Economic Cooperation and Development; TG — test guideline; VBAC — vaginal birth after cesarean
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Search (from 2002 forward)

[total # of hits / # hits that were useful)

PubMed

(CCCCCCCCeecceeeeeeccecQTurru T castor O OR (Castor Seed Oil)) OR (Castor oil (Ricinus communis L.))) OR (Castor Seed Oil)) OR
(ricini oleum)) OR (Ricinus Communis (Castor) Seed Oil)) OR (Ricinus Communis Oil)) OR (8001-79-4)) OR (AEC Castor Oil)) OR (Botanol CO)) OR (Castor Oil (USP))) OR (Crystal Crown))
OR (Crystal LC)) OR (Crystal O)) OR (Huile De Ricin)) OR (Jamaican Black Castor Oil)) OR (JH-PPCO)) OR (Lanaetex CO)) OR (Lipovol CO)) OR (Ricinus Communis Seed Oil ies)) OR
(Unicast-CO)) OR (Activera 107 Lipo C)) OR (Amalaki Fruit Extract in Castor Oil)) OR (Ashwagandha Root Extract in Castor Oil)) OR (Base RW 101)) OR (Bawachi Seed Extract in Castor
Oil)) OR (Bentone Gel CAO V)) OR (Bhringaraj Leaf Extract in Castor Oil)) OR (Bibitaki Fruit Extract in Castor Oil)) OR (Biocence Botanical Complex)) OR (Bleu Covapate W 6763)) OR
(Botanivera 107)) OR (Brahmi Leaf Extract in Castor Oil)) OR (Casto Cetyle)) OR (Castorwax)) OR (CitroComplexTM Hair)) OR (Covalip 22)) OR (Covalip 99)) OR (Covapate Uniblack LC
9789)) OR (Covapate Uniblue LC 6721)) OR (Covapate Unibrown LC 8780)) OR (Covapate Unibrown LC 8781)) OR (COVAPATE UNIORANGE LC 2726)) OR (COVAPATE UNIRED LC
3703)) OR (COVAPATE UNIRED LC 3728)) OR (Covapate Unired LC 3779)) OR (Covapate Uniwhite LC 9781)) OR (COVAPATE UNIYELLOW LC 1725)) OR (Gilugel CAO)) OR
(Hairflux)) OR (Haridra Root Extract in Castor Oil)) OR (Haritaki Fruit Extract in Castor Oil)) OR (Indigo Leaf Extract in Castor Oil)) OR (Jaswand Flower Extract in Castor Oil)) OR (Kumari
Leaf Extract in Castor Oil)) OR (Liant TW 729)) OR (Mukti Ananta Root Extract In Castor Oil)) OR (Mukti Arjuna)) OR (Mukti Bala in Castor Oil)) OR (Mukti Bilwa)) OR (Mukti Brahati in
Castor Oil)) OR (Mukti Cardamon Extract Castor)) OR (Mukti Chandan)) OR (Mukti Cinnamon)) OR (Mukti Clove Extract Castor)) OR (Mukti Danti Extract Castor)) OR (Mukti Daruharidra))
OR (Mukti Durva)) OR (Mukti Gambhari)) OR (Mukti Garlic)) OR (Mukti Gokshura)) OR (Mukti Guggul)) OR (Mukti Jivanti)) OR (Mukti Kantakari)) OR (Mukti Khadhir)) OR (Mukti
Kushtha)) OR (Mukti Manjishtha)) OR (Mukti Mustard)) OR (Mukti Nagarmotha)) OR (Mukti Patala)) OR (Mukti Patha)) OR (Mukti Punarnava)) OR (Mukti Raktachandan)) OR (Mukti
Rasna)) OR (Mukti Sahchar)) OR (Mukti Shalparni)) OR (Mukti Syonaka)) OR (Mukti Ushira)) OR (Mukti Utpal)) OR (Mukti Vidanga)) OR (Mukti Yastimadhu)) OR (Neem Leaf Extract in
Castor Oil)) OR (Nikkol Nikkosome VCLI)) OR (NS Polygloss CO)) OR (NS Polygloss Natural)) OR (Orange Peel Extract in Castor Oil)) OR (Prodhyrouge 2000)) OR (Ricino - Cetyle)) OR
(Sebapet)) OR (Shatavari Root Extract in Castor Oil)) OR (Shatavari Root Extract in Castor Oil)) OR (Sorbitol Crosspolymer)) OR (Suberlift Lipophile)) OR (Sunthi Root Extract in Castor Oil))
OR (Timiron Silver CO)) OR (Tixogel COG 1540)) OR (Tulsi Leaf Extract in Castor Oil)) OR (Unitina LM)) OR (Vegelatum Castor 1023)) OR (Vegelatum Maple 2701) AND
(2002:2025[pdat]) — 5,433,304 hits/ 4 useful

AND
- toxicity — 183,574 hits/ 74 useful
- impurities — 5096 hits/0 useful
- toxicokinetics — 93,105 hits/0 useful
- dermal penetration — 611 hits/0 useful
- dermal absorption — 868 hits/0 useful
- dermal toxicity — 1,1318 hits/0 useful
- cosmetic toxicity —2,480 hits/0 useful
- oral toxicity — 13,274 hits/2 useful
- dermal toxicity — 1,1318 hits/0 useful
- inhalation toxicity— 3,606 hits/3 useful
- reproductive toxicity- 10,229 hits/0 useful
- developmental toxicity — 4,294 hits/ 0 useful
- mutagenicity — 17,315 hits/0 useful
- carcinogenicity — 22,791 hits/0 useful
- endocrine disruption — 4,734 hits/0 useful
- immunotoxicity — 702 hits/0 useful
- immune response — 130,033 hits/0 useful
- dermal irritation — 452 hits/0 useful
- dermal sensitization — 293 hits/0 ueful
- ocular irritation — 737 hits/0 useful
- mucous membrane irritation — 272 hits/0 useful
- depigmentation— 3,781 hits/0 useful
- clinical trials — 376,153 hits/1 useful
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Frequency (2023/2002) and concentration (2022/2004) of use according to likely duration and exposure and by product category

# of Uses |Max Conc of Use (%) # of Uses |Max Conc of Use (%) # of Uses i Max Conc of Use (%) # of Uses i Max Conc of Use (%)
Hydrogenated Castor Oil Ricinoleic Acid Ricinus Communis (Castor) Seed Oil Sodium Ricinoleate
2023 20022 20223 20042 2023 20022 20223 20042 2023 20022 20223 20042 | 2023 | 20022 ; 20223 20042
Totals* 501 202 {0.043-21: 0.0003 - 2 6 NR NR 1018 769 0.0002 — 0.00004 3 12 NR NR
39 77.8 - 81
summarized by likely duration and exposure**
Duration of Use
Leave-On 423 131 0.05-21 1} 0.0003 — 2 5 NR NR 791 668 0.0002 - :0.00004| NR 1 NR NR
39 77.8 -81
Rinse-Off 52 70 0.043— 1 0.0003—| NR NR NR NR 212 90 0.0002 - 0.0002 - 3 11 NR NR
12.6 7 73.5 19
Diluted for (Bath) Use 26 1 NR 3-19 NR 1 NR NR 15 11 NR 22 NR NR NR NR
Exposure Type
Eye Area 70 57 042-21 i 0.5-39 NR NR NR NR 75 58 0.002-43.6:04—-13| NR NR NR NR
Incidental Ingestion 74 20 3.6-8 0.5-33 NR NR NR NR 199 492 0.0029 — 75 : 15— 81 NR NR NR NR
Incidental Inhalation-Spray 1; 67% 74 3° 0.05* 0.0003 — 2° 5 NR NR 16; 161%i1;44% 4% 0.0002— | 0.004 — NR NR NR NR
37° 7, 71° 0.01; 1;
0.8 -5% 0.005 —10* {0.00004
0.0003 — -52%
8® 0.02 —
55°
Incidental Inhalation-Powder 8; 37% 4¢ 3P 2.8-13% { 0.0003— | NR NR NR NR 7;71% i 1;4%1°i3.5-7.9;0.1 I; NR NR NR NR
8® 12¢ —24¢ 0.02 —
55°
Dermal Contact 398 180 0.043-21: 0.0003 - 2 6 NR NR 625 154 0.0002 — 0.00004 3 11 NR NR
39 77.8 -55
Deodorant (underarm) 80* 28 3-8.7 2-8 NR NR NR NR 32 NR 0.14 (spray) ;0.01 —3* NR NR NR NR
1.4 (not
spray)
Hair - Non-Coloring 23 1 0.05-4 {0.02-3 NR NR NR NR 158 66 0.0002 - $0.0002—-| NR 1 NR NR
73.5 52
Hair-Coloring NR NR 0.6 NR NR NR NR NR 8 28 NR 0.0005-| NR NR NR NR
2
Nail NR 1 NR NR NR NR NR NR 3 13 1-12.2 69 NR NR NR NR
Mucous Membrane 115 87 0.043 - { 0.0003 - NR 1 NR NR 275 522 0.0002 - 75 i 0.003 - 1 10 NR NR
12.6 33 81
Baby Products 5 NR 2 5 NR NR NR NR 13 3 NR NR NR 1 NR NR
as reported by product category
Baby Products
Baby Lotions/Oils/Powders/Creams 4 NR | 2 (lotions/ NR 12 1 NR NR
oils/cream)
Other Baby Products 1 NR NR 5 1 2 NR NR NR 1 NR NR
Bath Preparations (diluted for use)
Bath Oils, Tablets, and Salts 22 1 NR 19 NR 1 NR NR 13 1 NR 22
Bubble Baths 1 NR NR 4
Other Bath Preparations 3 NR NR 3 2 10 NR NR
Eye Makeup Preparations
Eyebrow Pencil 34 11 6-21 4-26 8 10 11.4 3
Eyeliner 12 25 5-11 3-39 12 11 39 4-8
Eye Shadow 8 6 042-182: 2-19 3 9 38-436 i 2-5
Eye Lotion 1 NR NR 0.5 6 NR 0.002-1.5 NR
Eye Makeup Remover NR 1 NR 7 NR 1 NR NR
Mascara 6 NR NR 5 25 16 0.1-1 04-3




Distributed for Comment Only -- Do Not Cite or Quote

Frequency (2023/2002) and concentration (2022/2004) of use according to likely duration and exposure and by product category

# of Uses |Max Conc of Use (%) # of Uses |Max Conc of Use (%) # of Uses i Max Conc of Use (%) # of Uses i Max Conc of Use (%)
Hydrogenated Castor Oil Ricinoleic Acid Ricinus Communis (Castor) Seed Oil Sodium Ricinoleate
2023 20022 20223 20042 2023 20022 20223 20042 2023 20022 20223 20042 | 2023 | 20022 ; 20223 20042
Other Eye Makeup Preparations 9 14 NR 22 -39 21 11 42.8 13
Fragrance Preparations
Cologne and Toilet Water NR NR NR 0.0003 NR 1 NR NR NR NR NR 0.1
Perfumes NR NR NR 5 1 NR NR 03-1
Other Fragrance Preparation 1 NR NR 7 NR 4 NR NR 15 NR NR NR
Hair Preparations (non-coloring)
Hair Conditioner 3 NR 4 NR 42 20 0.0002 — $0.0002 —
73.5 5
Hair Spray (aerosol fixatives) NR 1 0.0002 — NR
0.01
Hair Straighteners 1 NR NR NR 3 NR NR NR
Rinses (non-coloring) 1 NR NR NR 1 5 NR 19
Shampoos (non-coloring) 6 NR NR 0.02 30 NR 0.01 - 1.2 0.005 NR 1 NR NR
Tonics, Dressings, and Other Hair 7 NR 0.05 3 52 34 0.005-10 { 0.005 -
Grooming Aids 52
Wave Sets NR NR NR 16
Other Hair Preparations 5 1 NR NR 30 6 63 NR
Hair Coloring Preparations
Hair Dyes and Colors (all types 1 27 NR 2
requiring caution statements and
patch tests)
Hair Tints 2 NR NR NR
Hair Rinses (coloring) NR NR NR 0.0005
Hair Lighteners with Color 1 NR NR NR
Hair Bleaches NR NR 0.6 NR NR 1 NR 0.04
Other Hair Coloring Preparation 4 NR NR NR
Makeup Preparations
Blushers (all types) 11 2 0.36 3 14 10 33-27.6 i 0.08-
45
Face Powders 8 NR NR NR 7 1 35-79 1
Foundations 3 4 NR 09-5 5 5 4.5-304 :0.05-6
Leg and Body Paints NR NR NR 1 1 NR NR NR
Lipstick 73 20 3.6-8 0.5-33 199 492 125-75 i15-81
Makeup Bases 2 NR NR NR 5 4 14.9 0.002 —
20
Rouges 1 1 33 38 —48
Makeup Fixatives NR NR NR 3-7 1 NR NR NR
Other Makeup Preparations 14 24 12.1 0.04-13 85 25 41.1 40-49
Manicuring Preparations (Nail)
Cuticle Softeners 1 1 12.2 NR
Nail Creams and Lotions NR 1 NR NR NR 1 NR NR
Nail Polish and Enamel 2 NR NR 69
Nail Polish and Enamel Removers NR 8 1-2 NR
Other Manicuring Preparations NR 3 NR NR
Oral Hygiene Products
Mouthwashes and Breath 1 NR NR NR
Fresheners
Other Oral Hygiene Products NR NR NR 1-5 NR NR 0.0029-49: NR
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Frequency (2023/2002) and concentration (2022/2004) of use according to likely duration and exposure and by product category

# of Uses |Max Conc of Use (%) # of Uses |Max Conc of Use (%) # of Uses i Max Conc of Use (%) # of Uses i Max Conc of Use (%)
Hydrogenated Castor Oil Ricinoleic Acid Ricinus Communis (Castor) Seed Oil Sodium Ricinoleate
2023 20022 20223 20042 2023 20022 20223 20042 2023 20022 20223 20042 | 2023 | 20022 ; 20223 20042
Personal Cleanliness Products
Bath Soaps and Detergents 8 1 0.043 -  0.0003 — 56 18 0.0002-0.4; 0.008 1 10 NR NR
12.6 0.7
Deodorants (underarm) 80 2 not spray: 2-8 3 NR  iaerosol: 0.14:0.01 — 3
3-8.7 not spray:
14
Feminine Deodorants 1 NR NR 2
Other Personal Cleanliness Products 6 65 3.5 NR 5 1 NR 0.003
Shaving Preparations
Aftershave Lotion NR 2 NR NR NR 2 NR 0.004 —
0.03
Beard Softeners 1 NR NR NR 7 NR 17.5 NR
Preshave Lotions (all types) 5 NR 73.5 NR
Shaving Cream 1 NR 0.0024 NR
Other Shaving Preparations 1 NR NR NR 2 1 NR 0.03
Skin Care Preparations
Cleansing 24 3 1-3.2 1 49 4 0.005-10 : 0.004 2 NR NR NR
Depilatories 8 2 0.33-30.3 NR
Face and Neck (exc shave) 27 NR | not spray: 1-2 40 1 not spray: 1-7
13 12.7
Body and Hand (exc shave) 9 3 not spray: | 0.0003 — 31 3 not spray: | 0.02—
2.8 1 0.1-24 55
spray:
0.004
Foot Powders and Sprays NR NR NR 8
Moisturizing 51 3 not spray: 1-5 2 NR NR NR 105 8 not spray: 7
0.089 —2 0.01 —77.8
Night 1 1 NR 1-3 2 NR NR 0.00004
Paste Masks (mud packs) 1 NR 0.9 NR 2 2 1 NR
Skin Fresheners 7 NR NR NR 2 NR NR NR
Other Skin Care Preparations 47 9 NR 0.1-1 94 8 11.5-14 NR
Suntan Preparations
Suntan Gels, Creams, and Liquids NR 1 NR 0.8-3 NR 1 NR 6
Other Suntan Preparations NR 2 NR NR NR 1 NR 10

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)

It 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.

Ingredients not reported to be in use’3
Ethyl Ricinoleate

Glycol Ricinoleate

Methyl Ricinoleate

Potassium Ricinoleate



https://www.cir-safety.org/cir-findings
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Final Report on the Safety Assessment of Ricinus Communis
(Castor) Seed Oil, Hydrogenated Castor Oil, Glyceryl
Ricinoleate, Glyceryl Ricinoleate SE, Ricinoleic Acid,
Potassium Ricinoleate, Sodium Ricinoleate, Zinc
Ricinoleate, Cetyl Ricinoleate, Ethyl Ricinoleate, Glycol
Ricinoleate, Isopropyl Ricinoleate, Methyl Ricinoleate, and

Octyldodecyl Ricinoleate!

The oil derived from the seed of the Ricinus communis plant
and its primary constituent, Ricinoleic Acid, along with certain of
its salts and esters function primarily as skin-conditioning agents,
emulsion stabilizers, and surfactants in cosmetics, although other
functions are described. Ricinus Communis (Castor) Seed Oil is
the naming convention for castor oil used in cosmetics. It is pro-
duced by cold pressing the seeds and subsequent clarification of
the oil by heat. Castor oil does not contain ricin because ricin does
not partition into the oil. Castor oil and Glyceryl Ricinoleate ab-
sorb ultraviolet (UV) light, with a maximum absorbance at 270 nm.
Castor oil and Hydrogenated Castor Oil reportedly were used in
769 and 202 cosmetic products, respectively, in 2002; fewer uses
were reported for the other ingredients in this group. The highest
reported use concentration (81%) for castor oil is associated with
lipstick. Castor oil is classified by Food and Drug Administration
(FDA) as generally recognized as safe and effective for use as a
stimulant laxative. The Joint Food and Agriculture Organization
(FAO)/World Health Organization (WHO) Expert Committee on
Food Additives established an acceptable daily castor oil intake
(for man) of 0 to 0.7 mg/kg body weight. Castor oil is hydrolyzed in
the small intestine by pancreatic enzymes, leading to the release of
glycerol and Ricinoleic Acid, although 3,6-epoxyoctanedioic acid,
3,6-epoxydecanedioic acid, and 3,6-epoxydodecanedioic acid also
appear to be metabolites. Castor oil and Ricinoleic Acid can en-
hance the transdermal penetration of other chemicals. Although
chemically similar to prostaglandin E;, Ricinoleic Acid did not have
the same physiological properties. These ingredients are not acute
toxicants, and a National Toxicology Program (NTP) subchronic
oral toxicity study using castor oil at concentrations up to 10% in
the diet of rats was not toxic. Other subchronic studies of castor
oil produced similar findings. Undiluted castor oil produced min-
imal ocular toxicity in one study, but none in another. Undiluted
castor oil was severely irritating to rabbit skin in one study, only
slightly irritating in another, mildly irritating to guinea pig and rat
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skin, but not irritating to miniature swine skin. Ricinoleic Acid was
nonirritating in mice and in one rabbit study, but produced well-
defined erythema at abraded and intact skin sites in another rabbit
study. Zinc Ricinoleate was not a sensitizer in guinea pigs. Neither
castor oil nor Sodium Ricinoleate was genotoxic in bacterial or
mammalian test systems. Ricinoleic Acid produced no neoplasms
or hyperplasia in one mouse study and was not a tumor promoter in
another mouse study, but did produce epidermal hyperplasia. Cas-
tor oil extract had a strong suppressive effect on S;g9 body tumors
and ARS ascites cancer in male Kunming mice. No dose-related
reproductive toxicity was found in mice fed up to 10% castor oil
for 13 weeks. Female rats injected intramuscularly with castor oil
on the first day after estrus had suppressed ovarian folliculogenesis
and anti-implantation and abortive effects. Castor oil used as a ve-
hicle control in rats receiving subcutaneous injections had no effect
on spermatogenesis. A methanol extract of Ricinus communis var.
minor seeds (ether-soluble fraction) produced anti-implantation,
anticonceptive, and estrogenic activity in rats and mice. Clinically,
castor oil has been used to stimulate labor. Castor oil is not a signif-
icant skin irritant, sensitizer, or photosensitizer in human clinical
tests, but patients with occupational dermatoses may have a pos-
itive reaction to castor oil or Ricinoleic Acid. The instillation of a
castor oil solution into the eyes of nine patients resulted in mild
and transient discomfort and minor epithelial changes. In another
study involving 100 patients, the instillation of castor oil produced
corneal epithelial cell death and continuity breaks in the epithelium.
Because castor oil contains Ricinoleic Acid as the primary fatty acid
group, the Cosmetic Ingredient Review (CIR) Expert Panel consid-
ered the safety test data on the oil broadly applicable to this entire
group of cosmetic ingredients. The available data demonstrate few
toxic effects. Although animal studies indicate no significant irri-
tant or sensitization potential, positive reactions to Ricinoleic Acid
in selected populations with identified dermatoses did suggest that
sensitization reactions may be higher in that population. Overall,
however, the clinical experience suggests that sensitization reac-
tions are seen infrequently. In the absence of inhalation toxicity
data on these ingredients, the Panel determined that these ingre-
dients can be used safely in aerosolized cosmetic products because
the particle sizes produced are not respirable. Overall, the CIR
Expert Panel concluded that these cosmetic ingredients are safe in
the practices of use and concentrations as described in this safety
assessment.
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INTRODUCTION

The safety of the following ingredients in cosmetics is re-
viewed in this report: Ricinus Communis (Castor) Seed Oil,
Hydrogenated Castor Oil, Glyceryl Ricinoleate, Glyceryl Ri-
cinoleate SE, Ricinoleic Acid, Potassium Ricinoleate, Sodium
Ricinoleate, Zinc Ricinoleate, Cetyl Ricinoleate, Ethyl Rici-
noleate, Glycol Ricinoleate, Isopropyl Ricinoleate, Methyl Ri-
cinoleate, and Octyldodecyl Ricinoleate. For the sake of brevity,
Ricinus Communis (Castor) Seed Oil will be referred to as castor
oil.

Glyceryl Ricinoleate and Glyceryl Ricinoleate SE are es-
ters of glycerin and Ricinoleic Acid (component of castor oil).
A Cosmetic Ingredient Review (CIR) safety assessment (Elder
1988) of Glyceryl Ricinoleate in cosmetics was published with
the conclusion that the available data are insufficient to support
the safety of this ingredient as used in cosmetics. The follow-
ing data were needed for completion of this safety assessment:
(1) 28-day chronic dermal toxicity (guinea pigs) and (2) clinical
sensitization and photosensitization studies (or an appropriate
ultraviolet spectrum instead of the photosensitization data).

Glyceryl Ricinoleate and Glyceryl Ricinoleate SE are in-
cluded in the present safety assessment in the expectation that
the available data on castor oil, Ricinoleic Acid, salts of Rici-
noleic Acid, and other esters of Ricinoleic Acid will contribute
to aresolution of the CIR Expert Panel’s data needs for Glyceryl
Ricinoleate and Glyceryl Ricinoleate SE.

CHEMISTRY

Definition and Structure
Ricinus Communis (Castor) Seed Oil

According to the International Cosmetic Ingredient Dictio-
nary and Handbook (Gottschalck and McEwen 2004), Ricinus
Communis (Castor) Seed Oil (CAS no. 8001-79-4) is defined as
the fixed oil that is obtained from the seeds of Ricinus communis.
Other names for this oil include: Castor Qil, Castor Oil (Ricinus
communis L.), Castor Seed Oil, Ricinus Communis, and Ricinus
Communis Oil (Gottschalck and McEwen 2004), and Ricinus
Oil (TNO BIBRA International Ltd. 1999). As given by TNO
BIBRA International Ltd. (1999), the structural formula is:

CH,OR
|
CHOR

I
CH,0OR

where R represents a fatty acyl group [CHj3(CH;)sCH(OH)
CH,CH=CH(CH;);COOH] that is typically derived from Ri-
cinoleic Acid. Ricinoleic Acid accounts for 87% to 90% of
the fatty acyl groups, and the following other fatty acids com-
prise the remaining fatty acyl groups: oleic acid (2% to 7%),
linoleic acid (3% to 5%), palmitic acid (1% to 2%), stearic
acid (1%), dihydrostearic acid (1%), and trace amounts of other

fatty acyl groups (not specified) (TNO BIBRA International Ltd.
1999).

According to other sources, Castor Oil contains 2.4% lau-
ric acid (Larsen et al. 2001), 2% to 5% linoleic acid (Maier
et al. 1999), and globulin, cholesterol, lipase, vitamin E, and
B-sitosterol (Scarpa and Guerci 1982).

Hydrogenated Castor Oil

According to the International Cosmetic Ingredient Dictio-
nary and Handbook (Gottschalck and McEwen 2004), Hydro-
genated Castor Oil (CAS no. 8001-78-3) is defined as the end
product of controlled hydrogenation of Ricinus Communis (Cas-
tor) Seed Oil. Castor Oil, Hydrogenated is another technical
name for this ingredient, and Castor Wax (trade name) and Mon-
tane 481 (trade name mixture) are other names under which Hy-
drogenated Castor Oil is marketed (Gottschalck and McEwen
2004).

Ricinoleic Acid, Its Salts, and Simple Esters

Table 1 includes the structures, definitions, and cosmetic
ingredient functions of Glyceryl Ricinoleate, Glyceryl Rici-
noleate SE, Ricinoleic Acid, Potassium Ricinoleate, Sodium
Ricinoleate, Zinc Ricinoleate, Cetyl Ricinoleate, Ethyl Rici-
noleate, Glycol Ricinoleate, Isopropyl Ricinoleate, Methyl Ri-
cinoleate, and Octyldodecyl Ricinoleate.

Chemical and Physical Properties

Properties of castor oil and Hydrogenated Castor Oil are
summarized in Table 2 and properties of the following ingre-
dients are summarized in Table 3: Ricinoleic Acid, Ethyl Ri-
cinoleate, Methyl Ricinoleate, Sodium Ricinoleate, Potassium
Ricinoleate, and Zinc Ricinoleate.

Composition/Impurities
Castor Oil

The following three peaks were observed in a gas-liquid chro-
matogram on castor oil: palmitic acid (1.7%), C18 acids (stearic,
oleic, and linoleic acids) (15.9%), and Ricinoleic Acid (82.4%)
(Kato and Yamaura 1970).

According to the Food Chemicals Codex (National Academy
of Sciences 1996), the requirements for castor oil are as follows:
free fatty acids (passes test), heavy metals, as Pb (not more than
10 mg/kg), hydroxyl value (between 160 and 168), iodine value
(between 83 and 88), saponification value (between 176 and
185), and specific gravity (between 0.952 and 0.966). The test for
free fatty acids is described as follows: free fatty acids (10 g) are
dissolved in 50 ml of a mixture of equal volumes of alcohol and
ether (which has been neutralized to phenolphthalein with not
more than 7 ml of 0.1 N sodium hydroxide). Phenolphthalein (1
ml) is added, followed by titration with 0.1 N sodium hydroxide
until the solution remains pink (after shaking).

Similarly, the United States Pharmacopeia (Committee of
Revision of the United States Pharmacopeial Convention 2004a)
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Structures, definitions, and functions of ricinoleic acid, its salts, and esters (Gottschalck and McEwen 2004)

Structure

Definition

Function

CHa(CHQ)SCiHCH2CH ==CH(CH,);COOH

OH

OH

I
CH(CHy)5CH3 0

CH,CH==CH(CHy);C —— OCH,CHCH,0H

OH

See above

CH3(CH2)5CIHCHZCH == CH(CH,);CO0K

OH

See above, except
with Na in place
of K

CHg(CHj)sCHCH,CH== CH(CH,);CO0"
| Zn+2

OH

2
OH

CH3(CH2) sCHCH,CH 0

CH(CHy)7C — OCH,(CHy)14CHs

Il
CHa(CHZ)STHCHQCH=CH(CHg)yC—OCHZCHS

OH

I
CH3(CH2)5(|)HCH20H=CH(CHg)yC—OCHQCHa

OH

I
CH3(CH2)5(|3HCHZCH=CH(CH2)7C—OCH20H3

OH
OH

CH(CH3)5CH3 o

CH,CH==CH(CHy);C — OCH,CH,OH

Ricinoleic Acid (CAS nos. 141-22-0 and 7431-95-0) is an
unsaturated fatty acid. Other names include:
12-Hydroxy-9-Octadecenoic Acid; 9-Octadecenoic Acid,
12-Hydroxy-; Ricinic Acid; and Ricinolic Acid

Glyceryl Ricinoleate (CAS nos.141-08-2, 1323-38-2, and
5086-52-2) is the monoester of glycerin and ricinoleic acid.
Other names include: Glycerin Monoricinoleate; Glycerol
Monoricinoleate; Glyceryl Monoricinoleate,
12-Hydroxy-9-Octadecenoic Acid, Monoester with
1,2,3-Propanediol; Ricinoleic Acid Monoglyceride; and
Ricinolein, 1-Mono-

Glyceryl Ricinoleate SE is a self-emulsifying grade of Glyceryl
Ricinoleate containing sodium and/or potassium stearate

Potassium Ricinoleate (CAS no. 7492-30-0) is the potassium salt
of Ricinoleic Acid. Other names include:
12-Hydroxy-9-Octadecenoic Acid, Monopotassium Salt and
9-Octadecenoic Acid, 12-Hydroxy-, Monopotassium Salt

Sodium Ricinoleate (CAS no. 5323-95-5) is the sodium salt of
Ricinoleic Acid. Other names include:
12-Hydroxy-9-Octadecenoic Acid, Sodium Salt; 9-Octadecenoic
Acid, 12-Hydroxy, Sodium Salt; and Sodium Ricinate

Zinc Ricinoleate (CAS no. 13040-19-2) is the zinc salt of
Ricinoleic Acid. Other names include:
12-Hydroxy-9-Octadecenoic Acid, Zinc Salt and
9-Octadecenoic Acid, 12-Hydroxy-, Zinc Salt

Cetyl Ricinoleate (CAS no.10401-55-5) is the ester of cetyl
alcohol and Ricinoleic Acid. Other names include: Hexadecyl
12-Hydroxy-9-Octadecenoate; 12-Hydroxy-9-Octadecenoic
Acid, Hexadecyl Ester; 9-Octadecenoic Acid, 12-Hydroxy-,
Hexadecyl Ester; and Ricinoleic Acid, Hexadecyl Ester

Ethyl Ricinoleate (CAS no. 55066-53-0) is the ester of ethyl
alcohol and Ricinoleic Acid. Other names include: Ethyl
12-Hydroxy-9-Octadecenoate; 12-Hydroxy-9-Octadecenoic
Acid-, Ethyl Ester; 9-Octadecenoic Acid, 12-Hydroxy-, Ethyl
Ester; and Ricinoleic Acid, Monoethyl Ester

Glycol Ricinoleate (CAS nos. 106-17-2 and 40275-40-9) is the
ester of ethylene glycol and Ricinoleic Acid. Other names
include: 1,2-Ethanediol Monoricinoleate; Ethylene Glycol
Monoricinoleate; Glycol Monoricinoleate; 2-Hydroxyethyl
12-Hydroxy-9-Octadecenoate; 9-Octadecenoic Acid,
12-Hydroxy-, 2-Hydroxyethyl Ester; and Ricinoleic Acid,
2-Hydroxyethyl Ester

Surfactant—cleansing
agent

Skin-conditioning
agent—emollient and
surfactant—
emulsifying agent

Skin-conditioning
agent—emollient and
surfactant—
emulsifying agent

Surfactant—cleansing
agent and surfactant—
emulsifying
agent

Surfactant—cleansing
agent and surfactant—
emulsifying agent

Anticaking agent,
deodorant agent, and
opacifying agent

Skin-conditioning
agent—occlusive

Fragrance ingredient
and skin-conditioning
agent—emollient

Emulsion stabilizer
and skin-conditioning
agent—emollient

(Continued on next page)
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TABLE 1

Structures, definitions, and functions of ricinoleic acid, its salts, and esters (Gottschalck and McEwen 2004) (Continued)

Structure

Definition

Function

Il
CHa(CH2)5(i‘,HCHQCH=CH(CH2)7C—O(|)HCH3

OH CHs

i
CH3(CH3)sCHCH,CH==CH(CH,);C——OCH;4

OH

Isopropyl Ricinoleate (CAS no. 71685-99-9) is the ester of
isopropyl alcohol and Ricinoleic Acid. Other names include:
12-Hydroxy-9-Octadecenoic Acid, 1-Methylethyl Ester;
1-Methylethyl, 12-Hydroxy-9-Octadecenoate; 9-Octadecenoic
Acid, 12-Hydroxy-, 1-Methylethyl Ester; and Ricinoleic Acid,
Isopropyl Ester

Methyl Ricinoleate (CAS nos. 141-24-2 and 23224-20-6) is the

ester of methyl alcohol and ricinoleic acid. Other names include:
Castor Oil Acid, Methyl Ester; 12-Hydroxy-9-Octadecenoic Acid,

Methyl Ester; Methyl Castor Oil Fatty Acid; Methyl

12-Hydroxy-9-Octadecenoate; 9-Octadecenoic Acid, 12-Hydroxy-,

Methyl Ester; and Ricinoleic Acid, Methyl Ester

Octyldodecyl Ricinoleate (CAS nos. 79490-62-3 and 125093-27-8)

Skin-conditioning
agent—emollient

Skin-conditioning
agent—emollient

CH3(CH2)5C|)HCH2ﬁH ﬁ)
OH  CH(CH,);C—OCH,CH(CHy)sCHg

(CHy)7CH,

is the ester of Octyldodecanol and Ricinoleic Acid. Other names
include: 12-Hydroxy-9-Octadecenoic Acid, 2-Octyldodecyl Ester;

Skin-conditioning
agent—occlusive

9-Octadecenoic Acid, 12-Hydroxy-, 2-Octyldodecyl Ester;
2-Octyldodecyl 12-Hydroxy-9-Octadecenoate; and 2-Octyldodecyl

Ricinoleate

has published the following requirements for castor oil: free fatty
acids (“the free fatty acids in 10 g require for neutralization not
more than 3.5 ml of 0.10 N sodium hydroxide”) heavy metals
(0.001%), hydroxyl value (between 160 and 168), iodine value
(between 83 and 88), saponification value (between 176 and
182), and specific gravity (between 0.957 and 0.961).

Hydrogenated Castor Oil

According to Nikitakis and McEwen (1990), Hydrogenated
Castor Oil consists primarily of glyceryl-tri-hydroxystearate.
An earlier source (Binder et al. 1970) indicates that
12-hydroxystearic acid is the principal constituent of Hydro-
genated Castor Oil.

The National Formulary (Committee of Revision of the
United States Pharmacopeial Convention 2004b) has published
the following requirements for Hydrogenated Castor Oil: free
fatty acids (free fatty acids in 20 g require for neutralization not
more than 11.0 ml of 0.1 N sodium hydroxide), heavy metals
(0.001%), hydroxyl value (between 154 and 162), iodine value
(not more than 5), and saponification value (between 176 and
182).

Methods of Production
Castor Oil

According to Kathren et al. (1959), castor oil is extracted
from the bean of the tropical plant, Ricinus communis, by either
of the following two methods: (1) use of a solvent [not stated]
or (2) mechanical crushing, grinding, and pressing. The former
method is more efficient, leaving a more dessicated residue.

This residue, known as pomace, contains ricin and a separate
allergen (Ratner and Gruehl 1929). Following extraction from
the castor bean, neither of these two fractions is present in castor
oil (Ordman 1955).

According to a more recent reference (Cornell University
2001), ricin does not partition into the oil because of its water
solubility. Therefore, castor oil does not contain ricin, provided
that cross-contamination does not occur during its production.

Other sources indicate that castor oil is produced via the cold
pressing of the seeds of Ricinus communis (Hui 1996) and by
cold expression and subsequent clarification of the oil by heat
(Gennaro 1990).

Hydrogenated Castor Oil

According to Nikitakis and McEwen (1990), Hydrogenated
Castor Oil is obtained by the controlled hydrogenation of pure
Castor Oil. Another source (Campbell & Co. 2002) indicates
that Hydrogenated Castor Oil (hard, brittle wax) results from the
addition of hydrogen to Castor Oil in the presence of a nickel
catalyst.

Ricinoleic Acid

One of the simplest methods for obtaining Ricinoleic Acid is
the hydrolysis of castor oil. Ricinoleic acid may then be sepa-
rated from hydrolyzed castor Oil by successive additions of urea
(i.e., urea complexing) (Chakravarty and Bose 1963). Accord-
ing to a more recent source, Ricinoleic Acid results from the
saponification of castor oil (Lewis 1997).
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TABLE 2
Chemical and physical properties of Castor Oil and Hydrogenated Castor Oil
Property Value Reference
Castor Oil
Color/Form Colorless to pale-yellow viscous liquid Lewis 2000
Taste Slightly acrid National Toxicology Program (NTP) 2003
Specific gravity 0.945 to 0.965 at 25°/25°C; 0.961 to 0.963 at NTP 2003
15.5°/15.5°C
Density 0.953 to0 0.965 g/ml at 20°C NTP 2003
Viscosity 6 to 8 poises at 25°C NTP 2003
283 cPat37°C Fredholt et al. 2000
Solubility In water (<1 mg/ml at 20°C); in DMSO (>100 NTP 2003
mg/ml at 20°C);
In 95% ethanol (> 100 mg/ml at 20°C); in
methanol (miscible);
In acetone (>100 mg/ml at 20°C)
Miscible in absolute alcohol, glacial acetic acid, Lewis 2000
chloroform, and ether
Surface tension 39.0 dynes/cm at 20°C; 35.2 dynes/cm at 80°C NTP 2003
Refractive index 1.4784 at 20°C; 1.473 to 1.477 at 25°C; NTP 2003
1.466 to 1.473 at 40°C
Optical rotation Not less than 4-3.5° NTP 2003
Flash point 229°C (445°F) NTP 2003
Autoignition 448°C (840°F) NTP 2003
temperature
Melting point —12°C NTP 2003
Boiling point 313°C NTP 2003
Freezing point —10°C NTP 2003
Saponification 178 NTP 2003
value
Iodine value 85 NTP 2003
Acid value <4 NTP 2003
Reichert-Meissl <0.5 NTP 2003
value
Polenske value <0.5 NTP 2003
Acetyl value 144 to 150 NTP 2003
Hydroxyl value 161 to 169 NTP 2003
Hydrogenated Castor Oil
Color/Form White to cream waxy solid Nikitakis and McEwen 1990
Odor As specified by the buyer Nikitakis and McEwen 1990
Slight characteristic odor Allegri et al. 1981
Taste Tasteless Allegri et al. 1981
Identification Positive: Close match to a standard IR spectrum Nikitakis and McEwen 1990
with no indication of foreign materials
Specific gravity 0.98 to 1.04 at 25°/25°C Nikitakis and McEwen 1990
Melting range 78° t0 90°C Nikitakis and McEwen 1990
Acid value 5.0 maximum Nikitakis and McEwen 1990
Saponification 175 to 185 Nikitakis and McEwen 1990
value
Iodine value As specified by the buyer Nikitakis and McEwen 1990
<5.0 Budavari 1989
Hydroxyl value 155 max KIC Chemicals, Inc. 2004

(Continued on next page)
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TABLE 2
Chemical and physical properties of Castor Oil and Hydrogenated Castor Oil (Continued)
Property Value Reference
Density 0.98 g/cm? Physical & Theoretical Chemistry Lab 2004
Solubility Insoluble in water and organic solvents. Lewis 1997
Soluble in chloroform; very slightly soluble in ben- Allegri et al. 1981
zene; virtually insoluble in alcohol, ethyl ether, car-
bon disulfide, and water
Drying loss When dried under vacuum in presence of phosphoric Allegri et al. 1981
acid anhydride, should lose no more than 0.1% of
weight
Sulfuric ash Not more than 0.01% Allegri et al. 1981

Methyl Ricinoleate

According to Masri et al. (1962), Methyl Ricinoleate has
been obtained by alcoholysis of castor oil, followed by fractional
distillation of the crude esters and further purification by low
temperature crystallization. According to a more recent source,
Methyl Ricinoleate is a product of either the esterification of
Ricinoleic Acid or the alcoholysis of castor oil; the product is
purified by vacuum distillation (Lewis 1997).

Ultraviolet Absorption
Castor Oil

A ultraviolet (UV) absorption spectrum on castor oil indicates
maximum absorbance at 270 nm; absorption peaks at 280 and
260 nm were also observed (Sasol North America, Inc. no date).

Glyceryl Ricinoleate

A UV absorption spectrum on Glyceryl Ricinoleate indi-
cates maximum absorbance at 270 nm and an absorption peak
at 280 nm (Sasol North America, Inc. no date).

Analytical Methods
Castor Oil

Castor oil has been analyzed using the following meth-
ods: mass spectroscopy (Ayorinde et al. 2000), gas-liquid
chromatography (Kato and Yamaura 1970; Ramsey et al.
1980), thin-layer chromatography (Srinivasulu and Mahapatra
1973), and nonaqueous reverse-phase high-performance liquid
chromatography—mass spectrometry (Stiibiger et al. 2003).

Methyl Ricinoleate

Methyl Ricinoleate has been analyzed by nuclear magnetic
resonance (NMR) spectroscopy (Wineburg and Swern 1973) and
gas-liquid chromatography (Paulus and Champion 1972).

Reactivity
Castor Oil

Castor oil is combustible when exposed to heat, and sponta-
neous heating may occur (Lewis 2000).

According to Gunstone (1989), Castor Oil is a pre-
cursor of octadeca-9,11-dienoic acid (dehydration reaction);
12-hydroxystearic acid (hydrogenation); heptanol and undec-
10-enoic acid (pyrolysis); and sebacic acid, 10-hydroxydecanoic
acid, octan-2-ol, and octan-2-one (alkaline fusion).

According to Achaya (1971), the hydrogenation of Castor
oil produces 12-hydroxystearate, stearate, 12-ketostearate, and
ricinoleyl alcohol. Dehydrated castor oil is a dehydration product
of castor oil, and contains a fair proportion of conjugated dienes.

Hydrogenated Castor Qil

Hydrogenated Castor Oil is combustible and is incompatible
with strong oxidizing agents (Physical and Theoretical Chem-
istry Lab 2004).

USE

Purpose in Cosmetics

Ricinus Communis (Castor) Seed Oil functions as a fra-
grance ingredient and a skin-conditioning agent—occlusive in
cosmetic products, and Hydrogenated Castor Oil functions as a
skin-conditioning agent—occlusive and a viscosity increasing
agent—nonaqueous (Gottschalck and McEwen 2004). The cos-
metic ingredient functions of Ricinoleic Acid and some of its
salts and esters are included in Table 1. Except for the anticaking,
deodorant, and opacifying agent functions of Zinc Ricinoleate
and the surfactant function of Ricinoleic Acid, Potassium Rici-
noleate, Sodium Ricinoleate, Glyceryl Ricinoleate, and Glyceryl
Ricinoleate SE, these ingredients function as skin-conditioning
agents in cosmetic products. In addition to functioning as a
skin-conditioning agent, Ethyl Ricinoleate also functions as a
fragrance ingredient. Glycol Ricinoleate also functions as an
emulsion stabilizer, and Glyceryl Ricinoleate and Glyceryl Ri-
cinoleate SE also function as surfactants in cosmetics.

Extent of Use in Cosmetics
Frequency of use data based on industry reports to the Food
and Drug Administration (FDA) in 2002 indicate that Ricinus
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TABLE 3
Chemical and physical properties of Ricinoleic Acid, its salts, and esters
Property Value Reference
Ricinoleic Acid
Molecular weight 298.47 Lide and Frederikse 1993
Color/Form Yellow fatty acid Grant 1972
Yellow, viscous liquid Nikitakis and McEwen 1990
Colorless to yellow, viscous liquid Lewis 1997
Odor As specified by the buyer Nikitakis and McEwen 1990
Identification Positive: Close match to a standard IR spectrum with no in- Nikitakis and McEwen 1990
dication of foreign materials
Specific gravity 0.940 at 25°/25°C Nikitakis and McEwen 1990
Density 0.9450 Lide and Frederikse 1993
0.940 at 27.4°/4°C Lewis 1997
Solubility Insoluble in water Grant 1972

Refractive index

Optical rotation

Melting point

Boiling point

Combustibility

Neutralization value

Todine value

Color/Form
Solubility
Combustibility

Color/Form
Odor
Solubility
Combustibility

Color/Form
Odor
Density

Soluble in alcohol, acetone, ether, and chloroform
Soluble in ethyl alcohol and diethyl ether

Soluble in most organic solvents; insoluble in water
1.4716 at 20°C

1.4716

1.4697 at 20°C

[0]?*/P of +6.67°C

+6.67° at 22°C

[a]'?/Pof +5.05

Dextrorotatory

5.5°C

o :7.7°C; B: 16°C; y: 5.5°C

5.5°C

226.8°C

226°C at 10 mm Hg

Combustible

187.98

188

85.05

85

Potassium Ricinoleate
White paste
Soluble in water
Combustible

Sodium Ricinoleate
White or slightly yellow powder
Nearly odorless
Soluble in water or alcohol
Combustible

Zinc Ricinoleate
Fine white powder
Faint fatty acid odor
1.10 at 25°/25°C

Budavari 1989

Lide and Frederikse 1993
Lewis 1997

Nikitakis and McEwen 1990
Lide and Frederikse 1993
Lewis 1997

Budavari 1989

Nikitakis and McEwen 1990
Lide and Frederikse 1993
Lewis 1997

Nikitakis and McEwen 1990
Lide and Frederikse 1993
Lewis 1997

Lide and Frederikse 1993
Lewis 1997

Lewis 1997

Budavari 1989

Nikitakis and McEwen 1990
Budavari 1989

Nikitakis and McEwen 1990

Lewis 1997
Lewis 1997
Lewis 1997

Lewis 1997
Lewis 1997
Lewis 1997
Lewis 1997

Lewis 1997
Lewis 1997
Lewis 1997

(Continued on next page)
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TABLE 3

Chemical and physical properties of Ricinoleic Acid, its salts, and esters (Continued)
Property Value Reference
Melting point 92°C to 95°C Lewis 1997
Combustibility Combustible Lewis 1997

Methyl Ricinoleate
Color/Form Colorless liquid Lewis 1997
Solubility Insoluble in water; soluble in alcohol and ether Lewis 1997
Density 0.9236 at 22°/4°C Lewis 1997
Refractive index 1.4628 Lewis 1997
Boiling point 245°C at 10 mm Hg Lewis 1997
Flash point —4.5°C Lewis 1997
Combustibility Combustible Lewis 1997
Ethyl Ricinoleate

Molecular weight 326.52 Lide and Frederikse 1993
Density 0.9045 Lide and Frederikse 1993
Refractive index 1.4618 Lide and Frederikse 1993
Optical rotation [a]?*/P of 4+5.3 Lide and Frederikse 1993
Boiling point 258°C Lide and Frederikse 1993

Communis (Castor) Seed Oil and Hydrogenated Castor Oil are
being used in a total of 769 and 202 cosmetic products, respec-
tively. Glyceryl Ricinoleate (16 cosmetic products), Ricinoleic
Acid (6 cosmetic products), Sodium Ricinoleate (12 cosmetic
products), Zinc Ricinoleate (3 cosmetic products), and Cetyl Ri-
cinoleate (55 cosmetic products) were also reported. These data
are given in Table 4 (FDA 2002).

Use concentration data obtained from an industry survey by
the Cosmetic, Toiletry, and Fragrance Association (CTFA 2004)
indicate that Ricinus Communis (Castor) Seed Oil and Hydro-
genated Castor Oil are being used in cosmetics at concentrations
up to 81% and 39%, respectively (see Table 4).

Other maximum ingredient use concentrations reported in
Table 4 are as follows: Glyceryl Ricinoleate (up to 12%), Zinc
Ricinoleate (up to 2%), Cetyl Ricinoleate (up to 10%), and
Octyldodecyl Ricinoleate (up to 5%). Of the product categories
listed in Table 4, the highest reported use concentration for Rici-
nus Communis (Castor) Seed Oil is associated with lipsticks.
Two other sources indicate that lipstick contains 44% w /w
castor oil (Hui 1996) and 10% to 67% castor oil (Smolinske
1992).

Certain ingredients in this group are reportedly used in a given
product category, but the concentration of use is not available.
For other ingredients in this group, information regarding use
concentration for specific product categories is provided, but the
number of such products is not known. In still other cases, an
ingredient is not in current use, but may be used in the future.
For example, Potassium Ricinoleate, Ethyl Ricinoleate, Glycol
Ricinoleate, Isopropyl Ricinoleate, and Methyl Ricinoleate are
not currently reported to FDA as in use, nor are there industry
survey data indicating a current use concentration.

Cosmetic products containing Ricinus Communis (Castor)
Seed Oil, Hydrogenated Castor Oil, and Ricinoleic Acid and its
salts and esters are applied to most areas of the body, and could
come in contact with the oral, ocular, or nasal mucosae. These
products may be used on a daily basis, and could be applied
frequently over a period of several years.

Product categories for Ricinus Communis (Castor) Seed Oil,
Hydrogenated Castor Oil, and salts and esters of Ricinoleic Acid
include potential aerosol applications. Bower (1999) character-
ized the typical diameter of anhydrous hair spray particles in the
60- to 80-um range (typically, <1% are below 10 um). Pump
hair sprays, in contrast, have typical particle diameters of >80
um. Johnsen (2004) reported that the mean particle diameter is
around 38 um in a typical aerosol spray. In practice, he stated
that aerosols should have at least 99% of particle diameters in
the 10- to 110-um range. For comparison, Jensen and O’Brien
(1993) reported a mean aerodynamic diameter of 4.25 £+ 1.5 um
for respirable particles, which is smaller than any of the cosmetic
product particle sizes given above.

Noncosmetic Use
Castor Oil, Hydrogenated Castor Oil, and Ricinoleic Acid Salts
and Esters

According to Aplin and Eiseo (1997), castor oil is used as
an industrial lubricant and as a medicinal purgative; the au-
thors noted that medicinal Castor Oil does not contain ricin. Mc-
Keon et al. (2000) confirmed lubricant and anti-fungal uses and
additional uses in paints, coatings, and plastics.

The following uses have been reported for Hydrogenated Cas-
tor Oil (Budavari 1989): in water-repellent coatings, candles,
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TABLE 4
Current uses and concentrations of Ricinus Communis (Castor) Seed Oil and Ricinoleic Acid and its salts and esters in cosmetics
Ingredient uses in each Use concentrations
Product category (total no. of formulations) product category (FDA 2002) (CTFA 2004) (%)

Ricinus Communis (Castor) Seed Oil

Baby products
Shampoos (29)

Lotions, oils, powders, and creams (60)
Other (34)

Bath products
Oils, tablets, and salts (143)
Soaps and detergents (421)
Bubble baths (215)
Capsules (2)

Other (196)

Eye makeup
Eyebrow pencils (102)
Eyeliners (548)

Eye shadow (576)

Eye lotions (25)

Eye makeup remover (100)
Mascara (195)

Other (152)

Fragrance products
Colognes and toilet waters (684)
Perfumes (235)

Powders (273)
Sachets (28)
Other (173)

Noncoloring hair care products
Conditioners (651)
Sprays/aerosol fixatives (275)
Straighteners (63)
Permanent waves (207)
Rinses (42)

Shampoos (884)

Tonics, dressings, etc. (598)
Wave sets (53)

Other (277)

Hair—coloring products
Dyes and colors (1690)
Tints (49)

Rinses (20)

Shampoos (32)

Color sprays (5)
Lighteners with color (5)
Bleaches (120)

Other (55)

Makeup
Blushers (245)

Face powders (305)

—

22
0.008

4-8
2-5

0.4-3
13

0.1
0.3-1

19
0.005
0.005-52
16

0.08-45
1

(Continued on next page)
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TABLE 4
Current uses and concentrations of Ricinus Communis (Castor) Seed Oil and Ricinoleic Acid and its salts and esters in cosmetics
(Continued)

Ingredient uses in each Use concentrations
Product category (total no. of formulations) product category (FDA 2002) (CTFA 2004) (%)

Foundations (324) 5
Leg and body paints (4) —
Lipsticks (962) 492
Makeup bases (141) 4
Rouges (28) 1
Makeup fixatives (20) —
Other (201) 25
Nail care products
Basecoats and undercoats (44) —
Cuticle softeners (19) 1
Creams and lotions (15) 1
Nail extenders (1) —
Nail polishes and enamels (123) —
Nail polish and enamel removers (36)
Other (55)
Personal hygiene products
Bath soaps and detergents (421) 18
Underarm deodorants (247) —
Douches (5) —
Feminine deodorants (4) —
Other (308) 1
Shaving products
Aftershave lotions (231) 2
Beard softeners (0) —
Mens talcum (7) —
Preshave lotions (14) —
Shaving creams (134) —
Shaving soaps (2) —
Other (63)
Skin care products
Skin cleansing creams, lotions, liquids, and pads (775)
Depilatories (34)
Face and neck creams, lotions, powders, and sprays (310)
Body and hand creams, lotions, powders, and sprays (840)
Body and hand sprays
Foot powders and sprays (35)
Moisturizers (905)
Night creams, lotions, powders, and sprays (200)
Paste masks/mud packs (271)
Skin fresheners (184)
Other (725)
Suntan products
Suntan gels, creams, liquids, and sprays (131) 1
Indoor tanning preparations (71) —
Other (38)
Total uses/ranges for Ricinus Communis (Castor) Seed Oil 769

W oo

—

0.05-6
15-81
0.002-20
38-48

4049

< 0.008
0.01-3

0.003

0.004-0.03

0.004

1-7
0.02-55
0.004
7
0.00004

6

10
0.00004-81
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Current uses and concentrations of Ricinus Communis (Castor) Seed Oil and Ricinoleic Acid and its salts and esters in cosmetics

(Continued)

Product category (total no. of formulations)

Ingredient uses in each
product category (FDA 2002)

Use concentrations
(CTFA 2004) (%)

Baby products
Other (34)

Bath products
Oils, tablets, and salts (143)
Soaps and detergents (421)
Bubble baths (215)

Other (196)

Eye makeup
Eyebrow pencils (102)
Eyeliners (548)

Eye shadow (576)
Eye lotions (25)

Eye makeup
Eye makeup remover (100)
Mascara (195)

Other (152)

Fragrance products
Colognes and toilet waters (684)
Perfumes (235)

Other (173)

Noncoloring hair care products
Shampoos (884)

Tonics, dressings, etc. (598)
Other (277)

Makeup
Blushers (245)
Foundations (324)

Leg and body paints (4)
Lipsticks (962)
Makeup fixatives (20)
Other (201)

Nail care products
Creams and lotions (15)

Oral hygiene products
Other (6)

Personal hygiene products
Underarm deodorants (247)
Feminine deodorants (4)
Other (308)

Shaving products
Aftershave lotions (231)

Skin care products

Hydrogenated Castor Oil

Skin cleansing creams, lotions, liquids, and pads (775)
Face and neck creams, lotions, powders, and sprays (310)
Body and hand creams, lotions, powders, and sprays (840)

Foot powders and sprays (35)

11
25

19
0.0003-0.7
4
3

4-26

3-39

2-19
0.5

0.9-5

0.5-33
3-7
0.04-13

1
1-2
0.0003-1
8
(Continued on next page)
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TABLE 4
Current uses and concentrations of Ricinus Communis (Castor) Seed Oil and Ricinoleic Acid and its salts and esters in cosmetics
(Continued)
Ingredient uses in each Use concentrations
Product category (total no. of formulations) product category (FDA 2002) (CTFA 2004) (%)
Moisturizers (905) 3 1-5
Night creams, lotions, powders, and sprays (200) 1 1-3
Other (725) 9 0.1-1
Suntan products
Suntan gels, creams, liquids, and sprays (131) 1 0.8-3
Other (38) 2 —
Total uses/ranges for Hydrogenated Castor Oil 202 0.0003-39
Glyceryl Ricinoleate
Eyebrow pencil (102) — 11
Eyeliner (548) 1 2
Eyeshadow (576) 5 —
Other eye makeup products (152) 1 2-12
Lipsticks (962) 5 —
Other shaving products (63) 1 —
Body and hand creams, lotions, powders, and sprays (840) 2 —
Night creams, lotions, powders, and sprays (200) 1 —
Total uses/ranges for Glyceryl Ricinoleate 16 12
Ricinoleic Acid
Bath preparations
Qils, tablets and salts (143) 1 —
Fragrance preparations
Colognes and toilet waters (684) 1 —
Other fragrance preparations (173) 4 —
Total uses/ranges for Ricinoleic Acid 6 —
Sodium Ricinoleate
Baby products
Other baby products (34) 1 —
Bath Preparations
Soaps and detergents (421) 10 —
Noncoloring Hair Preparations
Shampoos (884) 1 —
Total uses/ranges for Sodium Ricinoleate 12 —
Zinc Ricinoleate
Noncoloring hair preparations
Hair sprays/aerosol fixatives (275) — 1
Personal hygiene products
Underarm deodorants (247) 2 2
Skin care preparations
Skin cleansing creams, lotions, liquids, and pads (775) 1 —
Body and hand skin care preparations (sprays) (840) — 1
Total uses/ranges for Zinc Ricinoleate 3 1-2
Cetyl Ricinoleate
Makeup preparations

Blushers (245) — 3
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TABLE 4

Current uses and concentrations of Ricinus Communis (Castor) Seed Oil and Ricinoleic Acid and its salts and esters in cosmetics
(Continued)

Product category (total no. of formulations)

Use concentrations
(CTFA 2004) (%)

Ingredient uses in each
product category (FDA 2002)

Foundations (324)
Lipsticks (962)
Other makeup preparations (201)
Skin care preparations
Skin cleansing creams, lotions, liquids, and pads (775)
Body and hand skin care preparations (840)
Moisturizers (905)
Paste masks (mud packs) (271)
Other skin care preparations (725)
Suntan preparations
Other suntan preparations (38)
Total uses/ranges for Cetyl Ricinoleate

Octyldodecyl Ricinoleate

Fragrance preparations
Other fragrance preparations (173)
Makeup preparations
Lipsticks (962)
Total uses/ranges for Octyldodecyl Ricinoleate

3 2-3
26 0.5-10
1 _

2 0.1-0.5
1 _
15 0.1-2
3 _

3 4

1 _
55 0.1-10
— 3
— 3-5
— 3-5

shoe polish, carbon paper, and ointments; for impregnating pa-
per, wood, and cloth; for electrical condenser impregnation; as
a solid lubricant; and as a pressure mold release agent in the
manufacture of formed plastics and rubber goods. The use of
Hydrogenated Castor Oil in waterproofing fabrics has also been
reported (Lewis 1997).

According to FDA’s OTC (Over-the-Counter) Drug Review
Ingredient Status Report (FDA 2003a), castor oil is classified
as generally recognized as safe and effective for use as a stimu-
lant laxative, but not generally recognized as safe and effective
for use as a wart remover. For use as a stimulant laxative, the
single daily dose reported for one product ranges from 15 to
60 ml for adults and children >12 years (Drugstore.com, Inc.
2004).

FDA had issued a proposed rule in 1982 stating that Castor oil
is generally recognized as safe and effective and not misbranded
when used as an active ingredient (laxative) in OTC laxative drug
products (FDA 1985) and a final rule is pending (FDA 2003a).
FDA has concluded that castor oil does not meet monograph
conditions and is not generally recognized as safe and effective
for use as a wart remover in OTC wart remover drug products
(FDA 1990).

Castor oil is included in the list of inactive ingredients (ex-
cipients) present in approved oral, intramuscular, and topical
drug products or conditionally approved drug products that are
currently marketed for human use (FDA 2003b).

FDA-approved direct/indirect food additive uses of Castor
oil and the following Ricinoleic Acid salts and esters are sum-
marized in Table 5: Potassium Ricinoleate, Sodium Ricinoleate,
Zinc Ricinoleate, Glycol Ricinoleate, Isopropyl Ricinoleate, and
Methyl Ricinoleate.

The Joint Food and Agriculture Organization (FAO)/World
Health Organization (WHO) Expert Committee on Food Addi-
tives (1980) established an acceptable daily intake (for man) of
0 to 0.7 mg/kg body weight for castor oil. The determination
of range was based on consideration of the lack of adequate
long-term studies.

Ricinoleic Acid

Noncosmetic uses of Ricinoleic Acid are as follows: turkey
red oil, textile finishing, source of sebacic acid and heptanol,
ricinoleate salts, and 12-hydroxystearic acid (Lewis 1997).

Zinc Ricinoleate

The following noncosmetic uses of Zinc Ricinoleate have
been reported: fungicide, emulsifier, greases, lubricants, water-
proofing, lubricating-oil additive, and stabilizer in vinyl com-
pounds (Lewis 1997).

Methyl Ricinoleate
Noncosmetic uses of Methyl Ricinoleate include: plasticizer,
lubricant, cutting oil additive, and wetting agent (Lewis 1997).
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TABLE 5
Direct/indirect food additive uses of Castor Oil, Hydrogenated Castor Oil, and Ricinoleic acid salts and esters
Code of Federal
Use Specification/listing Regulations (CFR)
Diluent Not more than 500 ppm Castor Oil in the finished food may 21 CFR 73.1

Release/antisticking agent

Natural flavoring substance
and adjuvant

Plasticizer

Component of food-contact
surface

Component of food-contact
surface

Component of defoaming

agents

Component of surface

lubricants

Component of cellophane

be used safely as a diluent in color additive mixtures for
food use that are exempt from certification.
Provided that Castor Oil meets the specifications of the 21 CFR 172.876
United States Pharmacopeia, it is permitted for use as a
release agent and antisticking agent, not to exceed 500
ppm in hard candy.
Castor Oil is included in the list of natural flavoring 21 CFR 172.510
substances and natural adjuvants that are permitted for
direct addition to food for human consumption.
Castor Oil is approved for use as a plasticizer (total not to 21 CFR 177.2600
exceed 30% by weight of rubber product, unless otherwise
specified) in rubber articles that have been declared safe
for use in producing, manufacturing, packing, processing,
preparing, treating, packaging, transporting, or holding
food.
Hydrogenated Castor Oil may be used safely as a 21CFR176.170
component of the uncoated or coated food-contact surface
of paper and paperboard intended for use in producing,
manufacturing, packaging, processing, preparing, treating,
packing, transporting, or holding aqueous and fatty foods.
Hydrogenated Castor Oil may be used safely as a 21CFR176.180
component of the uncoated or coated food-contact surface
of paper and paperboard intended for use in producing,
manufacturing, packaging, processing, preparing, treating,
packing, transporting, or holding dry food.
Castor Oil, Hydrogenated Castor Oil, Glycol Ricinoleate, 21 CFR 176.210
Isopropyl Ricinoleate, and Methyl Ricinoleate are among
the substances that are permitted for use in the formulation
of defoaming agents that have been declared safe for use
in the manufacture of paper and paperboard intended for
use in packaging, transporting, or holding food.
Castor Oil is included in the list of substances permitted for 21 CFR 178.3910
use in surface lubricants that have been declared safe for
use in the manufacture of metallic articles that contact
food. May be used in surface lubricants employed to
facilitate the drawing, stamping, or forming of metallic
articles from rolled foil or sheet stock by further
processing, provided that the total residual lubricant
remaining in the metallic article in the form in which it
contacts food does not exceed 0.2 mg per square inch of
food-contact surface.
Hydrogenated Castor Oil is included in the list of 21CFR 177.1200
components of cellophane that may be safely used for
packaging food.
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Direct/indirect food additive uses of Castor Oil, Hydrogenated Castor Oil, and Ricinoleic acid salts and esters (Continued)

Use

Specification/listing

Code of Federal
Regulations (CFR)

Component of
closure-sealing gaskets

Component of cross-linked
polyester resins

Textiles and textile fiber
components derived from
Castor Oil

Hydrogenated Castor Oil may be employed in the
manufacture of closure-sealing gaskets that may be safely
used on containers intended for use in producing,
manufacturing, packing, processing, preparing, treating,
packaging, transporting, or holding food.

Hydrogenated Castor Oil may be used in the production of
or may be added to cross-linked polyester resins that may
be safely used as articles or components of articles that are
intended for repeated use in contact with food.

Fats, oils, fatty acids, and fatty alcohols derived from Castor
Oil are included in the list of substances that are permitted
for use in textiles and textile fibers that have been declared

21CFR177.1210

21CFR 177.2420

21 CFR 177.2800

safe for use as articles or components of articles that are
intended for use in producing, manufacturing, packing,
processing, preparing, treating, packaging, transporting, or

holding food.
Component of adhesives

Polymeric esters of polyhydric alcohols and polycarboxylic

21 CFR 175.105

acids prepared from glycerin and phthalic anhydride and
modified with Castor Oil are permitted for use in
adhesives that have been declared safe for use as
components of articles intended for use in packaging,
transporting, or holding food. Methyl Ricinoleate is also
permitted for use in these adhesives.

Component of resinous and
polymeric coatings

Castor Oil, Hydrogenated Castor Oil, Potassium
Ricinoleate, Sodium Ricinoleate, and Zinc Ricinoleate are

21 CFR 175.300

included in the list of substances employed in the
production of resinous and polymeric coatings that have
been declared safe for use as the food-contact surface of
articles intended for use in producing, manufacturing,
packing, processing, preparing, treating, packaging,
transporting, or holding food.

BIOLOGICAL PROPERTIES

Absorption, Distribution, Metabolism, and Excretion
Castor Oil

In a study by Paul and McKay (1942), two rabbits (weight
= 3 kg) were fed 6% castor oil in the diet for 18 days; fecal
collection occurred during the last ten days. The utilization (un-
corrected for metabolic fat) of castor oil was 92.1%, which the
authors considered to be efficient utilization. For both rabbits,
the percentage of fat in the feces was 2.2%.

In a study by Stewart and Sinclair (1945), adult rats (number,
weights, and strain not stated) received a diet containing 48.4%
castor oil for 4 to 6 weeks. Control rats received stock ration
only. Feces were collected from three rats on the castor oil diet.
At the end of the feeding period, excised organs/tissues were
ground thoroughly and samples of phospholipid fatty acids were

obtained from the liver, small intestine, and muscle; glyceride
fatty acids were obtained from the liver and fat depots. There
was no evidence of catharsis in any of the animals.

Average percentages of Ricinoleic Acid in the phospholipid
fatty acids were as follows: liver (test: 1.3 & 0.6% [9 analy-
ses]; controls: 1.7 & 1.1% [7 analyses]), small intestine (test:
4.9 £+ 1.7% [8 analyses]; controls: 6.0 & 4.4% [4 analyses]),
and skeletal muscle (test: 3.6 £ 2.9% [8 analyses]; controls:
4.0 £ 1.7% [7 analyses]). The following values are average
percentages of Ricinoleic Acid in glycerides and cholesterol es-
ters: fat depots (test: 6.8 &= 4.2% [11 analyses]; controls: 0.5 £
0.5% [7 analyses]) and liver (test: 7.2 £ 2.4% [8 analyses]; con-
trols: 5.6 £ 4.1% [5 analyses]).

The authors concluded that the feeding of castor oil did not
lead to the appearance of significant amounts of Ricinoleic Acid
in phospholipids of the small intestine, liver, and skeletal muscle,
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nor in glycerides of the liver. Additionally, they concluded that
ricinoleic acid is a component acid of the glycerides in the fat
depots, comprising 7% of the total fatty acids. The fatty acids
excreted by each of three rats amounted to 2.1%, 2.2%, and
3.6% of those ingested. Total body fat in these three animals
was also determined, and it was calculated that 1% to 2% of
absorbed Ricinoleic Acid was deposited in the fat depots. The
authors concluded that Ricinoleic Acid was rapidly metabolized
(Stewart and Sinclair 1945).

Watson and Gordon (1962) studied the digestion, absorption,
and metabolism of castor oil (medicinal grade) in eight male
Sprague-Dawley rats (weights = 100 to 200 g). The composition
of the castor oil was as follows: ricinoleic acid (90.0%), linoleic
acid (4.7%), oleic acid (3.2%), stearic acid (1.0%), palmitic acid
(1.0%), and palmitoleic acid (0.1%). In the first experiment, four
rats were fed rat chow ad libitum, and the remaining four were
fasted overnight. On the following morning, castor oil (1.0 ml)
was dosed via stomach tube and chyle was collected over a 24-
h period. The mean values for percent recovery of Ricinoleic
Acid in fasted and fed rats were 6.8% and 24.2%, respectively
(p < .0D).

In the second experiment, seven weanling rats were fed a diet
consisting of rat chow that had been mixed with castor oil (20%
by weight). The control group was fed an olive oil-supplemented
diet. After 4 and 8 weeks of feeding, an epididymal fat pad was
removed from each rat in both groups, and fatty acid composition
was determined using gas-liquid chromatography. Mean values
for Ricinoleic Acid in the fat pad after 4 and 8 weeks of feeding
were9.1 +1.7and 9.7 + 1.0%, respectively. Ricinoleic Acid was
undetectable in the fat pads of control rats fed olive oil. For rats
fed castor oil, random analyses of feces indicated a considerable
fraction of hydroxystearic acid. However, hydroxystearic acid
was undetectable in the feces of rats fed a normal diet. The
authors suggested that hydrogenation of Ricinoleic Acid in the
gut lumen by intestinal bacteria would be a likely explanation
for this finding.

The relationship between dose and absorption of castor oil
was studied in the final experiment. Polyethylene cannulae were
inserted into the thoracic duct and duodenum of each of two
rats, and the animals received 0.5 N saline overnight. On the
following morning, one rat received 0.2 ml and one rat received
0.6 ml of castor oil, and the rats were killed 45 min post dos-
ing. Only the high dose induced diarrhea. Intestines (small and
large) were excised, homogenized, and tissue lipids were ex-
tracted. Chyle was also collected and extracted. Total lipid esti-
mation and gas-liquid chromatography (GLC) analysis of fatty
acids were performed on the extracts. For the rat dosed with 0.2
ml castor oil, the percentage of Ricinoleic Acid in the chyle was
18.1% and the percentage detected in the small bowel lipids was
6.2%. For the rat dosed with 0.6 ml Castor Oil, the percentage
of Ricinoleic Acid in the chyle was 3.0% and the percentage in
the small bowel was 3.1%. Ricinoleic Acid was undetectable in
large bowel lipids from the rat with diarrhea. The result indicates
a close correlation between the dose administered and the per-

centage of Ricinoleic Acid in the feces, i.e., greater absorption
at the lower dose (Watson and Gordon 1962).

Castor oil is metabolized to Ricinoleic Acid by pancreatic
lipase in hamsters (Gaginella and Bass 1978). Thompson (1980)
reported that Castor Oil is a triglyceride that is hydrolyzed in
the small intestine in humans by pancreatic enzymes, leading to
the release of glycerol and Ricinoleic Acid.

In a study by Hagenfeldt et al. (1986), castor oil was ad-
ministered intragastrically to germ-free and conventional rats
(number not stated). Urine was collected at intervals over a
24-h period. The following epoxydicarboxylic acids were de-
tected in the urine of both germ-free and conventional rats:
3,6-epoxyoctanedioic acid; 3,6-epoxydecanedioic acid; and 3,6-
epoxydodecanedioic acid. These acids were not detected in urine
collected from the rats prior to dosing with castor oil, and they
also were not detected in steam-sterilized castor oil. The authors
stated that results for the germ-free rat indicate that the cycliza-
tion of Ricinoleic Acid (hydroxy fatty acid in castor oil) to form
an epoxy compound occurs endogenously and does not require
the presence of intestinal bacteria.

In a study by Ihara-Watanabe et al. (1999), two groups of five
male Wistar rats (3 weeks old) received 10% castor oil in the
diet (cholesterol-enriched and cholesterol-free, respectively) for
20 days. In both dietary groups, a very small quantity of Rici-
noleic Acid was present in perirenal adipose tissue, but not in
the serum or hepatic tissue. It was also noted that the perirenal
fatty acid profiles did not reflect those of the dietary fats, either
in the absence or presence of dietary cholesterol. The fecal re-
covery of Ricinoleic Acid was approximately 0.5% of the total
ingested. It was concluded that castor oil was readily absorbed
and metabolized.

Hydrogenated Castor Oil

In a study by Binder et al. (1970), groups of 15 male albino
rats (Slonaker substrain of Wistar strain, weights = 43 to 83 g)
received diets containing the following oils: group 1 (fed 1%
Hydrogenated Castor Oil (HCO) + 19% corn oil for 16 weeks),
group 2 (1% HCO 4 19% corn oil for 8 weeks, then 20% corn oil
for 8 weeks), group 3 (10% HCO + 10% corn oil for 16 weeks),
and group 4 (10% HCO + 10% corn oil for 8 weeks, then 20%
corn oil for 8 weeks). The control group received 20% corn oil in
the diet for 16 weeks. The sample of HCO that was incorporated
into the diet contained 86.5% 12-hydroxystearic acid, 10.3%
nonoxygenated acids, and 3.2% 12-ketostearic acid. Thus, the
effective dietary concentrations of Hydrogenated Castor Oil in
the 1% and 10% diets were 0.865% and 8.65%, respectively.
Results relating to the toxicity of HCO are summarized in the
section Subchronic Oral Toxicity later in the report.

After 4 weeks of feeding, some of the animals on the 1% HCO
(three rats) and 10% HCO (three rats) diets were necropsied and
excised abdominal adipose tissue from each group was pooled.
At weeks 4 and 8, sets of three rats on the corn oil diet were used.
At the end of the 16-week feeding period, adipose tissue from
rats in the various dietary groups was analyzed. Adipose tissue
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was not pooled. After 8, 12, and 16 weeks, lipids were extracted
from three rats on each diet. Methyl esters were recovered from
the extracted lipids and chromatographed.

The deposition of hydroxystearic acid in abdominal fat
and other body lipids was reported. In all cases, it was
accompanied by hydroxypalmitic acid, hydroxymyristic acid,
and hydroxylauric acid (hydroxy-stearic acid metabolites).
The percent composition of these HCO-derived hydroxy fatty
acids in rat lipids was as follows: 12-hydroxystearic acid
(~81%), 10-hydroxypalmitic acid (*17%), 8-hydroxymyristic
acid (*1.6%), and 6-hydroxylauric acid (*0.4%). After 4 weeks
on the 1% HCO diet, HCO-derived fatty acids accounted for
0.90% (by weight) of the abdominal fat fatty acids. This propor-
tion decreased to 20.35% over the 8- to 16-week feeding period.
Compared to the abdominal fatty acids, the acids obtained from
the carcass lipids contained a smaller proportion of HCO-derived
hydroxyacids (~0.28% over the 8- to 16-week feeding period).
The period encompassing 4 weeks of feeding on the 10% HCO
diet yielded the greatest content of HCO-derived hydroxy acids
in the lipids (i.e., 4.4% hydroxy acids in abdominal fat). At 16
weeks, this proportion had decreased to <2% (about same as in
the carcass lipids).

A rapid decrease in the amount of HCO-derived hydroxy fatty
acids in the tissues was noted when the HCO diet was changed
to the control diet (Binder et al. 1970).

Ricinoleic Acid and Methyl Ricinoleate

Uchiyama et al. (1963) studied the accumulation of hydroxy
acids in depot fat after rats were fed with Ricinoleic Acid in
two experiments. In the first experiment, adult male rats (num-
ber, strain, and weights not stated) were fed Ricinoleic Acid
(5% emulsion, 20 ml) for 7 days. In the second experiment, the
animals were fed for 27 days. Lipid extraction from the fat tis-
sue was followed by hydrolysis to yield a fatty acid mixture. A
gas-liquid chromatogram indicated appreciable amounts of the
following hydroxy fatty acids with shorter chain lengths than
Ricinoleic Acid: 10-hydroxyhexadecenoic acid (experiment 1:
0.60% of total fatty acids; experiment 2: 0.33% of total fatty
acids), 8-hydroxytetradecenoic acid (experiment 1: 0.03% of
total fatty acids; experiment 2: 0.08% of total fatty acids), and
6-hydroxydodecenoic acid (experiment 2: 0.03% of total fatty
acids). Ricinoleic Acid comprised 0.51% of total fatty acids in
experiment 1 and 3.85% of total fatty acids in experiment 2.

In a study by Okui et al. (1964), the metabolism of hy-
droxy fatty acids was evaluated using male albino rats (weight
= 120 £ 10 g). The rats received 1.5 g Ricinoleic Acid or an
emulsion containing 5% (w /v) Ricinoleic Acid by stomach tube
three times per day for a desired period. Feces were collected
every 24 h until the animals were killed. The animals were killed
20 h after the last dose, and subcutaneous adipose tissue was re-
moved for analyses. Oral dosing with Ricinoleic Acid resulted
in a fecal excretion rate (for Ricinoleic Acid) ranging from 1%
to 4%. Following oral administration for up to 30 days, the ac-

cumulation of hydroxy acids by 5% of fatty acids in fat tissue
was noted. Analyses of adipose tissue indicated an occurrence
of shorter chain hydroxy acids other than Ricinoleic Acid.

Ricinoleic Acid was also injected intraperitoneally to deter-
mine whether another route of administration would lead to the
formation of shorter chain hydroxy acids. After Ricinoleic Acid
was injected intraperitoneally daily for 7 days, Ricinoleic Acid
accumulated in the adipose tissue; no shorter chain hydroxy
acids were reported (Okui et al. 1964).

In a study by Rao et al. (1969), Ricinoleic Acid or Methyl
Ricinoleate was administered via gastric intubation to male rats
(minimum weight of 400 g) with a cannulated thoracic duct.
Lymph was collected for 48 h, and the lipids were then ex-
tracted and separated into various lipid classes. Results indicated
that Ricinoleic Acid was present in the triglyceride, diglyceride,
monoglyceride, and free fatty acid fractions. Peak absorption of
Ricinoleic Acid occurrred within 30 min post administration. Ri-
cinoleic Acid was not present in the phospholipid or cholesterol
ester fractions of the lymph lipids.

Percutaneous Absorption
Ricinoleic Acid

Butcher (1952) evaluated the skin penetration of Ricinoleic
Acid in vivo using rats that were 20 to 30 days old. In order to
increase the fluorescence of Ricinoleic Acid, either one part of
methyl anthranilate or methylcholanthrene was added to 99 parts
Ricinoleic Acid. The test substance was either gently rubbed
on to skin that had been clipped free of hair. Biopsies were
taken at various intervals post application. The preparations were
observed using a Spencer microscope with a quartz condenser.
Ricinoleic Acid was retained mainly in the outer strata of the
epidermis. There was little evidence of deeper penetration in
biopsies that were taken at 2 h post application.

In a study by Baynes and Riviere (2004), the percutaneous ab-
sorption of a radiolabeled [*H]Ricinoleic Acid (specific activity
= 20.0 mCi/mmol) mixture was evaluated using porcine skin
membranes or silastic (polydimethylsioloxane) membranes in
the Bronaugh flow-through diffusion cell system. [*H]Ricinoleic
Acid (5%) mixtures were prepared in water containing either
5% mineral oil or 5% PEG 200. Other [*H]Ricinoleic Acid
mixtures were formulated with the following three commonly
used cutting fluid additives: triazine, linear alkylbenzene sul-
fonate, and triethanolamine. At 8 h after topical exposure, Ri-
cinoleic Acid absorption (based on amount recovered in re-
ceptor fluid) ranged from 1% to 13% in silastic membranes
and 0.1% to 0.3% in porcine skin membranes. For most mix-
tures, peak absorption of Ricinoleic Acid occurred within 3
h. The greatest Ricinoleic Acid peak concentrations were as-
sociated with the control mixtures containing PEG in both
membranes.

At the conclusion of the 8-h perfusion experiments, as much
as 5% of the dose of Ricinoleic Acid was detected in the dosed
skin, and as much as 16% of the dose was detected in the stratum
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corneum with mineral oil formulations. With polyethylene gly-
col (PEG) formulations, the amount of Ricinoleic Acid remain-
ing in the skin tissues was considerably less. The cutting fluid
additives significantly decreased Ricinoleic Acid partitioning
from the formulation into the stratum corneum in PEG-based
mixtures. Additionally, the individual additives or combinations
of these additives significantly reduced Ricinoleic Acid per-
meability in silastic membranes and porcine skin (Baynes and
Riviere 2004).

Skin Penetration Enhancement
Ricinoleic Acid

In a study by Song et al. (2001), the effects of cis-9-
octadecenoic acid (oleic acid) and a group of chemically re-
lated cis- (Ricinoleic Acid) and trans- (ricinelaidic acid) 12-
monohydroxylated derivatives and their ethyl and methyl esters
on the skin penetration of model hydrophobic (hydrocortisone)
and hydrophilic (5-fluorouracil) drugs were evaluated in vitro us-
ing hairless mouse skin. Test solutions were prepared by placing
either test compound (5-fluorouracil, 5.4 mg; hydrocortisone,
15 mg) with or without an unsaturated fatty acid (50 mg each)
or fatty acid ester (50 mg each) in a screw-capped glass vial,
and adding propylene glycol (final volume = 1 ml). The mix-
ture was sonicated to effect complete dissolution. Permeation
studies were conducted using Vlia-Chien diffusion cells and
full thickness abdominal skin from female hairless HRS/J mice
(6 weeks old). Ricinoleic Acid enhanced the in vitro transdermal
permeation of 5-fluorouracil.

The transdermal penetration rate of hydroquinone from
propylene glycol was very slow. However, in the presence of
oleic acid, the penetration rate accelerated and was enhanced
approximately 1800-fold. In the presence of Ricinoleic Acid,
the enhancement of hydroquinone skin penetration was less than
1.5-fold. Regarding the penetration of 5-flurouracil, fluxes were
much higher in the presence of oleic acid (333-fold increase;
p < .001) than in the presence of Ricinoleic Acid (<5-fold
increase) (Song et al. 2001).

Transepidermal Water Loss
Castor Oil

Lieb et al. (1988) evaluated transepidermal water loss
(TEWL) using a modification of a flow-through diffusion
cell that was originally designed by Bronaugh and Stew-
art (1985). The membrane was described as full-thickness,
cartilage-stripped skin obtained from the ventral ear of the male
Syrian golden hamster. Castor oil (10 wl) was placed on the skin
(0.32-cm? area), and a TEWL rate—versus-time study was con-
ducted. Tritiated water (HTO) permeated through the membrane
into the diffusion cell’s receptor compartment. Flux (TEWL,
wug/em?/h) was determined (using a scintillation counter) by
measuring the HTO that adsorbed to anhydrous calcium chlo-
ride in the receptor cell. Castor oil caused a marked decrease in
the TEWL rate. For untreated skin, the mean TEWL rate was

approximately 450 j1g/cm?/h at 1 h. Mean values for the TEWL
rate were approximately 400 pg/cm?/h at 1 h and 250 pug/cm?/h
at 24 h. Additionally, castor oil was the only substance that ex-
hibited a burst effect, i.e., initially, the membrane became fully
hydrated and swollen and was more permeable, providing an
“increased push” effect to pass water through the membrane
toward the anhydrous desiccant.

Effect on Smooth Muscle
Castor Oil and Ricinoleic Acid

Mathias et al. (1978) evaluated the effect of Castor Oil and
Ricinoleic Acid on smooth muscle of the rabbit small intes-
tine. Anesthetized male New Zealand white rabbits (weights
between 1.5 and 3.0 kg) were used in ileal loop studies. Cas-
tor oil (dose = 0.85 ml/kg) was administered into the orad end
of the ileal loop, and myoelectric recording techniques were
used. Ricinoleic Acid was administered by intraluminal infusion
(2 pg/kg/min [6 mM] into the orad end). The term migrating
action potential complex (MAPC) was used to describe the my-
oelectric activity that has been observed in certain abnormal
states. MAPC has been defined as action potential discharge ac-
tivity occurring for longer than 2.5 s, on at least two consecutive
electrode sites at 2.5-cm intervals, and having a propagation ve-
locity of =1.0 cm/s. The myoelectric activity of castor oil and
Ricinoleic Acid was similar to the MAPC that was observed
in the cholera enterotoxin-infected loops. Castor oil induced an
alteration in myoelectric activity.

In experiments that were designed to study the motor re-
sponse in segments of the duodenum, mid-jejunum, terminal
ileum, and sigmoid colon (four experiments, respectively), Ri-
cinoleic Acid was diluted with 0.9% sodium chloride solution to
a volume that would deliver 1.14 ml/h. No MAPC activity was
observed in control experiments in which 0.9% sodium chloride
solution was perfused into the duodenum at a rate of 1.14 ml/h.
When compared to control values, there was no statistically sig-
nificant difference in the slow wave frequency or slow wave
propagation velocity in loops exposed to castor oil or Ricinoleic
Acid (Mathias et al. 1978).

Lodge (1994) evaluated the potential for Ricinoleic Acid to
induce vasoconstriction using tissues from male New Zealand
white rabbits. After removal of the thoracic aorta and left and
right external jugular veins, the vessels were cleaned and cut
into rings. Following removal of the endothelium, the rings
were suspended between two wire holders in tissue baths. Ri-
cinoleic Acid was diluted with ethanol to produce final bath
concentrations ranging from 0.1 to 30 ug/ml (molar concen-
tration range of 0.335 to 100.50 puM). Ricinoleic Acid in-
duced vasoconstriction (ECsy = 0.24 £ 0.04 png/ml) that was
concentration-dependent and sensitive to the inhibitory effect
of ifetroban, but not indomethacin. Ricinoleic acid also evoked
concentration-dependent force development (constriction) in the
aorta (ECsg = 4.7 £ 0.7 pug/ml), and this response was antago-
nized by ifetroban.
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Sodium Ricinoleate, Castor Oil, and Ricinoleic Acid
Stewart and Bass (1976a) evaluated the effects Sodium Rici-
noleate, castor oil, and Ricinoleic Acid on the digestive contrac-
tility of the canine small bowel using four male, mixed breed
dogs (weights between 10 and 15 g). After feeding, each animal
received a single bolus infusion of Sodium Ricinoleate (500 mg
in 30 ml of saline) into the duodenum. Saline (30-ml volume)
served as the control. A duodenal cannula was implanted in each
animal, and circular muscle activity was recorded for 1 h. Each
animal was dosed with Sodium Ricinoleate in two experiments,
and with isotonic saline (30 ml) in two control experiments. In
additional experiments, alterations in digestive contractile pat-
terns were monitored after administration (gastric tube) of castor
oil or Ricinoleic Acid (volume = 10 ml) one h after feeding. Each
treatment was repeated twice in each of two animals.
Intraduodenal administration of Sodium Ricinoleate pro-
duced a biphasic response in the proximal and mid-jejunum con-
sisting of brief initial stimulation, followed by inhibition of di-
gestive contractility. Compared to the control experiments, these
stimulatory and inhibitory effects on intestinal contractility were
described as significant (p < .05) changes in the average force
per contraction. The changes in mid-jejunal digestive contrac-
tility were similar to those observed in the proximal jejunum.
The oral administration of Ricinoleic Acid (10 ml) induced
alterations in digestive patterns that were qualitatively similar
to those induced by the intraduodenal administration of Sodium
Ricinoleate. Brief initial stimulation, followed by an apparent
depression of intestinal contractility, was observed after oral
dosing with Castor Oil (10 ml) (Stewart and Bass 1976a).

Sodium Ricinoleate and Methyl Ricinoleate

In a study by Stewart et al. (1975), Sodium Ricinoleate de-
pressed the smooth muscle twitch response of the electrically
driven guinea-pig ileum preparation at concentrations ranging
from 1.25 x 107 to 4 x 10~* M. Methyl Ricinoleate failed to
depress the smooth muscle twitch response over this range of test
concentrations. Similar results were reported for spontaneously
contracting rabbit jejunum.

Antinociceptive Activity
Ricinoleic Acid and Potassium Ricinoleate

Vieira et al. (2000) evaluated the antinociceptive activity of
Ricinoleic Acid (in peanut oil), dissolved in a vehicle contain-
ing 10% ethanol, 10% Tween 80, and 80% saline, using groups
of 5 male albino Dunkin-Hartley guinea pigs (weights = 250
to 350 g) and groups of 8 to 10 male Swiss mice (weights =
20 to 25 g). A series of experiments was performed. In the first
experiment, a single topical application of Ricinoleic Acid (900
pg/mouse) was made to the ventral surface of the right paw of
each mouse. Test substance application was followed by intra-
plantar injection with carrageenan (to induce edema) 30 min
later. Ricinoleic acid significantly reduced the reaction time to
a heat stimulus, compared to treatment with the vehicle. When

intraplantar injection with carageenan was preceded by repeated
(8 days) topical applications of Ricinoleic Acid (900 ng/mouse),
again, a marked prolongation of paw withdrawal latency to heat,
compared to the vehicle control group, was noted.

Another experiment involved the repeated local application (8
days) of Ricinoleic Acid (900 pg/mouse) or the repeated (4 days)
intradermal injection of Potassium Ricinoleate (30 pg/mouse)
on the ventral surface of the right paw. Freund’s adjuvant had
been injected into the hindpaw on the first day. The paw with-
drawal latency to a painful stimulus (heat) after topical applica-
tion was increased over at least 2 weeks. The intradermal injec-
tion of Potassium Ricinoleate induced a significant antinocicep-
tive effect that lasted for at least 3 weeks (Vieira et al. 2000).

Effect on Enzyme Activity
Ricinoleic Acid

In a study by Gaginella et al. (1978), isolated villus cells
from the small intestine of the hamster were used to deter-
mine whether Ricinoleic Acid stimulates intestinal adenylate
cyclase. In the adenylate cyclase assay, activity of the enzyme
was determined using a method that is based upon the conver-
sion of [ —32P]ATP to [32P]cyclic AMP. The cell homogenates
(30 to 50 pg of protein per tube) were incubated for 20 min.
Ricinoleic Acid concentrations of 107 to 5 x 107> M did not
cause dose-dependent stimulation of adenylate cyclase. Signifi-
cant (p < .05), but slight, stimulation of adenylate cyclase was
noted at a concentration of 10~> M, and higher concentrations
inhibited basal activity. Prostaglandin E;, which is chemically
similar to Ricinoleic Acid, was a potent stimulant of adenylate
cyclase activity, causing dose-related stimulation (p < .001) of
adenylate cyclase at concentrations of 10~ to 10™* M.

Simon and Kather (1980) studied the modulation of adenylate
cyclase and cAMP-phosphodiesterase, key enzymes of cAMP
metabolism, by Ricinoleic Acid in human colonic mucosa.
The experiments were performed using histologically normal
colonic mucosa obtained from eight patients (five males, three
females) who were undergoing hemicolectomy for carcinoma
or diverticulosis. Adenylate cyclase activity was determined
according to the method of Salomon et al. (1974), and cyclic
AMP phosphodiesterase activity was determined according to
the method of Péch (1971). Ricinoleic Acid was tested at con-
centrations ranging from 1 x 107% to 5 x 10~* mol/l. Basal
adenylate cyclase activity in homogenates of human colonic mu-
cosa averaged 250 pmol cAMP/mg protein/15 min. Mean basal
cAMP phosphodiesterase activity was 150 & 15 pmoles per mg
protein per minute.

Over the range of concentrations tested, dose-related stimu-
lation of the large bowel adenylate cyclase was not observed.
Basal activity of adenylate cyclase was inhibited at concentra-
tions above 1 x 107 mol/l. Ricinoleic Acid did not influence
soluble cAMP phosphodiesterase activity over the range of con-
centrations tested. Ricinoleic Acid was an ineffective stimulus of
human colonic adenylate cyclase, and also was not a competitive
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inhibitor of soluble cAMP phosphodiesterase activity (Simon
and Kather 1980).

In a study by Vanderhoek et al. (1980), the effect of Rici-
noleic Acid on the oxygenation of [1-'*CJarachidonic acid by
platelet cyclooxygenase and lipoxygenase enzymes was moni-
tored using an oxygen electrode and by analysis of the radioac-
tive products formed. The enzymes were obtained from human
platelet concentrates (3 to 4 days old). Ricinoleic Acid did not
appear to have an effect on either enzyme. The concentration of
Ricinoleic Acid that was required for half-maximal inhibition
of lipoxygenase or cyclooxygenase activity was >300 M.

Beubler and Schrirgi-Degen (1992) studied the stimula-
tion of enterocyte protein kinase C by laxatives in vitro us-
ing intestinal epithelial cell (from female Sprague-Dawley rats)
preparations. A protein kinase C assay system was used to
determine the activity of protein kinase C. This assay sys-
tem is based on protein kinase C—catalyzed transfer of the y-
phosphate group of adenosine-5'-triphosphate to a peptide that
is specific for protein kinase C. Ricinoleic Acid (dissolved in
DMSO) stimulated protein kinase C activity in a concentration-
dependent manner within the concentration range of 2 to
200 pg/ml.

Effect on Uridine Uptake

At a concentration of 50 uM, Ricinoleic Acid suppressed
the uptake of uridine into human diploid fibroblasts in culture
(Polgar and Taylor 1977).

Effect on Lipid Metabolism
Castor Oil

Thara-Watanabe et al. (1999) evaluated the effect of the fol-
lowing diets on lipid metabolism using groups of five male Wis-
tar rats (3 weeks old): 10% castor oil, 10% high-oleic safflower
oil, and 10% coconut oil. The diets were prepared in the absence
or presence of dietary cholesterol, and were fed ad libitum for
20 days. On day 20, blood samples were obtained and liver and
perirenal adipose tissues were excised. Serum and hepatic lipids
were analyzed for total cholesterol, high-density lipoprotein, tri-
acylglycerols, and phospholipids.

Body weight gain and food intake were lowest for rats fed
the castor oil diet enriched with cholesterol, but not for rats fed
cholesterol-free diets. Body weight gain to consumption ratios
were similar among all of the groups. Compared to rats fed the
high-oleic safflower oil diet (enriched with cholesterol), rats fed
the castor oil diet enriched with cholesterol had decreased liver
weights (g/100 g of body weight). Data on liver weights were
not presented in the study.

Values for total cholesterol and phospholipids in the serum
were significantly decreased in rats fed castor oil, compared to
rats fed high-oleic safflower oil in the absence or presence of
cholesterol. For cholesterol-enriched diets, the lowest value for
serum high-density lipoproteins was reported for the castor oil
dietary group. No significant differences in serum triacylglycerol

occurred between either of the dietary groups (with or without
cholesterol in the diet).

Compared to the high-oleic safflower oil dietary group (with
or without cholesterol), significantly decreased (p < .05) hep-
atic triacylglycerol concentrations were reported for the cas-
tor oil dietary group. For cholesterol-enriched diets, the castor
oil and coconut oil dietary groups had significantly increased
(p < .05) hepatic cholesterol when compared to the high-oleic
safflower oil dietary group. It was concluded that castor oil had a
hypocholesterolemic effect in rats in this study (Ihara-Watanabe
et al. 1999).

Effect on Leukocyte Infiltration and
Prostaglandin Synthesis
Castor Oil

Ohia et al. (1992) used castor oil as a vehicle control in a
study evaluating the effects of steroids and immunosuppres-
sive drugs on endotoxin-induced uveitis in rabbits. The vehi-
cle control group consisted of four male New Zealand rabbits
(weights = 1.5 to 2.0 kg). The animals were injected intramus-
cularly with castor oil (dose = 2 mg/kg). At 1 h post injec-
tion, both eyes of each rabbit were cleansed and anesthetized.
This procedure was followed by the intravitreal injection of Es-
cherichia coli endotoxin (100 ng). The animals were killed 24 h
after injection of the endotoxin. Aqueous humor was obtained
and leukocytes were counted. The eyes were then enucleated
for microscopic examination. Compared to saline-treated con-
trols, castor oil significantly reduced the infiltration of leuko-
cytes and the prostaglandin E, (inflammatory mediator) content
of the aqueous humor and iris-ciliary body. The authors con-
cluded that Castor Oil had an anti-inflammatory effect in this
study.

Effect on Cytokine-Induced Endothelial Cell Activation
Sodium Ricinoleate

De Caterina and Bernini (1998) evaluated the relationship
between structural differences in fatty acids and the inhibition
of endothelial activation, taking into consideration that dietary
long-chain fatty acids may influence processes that involve en-
dothelial activation (e.g., inflammation and atherosclerosis). To
test for a potential stimulatory effect of fatty acids on adhesion
molecule expression, sodium salts of saturated, monounsatu-
rated (Sodium Ricinoleate included), and n-6 and n-3 polyun-
saturated fatty acids were each incubated alone (test concentra-
tion = 25 uM) with human saphenous vein endothelial cells
(HSVECsS) for 72 h. The 72-h incubation period was followed
by 16 h of stimulation with the cytokine interleukin (IL)-1« in
the continuous presence of fatty acid salt. At the end of the in-
cubation period, vascular cell adhesion molecule-1 (VCAM-1)
expression was assessed using a cell surface enzyme immunoas-
say (EIA).

Sodium Ricinoleate significantly inhibited (considered mod-
est; p < .05) cytokine-induced endothelial adhesion molecule
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expression. DHA inhibited VCAM-1 expression (p < .01) most
potently (De Caterina and Bernini 1998).

De Caterina and Bernini (1998) also conducted an experiment
to determine whether the fatty acid sodium salts may induce en-
dothelial activation in the absence of cytokines. The salts were
incubated with endothelial cell monolayers for 24 h. Incubation
periods prior to detection of adhesion molecule surface expres-
sion varied from O to 72 h. Neither Sodium Ricinoleate (25 uM)
nor any other fatty acid sodium salt induced adhesion molecule
expression, as assessed by EIA.

Ricinoleic Acid

In a study by De Caterina et al. (1995), the effect of Rici-
noleic Acid on VCAM-1 expression was evaluated using rabbit
coronary artery endothelium in vitro. VCAM-1 (marker for en-
dothelial cell activation) is a surface protein that is not expressed
by endothelial cells in vitro, but is inducible by exposure to in-
flammatory stimuli such as bacterial endotoxin, IL-1, or tumor
necrosis factor o (TNFa). Ricinoleic Acid significantly reduced
IL-4—induced VACM-1 expression (50% inhibitory concentra-
tion between 10 and 100 £M). Neither cell number nor viability
was increased in this concentration range. Ricinoleic Acid did
not inhibit TNFa-induced VACM-1 expression to any signifi-
cant extent.

Effect on Prostaglandin Synthesis
Castor Oil

Gao et al. (1999) evaluated the effect of castor oil in the diet
on the synthesis of prostaglandin E, (PGE,) and the induction of
labor using two groups of eight pregnant Wistar rats (at gestation
day 18; test and control groups, respectively). Two milliliters of
castor oil—containing diet were administered by gavage daily for
a total of four feedings. The diet (labor-inducing diet) consisted
of castor oil (30 ml) + one chicken egg, blended and heated to
a thick consistency. At 4 h after the fourth feeding, the pregnant
females were killed. Compared to the control group, a significant
increase in concentrations of PGE, in tissues of the intestinal
mucosa, placenta, amnion, and amniotic cells was noted in test
animals. The authors stated that the increased synthesis of PGE,
“is a key of” the initiation of labor that is induced by a castor oil
diet.

Cytotoxicity
Sodium Ricinoleate

Gaginella et al. (1977b) evaluated the cytotoxicity of Rici-
noleic Acid using epithelial cells that were isolated from the
small intestines of male Syrian hamsters. Cytotoxicity was as-
sessed by exclusion of trypan blue, the release of intracellular
(prelabeled) °'Cr, and inhibition of the cellular uptake of 3-
O-methylglucose. The results produced by all three methods
indicated that Sodium Ricinoleate produced a dose-dependent
cytotoxicity.

For the trypan blue exclusion method, Sodium Ricinoleate
caused dose-related increases in cytotoxicity at concentrations
of 0.1 to 5.0 mM. Death of all cells was noted at a concentration
of 2.0 mM. Results for control incubation in the ! Cr release as-
say indicated that 26.8 & 1.7% of 3! Cr, initially within or bound
to the cells, was released into the medium. Sodium Ricinoleate
induced concentration-dependent (0.1 to 5 mM Sodium Rici-
noleate) increases in °! Cr release, from 4.2% to 54.8% above the
control value. In the 3-O-methylglucose uptake assay, Sodium
Ricinoleate inhibited the uptake of 3-O-methylglucose over a
concentration range of 0.1 to 2.0 mM (Gaginella et al. 1977b).

In a study by De Caterina and Bernini (1998), the cytotoxi-
city of Sodium Ricinoleate and other fatty acid sodium salts in
human saphenous vein endothelial cell cultures was evaluated.
Cell count, trypan blue exclusion, and [*H]leucine incorporation
into total cell-associated and released proteins were monitored.
For the latter of the three, trichloroacetic acid precipitation of
total cell extracts and cell supernates was performed. At con-
centrations <25 uM, Sodium Ricinoleate and other fatty acid
sodium salts did not induce significant toxicity (based on cell
count and trypan blue exclusion) for periods up to 72 h prior to
cytokine stimulation.

Antimicrobial Activity
Castor Oil

Morris et al. (1979) evaluated the antimicrobial activity of
castor oil on Staphylococcus aureus, Escherichia coli, and Can-
dida albicans using the Petri plate—paper disc procedure. Paper
discs were soaked with 20 ul of a 10% Castor Oil solution, and
the discs were immediately applied to solidified, seeded agar
(1 disc per plate). The plates were incubated for 10 to 24 h.
Discs containing 95% ethanol (20 ul) served as negative con-
trols. Castor Oil did not have antimicrobial activity on any of
the strains tested.

Sodium Ricinoleate

Whiteside-Carlson et al. (1955) studied the effect of Sodium
Ricinoleate on cell division using a laboratory strain of E. coli.
Sodium Ricinoleate was tested over a concentration range of
1 to 5 mg/ml of medium. The cultivation of E. coli on nutri-
ent agar that was saturated with Sodium Ricinoleate caused the
development of filamentous forms during the first h of loga-
rithmic growth. By the end of the log phase, organisms of nor-
mal morphology were observed. When agar containing Sodium
Ricinoleate was adjusted to pH values of 5 to 8, filament for-
mation was more marked and persisted for longer periods at
the more alkaline pH value. The utilization of liquid proteose-
peptone medium (with periodic readjustment of the pH to a
range of 7.6 to 7.8) resulted in maintenance of the cells in fila-
mentous form throughout the entire growth cycle. The tendency
toward filament formation was reduced by lowering the incuba-
tion temperature to below 37°C. The results of this study indicate



Distributed for Comment Only -- Do Not Cite or Quote

52 COSMETIC INGREDIENT REVIEW

that Sodium Ricinoleate interfered with cell division in E. coli,
causing the organisms to develop as filaments.

Mordenti et al. (1982) studied the activity of Sodium Rici-
noleate against Streptococcus mutans strain 6715-13 (plaque) in
vitro. The minimum inhibitory concentration of Sodium Rici-
noleate against S. mutans was 1% (or 3.12 x 1072 M). During
testing for the minimum inhibitory concentration, the following
four distinct concentration-dependent cell growth and acid pro-
duction phenomena were identified: (1) no cell growth, pH >
6.8; (2) cell growth, medium pH > 6.8; (3) cell growth, medium
pH of 5.2 to 6.8; and (4) cell growth, medium pH < 5.2. It
was concluded that Sodium Ricinoleate had bactericidal activity
in this assay. In subsequent experiments, wire-adherent plaque
specimens were treated with various concentrations of Sodium
Ricinoleate. The intact plaque samples survived in each of these
tests. The authors stated that the ability for Sodium Ricinoleate
to kill bacteria in suspension, but not in intact plaque, clearly
demonstrates the absence of a correlation between antibacterial
activity against cells in suspension and antiplaque activity.

Other Biological Effects
Castor Oil

Capasso et al. (1986) evaluated the effect of castor oil on
the formation of histamine, 5-hydroxytryptamine (5-HT), and
prostaglandin-like material (PG-LM) in the rat intestine using
male, fasted Wistar-Nossan rats (number and weights not stated).
Castor oil (dose = 2 ml/rat) was administered by gavage. Follow-
ing the onset of diarrhea, the animals were killed, and sections of
colon removed. Untreated rats served as controls. Castor oil in-
duced an approximately fourfold increase in PG-LM (p < .01)
and a threefold increase in histamine and 5-HT (p < .01). A
decrease in the Castor oil-induced colonic formation of PG-
LM was noted following pretreatment of the animals with in-
domethacin (inhibitor of prostaglandin biosynthesis) or hydro-
cortisone. It was concluded that these data support the idea that
the laxative effect of castor oil is the result of increased intestinal
production of PG-LM, histamine, and 5-HT.

A study was conducted by Pinto et al. (1989) to determine
whether oral administration of castor oil leads to changes in
the levels of platelet-activating factor (PAF) formed by intesti-
nal tissue, and whether these changes are related to intestinal
damage. Fasted, male Wistar-Nossan rats (number not stated;
weights = 130 to 140 g) were used. Castor oil (dose = 2 ml/rat)
was administered orally, and the animals were killed.

At 3 h post dosing, the formation of PAF by segments of
rat intestine was significantly increased (compared to control
rats treated with olive oil) in the following intestinal segments:
duodenum (p < .001), jejunum (p < .01), ileum (p < .2), and
colon (p < .1). At macroscopic examination, extensive regions
of hyperemia were noted in the entire intestinal mucosa. The
duodenum and jejunum regions were the most severely affected.
No increase in PAF was noted in control rats dosed with olive oil.

Compared to control rats dosed with olive oil, castor oil also

increased the intraluminal release of acid phosphatase (AP) in
the duodenum and jejunum (p < .01), and a similar trend was
reported for the ileum and colon (p < 0.2 to .1). A correlation
between increased release of AP and intestinal hyperemia was
established. The authors noted that the results of this study sug-
gest that PAF is involved in the mechanism underlying castor
oil-induced intestinal damage (Pinto et al. 1989).

In a study by Blair et al. (2000), the affinity of castor oil and
numerous other chemicals for the estrogen receptor (from uteri
of ovariectomized Sprague-Dawley rats) was evaluated using a
validated estrogen receptor competitive binding assay. In this
assay, the ability for a chemical to compete with [*H]estradiol
(PH]E,) for the estrogen receptor was determined, based on ICs
(concentration resulting in 50% inhibition of [*H]estradiol bind-
ing) values. All assays were replicated a minimum of two times.
The mean ICs for Castor oil was > 1.0 x 10~* M. Mean ICs val-
ues for 4-heptyloxyphenol and phenophthalein (both classified
as moderate estrogen receptor binders) were 6.75 x 1075 +
0.75 x 107 and 6.73 x 107 =4 1.79 x 107, respectively.
The binding affinity of castor oil for the estrogen receptor was
not classified.

Ricinoleic Acid

In a study by Grainger et al. (1982), the effect of Ricinoleic
Acid on lymph flow in outerperfused segments of cat ileum was
evaluated. The cats were anesthetized and a segment of ileum
with intact innervation and lymphatic drainage was isolated and
perfused by the intact mesenteric artery. A cannula was inserted
into a large lymphatic vessel emerging from the mesenteric pedi-
cle, and lymph flow was determined by observing lymph move-
ment in a calibrated pipette that was connected to the lymphatic
cannula. The mean control (+ SE) value for intestinal lymph
flow in the experiments was 0.048 £ 0.005 ml/min x 100 g.
Net fluid secretion was stimulated by intraluminal instillation of
5 mM Ricinoleic Acid. The peak increase in intestinal lymph
flow produced by Ricinoleic Acid in all experiments was 6.3
+ 1.2 (n = 5) times the control. The maximal fluid excretion
rate observed with Ricinoleic Acid was 0.43 £ 0.23 ml/min x
100 g.

Yagaloff et al. (1995) evaluated the inhibitory activity of a se-
ries of fatty acids and fatty acid derivatives on [*H]leukotriene
B, binding (LTBy,) to pig neutrophil membranes using the LTB4
receptor binding assay. The most potent chemicals were 15-
hydroxy-DGLA (20:3; K; = 1 uM), eicosadienoic acid (20:2;
K; = 3 uM), and Ricinelaidic Acid (18:1; K; = 2 uM). Rici-
noleic Acid (18:1) had a K; of 9 uM.

ANIMAL TOXICOLOGY

Acute Oral Toxicity
Castor Oil

In a study by Capasso et al. (1994), castor oil (2 ml) was
administered orally to ten male Wistar rats (weights = 160 to
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180 g). The animals were killed and two segments from stan-
dardized regions of the duodenum and jejunum were visibly
evaluated for macroscopic damage. Mucosal injury was graded
according to the following scale: O (normal), 1 (hyperemia), 2
(hyperemia with evidence of hemorrhage into the lumen), and 3
(severe hemorrhage into the lumen).

Copious diarrhea was reported for all animals on days 3, 5,
and 7 post dosing. Macroscopic damage, characterized mainly
by vasocongestion, was observed throughout the duodenum and
jejunum. The injury observed ranged from mild (at 1 h) to severe
(at 5 h), and was less severe at 7 h. Injury was not observed at
0.5 or 9 h after dosing. Castor oil-induced mucosal damage was
associated with statistically significant intraluminal release of
acid phosphatase.

In additional experiments (groups of 10 rats), mucosal dam-
age induced by castor oil was exacerbated in the presence of a ni-
tric oxide synthase inhibitor (N “-nitro-l-arginine methyl ester),
suggesting that nitric oxide provides protection against castor
oil-induced mucosal damage (Capasso et al. 1994).

In a study involving male Crl:CD BR rats, the findings sug-
gested that castor oil-induced diarrhea is the result of activation
of NK; and NK; receptors by endogenous tachykinins (Croci
et al. 1997).

In a study by Johnson et al. (1993), castor oil was ad-
ministered orally to 12 ponies (17 months to 20 years old;
weights = 160 to 250 kg). The ponies were randomly as-
signed to two treatment groups and one control group (four
ponies per group). Each animal received a single 2.5 ml/kg
body weight dose of castor oil via nasogastric tube. Diarrhea
occurred within 24 h of dosing. The animals were killed and
necropsied at 24, 48, and 72 h post dosing. Intestinal tis-
sues were removed and subjected to gross and microscopic
examination.

In ponies killed at 24 or 48 h, gross lesions were most severe
in the cecum and ventral colon. At 24 h, the mucosa of the dis-
tal jejunum, ileum, cecum, and ventral colon was diffusely red.
Most of the ponies dosed with castor oil had generalized hyper-
emia of the intestinal mucosa at 24, 48, and 72 h post dosing,
and mesenteric, cecal, and colonic lymph nodes were edema-
tous. Mucosal and submucosal edema of the ileum, cecum, and
ventral colon was noted in all ponies dosed with castor oil. At
72 h post dosing, focal acute ulceration and intense mucosal hy-
peremia of the glandular stomach was observed in three of four
ponies dosed with castor oil.

Microscopic changes in the superficial enterocytes of the ce-
cum and ventral colon that were characterized as follows: loss
of microvilli; distortion of the cytoplasmic terminal web; ex-
pansion of the cytoplasmic matrix, with formation of precipi-
tates; and widening of intracellular spaces between junctional
complexes. Castor oil induced acute superficial enterocolitis
in ponies. Dosing was associated with transient diarrhea, neu-
trophilic inflammation, and mucosal erosion in the cecum and
ventral colon (Johnson et al. 1993).

Hydrogenated Castor Oil

The acute oral toxicity of a 25% solution of Hydrogenated
castor oil in olive oil was evaluated in a study involving ten male
Wistar rats (average body weight = 155 g). The test solution
(dose = 10 g/kg) was administered via a gastric probe. Toxic
signs were not observed in any of the animals, indicating that
the test substance was well tolerated. The LDsy was >10 g/kg
(Allegri et al. 1981).

Ricinoleic Acid

In a study by Okui et al. (1964), male albino rats (number
not stated; weight = 120 £ 10 g) were injected intraperitoneally
(i.p.) with 100 mg Ricinoleic Acid. All of the animals were
dead within 24 h. The i.p. injection of a 5% Ricinoleic Acid
emulsion (1 ml) was tolerable, but caused an increase in the fol-
lowing: amount of ascites, conglutination of peritoneal organs,
and swelling of the liver. However, histological changes were
not observed in liver specimens.

Cetyl Ricinoleate

In an acute oral toxicity test performed by Laboratoire de
Recherche et d’Experimentation (1994), Cetyl Ricinoleate was
evaluated using five female NMRI EOPS mice (weights = 19 to
22 g). Oral dosing (single dose 2000 mg/kg) was followed by a
6-day observation period. None of the animals died, and clinical
and behavioral evaluations were normal. Weight gain was con-
sidered satisfactory. The authors stated that Cetyl Ricinoleate
was non-toxic in this study.

Ethyl Ricinoleate

The acute oral toxicity of Ethyl Ricinoleate was evaluated us-
ing 10 rats (weights and strain not stated). The acute oral LDs
exceeded 5.0 g/kg; one animal receiving this dose died. The
following clinical signs were observed during the study: iso-
lated instances of diarrhea, chromorhinorrhea, ptosis, and chro-
modacryorrhea. At necropsy, gross observations were normal for
eight animals. Necropsy of the remaining two animals revealed
the following changes in either one or both animals: red and/or
yellow areas in the intestines, red areas in the stomach, mottled
liver, mottled spleen, mottled kidneys, dark lungs, red exudate
in the anogenital area, and a large amount of blood in the bladder
(Research Institute for Fragrance Materials [RIFM] 2000).

Acute Dermal Toxicity
Ethyl Ricinoleate

The acute dermal toxicity of Ethyl Ricinoleate was evaluated
using six rabbits (weights and strain not stated). The acute dermal
LDs, exceeded 5.0 g/kg; one animal receiving this dose died.
The following clinical signs were observed during the study:
isolated instances of lethargy, diarrhea, ptosis, and yellow nasal
discharge, and moderate erythema (six rabbits), slight edema
(one rabbit), and moderate edema (five rabbits). At necropsy,
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gross observations were normal for three animals. Necropsy of
the remaining animals revealed the following changes: red areas
in the intestines, mottled liver, white nodules in the liver, dark
areas in the lungs, mottled kidneys, pale kidneys, dark spleen,
and dark areas in the stomach (RIFM 2000).

Acute Intravenous Toxicity
Castor Oil

In a study by Lorenz et al. (1982), castor oil was administered
intravenously (single bolus dose = 0.1 ml/kg) to each of eight
anesthetized adult mongrel dogs (four males, four females; mean
weight = 20.5 kg). Blood for histamine assays was obtained
at 2, 5, 10, 15, and 20 min post dosing. The incidence of the
following signs was determined: erythema, hives (papules and
wheals), edema, defecation, tachypnea, hypotension, and death
(circulatory arrest). None of the animals died, and erythema
(one animal; score not stated) was the only clinical sign that was
reported. An increase in blood histamine occurred in one of the
eight animals. At 2 min post dosing, the increase was 0.6 ng/ml
of whole blood (maximum response) in this animal. The authors
concluded that castor oil was ineffective in terms of its ability
to cause histamine release.

Short-Term Oral Toxicity
Castor Oil

Masri et al. (1962) conducted an experiment in which ten
male weanling rats (4 weeks old; mean weight =42.2 + 0.6 g)
were fed (ad libitum) 10% castor oil for approximately 5 weeks.
A similar control group (mean weight = 42.2 4+ 0.5 g) re-
ceived corn oil in the diet. The animals were observed for
growth and catharsis throughout the duration of the study. Cas-
tor oil in the diet did not induce catharsis in any of the 10
rats, and growth of these animals was comparable to that ob-
served in the control group. At the end of the experiment,
mean weights for test and control rats were 155.6 £+ 4.6 and
160.5 £ 4.1 g, respectively. Grossly, there were no abnormal-
ities. Additionally, no abnormalities of the perirenal fat were
noted.

Short-Term Subcutaneous Toxicity
Castor Oil

In a study by Migally (1979), the morphology of the adrenal
cortex was examined after injection of a commonly used vehicle
consisting of castor oil and benzyl benzoate. Twenty-five adult
C57 BL/6J mice (weights not stated) were divided into the fol-
lowing groups: group I (five intact control mice); group II (five
sham-injected mice); group III (five mice each injected with 0.1
ml castor oil); group IV (five mice each injected with 0.1 ml
benzyl benzoate; and group V (five mice each injected with 0.1
ml castor oil and benzyl benzoate [4:1]). The mice were injected
subcutaneously daily for four weeks and then killed. Necropsy
was then performed and tissues prepared for light and electron
microscopic examination.

Using electron microscopy, parenchymal cells containing
electron-dense lipid inclusions were observed in the zona fas-
ciculata of adrenal glands from mice injected with castor oil.
By light microscopy, there was no difference between adrenal
glands from control mice and mice injected with the vehicle con-
sisting of castor oil and benzyl benzoate; however, by electron
microscopy, the following variations were observed: profound
disruption of parenchymal mitochondria in the zona fasciculata
and a noticeable increase in size for some of the mitochondria.
The vesicular orientation of the inner mitochondrial membrane
was lost (i.e., random orientation), and diminution of the mito-
chondrial matrix was also observed.

Unlike the controls, the macrophages of exposed animals
had large vacuoles filled with globular material. In the zona
reticularis and inner zona fasciculata, parenchymal mitochon-
dria with circular orientation of the inner membrane (normally
few) were noticeably increased in number. The authors noted
the appearance of similar mitochondria following adrenocorti-
cotrophic hormone (ACTH) stimulation, and that the alteration
of ACTH release has been shown to result from stress. The
author concluded that subcutaneous injection of the castor oil—
benzyl benzoate vehicle caused morphological alterations that
are suggestive of stress-induced changes (Migally 1979).

Subchronic Oral Toxicity
Castor Oil

In a study by the National Toxicology Program (NTP) (1992),
the subchronic oral toxicity of castor oil was evaluated using
groups of 10 male and 10 female F344/N rats (mean body
weights = 126 to 132 g [males]; 107 to 110 g [females]) and
groups of 10 male and 10 female B6C3F; mice (mean body
weights = 22.6 to 23.0 [males]; 17.2 to 17.7 [females]). In the
core study, five groups of test animals (mice or rats) received
diets containing 0.62%, 1.25%, 2.5%, 5.0%, or 10% castor oil
continuously for 13 weeks. Two control groups of 20 rats and
20 mice received diets that did not contain castor oil.

Ten additional rats/sex were included at each dose level for
evaluation of hematological and clinical chemistry parameters.
Ondays 5 and 21, these animals were anesthetized with CO, and
blood samples were obtained. These animals were killed follow-
ing blood collection on day 21. Blood samples for hematology
and clinical chemistry were also collected from core-study rats
at the end of the study. Also, at the end of the 13-week study, all
core-study animals were killed and complete necropsies were
performed, including complete microscopic examination on tis-
sues, on all test and control animals.

No effect on survival or significant differences in average
food consumption were noted in any of the five groups of
male and female rats fed castor oil. There were no signifi-
cant differences in mean body weights between test and control
groups.

The following hematological effects were reported for
male rats: a slight decrease in mean corpuscular hemoglobin
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concentration (MCHC) (10% castor oil diet), a statistically
significant decrease (p < .05) in mean corpuscular volume
(MCV) (10% castor oil diet), a decrease in mean corpuscular
hemoglobin (MCH) (5% and 10% castor oil diets), and an in-
crease in platelets (1.25%, 5%, and 10% castor oil diets). The
only hematological abnormality reported for female rats was a
statistically significant (p < .05) decrease in reticulocyte counts
(0.62% or 10% castor oil diets). The authors did not consider
the hematological effects to be biologically significant. A dose-
related increase (treatment-related) in the activity of serum al-
kaline phosphatase was noted in male and female rats at days 5
and 21, and at the end of the study.

Increased heart-to-body weight ratios were reported for male
rats that received 0.62%, 2.5%, and 10.0% castor oil diets;
however, no increase in absolute heart weight was noted. The
observed differences in organ-to-body weight ratios were not
considered treatment related. Microscopically, no morphologic
changes were associated with the slight differences in organ
weights between the dietary groups.

Compared to controls, liver weights were increased in male
and female mice receiving diets containing 5% or 10% castor
oil. Increased kidney weights were reported for female mice that
received 5% or 10% castor oil in the diet. Microscopically, there
was no evidence of morphologic changes that could be been as-
sociated with the slight differences in organ weights between the
groups tested. Additionally, there was no evidence of treatment-
related lesions in any of the tissues or organs that were examined
(all dietary groups).

The authors concluded that diets containing up to 10% castor
oil to B6C3F; mice and F344/N rats was not associated with
toxicity to any specific organ, organ system, or tissue in this
study (NTP 1992).

Hydrogenated Castor Oil

In a preliminary feeding trial (preparatory to the 16-week
feeding study reported below) by Binder et al. (1970), the sub-
chronic oral toxicity of 5%, 10%, and 20% Hydrogenated Cas-
tor Oil [HCOY] (effective concentrations of 4.33%, 8.65%, and
17.3%, respectively) in the diet was evaluated using groups of
three weanling female rats (Slonaker substrain of Wistar strain).
The sample of HCO that was incorporated into the diet contained
86.5% 12-hydroxystearic acid, 10.3% nonoxygenated acids, and
3.2% 12-ketostearic acid. The three groups were fed for 90 days,
and the control group received diet only. At necropsy, organ
weights were recorded and numerous tissues were prepared for
microscopic examination. Prior to necropsy, blood samples were
obtained for hematological evaluation.

A reduced growth rate in rats fed 8.65% and 17.3% Hydro-
genated Castor Oil, respectively, was the only abnormality that
was noted. The authors stated that it is likely that Hydrogenated
Castor Oil was poorly digested because of its high melting point.
Therefore, the poor body weight gains may have been due to the
lower caloric density of the diets containing Hydrogenated Cas-
tor Oil at concentrations >8.65%.

To confirm the authors’ explanation of the results, the exper-
imental trial was repeated with Hydrogenated Castor Oil at con-
centrations of 1%, 5%, and 10% in corn oil (effective concentra-
tions of 0.865%, 4.33%, and 8.65%, respectively). The amount
of corn oil added to the individual diets was 9%, 15%, and 10%.
Corn oil (20%) was present in the control diet. Necropsy was
performed at the end of the 90-day feeding period. The growth
rate for rats fed 8.65% Hydrogenated Castor Oil in the diet was
equivalent to that of the other dietary groups. Based on organ
weight determinations and the results of hematological and mi-
croscopic evaluations, no adverse effects were observed (Binder
et al. 1970).

In the 16-week feeding study (Binder et al. 1970), groups of
15 male albino rats (Slonaker substrain of Wistar strain, weights
=43 to 83 g) received diets containing the following oils: group
1 (fed 0.865% HCO + 19% corn oil for 16 weeks), group 2
(0.865% HCO + 19% corn oil for 8 weeks, then 20% corn
oil for 8 weeks), group 3 (8.65% HCO + 10% corn oil for 16
weeks), and group 4 (8.65% HCO + 10% corn oil for 8 weeks,
then 20% corn oil for 8 weeks).

The effective dietary concentrations of Hydrogenated Castor
Oil in the 0.865% and 8.65% diets were 0.865% and 8.65%,
respectively. The control group received 20% corn oil in the diet
for 16 weeks.

At 4,8, 12, and 16 weeks, the number of animals on the HCO
diets that were alive was 33, 30, 12, and 6 rats, respectively. The
corresponding number of rats remaining on the control diet was
15, 15, 12, and 6.

Weight differences due to the different diets at 4 and 8 weeks
were not statistically significant at the 95% level. However, at
12 weeks, rats on the 8.65% HCO diet weighed significantly
less than rats on the control diet or 0.865% HCO diet. At
16 weeks, the weight gain of rats on the control diet was signif-
icantly greater than that of rats on the 8.65% HCO diet for 16
weeks or on the 8.65% HCO diet for 8 weeks + control diet for
the remaining 8 weeks. The weight gain of rats on the 0.865%
HCO diet was not significantly different from that of rats on the
control diet. Except for the reduced growth rate in rats receiving
the 8.65% HCO diet, no adverse effects were observed (Binder
et al. 1970).

Ocular Irritation/Toxicity
Castor Oil

Carpenter and Smyth (1946) evaluated the ocular irritation
potential of castor oil using albino rabbits. The eyelids were
retracted, and undiluted castor oil (0.5 ml) was applied to the
center of the cornea. At approximately 1 min post instillation, the
eyelids were released. Reactions were scored 18 to 24 h later. To
determine the score for ocular injury, the individual numerical
scores for each eye were added together and then divided by
the number of eyes (usually 5). An ocular injury score of 5.0
represents severe injury, and corresponds to necrosis (covering
approximately three-fourths of the corneal surface) that is visible
only after staining or a more severe necrosis covering a smaller
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area. An injury grade of 1 (maximum score possible = 20) was
reported for castor oil.

In a study by Guillot et al. (1979), the effects of various oils
(used in cosmetics) on the rabbit eye were assessed according to
the official French methods. Following the instillation of undi-
luted castor oil (no ocular rinsing), no corneal involvement was
found. However, slight congestion of the iris and conjunctiva
was observed.

Castor oil served as one of the vehicle controls in a study by
Behrens-Baumann et al. (1986) investigating the effect of topical
cyclosporin A on the abraded and intact rabbit cornea. Two castor
oil vehicle control groups of outbred male rabbits were used. In
both groups (10 eyes/group), 10 drops of castor oil were instilled
daily for 3 weeks, and all eyes were examined using a slit-lamp.
At the end of the 3-week period, the animals were killed and their
corneas were excised and prepared for scanning and transmis-
sion electron microscopy. For eyes (no corneal abrasion) treated
with Castor oil and examined by scanning electron microscopy,
there were increased numbers of medium dark and dark epithe-
lial cells (compared to the normal epithelium). The cell borders
were intact and the number of holes was reduced. By transmis-
sion electron microscopy, corneal endothelial cells were intact.
By scanning electron microscopy, an intact cell pattern, with
more cell microstructures than normal, for the corneal endothe-
lium was reported. Ultrathin sections appeared normal. The au-
thors concluded that castor oil did not damage the rabbit corneal
epithelium or endothelium (Behrens-Baumann et al. 1986).

Skin Irritation
Castor Oil

Butcher (1951) evaluated the effect of castor oil and other
substances on rat epidermis using, primarily, 22-day-old albino
or Long-Evans rats or rats of either strain in which the hair
follicles were in the resting stage; older animals were also used.
A total of 216 rats were used in the experiments. Using dry
cotton, castor oil was gently swabbed onto a large area of the
dorsum (clipped free of hair) daily for 5 days to 2 weeks. At the
end of the application period, small areas of skin were obtained
from the backs of treated and control (one rat/litter) rats and
examined microscopically. Castor oil was described as having a
mild effect on the epidermis. The alteration was mainly confined
to the stratum granulosum, where the cells were more numerous
and the granules were more evident, compared to the litter-mate
controls.

In a study by Meyer et al. (1976), castor oil (undiluted, 4
drops) was rubbed onto either side of the shaved left flank of
each of six albino guinea pigs (weights = 300 to 400 g) and
six young pigs (weights = 10 to 12 kg) within 30 s on 10 suc-
cessive days. The opposite side served as the control field, and
was massaged only. The animals were killed on day 11. A tissue
section (1 x 1 cm) was excised from the center of the test fields
and prepared for microscopic examination. Five to eight sec-
tions of 7 um thickness per test area were used for evaluation.

A micrometer eyepiece was inserted into the microscope, and
epidermal width measurements (25 per individual field; 400x
magnification) were made. Castor oil induced slight reddening
at the application site.

Microscopically (pigs and guinea pigs), hyperplasia, with an
increase in the cell and nuclear density of the basal cell layers,
was observed. Additionally, widening of the granular layer and
thick keratohyalin granules were observed. Average epidermal
widths (25 measurements) were as follows at the end of the
10-day application period: guinea pigs (control, 27.9 pum; test,
94.3 um) and pigs (control, 26.5 um; test, 32.3 m) (Meyer et al.
1976).

Rantuccio et al. (1981) evaluated the effect of undiluted cas-
tor oil on the skin of five female albino rabbits (6 months old;
mean weight = 2500 g). The test substance (0.5 ml) was gently
massaged into depilated skin of the right flank of each rabbit
daily for 30 days. Following each daily application, the test site
was covered with a simple protective dressing. Two small skin
punch biopsies were obtained from the right and left (control)
flank on days 10, 20, and 30. Macroscopic skin changes included
slight erythema and slight edema. Microscopic examination of
punch biopsies obtained at day 10 revealed “clear-cut” acan-
thosis with vacuolization and disorganization of the basal layer.
These changes were associated with some infiltration of the der-
mis by mononuclear cells and fibrocytes. After days 20 and
30, the epithelial changes became progressively more evident.
However, the appearance of the infiltrate remained unchanged.

In a study by Guillot et al. (1979), the effect of various oils
that are used in cosmetics on rabbit skin was assessed according
to the official French methods. An open skin irritation test and
repeated application test (8 weeks) were performed. The authors
stated that the two samples of undiluted castor oil, as well as 10%
aqueous castor oil, were well tolerated.

In a study by Motoyoshi et al. (1979), the skin irritation po-
tential of castor oil (undiluted) was evaluated using six albino
angora rabbits (average weight = 2.6 kg). The test substance
(0.1 g of liquid or semisolid) was applied for 24 h to two test
areas (clipped free of hair) on the dorsal surface of each an-
imal. A plastic collar was wrapped around the neck of each
animal and remained throughout the application period, after
which reactions were scored according to the following scale:
— (no reddening) to + + + (severe reddening, beet redness). At
30 min, after reactions were scored, the test areas were clipped
free of hair and castor oil was reapplied according to the same
procedure. A third application of Castor Oil occurred 48 h later,
and reactions were scored. Reactions were scored again at 72 h.
Castor oil was severely irritating to the skin of rabbits (score = 3).

The skin irritation potential of Castor oil was also evaluated
using guinea pigs, rats, and miniature swine in this study.

Undiluted castor oil (0.1 g) was applied daily to dorsal skin
(clipped free of hair) in the mid-lumbar region of six male Hart-
ley guinea pigs (weights = 350 to 500 g) and six male Wistar rats
(weights = 250 to 350 g). The period of testing, the frequency of
application, and the method of evaluation of skin reactions were
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the same as those in the preceding test involving albino angora
rabbits. Castor oil was mildly irritating to the skin of guinea pigs
and rats.

The skin irritation potential of undiluted castor oil was eval-
uated using six miniature swine of the Pitman-Moore strain
(1 month old). The test substance (0.05 g) was introduced under a
15-mm-diameter patch that was secured with adhesive tape. The
entire trunk was wrapped with rubberized cloth during the 48-h
exposure period. Reactions were scored after patch removal. The
grading scale was the same as that used in the experiment in-
volving albino angora rabbits that is summarized above. Castor
oil was not irritating to the skin of miniature swine (Motoyoshi
et al. 1979).

Ricinoleic Acid

In a study by Vieira et al. (2000), 8 to 10 male Swiss mice re-
ceived a single topical application of Ricinoleic Acid (in peanut
oil, 10 mg/mouse) on the ventral surface of the paw. Neither
erythema nor edema of the paw was observed.

Vieira et al. (2001) presented results on the skin irritation
potential of Ricinoleic Acid, using groups of six male albino
Dunkin-Hartley guinea pigs, in a study evaluating pro- and
anti-inflammatory effects of Ricinoleic Acid (concentration not
stated). Ricinoleic Acid (0.1 ml, in peanut oil) was administered
topically to the entire eyelid surface. The thickness of the eyelid
was measured in mm using ophthalmic microcallipers. Topi-
cal treatment with Ricinoleic Acid (10, 30, or 100 mg/guinea
pig) caused eyelid reddening and edema. A moderate, dose-
dependent eyelid edema was reported as follows: 0.12 £ 0.05
mm (10 mg Ricinoleic Acid), 0.18 4= 0.02 mg (30 mg), and 0.23
4 0.1 mm (100 mg). Maximal edema was achieved at 2 h post-
application. The application of Ricinoleic acid vehicle did not
cause any appreciable edema.

Cetyl Ricinoleate

In a skin irritation study conducted by the Laboratoire de
Recherche et d’Experimentation (1994), Cetyl Ricinoleate (test
concentration not stated) was evaluated using three male New
Zealand albino rabbits. Erythema and edema were observed in
three and two rabbits, respectively, up to 72 h post application.
At 72 h, one rabbit had an erythema score of 2 and the remaining
two had an erythema score of 1. Edema (score = 1) was observed
in two rabbits at 72 h. All reactions were totally reversible at 7
days post application. Cetyl Ricinoleate was a nonirritant in this
study.

Zinc Ricinoleate

In a study by International Bio-Research, Inc. (1977a),
the skin irritation potential of 10% Griillocin HY 77 (now
TEGODEO HY 77) in soybean oil was evaluated using six
New Zealand albino rabbits (weight range = 2.4 to 2.6 kg).
TEGODEO HY 77 (trade name mixture for Zinc Ricinoleate)
has the following composition: Zinc Ricinoleate (more than
50%), triethanolamine (10% to 25%), dipropylene glycol (1%

to 5%), and lactic acid (1% to 5%). The diluted test substance
(concentration after dilution not stated) was applied to clipped
skin on two areas of the back of each animal; one of the areas
was abraded. The test sites were covered with occlusive patches
(secured with adhesive tape) and the entire trunk was wrapped
in a rubber sleeve. The patches remained in place for 24 h and
reactions were scored at 24 and 72 h post application as fol-
lows according the Draize scale: 0 (no erythema) to 4 (severe
erythema [beet redness] to slight eschar formation [injuries in
depth] and O (no edema) to 4 (severe edema, raised more than 1
mm and extending beyond area of exposure).

At 24 h post application, well-defined erythema was observed
at the abraded test sites of all six rabbits and slight erythema was
observed at the intact sites of four rabbits. Well-defined erythema
was observed at the intact sites of two rabbits during the 24-h
reading. At 72 h post application, five rabbits had mild erythema
at the abraded site and two rabbits had the same reaction at the
intact site. Using the data for abraded and intact test sites, a total
primary irritation index of 1.1 was calculated (International Bio-
Research, Inc. 1977a).

Effect on Intestinal Membranes
Ricinoleic Acid

In a study by Morehouse et al. (1986), a single 0.1 ml dose of
Ricinoleic Acid (100 mg/ml) was administered intragastrically
to fasted, specific pathogen-free mice (strain CD-1, number not
stated). This dosage of Ricinoleic Acid was determined, on a
weight basis, to be approximately the dosage that is used ther-
apeutically in humans. Groups of mice were killed at various
intervals, and light microscopy and transmission and scanning
electron microscopy were used to identify structural alterations.
At 2 h post dosing, the duodenal villi were markedly shortened
when compared to control duodenal villi. This erosion of the
villi throughout the duodenum caused massive exfoliation of
columnar and goblet cells, filling the lumen with cellular debris
and mucus. Disruption of the mucosal barrier resulted in con-
tinuity between the intestinal lumen and lamina priopria of the
villi, with the loss of formed blood elements and lamina propria
constituents into the intestinal lumen. The mucosal damage was
much more localized at 4 h post dosing, and the erosion of the
villi had been largely repaired. Repair was complete at 6 h post
dosing.

Sodium Ricinoleate

Gaginella et al. (1977a) studied the morphology of the colon
after perfusion of the organ with Sodium Ricinoleate solution,
using 25 male New Zealand white rabbits. A Foley catheter
was inserted and the colon was perfused with control solution
(1.25 ml per minute) for 20 min. The colon was then flushed
and perfused with the test solutions. Ten rabbits were perfused
with 10 mM Sodium Ricinoleate and the remaining three groups
of five were perfused with 2.5, 5.0, and 7.5 mM, respectively.
The animals were killed and full thickness samples of colon
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were obtained and prepared for light or scanning electron mi-
croscopy. In additional experiments, tissue was obtained from
animals that were not perfused and those perfused with control
buffer (contained PEG 400) for 60 or 160 min.

Using scanning electron microscopy, mucous membranes of
colons perfused with control buffer for 60 min and unperfused
colons appeared normal. After 1 h of perfusion with 10 mM
Sodium Ricinoleate, patchy loss of epithelial cells was apparent.
The loss of epithelial cells was confirmed using light microscopy.
A dose response-relationship for mucosal damage was noted.
The most severe damage resulted from perfusion with 10 mM
Sodium Ricinoleate. Lesser degrees of change and lesser areas
of mucosal surface affected were associated with lower concen-
trations. Small amounts of DNA (due to loss of DNA into the
lumen) accumulated in the control buffer, and perfusion with 2.5
mM Sodium Ricinoleate did not cause a significant increase in
these amounts. However, DNA accumulation increased signif-
icantly after perfusion with 5.0, 7.5, and 10 mM Sodium Rici-
nolete, and a plateau was reached with 7.5 mM solutions.

The control perfusate that was used contained low (PEG
400) and high-molecular-weight (PEG 4000) polyethylene gly-
cols. The absorption of PEG 400 increased progressively with
increases in the concentration of Sodium Ricinoleate (above
2.5 mM) perfused. Sodium Ricinoleate (2.5 mM) did not in-
crease absorption of the individual polymers that comprise PEG
400 (molecular weight 242 to 594). The absorption of lower
molecular weight polymers (242 to 462) increased significantly
(p < .005) in the presence of 5, 7.5, and 10 mM Sodium Ri-
cinoleate. For higher molecular weight polymers (506 to 594),
increased absorption in the presence of 5 mM Sodium Rici-
noleate was not observed. However, significantly increased ab-
sorption (p < .05) of the higher molecular weight polymers
was observed during perfusion with 7.5 and 10 mM Sodium
Ricinoleate (Gaginella et al. 1977a).

Comedogenicity
Castor Oil

Fulton et al. (1976) evaluated the comedogenicity of cos-
metics and cosmetic ingredients. Castor oil was applied to the
base of the internal right ear of each of three white albino rab-
bits on Monday through Friday for 2 weeks. The left ear served
as the control. Comedogenicity was clinically evaluated on the
following Monday using the scale: O (no increase in visible hy-
perkeratosis) to 5 (severe lesions, such as those seen following
the application of coal tar). Six-millimeter punch biopsies (right
ear) were obtained for microscopic examination, and comedo-
genicity was evaluated according to the same scale. A score of
1 (increase in visible hyperkeratosis extending to the possible
presence of comedones) was reported for castor oil, which was
considered nonsignificant because repeated testing in different
rabbits often failed to produce identical effects.

In a study by Morris and Kwan (1983), the comedogenicity
of castor oil was evaluated using three New Zealand rabbits.

Castor oil was applied to the external ear five times weekly (one
application per day). The actual amount applied ranged from 5
to 10 mg/cm?. The animals were killed after the 14th application
and several full-thickness sections of the test site and contralat-
eral untreated ear were prepared for microscopic examination.
Comedogenic activity was based on the degree of follicular hy-
perkeratosis and other morphologic changes in the majority of
pilosebaceous units, when compared to control sections. Come-
dogenicity was graded according to the following scale: 0 (neg-
ative: pilosebaceous unit normal in appearance when compared
to control [untreated] ear section) to 5 (severe: widely dilated
follicles, filled with packed keratin; follicular epithelial hyper-
plasia causing partial or total involution of sebaceous glands and
ducts; possible inflammatory changes). Comedogenicity scores
for castor oil were 0 to 1, corresponding to a slight increase in
keratin content within the follicle, with essentially no change in
follicular epithelium.

Fulton (1989) evaluated the comedogenicity of castor oil
(mixed in propylene glycol at 9:1 dilution; test concentration
= 10%) using three New Zealand albino rabbits. The test sub-
stance (1 ml) was applied onto the entire inner surface of one ear
5 days per week for 2 weeks. Untreated ears served as controls.
Follicular keratosis was evaluated both macroscopically (visu-
ally) and microscopically, using a micrometer to measure the
width of the follicular keratosis. Follicular keratosis was eval-
uated according to the following scale: 0 or 1 (no significant
increase in follicular keratosis) to 4 or 5 (an extensive increase
in follicular keratosis). The following scale was used to evaluate
skin irritation that resulted from repeated application of the test
substance: 0 (no irritation) to 5 (epidermal necrosis and slough).
A follicular keratosis score of 1 and an irritation score of 0 was
reported for castor oil.

Skin Sensitization
Zinc Ricinoleate

International Bio-Research, Inc (1977b) conducted a skin
sensitization study on Grillocin HY 77 (now TEGODEO HY
77) using 30 white guinea pigs (average weight = 300 g).
TEGODEO HY 77 (trade name mixture for Zinc Ricinoleate)
has the following composition: Zinc Ricinoleate (more than
50%), triethanolamine (10% to 25%), dipropylene glycol (1%
to 5%), and lactic acid (1% to 5%) (Degussa 2001). Test and
control groups consisted of 20 and 10 guinea pigs, respectively.
A closed patch containing the trade mixture (0.5 ml, undiluted)
was placed on the left shoulder, clipped free of hair, of each
animal and remained in place for 6 h. Treatments were repeated
once weekly for 3 weeks.

At two weeks after the last exposure, test and control guinea
pigs were challenged (same procedure, right side) with dupli-
cate closed patches. At 24 h post removal of the patches, the test
site on each animal was treated with a depilatory. Sites were
then rinsed and reactions were graded 2, 24, and 48 h later
according to the method of Draize. Clinical observations were
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normal throughout the study. Erythema and eschar formation
were graded according to the following scale: 0 (no erythema)
to 4 (severe erythema [beet redness] to slight eschar formation
[injuries in depth]). The following scale for edema formation
was used: 0 (no edema) to 4 (severe edema [raised more than
1 mm and extending beyond area of exposure]). A score of 0
(erythema and edema) was reported for each test and control
animal during each of the three grading periods. Grillocyn HY
77 did not produce a positive reaction in any of the test animals
(International Bio-Research, Inc. 1977b).

Allergenicity
Hydrogenated Castor Oil

Lehrer et al. (1980) investigated the presence of castor bean
allergens in Castor Wax (Hydrogenated Castor Oil) using both
in vitro and in vivo analyses. The experiments in this study in-
volving human subjects are summarized under the subsection
Allergenicity in the Clinical Assessment of Safety section of
this report. The following solvents were used to prepare aque-
ous extracts of Castor Wax: phosphate buffered saline (PBS),
urea-NaCl, Triton X-100, or sodium lauryl sulfate (SLS). The
aqueous extracts prepared were analyzed for total organic mat-
ter and protein (expressed as percent of total organic matter or
dry weight). Results from assays for protein in the aqueous ex-
tracts of Castor Wax were as follows: 100% protein (urea-NaCl
extract), 17.0% (SLS extract), 12.9% (PBS extract), and 0.34%
(Triton X-100 extract) protein.

In a qualitative precipitation analysis, Castor Wax aqueous
extracts were analyzed for castor bean antigens using an im-
munodiffusion procedure involving rabbit antiserum (50 ul of
antigen or antiserum in each well). The antiserum was produced
in rabbits that had been immunized with extracts of castor bean
in Freund’s complete adjuvant. Of the aqueous extracts tested,
only the SLS Castor Wax extract reacted with the rabbit anti-
sera. No reactivity with the antiserum was observed when the
SLS solution alone was tested. Because the reaction was unusu-
ally strong, suggesting a false-positive reaction, the extract was
tested with normal rabbit serum. However, the same precipitin
line was observed. It was concluded that the reaction of the SLS
Castor Wax extract with rabbit serum proteins was probably a
nonspecific reaction.

The aqueous extracts of Castor Wax were also analyzed for
allergens by determining their reactivity (48-h passive cutaneous
anaphylaxis [PCA] reaction) with mouse anticastor reaginic (im-
munoglobulin E [IgE]) antibody. CFW female mice were sen-
sitized with reaginic antibody that was produced in BDF mice
that had been immunized with heated castor bean extracts and
Bordetella pertussis adjuvant. The mice were challenged 48 h
later by intravenous injection of extracts of Castor Wax in 0.5%
Evans blue solution and killed at 30 min post injection. Non-
sensitized mice challenged with Castor Wax extracts served as
controls. The reactions in control mice were always classified
as negative. The antiserum did not react with PBS, urea-NaCl,

or Triton X-100 extracts of Castor Wax, but a positive response
(positive PCA titer of 40, mean of three determinations) resulted
from the reaction of the antiserum with the SLS extract of Castor
Wax.

The radioallergosorbent test (RAST) inhibition assay was
used for further analysis of allergens in the extracts of Castor
Wax. This assay was capable of detecting up to 7.5 ug castor
allergen. Patient serum (100 p1) and Castor Wax extract (100 p1)
were incubated with antigen-coated discs. Incubation was fol-
lowed by the addition of radioiodinated anti-IgE and another
incubation period. Normal serum incubated with antigen coated
discs and test serum incubated with discs coated with a non—
cross-reacting antigen served as controls. Assay results were
expressed as percent inhibition of the patients’ RAS test. Nei-
ther the PBS nor Triton X-100 extract of Castor Wax had an
inhibitory effect on the RAS test, whereas the urea-NaCl extract
induced a small degree (13.4%) of inhibition. However, the SLS
Castor Wax extract induced significant inhibition (40.1%) of the
RAS reaction.

Based on the nonspecific reaction of the SLS Castor Wax
extract with rabbit serum proteins in the first experiment of this
study, the authors examined the possibility that this extract may
inhibit the RAST nonspecifically using a heterologous RAST
inhibition assay. An SLS or Triton X-100 extract of Castor Wax
was incubated with reaginic antisera from a patient who was
sensitive to peanuts, and then assayed in the peanut RAST. The
SLS extract of Castor Wax inhibited the peanut RAST by 37%,
suggesting that the results for the RAST inhibition assay in the
preceding paragraph may be due entirely or, in part, to a non-
specific inhibition of the RAST reaction, rather than indicating
that the SLS extract of Castor Wax contains specific castor al-
lergens.

The results of these experiments (both in vitro and in vivo)
indicate that allergens are present at low concentrations in Castor
Wax, because the SLS Castor Wax extract induced positive PCA
reactions in mice and a positive direct RAS test for reaginic
castor allergens (Lehrer et al. 1980).

NEUROTOXICITY
Sodium Ricinoleate

Fox etal. (1983) applied Sodium Ricinoleate (0.01% to 1.0%)
to the serosal surface of the rat (anesthetized male Sprague-
Dawley rats, weights = 200 to 225 g) jejunum every 5 min
for 0.5 h. At 30 days post application, treated and untreated
jejunal segments were removed and examined microscopically.
At a concentration of 0.1%, Sodium Ricinoleate significantly
reduced (p < .02) the number of ganglion cells in the myenteric
plexus. The highest test concentration (1% Sodium Ricinoleate)
significantly reduced the number of cells in the myenteric plexus
(p < .01) and the submucosal plexus (p < .02). The lowest test
concentration (0.01%) did not significantly reduce the number
of ganglion cells in the myenteric or submucosal plexus.
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Renal Toxicity
Castor Oil

Langer et al. (1968) evaluated effects of castor oil on the rat
kidney, following intraluminal injection, using five male white
albino rats (weights = 180 to 220 g). The kidney was exposed
and proximal tubuli were punctured (using Leitz stereomicro-
scope) and filled with castor oil. At 15 to 60 min, the proximal
tubular segments (filled with oil) were fixed in situ. The kidney
was excised and prepared for both light and electron microscopic
examination. The injection of castor oil resulted in dilatation of
the proximal convoluted tubular lumen and compression of the
brush border of proximal tubular cells, although a cessation of
the normal pinocytosis was induced in the presence of tubular
fluid. A toxic effect of castor oil on the tubular epithelium was
not observed.

In a study by Racusen et al. (1986) evaluating the nephrotoxi-
city of cyclosporine, castor oil served as the vehicle control. Two
control groups of eight adult male Munich-Wistar rats (weights
= 220 to 270 g) were used. Group 1 vehicle controls (vehicle-
ischemia group) underwent bilateral renal artery clamping, and
were then dosed intraperitoneally (i.p.) daily (4-day period) with
a volume of castor oil vehicle that was equivalent to the i.p. dose
of cyclosporine (dose = 60 mg/kg). Group 2 vehicle controls
(vehicle-sham group) underwent sham surgery. The incisions
were closed prior to daily i.p. dosing with castor oil. On postop-
erative day 3, feed was withdrawn and urine was collected over a
period of 12 h for clearance studies. On postoperative day 4, the
animals were killed and tissues prepared for light and electron
microscopy (confined to cortical proximal convoluted tubules).

In separate studies, renal blood flow and the glomerular fil-
tration rate were determined. Two groups of eight saline control
groups (saline-ischemia and saline-sham groups, respectively)
were treated according to the same procedure.

Tubular vacuolization was a prominent feature in vehicle-
ischemia control rats, and was observed to a minor degree in the
vehicle-sham control rats. The clear vacuoles observed using
light microscopy probably corresponded to two ultrastructural
changes, dilated endoplasmic reticulum and lipid droplets. With
the exception of the saline-sham group, dilated endoplasmic
reticulum was observed in all control animals. However, lipid
droplets were not observed in any of the control animals. The
presence of eosinophilic cytoplasmic inclusions was reported for
two of eight vehicle-ischemia rats and four of eight vehicle-sham
rats, but not for saline-control rats. Tubular necrosis (confined
entirely to outer medullary pars recta) was observed in half of the
vehicle-ischemia rats and in all saline-ischemia rats, but was not
observed in saline-sham or vehicle-sham control groups. Tubular
regeneration was noted in vehicle-ischemia and saline-ischemia
control rats.

The renal clearance study involved two control groups that
were dosed with castor oil (five rats) or mineral oil (six rats). Two
20-min inulin clearance determinations were made, and the vehi-
cle was then administered i.p. (at dose volume comparable to 60

mg/kg cyclosporine dose; administered to test group of seven) in
aregion of the upper right abdomen. Dosing was followed by five
20-min clearance periods. Compared to the mineral oil control
group (six rats), a significant decrease (25% decrease; p < .05)
in renal blood flow was noted in rats (group of five) dosed i.p.
with castor oil. Renal vascular resistance was also significantly
higher (p < .05). No significant changes in inulin clearance
were reported. A significant decrease in blood pressure was
noted in all groups; however, blood pressure remained within
the physiologic and autoregulatory range (Racusen et al. 1986).

GENOTOXICITY
Castor Oil

Zeiger et al. (1988) evaluated the mutagenicity of castor oil
(United States Pharmacopeia purity grade; in dimethylsulfox-
ide [DMSO]) in the preincubation assay using Salmonella ty-
phimurium strains TA97, TA98, TA100, TA1535, and TA1537.
The assay was conducted, with and without metabolic activation,
according to a modification of the procedure by Haworth et al.
(1983). Castor oil was tested at doses up to 10,000 pg/plate
and classified as nonmutagenic (all strains, with and without
metabolic activation) over the range of doses tested in this as-
say.

Hachiya (1987) evaluated the mutagenicity of castor oil using
S. typhimurium strains TA97, TA98, TA100, TA102, TA1537
and strain WP2/pKM102 of Escherichia coli. In each strain,
castor oil was tested at doses ranging from 100 to 5000 pg/plate
with and without metabolic activation. Results were negative for
all strains tested, both with and without metabolic activation.
Cytotoxicity (at doses of 100 to 5000 ug/plate) was noted only
in strain WP2/pKM102, with and without metabolic activation.

NTP (1992) reported a study in which groups of male and
female B6C3F; mice received diets containing 0.62%, 1.25%,
2.5%,5.0%, and 10% castor oil (in DMSO) for 13 weeks. Blood
samples were obtained at the end of the 13-week study. There
was no evidence of induction of micronuclei in peripheral ery-
throcytes.

NTP (1992) also evaluated the induction of sister chromatid
changes by castor oil (in DMSO) in Chinese hamster ovary cells.
The cells were incubated with castor oil at concentrations up to
5000 pg/ml with and without metabolic activation. Mitomycin-
C and cyclophosphamide served as positive controls without
and with metabolic activation, respectively. DMSO served as
the solvent control. Castor oil did not induce sister chromatid
exchanges either with or without metabolic activation.

Sodium Ricinoleate

In a study by Haworth et al. (1983), the mutagenicity of
Sodium Ricinoleate was evaluated according to the preincu-
bation procedure of the Salmonella assay (Ames et al. 1975)
as described by Yahagi et al. (1975). Sodium Ricinoleate (in
distilled water) was tested at concentrations up to 33 ug/plate
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at one testing laboratory, and up to 333.3 pg/plate at another
laboratory. The following S. typhimurium strains were used
with and without metabolic activation: TA98, TA100, TA1535,
and TA1537. Distilled water served as the vehicle control. The
positive controls were as follows: 2-aminoanthracene, 4-nitro-
o-phenylenediamine, sodium azide, and 9-aminoacridine. Re-
sults for Sodium Ricinoleate were negative with and without
metabolic activation.

DNA Binding of Reaction Product
Methyl Ricinoleate

Frankel et al. (1987) evaluated the fluorescence formed by the
interaction of DNA with lipid oxidation products. The keto ester,
methyl ketoricinoleate, was prepared from Methyl Ricinoleate
by allylic oxidation with a CrOs-pyridine complex in methylene
chloride. Results from this assay indicated that methyl ketori-
cinoleate (relative concentration = 1 mM/3 ml) produced very
little fluorescence (mean = 29 + 2 units) with DNA in the pres-
ence of ferric chloride—ascorbic acid. The mean value for methyl
linolenate hydroperoxides (used as reference) was 362 £ 9 units.
Mean values were given as the fluorescence intensity of DNA
after 72 h (excitation: 315 nm; emission: 420 nm).

CARCINOGENICITY
Ricinoleic Acid

In a study by Boyland et al. (1966), 2% Ricinoleic Acid,
in gum tragacanth, was injected intravaginally into each of 20
BALB/c female mice (5 to 6 weeks old). Injections were made
twice per week, and each animal received a total of 100 in-
jections. According to the same dosing schedule, each of 20
positive control and 30 vehicle control mice received 62 injec-
tions of 0.3% dimethylbenz(a)anthracene and 100 injections of
gum tragacanth, respectively. An additional 30 mice served as
the untreated control group.

None of the 20 mice injected with Ricinoleic Acid had neo-
plasms or hyperplastic lesions of the corpus uteri, cervix uteri,
vagina, or perineal skin. However, benign lung adenomas were
observed in ten of the 13 mice dosed with Ricinoleic Acid and
in 6 of the 24 vehicle control mice that were killed after the 14th
month of dosing. Benign lung adenomas were also observed
in 9 of the 20 untreated control mice that were killed after the
14th month. The difference in benign adenoma incidence be-
tween Ricinoleic Acid—treated and untreated control mice was
not statistically significant (p > .1). Additionally, compared
to controls, there was no tendency for Ricinoleic Acid-treated
mice with adenomas to have a higher average number of tumor
nodules per mouse. Malignant tumors of the vagina and perineal
skin were observed in 15 of the 20 (75%) positive control mice.
The authors stated that the results of this study do not provide
any definite evidence of the carcinogenicity of Ricinoleic Acid
(Boyland et al. 1966).

Tumor Promotion Activity
Castor Oil, Ricinoleic Acid, and Glyceryl Ricinoleate

Shubik (1950) evaluated the tumor promotion activity of cas-
tor oil, Ricinoleic Acid, Glyceryl Ricinoleate and the following
other chemicals using groups of mice (strain and weights not
stated): 20% turpentine in liquid paraffin, 0.3% acridine in lig-
uid paraffin, 0.5% fluorene in liquid paraffin, 1% phenanthrene
in liquid paraffin, silver nitrate (10% aqueous), and oleic acid.
Castor oil, Ricinoleic Acid, Glyceryl Ricinoleate, and oleic acid
were not diluted prior to testing.

Initially, the nine substances were tested using groups of three
mice (one group per substance). The test substances were ap-
plied to a small area of skin in the interscapular region (clipped
free of hair). Four applications per mouse, spaced over a period
of 2 weeks, were made. At the end of the application period,
the animals were killed and tissues were obtained for micro-
scopic examination. The following substances induced slight
epidermal hyperplasia: castor oil, Ricinoleic Acid, Glyceryl Ri-
cinoleate, oleic acid, fluorene, and phenanthrene. Turpentine in-
duced minimal histologic change, and acridine induced marked
epidermal hyperplasia. Silver nitrate induced hyperplasia most
marked in the hair follicles.

In the tumor promotion experiment (groups of 10 mice; strain
and weights not stated), each mouse received a single application
0f 9,10-dimethyl-1,2-benzanthracene in liquid paraffin. The nine
test substances (one per group) were then applied semiweekly
for 20 weeks. For all groups of mice tested, no tumors were
recorded. Castor oil, Ricinoleic Acid, and Glyceryl Ricinoleate,
as well as the other test substances that were evaluated, were not
tumor promoters in this study (Shubik 1950).

Ricinoleic Acid

Bull et al. (1988) investigated the effect of Ricinoleic Acid
(unoxidized) on DNA synthesis and the induction of ornithine
decarboxylase activity. The authors noted that unsaturated fatty
acids are readily oxidized to a variety of biologically active
derivatives, and have suggested that autoxidation products of
polyunsaturated fatty acids may also play a role in the enhance-
ment of tumorigenesis. They noted that this suggestion is based
on published results (Bull et al. 1984) indicating that hydroper-
oxy and hydroxy derivatives of arachidonic acid and linoleic
acids, the primary autoxidation products of major dietary unsat-
urated fatty acids, induce ornithine decarboxylase (ODC) and
stimulate DNA synthesis (two components of mitogenesis) in
colonic mucosa in vivo.

Male Sprague-Dawley rats (weights = 100 to 125 g) fed
the following semisynthetic diet (weight percentages indicated)
were starved for 24 h prior to intrarectal (i.r.) instillation of Rici-
noleic Acid (vehicle: 5% ethanol in 50 mM NaHCOs, pH 8.0):
casein (20%), DL-methionine (0.2%), salt mix (3.6%), vitamin
mix (2%), beef fat (5%), dextrose (45.2%), cellulose (5%), and
cornstarch (19%). Two experiments were performed using Ri-
cinoleic Acid test concentrations of 5 and 10 mM. Test groups
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consisted of three to five rats per dose level. The vehicle control
group (three rats per experiment) was dosed with 5% ethanol in
50 mM NaHCOs3, and positive control animals received 6 mM
deoxycholate. Data were presented as an average of the two ex-
periments. The measurement of DNA synthesis in the colon was
based on the incorporation of [*H]dThd 12 h after i.r. instilla-
tion of Ricinoleic Acid. ODC activity was determined in colonic
mucosa that was harvested 3 h after i.r. instillation of Ricinoleic
Acid.

Ricinoleic Acid was inactive as a stimulator of DNA synthesis
and inducer of ODC activity in the rat colon. Concentrations
up to 10 mM resulted in insignificant increases in [*H]dThd
incorporation and did not increase the level of ODC activity
above control values (Bull et al. 1988).

Anticancer Activity
Extract of Castor Oil

Xie et al. (1992) evaluated the anticancer/antitumor activity
of an extract of castor oil using male Kunming mice (weights
= 18 to 22 g) and mice bearing S;gp ARS ascitic fluid tumor
cells. Castor oil was saponified and acidified to obtain a coarse,
fatty acid mixture that was recrystallized and refined to produce
the active anticancer component. Using Tween-80 (Polysorbate
80), an emulsion containing this component was produced. A
polyphase liposome from castor oil extract was also produced.
The inhibitory action of the anticancer component on S g tumor
cells was evaluated. Ascites was obtained from mice that had
been inoculated with S;go tumor cells (with well-grown ascites)
that had been washed with physiological brine in order to collect
the cancer cells. The physiological brine was diluted and injected
(2 ml) subcutaneously into the right front axilla of each mouse.
On the day after injection of the tumor cells, the mice were
randomly divided into groups.

The three dilution control groups (8 to 10 mice per group)
were injected with 200, 300, or 400 mg/kg of a physiologi-
cal brine solution containing an equal load of Tween-80. The
four polyphase liposome control groups (eight mice per group)
were injected with blank liposomes (doses of 300, 300, 400, and
400 mg/kg, respectively). For dilution control and polyphase li-
posome control groups, injections were made into the abdominal
cavity daily for 7 days, after which the mice were killed. Subcu-
taneous tumors were removed and weighed in order to calculate
the tumor suppression rate (%).

Tumor suppression rates for dilution controls were as fol-
lows: 30.6% (200 mg/kg dose group), 37% (300 mg/kg dose
group), and 53.1% (400 mg/kg dose group). The following tu-
mor suppression rates were reported for the polyphase liposome
control groups: 40.2% (300 mg/kg dose group), 36.4% (the other
300 mg/kg dose group), 55.7% (400 mg/kg dose group), and
58% (the other 400 mg/kg dose group).

In another experiment, the inhibitory action of the anticancer
component extracted from castor oil on ARS ascites cancer was
evaluated according to a similar procedure. Ascites was obtained

from mice inoculated with ARS cancer cells (with well-grown
ascites) that had been washed with physiological brine in order
to collect the cancer cells. The physiological brine was diluted
and injected (0.2 ml) into the abdominal cavity of each mouse.
On the day after injection of the cancer cells, each of nine mice
was injected with a polyphase liposome that was produced from
castor oil extract (dose = 200 mg/kg) daily for 7 days. At the
end of the treatment period, the animals were monitored (for
survival) for an additional 35 days.

Study results indicate that the castor oil extract had a strong
suppressive effect on S;gobody tumors in mice. Its suppressive
effect on ARS ascites cancer was also very strong, with 64% of
the ascites tumors in mice being completely cured. Compared to
controls, the life extension rate was more than 136% (p < .0012)
(Xie et al. 1992).

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Castor Oil

NTP (1992) (see earlier Subchronic Oral Toxicity section)
fed groups of rats and mice diets containing 0.62%, 1.25%,
2.5%, 5.0%, and 10% castor oil, respectively, continuously
for 13 weeks. A slight decrease in epididymal weight (6% to
7%) was observed in mid- and high-dose groups of male rats;
however, this finding was not dose related. No effects on any
other male reproductive end point (testes weight and epididy-
mal sperm motility, density, or testicular spermatid head count)
or female reproductive endpoint (estrous cycle length, or time
spent in each phase of the cycle) were noted. Microscopically,
there were no treatment-related lesions in any organ or tissue.
These results indicate that there was little or no evidence of any
reproductive toxicity in rats that was associated with castor oil in
the diet. For male and female mice, castor oil in the diet had no
adverse effects on any male or female reproductive parameter.

Litvinova and Fedorchenko (1994) evaluated the influence of
single doses of different plant oils on the estrous cycle and fer-
tility using female Wistar rats (number and weights not stated).
Castor oil (0.2 ml, single dose) was injected intramuscularly on
the first day after estrus. Study of the estrous cycle was based on
the following: the cytologic picture that was obtained from vagi-
nal smears, the phase structure (proestrus, estrus, metaestrus, and
diestrus) of the cycle, and the frequency of estrus over a 15-day
observation period prior to injection of castor oil (control) and
a similar length of time after injection (test). Fertility was stud-
ied using intact animals (control) and animals that were treated
with castor oil. On day 2, after castor oil injection (i.e., during
diestrus), the females were mated with male rats. Control fe-
males were also mated with male rats on day 2. The first day
of pregnancy was defined by the presence of spermatozoa in
vaginal smears. Pregnant females were killed on day 20. The es-
trous cycle phases were recorded 3 to 4 times during the 15-day
observation period.

The injection of castor oil resulted in a reduction in the
frequency of estrus by a factor of 1.4 and lengthening of the
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interestrous phase by 39.6%. The authors concluded that the
latter finding may be indicative of prolongation of luteolytic
processes and an inhibition of folliculogenesis.

In female fertility experiments, mating occurred over a pe-
riod of 3.22 + 0.12 days. The index of fertility was calculated
from the ratio of the number of mated females to the total
number of females in the test. The fertility index for intact an-
imals (control) was 100%, and pregnancy occurred in 100%
of the cases. A decrease in the pregnancy index was reported
for female rats injected intramuscularly with castor oil; how-
ever, no reliable difference between test and control values was
detected.

Compared to controls, castor oil also caused a reduction in
the number of corpora lutea in the ovaries, and this observa-
tion was said to have been a consequence of the suppression of
folliculogenesis and ovulation. Additionally, the number of im-
plantation sites in uteri from female rats injected with castor oil
was decreased when compared to control rats. A decrease in the
number of live fetuses in uteri and an increase in pre- and postim-
plantation deaths was also observed in rats injected with castor
oil. The authors concluded that castor oil, injected intramus-
cularly, suppressed ovarian folliculogenesis and also had anti-
implantation and abortive effects (Litvinova and Fedorchenko
1994).

Castor oil served as the vehicle control in a study evaluating
the effect of long-term treatment with ICI 182,780 (an antie-
strogen) on the rat testis (Oliveira et al. 2001). Two groups of
four male, 30-day-old Sprague-Dawley rats served as vehicle
controls. In one control group, castor oil (0.2 ml) was injected
subcutaneously once per week, and the animals were killed 100
days after the first injection. The second group was dosed accord-
ing to the same procedure; animals were killed 150 days after the
first injection. The experiment was extended to 150 days (group
2 rats), based on results for group 1 ICI-treated and control ani-
mals on day 100.

Specifically, Group 1 ICI-treated rat testes were significantly
heavier (35% heavier, p < .05) than those of the control group,
and a significant increase in diameter and luminal areas of the
semineferous tubules was observed. Additionally, in group 1
IClI-treated and control rats, spermatogenesis appeared normal
and there was no evidence of degeneration or sloughing of germ
cells.

On day 150, a 33% decrease (compared to day 100 results for
IClI-treated rats; p = .065) in mean testicular weight was noted
in ICI-treated rats. Seventy-five percent of the testes weighed
less than the mean control value of 1.71 g. Atrophy of the sem-
ineferous tubules was observed in all but one of the testes of
IClI-treated rats. Additionally, the rete testis and efferent ductule
lumens in all ICI-treated rats were greatly dilated, compared to
those of controls.

During the treatment period, mating studies were performed
to compare the fertility of ICI-treated and control rats on days
45,73, 100, 125, and 150. Males were housed individually with
two adult females for a 15-day period. Through 100 days of

treatment, there was no difference in male reproductive perfor-
mance between ICI-treated and control rats. However, after day
100, 100% fertility was maintained in control males, but, by day
150, fertility had decreased to 25% in ICI-treated males (Oliveira
et al. 2001).

Extract of Ricinus communis Seeds

The following study is included because castor oil may be
extracted from the bean of the tropical plant, Ricinus communis
by a method that involves the use of a solvent.

Okwuasaba et al. (1991) evaluated anticonceptive and es-
trogenic effects of a methanol extract of Ricinus communis
var.minor seeds (ether-soluble fraction) using the following an-
imals (groups of 10): adult albino Wistar rats (weights = 160 to
210 g), young albino Wistar rats (weights = 40 to 60 g), imma-
ture Swiss albino female mice (21 to 23 days old; weights = 10
to 13 g), and adult female New Zealand white rabbits (2.5 to 3.0
kg).

In the antifertility experiment, adult female rats and rabbits
with regular estrus cycles were used. The females were mated
overnight (3:1 female/male ratio), and the day of mating was
considered day 0. Castor bean extract was injected subcuta-
neously (s.c. dose of 0.6 or 1.2 g/kg) into female rats once daily
for two days, and mating occurred on the third day. Female
rabbits were injected intramuscularly with Castor bean extract
(dose = 200 mg/kg). Control animals were injected s.c. with
corn oil for two consecutive days. A laparotomy was performed
to confirm that implantation had occurred.

Castor bean extract (0.6 or 1.2 g/kg dose) prevented nida-
tion in rats, and none of the treated rats delivered pups at
term. The results for rabbits (200 mg/kg dose) paralleled those
for rats. Nidation was prevented, and the extract protected
the rabbits against pregnancy for over three gestation periods
(i.e., 110 to 120 days). The normal gestation period for rab-
bits is 28 to 30 days. Effects induced by Castor bean extract
were reversible in rats and rabbits. No fetal abnormalities were
observed.

In the study to determine estrogenic activity, the following
endpoints were used to estimate the estrogenicity of the Castor
bean extract: uterine weight ratio, degree of vaginal cornifica-
tion, and quantal vaginal opening. In one experiment, groups
of 10 Swiss albino female mice (21 to 23 days old; weights
= 10 to 13 g) were injected s.c. with 1.0 or 4.0 mg/kg Castor
bean extract (in corn oil, 0.2 ml) daily for 4 days. In a similar
experiment, bilateral ovariectomy was performed on young, im-
mature rats (groups of five), and the wound was sutured. After
a 15-day recovery period, the groups of rats were injected s.c.
with 0.6 or 1.2 g/kg Castor bean extract (in corn oil, 0.2 ml)
daily for 4 days. In both experiments, suitable controls (injected
s.c. with corn oil only) were maintained. Additionally, estradiol-
178 (reference hormone; dose = 10 pg/kg) was administered
to rats (group of 10) and mice (group of 10). Mice and rats were
necropsied 24 h after the last injection. Body and uterine wet
weights were recorded.
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Results for bilaterally ovariectomized rats indicated that
doses of 0.6 and 1.2 g/kg induced increases in relative uter-
ine weight of 116.7 £ 6.5 (p < .01) and 211.6 &+ 8.2 mg/100 g
body weight (p < .001), respectively, compared to a control
value of 83.3 mg/100 g body weight. Compared to rats, Castor
bean extract (1.0 and 4.0 mg/kg) induced a qualitatively similar
effect in immature mice. In rats and mice, the effect on relative
uterine weight appeared to have been dose-dependent. Estradiol-
17p also increased uterine weight in rats and mice. The relative
uterine weights (mg/100 g body weight) for rats and mice dosed
with estradiol-178 were reported as follows: 309.2 £ 11.4 (rats)
and 517.5 & 12.3 (mice).

Cornification of the vaginal epithelium and quantal open-
ing of the vagina were noted in immature mice and bilaterally
ovariectomized rats (both dose groups for each). A dose-related
decrease in the number of leukocytes and increases in cornified
and epithelial cell counts were also reported for both species.
No significant changes in body weight were observed.

The authors concluded that the ether-soluble portion of the
methanol extract of Ricinus communis var. minor seeds pos-
sesses anti-implantation, anticonceptive, and estrogenic activity
inrats and mice when administered subcutaneously (Okwuasaba
etal. 1991).

CLINICAL ASSESSMENT OF SAFETY

Metabolism and Excretion
Castor Oil

Watson et al. (1963) studied the absorption and excretion
of castor oil in five subjects (ages and weights not stated). The
composition of the castor oil was as follows: palmitic acid (1%),
palmitoleic acid (0.1%), stearic acid (1%), oleic acid (3.2%),
linoleic acid (4.7%), and Ricinoleic Acid (90%). The castor oil
(of medicinal purity) contained a trace amount of oil labelled
with 3'T, and the doses administered ranged from 4 to 60 g
(approximately 6 pCi of radioactivity per dose). Castor oil was
administered to the five hypertensive patients on the day before a
scheduled intravenous pyelogram; thereafter, only a light meal
of coffee and toast was allowed. Stool collections were made
during the first 24 h after dosing and during the subsequent 72 h.
Urine was collected in 24-h samples. Small doses of oil were
administered to the three normal volunteers, and free diet was
allowed. Stools were collected at 2 and 3 days after dosing.

Fecal recovery of '*'I (%) ranged from 11.4% (for 10 g dose
of castor oil) to 86.0% (for 44.4 g dose of castor oil). The authors
concluded that castor oil can be absorbed by human subjects, that
absorption is inversely related to the administered dose, and, at
small doses (4 g), that absorption is virtually complete (Watson
et al. 1963).

Hagenfeldt et al. (1986) administered castor oil (10 to 15 ml)
orally to three healthy subjects. Urine was collected between
2 and 8 h post dosing. The following three epoxydicarboxylic
acids were excreted in the urine: 3,6-epoxyoctanedioic acid;

3,6-epoxydecanedioic acid; and 3,6-epoxydodecanedioic acid.
These three Ricinoleic Acid metabolites were also detected in
the urine of rats as described earlier.

Induction of Labor
Castor Oil

Davis (1984) investigated the use of castor oil to stimulate
labor using 196 patients with premature rupture of membranes
(PROM), at least 4 h in duration, who were between 37 and
42 weeks of gestation. Patients were identified by reviewing
charts of all patients who were admitted at an out-of-hospital
birthing center from 1976 through 1981. Of the 196 patients, 107
(mean age = 28.6 years) were dosed orally with castor oil (2 0z)
and 89 (mean age = 27.6 years) were not. Castor oil was adminis-
tered only to PROM patients who had alatency period of at least 4
h. All patients were observed for labor onset for 24 h after the on-
set of PROM. If labor did not occur at this time, the patients were
transferred to a hospital for oxytocin stimulation. The longest
interval between rupture of the membranes and delivery was
48 h.

Of the 107 patients dosed with castor oil, 80 (75%) had labor
onset. Spontaneous labor occurred in 52 (58%) of the 89 control
patients. This difference between patients dosed with castor oil
and controls was statistically significant (p < .05). The interval
between castor oil administration and the onset of labor ranged
from 1 to 13 h (mean = 4 h).

Labor outcomes were also evaluated for type of delivery, in-
cidence of oxytocin stimulation, and infant well-being. The need
for cesarean sections was nearly three times greater in the control
group (15.7% incidence) than in patients dosed with castor oil
(5.6% incidence). This difference was found to be statistically
significant (p < .01). Additionally, the group dosed with castor
oil did not require oxytocin stimulation as frequently (36% in-
cidence) when compared to the control group (43% incidence),
and the difference was not statistically significant.

Infant outcomes in the two groups were studied by observing
Apgar scores at 1 and 5 min, and looking for any evidence of
meconium staining. Two infants with Apgar scores of <7 were
reported for both groups. At the time of membrane rupture, the
presence of meconium was very low in both groups. Meconium
staining was not observed after dosing with castor oil. It is also
important to note that there were no maternal deaths and no sig-
nificant maternal morbidity. The authors concluded that castor
oil can be used safely and effectively to stimulate labor (Davis
1984).

In a study by Mitri et al. (1987), the amniotic fluid was
examined at the time of rupture of membranes in 478 of the
498 women in labor. The amniotic fluid was meconium-stained
in 174 subjects (mean age = 28.5 £ 0.65 years) and clear in
the remaining 304 subjects (mean age = 25.9 + 0.37 years).
Cesarean section, low Apgar score, and the recent ingestion
of castor oil were significantly more common in subjects with
meconium-stained amniotic fluid. The authors concluded that
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the passage of fetal meconium was predictive of poor labor out-
come in terms of Apgar scores and the need for cesarean section.
It was recommended that women who take castor oil in late preg-
nancy should be identified as a high-risk group for the passage
of fetal meconium.

In a case report by Steingrub et al. (1988), a 33-year-old
pregnant female (at week 40 of gestation) ingested castor oil to
induce labor. Within 60 min of ingestion, cardiopulmonary arrest
occurred and was reportedly due to amniotic fluid embolism.

Garry et al. (2000) evaluated the use of castor oil to induce
labor in 52 pregnant women (mean age = 24.8 £ 6.7 years)
at Saint Mary’s Hospital in Brooklyn, New York. The untreated
control group consisted of 48 pregnant women (mean age = 24.4
+ 4.9 years). The two groups of women did not differ in mater-
nal age, parity, or gestational age. Castor oil was administered
as a 60-ml dose in orange or apple juice, and its use was deemed
successful only if active labor began within 24 h. Labor was
defined as one or more contractions every 5 min, with cervi-
cal dilatation of 4 cm or more. Active labor was induced in 30
(57.7%) of the 52 women dosed with castor oil, compared to 2
of the 48 women in the control group (p < .001). The cesarean
section rate for women dosed with castor oil was 19.2% (10 of
52 women), compared to 8.3% (4 of 48 controls) in the untreated
control group. No relationship between dosing with castor oil,
birth weight, and mode of delivery (p = .66) was found. Ad-
ditionally, no adverse outcomes for the mother or fetus were
identified. The authors concluded that women dosed with castor
oil had an increased likelihood of initiation of labor within 24 h,
compared to women who were not dosed with castor oil.

Ocular Irritation
Castor Oil

In a study by Secchi et al. (1990), a double-masked clinical
trial was performed using a group of nine patients (ages not
stated) with vernal keratoconjunctivitis. One eye was treated
with 2% cyclosporine in castor oil four times daily for 15 days.
The other eye was treated with castor oil solution only according
to the same procedure. Mild and transient discomfort and minor
epithelial changes were observed in both eyes.

In another clinical study (Gluud et al. 1981), vital staining
was used to investigate the eyes of 100 patients (ages not stated)
following the instillation of castor oil and the eyes of 50 patients
following the instillation of 0.9% saline. One drop (0.01 ml)
of sterile fluorescein—rose bengal (RB) dye mixture was in-
stilled into the lower conjunctival sac and the ocular mucosa
was examined using a slit lamp. White light was used to exam-
ine RB-stained spots and cobalt blue light was used to examine
fluorescein-stained spots. The ocular mucosa was divided into
five regions, and the number of stained spots in each region was
counted/estimated and graded. The authors concluded that cas-
tor oil affected the cornea and conjunctiva, i.e, degeneration and
death of epithelial cells (stained with RB) and continuity breaks
in the epithelium (stained with fluorescein).

Skin Irritation/Dermal Toxicity
Castor Oil

Motoyoshi et al. (1979) evaluated the skin irritation poten-
tial of undiluted castor oil using 50 adult male volunteers (ages
not stated). Individuals with known allergic reactions were ex-
cluded. Patches containing 0.05 g of the test material were ap-
plied to skin of the back and remained for 48 h. At the end of
the application period, test sites were swabbed with dry gauze
to remove any residual test material and reactions were scored
30 minutes later according to the following scale: — (negative
reading) to + + ++ (bullous reaction). Castor oil was mildly
irritating to the skin of human subjects.

In a study by Meyer et al. (1976), undiluted castor oil was
applied to test fields delineated on the right thigh of each of three
male subjects (22 to 31 years old). The control field was located
on the opposite side. According to the test procedure, castor oil
was rubbed onto the skin gently (<30 s) on 10 sucessive days.
The control field was massaged only. A tissue section (1 x 1
cm) was excised from the center of each test field and five to
eight sections (7 pm in thickness) per test area were subjected to
microscopic examination. Macroscopic skin changes were not
observed in either of the three subjects.

At microscopic examination, clear hyperchromasia and an
increase in the number of cells were observed in the basal cell
layer. Slight widening of the granular cell layer was also noted
(Meyer et al. 1976).

Hydrogenated Castor Oil

In a study by de Groot (1994), members of the Dutch Contact
Dermatitis Group and nonmember dermatologists patch tested 1
to 20 patients (ages not stated) either suffering from or suspected
of suffering from contact allergy to cosmetic products. Details
regarding the patch test procedure were not included. Patch test
results indicated no reactions to 30% Hydrogenated Castor Oil
in petrolatum.

Ethyl Ricinoleate
The skin irritation potential of 20% Ethyl Ricinoleate in
petrolatum was evaluated using 32 healthy male volunteers (ages

not stated) in a 48-h closed patch test. Skin irritation was not ob-
served (RIFM 2000).

Allergenicity

Predictive Tests
Ethyl Ricinoleate

The skin sensitization potential of 20% Ethyl Ricinoleate in
petrolatum was evaluated using 32 healthy male volunteers in
the maximization test. The test substance was applied (under
occlusion) to the same site on the forearms of each subject for
five alternate-day 48-h periods. Each test site was pretreated with
5% aqueous sodium lauryl sulfate (under occlusion) for 24 h.
At the end of a 10- to 14-day nontreatment period, challenge
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patches were applied (under occlusion) to new test sites for 48
h. Challenge applications were preceded by 30-min applications
of 2% aqueous sodium lauryl sulfate (under occlusion) on the
left side. On the right side, the challenge application was not
preceeded by treatment with sodium lauryl sulfate. A fifth site
(challenge with petrolatum) served as the control. Reactions
classified as either significantly irritating or allergic were not
observed (RIFM 2000).

Provocative Tests
Castor Oil

Fujimoto et al. (1997) conducted a study involving 332
patients (25 males, 307 females; ages ~20 to 70) suspected
of having cosmetic contact dermatitis. The subjects were
patch-tested with numerous cosmetic products and cosmetic in-
gredients. Patch tests (Finn chambers) were applied to the back
for 48 h, and the test sites were examined at 30 minutes after
patch removal, 1 day later, and 4 to 5 days after patch removal.
None of the 49 patients patch-tested with castor oil had a positive
reaction.

In a study by Hino et al. (2000), 346 patients (31 males, 315
females; ages &~ 20 to 70 years) suspected of having cosmetic
dermatitis were patch tested with various cosmetic products and
cosmetic ingredients. Patch tests (Finn chambers) were applied
to the back for 48 h. Test sites were examined according to the
schedule in the preceding study. Of the 76 patients patch-tested
with castor oil, one had a positive reaction. This reaction was
observed only during the second reading (i.e., the day after the
30-min reading).

Hydrogenated Castor Oil

Lehrer et al. (1980) evaluated the sensitivity of three human
subjects (with occupational hypersensitivity to castor allergens)
to castor bean extract and four Castor Wax extracts (solvent =
SLS, PBS, urea-NaCl, or Triton X-100). Seven normal labora-
tory personnel served as controls. The test substances were ap-
plied to the skin using both patch and prick tests. Only the castor
bean extract and the SLS extract of Castor Wax were evaluated
in the prick test, and the four Castor Wax extracts were evalu-
ated in the patch test. In the prick test (to detect IgE-mediated
hypersensitivity), a drop of allergen extract was applied to the
skin. Following application to the skin, the underlying superficial
layer of the skin was pricked with a 25-gauge needle. Reactions
were scored 15 min after application of the allergen. A positive
prick test reaction was defined as a wheal and flare reaction with
edema >5 mm. Castor bean extract was tested at concentrations
up to 1000 pug/ml and, SLS Castor Wax extract, at concentra-
tions up to 22,000 pg/ml. Results from the prick test indicated
no immediate skin reactivity to castor bean extract or the SLS
Castor Wax extract.

In patch tests (to detect cell-mediated hypersensitivity), a
semiocclusive patch containing either of the four Castor Wax
extracts (concentration not stated) or paraffin (control) was ap-

plied to the skin for 24 and 48 h. Reactions were scored at 24
and 48 h post removal.

The three patients were highly sensitive to castor allergen in
the prick test (positive skin reaction to 1.0 or 0.1 pg/ml castor
bean extract). The patients also had a positive skin reaction to the
SLS Castor Wax extract, where the level of sensitivity was 100-
to 100,000-fold less than that induced by castor bean extract.
None of the seven normal subjects had a delayed reaction to
any of the four Castor Wax extracts that were tested. Prick test
results (normal subjects) indicated no immediate skin reactivity
to castor bean extract or the SLS Castor Wax extract.

Because immediate hypersensitivity to Castor Wax was ob-
served in the three patients who were sensitive to castor bean, ad-
ditional tests (prick tests) were performed to determine whether
Castor Wax solubilized in different organic solvents or an un-
derarm deodorant stick containing Castor Wax would induce
irritation and elicit a positive immediate hypersensitivity reac-
tion in these three patients. Positive skin reactions to Castor Wax
(in different solvents or in a deodorant stick) were not detected.

The four Castor Wax extracts and paraffin (control) were
evaluated in patch tests for cell-mediated hypersensitivity. None
of the three patients had a delayed reaction to any of the four
Castor Wax extracts (test concentration not stated).

The positive skin reactions (immediate skin reactivity) in
sensitized individuals, together with the positive PCA reactions
in mice and positive direct RAST for reaginic castor allergens
(summarized earlier in this report) that were induced by SLS
Castor Wax extract, indicate that allergens are present in Castor
Wax at low concentrations.

A direct RAS study was conducted to determine whether the
SLS extract of Castor Wax contains specific antigens or non-
specifically inhibits the RAS assay. Discs were coated with cas-
tor bean extract or the SLS Castor Wax extract and a direct RAS
assay was performed using serum from one patient who was sen-
sitive to castor allergens, a patient who was sensitive to peanuts,
or pooled human serum (control). The patient sensitive to castor
allergens had a significant RAS test ratio of 18.87 to castor bean
allergen and a significant RAS test ratio of 8.04 to SLS Castor
Wax extract. The patient sensitive to peanuts did not have a sig-
nificant RAS test to either castor bean extract or the Castor Wax
extract. The results from this direct RAS study indicate that SLS
Castor Wax extract does contain Castor bean allergens, although
the SLS Castor Wax extract can nonspecifically inhibit the RAS
assay (Lehrer et al. 1980).

Ricinoleic Acid

In a retrospective study by Lim and Goh (2000), 202 consec-
utive patients (182 females, 20 males) with eczematous cheili-
tis who attended a contact and occupational dermatoses clinic
in Singapore between January of 1996 and December of 1999
were patch-tested. Mean ages for female and male patients were
31.1 and 28.8 years, respectively. Patch tests were conducted
according to International Contact Dermatitis Research Group
(ICDRG) recommendations. Twenty-nine patients (2 males,
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27 females) had positive reactions to Ricinoleic Acid. Of the
29 reactions, 22 were considered relevant positives.

Allergenicity/Photoallergenicity
Castor Oil

In a study by Hashimoto et al. (1990), 103 patients (ages not
stated) suspected of having cosmetic-related contact dermati-
tis were patch tested with castor oil (as is). Both patch tests
and photopatch tests were conducted according to ICDRG basic
standards. The patch test units consisted of a combined use of
both Finn chambers and Scanpor tape. One patient had a posi-
tive patch test reaction to castor oil. No positive photopatch test
reactions were reported.

Case Reports
Case reports involving Castor Oil and Ricinoleic Acid esters
are summarized in Table 6.

Occupational Exposure

Gohte et al. (1983) conducted a study involving 28 persons
(14 men, 14 women; age range = 17 to 65 years) who were em-
ployed by a company involved with importing, preparing, and
distributing plant products that are used in spices and as ingre-
dients of health foods. The period of employment varied from
two months to 20 years, and 25 of the 28 were smokers. Thir-
teen of the 28 developed the following work-related symptoms:
rhinitis, conjunctivitis, asthma, itch, or urticaria. Blood samples
from 25 subjects were subjected to IgE analysis using Phadebas
IgE PRIST (paper radioimmunosorbent test). Phadebas RAST
(radioallergosorbent test) was performed on 25 persons against
antigens from an extract of castor oil bean. Fifteen subjects were
prick-tested and 14 were patch-tested with an extract of castor
oil bean. Of the three tests, only the RAST test yielded positive
results; 1 of 25 subjects had an allergic reaction to an extract
of castor oil bean. None of the subjects without work-related
symptoms had positive reactions.

SUMMARY

Ricinus Communis (Castor) Seed Oil, Ricinoleic Acid,
Glyceryl Ricinoleate, Glyceryl Ricinoleate SE, Potassium Ri-
cinoleate, Sodium Ricinoleate, Zinc Ricinoleate, Cetyl Rici-
noleate, Ethyl Ricinoleate, Glycol Ricinoleate, Isopropyl Ri-
cinoleate, Methyl Ricinoleate, and Octyldodecyl Ricinoleate
function, in cosmetics, as skin-conditioning agents, emulsion
stabilizers, and surfactants. Ricinus Communis (Castor) Seed
Oil also functions as a fragrance and Hydrogenated Castor Oil
also functions as a viscosity-increasing agent—nonaqueous. In
the case of Zinc Ricinoleate, functions include deodorant agent,
opacifying agent, and anticaking agent.

Ricinoleic Acid accounts for 87% to 90% of the fatty acyl
groups of Ricinus Communis (Castor) Seed Oil and the follow-
ing other fatty acids comprise the remaining fatty acyl groups:

oleic acid (2% to 7%), linoleic acid (3% to 5%), palmitic acid
(1% to 2%), stearic acid (1%), dihydrostearic acid (1%), and
trace amounts of other fatty acyl groups.

Hydrogenated Castor Oil consists primarily of glyceryl-
trihydroxystearate. The National Formulary has the following
requirements for Hydrogenated Castor Oil: free fatty acids (free
fatty acids in 20 g require for neutralization not more than 11.0
ml of 0.1 N sodium hydroxide), heavy metals (0.001%), hy-
droxyl value (between 154 and 162), iodine value (not more
than 5), and saponification value (between 176 and 182).

Ricinus Communis (Castor) Seed Oil is produced by cold
pressing of the seeds of Ricinus communis and subsequent clar-
ification of the oil by heat. Castor Oil does not contain ricin
because ricin does not partition into the oil, due to its water-
solubility. Hydrogenated Castor Oil is the end product of con-
trolled hydrogenation of Ricinus Communis (Castor) Seed Oil.
One of the simplest methods for obtaining Ricinoleic Acid is
the hydrolysis of castor oil.

Ricinus Communis (Castor) Seed Oil and Glyceryl Ri-
cinoleate absorb UV light, with a maximum absorbance at
270 nm.

Reportedly, Ricinus Communis (Castor) Seed Oil and Hy-
drogenated Castor Oil were used in 769 and 202 cosmetic prod-
ucts, respectively, in 2002. The following use frequencies were
reported for Ricinoleic Acid and its salts and esters: Glyceryl
Ricinoleate (16), Ricinoleic Acid (6), Sodium Ricinoleate (12),
Zinc Ricinoleate (3), and Cetyl Ricinoleate (55).

The highest reported use concentration for Ricinus Commu-
nis (Castor) Seed Oil is associated with lipsticks (81%). Other
maximum ingredient use concentrations are: Hydrogenated Cas-
tor Oil (up to 39%), Glyceryl Ricinoleate (up to 12%), Zinc Ri-
cinoleate (up to 2%), Cetyl Ricinoleate (up to 10%), and Octyl-
dodecyl Ricinoleate (up to 5%).

Potassium Ricinoleate, Ethyl Ricinoleate, Glycol Rici-
noleate, Isopropyl Ricinoleate, and Methyl Ricinoleate are not
currently reported to FDA as in use, nor are there industry survey
data indicating a current use concentration.

Castor oil is classified by FDA as generally recognized as
safe and effective for use as a stimulant laxative. An acceptable
daily intake (for man) of 0 to 0.7 mg/kg body weight has been
established by FAO/WHO for castor oil.

Castor oil is a triglyceride that is hydrolyzed in the small in-
testine by pancreatic enzymes, leading to the release of glycerol
and Ricinoleic Acid. Ricinoleic Acid was rapidly metabolized
in a study of adult rats fed a diet containing 48.4% castor oil for
4 to 6 weeks. These animals did not have significant amounts
of Ricinoleic Acid in phospholipids of the small intestine, liver,
and skeletal muscle, nor in glycerides of the liver. A close cor-
relation between the dose administered in the diet and the per-
centage of Ricinoleic Acid in the feces (greater absorption of the
smaller dose) was noted in rats. Castor oil was readily absorbed
and metabolized in two groups of male rats that were fed 10%
castor oil in the diet (cholesterol-enriched and cholesterol-free,
respectively) for 20 days. Fecal recovery of Ricinoleic Acid was
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(with cheilitis)

23-year-old female
(history of facial
eczema) with acute
dermatitis of the
face

29-year-old female
(history of
deodorant
dermatitis)

24-year-old female

31-year-old female
(no history of
dermatitis)

45-year-old female
(history of
intolerance to
cosmetics and
adhesives)

40-year-old chemist
(history of eczema
due to chemical
exposure on the
job)

20-year-old female

17-year-old female
(with lip dermatitis)

creams. Product concentrations of Castor Oil ranged from 10%
to 67%. ++ patch test reactions to Castor Oil and each lipstick
or lip cream that contained Castor Oil. Also, ++ patch test
reactions to Ricinoleic Acid (as is), 30% Ricinoleic Acid in
petrolatum, and purified Castor Oil (as is). No reactions to
products that did not contain Castor Oil.

4+ reactions to Castor Oil and make-up remover containing
Castor Oil.

Acute edematous dermatitis on the lips and perioral area, which
spread to entire face and neck, after using a lipstick product
containing Castor Oil. ++ patch test (Finn chambers,
International Contact Dermatitis Research Group [ICDRG]
recommendations) results for Castor Oil.

Swelling of lips over 10-month period. Negative patch test results
for Castor Oil and five brands of lipstick containing Castor Oil.

Developed itchy rashes in the axillae, which spread over the
entire body. Positive patch test reaction (++, at 38 and 96 h) to
a deodorant that was used. Repeated open application test
results for Castor Oil and a Zinc Ricinoleate mixture (Zinc
Ricinoleate (88%), tricthanolamine, zinc resinate, isostearic
acid, dipropylene glycol, sodium lactate, and abietic acid) were
positive.

Presented with an itchy dermatitis on both axillae, and red
papules scattered over face and trunk. Patch test results
indicated a red erythematous response to a deodorant that was
used. Patch test results for Castor Oil were negative at 72 h and
+/7 at 96 h. Repeated open application test results for Castor
Oil were negative after 7 days; ++ patch test results for 20%
Glyceryl Ricinoleate (in petrolatum) at 72 and 96 h. Also, ++
reaction to Zinc Ricnoleate mixture (defined in preceding case
report) at 96 h. This mixture also produced an erythematous test
response in 1 of 10 control subjects.

Developed eczema on the knee 10 days after joint surgery.
Positive patch test results for surgical adhesive containing
Castor Oil. Negative patch test results for Castor Oil.

Allergic cheilitis (itching, swelling, and redness of the lips) after
using a total of 16 lipstick products. Positive patch test results
for Castor Oil and each product.

Positive patch test reactions to Castor Oil and 3 lipsticks.
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TABLE 6
Case reports with patch test results for Castor Oil and Ricinoleic Acid esters and salts
Subjects Findings/patch test results References
22-year-old female Cheilitis worsened after application of various lipsticks and lip Sai 1983

Brandle et al. 1983

Andersen and Nielsen
1984

Yoshikawa et al. 1986

Dooms-Goosens et al.
1987

Dooms-Goosens et al.

1987

Jost et al. 1989

Fisher 1991

Fisher 1991
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TABLE 6

Case reports with patch test results for Castor Oil and Ricinoleic Acid esters and salts (Continued)

69

Subjects

Findings/patch test results

References

17-year-old female
(allergic to metals)

51-year-old female

65-year-old male
(history of rash
following wood
cutting in orchard)

30-year-old female
(history of mild
atopic eczema)

29-year-old female
(nonatopic)

24-year-old female
(history of hay
fever and dry lips)

20-year-old army
recruit

43-year-old female
(history of sinus
aspergillosis and
facial edema after
oral dosing with
tixocortol pivalate)

51-year-old female

Developed itchy erythematovesicular reaction on right hand after
using a liquid wart remover containing flexible collodion
(contains 1.67% Castor Oil). 4+ + + patch test reaction to wart
remover. 4+ patch test reactions to Castor Oil and 20% Castor
Oil in petrolatum. Negative patch test reactions to Castor Oil and
20% Castor Oil in petrolatum in 15 control subjects.

Developed two roundish, erythematous vesicular plaques in left
gluteal and right anterolateral neck regions (application sites)
after 20 days of treatment with an anti-wart solution (flexible
collodion, common component of wart removers, contains
Castor Oil). ++ patch test reactions to Castor Oil 20% Castor
Oil in petrolatum, and the wart remover.

Rash on face, neck, and hands. Same rash appeared 3 years
earlier, following wood cutting. Patch test results for Castor Oil
(100%) were negative.

Hand dermatitis after exposure to cream containing Castor Oil
and zinc. 4+ + + patch test reaction to Castor Oil. Negative
results for 10 control subjects.

Sore, cracked lips, followed by vesicular facial edema, after use of
the same lipstick product for several years. ++ patch test (Finn
chambers, ICDRG criteria) results for Castor Oil.

Pruritic papules, swelling, and pigmentation on and around lips
after applying lipstick. Negative patch test results for Castor Oil
(as is).

Rashes developed after applying a camouflage stick containing
47.1% Castor Oil. A mildly pruritic vesicular eruption appeared
on the neck, chin, face, and hands; swelling of eyelid also
observed. Symptoms lasted for 3 or 4 days.

Recurrent facial dermatitis and cheilitis after use of a facial
moisturizer containing 8% Castor Oil. +/+ patch test (Finn
chambers) reactions to the moisturizer, Castor Oil, 15% Castor
Oil in petrolatum, and 10% Castor Oil in petrolatum. + to ++
reactions to several lipstick and lip balm products containing
Castor Oil.

Pruritic erythema in both axillae after use of a deodorant
containing 76% Zinc Ricinoleate. One week later, developed
acute contact dermatitis of the lips after using perfumed lipstick
containing Glyceryl Ricinoleate. Lipstick was previously
tolerated. 4 patch test reaction to deodorant and lipstick. +
patch test reaction to 30% Glyceryl Ricinoleate in petrolatum.
Re-patch testing yielded the following results: 76% Zinc
Ricinoleate in petrolatum (?+ reaction on day 3) and no
reactions to 30%, 15%, or 1% Zinc Ricinoleate in petrolatum
20% Glyceryl Ricinoleate in petrolatum (+ reaction on day 3),
30% Glyceryl Ricinoleate in petrolatum (+ reaction on day 3),
and Castor Oil, as is (no reaction).

Lodi et al. 1992

Tabar et al. 1993

Manzur et al. 1995

Wakelin et al. 1996

Tan et al. 1997

Inoue et al. 1998

Goon et al. 1999

Le Coz and Ball 2000

Magerl et al. 2001

(Continued on next page)
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TABLE 6
Case reports with patch test results for Castor Oil and Ricinoleic Acid esters and salts (Continued)

Subjects

Findings/patch test results

References

58-year-old female
(history of allergy
to adhesive tapes)
were negative.
50-year-old female
(history of allergy
to adhesive tapes)
30-year-old female
(with pigmented
contact cheilitis)
Acid at day 3.

After knee surgery, acute contact dermatitis around surgical
incision rapidly became blistered and spread to right lower limb.
Patch test results for Castor Oil (1% and 10% in petrolatum)

After hip surgery, acute dermatitis around surgical incision spread
to lower right limb. Patch test results for Castor Oil (1% and
10% in petrolatum) were negative.

Presented with scaly erythema with associated diffuse
hyperpigmentation and itchy swelling for past one year after
using various lipsticks. 4+ patch test reactions to Ricinoleic

Reichert-Pénétrat et al.
2001

Reichert-Pénétrat et al.
2001

Leow et al. 2003

approximately 0.5% of the total ingested. 3,6-epoxyoctanedioic
acid, 3,6-epoxydecanedioic acid, and 3,6-epoxydodecanedioic
acid were excreted by rats given castor oil intragastrically. These
acids were not detected in the urine prior to dosing with castor
oil.

Following the oral administration of Hydrogenated Castor
Oil to rats at dietary concentrations of 0.865% and 8.65%, the
deposition of hydroxystearic acid in the abdominal fat and other
body lipids was reported. In all cases, hydroxystearic acid was
accompanied by hydroxypalmitic acid, hydroxymyristic acid,
and hydroxylauric acid (hydroxystearic acid metabolites). Rici-
noleic Acid or Methyl Ricinoleate administered by gastric intu-
bation to male rats resulted in peak absorption of Ricinoleic Acid
within 30 min post dosing in the following fractions: triglyceride,
diglyceride, monoglyceride, and free fatty acid.

Castor oil (labeled with '*'I) was administered to five hy-
pertensive patients on the day before a scheduled intravenous
pyelogram, with results demonstrating that castor oil can be ab-
sorbed by human subjects, that absorption is inversely related to
the administered dose, and, at small doses (4 g), that absorption
is virtually complete.

Following oral administration of castor oil (10 to 15 ml) to
three healthy subjects, the following three epoxydicarboxylic
acids were excreted in the urine: 3,6-epoxyoctanedioic acid;
3,6-epoxydecanedioic acid; and 3,6-epoxydodecanedioic acid.

Castor oil caused a marked decrease in the transepidermal
water loss rate from full-thickness, cartilage-stripped skin from
the ventral ear of the male Syrian golden hamster. In another
study, Ricinoleic Acid enhanced the in vitro transdermal perme-
ation of 5-fluorouracil in hairless mouse skin.

Oral dosing with Sodium Ricinoleate, Ricinoleic Acid, or
castor oil had both stimulatory and inhibitory effects on smooth
muscle (canine small bowel) contraction in vivo. Sodium Ri-
cinoleate, but not Methyl Ricinoleate, depressed the smooth
muscle twitch response in a guinea pig ileum preparation at
concentrations ranging from 1.25 x 107 to 4 x 107+ M.

Unlike prostaglandin E; (chemically similar to Ricinoleic
Acid), Ricinoleic Acid did not induce dose-dependent stimula-
tion of adenylate cyclase in villus cell (from hamster small in-
testine) homogenates. Compared to saline-treated controls, cas-
tor oil significantly reduced the infiltration of leukocytes and
the prostaglandin E, (inflammatory mediator) content of the rat
aqueous humor and iris-ciliary body.

Sodium Ricinoleate significantly inhibited (considered mod-
est; p < .05) cytokine-induced endothelial adhesion molecule
expression when incubated with human saphenous vein endothe-
lial cells. In a similar experiment, Ricinoleic Acid significantly
decreased IL-4-induced VACM-1 expression (50% inhibitory
concentration between 10 and 100 pM). Neither cell number
nor viability was increased in this concentration range. Rici-
noleic Acid did not inhibit TNFa-induced vascular cell adhesion
molecule-1 expression to any significant extent. Castor oil in the
diet induced a significant increase in prostaglandin E, concen-
trations in tissues of the intestinal mucosa, placenta, amnion,
and amniotic cells in groups of pregnant Wistar rats.

Castor oil did not have antimicrobial activity in the Staphylo-
coccus aureus, Escherichia coli, or Candida albicans bacterial
strains. There was no correlation between Sodium Ricinoleate
antibacterial activity against cells in suspension and antiplaque
activity.

Following the oral administration of castor oil (2 ml), macro-
scopic damage, characterized mainly by vasocongestion, was
observed throughout the duodenum and jejunum in rats. After
male albino rats were dosed intraperitoneally with 100 mg Ri-
cinoleic Acid, all animals were dead within 24 h. The acute oral
LDs, for Ethyl Ricinoleate exceeded 5.0 g/kg in rats. A single
oral dose (2.5 ml/kg) of castor oil caused generalized hyper-
emia of the intestinal mucosa up to 72 h post dosing in most of
12 ponies. An acute oral LDsy of >10 g/kg was reported for
Hydrogenated Castor Oil in a study involving rats. The acute
dermal LDsq for Ethyl Ricinoleate exceeded 5.0 g/kg in rabbits.
One of the rabbits died. The skin reactions observed included
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moderate erythema in six rabbits, moderate edema in five rab-
bits, and slight edema in one rabbit.

In an acute intravenous toxicity study in which eight mongrel
dogs were dosed with castor oil (single bolus dose = 0.1 ml/kg),
none of the animals died. Erythema was the only clinical sign
that was reported. An increase in blood histamine occurred in
one animal.

The short-term subcutaneous administration of a vehicle con-
sisting of castor oil and benzyl benzoate to groups of five
Cs7B1/6J mice caused morphological alterations suggestive of
stress-induced changes. Using electron microscopy, the changes
observed in the adrenal cortex included disruption of parenchy-
mal mitochondria in the zona fasciculata, increase in the size
of some of the mitochondria, loss of the vesicular orienta-
tion of the inner mitochondrial membrane, and diminution of
the mitochondrial matrix. Mitochondrial changes were also ob-
served in the zona reticularis and zona fasiculata.

Intragastric administration of Ricinoleic Acid (single 0.1 ml
dose) to CD-1 specific pathogen—free mice resulted in the ero-
sion of duodenal villi. In another study, perfusion of the rabbit
colon with Sodium Ricinoleate solution (5.0, 7.5, and 10 mM)
led to mucosal damage (i.e., the loss of epithelial cells). A dose-
response relationship for mucosal damage was noted.

In an NTP subchronic oral toxicity study, the administration
of diets containing up to 10% castor oil to groups of male and fe-
male F344/N rats continuously for 13 weeks was not associated
with any toxicities.

The subchronic oral toxicity of Hydrogenated Castor Oil (di-
etary concentrations up to 17.3%) was evaluated in female rats
in a preliminary feeding trial. A reduced growth rate in rats fed
8.65% and 17.3% Hydrogenated Castor Oil, respectively, was
the only abnormality that was observed. Based on organ weight
determinations and the results of hematological and microscopic
examinations, no adverse effects were observed.

In a 16-week study, groups of 15 male albino rats were fed
diets containing 0.865% or 8.65% Hydrogenated Castor Oil. Ex-
cept for the reduced growth rate in rats fed 8.65% Hydrogenated
Castor Oil, no adverse effects were observed.

The instillation of undiluted castor oil (0.5 ml) into the rabbit
eye resulted in an ocular injury score of 1 (maximum score
possible = 20). In contrast, undiluted castor oil induced slight
congestion of the iris and conjunctiva in the rabbit eye in another
study, but the instillation of castor oil (10 drops daily for 3 weeks)
into the eyes of ten rabbits in a third study produced no damage
to the corneal epithelium or endothelium.

Castor oil swabbed onto the dorsum of each of 216 albino
or Long-Evans rats daily for five days to 2 weeks produced a
mild effect on the epidermis. Undiluted castor oil was applied
for 24 h to two areas on the dorsal surface of six albino angora
rabbits. Severe skin irritation was observed. Undiluted castor oil
applied to the dorsal skin of six male Hartley guinea pigs, six
male Wistar rats, and six miniature swine produced mild skin
irritation in guinea pigs and rats, but not in miniature swine.
Repeated applications of undiluted castor oil to the flanks of five

female albino rabbits daily for 30 days induced slight erythema
and edema. Both open skin irritation and repeated application (8
weeks) tests for undiluted castor oil and 10% aqueous castor oil
were well tolerated by rabbits in another study. Slight reddening
of the application site (flank) was observed in a study in which
six albino guinea pigs and six young pigs received applications
of undiluted castor oil on 10 successive days.

In a predictive prick test in which seven normal subjects
were tested with an SLS extract of Castor Wax (concentra-
tions up to 22,000 pg/ml), no immediate skin reactivity was
observed. None of the seven subjects patch tested with the
SLS Castor Wax extract or the remaining three extracts of Cas-
tor Wax (concentrations not stated) had a delayed skin reac-
tion. In a provocative prick test in the same study, three pa-
tients with occupational hypersensitivity to castor allergens were
tested with the SLS extract of Castor Wax at concentrations up
to 22,000 pwg/ml. All three patients had a positive reaction to
the SLS Castor Wax extract. None of the three patients patch-
tested had a delayed reaction to the SLS Castor Wax extract or
the remaining three extracts of Castor Wax (concentrations not
stated).

The positive skin reactions (immediate skin reactivity) in sen-
sitized individuals, together with the positive PCA reactions in
mice and positive direct RAST for reaginic castor allergens that
were induced by SLS Castor Wax extract, indicate that allergens
are present in Castor Wax at low concentrations.

Neither erythema nor edema was observed following a single
topical application of Ricinoleic Acid (in peanut oil) to the paws
of 8 to 10 male Swiss mice. The application of Ricinoleic Acid
(in peanut oil) to the entire eyelid surface of each of six male
albino Dunkin-Hartley guinea pigs induced eyelid reddening
and edema at doses of 10, 30, or 100 mg. Cetyl Ricinoleate
was classified as a non-irritant following application to the skin
of three male New Zealand albino rabbits. Diluted TEGODEO
HY 77 (trade name mixture that generally contains >50% Zinc
Ricinoleate) was applied, under occlusive patches and after patch
removal. Well-defined erythema was observed at 48 and 72 h at
the abraded sites of all six rabbits and at the intact sites of four
rabbits. This mixture did not produce skin sensitization in a study
involving 30 white guinea pigs.

Castor oil was not comedogenic when applied to the ears of
rabbits for 2 weeks, but there was a slight increase in keratin
content within the follicle, with essentially no change in the
follicular epithelium.

Sodium Ricinoleate caused dose-related increases in cyto-
toxicity in cultures of epithelial cells that were isolated from
the small intestines of male Syrian hamsters. In another study,
Sodium Ricinoleate did not induce significant toxicity in hu-
man saphenous vein endothelial cell cultures at concentrations
<25 uM. At concentrations of 0.1% and 1.0% Sodium Rici-
noleate, applied to serosal surface or rat jejunum, a significant
reduction in the number of ganglion cells in the myenteric or
submucosal plexus was noted. This was not true for the lowest
test concentration (0.01%). Castor oil did not have a toxic effect
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on the tubular epithelium following intraluminal injection into
the kidneys of five male white albino rats. In a study evaluat-
ing the nephrotoxicity of cyclosporine, castor oil served as the
vehicle control.

Neither castor oil nor Sodium Ricinoleate was mutagenic
to the following Salmonella typhimurium strains either with or
without metabolic activation: TA98, TA100, TA102, TA1535,
and TA1537. Results were also negative for castor oil in Es-
cherichia coli strain WP2/pKM102. Groups of male and female
mice that received diets containing 0.62%, 1.25%, 2.5%, 5.0%,
and 10.0% castor oil (in DMSO) for 13 weeks had no evidence
of induction of micronuclei in peripheral erythrocytes. Castor oil
did not induce sister chromatid exchanges either with or without
metabolic activation. Sodium Ricinoleate interfered with cell di-
vision in an Escherichia coli strain, causing the organisms to de-
velop as filaments. Ricinoleic Acid was inactive as a stimulator
of DNA synthesis and inducer of ornithine decarboxylase ac-
tivity in the rat colon. Concentrations up to 10 mM resulted in
insignificant increases in [*’H]dThd incorporation and did not in-
crease the level of ornithine decarboxylase activity above control
values.

None of the 20 mice injected intravaginally with 2% Rici-
noleic Acid (in gum tragacanth) had neoplasms or hyperplastic
lesions of the corpus uteri, cervix uteri, vagina, or perineal skin.
However, benign lung adenomas were observed in 10 of the
13 mice dosed with Ricinoleic Acid and in 6 of the 24 vehicle
control mice that were killed after the 14th month of dosing.

Neither undiluted castor oil, Ricinoleic Acid, nor Glyceryl
Ricinoleate was a tumor promoter in a study involving groups
of ten mice. However, the three test substances induced slight
epidermal hyperplasia in groups of three mice following the
application of each to a small area of skin in the interscapular
region.

Castor oil extract had a strong suppressive effect on S;go body
tumors in male Kunming mice. Its suppressive effect on ARS
ascites cancer was also very strong, with 64% of the ascites
tumors in mice being completely cured. Compared to controls,
the life extension rate was more than 136% (p < .0012).

Groups of mice and rats fed diets containing 0.62%, 1.25%,
2.5%, 5.0%, and 10% Castor Oil continuously for 13 weeks
had a slight decrease in epididymal weight (6% to 7%) in mid-
and high-dose groups of male rats; however, this finding was
not dose-related. No effects on any other male reproductive end
point (testes weight and epididymal sperm motility, density, or
testicular spermatid head count) or female reproductive endpoint
(estrous cycle length, or time spent in each phase of the cycle)
were noted.

Female Wistar rats injected intramuscularly with castor oil
(0.2 ml, single dose) on the first day after estrus had suppressed
ovarian folliculogenesis and anti-implantation and abortive ef-
fects. Anticonceptive and estrogenic effects of a methanol
extract of Ricinus communis var.minor seeds (ether-soluble frac-
tion) were studied in adult albino Wistar rats, young albino
Wistar rats, immature Swiss albino female mice, and adult fe-

male New Zealand white rabbits. Subcutaneous administration
of the extract produced anti-implantation, anticonceptive, and
estrogenic activity in rats and mice.

Castor oil served as the vehicle control in a study evalu-
ating the effect of long-term treatment with ICI 182,780 (an
antiestrogen) on the rat testis. In the control group, four male
Sprague-Dawley rats were injected subcutaneously with castor
oil (0.2 ml) once per week and then killed 100 days after the first
injection. Spermatogenesis appeared normal in each of the four
control rats.

Castor oil (2 0z) was used to stimulate labor in 196 patients
(between 37 and 42 weeks of gestation) with premature rupture
of membranes. The need for cesarean sections was nearly three
times greater in the control group (15.7% incidence) than in
patients dosed with castor oil (5.6% incidence). No relationship
between dosing with Castor Oil (administered as a 60-ml dose
in orange or apple juice), birth weight, and mode of delivery was
found in a study in which castor oil was used to induce labor in
52 pregnant women. The cesarean section rate for women dosed
with castor oil was 19.2% (10 of 52 women), compared to 8.3%
(4 of 48 controls) in the untreated control group. No adverse
outcomes for the mother or fetus were identified.

Mild and transient discomfort and minor epithelial changes
were observed in the eyes of nine patients after treatment (in-
stillation) with a castor oil solution four times daily for 15 days.
In another study involving 100 patients, the instillation of castor
oil affected the cornea and conjunctiva. Specifically, the degen-
eration and death of epithelial cells and continuity breaks in the
epithelium were observed.

Mild skin irritation was reported in 50 adult males patch tested
with undiluted castor oil (0.05 g applied to back). None of the
1 to 20 patients, either suffering from or suspected of suffer-
ing from contact allergy to cosmetic products, patch tested with
30% Hydrogenated Castor Oil had irritant reactions. Undiluted
castor oil rubbed gently onto the right thigh of each of three male
subjects on 10 successive days produced, at microscopic exam-
ination of excised skin, clear hyperchromasia and an increase in
the number of cells was observed in the basal cell layer. Slight
widening of the granular cell layer was also noted. No skin irri-
tation was seen with 20% Ethyl Ricinoleate in petrolatum using
32 healthy male volunteers in a 48-h closed patch test.

No skin sensitization or irritation was seen with 20% Ethyl
Ricinoleate in a maximization test using 32 healthy male
volunteers. In 49 patients with contact dermatitis patch-tested
(48-h Finn chambers) with castor oil, none had a positive
reaction. One of the 76 dermatitis patients patch-tested with
Castor Oil had a positive reaction, observed only during the
second reading (i.e., the day after the 30-min reading). Of 202
consecutive patients with eczematous cheilitis who attended
a contact and occupational dermatoses clinic in Singapore,
29 patients had positive reactions to Ricinoleic Acid. Of the
29 positive reactions, 22 were considered relevant positives.
In an allergenicity-photoallergenicity study, 103 patients sus-
pected of having cosmetic-related dermatitis were patch tested
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with castor oil. One patient had a positive patch test reaction.
None of the patients had a positive photopatch test reaction.

In case reports that included patch test results for castor oil,
Ricinoleic Acid, or esters of Ricinoleic Acid, both positive and
negative reactions were reported. Of a group of 25 employees at
acompany involved with the preparation of plant products, 1 em-
ployee had an allergic reaction to an extract of the castor oil bean.

DISCUSSION

The CIR Expert Panel considered that the available data on
Ricinus Communis (Castor) Seed Oil, Hydrogenated Castor Oil,
Ricinoleic Acid, and salts and esters of Ricinoleic Acid in the
current safety assessment are sufficient for evaluating the safety
of Glyceryl Ricinoleate and Glyceryl Ricinoleate SE, as well.
Because Ricinus Communis (Castor) Seed Oil contains Rici-
noleic Acid as the primary fatty acid group, safety test data on
the oil is considered broadly applicable to this entire group of
cosmetic ingredients. Overall, the available data demonstrate
few toxic effects in acute, subchronic, or chronic toxicity tests.
Additionally, there were no genotoxic effects of castor oil in in
vitro or in vivo tests. It was noted that the available data include a
50-week chronic study in which none of the 20 mice injected
with Ricinoleic Acid twice per week had neoplasms or hyper-
plastic lesions of the corpus uteri, cervix uteri, vagina, or perineal
skin. UV absorption spectra on Ricinus Communis (Castor) Seed
Oil and Glyceryl Ricinoleate indicate maximum absorbance at
270 nm, suggesting that there would be no photosensitization
potential of Glyceryl Ricinoleate or Ricinus Communis (Cas-
tor) Seed Oil in human subjects at relevant solar UV exposures.

Reactions classified as either significantly irritating or al-
lergic were not observed in a maximization test on Ethyl Ri-
cinoleate involving 32 healthy male subjects. Although there
is a paucity of predictive patch test data on Ricinoleic Acid
esters/salts, the Panel agreed that the negative guinea pig sen-
sitization data on a trade name mixture containing more than
50% Zinc Ricinoleate, in conjunction with the human predic-
tive patch test data, may be extended to support the safety of
all of the cosmetic ingredients that are included in this safety
assessment.

The Panel did consider the 22 positive reactions to Ricinoleic
Acid in a retrospective study involving 202 consecutive patients
with eczematous cheilitis. Recognizing that this study represents
a case series on cheilitis that involves a select patient popula-
tion, the Panel agreed that the incidence of sensitization reac-
tions reported in the study may be expected in that select patient
group, but not in the general population. Based on the Panel’s
experience and expertise in the area of patient patch testing, the
incidence of positive reactions to Ricinoleic Acid is generally
very low.

In the absence of inhalation toxicity data on Ricinus Com-
munis (Castor) Seed Oil, Hydrogenated Castor Oil, Ricinoleic
Acid, and salts and esters of Ricinoleic Acid in this safety assess-
ment, the Panel determined that these ingredients can be used

safely in aerosolized products because packaging and use ensure
that particulates are not respirable (are greater than 10 um). The
Panel reasoned that the particle size of anhydrous hair sprays (60
to 80 wm) and pump hair sprays (>80 um) is large compared
to the median aerodynamic diameter of 4.25 + 1.5 um for a
respirable particulate mass.

The CIR Expert panel recognizes that certain ingredients in
this group are reportedly used in a given product category, but
the concentration of use is not available. For other ingredients in
this group, information regarding use concentration for specific
product categories is provided, but the number of such products
is not known. In still other cases, an ingredient is not in current
use, but may be used in the future.

Although there are gaps in knowledge about product use, the
overall information available on the types of products in which
these ingredients are used and at what concentration indicate
a pattern of use. Within this overall pattern of use, the Expert
Panel considers all ingredients in this group to be safe.

CONCLUSION

The CIR Expert Panel concluded that Ricinus Communis
(Castor) Seed Oil, Hydrogenated Castor Oil, Glyceryl Rici-
noleate, Glyceryl Ricinoleate SE, Ricinoleic Acid, Potassium
Ricinoleate, Sodium Ricinoleate, Zinc Ricinoleate, Cetyl Rici-
noleate, Ethyl Ricinoleate, Glycol Ricinoleate, Isopropyl Rici-
noleate, Methyl Ricinoleate, and Octyldodecyl Ricinoleate are
safe as cosmetic ingredients in the practices of use and concen-
trations as described in this safety assessment.
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