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Final Report on the Safety Assessment of Simmondsizhinensis (Jojoba) Seed Oil,
Simmondsia Chinensis (Jojoba) Seed Wax, Hydrogenatelojoba Oil, Hydrolyzed Jojoba Esters, Isomerizedojoba Oill,
Jojoba Esters, Simmondsia Chinensis (Jojoba) Butterojoba Alcohol, and Synthetic Jojoba Oil

ABSTRACT: Several cosmetic ingriedients derive from the destwubSimmondsia chinensimcluding Simmondsia Chinensis
(Jojoba) Seed Qil, Simmondsia Chinensis (Jojoba)lSand Simmondsia Chinensis (Jojoba) Butter. Bugtocessing produces other
ingredients including Hydrogenated Jojoba Oil, Hbjgzed Jojoba Esters, Isomerized Jojoba Oil, Joigdiars, and Jojoba Alcohol.
Synthetic Jojoba Oil also is used in cosmeticthikhgroup Simmondsia Chinensis (Jojoba) Seedit@imost widely used ingredient,
and safe at concentrations up to 100% in body and kreams, is expressed from seeds and is complmsest completely (97%)
of wax esters of monounsaturated, straight-chdty &ids and alcohols with high-molecular weiglitsounts and composition of
the expressed oil varies with maturity of the semuid somewhat with plant location and climate. Pterived material may also
contain pesticide residues and/or heavy metalst Bi@slable safety test data examined the expresitdebr example Simmondsia
Chinensis (Jojoba) Seed Oil was reported to regudilyetrate nude mouse skin and to increase peaostrdtother agents such as
aminophylline in clinical tests. Simmondsia Chigisr{Jojoba) Seed Oil was not an acute oral toxitcamice or rats (L) generally
greater than 5.0 g/kg). Short-term subcutaneomsrastration of Simmondsia Chinensis (Jojoba) Sé&k to rats at 1 ml/kg was
not toxic. Neither the wax nor the oil were toxicem applied dermally to the shaved backs of guiigsin short-term tests. A dermal
irritation test found aqueous Hydrolyzed JojobaEs{20%) to be non-irritating to guinea pigs. dajélcohol was found to be non-
irritating to the skin of albino marmots at 10.0%mmondisa Chinensis (Jojoba) Butter was claskdi&a non-irritant when applied
to the intact and abraded skin of New Zealand wtatsbits at 0.5 ml for 24 h under an occluded patdojoba Alcohol at
concentrations up to 50% was minimally irritating-abbits. Simmondsia Chinensis (Jojoba) Seeavéslnon- to slightly irritating
when instilled into the eyes of white rabbits, Buhmondsia Chinensis (Jojoba) Seed Wax, Jojobassted Jojoba Alcohol were
not. Simmondsia Chinensis (Jojoba) Seed Wax waderately comedogenic in tests using rabbits, bjbbdo Esters was
noncomedogenic, and Jojoba Esters were non- tatlgigomedogenic. Simmondsia Chinensis (Jojoba)eBulojoba Alcohol, and
Jojoba Esters were non-mutagenic in Ames testhig.carcinogenicity and no reproductive or develeptal toxicity data were
available. In clinical tests, Simmondsia Chinefaigoba) Seed Oil was neither a significant deimighnt, nor a sensitizer. Inrepeat
insult patch tests Jojoba Alcohol , Jojoba Estadstdydrolyzed Jojoba Esters were not irritatingigiinduction or sensitizing at
challenge. Simmondsia Chinensis (Jojoba) Seedu@ilJojoba Alcohol were not phototoxic. The avddasafety test data were
combined with the expected uses of these ingregjiesiich includes use in aerosolized products.aBse the particle size of aerosol
hair sprays{38um) and pump hair sprays (>86n) is large compared to respirable particulatessfz&0 um), the ingredient particle
size is cosmetic aerosols is not respirable. Relemformation also included uses with baby arelyducts at low concentrations,
and at 100% in hand and body creams. There westrunctural alerts for the fatty acids, fatty alotsh or other structures that would
be found in these ingredients relative to reproglafdevelopmental toxicity, and these ingredienésmt expected to easily penetrate
skin. None of the tested ingredients were genotard there were no structural alerts for carcinagity. The cosmetic industry
should continue to limit pesticide and heavy meétapurities in the plant-derived ingredients befdrlending into cosmetic
formulations. The CIR Expert Panel recognizesgaps in use and use concentration data of thesediegts. Generally, the
information available on the product types thatude these ingredients and at what concentratiadisate a pattern to the Expert
Panel when it assessed ingredient safety. Wersedningredients used in the future, use is expéctmmparable product categories
and concentrations.

INTRODUCTION

Simmondsia Chinensis (Jojoba) Seed Oil and Simmand

Chinensis (Jojoba) Seed Wax were previously reuielwethe
Cosmetic Ingredient Review (CIR) Expert Panel ardedound
to be “...safe as cosmetic ingredients in the mitegeactices of
use and concentration” (Elder 1992). In the origisafety
assessment, the name of Simmondsia Chinensis &)@eled Oil
was Jojoba Oil and the name of Simmondsia Chinddejsba)
Seed Wax was Jojoba Wax. The original safety apsar# also
considered data relevant to the safety of Jojobaekd
ingredients in addition to the oil and wax. Neveyailable
published and unpublished data on all Jojoba-déiiivgredients
have been included in this report. Accordinglysthimended
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safety assessment includes Simmondsia Chinengidbg)dSeed
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyenated

%ojoba Oil, Hydrolyzed Jojoba Esters, Isomerizeghio Oil,

Jojoba Esters, Simmondsia Chinensis (Jojoba) Buiigoba
Alcohol, and Synthetic Jojoba Oil.

CHEMISTRY
Definition and Structure

Simmondsia Chinensis (Jojoba) Seed Oil (CAS No86191-1)
is defined as the fixed oil expressed or extrafrtad seeds of the
desert shrub, Jojob&mmondsia chinensidt is also known as
Buxus Chinenesis Qil, Jojoba Oil, and Jojoba Sedd @s
chemical classification is ester. It only has plaources



(Gottschalck and Bailey 2008).

According to Wendel (1980), the following chemiéaimula is
typical of an ester found in Jojoba Oil.

CH4(CH,),CH =CH-(CH ,),CO-0-(CH,),,CH=CH(CH),CH,
Simmondsia Chinensis (Jojoba) Seed Wax (CAS NaB8-B/1-1,

Physical and Chemical Properties

Simmondsia Chinensis (Jojoba) Seed Qil

The reaction of Simmondsia Chinensis (Jojoba) Seidvith

sulfur yields a stable product; the liquidity ofethoil is not
affected by this reaction. Simmondsia Chinensifolha) Seed
Qil also readily undergoes hydrogenation in thespnee of a

same as the ail) is defined as the wax obtaineu fite seed of
the jojoba plantS. chinensis Its chemical classification is wax
and it comes from plant sources (Gottschalck antkBa008).

variety of nickel catalysts. The crystalline, hygenated product
'formed has a melting point of approximately 70°CThe
epoxidation of Simmondsia Chinensis (Jojoba) Seitdr@ the

Hydrogenated Jojoba Oil (no CAS No.) is definedtesend amidation of transesterified Simmondsia Chinerifopa) Seed
product of the controlled hydrogenation of Simmaa@hinensis Oil have also been reported. Simmondsia Chine@sipba)
(Jojoba) Oil. Its chemical classification is wakhas both plant Seed Oilis not easily oxidized and remains chelfyiobachanged
and synthetic sources (Gottschalck and Bailey 2088}ording for years. It also remains essentially unchangadniheated
to the International Cosmetic Ingredient Dictionary andrepeatedly to temperatures above 285°C, or afiegieated to

Handbook a synthetic source is assigned to an ingredmextis
prepared (“synthesized”) by the reaction of a sartxst with one
or more other substances to form a new chemiciyemh cases
when it is very clear that a raw material usedytatisesize an
ingredient is plant or animal derived, that sour@gy be listed
(Gottschalck and Bailey 2008).

Hydrolyzed Jojoba Esters (no CAS No.) is definedtles
hydrolysate of Jojoba Esters (g.v.) derived by aeizyme, or
other method of hydrolysis. Its chemical classifion is esters.
It has only a plant source (Gottschalck and B&2ieg8).

Isomerized Jojoba Qil (no CAS No.) is defined anigture of

esters produced by the enzymatic intraesterifinatiof

Simmondsia Chinensis (Jojoba) Oil (g.v.). Its cheah
classification is ester. It has both plant andtlsgtic sources
(Gottschalck and Bailey 2008).

Jojoba Esters (no CAS No.) is defined as a compliecure of

esters produced by the transesterification/ interifigation of

Simmondsia Chinensis (Jojoba) Oil (q.v.), Hydrodgedalojoba
Qil (g.v.), or a mixture of the 2. Its chemicaassifications are
transesters and waxes. It has both plant and etyoithources
(Gottschalck and Bailey 2008).

Simmondsia Chinensis (Jojoba) Butter (no CAS Nedefined
as the material obtained by the isomerization ofifSondsia
Chinensis (Jojoba) Oil (g.v.). Its chemical cléisation is wax
(natural and sythethic). It has only plant sou(Gsttschalck and
Bailey 2008).

Jojoba Alcohol (no CAS No.) is defined as the atidhaction
obtained by the saponification of Simmondsia Chare@Jojoba)
Qil (g.v.). Its chemical classification is fatticahols. It has only
plant sources (Gottschalck and Bailey 2008).

Synthetic Jojoba Oil (no CAS No.) is defined agmtlsetic ol
intended to be generally indistinguishable fromuretjojoba oil
with regard to chemical composition and physicalrelteristics.
Its chemical classification is wax and it only lsgathetic sources
(Gottschalck and Bailey 2008).

370°C for 4 days. The yellow color of Simmondsiair@hsis
(Jojoba) Seed Oil disappears permanently whenitle leeated
to 300°C over a short period of time (McKeown 1983)

Rheological analysis of Simmondsia Chinensis (Jaj&@zed Oil
gave a viscosity of 37.7 mPa/s (Esquisabel et ar)L9

Chung et al. (2001) reported that Simmondsia Chiisgdojoba)
Seed Oil formed stable emulsions in water with $ipatticles
(225 nm; polydispersity 0.21; viscosity 43.0 cSt/s)

Esquisabel et al. (2002) reported that the emulsi@mmondsia
Chinensis (Jojoba) Seed Oil and water encapsuldsngllus
Calmette-Guérin were stable after freeze-drying stodage at
room temperature for a year.

Properties of what Habashy et al. (2005) referoedst “jojoba
liquid wax”, thought to be Simmondisa Chinenesgdqba) Seed
Oil, are listed in Table 1.

Table 1.Physical properties of jojoba liquid wax (Habashsgl. 2005).

Property Value
Freezing point 9C
Boiling point 398C
Smoke poirit 195°C
Flash point 295C
Refractive index at 25C 1.46
Specific gravity at 15C 0.87
Viscosity (25C) 50 cP
lodine value 81
Saponification value 93
Acid value 2
Acetyl value 2

51%
52%

Unsaponifiable matter

Total acids

2 Determined according to official method, Cc9a-48,the American Oil
Chemists’ Society



Simmondsia Chinensis (Jojoba) Seed Wax

Kampf et al. (1986) reported that crude Simmon@imensis
(Jojoba) Seed Wax has an initial peroxide valué®meq/kg,
and reaches almost zero after stripping or bleachinrhe
induction time was 45 to 50 h for crude wax, 12hlfleached,
and 2 h for stripped. Freshly bleached Simmon@s$imensis
(Jojoba) Seed Wax had a low peroxide value of @%ameq/kg
for several months when stored in the dark at reemperature;
the value elevated to 70 meqg/kg within 6 to 7 weelsn stored
in a transparent glass bottle. The authors sugbestcrude
Simmondsia Chinensis (Jojoba) Seed Wax containatarai
antioxidant that is lost in the bleaching and giirilg processes.

Simmondsia Chinensis (Jojoba) Seed Wax is a hystatline
material with properties that are comparable tmaaba and
beeswax, and it is miscible with polyethylene glyao all
proportions. The properties of Simmondsia Chinefiigoba)
Seed Wax are as follows: appearance of white tovbife free
flowing hard wax flakes, slight fatty odor, sapacation number
of 90 to 95, iodine value of 1, and melting poirit G9°C
(Reinhardt and Brown 1990).

Jojoba Esters

The physical consistency of Jojoba Esters rangesdrsemisolid
paste to a liquid with properties that are almdsnhitical to those
of Simmondsia Chinensis (Jojoba) Oil. The progsrtof 2

Jojoba Esters are as follows: soft white to offterlappearance,
typical fatty odor, saponification number of 90diiee values of
60 and 40, and melting points of 29 and 58°C (Ramidhand

Brown 1990).

Brown et al. (1997) tested the stability of Jojobsters 15
(melting point 18C) and Jojoba Esters 60 (melting point 6)
using an oxidative stability index (OSI; also reésr to oil
stability index) using a method developed by theefican Oil
Chemists’ Society (AOCS 1997). Jojoba Esters Hhastability
of ~35 OSI hours and Jojoba Esters 60 175 OSI hotrsr
comparison, the stability of sesame oil was ~15 lafsirs, palm
oil ~30 OSI hours, macademia oil ~30 OSI hours, ridyb
sunflower oil ~35 OSI hours, traditional sunflonal ~5 OSI
hours, and almond oil ~10 OSI hours. Table 2 shbe®©SI for
the Jojoba Esters when exposed to cosmetic actives.

The melting point of Jojoba Esters-70 is°@0(Arquette et al.
1998).Jojoba Esters have melting points rangingfi&°C to

70°C. The texture and crystallinity of Jojoba Estaray be
modified by rapid cooling, thus altering their pesfles. Jojoba
Esters are resistant to oxidation (Internationgbld@m Export
Council 2004).

Floratech (2005a,b,c) reported on 5 Jojoba Estiymts (see
COMPOSITION SECTION). The properties are reporied
Table 3. The shelf life of all 5 Jojoba Estersaim unopened
container at or below 3& is 1 year.

Table 2. OSI of Jojoba Esters 15 and 60 when exposed toetis
actives (Brown et al. 1997).

Cosmetic active (%) 15h 60 h
None ~35 ~175
Tocopherols* ~80 ~230
Iron oxides (10%) and tocopherols ~80 ~225
Zinc oxides (10%) and tocopherols ~15 ~90
Titanium dioxide (10%) and ~135 ~300
tocopherols

Malic acid (5%) and tocopherols ~110 ~20
Salicylic acid (2%) and tocopherols ~25 ~50
Salicylic acid (2%), titanium dioxide ~60 ~180
(10%), and tocopherols

Malic acid (5%), titanium dioxide ~120 ~20
(10%), and tocopherols

Arbutin (7%) and tocopherols ~50 ~90
Kojic acid (1%) and tocopherols ~100 ~250
Magnesium ascorbyl phosphate (3%) ~85 ~170

and tocopherols

* concentration of tocopherols not provided.

Hydrolyzed Jojoba Esters

Hydrolyzed Jojoba Esters mixed with water (20:80%j)tare
described as a soft white to off-white viscous iiqgu The
maximum saponification value is 1 mg KOH/g, no fr&omers
were detected, the peroxide value was a maximubnnoég/kg,
and the wax ester content was a maximum of 0.5 %red he
expected shelf life in an unopened container aetow 35C is
1 year (Floratech 2005d).

Jojoba Alcohol

The properties of Jojoba Alcohol are as followgedfic gravity
(25°C) 0f 0.8499, refractive index (20°C) of 1.462tid value of
0.01, saponification number of 0.75, hydroxy vabfel78.4,
iodine value of 83.1, and freezing point of 12°@igthardt and
Brown 1990).

Mixtures

Floratech (2006) analyzed a mixture of isopropjdlp@ate, Jojoba
Alcohol, Jojoba Esters, and tocopherol (approxinegeght %
35:35:30:0.1). Itwas described as a clear pdlewdiquid at or
above room temperature (24). Below room temperature,
partial crystallization may appear as cloud-likeriations which
may settle to the bottom. This can be used as ¥gaomed to
remove cloudiness. The product may slightly dardesr time.
The product was said to have a shelf life of 1 ye&ine other
values reported are listed in Table 4.



Table 3.Chemical properties of 5 Jojoba Ester productsréfiéch 2005a,b,c).

Property

Jojoba Ester 15

Jojoba Ester 20

Jojoba EsteB0

Jojoba Ester 60

Jojoba Ester 70

Appearance

Saponification Value
Trans isomers

Acid value

Dropping point

lodine value
Monounsaturated Esters
Peroxide value

Absence of microbial
contamination

Refractive index @ 4TC
Specific gravity

Triglyceride content

Clear, colorless
liquid
88-96 mg KOH/g
none
1 mg KOH/g
10-15C
78-85 g/100 g
4 meq/kg
100 CFU/g

1.458-1.460 p
0.862-0.867
1 wt.%

Creamy white paste

Soft white paste

Firm white paste

ryst@lline jojoba
wax patrticles, hard,
white, odorless

Melting Point - -

88-96 mg KOH/g @B mg KOH/g 88-96 mg KOH/g 88-96 mg KOH/g
none none none none
1 mg KOH/g 1 mg KOH/g 1 mg KOH/g nig KOH/g
42-48C 47-51C 56-60°C -
64-70g/100 g 57-61 g/100 g 0-44 g/100 g 2g/100 g
25-35 area % 40-47 area % 3 46ea % -
4 meqg/kg 4 meq/kg 4 meqg/kg 2kgeq
100 CFU/g 100 CFU/g 100 CFU/g 100 CFU/g
- - 66-70C

Table 4. Properties of an Isopropyl Jojobate, Jojoba Al¢pobhamjoba
Esters and tocopherol mixture (Floratech 2006).

Value
6-12C

Property

Dropping point
Hydroxyl value 40 - 70 mg/KOH/g

lodine value 75-85g/100 g

Refractive Index (40C) 1.452 - 1.454 n
Saponification value 80 - 90 mg KOH/g
Specific gravity 0.855 - 0.860

Trans isomers none detected

Viscosity (25 C) 15-25cP
Acid value 5 mg KOH/g
Peroxide value 3 meqg/kg
Absence of microbial 100 CFU/g

contamination

Composition

The unsaturated fatty acids are mixtures of cigitbsenoic acid
(C20) and cis-13-docosenoic acid (C22); small gtiasf oleic

acid (C18) and cis-15-tetracosenoic acid (C24)xtse present.
The unsaturated alcohols are mixtures of cis-1laseinol,

cis-13-docosenol, and cis-15-tetracosenol. Total &cids (C16
to C24) and total alcohols (C16 to C26) each acctmril% of

the composition of Simmondsia Chinensis (Jojobagdseil.

Small quantities of sterols (< 0.5%) are also pref&lcKeown

1983).

Miwa (1971) reported that the composition of Simeia

Chinensis (Jojoba) Seed Oil was consistent bet\ieadjacent
regions of Arizona even in samples collected 5 yegvart.
Simmondsia Chinensis (Jojoba) Seed Oil collectedtha

California desert had a similar composition todfieollected in
Arizona. However, Simmondsia Chinensis (JojobagdSeil

collected near the ocean in San Diego had a shifbimposition
toward larger molecule sizes. Simmondsia Chinef3&ifoba)
Seed Oil from an unknown source had shorter clesigths than
the Arizona samples. The major component, eicasexcid, was
consistent at 35% for all samples.

Simmondsia Chinensis (Jojoba) Seed Oil contain05%.

Simmondsia_Chinensis (Jojoba) Seed i©itomposed almost °¢oPherols (Yaron 1987).
completely (97%) of wax esters of monounsaturate@immondsia Chinensis (Jojoba) Seed Wax

straight-chain acids and alcohols with high-molaculeights
(C16-C26). These wax esters exist principally (83%9

combinations of C20 and C22 unsaturated fatty asidsalcohols
(McKeown 1983). The long aliphatic chains of bt acids and
alcohols make Simmondsia Chinensis (Jojoba) Seleal lighly

lipophilic chemical (Shani 1983).

Yermanos (1975) reported on the Simmondsia Chis€dsjoba)
Seed Wax from seeds collected weekly for the 8 wiEding up
to maturity. The amount of the wax increased frb8rb% to
49.4% of the seed weight over time. The compasiicthe wax
as characterized by the carbon chain length andetiel of
saturation also changed over time as shown in Table



Table 5.Fatty acids and alcohols in Simmondsia Chinesi@bh) Seed Wax in immature and mature se@darmanos 1975).

Number of carbon atoms Acids % in seeds collected on: Alcohols % in seedsltected on:
and double bonds 6/20 7125 8/25 6120 7125 8/25
16:0 2.6 0.9 0.8
18:1 16.1 7.7 7.0
20:1 26.3 35.3 36.4 28.4 27.7 28.8
22:0 - - - 5.2 54 5.4
22:1 5.0 6.0 5.8 16.5 16.9 15.8

A Data represent means form 3 bulk wax samples, feaichl5 single plant seed samples/date of sampling

The main constituents of Simmondsia Chinensis GR)j@Geed Floratech (2005b) reported the ester chain lengthposition of
Wax were the wax esters: eicosenyl octadeceno@@1€C18:1; Jojoba Ester 15 as shown in Table 7, without spiegf
5.5%), docosenyl eicosenoate (C20:1-C20:1; 21.4%g0senyl saturation.

eicosenoate (C22:1-C20:1; 37.8%), eicosenyl doazden

(C20:1-C22:1), and tetracosenyl eiosenoate (C220: (Tada

et al. 2005). Table 7. The ester chain length composition of Jojoba E&

. . . . éFIoratech 2005b).
Jojoba Esterare proper waxes, with no triglyceride components.

Jojoba Esters are a complex mixture of long ch@Bb(to C46)
fatty acids and fatty alcohols joined by an estarcband do not

contain any trans-unsaturation (International Jajdbxport Ester chain length % in Jojoba Ester 15
Council 2004) C 36 2
Floratech (2005a,b) reported the ester chain leanytisaturation Cc38 5-8
of 4 Jojoba Ester products as shown in Table 6chBeas C 40 34-40
reported as being 99.95% Jojoba Esters and 0.088plterol. C 42 35-44
C44 11-15
. . . C 46 2
Table 6. Ester chain length composition and saturatioroffhla Ester
20, 40, 60, and 80 (Floratech 2005a,b).
Number of % of different chain lenths in Methods of Manufacture
carbons and Jojoba Ester: ) ] ) ) ] )
double bonds Jojobutter-51 is an isomorphous mixture of Simmdads
20 30 60 70 Chinensis (Jojoba) Seed Oil, partially IsomerizejdBa Oil, and
380 1 1 1-4 5.8 Hydrogenated Jojoba Wax (Brown 1984).
. ) ) ) ) Simmondsia Chinensis (Jojoba) Seed Wax is the ptodfi
38:1 1-2 2-4 3-4 . !
complete reduction of the unsaturated alcohols anitls
38:2 3-5 2-4 1-3 - comprising the wax ester combinations of Simmon@simensis
400 1.2 -4 7.18 26-34 (Jojoba) Seed Oil (Reinhardt and Brown 1990).
_ i ) ) i Jojoba Alcohols are prepared via the sodium redoctf
40:1 8-13 l4-18 18-20 Simmondsia Chinensis (Jojoba) Seed Oil and Hydraigeh
40:2 20-28 17-21 5-15 - Simmondsia Chinensis (Joboba) Seed Wax. The alsanethen
_ ) ) ) ) further refined to render them suitable for usecasmetics
42:0 1-4 2-4 6-15 44-56 (Reinhardt and Brown 1990).
42:1 22-30 17-21 4-12 - . . . . . - o
Simmondsia Chinensis (Jojoba) Seed Oil is combingt
42:2 1 2 2-5 8-12 Hydrogenated Jojoba Oil and sodium methylate (gsitato get
44:0 2.6 4-7 4-7 ) mixed Jojoba Esters (Floratech 2005a). Refinednfinusia
Chinensis (Jojoba) Seed Oil is combined with sodiwsthoxide
44:1 2-6 4-7 4-7 - to get randomized Jojoba Esters. Tocopherol is #uted to
44:2 5.9 4-7 1-4 . make the commercial Jojoba Ester 15 (Floratech 005




Simmondsia Chinensis (Jojoba) Seed Oil is combivittdnickel

(catalyst) to get Hydrogenated Jojoba Oil. Thisdaverted to
powder to get Jojoba Esters (Floratech 2005c). nfdindsia
Chinensis (Jojoba) Seed Oil is combined with ispgtalcohol

and sodium methoxide (catalyst) to get isoproptgénss Jojoba
Alcohols, and Jojoba Esters (interesterified [randed]

Simmondsia Chinensis (Jojoba) Seed Qil) in apprateéty equal
amounts (Floratech 2006).

Synthetic Jojoba Oil

Kalscheuer et al. (2006) developed a recombinamainstof

Van Boven et al. (1997) used GC, mass spectron(let8), gas
chromatography/mass spectrometry (GC/MS), and Bli€hiate
and identify the phytosterols and fatty alcoholsSimmondsia
Chinensis (Jojoba) Seed Oil. Tada et al. (2004 ugjuid
chromotography/mass spectrometry (LC/MS) and GC/MS
analysis to find the main constituents of Simmoad3hinensis
(Jojoba) Seed Wax.

Impurities

The Cosmetic, Toiletry, and Fragrance Associati@THRA)
specification for Simmondsia Chinensis (JojobaXS@#defines

Escherichia colithat produced an oil that was similar topositive identification of the oil as a close matotthe infrared

Simmondsia Chinensis (Jojoba) Seed Oil. Cultivatio the

presence of oleate produced CC,,.., and G, wWax esters which
were chemically similar to jojoba wax esters. Tdmounts
produced were small.

Analytical Methods

Simmondsia Chinensis (Jojoba) Seed Oil has bedyzauavia
the following methods: thin layer chromatograpfy.C), gas
chromatography (GC), nuclear magnetic resonanagrgseopy,
infrared spectroscopy, differential scanning cahatry, and
equivalent carbon number analyses (Miwa 1973; Hdrag4).

Garver et al. (1992) used reversed-phagehigh-performance
liquid chromatography (HPLC) coupled with efficiemind
sensitive detection by an on-line flow-through cadiemical
detector to analyze the components of crude jojebed
homogenate.

(IR) spectrum, with no indication of foreign matdsi (CTFA
1989).

The specification for crude Simmondsia Chinensifotda) Seed
Oil includes less than 0.8 ppm elemental lead érid)less than
0.1 ppm arsenic (as 43;) (Taguchi and Kunimoto 1977).

When Simmondsia Chinensis (Jojoba) Seed Oil waseivia

a standard alkali refining process (Swern 198&2a&@ amount of
nitrogen-containing compounds (6.0 £ 2 ppm) wasitb{Hamm

1984). Data on the presence and nature of terg@oonpounds
were not available.

Jojoba Alcohols contain less than 20 ppm lead asd than 2
ppm arsenic (Reinhardt and Brown 1990).

SGS Canada Inc. (2005a, 2006) analyzed samplesvef t
materials: (1) a mixture of isopropyl jojobate,clmg Alcohol and
Jojoba Esters, and (2) Hydrolyzed Jojoba Estersveatdr to
determine the presence of impurities (data giveThaible 8).

Table 8.Impurities found in a mixture of isopropyl jojoleatiojoba Alcohol and Jojoba Esters and Hydrolyogaba Esters and water (SGS Canada

Inc. 20054, 2006).

Impurity Jojoba mixture Hydrolyzed Jojoba Esters amder Detection Limit
As 0.1 pg/g none 0.1 pg/g
Ca 18 no/g none 0.2 ug/g
Cd none none 2 methods: 0.1 and 0.2 pg/g
Co none none 0.3 pg/g
Cr none none 1 polg
Cu 6 ualg none 0.2 pg/g
Fe none 1.6 ug/g 2 pglg
Hg none none 0.1 pglg

K 1 pglg 10376 uglg

Mg none 2.5 ug/g 3 ualg
Mn none none 0.7 nal/g
Na none 72.1 pg/g 10 po/g
Ni none none 2 pglg

P none 4.3 pglg 5 palg
Pb 0.8 pg/g none 0.2 pgl/g
Sr none none 0.2 pglg
Zn 4 uglg none 0.2 pgl/g




SGS Canada Inc. (2005b,c,d,e,f 2006) reported rhady/sis of
Jojoba Esters 15, 20, 30, 60, and 70 as shown bleTa

Detection limits are not given in Table 9, but weoenparable to
those shown in Table 8.

USE
Cosmetic

According to information supplied to the Food andud@®
Administration (FDA) by industry as part of the ‘datary
Cosmetic Ingredient Registration Program (VCRPRyr8ondsia
Chinensis (Jojoba) Seed Oil was used in a totaB8fcosmetic
products, at the time of the original safety assess, at use
concentrations up to 25% (Elder 1989). CurrentGRP data
indicated that Simmondsia Chinensis (Jojoba) Sekid Gsed in
1123 products (FDA 2007). A survey of current us
concentrations conducted by the CTFA
concentrations up to 100% (CTFA 2007). These degagiven
in Table 10, as a function of product categorynglwith the total
number of products reported in each category. Hrabte 10, for
example, it can be seen that the Seed Oil is us#89 of a total
of 715 conditioners, at a wide concentration raingen 0.001 to
67%. In some cases, there were no reported ugke ¥CRP,
but a current use concentration is provided — f@naple, the
Seed Oil in hair coloring rinses. It should bespireed that there
is at least 1 use. In other cases, there is atexpase (Seed Oll
in shampoos), but no use concentration is provided.

Simmondsia Chinensis (Jojoba) Seed Wax had nolissed in
1989 and is currently reported to be used in 8 etisrproducts
(FDA 2007) at up to 2% (CTFA 2007).

Hydrogenated Jojoba Qil is reported to be usedlicasmetic
products, Jojoba Esters in 121 cosmetic producysiréyzed
Jojoba Esters in 86 cosmetic products, Simmondbkiaedsis
(Jojoba) Butter in 18 cosmetic products, Jojobaohdd in 21
cosmetic products, and Synthetic Jojoba Oil in &nuetic
products (FDA 2007) at up to 31%, 44%, 2%, 6%, 4A6l,0.1%,
respectively (Table 10) (CTFA 2007).

Isomerized Jojoba Oil is not reported as being usedwere any
use concentrations provided.

Apropos of the use of certain of these ingrediémtproduct
categories known to be aerosols or sprays, Jemgk@drien
(1993) reviewed the potential adverse effectsludliad aerosols,
which depend on the specific chemical species;dheentration,
the duration of the exposure, and the site of déposwithin the

fespiratory system.
reported use P y sy

The aerosol properties associated with the locatiateposition

in the respiratory system are particle size andsithen The
parameter most closely associated with this redjaejosition is
the aerodynamic diameteat,, defined as the diameter of a sphere
of unit density possessing the same terminal gptttocity as the
particle in question. These authors reported axraeeodynamic
diameter of 4.25 + 1.pm for respirable particles that could result
in lung exposure (Jensen and O’Brien, 1993).

Bower (1999), reported diameters of anhydrous Ispiray
particles of 60 - 8um and pump hair sprays with particle
diameters 080 um. Johnsen (2004) reported that the mean
particle diameter is around 3&n in a typical aerosol spray. In
practice, he stated that aerosols should haveast @9% of
particle diameters in the 10 - 1fh range.

Table 9. Impurities found in Jojoba Ester 15, 20, 30, 6@ Z0 (SGS Canada Inc. 2005b,c,d,e,f, 2606).

Impurity Jojoba Esters 15 Jojoba Esters 20 Jojoba£3te Jojoba Esters 60 Jojoba Esters 70
As none none none none none
Ca 9 ug/g none none none none
Cd none none none none none
Co none none none none none
Cr none 1pg/g 1pg/g 1pg/g none
Cu 2 pglg none none none none
Fe none none none 5 pglg none
Hg none none none none none
K 2 uglg 13 po/g 2 uglg none 3 ualg
Mg none none none none 4 ug/g
Mn 0.8 pg/g none 9 uaglg none 0.8 pg/g
Na none none none none none
Ni none none none none 2 uglg
P none none none none none
Pb 0.4 ppm none 0.2 ppm none 0.5 ppm
Sr none none none none none
Zn none none 1ug/g none none

2 Detection limits comparable to those given in &zl



and Synthetic Jojoba Oil.

Table 10. Historical and current cosmetic product uses@ntentrations for Simmondsia Chinensis (JojobajlSgil, Simmondsia Chinensis
(Jojoba) Seed Wax, Hydrogenated Jojoba Oil, Jolstars, Hydrolyzed Jojoba Esters, Simmondsia Ckiedfojoba) Butter, Jojoba Alcohol,

Product Category (Total number of products in each

2007 uses (FDA 2007)

2007 % concentration

category) (FDA 2008) (CTFA 2007)
Simmondsia Chinensis (Jojoba) Seed Oil
Baby products
Lotions, oils, powders, and creams (67) 7 1
Other (64) 2 -
Bath products
Qils, tablets, and salts (207) 17 0.002-100
Soaps and detergents (594) 15 0.1-5
Bubble baths (256) 3 0.002-2
Capsules (5) - 2
Other (276) 8 0.08-2
Eye makeup
Eyebrow pencils (124) 3 0.08-0.1
Eyeliners (639) 20 0.1-4
Eye shadow (1061) 7 0.7-7
Eye lotions (32) 11 0.1-0.5
Eye makeup remover (114) 0.1-5
Mascara (308) 0.1-1
Other (229) 0.1
Fragrance products
Colognes and toilet waters (948) - 5
Perfumes (326) 1 5
Powders (324) 1 5
Sachets (28) - 5
Other (187) 9 5
Noncoloring hair care products
Conditioners (715) 109 0.001-67
Sprays/aerosol fixatives (294) 12 0.001-1
Straighteners (61) 9 0.01-20
Permanent waves (169) 1 0.01-0.9
Rinses (46) 2 0.01
Shampoos (1022) 51 0.001-2
Tonics, dressings, etc. (623) 30 0.01-4
Wave sets (59) - 1-2
Other (464) 30 0.1-2
Hair coloring products
Dyes and colors (1600) 84 0.2
Rinses (15) - 0.2
Shampoos (1022) 1 -
Color sprays (4) - 0.3
Bleaches (103) 2 0.05




Table 10 (continued). Historical and current cosmetic product uses@mtentrations for Simmondsia Chinensis (JojobajiSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each 2007 uses (FDA 2007) 2007 % concentration

category) (FDA 2008) (CTFA 2007)
Simmondsia Chinensis (Jojoba) Seed Qil (continued)
Makeup

Blushers (459) 12 0.4-53
Face powders (447) 10 0.1-53
Foundations (530) 29 0.5-53
Leg and body paints (10) 1 0.1
Lipsticks (1681) 110 1-46
Makeup bases (273) 2 5-53
Rouges (115) - 12
Makeup fixatives (37) 1 53
Other (304) 24 5-53

Nail care products
Basecoats and undercoats (43) 0.0001-0.2
Cuticle softeners (20) 4 0.1-10
Creams and lotions (13) - 0.1-25
Extenders (1) - 0.2
Nail polishes and enamels (398) 20 0.000005-0.001
Nail polish and enamel removers (39) - 0.0001-0.2
Other (58) 5 0.0001-18

Personal hygiene products

Underarm deodorants (281) - 0.002-5
Douches (8) - 5
Feminine deodorants (7) - 5
Other (390) 4 0.05-9

Shaving products
Aftershave lotions (260) 3 0.002-3
Preshave lotions (20) 2 1
Shaving cream (135) 3 0.002-2
Shaving soap (2) - 0.01
Other (64) 4 0.002

Skin care products
Skin cleansing creams, lotions, liquids, and pa@99) 29 0.001-53
Depilatories (49) 3 0.001-53
Face and neck creams, lotions, powder and sprays 67 0.5-53
(546)
Body and hand creams, lotions, powder and sprays 106 0.00003-100
(992)
Foot powders and sprays (43) - 53
Moisturizers (1200) 114 0.5-109
Night creams, lotions, powder and sprays (229) 33 -53'8
Paste masks/mud packs (312) 0.5-53
Skin fresheners (212) 53
Other (915) 51 1-53
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Table 10 (continued). Historical and current cosmetic product uses@mentrations for Simmondsia Chinensis (JojobapSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each 2007 uses (FDA 2007) 2007 % concentration
category) (FDA 2008) (CTFA 2007)

Simmondsia Chinensis (Jojoba) Seed Qil (continued)

Suntan products

Suntan gels, creams, liquids and sprays (138) 3 0.1
Indoor tanning preparations (74) 20 0.0003-2
Other (41) 3 0.1

Total uses/ranges for Simmondsia Chinensis 1123 0.000005-100

(Jojoba) Seed QOil
Simmondsia Chinensis (Jojoba) Seed Wax!

Bath products

Soaps and detergents (594) 1 0.1
Eye makeup
Mascara (308) 1 -
Noncoloring hair care products

Conditioners (715) - 0.05

Shampoos (1022) 2 0.05

Other (464) 1 -
Shaving products

Shaving cream (135) - 2
Skin care products

Skin cleansing creams, lotions, liquids, and pa@99) - 1

Face and neck creams, lotions, powder and sprays 1 -

(546)

Body and hand creams, lotions, powder and sprays 1 -

(992)

Paste masks/mud packs (312) 1 -

Total uses/ranges for Simmondsia Chinensis 8 0.05-2

(Jojoba) Seed Wax

Hydrogenated Jojoba Oil*
Bath products

Soaps and detergents (594) 5 0.01-0.5
Other (276) 1 0.1-2
Eye makeup
Eyeliners (639) 1 -
Eye shadow (1061) 1 2
Eye lotions (32) 1 1
Mascara (308) 30 7
Noncoloring hair care products

Conditioners (715) 1 -
Sprays/aerosol fixatives (294) - 0.001
Tonics, dressings, etc. (623) 1 -

11



Table 10 (continued). Historical and current cosmetic product uses@mentrations for Simmondsia Chinensis (JojobapSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each 2007 uses (FDA 2007) 2007 % concentration
category) (FDA 2008) (CTFA 2007)

Hydrogenated Jojoba Oil (continued)

Hair coloring products
Dyes and colors (1600)

Hair tints (56) - 0.1

Rinses (15) - 0.1

Color sprays (4) - 0.1

Lighteners with color (14) - 0.1

Bleaches (103) - 0.1

Other (73) - 0.1

Makeup

Blushers (459) 3 0.1-2

Face powders (447) - 0.1

Foundations (530) 3 0.1-10

Lipsticks (1681) 1 31

Makeup bases (273) - 0.1

Makeup fixatives (37) - 0.1

Other (304) - 0.1-2
Nail care products

Creams and lotions (13) - 0.8

Oral hygiene products
Other (10) 3 -
Personal hygiene products

Underarm deodorants (281) - 0.01

Douches (8) -

Feminine hygiene deodorants (7) - 0.01

Other (390) - 0.01

Shaving products

Shaving soap (2) 1 -
Skin care products

Skin cleansing creams, lotions, liquids, and pa@99) 9 1-5

Depilatories (49) - 0.1

Face and neck creams, lotions, powder and sprays 2 0.1

(546)

Body and hand creams, lotions, powder and sprays 1 0.01-8

(992)

Foot powders and sprays (43) - 0.1

Moisturizers (1200) - 0.1"

Night creams, lotions, powder and sprays (229) °0.1

Paste masks/mud packs (312) - 0.01-0.4

Skin fresheners (212) - 0.1

12



Table 10 (continued). Historical and current cosmetic product uses@mtentrations for Simmondsia Chinensis (JojobajiSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each 2007 uses (FDA 2007) 2007 % concentration
category) (FDA 2008) (CTFA 2007)

Hydrogenated Jojoba Oil (continued)

Suntan products

Other (41) 1 -
Other (915) 6 0.1
Total uses/ranges for Hydrogenated Jojoba Oil 71 0.0031
Jojoba Esters

Bath products

Soaps and detergents (594) 7 0.2-2
Other (276) 1 -
Eye makeup
Eyebrow pencils (124) 1 5
Eyeliners (639) 3 5-14
Eye shadow (1061) 3 0.5-5
Eye lotions (32) 4 0.5-5
Eye makeup remover (114) - 5
Mascara (308) 6 3-5
Other (229) 2 5
Fragrance products
Colognes and toilet waters (948) - 0.05
Perfumes (326) - 0.002
Other (187) 1 0.8
Makeup
Blushers (459) 1 7
Face powders (447) 1 3-7
Foundations (530) 14 1-7
Leg and body paints (10) - 5
Lipsticks (1681) 8 5-44
Makeup bases (273) 2 7
Rouges (115) - 5-7
Makeup fixatives (37) 1 7
Other (304) 2 5-1P
Nail care products
Basecoats and undercoats (43) - 18
Cuticle softeners (20) - 18
Creams and lotions (13) - 18
Extenders (1) - 18
Nail polishes and enamels (398) - 0.5-18
Nail polish and enamel removers (39) - 18
Other (58) - 18
Personal hygiene products
Other (390) 1 2-p
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Table 10 (continued). Historical and current cosmetic product uses@mentrations for Simmondsia Chinensis (JojobapSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each 2007 uses (FDA 2007) 2007 % concentration
category) (FDA 2008) (CTFA 2007)

Jojoba Esters (continued)

Shaving products

Aftershave lotions (260) 1 0.002
Other (64) - 0.000005
Skin care products
Skin cleansing creams, lotions, liquids, and pa@99) 26 0.3-10
Depilatories (49) - 7
Face and neck creams, lotions, powder and sprays 9 0.2-7
(546)
Body and hand creams, lotions, powder and sprays 7 0.3-7
(992)
Foot powders and sprays (43) - 7
Moisturizers (1200) 14 T
Night creams, lotions, powder and sprays (229) 4 r7
Paste masks/mud packs (312) 1 1-7
Skin fresheners (212) - 7
Other (915) 1 7
Total uses/ranges for Jojoba Esters 121 0.000005-44
Hydrolyzed Jojoba Esters
Fragrance products
Colognes and toilet waters (948) 53 2
Perfumes (326) 23 0.07
Other (187) - 0.0002
Noncoloring hair coare products
Tonics, dressings, etc. (623) 1 -
Shaving products
Aftershave lotions (260) 7 0.07
Other (64) - 0.0002
Skin care products
Face and neck creams, lotions, powder and sprdg (5 1 -
Moisturizers (1200) 1 -
Total uses/ranges for Hydrolyzed Jojoba Esters 86 0002-2
Simmondsia Chinensis (Jojoba) Butter
Bath products
Soaps and detergents (594) 2 0.8
Eye makeup
Mascara (308) 1 6
Makeup
Lipsticks (1681) 1 3
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Table 10 (continued). Historical and current cosmetic product uses@mentrations for Simmondsia Chinensis (JojobapSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each

2007 uses (FDA 2007)

2007 % concentration

category) (FDA 2008) (CTFA 2007)
Simmondsia Chinensis (Jojoba) Butter (continued)
Noncoloring hair care products
Conditioners (715) 1 -
Personal hygiene products
Other (390) 1 -
Skin care products
Face and neck creams, lotions, powder and sprays -
(546)
Body and hand creams, lotions, powder and sprays 6 0.1
(992)
Moisturizers (1200) 4 -
Night creams, lotions, powder and sprays (229) 1 -
Other (915) 1 -
Total uses/ranges for Simmondsia Chinensis 18 0.1-6
(Jojoba) Butter
Jojoba Alcohol®
Eye makeup
Eye shadow (1061) 1
Eye Lotion (32) -
Noncoloring hair care products
Conditioners (715) - 0.5
Sprays/aerosol fixatives (294) - 0.5
Straighteners (61) - 0.1
Permanent waves (169) - 0.1
Rinses (46) - 0.1
Shampoos (1022) - 0.1
Tonics, dressings, etc. (623) - 0.5
Wave sets (59) - 0.5
Other (464) - 0.5
Makeup
Foundations (530) 2 1
Shaving products
Shaving cream (135) - 0.1
Shaving soap (2) - 0.1
Skin care products
Face and neck creams, lotions, powder and sprdg (5 1 -
Body and hand creams, lotions, powder and sprays 11 -
(992)
Moisturizers (1200) 4 -
Total uses/ranges for Jojoba Alcohol 21 0.1-1
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Table 10 (continued). Historical and current cosmetic product uses@mtentrations for Simmondsia Chinensis (JojobajiSe
Oil, Simmondsia Chinensis (Jojoba) Seed Wax, Hyelnaged Jojoba Oil, Jojoba Esters, Hydrolyzed Jokxiars, Simmondsia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba Oil.

Product Category (Total number of products in each

2007 uses (FDA 2007)

2007 % concentration

category) (FDA 2008) (CTFA 2007)
Synthetic Jojoba Oil
Eye makeup

Eyeliners (639) 1

Noncoloring hair care products
Conditioners (715) 5

Skin care products

Depilatories (49) 0.1

Total uses/ranges foiSynthetic Jojoba Oil 6 0.1

30.1% in a liquid hair lotion, 2% in a hair ma&k% in a concealef0.0001% in a solution used to dilute nail enarh@¥

in a hand and foot exfoliatot0.05%, 1%, and 9% in body scrub§3% in face and neck spra}y$,00003 - 53 in body
and hand spray$53% in moisturizing spray85% in night sprays;1% in an oil stick! listed as Jojoba Wax by the FDA;
klisted as both Hydrogenated Jojoba Qil and W% in face and neck spraf€).1% in body and hand spra§$,1%

in moisturizing sprays? 0.1% in night spray$;2% in a shower get;7% in face and neck creams, body and hand sprays,

moisturizing sprays, and night spraybsted as both Jojoba Alcohol and Jojoba (Siman@iinensis)

Non-cosmetic

Yaron (1987) reported that jojoba seeds are usedNdtive
American Indians as food and medicine. It is régubthat jojoba
seeds are good for the stomach, facilitate paidarivthen mixed
with chocolate, and treat sores that erupt ondhe.f The seeds
are also reported to treat sores, scratches, dadapidly; treat
suppression of the urine; promote hair growth; emusidered a
remedy for cancer.

Dweck (1997) reported that the jojoba plant hamhesed by
Native Americans for wound healing and as a skimesaThe
expressed juices of the seeds are used to treabegress.

Simmondsia Chinensis (Jojoba) Seed Oil

Non-cosmetic uses of Simmondsia Chinensis (JojSea) Oil

include: high-temperature lubricant for high-speeachinery,

sulfurization for extreme-pressure lubricants, timent of leather,
benzene or gasoline-soluble factice for rubber,nighes,

linoleum, or chewing gum, and hydrogenation intocdh&ax for

use as polishing wax, in carbon paper, or as cantkt give a
brilliant flame with no smoke (Miwa 1973). Jojokal is also

used in the pharmaceutical industry as an antifogagent in the
fermentation of tetracycline and penicillin (BuckE981) and as
a substitute for sperm whale oil (Scott and Sc882).

Simmondsia Chinensis (Jojoba) Seed Oil may be usdte
microencapsulation of live cells and enzymes agig delivery
system (Esquisabel et al. 1997).

Simmondsia Chinensis (Jojoba) Seed Oil is use@#tigides to
control white flies. Jojoba products are used dontrolling

concentration<1% (Environmental Protection Agency [EPA]
2006).

Simmondsia Chinensis (Jojoba) Seed Warsed to extract metal
ions from aqueous solutions so that the ions mayeosed
(Binman et al. 1998).

GENERAL BIOLOGY

Absorption, Distribution, Metabolism and Excretion

Simmondsia Chinensis (Jojoba) Seeduais detected in the feces
of dd Y-S mice (5 weeks old) 1 week after the mieere
force-fed doses 0f 0.5, 0.75, 1.13, and 1.69 mg/1Bour groups
of 20 mice were evaluated (Taguchi and Kunimoto7}97

Yaron (1987) reported that nude mouse skin was tesstudy
Simmondsia Chinensis (Jojoba) Seed Oil penetratdier 22 h,
there was 6.7-fold more penetration than at 1e dell solution
contained ~4 meq Simmondsia Chinensis (Jojoba) Sdfdea
tested. Based on histological examination of #ie, she main
route of penetration was the hair follicle.

Verschuren and Nugteren (1989) tested the efféSisronondsia
Chinensis (Jojoba) Seed Oil on intestinal tramsietin 7-week-
old, male SPR Wistar rats (Cpb/WU). After 1 week o
acclimation on a commercial diet, the diet of tbateol group (n

= 19) was changed to the commercial diet mixedh wit
lard/sunflower seed oil (4:1) with a fat conteni. 886 (equivalent
to 40% energy). The diet of the experimental gnvap changed
to the commercial diet with the lard/sunflower sedd9%) and
Simmondsia Chinensis (Jojoba) Seed Oil (9%). atewere fed
ad libitum for 10 d, then were trained to eat &ftheir food in 2

powdery mildew on grapes and on ornamental plants a half-hour shifts (7:00 AM to 7:30 AM and 7:00 PMZ®B0 PM).

16

The rats were allowed to eat ad libitum during ntizaés for 10



d; in the last 3 d, the exact food consumption reasrded. The
meals were then adjusted over the next 8 d sothieatats ate
exactly the same amount at each meal time.

After a total of 4 weeks, the morning meal was radriby
incorporation of jH]retinol (1 pCi/animal) and the marker
carmine (37.5 mg/kg). After 5 h the feces wereathevery 30
min up to 20 h, then hourly up to 33 h, then at4§,48, 60, 72,
84, and 96 h.

The feces were examined for carmine and the level
radioactivity was determined by liquid scintillatiaccounting.
After the subsequent meal, the rats were killegtaups of 4 at 0,
1.5, 3, 6, and 12 hr and the stomach contents sainfreeze-
dried, and weighed.

The treatment group had a lower growth rate (2@914g vs 239
+ 5.3 g). Food consumption over the period ofdixeeal times
was lower for the Simmondsia Chinensis (Jojoba)YSeikfed

rats than for the controls (6.3 £ 0.46 g vs. 5.0.#8 g). The
absolute amounts of radioactivity measured oveh 9&re not
different between the groups, even with the diffiesein food
consumption. The Simmondsia Chinensis (Jojobajl Sekfed

rats excreted more retinol than the control gropp<(.01),
possibly due to reduced retinol absorption. Thess no
difference in transit time of the radioactivity.

Comparison of the weights of feed consumed anéheunt of
feed in the rats’ stomachs showed that the emptgihghe

animals’ stomachs was not affected by SimmondsimeDisis

(Jojoba) Seed Oil ingestion. No ill effects fradme tonsumption
of Simmondsia Chinensis (Jojoba) Seed Oil werenteddy the
authors.

In a second experiment, the authors fed 10 madeéhiattreatment
diet from the first experiment. After 3 weeks, ttas were
anesthetized (2 rats/d) and the ductus thoraciesscannulated
for 1 h. The animals were then killed and the $mé&dstine

ligatured and removed. The intestinal mucosa antents were
sampled separately. Lymph was collected. Theiim& mucosa
and contents and lymph were analyzed for lipid eonas were
fecal samples over the previous week by TLC.

The free fatty acids concentration in the intestomantents was
< 5%, with larger amounts in the feces (30%). atmhors stated
that these findings suggested that hydrolysis efingndsia
Chinensis (Jojoba) Seed Oil must have continuethéngut

beyond the small intestine, possibly by bactefiable 11 gives
the analysis of the fatty acids and fatty alcolbigin length and
saturation found as a function of location (Versenuand

Nugteren 1989).

Simmondsia Chinensis (Jojoba) Seed Wax

Yaron et al. (1980) determined the absorption asigildution of

Simmondsia Chinensis (Jojoba) Seed Wax (descrilsethe
semisolid fraction of Simmondsia Chinensis (JojoBagd Oil)
using 24 male albino mice (5 weeks old; 25-30 e animals
were divided equally into 4 groups and'd]Simmondsia
Chinensis (Jojoba) Seed Wax (90 + 10 mg; speaifiwity 1.14

pCi/g) was injected subcutaneously into the riglg bf each
animal. Randomly labeled Simmondsia Chinensith)j Seed
Wax was obtained by exposure of fruiting brancHeas® shrub
(S. chinensjsto *“CO, fluxes. The 4 groups of animals were
killed 1, 8, 15, and 23 days after injection, aadioactivity in the
testis, skin, carcass, and lipid and aqueous fnastof the brain
and liver was counted. The results indicated timy a small
fraction of the injectedfC]Simmondsia Chinensis (Jojoba) Seed
Wax was absorbed. At day 1 post-injection, mostthaf

[**C]Simmondsia Chinensis (Jojoba) Seed Wax was detent
the carcass and in lipid fractions of the brain &wer. In the

brain lipid fraction, the amount decreased from 1@® g (day
1) to 9 + 4 pg (day 23), and, in the liver lipiédtion, from 57 +
16 pg (day 1) to 15 + 7 pg (day 23). The amount
[**C]Simmondsia Chinensis (Jojoba) Seed Wax in theasar
(100 % 4 g) was detected on day 1, but not on @day 2

Table 11.Analysis of the fatty acid content (%,) of the $aynthetic diets containing 9% Simmondsia Chingifdbjoba) Seed Oil fed to rats
and of the lipids extracted from the various congrus of the digestive system (Verschuren and Negt&889).

Fatty acid/fatty alcohol chain As given in the diet

As measured in the rat

length/saturation

Lard/sunflower Jojoba Oil Lymph Intestinal Intestinal Feces
seed oil mucosa content

14:0 - - 0.9 0.7 0.5 0.4
16:0 23.0 15.4 14.0 6.0 5.2
16:1 (1) 2.0 15 0.4 0.3
18:0 115 8.3 12.4 7.0 6.7
18:1 (2) 29.0 10A 26.3 20.2 15.8 10.2
18:2 (2) 19.0 - 11.2 9.8 5.4 15
20:1 (2) 71/44 20.6 20.0 394 41.9
20:4 (2) 1.4 3.6 1.9 9.9
22:1 (2) 14/45 4.4 4.7 11.9 16.2

@ Mean of 2 determinations
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In a second experiment, 10 albino mice (5 malésirtales) were Seed Wax; 2) standard diet with an equivalent amiowalories
injected subcutaneously with€]Simmondsia Chinensis (Jojoba) to the Simmondsia Chinensis (Jojoba) Seed Wax wf oib; 3)
Seed Wax (same dose and specific activity) andddl intervals standard diet with an equivalent amount in calooesedium-
after injection. Most of thé*C (>99%) was detected in the chain triglycerides; 4) standard diet with equivélamount in

carcass. At 8 and 23 days post-injection, theoadivity TLC
profile of carcass lipids indicated that 75% to 88%athe *‘C
remained in the lipid form in which it had beeneicied. The

calories of 1:1 mixture of Simmondsia Chinensigda) Seed
Wax and corn oil; or 5) standard diet with an eglémnt amount
in calories of 1:1 mixture of Simmondsia Chinerfdgoba) Seed

Wax and triglycerides. Digestibility was deterndnduring
weeks 2 and 4 with the 30-d growth assay.

remaining*“C was incorporated mainly into neutral lipids, sash
triglycerides and fatty acids.

The absorption and distribution of radioactivity ofn  Weight gain on the Simmondsia Chinensis (Jojob&dS&ax
[**C]Simmondsia Chinensis (Jojoba) Seed Wax were durthdiet was half that of the control groups. The rdixkets had
evaluated using 21 male albino mice (5 weeks dd3@g). In  minimal weight reduction compared to controls. €3itpility of
this study, the specific activity of*C]Simmondsia Chinensis Simmondsia Chinensis (Jojoba) Seed Wax was 41%. fadal
(Jojoba) Seed Wax was greater than that used iprdeeding 2 matter contained 51% fat in the 12% Simmondsia €isis
experiments. The animals were divided equally3dooups, and (Jojoba) Seed Wax group; this was the only grouptiith the
[**C]Simmondsia Chinensis (Jojoba) Seed Wax was jectcarcass fat was not increased above baseline [Ekelefficiency

subcutaneously into the neck at doses of 9, 28,120 mg.
Animals were killed 8 days after injection. Foliogy the
injection of each dose, radioactivity was detedtedhe liver,
brain, testes, lungs, heart, spleen, kidneys, arzhss lipids, but
not in the skin or epididymal fat. The greatesurds of
radioactivity were frequently detected in the livierain, lungs,
and carcass lipids. The smallest amount of radiagc (all
organs included) was detected in the animals iegeatith 9 mg
of [**C]Simmondsia Chinensis (Jojoba) Seed Wax. There n@r
significant differences between counts of radiaatgtin animals
injected with 23 mg and those given 120 mg*8€]Simmondsia
Chinensis (Jojoba) Seed Wax (Yaron et al 1980).

Heise et al. (1982) used weanling rats to studylifestibility of
Simmondsia Chinensis (Jojoba) Seed Wax. The mts fed: 1)
a standard diet 12% of which was Simmondsia Chie¢dgjoba)

Table 12. Distribution of'“C in the body of mice 1 and 8 days after oral adstiation of“C-labeled Simmondsia Chinensis (Jojoba) Seed Wax

of energy conversion into tissue was half thahefrhixed groups
and one-third that of the control diets. Biolodjindrogen was

decreased; the authors suggest that there wasraased use of
dietary protein as energy (Heise et al. 1982).

Yaron et al. (1982b) orally administeredC-Simmondsia
Chinensis (Jojoba) Seed Wax (25% in peanut oil;uiTHg; 0.1
ml) to male albino mice (5 weeks old; n = 20). &kf24 h, 10 of
the mice were killed and the absoption and distidouof the
radioactivity analyzed. The liver and epididymalt fwere
analyzed in detail using TLC. The remaining 10ewi@re killed
and analyzed on day 8 after treatment. The exgetimnas then
repeated. Intestinal absorption and distributibSimmondsia
Chinensis (Jojoba) Seed Wax is shown in Table B2lidtabel
was distirbuted among phospholipids, etc. in theerliand
epididymal fat as given in Table 13.

(Yaron et al. 1982b).

14C sp act in the tissue (dpm/g wet tissue + SE)

1**Run 2" Run
Tissue Day 1 Day 8 Day 1 Day 8
Liver lipids 805 + 88 136 £13 1570 + 390 776 £ 280
Heart 2140 + 880 980 + 78 2080 + 328 904 + 248
Lungs Not determined Not determined 2300 + 308 1170& 2
Spleen 2020 + 560 685 £ 82 2300 + 404 1180 + 330
es 1266 + 360 974 + 196 1180 + 224 772 £ 150
Kidneys 2964 + 674 984 + 32 3720 + 544 1404 + 310
Muscle 1414+ 290 1346 + 578 1210 £ 194 882 + 136
Epididymal fat 3770 £ 430 1740 £ 770 7760 + 2160 4461835
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Table 13. Radioactivity TLC profile of liver and epididymdt lipids one day after ingestion 6€-labeled Simmondsia Chinensis (Jojoba)
Seed Wax (Yaron et al. 1982b).

Incorporation of“C into lipid fraction (%)

R Liver Epididymal fat Lipid standards
0.03 27.0+3.1 0 Phospholipids and glycolipids
0.08 55+0.5 5.7+3.2 Cholesterol

0.19 55+3.2 0 Fatty acids

0.31-0.35 51.3+6.8 92.0 +.02 Triglycerides

0.80 11.6 +3.7 43+4.1 Wax esters and choleststere

Penetration Enhancement

Simmondsia Chinensis (Jojoba) Seed Qil

Schwarz et al. (1996) tested the effectivenessimir®ndsia
Chinensis (Jojoba) Seed Qil, in the form of subonigrarticles of
oil-in-water emulsion, for the delivery of diclofaa
diethylammonium. The emulsion consisted of Simnsied
Chinensis (Jojoba) Seed Oil (20%) and diclofenaietligl
ammonium salt; 1.16%) prepared by a proprietari pigessure
homogenization process. Wistar rats (n = 6) waeesthetized
and iota-carrageenan (100 ul; 1%) was injectedtimtoplantar
region of a hind paw. The rats were then topidadigted with the
Jojoba emulsion, a commercial anti-inflammatoryacnevith the
same concentration of diclofenac, or nothing. Ealeolume was
measured at 0, 0.5, 1, 2, 3, 4, and 6 h. There m@signs of skin
irritation observed. Anti-inflammatory activity ithe Jojoba
emulsion was evident at 1 h. At 3, 4, and 6 hettiema in the
Jojoba emulsion group was less than that of thexeential cream
(p <.05). The relative activity for the contropmmercial cream,
and the Jojoba emulsion were 100 + 16%, 79 + 14%,46 +
18%. The authors concluded that the jojoba emulsam be used
to deliver moisturizing agents and lipids to thansk cosmetics.

El laithy and EI-Shaboury (2002) found that an esiar of brij

96 (surfactant), capmul (cosurfactant), and Simrs@@hinensis
(Jojoba) Seed Oil with 40% water delivered flucaiazhrough
new born mouse skin in a Franz diffusion cell ajreater rate
than gel bases (cetyl palmitate; mixture of glytestearate,
cetearyl alcohol cetyl palmitate, and cocoglycesidglyceryl

stearate; and glyceryl monostearate) at 10% and 30%

Wang et al. (2007) tested the dermal penetratidramcement
properties of essential oils and plant oils inahgdEBimmondsia
Chinensis (Jojoba) Seed Qil (10%). The oils waomiporated
into microemulsions containing Span and Tween adsfying
agents and aminophylline (5%). The attenuated tefeection
was measured on the forearms (7 x 2 cm) of subjects 6)
before application and 30 and 60 min after appbeabf the
emulsion (~ 0.3 g). Simmondsia Chinensis (Jojdbegd Oll
increased the permeability of the stratum corneum
aminophylline in comparison with treatment with anphylline
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alone. The hierarchy of penetration enhancemeheglant and
essential oils was: Simmondsia Chinensis (JojolesdSOil >
peppermint > lilacin = rosemary = corn germ > ylanglive.

The authors concluded that the choice of propermtoation of
oil phase lipids may allow drug-controlled delivémym a topical
oil/water microemulsion.

Shevachman et al. (2008) tested the enhancemeintlofenac
sodium by microemulsions of Simmondsia Chinensigofa)
Seed Oil/lhexanol/Brij 96V/water and compared ithwmgimilar
micoemulsions containing paraffin oil and isopropyristate.
For comparison, an emulsion with Voltaren Emulgal (
commercial cream containing 1.16% diclofenac
diethylammonium, corresponding to 1% diclofenadwsm) was
used. The emulsions containing diclofenac sodiuifl) were
applied to the trimmed abdominal area of anesthétSprague-
Dawley rats in open containers glued to the sElnod samples
were taken at 1, 2, 4, 6, and 8 h and analyzedifdofenac.
There was similar penetration of diclofenec with immondsia
Chinensis (Jojoba) Seed Oil emulsion as the comiaieneam
(Crax=0.116 £0.031 and 0.106 + 0.006 mg/ml and arel@utine
curve = 0.601 + 0.107 and 0.558 + 0.172 pg/mi/speetively).
The paraffin oil and isopropyl myristate emulsidmsd great
penetrations (= 0.962 + 0.191 and 0.845 + 0.005 mg/ml and
area under the curve = 4.545 £ 0.615 and 4.0678204y/ml/h,
respectively).

In an in vitro study, the abdominal skin of freskiljed rats was
clipped, washed, and the subcutaneous fat remaueslskin was
installed onto Franz diffusion cells with the strat corneum
facing upwards. Microemulsions or Voltaren Emul@b g)
were applied to the skin. Samples of the recegthmvere taken
periodically. The microemulsions consisted of Swomaisia
Chinensis (Jojoba) Seed QOil/hexanol at 1:1 wt réiafo) and
Brij 96 or Tween 60 (40%) with diclofenac sodiun¥{ladded.

The Simmondsia Chinensis (Jojoba) Seed Oil emulsiol lower
penetration of diclofenac than did paraffin oil @opropyl
myristate, which were similar. The drug perme#pilh the
Simmondsia Chinenesis (Jojoba) Seed Oil was hitjtear the
ommercial cream, unlike the in vivo test. Thehaw suggest



that this could be due to the optimal perfusion hydration of The administration of jojoba liquid wax at 30% aB0%
the skin in the diffusion cells compared to thengkithe animal decreased the granulation tissue weight by 15.8%0 38%,
study. The authors concluded that Simmondsia @kise respectively, compared to the control.

(Jojoba) Seed Oil did not increase penetration iobfdnac
through the skin and seemed to prevent active ratdsdrom
being freely diffused into the skin. The autharggest that the
3-dimensional structure of the oil may result inagang the

The authors induced ear edema in rats to assessféats of
jojoba liquid wax. Five groups of rats (n = 6) eereated
topically: Group | was treated with solvent; Grdupas treated

diffusi fthe d sh h t al. 2008). with irritant (4 parts croton oil, 10 parts etharzf) parts pyridine,
ffiusion of the drug (Shevachman et a ) 66 parts ethyl ether) and solvent; Groups Il avidvere treated
Anti-inflammatory Effects with irritant, jojoba liquid wax (30% or 50%, resyrrely), and

. I . . solvent; and Group V was treated with irritant,veoit, and
.‘]0|Oba Liquid WaxHabashy et al. (2005) lnves'ugated_ the antit Jomethacin (12.5% wiv). Each solution was adstéred in a
inflammatory effects of what the authors referredas jojoba

liquid wax in several experiments. In the firspekment, adult
male Sprague-Dawley rats were used. The rats fasted with
free access to water for 16 h before treatmente gioups (n =
6) of rats were treated. Groups | and Il were adsteéned saline
by intubation; Groups Il and IV were administefjepbba liquid

wax (5 ml/kg (~4.35g) or 10 ml/kg (~8.7 g), respesly); and

Group V was administered indomethacin (a standar- a The entire ear was homogenized in buffer and deged and
inflammatory drug; 10 ml/kg). Thirty min later, @ip | was used to calculate myeloperoxidase (MPO) activitiProtein
administered saline (0.05 ml) and Groups Il throdglwere content was determined. Representative ear tisssefixed,
administered carrageenin (0.05 ml; 1% in salinegataneously embedded, and sectioned for microscopic examinatigarding
on the plantar surface of the right hind paw. Vblime of the leukocytic infiltration, edema, and extravasations.

aw was immediately measured by water displaceamhtigain - . . . o
g h later 4 y P g Application of croton oil caused the ear disc wa@ase in size by

216% over the control. Pretreatment with jojohailil wax (30%
The right hind paws were removed after killing tia¢s. The and 50%) reduced the increase by 28% and 43.6@gcteely.
eicosanoid-containing fluid was removed with the a610uM  MPO activity in ears treated with croton oil incsed 83-fold.
indomethacin in 0.1 ml saline. Pretreatment with jojoba liquid wax decreased MRG@viy by
29% (p <.05) and 53.3% (p < .05), respectivelyppared to ears
not treated with jojoba liquid wax. Indomethacheatment
reduced MPO activity (p < .05). Ears treated withton oil and
no jojoba liquid wax had massive neutrophil infition with
extraversion of red blood cells as well as edemtnéndermal
layer. Ears treated with jojoba liquid wax hadslegutrophil
infiltration and less hyperemia in a dose dependsriner.

left untreated and served as the control. On&h@éatment, the
right ears were treated again (Group |, solventups 1l through
V croton oil solution). After 4 h, the rats werdldd. An 8-mm

cork borer was used to punch a disc out of eachtkardiscs
were weighed immediately.

The carrageenin injection resulted in severe infietion and

increase in mean volume of the paw (162.3%) contpane
untreated paws. Pretreatment with jojoba liquid attboth doses
(5 or 10 ml/kg) inhibited the carrageenin-inducedrease in
edema volume by 26.4% and 34%, respectively. Iradbatin

treatment reduced inflammation by 43.4%.

Carrageenin injection resulted in a 5-fold increase
prostaglandin E(PGE) concentration in Group Il compared to
the untreated Group I. Jojoba liquid wax redudeel PGE
concentration by 58.15% and 77.4%, respectivele 10 mi/kg
dose of jojoba liquid wax and the indomethacin Iexdthe PGE
to almost normal levels.

The authors divided 30 rats into 5 groups (n =) mjected
each of them with 20 ml sterile air in the suprastar area of the
back. Three days later, the pouches were re-guflaith 10 ml
sterile air. After another 3 days, lipopolysacat@rfromE. coli
serotype 0111:B4 (LPS; 1Q@/ml) in physiological saline (1
ml/kg) was injected into the air-formed pouchesGrbups Il
The authors conducted a chick's embryo chorioatiant through V.

membrane (CAM) test. Fertile chicken eggs wereliated for
8 d then divided into 4 groups (n = 6). Filter pagdiscs (10 mm
in diameter) were placed on the surface of the Gfiter opening
the shells with a dental drill. The shell piecesewreplaced and
sealed with paraffin wax. The filter paper in Gpoluwas not
treated (control); Groups Il and 1l were treatathyojoba liquid
wax (3.5 (~3.05 mg; 30%) andw/(~6.1 mg; 50%), respectively) o : . )
in saline. Group IV was treated with indomethg@isug). The s)nalyzed for nitric oxide (NO) and tumor necroaistora. (TNF
eggs were incubated for 4 d and opened by cuthiegshells '

circumferentially along the longer perimeter. CAMmbranes The air pouch caused a 60-fold increase of NO prisciu
were eased out of the shell and the disc (withadiering or compared to untreated animals. Jojoba liquid wgection at 5
infiltrating granulation tissue) were cut with fiseissors. The and 10 ml/kg reduced NO levels by 31.4% (p < .0f) 22.8% (p
discs and tissue were dried overnight and weighédidually. < .05), respectively, compared to Group Il. Indtmein

Group | was administered only saline. The ratsewezated 30
min later: Groups | and Il were administered adline; Groups
[l and IV were administered jojoba liquid wax (Bal10 mg/kg,
respectively); and Group V was administered inddaein (10
mg/kg). Eight h later, the pouches were lavagéatusml sterile
physiological saline. The lavage fluid was ceogéd and
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volume of 20ul on both sides of the right ear. The left ear was



lowered NO levels by 36.6% (p < .05). There was3dnld

(Jojoba) Seed Oil was administered via gastricbiation at a

increase in TNFe levels compared to untreated animals. Jojobsingle dose of 0.5, 0.75, 1.13, or 1.69 ml/10 dady weight.

liquid wax treatment at 5 and 10 ml/kg lowered TiFevels by
62.2% (p < .05) and 75.8% (p < .05), respectivdiyjoba liquid
wax (at 30% and 50%) reduced MPO activity by 29% %3 3%,
respectively.

The authors concluded that jojoba liquid wax exersati-
inflammatory activity in several animal modelsigba liquid wax
combats inflammation via multilevel regulation oflammatory
mediators (Habashy et al. 2005).

Blood Cholesterol Effects

The effects of ingested Simmondsia Chinensis (&)j&eed Oil
on blood cholesterol concentrations were evaluatsidg 4
groups of female New Zealand white rabbits (4 memhl; n =
4). The following diets (100 g of chow per die®n provided
daily for 30 days: (group 1) chow supplemented w2
Simmondsia Chinensis (Jojoba) Seed Oil, (group Rywc

containing 1% cholesterol and 2% Simmondsia Chisens

(Jojoba) Seed Oil, (group 3) chow containing 1%le$terol
supplemented with 6% Simmondsia Chinensis (JojSkay Oil,
(group 4) chow supplemented with 1% cholesterobigsterol
control), and (group 5) untreated chow (negativentrcd).
Uneaten chow was discarded each day. The studyepasted
using different groups of rabbits. Blood cholester
concentrations were slightly increased in rabbitd fa
cholesterol-free diet containing 2% Simmondsia Ehsis
(Jojoba) Seed Oil. Rabbits fed an atherogenicatiesisting of
1% cholesterol and 2% Simmondsia Chinensis (JojSbayl Oil
had a 40% decrease in blood cholesterol over thath®
cholesterol control. There was no further decrdasblood
cholesterol concentrations in rabbits fed a diettaiming 1%
cholesterol and 6% Simmondsia Chinensis (Jojobed €8l for
an additional 30-day period (Clarke and Yermand&l)9

Miscellaneous Studies

Simmondsia Chinensis (Jojoba) Seed Oil

Week and Sevigne (1949a) reported that Simmondsi@e@sis
(Jojoba) Seed OQil contains factors inhibiting theldolysis of
vitamin A esters in chicks.

Week and Sevigne (1949b) reported that Simmondsiae@sis
(Jojoba) Seed Oil contains factors inhibiting theldolysis of
vitamin A esters in rats to a greater extent thamn oil.

Acute Animal Oral Toxicity

Simmondsia Chinensis (Jojoba) Seed Qil

The oral toxicity of crude Simmondsia Chinensiggba) Seed
Oil was evaluated using 80 5-week-old, dd Y-S mic€he
average weights of 40 male and 40 female mice ®2rg and
21.3 g, respectively. The animals were dividedadigLinto 4
groups (10 males, 10 females/group), and Simmoritisizensis
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Feed was withheld 6 h prior to intubation. At 7

post-administration, the animals were killed anaropsied.

Peritonitis was observed in 1 animal dosed wit® t§10 g, and
discoloration of the renal capsule was observecharath groups.
None of the gross alterations observed, includiegingle death,
were attributed to the administration of Simmond3skinensis
(Jojoba) Seed Oil. The actual causes of theseéhsleedre not
reported (Taguchi and Kunimoto 1977).

Following the administration of a single dose omBiondsia
Chinensis (Jojoba) Seed Oil (21.5 ml/kg) to maleira rats
(number and weights not stated), fewer than 50%efnimals
died (Wisniak 1977).

The acute oral toxicity of a lip balm product cantag 20.0%
Simmondsia Chinensis (Jojoba) Seed Oil was evalusgimg 10
Sprague-Dawley rats (5 males, 5 females; weightstated). A
single oral dose (5.0 g/kg) was administered tdeagmal via
gavage. The animals were fasted during the nighit o dosing.
None of the animals died during the 15-day obsemaieriod,
and the product was classified as nontoxic (CTF85H).

Simmondsia Chinensis (Jojoba ) Seed Wax

The acute oral toxicity of a 50.0% solution of Siomdsia
Chinensis (Jojoba) Seed Wax in corn oil (dose =g&@) was
evaluated according to the procedure describedeabsiwng 10
albino Sprague-Dawley rats (5 males, 5 females;3Dg). The
only procedural variation was a 4-day observatieriqu after
dosing. Simmondsia Chinensis (Jojoba) Seed Wax neas
classified as a toxic substance. Neither the rityrtate nor the
results of macroscopic examinations were repoRethhardt and
Brown 1990).

Jojoba Esters

Leberco Testing, Inc. (1988a) orally administersihgle dose of
Jojoba Esters 15 (5 g/kg) to white rats (n = 1fee, 5 female)
after 18 h of fasting as described in the Federatatdous
Substances Act (Consumer Product Safety Commisz00r7).
The rats were observed for signs of toxicity for d4then
necropsied. All the rats survived. There weresmgns of
toxicity.

Leberco Testing, Inc. (1988b) orally administeresirayle dose

of Jojoba Esters 30 (5 g/kg) to white rats (n = 80nale, 5

female) after 18 h of fasting. The rats were obsgfor signs of

toxicity for 14 d then necropsied. All rats surfivand there were
no signs of toxicity.

Leberco Testing, Inc. (1988c) orally administeraihgle dose of
Jojoba Esters 60 (5 g/kg) to white rats (n = 1fae, 5 female)
after 18 h of fasting. The rats were observediigms of toxicity
for 14 d then necropsied. All the rats survivéithere were no
signs of toxicity.



Leberco Testing, Inc. (1988d) orally administeresirayle dose
of Jojoba Esters 70 (5 g/kg; 50% in corn oil) thilmb Sprague
Dawley rats (n = 10; 5 male, 5 female) after 18 fasting. The
rats were observed for signs of toxicity for 1dr necropsied.
All the rats survived. There were no signs of ¢yi

In another study, the acute oral toxicity of 2 bajdsters (iodine
values 40 and 60) was evaluated using 2 group® afhlte rats

(5 males, 5 females per group). Animal weightgeahfrom 208

to 238 g in one group and from 212 to 238 g indtieer group.

Feed was withheld for 18 h, and the test substéshuse = 5.0

o/kg) was administered via a rigid stomach tubéwe &nimals

were then observed for signs of toxicity duringeaigd of 14

days; all of the animals survived. At the conabusiof the

observation period, the animals were killed anérim&l organs
examined macroscopically. No gross abnormalitiesrew
observed in either test group (Reinhardt and Brb280).

Jojoba Alcohol

The acute oral toxicity of Jojoba Alcohol was ewkd using 3
groups of 20 mice of the dd Y-S strain (weightsstated). The
test substance was administered via stomach tube ®groups
at doses of 32, 40, and 50 ml/kg, respectively.néNof the
animals in any of the 3 groups died (Taguchi nedat

Short-term Oral Toxicity

Simmondsia Chinensis (Jojoba) Seed Oil

The oral toxicity of refined Simmondsia Chinensisjoba) Seed
Oil was evaluated using 4 groups of 10 male Spridpeley rats
(avg. weight 80.6 g). Two of the groups were fedd diets (5
g/feeding) containing 0.5 or 1.0 g of Simmondsian€hsis
(Jojoba) Seed Oil once daily for 7 days. The ramai2 groups
were fed basal diets containing 2.0 or 3.0 g of rBamdsia
Chinensis (Jojoba) Seed Oil once daily for 4 de @himals were
given water ad libitum. Signs of toxicity were ebgd in 5 of
the rats that were fed 1.0 g of Simmondsia Chise(injoba)
Seed Oil (in diet) and all of the rats fed 2.0 @@ g of
Simmondsia Chinensis (Jojoba) Seed Oil. The mityrtalte was
10% in each of these 3 groups. None of the rat0f6 g of
Jojoba Oil died (Hamm 1984).

Verschuren (1989) fed Simmondsia Chinensis (JojSlead Oil

to male and female SPF Wistar rats (6 weeks add@tmation)

for 4 weeks. The rats were fed a purified diehvtmmondsia
Chinensis (Jojoba) Seed Oilat 0 (n=12), 2.2% 19), 4.5% (n

=10), and 9% (n = 12). After 6 d on the dietf2ach sex in the
control and high dose groups were killed and ttatseexamined
for fat deposition. After 3 weeks on the diet,didovas collected
and analyzed. After 4 weeks on the diet, the feers sampled
and analyzed for lipid content. At the end of ¢éixperiment, the
rats were killed and necropsied, blood collectatiaralyzed, and
tissues were histologically examined.

No deaths occurred during the experiment. Allrtite appeared
to be in good health and no clinical signs werecolsd. There
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was a dose-dependent growth retardation in bothsseX¥eed
intake and water consumption did not differ betwdengroups.
The amount of feces produced increased with Simsiand
Chinensis (Jojoba) Seed Oil intake. The lipid eanbf the feces
had a dose-dependent increase (up to > 6-folderelwere no
hematological differences except for the white di@ell count
which increased in the high dose group in both ;éll8.6 + 0.67
vs 16.9 + 1.02) and females (13.7 £ 0.90 vs 212008). Serum
analysis showed an increase enzyme activities i(iate
dehydrogenase [ICDH], saccharopine dehydrogenaBa][S
alkaline phosphatase [ALP], aspartate aminotraaséefAST],
alanine aminotransferase [ALT], hydroxybutyrateydibgenase
[a-HBDH], and creatine kinase [CK]). Urea conceritrias
increased in a dose dependent manner. A negativelation
was found for creatine and triacylglycerols andedievels.

Animals fed Simmondsia Chinensis (Jojoba) Seech@il less
body fat deposition. Absolute weights of the ogdecreased for
both sexes except for the spleen in the femaldsereTwas no
evident adverse effect to the heart after 6 d efSimmondsia
Chinensis (Jojoba) Seed Oil diet. The stomachbefats fed
Simmondsia Chinensis (Jojoba) Seed Oil were mudlerfu
compared to the controls. The small intestinegwetended and
the contents were more fluid and non-homogenougaosd to
controls. The contents of the cecum were coarsaetedogenous
compared to controls. The jejunum and ileum oftthatment
groups were characterized by massive vacuolizatibrthe
enterocytes, distension of the lamina propria, @méhcrease in
cellular components. There was increased cellotgnin the
crypts of Lieberkuhn.

In a second experiment, 2 groups of rats (n = Sevied the diet
with either 0 or 9% Simmondsia Chinensis (JojobegdOil .
After 3 weeks, the rats were killed and the srmé#istine removed
and examined. The entire small intestine was fteexcept the
anterior section of the duodenum and the posteeiction of the
ileum. There was an accumulation of fat in theuedes of the
enterocytes in the upper region of the villi. ieP activity was
decreased. Inthe livers, there was a slight aszén intracellular
acidophilic vacuoles, acidophilic bodies, and thember of
mitoses (Verschuren 1989).

Dermal

Jojoba Alcohol

Taguchi (no date) evaluated the dermal toxicityepbal of
Jojoba Alcohol using 10 white male rabbits. Jojél@hol was
tested at concentrations of 12.5, 25.0, and 50.0%%efined
Simmondsia Chinensis (Jojoba) Seed Oil). Oleybladt, also
tested at concentrations of 12.5, 25.0, and 50.0%%efined
Simmondsia Chinensis (Jojoba) Seed QOil), servadeasontrol.

In 15- and 30-day tests, there were no reactiod2 6% Jojoba
Alcohol that were grossly visible. However, thesults of



microscopic examinations were that reactions rariged very
light to light incrassation of the germinative zari¢he epidermis
in 4 rabbits (15-day test), and reactions rangiomfvery light to
medium incrassation of the germinative zone ang light to
light dermal infiltration in 4 rabbits (30-day testAlso, in the
15-day test, 25.0% Jojoba Alcohol induced redn2sslfbits),
and redness and induration (1 rabbit); 50.0% Jojaleahol
induced redness (1 rabbit), redness and indur@&icabbits), and
redness, induration, and swelling (1 rabbit). Ha 80-day test,
25.0% Jojoba Alcohol induced redness (2 rabbis))% Jojoba
Alcohol induced redness (2 rabbits) and rednedsiration, and
swelling (2 rabbits). Histopathological evaluagamboth the 15-
and 30-day tests were negative for any reacticatswbre more
severe than light incrassation of the germinativeez of the
epidermis or very light dermal infiltration (Tagucto date).

Subcutaneous

Simmondsia Chinensis (Jojoba) Seed Wax

The subcutaneous toxicity of Simmondsia Chinendagopa)
Seed Wax was evaluated using 3 groups of 6-weekaald rats
(10 rats/group). The 2 experimental groups recesubdutaneous
injections of Simmondsia Chinensis (Jojoba) Seed {¥anl/kg
of body weight) 6 days per week for 7 weeks. Rxfinlive oil
was administered to the control group accordinght same
procedure. At the end of the seventh week, 10 raxpatal
animals and 5 controls were killed. The remair@ngnals were
killed 6 weeks later. Urine tests, blood tests] gnoss and
microscopic examinations were performed. Therewertraces
of bilirubin, ketones, glucose, or urobilinogertlie urine of any
of the tested animals. Occult blood was deteateatie urine of
7 experimental animals and 5 controls. Additionadlll
experimental animals and 5 controls had proteindrfee urinary
protein could have resulted from the contaminatibarine with
traces of feed. Most of the results from bloodnsiséry and
blood cell analyses were similar in experimentadl @ontrol
groups. Except for a slight increase in liver virtigelative to the
increase in body weight (experimental animals)rehgere no
significant differences in body weight or organ gkeibetween
experimental and control groups. Microscopic clesngere not
observed in the skin or in any of the other orgaramined
(Yaron et al 1982b).

Subchronic Dermal Toxicity

Simmondsia Chinensis (Jojoba) Seed Wax

The subchronic dermal toxicity of refined SimmomdShinensis
(Jojoba) Seed Wax was evaluated using 32 DH guiigsa(320

+ 25 g). The animals were divided into 4 groupsr@les, 4
females/group). In the first 2 groups, SimmondStanensis
(Jojoba) Seed Wax was applied to shaved dorsalrskioses of
0.25 and 0.5 g/kg, respectively. Applications weiade 6 days
per week for a total of 20 weeks. The applicasites were not
covered. The 2 control groups received applicatifrolive oil

(0.5 g/kg) and saline, respectively, according he same
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procedure. Atthe end of the treatment period athienals were
killed and gross and microscopic examinations pemormed.

There were no differences in body weights or orgaights

(liver, heart, kidneys, and testes) between theodgs of guinea
pigs. Furthermore, lesions were not observedssuts from the
following organs (all groups): adrenal gland, thgr gland,

kidney, urinary bladder, spleen, liver, pancreasarh brain (2
sections), stomach, small and large intestineskimfrom treated
and untreated areas (Yaron et al. 1982a).

Chronic Toxicity
No chronic toxicity data were available.

Dermal Irritation and Sensitization

Jojoba Alcohol

The primary skin irritation potential of Jojoba Alwol (10.0%
w/w in refined Simmondsia Chinensis (Jojoba) Sed)l ias

evaluated using 10 male and 10 female albino marmith the
Draize test (Taguchi no date). The test substébéeml) was
applied, under a one-inch patch secured with adédape, to
each animal. The animals were immobilized in @amahholder,

and the entire trunk of each animal was wrappel wibberized
cloth that remained throughout the 24 h exposurgoge
Reactions were scored at 24 and 48 h post-apglicaticording
to the scales: 0 (no erythema) to 4 (severe erdhenslight
eschar formation); 0 (no edema) to 4 (severe edeRajctions
to the test substance were not observed in anfieofihimals
tested.

The skin sensitization potential of Jojoba Alcogid).0% w/w in

refined Simmondsia Chinensis (Jojoba) Seed Oil) evatuated
according to the maximization test using 10 malk B female
albino marmots. Two groups of male and female msnil0

animals per sex) served as the untreated conthoilgally, each

of the following substances (0.05 ml) was injec&different

paired sites, to the right and left of the midlioe, the back of
each animal: complete adjuvant/water (1/1 mixtudsjoba
Alcohol solution, and complete adjuvant/Jojoba Alalsolution

(1/1 mixture). The Jojoba Alcohol solution consisbf Jojoba
Alcohol dissolved in refined Simmondsia Chinendgggba) Seed
Oil (1/10 mixture). After 1 week, patches contagthe 10.0%
Jojoba Alcohol solution (0.5 ml) were applied tce teame
injection sites. Two weeks later (challenge phase)patch
containing the solution was applied to a new sitat twas
posterior to the injection sites. No sensitizatieactions were
observed 24 or 48 h after application of the clngiéepatch.

In an additional study connected with the SHORT-MER
TOXICITY study above, the dermal irritation potextof Jojoba
Alcohol (12.5, 25.0, and 50.0%; in refined Simmdadzhinensis
(Jojoba) Seed Oil) using white male rabbits (n ¥Was tested.
Each animal was simultaneously patch tested (6hpatper
animal) with the 3 concentrations of both the segistance and
control; patches were applied to the back. Thep2ated patch



tests performed involved 15 days of patch testiigabbits) and
30 days of continuous patch testing (5 rabbits3peetively.
Naked eye observations of reactions were mader@diogato the
method of Draize, on the last day of each test.

The average skin irritation scores during the 1%teat were as
follows: 12.5% Jojoba Alcohol (no reactions), 25.@4joba
Alcohol (0.2-0.8), and 50.0% Jojoba Alcohol (0.8Q). During
the 30-day skin irritation test, the average skitation scores
were as follows: 12.5% Jojoba Alcohol (0.5), 25.0%oba
Alcohol (0.2 to 1.0), and 50.0% Jojoba Alcohol (€061.25).
The results of skin irritation tests on 12.5, 2%ufid 50.0% Jojoba
Alcohol were not considered different from thosetfe controls,
12.5, 25.0, and 50.0% oleyl alcohol (Taguchi neejlat

Simmondsia Chinensis (Jojoba) Seed Oil

The skin irritation potential of refined Simmond<ihinensis
(Jojoba) Seed Oil (100%) was evaluated using 1@ raldino

guinea pigs (weights = 350 g; strain not state@)ive oil and

light liquid paraffin served as controls. Halftbé animals were
simultaneously patch tested with Simmondsia Chiisgdsjoba)

Seed Oil (0.5 ml) and each control (0.5 ml) dady 15 days.
Applications were made to shaved skin. The remgiahimals
were patch tested (same procedure) daily for 38.dRgactions
were scored according to the Draize scale: 0 (gthema or
edema) to 4 (severe erythema to slight eschar tiomaand

edema). No significant reactions to Simmondsian€hsis

(Jojoba) Seed Oil or olive oil were observed. Haeve flare

reactions to liquid paraffin were observed on thedtday of the
study. The results of microscopic examinationdciaigtd no

edema or cellular infiltration. However, swelliofthe epidermis
and hypertrophy at the roots of hairs were evideall groups.

Swelling of the epidermis may have been due, ir, garthe

shaving of application sites (Taguchi and Kunimb®d'7).

The skin irritation potential of a lip balm producbntaining
20.0% Simmondsia Chinensis (Jojoba) Seed Oil watuated
using 6 New Zealand white rabbits. A single 24pl&ation of
the test substance (0.5 ml) was made to abradeidii@od skin of
the back. The test sites were covered with oocdupatches
during the 24-h period. At 24 and 72 h post-afpiim, reactions
(erythema and edema) were scored according tordiedscale:
0 to 4. The product was considered minimally atiitg (mean
primary irritation score = 0.33) (CTFA 1985b).

Simmondsia Chinensis (Jojoba) Seed Wax

The preceding experimental procedure was usedaiuae the
skin irritation potential of Simmondsia Chinensisjpba) Seed
Wax (100%) in 6 albino rabbits (ages not state@sitive skin
irritation reactions were defined as primary ititta scores of 5
or greater. The mean primary irritation score $Simmondsia
Chinensis (Jojoba) Seed Wax was 0.17 (ReinhardtBaodn
1990).

Jojoba Esters
Leberco Testing, Inc. (1988e) applied Jojoba Estérdo the
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intact and abraded skin of albino rabbits (n =®)e rabbits were
clipped of 10% their body hair; half of the expos&ih area was
left intact and the other half was abraded so toepate the
stratum corneum but not disturb the dermis. Theh#pEsters 15
(0.5 ml) were applied to both sides of the expasidd which
were covered with a patch and polyethylene for 24 he sites
were examined upon unwrapping and 48 h later. &heas
erythema for all the rabbits at the first reading anly 2 at the
second reading but no edema formation. A score5ofvould
indicate a positive irritant. The authors reporgedean score of
1.08.

Leberco Testing, Inc. (1988f) repeated the expartméh Jojoba
Esters 30. There was erythema formation for alr#fbbits at the
first reading and only 2 at the second reading futedema
formation. A score o5 would indicate a positive irritant. The
authors reported a mean score of 0.42.

Leberco Testing, Inc. (1988g) repeated the expetimeth
Jojoba Esters 60. There was erythema formatiorafiothe
rabbits at the first reading and only 2 at the sdagading but no
edema formation. A score 85 would indicate a positive irritant.
The authors reported a mean score of 1.08.

Leberco Testing, Inc. (1988h) repeated the expetimeth
Jojoba Esters 70. There was erythema formatichtbe rabbits
at the first reading (1 on just intact skin and ttleer on both
intact and abraded skin) and none at the secomiingedut no
edema formation. A score 85 would indicate a positive irritant.
The authors reported a mean score of 0.17.

The skin irritation potential of 2 Jojoba Esterxifne values = 40
and 60) was evaluated using 2 groups of 6 albibbita(ages not
stated). Prior to application of the test substai®.0% of the
body area of each animal was clipped free of hdihe test
substance (0.5 ml) was applied to abraded and isitatsites on
the back. The Esters were applied as receive@. application
sites (abraded and intact) were covered with &1linch patch
that was sealed with transparent tape. The eméaément area
was also wrapped with a sheet of polyethylenelzat secured
with tape. At 24 h post-application, the patchesememoved
and excess test material was wiped from eachitestReactions
were then scored at 24 and 72 h post-applicaticording to the
scales: 0 (no erythema) to 4 (severe erythemasthas
formation) and 0 (no edema) to 4 (severe edemajmabky
irritation scores of 5 or greater were defined asitive skin
irritation reactions. The mean primary irritatiscores for the 2
esters were 0.42 and 1.08, respectively (Lebercgirigg Inc.
1988h).

Hydrolyzed Jojoba Esters

Celsis Laboratory Group (1999a) performed an irovidermal
Irritection test, which looks at changes in a biatheane barrier
to predict in vivo effects, on a sample of a migtaf Hydrolyzed
Jojoba Esters and water (20:80 wt.%). The samptefaund to
be non-irritating at volumes of 25 to 125 pl. Thsearchers note
that the pH of this sample was above the optimumgedor the
Irritection Assay System, thus there is a slighteptal for
irritation underestimation.



Simmondsia Chinensis (Jojoba) Butter

Brown (1984) evaluated the skin irritation potehtiaf
Jojobutter-51 using 6 male New Zealand white rab{it3-3.0
kg). The test substance (0.5 ml, acid value =\®&&) applied via
gauze patches to abraded and intact sites (clifrpedof hair)
lateral to the midline of the back. The trunk atlke animal was
then wrapped with occlusive patches of polyethyleaéches and
polyethylene coverings were secured with hypoadieigtape for
24 h. Immediately after patch removal, excessrederial was
wiped from the skin with gauze. Reactions wereegat 24 and
72 h post-application according to the Draize scal® (no
erythema or edema) to 4 (severe erythema to skghhar
formation, and edema). At 24 h post-applicatitwe, following
reactions were observed: no erythema (2 rabbits)y slight
erythema (2 rabbits), and well-defined erythemardBbits).
Jojobutter-51 (acid value = 2.8) was classifie@ asild irritant
(Primary Irritation Index = 0.5). When sampleslojobutter-51
with a reduced acid value (1.6) were applied t@dditional 6
rabbits according to the same procedure, erythems mot
observed. However, slight edema was observecdeadtiraded
site of 1 rabbit at 24 h post-application. Jojddutacid value =
1.6) was classified as a nonirritant (Primary #titn Index =
0.04).

Ocular Irritation

Simmondsia Chinensis (Jojoba) Seed Qil

The ocular irritation potential of refined Simmora@€hinensis
(Jojoba) Seed Oil was evaluated using 6 male wiabbits.

Immediately after the oil (0.1 ml) was instilledtdn the

conjunctival sac of the right eye of each animdighs

atretoblepharia was observed. Slight conjunctiypkremia was
observed 1 h after instillation. Ocular irritatidid not increase
in severity, and all reactions had cleared by pést-instillation

(Taguchi and Kunimoto 1977).

The ocular irritation potential of a lip balm pradicontaining

20.0% Simmondsia Chinensis (Jojoba) Seed Oil watuated

using 6 New Zealand white rabbits. The test sulost€0.1 ml)

was instilled once into the conjunctival sac of @y®. The
untreated eye served as the control. Reactions seared at 24,
48, and 72 h post-instillation according to theibeascale. At 24
h post-instillation, the mean ocular irritation seavas 0.3 £ 0.8.
No reactions were observed at 48 and 72 h. Thedugtovas

classified as a nonirritant (CTFA 1985c).

Simmondsia Chinensis (Jojoba) Seed Wax

Reinhardt and Brown (1990) evaluated the oculatation

potential of Simmondsia Chinensis (Jojoba) Seed Wéalbino
rabbits (ages not stated). The only procedurahtian was the
instillation of 0.05 ml of test substance. Thddwaling reactions
were observed in 3 of the 6 rabbits tested: catjual chemosis,
obvious swelling with partial eversion of lids (abbit), and
conjunctival redness, diffuse crimson red conjwacin which
individual vessels were not discernible (2 rabbit&s the test
ingredient did not produce a positive reaction ior4nore test
animals, it was not classified as an eye irritant.
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Hydrolyzed Jojoba Esters

Celsis Laboratory Group (1999b) reported that atumnéx of
Hydrolyzed Jojoba Esters and water (20:80 wt.%) was-
irritating in a chorioallantoic membrane vasculasay for
possible eye irritation. No further details werepded.

Jojoba Esters

Leberco Testing, Inc. (1988i) administered JojobteEs 15 (0.1

ml) to the right conjunctival sac of albino rablits= 6). The left

eye served as the control. The eyes were exarairiz4] 48, and

72 h. Four of the treated eyes showed redne$eafdnjuctivae

at 24 h that was resolved by 48 h. The authorgloded that

Jojoba Esters 15 did not produce a positive readtid or more

of the test rabbits so the test material was ragsified as an eye
irritant.

Leberco Testing, Inc. (1988)) repeated the expartméh Jojoba
Esters 30 (0.1 ml). One of the treated eyes shogdkss of the
conjuctivae at 24 h that was resolved by 48 h. a&tthors
concluded that Jojoba Esters 30 did not produceositipe
reaction in 4 or more of the test rabbits so tisé teaterial was
not classified as an eye irritant.

Leberco Testing, Inc. (1988k) repeated the experinvéth
Jojoba Esters 60 (0.1 ml). Four of the treateds esleowed
redness of the conjuctivae at 24 h that was reddiyet8 h. The
authors concluded that Jojoba Esters 60 did nolym®a positive
reaction in 4 or more of the test rabbits so tisé teaterial was
not classified as an eye irritant.

Leberco Testing, Inc. (1988l) repeated the expartméh Jojoba
Esters 70 (0.05 ml). Two of the treated eyes skawdness of
the conjuctivae at 24 h that was resolved by 48me of the
treated eyes exhibited chemosis (swelling abovenabrat 24 h
that was resolved at 48 h. The authors conclubatl Jojoba
Esters 70 did not produce a positive reaction am #fhore of the
test rabbits so the test material was not claskifiean eye irritant.

The ocular irritation potential of 2 Jojoba esf@rsline values 40
and 60, respectively) was evaluated using 2 gradifsalbino
rabbits (ages not stated) (Reinhardt and Brown 19%0e test
substance (0.1 ml) was instilled, as received, imaright eye of
each animal. Untreated eyes served as contr@act®ns were
scored at 24, 48, and 72 h post-instillation aciogrdo the
following scales: corneal opacity scores of O gieration or
opacity) to 4 (complete corneal opacity, iris nddceérnible);
scores for the iris of O (normal) to 2 (no reactimn light,
hemorrhage, gross destruction; any or all of thes®)junctival
redness scores of 0 (vessels normal) to 3 (diffosefy red);
conjunctival chemosis scores of 0 (no swellinghef lids and/or
nictitating membrane) to 4 (swelling with lids maitean half
closed); conjunctival discharge scores of 0 (hatdisge) to 3
(discharge with moistening of the lids and hairgl eonsiderable
area around the eye). Test results were classifigubsitive only
if 4 or more animals had positive reactions indbmea, iris, and
conjunctiva and negative if only 1 animal had gesiteactions
in the cornea, iris or conjunctiva.

Of the 2 groups of rabbits tested, 1 of 6 had ati@ato one of



the esters (iodine value = 60) and 4 of 6 had i@asto the other
ester (iodine value = 30). All of the reactiongevelassified as
conjunctival redness (diffuse, crimson red; indidtivessels not
easily discernable). As the test ingredient did prmduce a
positive reaction in 4 or more test animals, it \donot be

classified as an eye irritant (Reinhardt and Brd®a0).

Leberco Testing, Inc. (1994a) performed the Eyest bn a
sample of Jojoba Esters 15. The test substanceategsminimal
for irritation level at 20 to 100 pl.

Leberco Testing, Inc. (1995a) performed the Eyest bn a
sample of Jojoba Esters 20. The test substanceategsminimal
for irritation level at 10 to 100 pl.

Leberco Testing, Inc. (1994b) performed the Eytest on a
sample of Jojoba Esters 30 (dose not provided).e st
substance was rated minimal for irritation level.

Jojoba Mixtures

Leberco.Celsis Testing (1997) tested for the pdigibf ocular

irritation by a mixture of isopropyl jojobate, Jb@ Alcohol,

Jojoba Esters and tocopherol (approximate weight
35:35:30:0.1) using the chorioallantoic membrarseutar assay.
The mixture (100%; 40 pl) did not cause slight/matie
hemmorrage, capillary injection, ghost vessels, ather

abnormalities in 6 eggs after 30 min of contactetimThe
researchers concluded that this mixture was naeting.

Jojoba Alcohol

The ocular irritation potential of 12.5%, 25.0%d&0% Jojoba
Alcohol (in refined Simmondsia Chinensis (Jojobag&Oil) was
evaluated using 3 groups of 3 rabbits, respectiagording to
the procedure by Draize. The test substance (thf)5was

instilled into the conjunctival sac of the righteegf each animal,
and the untreated left eye served as the confrbere were no
reactions in the cornea or iris in any of the amsmasted.
Reactions in the conjunctiva were observed, bubegond 24 h
post-instillation. At concentrations of 12.5% &5@0% Jojoba
Alcohol, conjunctival reactions decreased in seyé&om Draize

scores of 1.3 to 0.7 and from Draize scores of t4.®.7,

respectively, up to 24 h post-instillation. At@ncentration of
25.0%, reactions with a Draize score of 2 persisiedo 6 h

post-instillation (Taguchi no date).

Comedogenicity
Simmondsia Chinensis (Jojoba) Seed Wax

Bio-Technics Laboratories, Inc. (1990a) evaluatede t
comedogenicity of Simmondsia Chinensis (Jojoba)dS&&x.
The comedogenicity score was 2.67, classifyingabesubstance
as moderately comedogenic.

Jojoba Esters

Bio-Technics Laboratories, Inc. (1990b) evaluatele t
comedogenicity of a Jojoba Ester (iodine value ¥ @ng 4
young adult New Zealand white rabbits. Three atimeere
treated with the test substance and 1 animal weasetd with the
positive control, isopropyl myristate. The tesbstance (5 ml)
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was added to 45 ml of mineral oil, and the soluti@s heated to
a temperature of 70°C. Liberal applications of tés solution
were made to the right external ear canal via tondipped
applicator 5 days per week (once per day) for altof 14
applications. After each application, the solutieas rubbed into
the skin with a glass rod. The untreated leftsawved as the
negative control. Atthe end of the applicatioripe the animals
were killed and treated and untreated externaheans removed,
fixed in 10.0% buffered formalin, and evaluated
histopathologically. Comedone formation was graaecbrding
to the scale: 0 (negative) to 5 (severe: widelptdd follicles
filled with packed keratin, follicular epitheliayperplasia causing
partial or total involution of sebaceous glands duacts; possible
inflammatory changes). The test solution was norextngenic
(score 0), whereas, the positive control causeatked
superficial acanthosis and hyperkeratosis.

Bio-Technics Laboratories, Inc. (1990c) evaluateather Jojoba
Ester (iodine value = 40) according to the sameegxtare. The
comedogenicity score was 0.65, classifying thedelstance as
between non-comedogenic and slightly comedogenic.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
No reproductive or developmental toxicity data wavailable.
GENOTOXICITY

Simmondsia Chinensis (Jojoba) Butter

The Ames test was used to evaluate the mutagenf@tgamples
of Jojobutter-51 in strains TA97, TA98, TA100, ahd102 of
Salmonella typhimurium(Marshall et al. 1983). The test
substance (in tetrahydrofuran) was evaluated atergrations
ranging from 1 to 1000 pg/plate with and withouttatelic
activation. The concentration of rat liver homoggenused for
metabolic activation in the bioassay was 84 pggingter plate.
Tetrahydrofuran served as the solvent control, poditive
controls were as follows: sodium azide, 2-nitrofiene,
9-aminoacridine, methyl methane sulfonate, and Bafinorene.
Jojobutter-51 was not mutagenic at any of the cotnagons
tested. All of the positive controls were mutagetie solvent
control was not mutagenic. Jojobutter-51 alsomesnutagenic
in a second bioassay (same procedure and testrtoatgens) in
which the concentration of rat liver homogenate imaseased to
140 pg per plate, or in the absence of metabolicaiion. With
the exceptions of methyl methane sulfonate and i@aauridine,
results with negative and positive controls wergilgir to those
reported in the first bioassay.

Jojoba Alcohol

The mutagenicity of Jojoba Alcohol was evaluatedThguchi
(no date) using. typhimuriunstrains TA98, TA100, TA1535,
TA1537, and TA1538 andt. coli strain WP-2 (uvr A). All
strains were tested with concentrations of Jojoleal#ol ranging
from 1.25 to 40.0 nl/plate both with and without tedmlic
activation. Untreated cultures of each strainegterved as
negative controls. The following chemicals seresdpositive
controls: N-ethyl-N-nitro-N-nitrosoguanidine (simai TA100,
TA1535, and WP-2 (uvr A) without activation), be(aypyrene



(strains TA98, TA100, TA1537, and TA1538 with aetion),
2-aminoanthracene (strain WP-2 (uvr A) with aciwal,
2-nitroflourene (strain  TA 98 without activation),
9-aminoanthracene (strain TA1537 without activgtioand
4-nitro-o-phenylenediamine (strain TA1538 withoatieation).

The highest numbers of revertants per plate, costpavith

controls, in each strain tested without activati@re as follows:
TA98 (1.5 x control, dose = 10 nl/plate), TA100X%.control, 10
nl/plate), TA1535 (2.7 x control, 20 nl/plate), T337 (1.4 x
control, 40 nl/plate), TA1538 (1.8 x control, 20pthte), and
WP-2 (uvr A) (1.8 x control, 1.25 and 20 nl/platdhe highest
numbers of revertants per plate, compared withrotstin each
strain tested with activation were as follows: BAQ x control,

2.5 nl/plate), TA100 (1 x control, 40 ni/plate), TB35 (1 x
control, 1.25 and 20 nl/plate), TA1537 (1.5 x cohtt 0 nl/plate),
TA1538 (1.2 x control, 2.5 nl/plate), and WP-2 (4Jjr (1.2 x

control, 5.0 and 40 nl/plate). In positive contolltures, the
number of revertants per plate ranged from 3.2Lt@ 4mes that
of control cultures. The authors concluded thtki® Alcohol

was not mutagenic (Taguchi no date).

Jojoba Mixture

Celsis Laboratory Group (1999c) conducted an Am
mutagenicity assay on a mixture of isopropyl jojighalojoba
Alcohol, Jojoba Esters, and tocopherol (35:35:30v@t%) onS.
typhimurium(TA98, TA100, TA1535, TA1537, and TA1538)
and E. coli (WP2).
aminoanthracine.  Positive controls without S9 us2d
nitrofluorene for TA98 and TA1538, sodium azideTéx100 and
TA1535, 9-aminoacridene for TA1537, and methyl roeth
sulfate forE. coli
mg/plate, there was no mutagenicity observed. &Weais no sign
of toxicity.

CARCINOGENICITY

No carcinogenicity data were available.
CLINICAL ASSESSMENT OF SAFETY
Dermal Irritation and Sensitization

Simmondsia Chinensis (Jojoba) Seed Qil

Taguchi and Kunimoto (1977) evaluated the skintation
potential of refined and crude Simmondsia Chineigoba)
Seed Oil using 26 patients (18-59 years old) witliohies of
eczema or dermatitis. Olive oil, safflower oil, danvhite
petrolatum served as controls. The test substameasapplied
to the upper back for 48 h via adhesive bandagesctions were
scored 30 min and 24 h after patch removal. Skglaema, the
only reaction reported, was observed in 1 of thiéepts patch
tested with crude Simmondsia Chinensis (Jojobajl 88le This
reaction was not observed 24 h after patch removeanother
skin irritation study (same procedure), both testssances and
controls were applied to 20 patients (19-42 yedd with
histories of eczema or dermatitis. Positive reamdito crude
Simmondsia Chinensis (Jojoba) Seed Oil and olivElgatient)
were observed 30 min after patch removal. Positaetions to
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The positive controls with S9 used 2

refined Simmondsia Chinensis (Jojoba) Seed Oiflosedr oil,
and white petrolatum (1 patient) were observed B0and 24 h
after patch removal. Both patients were thoughtdee been
inherently hyperallergic.

Scott and Scott (1982) tested a total of 6 patieviie were
suspected of being sensitive to Simmondsia Chisgidsijoba)
Seed Qil in a contact dermatitis study. The pasievere patch
tested (muslin patches) with each of the followinft) 20%
Simmondsia Chinensis (Jojoba) Seed Oil mixed witc®live
oil, (2) 20% Simmondsia Chinensis (Jojoba) Seedrdied with
80% liquid petrolatum, (3) pure olive oil, (4) purgneral oil, and
(5) muslin only. Positive reactions (erythema pitleema and
vesicles) to both Simmondsia Chinensis (Jojoba)dSed
mixtures were observed on the forearms of 5 patieithin 24 or
48 h after patch application. None of the patibat$reactions to
olive oil, mineral oil, or muslin. When the patiewith no
reaction to Simmondsia Chinensis (Jojoba) Seedr®ditures
subsequently used pure Simmondsia Chinensis (Jof#ed Oil
as a hairdressing, contact dermatitis of the scakulted.
Reactions were not observed in a control group8patients
patch tested (muslin patches) with pure Simmon@éimensis
(Jojoba) Seed Oil. These patients had no knowsitséties.

ETFA (1985d) submitted a clinical use test whergabalm

product containing 20.0% Simmondsia Chinensis @mj&eed
Oil was applied to the lips of 200 adult femalejeats daily for
4 days. The subjects were evaluated at baseltaiah and 4
weeks post-application for signs of subjective/otije irritation.

No adverse reactions were noted at any time duhiegtudy.

CTFA (1985e) submitted a report where the skination and

For concentrations ranging from 1 to 100sensitization potential of a lip balm product camitag 20.0%

Simmondsia Chinensis (Jojoba) Seed Oil was evalusiag 208
adult female subjects. The test substance (Oaaglapplied for
24 h to the back of each subject, between the faajnd waist
(adjacent to the midline), via an occlusive patétpplications

were made 3 times per week for a total of 3 weelatch

removals on Tuesdays and Thursdays were followe@4%4¥

nontreatment periods, and those on Saturdays \whosvéd by

48 h nontreatment periods. Reactions were scaied tp the

next patch application according to the scale:@gvidence of
any effect) to 4 (deep red erythema with vesicofatir weeping).
The application site was changed if a subject haghetion of 2
(uniform, pink-red erythema) or greater during iation. If a 2+

reaction was observed at the new site, inductiptiegiions were
discontinued. However, all subjects with inductieactions were
patch-tested during the challenge phase. Afteb-ad 19-day
nontreatment period, a challenge patch was apfiied h to a
new site. Reactions were scored at 48 and 72 thappdication.

Mild, transient irritation, nonspecific in natungas observed in
1 subject. The product was classified as a ndaitriand a
nonsensitizer.

CTFA (1988) submitted a report where the skinatiin and
sensitization potential of a topical oil producihtaining 0.5%
Simmondsia Chinensis (Jojoba) Seed Oil was evaluat¢he
modified Draize-Shelanski repeat insult patch tesihg 152
normal subjects (38 males, 114 females; 18-65 yad)s The



test substance (on occlusive patch) was appliduetapper back
of each subject on Monday, Wednesday, and Friday3fo
consecutive weeks. Sites were scored 24 h afteh pamoval
according to the scale: 0 (no reaction) to + + fbullae or
extensive erosions involving at least 50% of tis¢ &eea). After
a 2-week nontreatment period, 2 challenge patclees applied
consecutively to new sites (adjacent to old sibe)48 h. Sites
were scored at 48 and 96 h. None of the subjexisaliergic
reactions. The product was neither a clinicaiygicant irritant
nor a sensitizer.

Hill Top Research, Inc. (1998b) performed a repebaitsult patch

test of Simmondsia Chinensis (Jojoba) Seed Oik t€kt articles
were 2 separate lots of Jojoba Oil (a yellow od arclear oil; 0.2
ml). They were repeatedly applied at 100% to Hreessite on
the skin (site not specified) for 3 weeks to thigjscts (100 men
and women). After 2 weeks rest, the test artislere reapplied
to different sites. The sites were read for seadion at 48 and
96 h. One subject had a dermal response of grémlédth Oils

at the 48-h observation which subsided by the 8Bdervation.

A second person had the same reaction to the Sleanondsia

Chinensis (Jojoba) Seed Oil which subsided by tleeh 9
observation. The researchers concluded that then8ndsia

Chinensis (Jojoba) Seed Oils showed no evidenceonfact

sentisization.

Consumer Product Testing Company (2003) conduatepkated
insult patch test of Simmondsia Chinensis (JojoBegd Oil
(100%) on 102 volunteers (males and females). t&$tanaterial
(0.2 ml) was applied to the upper back and covdredan
absorbent pad held in place with a clear adhese®sthg (semi-
occluded). Patches were applied 3 times/week feeéks to the
same location. Patches were removed by the vats gt h after
application and the test area was examined befaeh e
application for reaction. A challenge patch wagligol 2 weeks
after final induction patch to an area adjacenthi® induction
area. The patch was removed after 24 h and s@reahd 72 h
after application. All readings were negative thgbout the test
period. The authors concluded that Simmondsia &2isiis
(Jojoba) Seed Oil does not have a potential fomdéirritation
or allergic contact sensitization.

Hydrolyzed Jojoba Esters

International Research Services Inc. (2006) asdetbse skin
sensitization potential of a mixture of Hydrolyzéoioba Esters
and water (20:80 wt.%). The test material (diluied 0%) was
applied to subjects (n = 104) Monday, WednesdayFaiday for
8 applications. After a 10- to 14-day rest, thalleimge patch was
applied. The site was evaluated at 24 and 72Herelwere no
adverse effects due to the test material. Thessnwavidence of
sensitization. The researchers concluded that thexs no
evidence of potential clinical irritation under nml use
conditions.

Jojoba Esters

Leberco Testing, Inc. (1995b) reported a repeatsdt patch test
of Jojoba Esters 70 (10% in mineral oil) to the esppack of
subjects (n = 53) on Monday, Wednesday, and Friday3
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weeks. The patches were left on for 24 h. AftBreeek rest, a
new patch was applied to a new site on the uppek. bafter 24
h, the patch was removed and the site evaluatéé. sites were
evaluated again at 48 and 72 h. There were ndioeaauring
the induction phase. One subject had a + leveti@aat the 24
and 48 h readings; it was resolved at the 72 himgadThe
authors concluded that the sample of Jojoba Es#)s
demonstrated no potential for eliciting either dafirritation or
sensitization.

California Skin Research Institute (1997a) testddjéba Esters
(20, 30, 60, and 70) for irritation. The test nnials (100%; 2 ml)
were administered to the upper outer arm of thgestdb(n = 15;
ages 24 to 51 years) for 24 h under an occludezhpdthe patch
was removed and the test site observed at 15 ndir24rh after
removal. There were no signs of irritant dermiatitt

Jojoba Alcohol

Taguchi (no date) evaluated the skin irritatiorgtial of Jojoba
Alcohol using 60 human subjects. Twenty subjdwsithy skin)
were patch tested with 10.0 and 100.0% Jojoba Alga@nd 40
subjects (contact dermatitis patients) were paasgtet! with
100.0% Jojoba Alcohol. Oleyl alcohol, at concetitras of
10.0% (normal subjects) and 100.0% (patients),eskas the
control. Patches containing the test substance amgplied to the
upper back for 48 h. Reactions were scored 3Gamii24 h after
patch removal according to the scale: 0 to 4+théngroup of
healthy subjects, one reaction (= reaction to 10.08foba
Alcohol) was observed at 30 min; no reactions vedrgerved at
24 h. There were no reactions to 100.0% Jojobahdtin
healthy subjects. In the group of patients, 1tiead+ reaction
to 100.0% Jojoba Alcohol) was observed at 30 nimaactions
were observed at 24 h. The reactions observeteirpatient
control group included one reaction (+ reactiol®®.0% oleyl
alcohol) at 30 min and no reactions at 24 h. Theeee no
reactions to 10.0% oleyl alcohol in the healthyugr@f control
subjects. Jojoba Alcohol was not a skin irritant.

Jojoba Mixtures

California Skin Research Institute (1997a) perfatradest on a
Jojoba product (a mixture of Jojoba Esters, isogr@jobate,

and Jojoba Alcohol) for irritation. There weresigns of irritant
dermatittis.

Hill Top Research, Inc. (1998a) performed a repkistsult patch
test of a mixture of isopropyl jojobate, Jojoba @tiol, Jojoba
Esters and tocopherol (approximate weight % 35@8:2). The
test substance (100%; amount not provided) wasepd the
same site on the skin of subjects (n = 100; 18syeft or older)
for ~3 weeks. After ~2 weeks rest, the test sutogtavas applied
to a new site on the skin. There were no advessetions
reported during the course of this study.

Hill Top Research, Inc. (1998b) performed a repebatsult patch
test of Jojoba Esters/Hydrogenated Jojoba Oil. tEkearticle
was one lot of Jojoba Esters/Hydrogenated Jojobgviiite

crystals; 0.2 g). It was repeatedly applied at%@0 the same
site on the skin (site not specified) for 3 weekghe subjects
(100 men and women). After 2 weeks rest, theasdgtle was



reapplied to different sites. The sites were feadensitization
at 48 and 96 h. One subject had a dermal resmingade 1 to
the Jojoba Esters/Hydrogenated Jojoba Oil at tHeatBservation
which subsided by the 96-h observation. A secamdqn had the
same reaction to the Jojoba Esters/Hydrogenatedd @il at the
48-h observation both of which subsided by the @®dervation.

The researchers concluded that the Jojoba Estemseshno

evidence of contact sentisization.

Phototoxicity

Simmondsia Chinensis (Jojoba) Seed Qil

CTFA (1985¢) submitted a report where the photaitxof a lip

balm product containing 20.0% Simmondsia Chineffba)
Seed Oil was evaluated using 10 subjects. Indfidife subjects,
~0.2 g of the test substance was applied for 24 thé inner
aspect of the right forearm, and, in the remaihiai, to the inner
aspect of the left forearm. Similarly, the nonilieed control site
was on the inner aspect of the right or left foneaAfter patch
removal, reactions were scored according to théesc@ (no
evidence of any effect) to 4 (deep red erythemh wesiculation
or weeping). The test sites were then irradiabed.® min with

UVA light (dose = 4,400 pW/cm?2) at a distance girapximately
10 cm. In each subject, the nonirradiated consitd was
shielded with aluminum foil during irradiation died test site.
Reactions were scored at the end of exposure arah@418 h
later. None of the subjects had reactions, angtbduct was
classified as nonphototoxic.

CTFA (1985f) submitted a report where a total of ¥8male
subjects (18-49 years old) participated in an ooitdgse test.
Each subject used a sunscreen oil containing 0.6%n8ndsia
Chinensis (Jojoba) Seed Qil for 2 h (in sunlightPaconsecutive
days. The subjects were evaluated at 24 and 48thgxposure.
Three subjects experienced slight, transient disodrthat was
considered to be clinically insignificant.

Jojoba Alcohol

Taguchi (no date) evaluated the phototoxicity gbBa Alcohol
using 60 subjects. Twenty subject (healthy skieyevpatch
tested with 10.0% and 100.0% Jojoba Alcohol, andulfjects
(contact dermatitis patients) were patch testel ¥60.0% Jojoba
Alcohol. Oleyl alcohol, at concentrations of 10.q%ormal
subjects) and 100.0% (patients), served as theatorfPatches
containing the test substance were applied to pipenback for
48 h. Each test site was then irradiated withmilemal erythema
dose of black light. Neither the duration of exp@snor the
intensity of the light source was stated. Reastigare scored at
24 hintervals according to the scale 0 and 4+e drily reaction
was a + reaction observed in one of the patieResactions were
not observed in any of the normal subjects. Natieas were
observed at control sites that had been treatddoletl alcohol.
The authors concluded that Jojoba Alcohol was hotgtoxic.

Jojoba Mixtures

California Skin Research |Institute (1997b) perfadmea
phototoxicity study on a mixture of isopropyl jopte, Jojoba
Alcohol, Jojoba Esters and tocopherol (approximeggght %
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35:35:30:0.1). The test substance (100%; 0.2 ndl}tlae control
(distilled water) were applied to the paraspinalioa of the
subjects (n = 17; age 23 to 60) for ~24 h. Thediss with the
test substance were exposed to UV radiation (16*J4/A) at
each subject’s minimal erythema dose and the cisrdites were
protected from the radiation. Visual evaluatiomsevperformed
on all test sites 1, 24, 48, and 72 h after pagchoval. There
were no adverse effects during this study. Thess W
erythematous reaction at the 48-h evaluation whidolved by
the 72-h evaluation. The researchers concludedtaanixture
did not exhibit significant phototoxicity potenti@hen compared
to the negative control.

SUMMARY
Photoallergenicity
Simmondsia Chinensis (Jojoba) Seed Qil

CTFA (1985e) submitted a study that evaluated
photoallergenicity of a lip balm product containir&.0%
Simmondsia Chinensis (Jojoba) Seed Oil using 3{estd For
half of the subjects, approximately 0.2 g of theduct was
applied for 24 h to the inner aspect of the lefb,aand for the
remaining half, to the inner aspect of the rightharLikewise,
sites on the inner aspect of the right or left aarved as control
(nonirradiated) sites. Each application was maaamw occlusive
patch on Mondays, Wednesdays, and Thursdays fuabdf 9
induction applications. If irritation was not olbged, all
applications were made to the same site.

After patch removal, each site was subjected
non-erythemogenic ultraviolet radiation for 15 raina distance
of 10 cm from the source. The dosage of UVA liglds
approximately 4,400 uW/cm Each non-irradiated control site
was covered during irradiation of the opposite admadiated
sites were scored immediately after patch removal2a h after
UV light exposure (72 h after irradiation on Frijlagcording to
the scale: 0 (no evidence of any effect) to 4 (deeperythema
with vesiculation or weeping). After a 13- to 18wontreatment
period, a challenge patch was applied for 48 hrieva site, and
reactions were scored after patch removal. Thesiteswas then
irradiated and scored 24 h later. No reactiongwbserved, and
the product was classified as non-photoallergenic.

the

to

Case Reports

Wantke et al. (1996) reported on a case of a 4dleywoman
who applied moisturizing cream to her face dailydbleast 5 yr.
For the 3 months before presentation she had gchfiew hours
after application. The past 2 weeks there was dgtision her
face. She was patch tested with the standard Earopintment
series, the cream she was using, and a relatech drgthe same
manufacturer. She tested negative for everythixcp@t the
moisturizing cream she had been using. She wagiteh tested
with all of the individual ingredients of the crea®® controls (10
men, 10 women) were also tested for irritatione Wloman tested
positive for “Jojoba Oil” (1.5%, ++), myristyl laate (0.5%) and
maleated soybean oil (1.5%, +), maleated soy biéh %) not
deodorized (?+), and glyceryl stearate (4.9%) and
polyoxyethylene 23-lauryl ether (+). There was yorl



guestionable reaction to glyceryl
polyoxyethylene 23-lauryl ether by 1 male in thatcol group.

Contact with the company revealed that the forntatad been
changed about 2 years prior to the patient’s ptatien and there
were 2 other suspected cases of contact dermdtiéisto the
cream.

SUMMARY

This safety assessment of the cosmetic ingredi&ntsnondsia
Chinensis (Jojoba) Seed Oil (originally Jojoba Od#dnd
Simmondsia Chinensis (Jojoba) Seed Wax (originatljoba
Wax) also includes Hydrogenated Jojoba Oil, HydretyJojoba
Esters, Isomerized Jojoba Oil, Jojoba Esters, Sinasia
Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba
Oil. Jojoba products (except Synthetic Jojoba &i§ based on
the esters from the fixed oil expressed or extrhfitam seeds of
the desert shrub, Jojob&mmondsia chinensisSimmondsia
Chinensis (Jojoba) Seed QOil is composed almost tisip
(97%) of wax esters of monounsaturated, straightrcacids and
alcohols with high-molecular weights (C16-C26). $&evax
esters exist principally (83%) as combinations 80@nd C22
unsaturated acids and alcohols. Simmondsia Chimgigoba)
Seed Oil is stable and resists oxidation. The ai@nd
composition of the oil expressed frdn chinensiseeds varies
with maturity of the seeds and somewhat with laasind climate
conditions surrounding the plant.

Impurities include lead up to 0.8 ppm and arsepitou0.1 ppm.

Simmondsia Chinensis (Jojoba) Seed Oil in cosrpetiducts has
increased from 188 in 1989 (in concentrations B584) to 1123
usesin 2007 at up to 100%. Simmondsia Chinedsjslfa) Seed
Wax had no uses listed in 1989 and is currentlypntep to be
used in 8 cosmetic products at up to 2%. Hydrogehdojoba
QOil is reported to be used in 71 cosmetic produltimyba Esters
in 121 cosmetic products, Simmondsia Chinensi®bh)jButter
in 18 cosmetic products, Jojoba Alcohol in 21 cast@oducts,

and Synthetic Jojoba Oil in 6 cosmetic productapato 31%,

44%, 6%, 1%, and 0.1%, respectively. Hydrolyzgdda Esters
are in 86 cosmetic products up to 2%. Isomerizgoba Oil is

not reported as being used.

Simmondisia Chinensis (Jojoba) Seed Oil was dedeictehe
feces of mice fed the ingredient at 0.5 to 1.6910gyj.

Simmondsia Chinensis (Jojoba) Seed Oil penetraidd mouse
skin. The main route of penetration was the haiticfe.
Simmondsia Chinensis (Jojoba) Seed Oil in an exmilsith Brij
96 and Capmul in 40% water delivered Fluconazatautph new
born mouse skin at a greater rate than gel ba®edy a small
amount of radio-labeled Simmondsia Chinensis (Jjjdkeed
Wax injected subcutaneously into albino mice wasdied into
carcass and the lipid fractions of the brain awerli Following
the injection of the radio-labeled Simmondsia Chsig (Jojoba)
Seed Wax in mice, the greatest counts of radiaagctixere in the
liver, brain, lungs, and carcass lipids.

Simmondsia Chinensis (Jojoba) Seed Oil alteregh#metration
of aminophylline and Diclofenac when applied
microemulsion.
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in a

stearate (4.9%)d a Weanling rats fed Simmondsia Chinensis (Jojobajl $¢ax had

reduced weight gain. Digestibility of the Wax wé. Fecal
matter contained 51% fat when the rats were fed $32ftnondsia
Chinensis (Jojoba) Seed Wax. Efficiency of energgversion
was half that of the control diets.

Orally administered jojoba liquid wax to rats inibdol
carrageenin-induced edema at 5 and 10 ml/kg. bhiek’s
embryo chorioallantoic membrane test, jojoba liquéck reduced
the granulation tissue weight by 15.8% and 38%08&& and 50%,
respectively, compared to controls. Ear edemadedwby a
croton oil/ethanol/pyridine/ethyl ether solvent wasluced by
28% and 43.6% at 30% and 50%, respectively, wits le
neutrophil infiltration and hyperemia compared toniols.
Jojoba liquid wax injected at 5 and 10 ml/kg redLibtO levels
by 31.4% and 32.8%, respectively, after the ingectf sterile air
then lippolysaccharides frork. coli compared to controls.
Croton oil-induced myeloperoxidase activity of reggars was
decreased by jojoba liquid wax at 30% and 50% 6 26hd
53.3%, respectively.

Simmondsia Chinensis (Jojoba) Seed Oil increasesbdbl
cholesterol levels in rabbits fed a cholesteroéfdéet. Rabbits
fed a diet consisting of 1% cholesterol and 2% Samadisa
Chinensis (Jojoba) Seed Oil was 40% lower compavitd

controls.

Simmondsia Chinensis (Jojoba) Seed Oil inhibitsrbysis of
vitamin A esters in chicks and rats.

When tested for acute toxicity, Simmondsia Chingiidojoba)
Seed Oil was not toxic to mice at 1.69 ml/10 gwé&iethan 50%
of rats died when administered 21.5 ml/kg Simmaoa@$iinensis
(Jojoba) Seed Oil. The acute oral toxicity of @ hialm with
20.0% Simmondsia Chinensis (Jojoba) Seed Oil waastgr than
5.0 g/lkg. Simmondsia Chinensis (Jojoba) Seed Was mot
classified as a toxic substance in rats at 5.0.g/Kgrally
administered Jojoba Esters (15, 30, 60, 70) wetréoR@ to rats
at 5 g/kg. Jojoba Esters (iodine values 40 andv@®@ not toxic
to white rats at 5.0 g/kg; the rats survived for dd4after
administration. Orally administered Jojoba Alcolvak not toxic
to rats at 50 ml/kg.

Simmondisa Chinensis (Jojoba) Seed Oil administiertite diet

of rats resulted in 10% mortality in all 3 exposuf#.0, 2.0, and
3.0 g/d). Simmondsia Chinensis (Jojoba) Seed &2iltb rats
reduced food consumption but did not affect foamhsit time.

When rats in another study were fed up to 9% Sintisan
Chinensis (Jojoba) Seed Oil in their diet for ugtaweeks, there
were no deaths and no clinical signs. Lipid conterthe feces
and urea concentration increased dose-depend&vtiife blood

cell counts increased in the high dose group.

Rats administered Simmondsia Chinensis (Jojobajl $¥ax
subcutaneously 6 d/week for 7 weeks at 1 ml/kgiged Blood
chemistry values were similar between controls iadtment
groups. Simmondsia Chinensis (Jojoba) Seed Waxaiasxic
when applied to the shaved backs of guinea pige/éek for 20
weeks up to 0.5 g/kg.

Simmondsia Chinensis (Jojoba) Seed Oil was not agrm



irritating when applied to guinea pigs at 0.5 ml & d. When
applied to intact and abraded skin of white rakiitslip balm at
20%, Simmondsia Chinensis (Jojoba) Seed Oil wasnmailty
irritating with a mean score of 0.33 out of 4. alg Esters (15,
30, 60, and 70) were not irritating to the intaatl abraded skin
of albino rabbits at 0.5 ml under an occluded pdtzh24 h.
When applied to the intact and abraded skin ohalbabbits, two
Jojoba Esters (iodine values of 40 and 60) wereingating
after 24 h under an occluded patch. Simmondsiand®isis
(Jojoba) Seed Wax was not irritating to albino iesbA Dermal
Irritection test found Hydrolyzed Jojoba Esters amder (20:80
wt.%) to be non-irritating at 25 and 125 ml. J@dkcohol was
found to be non-irritating to the skin of albino mmets at 10.0%
(in refined Simmondsia Chinensis (Jojoba) Seed Oil.

Simmondisa Chinensis (Jojoba) Butter was classHige@ non-
irritant when applied to the intact and abradec sk New
Zealand white rabbits at 0.5 ml for 24 h under eciwled patch.
Jojoba Alcohol, up to 50% in refined Simmondsia r@hnisis
(Jojoba) Seed Oil, showed no signs of irritation the
macroscopic level when applied to the intact arrdddd skin of
white rabbits for 15 and 30 d. Microscopic evailmatevealed
light to medium incrassation of the germinative easf the
epidermis and light dermal irritation. After 15 256% Jojoba
Alcohol induced redness, induration, and swelligter 30 d,
25% Jojoba Alcohol induced redness; 50% inducedhess|
induration, and swelling. Histopathological exaation was
negative for other signs of irritation. The Dratest on albino
marmots was negative at 10% Jojoba Alcohol, innesfi
Simmondsia Chinensis (Jojoba) Seed Oil.

Simmondsia Chinensis (Jojoba) Seed Oil was norsligitly

irritating when instilled into the eyes of white biats.

Simmondsia Chinensis (Jojoba) Seed Wax was nadifis as
an ocular irritant when instilled into the eyeswdiite rabbits.
Jojoba Esters (15, 30, 60, and 70) were not clads#s ocular
irritants when instilled into the eyes of albindb#s. Jojoba
Esters (iodine values of 40 and 60) were not diasisas ocular
irritants when instilled into the eyes of albindb#ts. In the
Eytex test, Jojoba Esters (15, 20, and 30) weradda be non-
irritating. Jojoba Esters in water (20:80 wt.%)swaund to be
non-irritating in a chorioallantoic membrane vascuhssay.

mutagenic usin. typhimuriungstrains TA98, TA100, TA1535,
and TA1537) andt. coli (strain WP-2) at 1.25 to 40.0 nl/plate,
with and without metabolic activation. There waswmutgenicity
observed in an Ames test of a mixture of isoprgpjdbate,
Jojoba Alcohol, Jojoba Esters, and tocopherol (353%0.1
wt.%) usingS. typhimurium(strains TA98, TA100, TA1535,
TA153, and TA1538) anH. coli (strain WP-2).

One of 26 patients, all with a history of eithezema or
dermatitis, had a slight eczema reaction to refiaed crude
Simmondsia Chinensis (Jojoba) Seed Oil after 2fidxposure.
When repeated with 20 more patients, there wagiémavith a
reaction after patch removal. There were no reastamong the
control group. In a contact dermatitis study ofpétients
suspected of sensitivity to Simmondsia Chinensippfh) Seed
Oil, 5 had positive reactions to 20% Simmondsian€hsis
(Jojoba) Seed Oil in olive oil and 20% Simmondstanénsis
(Jojoba) Seed Oil in liquid petrolatum. When apglito the
person with no reaction, pure Simmondsia Chine@kifoba)
Seed Oil as a hair dressing resulted in contachatgtis of the
scalp. There were no reactions among the contoaly

A lip balm with 20% Simmondsia Chinensis (Jojobag& Oil

was applied to the lips of 200 adults for 4 d, ¢hevas no
irritation observed. The skin irritation and sé@sition potential
of this lip balm was tested on the backs of headtiyjects. One
subject in 208 had mild, transient irritation innan-specific

nature. There were no other reactions.

In a modified Draize-Shelanski repeat insult patest of
Simmondsia Chinensis (Jojoba) Seed Oil, there werallergic
reactions in 152 normal subjects.

In a repeated insult patch test of Jojoba Estef40% in mineral
oil) applied to the backs of subjects 3 d/week3fareeks, did not
produce a reaction during the induction phase. WMrkapplied
2 weeks later, 1 subject had a low level reactibtha 24 h
reading.

Jojoba Esters (20, 30, 60, and 70) and a JojobturaiXJojoba
Esters, isopropyl jojobate, and Jojoba Alcohol) legopbto 15
subjects produced no signs of irritant dermatitis.a repeated
insult patch test of a mixture of isopropyl jojobatlojoba

Jojoba Alcohol, at 12.5%, 25.5%, and 50% in refinedlcohol, Jojoba Esers and tocopherol (35:35:3010.%) on 100

Simmondsia Chinensis (Jojoba) Seed Oil, producegactions
in the cornea or iris when instilled into the eyasrabbits.
Reactions in the conjuctivae did not last past 2&mixture of
isopropyl jojobate, Jojoba Alcohol, Jojoba Esterd eocopherol
(35:35:30:0.1 wt.%) was found to be non-irritating a
chorioallantoic membrane vascular assay.

subjects, there were no adverse reactions.

In a repeated insult patch test of Simmondsia Ctsilse(Jojoba)
Seed Oil (2 separate lots, yellow and clear) angbhio
Esters/Hydrogenated Jojoba Oil on 100 subjectetivas 1 grade
1 reaction to all 3 test substances at 48 h whésblved by the
96-h reading. One other person had a similarieatt the clear

Simmondsia Chinensis (Jojoba) Seed Wax was modigrat®immondsia Chinensis (Jojoba) Seed Oil and andthehe

comedogenic, score 2.67. Jojoba Esters was nomtagaaic,
when tested on white rabbits. Jojoba Esters veened to be non-
to slightly- comedogenic in mineral oil.

Simmondsia Chinensis (Jojoba) Butter was found tm-n
mutagenic in an Ames test usiSgtyphimuriuny(strains TA97,
TA98, TA100, and TA 102) up to 1000 mg/plate wititlavithout
metabolic activation. Jojoba Alcohol was foundhe non-
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Jojoba Esters/Hydrogenated Jojoba Oil. In a regdasult patch
test of Simmondsia Chinensis (Jojoba) Seed OiD&%d on 100
subjects, there were no dermal reactions duringseoof the
study.

In a skin sensitization test of Hydrolyzed Jojolsaels in water
(20:80 wt.%) diluted to 10% there were no reactimmsevidence
of sensitization.



In a patch test of Jojoba Alcohol at 10.0% and Q@0on 20
healthy patients and 40 contact dermatitis pati¢hése were no
reactions in the healthy test group. In the detimgtatients,
there was 1 mild reaction to the 100.0% Jojoba Adtat the 30
min observation.

Lip balm containing 20.0% Simmondsia Chinensisqbia) Seed
Oil was applied to the forearms and irradiated WItWA for 15

min. There were no reactions and the lip balm elassified as
non-phototoxic. Simmondsia Chinensis (Jojoba) S@#dn a

sunscreen at 0.5% was administered to 102 sulifpesiialight for
2 consecutive days and found to be non-phototoXimixture of

isopropyl jojobate, Jojoba Alcohol, Jojoba Esterd eocopherol
(35:35:30:0.1 wt.%) was found to be non-photot@iz00%. In
a photoallergenicity test of a lip balm containi.0%

Simmondsia Chinensis (Jojoba) Seed Oil on 30 stdyjde lip

balm was applied and irradiated with UVA to thedénmarm 3
d/week for 3 weeks. After a 13- to 18-day res,lth balm was
reapplied for 48 h. There were no reactions olexkand the
product was classified as non-photoallergenicoldmjlcohol, at
10.0% and 100.0%, applied to healthy patients abwtact

dermatitis patients and irradiated with UVA, resdlin 1 mild

reaction in one of the dermatitis patients.

There was a case history of a woman who had itothemgnatitis
after using a moisturizing cream. Patch tests wegative for the
ingredients in the cream except for “jojoba oil”dawother
ingredients.

DISCUSSION

The Cosmetic Ingredient Review Expert Panel noted there
were new uses listed in baby and eye productse$he original
safety assessment did not break down the categdnies to the
extent that is now in practice, it was considerixgly that
Simmondsia Chinensis (Jojoba) Seed Oil and Wax wsee in
these products. Simmondsia Chinensis (Jojoba) Gééslused
up to 100% in bath products, which would be dilutgebn used,
and in body and hand creams, etc., which wouldieadiluted.
The Expert Panel considered, therefore, that expdsul00%
use concentration was possible.

In the absence of inhalation toxicity data, thed?aletermined
that Simmondsia Chinensis (Jojoba) Seed Oil, Hyeinated
Jojoba Oil, Jojoba Esters, and Jojoba Alcohol aanded safely
in hair sprays, because the ingredient particle s& not
respirable. The Panel reasoned that the pariiotec$ aerosol
hair sprays {38 um) and pump hair sprays (>8@n) is large
compared to respirable particulate sizesQ(um).

The Expert Panel recognized that these ingred@mtsnhance
the penetration of other ingredients through thé ge.g.
fluconazole and aminophylline). The Panel cautibtit care
should be taken in formulating cosmetic producsthay contain
these ingredients in combination with any ingretiiewhose
safety was based on their lack of dermal absorptita, or when
dermal absorption was a concern.

Based on the composition of these ingredientsgetheare no
structural alerts for reproductive/developmentaidity and these
ingredients are not expected to easily penetrate Slone of the
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tested ingredients were genotoxic and there werstnuztural

alerts for carcinogenicity. The Expert Panel expeel concern
regarding pesticide residues and heavy metalsthgabe present
in botanical ingredients, including Jojoba deriva. They
stressed that the cosmetic industry should contiouese the
necessary procedures to limit these impuritiefiéningredients
before blending into cosmetic formulations. It wased that the
Synthetic Jojoba Oil was actually produced in #i#ratory and
not processed from the actual Simmondsia Chinddsi®ba)

Seed Oil or Wax.

The CIR Expert Panel recognized that there are dafss
regarding use and concentration of these ingresliddbwever,
the overall information available on the typesmfducts in which
these ingredients are used and at what concemtsatidicate a
pattern of use, which was considered by the Expartel in
assessing safety.

CONCLUSION

Simmondsia Chinensis (Jojoba) Seed Oil, Simmor@siaensis

(Jojoba) Seed Wax, Hydrogenated Jojoba Oil, Hyaexhdojoba
Esters, Isomerized Jojoba Oil, Jojoba Esters, Sinusia

Chinensis (Jojoba) Butter, Jojoba Alcohol, and Bgtit Jojoba
Oil are safe as cosmetic ingredients in the prestaf use and
concentration as discussed in this safety assessmen
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