Final Report on the Safety Assessment of Tocopherol, - -
Tocopheryl Acetate, Tocopheryl Linoleate, Tocopheryl -
Linoleate/Oleate, Tocopheryl Nicotinate, Tocopheryl

Succinate, Dioleyl Tocopheryl Methylsilanol, Potassium
Ascorbyl Tocopheryl Phosphate, and Tocophersolan’

Tocopherol and its several ester and ether derivatives all func-
tion as antioxidants in cosmetic formulations; they also have other
functions, such as skin conditioning. Tocopheryl Acetate, Toco-
pherol, and Tocopheryl Linoleate are used in 2673 formulations,
generally at concentrations of up t0 36 %, 5%, and 2%, respectively,
although Tocopheryl Acetate is 100% of vitamin E oil. Tocopher-
solan, Tocophery! Linoleate/Oleate, Tocopheryl Nicotinate, Toco-
pheryl Succinate, Dioleyl Tocopheryl Methylsilanol, and Potassium
Ascorbyl Tocopheryl Phosphate, combined, are used in 36 formula-
tions at concentrations lower than those reported for the frequently
used ingredients. Tocopherol may be isolated from vegetable oils or
synthesized using isophytol and methylhydroquinone. Tocopherol,
Tocopheryl Acetate, Tocopheryl Linoleate, and Tocopheryl Suc-
cinate all were absorbed in human skin. In rat skin, Tocopheryl
Acetate is hydrolyzed to Tocopherol. Tocopherol is a natural com-
ponent of cell membranes thought to protect against oxidative
damage. Tocopherol, Tocopheryl Acetate, and Tocopheryl Succi-
nate each were reported to protect against ultraviolet radiation—
induced skin damage. These ingredients are generally not toxic in
animal feeding studies, although very high doses (>2 g/kg/day)
have hemorrhagic activity. These ingredients are generally not ir-
ritating or sensitizing to skin or irritating to eyes, although a To-
copheryl Acetate did produce sensitization in one animal test, and
Tocophersolan was a slight eye irritant in an animal test, Repro-
ductive and developmental toxicity tests in animals using Toco-
pherol, Tocopheryl Acetate, Tocopheryl Succinate, and Tocopher-
solan were all negative or showed some effect of reducing toxicity.
Tocopherol, Tocopheryl Acetate, Tocopheryl Succinate, and Dioleyl
Tocopheryl Methylsilanol were almost uniformly negative. These
ingredients exhibit antimutagenic activity consistent with their an-
tioxidant properties. Tocopherol was not carcinogenic. The ability
of Tocopherol, Tocopheryl Acetate, and Tocopheryl Succinate to
modulate the carcinogenic effect of other agents (e.g., tumor pro-
motion) has been extensively studied. One study showing tumor
promotion in mice may be discounted as not reproducible and
not consistent with the large volume of data suggesting that the
antioxidant properties of these agents protect against tumor in-
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duction. Specifically, the frequent use of Tocopherol as a negative
control in other tumor promeotion studies suggests that Tocopherol
is not a tumor promoter. Tocopherol has been shown to reduce
the photocarcinogenic effect of ultraviolet radiation in mice. Sim-
ilar studies with Tocopheryl Acetate and Tocopheryl Succinate,
however, demonstrated some enhancement of photocarcinogene-
sis, although the effect was not dose related. In clinical studies,
Tocopherol, Tocopheryl Acetate, and Tocopheryl Nicotinate were
not irritants or sensitizers. A report of a large number of positive
patch-tests to Tocopheryl Linoleate in one cosmetic product were
considered to result from a contaminant or metabolite. The Cos-
metic Ingredient Review Expert Panel considered that these data
provide an adequate basis on which to conclude that Tocopherol,
Tocophersolan, Tocopheryl Acetate, Tocopheryl Linoleate, Toco-
pheryl Linoleate/Oleate, Tocopheryl Nicotinate, Tocopheryl Suc-
cinate, Dioleyl Tocopheryl Methylsilanol, and Potassium Ascorbyl
Tocopheryl Phosphate are safe as used in cosmetic formulations.
Although there were no inhalation toxicity data, these ingredients
areused at suchlow concentrations in hair sprays that no inhalation
toxicity risk was considered likely. Because methylhydroquinone is
used in the chemical synthesis of Tocopherol, there was concern
that hydroquinone may be present as an impurity. In such cases,
residual levels of hydroquinone would be expected to be limited to
those achieved by good manufacturing practices.

INTRODUCTION

This report reviews the safety of Tocopherol, Tocopheryl Ac-
etate, Tocopheryl Linoleate, Tocopheryl Linoleate/Oleate, To-
copheryl Nicotinate, Tocopheryl Succinate, Dioleyl Tocopheryl
Methylsilanol, Potassium Ascorbyl Tocopheryl Phosphate, and
Tocophersolan. All of these ingredients function as antioxi-
dants, and most function as skin-conditioning agents (Cosmetic,
Toiletry, and Fragrance Association [CTFA] 1999a-f;
Wenninger and McEwen 1997). Because these ingredients all
have Tocopherol in their structure and function in a similar man-
ner as cosmetic ingredients, they have been grouped with the
expectation that safety test data on one will be applicable to all.

Vitamin E, a fat-soluble vitamin, designates a group of com-
pounds that have qualitatively the biological activity of
a-tocopherol. Biological activity of a vitamin nature is expressed
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52 COSMETIC INGREDIENT REVIEW

by a-, 8-, ¥ -, and §-tocopherol, each of which can exist in various
stereoisomeric forms (Vanderveen and Vanderveen 1990). Vita-
min E is also comprised of ¢-, -, ¥ -, and §-tocotrienol (Schmidt
and Nikoleit 1993); tocopherols differ from tocotrienols only in
the side chain, which is saturated in tocopherols and unsaturated
in tocotrienols (Vanderveen and Vanderveen 1990). Both the to-
copherols and the tocotrienols occur in nature. a-Tocopherol is
the most important member because of activity and occurrence.
In the esters of a-tocopherol, the reactive hydroxyl group is
protected and these ingredients are more stable (Papas 1993).

CHEMISTRY

Definition and Structure

Tocopherol—CAS nos. 59-02-9 (d-alpha), 1406-18-4,
10191-41-0 (Wenninger and McEwen 1997), and 2074-53-5
(DL-a) (National Academy of Science [NAS] 1996), a 6-chromal
derivative (Nachbar and Korting 1995)—is the organic com-
pound that conforms to the following formula (Wenninger and
McEwen 1997):

CHg

oy
CHg )

(CHoCHoCH,CH)5CHg

CHg
OH

CHg

Tocopherol is also known as Vitamin E; Natural Vitamin E;
D-Alpha Tocopherol; DL-a-Tocopherol; Mixed Tocopherols
(Wenninger and McEwen 1997); a-Tocopherol (Lewis 1993a;
Budavari 1989); d-a-Tocopherol; dl-a-Tocopherol; (R,R.R)-a-
Tocopherol; (2R, 4'R.,8 R)-a-Tocopherol (Lewis 1993a),
3,4-Dihydro-2,5,7,8-Tetramethyl-2-(4,8,12-Trimethyltridecyl)-
2H-1-Benzopyran-6-0l (Wenninger and McEwen 1997;
Budavari 1989); 2H-1-Benzopyran-6-ol, 3,4-Dihydro-2,5,7,8-
Tetramethyl-2-(4,8,12-Trimethyltridecyl)- (Wenninger and
McEwen 1997); dI-2,5,7,8-Tetramethyl-2-(4’,8’,12'-Trimethyl-
tridecyl)-6-Chromanol (CTFA 1999a); 2,5,7,8-Tetramethyl-
2-(4',8',12'-Trimethyltridecyl)-6-Chromanol (Budavari 1989);
2,5,7,8-Tetramethyl-2-(4,8,12-Trimethyltridecyl)-6-Chromanol
(Vanderveen and Vanderveen 1990); dI-2,5,7,8-Tetramethyl-2-
(4',8',12’-Trimethyltridecyl)-6-Chromanol  (Lewis 1993b);
5,7,8-Trimethyltocol (Lewis 1993a; Lide 1993; Vanderveen
and Vanderveen 1990; Budavari 1989); Racemic 5,7,8-
Trimethyltocol, and all-rac-alpha Tocopherol (BASF 1994a).

International agreement specifies that natural o-tocopherol
should be designated as RRR-a-tocopherol and the synthetic
form as all-rac-a-tocopherol (Papas 1993). However, the nat-
ural and synthetic forms are often designated as d- and dl-a-
tocopherol, respectively, in commercial use and in published
literature. .

Tocopheryl Acetate (CAS nos. 7695-91-2 [Wenninger and
McEwen 1997]; 58-95-7 (d-«-) [NAS 1996]) is the ester of

Tocopherol (q.v.) and acetic acid (Wenninger and McEwen
1997) that conforms to the following formula (CTFA, personal
correspondence):

CHy CHy
CH3 O.__(CHyCHoCH,CH)3CH3
o CHg
CH3—C—-0
CHg

Tocopheryl Acetate is also known as D-Alpha Tocopheryl
Acetate; DL-Alpha Tocopheryl Acetate; D-c-Tocopheryl
Acetate; DL--Tocopheryl Acetate; Vitamin E Acetate; 2H-1-
Benzopyran-6-ol, 3,4-Dihydro-2,5,7,8-Tetramethyl-2-(4,8,12-
Trimethyltridecyl)-, Acetate; (Wenninger and McEwen 1997);
3,4-Dihydro-2,5,7,8-Tetramethyl-2-(4,8,12-Trimethyltridecyl)-
2H-1-Benzopyran-6-ol Acetate (Wenninger and McEwen 1997;
Hoffmann-LaRoche 1995; Budavari 1989); «-Tocopherol
Acetate; a-Tocopheryl Acetate (Budavari 1989) all-rac alpha-
Tocopherol Acetic Acid Ester; 5,7,8-Trimethyltocol Acetate
(BASF 1993a); di-2,5,7,8-Tetramethyl-6-Acetoxy-2-(4',8,12'-
Trimethyltridecyl) Chromane (CTFA 1999b); 2,5,7,8-Tetra-
methyl-2-(4,8,12-Trimethyltridecyl)-6-Chromanol Acetate
(Hoffmann-LaRoche 1995; Budavari 1989; Roche 1994); and
(2RS, 4RS, &RS)-2,5,7,8-Tetramethyl-2-(4',8',12'-Trimethyl-
tridecyl)-6-Chromanyl-Acetat (Hoffmann-LaRoche 1996).

Tocopheryl Linoleate (CAS no. 36148-84-2) is the ester of
Tocopherol (q.v.) and linoleic acid (q.v.) (Wenninger and
McEwen 1997). Tocopheryl Linoleate is also known as D-Alpha
Tocopheryl Linoleate; DL-Alpha Tocopheryl Linoleate;
DL--Tocopheryl Linoleate; Vitamin E Linoleate; and 9,12-
Octadecadienoic  Acid, 3,4-Dihydro-2,5,7,8-Tetramethyl-2-
(4,8,12-Trimethyltridecyl)-2H-1-Benzopyran-6-yl Ester.

Tocopheryl Linoleate/Oleate (no CAS no. found) is the ester
of Tocopherol (g.v.) and a mixture of linoleic acid (q.v.) and
oleic acid (q.v.) (Wenninger and McEwen 1997). Tocopheryl
Linoleate/Oleate is also known as DL-a-Tocopheryl Linoleate/
Oleate.

Tocopheryl Nicotinate (CAS nos. 16676-75-8, 51898-34-1)
is the ester of Tocopherol (q.v.) and nicotinic acid (Wenninger
and McEwen 1997) that conforms to the following formula
(CTFA, personal correspondence):

CHg

ot
CH3 o

(CHoCHoCH,CH)ZCH3
CHy

Tocopheryl Nicotinate is also known as D-Alpha Tocopheryl
Nicotinate; DL-Alpha Tocopheryl Nicotinate; DL-a-Tocopheryl
Nicotinate; Vitamin E Nicotinate; 3-Pyridinecarboxylic Acid,
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3,4-Dihydro-2,5,7,8-Tetramethyl-2-(4,8,12-Trimethyltridecyl)-
2H-1-Benzopyran-6-yl Ester (Wenninger and McEwen 1997);
and all-rac-alpha-Tocopherol Nicotinate (BASF 1994b).

Tocopheryl Succinate (CAS no. 4345-03-3) is the ester of
Tocopherol (q.v.) and succinic acid (Wenninger and McEwen
1997) that conforms to the following formula (CTFA, personal
correspondence):

CHg CHy
CHa O.__-(CHaCHoCH,CH)3CHg
o 0 CHz
HO—CCH,CHp—C—0
CHg

Tocopheryl Succinate is also known as D-Alpha Tocopheryi
Succinate; DL-Alpha Tocopheryl Succinate; Vitamin E
Succinate; Butanedioic Acid, Mono[3,4-Dihydro-2,5,7,8-Tetra-
methyl-2-(4,8,12-Trimethyltridecyl)-2Hg1 - Benzopyran-6-yl]
Ester (Wenninger and McEwen 1997); «a-Tocopheryl Acid
Succinate; and Vitamin E Acid Succinate (Budavari 1989).

Dioleyl Tocopheryl Methylsilanol (CAS nos. 143-28-2;
130986-04-8 [Exsymol 1988]) is the dioleyl ether of Tocopheryl
Acetate (q.v.) monoether with methysilanetriol (Wenninger and
McEwen 1997) that conforms to the formula (Exsymol 1988):

CHg Si[OCH,(CHp)7CH=CH(CHp)7CHgl,
OR

R = Tocopheryl Acetate

Potassium Ascorbyl Tocopheryl Phosphate (no CAS no.
found) is the compound that conforms to the formula
(Wenninger and McEwen 1997):

X o, .
HaC O._CHg
W ?Hz
0-P-0 CHy
O (@] CH3 CI;H2 2K+
g CHCHg
CHg
o GHOH
CH,0OH

Potassium Ascorbyl Tocopheryl Phosphate is also known
as L-Ascorbic Acid 2-[3,4-Dihydro-2,5,7,8-Tetramethyl-2-(4,8,
12-Trimethyltridecyl)-2H-1-Benzopyran-6-yl Hydrogen Phos-
phate] Potassium Salt (CTFA 1999c).

Tocophersolan (CAS no. 30999-06-5) is the compound that
conforms to the formula (Wenninger and McEwen 1997):

CH3 - ?H3 -
CHg 0._(CHoCHyCHoCH)5CHg
CHg
00
CHy  CHg
oy
g—O(CHZCHQO)nH

Where n has an average value of 22.

Tocophersolan is also known as «-Tocopheryl Polyethylene
Glycol 1000 Succinate. This ingredient is a water-soluble form
of vitamin E (Krasavage and Terhaar 1977).

Physical And Chemical Properties
Physical and chemical properties are described in Table 1.

Manufacture and Production

Tocopherol is isolated on a commercial scale from vegetable
oils, usually by molecular distillation, extraction with organic
solvents, or by absorption chromatography (Vanderveen and
Vanderveen 1990). Tocopherol is prepared synthetically by con-
densing isophytol with tri-, di-, or monomethylhydroquinone
(Papas 1993). When produced synthetically, racemic mixtures
of eight stereoisomers are formed.

Tocopheryl Acetate is prepared by the esterification of dl--
Tocopherol with acetic acid (CTFA 1999b).

Tocopheryl Linoleate/Oleate is prepared by the esterification
of Tocopherol and a mixture of linoleic and oleic acids (CTFA
1999d).

Tocopheryl Nicotinate is prepared by the esterification of
Tocopherol and nicotinic acid (CTFA 1999%).

Tocopheryl Succinate is obtained by the vacuum steam distil-
lation and succinylation of edible vegetable oil products (NAS
1996). Tocopheryl Succinate can also be prepared by treating
a-Tocopherol with succinic anhydride in pyridine (Budavari
1989).

Dioleyl Tocopheryl Methyisilanol—no information was
available on the manufacture of this ingredient. A manufacturer
reported that 1 kg of a mixture of Dioleyl Tocopheryl Methyl-
silanol and oleyl alcohol contains 5.0 g monomethylsilanetriol,
of which is 1.5 g silicon, 0.5 g Tocopheryl Acetate, and 1000 g
oleic acid gsp (Exsymol 1988).

Potassium Ascorbyl Tocopheryl Phosphate is manufactured
using a phosphate diester linkage of vitamin E and vitamin C,
formulated as a potassium salt (CTFA 1999c).

Tocophersolan is prepared from crystalline d-a-Tocopheryl
Succinate by esterification of the acid group with polyethylene
glycol (Krasavage and Terhaar 1977).

Natural Occurrence
Tocopherol, which occurs in nature in four forms, i.e.,
d-a-,d-p-, d-y-, and d-§- (Papas 1993), is found largely in plant



54

COSMETIC INGREDIENT REVIEW

TABLE 1 - -
Physical and chemical properties B
Property Description Reference
Tocopherol
Physical characteristics Viscous, oily liquid with a weak odor CTFA 1999a
Viscous yellow to reddish almost odorless clear oil BASF 1998a
Transparent, brownish-red, viscous oil with a characteristic odor Henkel 1996
Yellow to amber, nearly odorless, clear, viscous oil NAS 1996
Light brown liquid with a mild, oily odor BASF 1995
Red to reddish-brown viscous liquid with a slight, mild odor Papas 1993

Molecular formula
Molecular weight (Da)

Melting point

Boiling point

Solubility

Density

Index of refraction

Specific rotation

Slightly viscous, pale yellow oil

Viscous, yellow to reddish brown practically odorless clear oil

Red, nearly odorless, viscous oil (d-a-Tocopherol)

Pale yellow viscous oil (dl-o-Tocopherol)

Cy9Hs500;

430.7

430.71

430.69

(a-) 430.72

(B-) 416.69

(y-) 416.69

(8-) 402.67

3°C

2.5°C-3.5°C

200°C-220°C (0.1 mm Hg)

350°C

210°C (0.1 mm Hg); decomposes at 350°C

200°C-220°C (0.1 mm Hg)

Freely soluble in ether, chloroform, acetone, and vegetable oils;
soluble in dehydrated alcohol; practically insoluble in water

Freely soluble in alcohol; miscible with acetone, chloroform,
ether, fats, and vegetable oil; insoluble in water

Sparingly soluble in water; soluble in many organic solvents

Soluble in hydrocarbons, chlorinated hydrocarbons, alcohols,
fats, and oils; insoluble in water

Soluble in alcohol, ether, and acetone

Practically insoluble in water

Freely soluble in oils, fats, acetone, alcohol, chioroform, ether,
other fat solvents

0.947-0.958 (25°C)

0.947-0.958 (42°)

0.935 (20°C)

0.950 (d§5)

1.503-1.507 (25°C)

1.503-1.507 (n¥)

1.5045 (nZ))

1.503-1.507 (20°C)

+0.65° (alcohol) ([]}3)

—3.0° (benzene) ([@]Z,)

+0.32° (alcohol) ([a]giﬂ)

Synthetic Tocopherol is optically inactive

Lide 1993; Budavari 1989
BASF 1994a
21 CFR 184.1890

Wenninger and McEwen 1997
BASF 1994a

Lide 1993

Budavari 1989

Papas 1993

BASF 1995

Lide 1993; Budavari 1989
CTFA 1999a

BASF 1995

Lide 1993

Budavan 1989

CTFA 1999a

NAS 1996

BASF 1995
BASF 1994a

Lide 1993
Lewis 1993a
Lewis 1993a; Budavari 1989

CTFA 1999a

BASF 199%4a, 1998a
BASF 1995
Budavari 1989
CTFA 1999a
BASF 1994a, 1998a
Budavari 1989
FDA 1998a

Lide 1993

Budavari 1989

Schmidt and Nikoleit 1993
(Continued)
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TABLE 1 - -
Physical and chemical properties (Continued)
Property Description Reference

Acid value 1.0 max Henkel 1996

2.0 max BASF 1994a
Flash point Approximately 260°C BASF 1995
Ignition temperature Approximately 280°C BASF 1995
Stability/reactivity Sensitive to oxygen and light CTFA 1999a

Physical characteristics

Molecular formula
Molecular weight (Da)

Melting point

Boiling point

Solubility

Unstable to oxidizing agents; darkens on exposure to air
and light

Sensitive to light, oxygen, alkalies, and oxidizing agents

Not affected by high temperatures or acids; decomposes
in UV light; oxidized in the presence of iron salts or
rancid fats

Stable to heat and alkalies in the absence of oxygen;
not affected by acids up to 100°C; slowly oxidized by
atmospheric oxygen, rapidly by ferric and silver salts

Oxidizes and darkens in air and on exposure to light

Tocopheryl Acetate
Yellowish-brown viscous, oily liquid
Light yellow practically odorless viscous oil
Light yellow almost odorless oily liquid
Colorless to yellow or greenish-yellow, nearly odorless,
clear viscous oil
Slightly yellow, clear, practically odorless viscous oil
Clear yellowish viscous almost odorless oil
Clear yellow nearly odorless liquid
Pale yellow viscous liquid
C31Hs203
472.73

472.75
472.76
472.8
—27.5°C

Decomposes

224°C (0.3 mm Hg)

>300°C

443°C (750 mm Hg)

>200°C

184°C (0.01 mm Hg)

Freely soluble in organic solvents; practically insoluble
in water

Soluble in many organic solvents; sparingly soluble in water

Freely soluble in alcohol; miscible with acetone, chloroform,
ether, and vegetable oils; insoluble in water

“Well soluble” in ethanol, acetone, diethyl ether, chloroform,
and vegetable oil; practically insoluble in water

BASF 1994a, 1998a

Henkel 1996
Vanderveen and Vanderveen 1990

Budavari 1989

FDA 1998a

CTFA 199%

BASF 1993a, 1998b
BASF 1996a

NAS 1996

Hoffmann-LaRoche 1995

Henkel 1994

Roche 1994

Budavari 1989

Wenninger and McEwen 1997

SpecChem* 1998a; Hoffmann-LaRoche
1995; Budavari 1989

NAS 1996; Lide 1993

Roche 1994; Hoffmann-LaRoche 1995

BASF 1993a

CTFA 1999b; SpecChem* 1998a;
Hoffmann-LaRoche 1995;
Roche 1994

SpecChem™* 1998a

CTFA 1999b; Budavari 1989

BASF 1996a

Hoffmann-LaRoche 1995

Roche 1994

Lide 1993; Budavari 1989

CTFA 1999b

BASF 1996a
NAS 1996

Hoffmann-LaRoche 1995

(Continued on next page)
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TABLE1 - -
Physical and chemical properties (Continued) .
Property Description Reference
Soluble in ethanol; miscible with acetone, ether, chloroform, Roche 1994
and vegetable oils; insoluble in water
Soluble in hydrocarbons, alcohols, fats, and oils; BASF 1993a
insoluble in water
Soluble in ether, acetone, and chloroform Lide 1993
Freely soluble in acetone, chloroform, and ether; less readily = Budavari 1989
soluble in alcohol; practically insoluble in water
Specific gravity 0.95 (25/25°C) CTFA 1999b; Roche 1994

Density

Index of refraction

Specific rotation (d-form)
Acid value

Octanol/water partition
coefficient
Flash point

Ignition temperature

Stability/reactivity

Molecular formula
Physical characteristics

Solubility
Reactivity

Physical characteristics

0.947-0.966 (25°C)
0.9533 (water = 1)
0.952-0.966 (20°C)

0.932 (60°C)
0.9533 (21.5°C)
1.49-1.51 (25°C)
1.494-1.498 (nZ)

1.495-1.497 (n)

1.4950~1.4972 (nX’)

>424°

+0.25° ([}%’) (c = 10 in chloroform)
+3.2° ([@1®) (in ethanol)

1.0 max

2.0 max

12.2

210°C

243°C

303°C

320°C

Resistant to heat and oxygen; sensitive to alkalis and strong
oxidizing agents

Combustible

Fairly stable to heat and air, but sensitive to light and alkalies

Resistant against light and oxygen; unstable in the presence
of alkalis and oxidizing agents; may crystallize if stored at
temperatures <4°C

Unstable in the presence of alkali

Tocopheryl Linoleate
C47HgoO5
Tocopheryl Linoleate/Oleate
Qily liquid with a faint odor
Insoluble in water
Prone to oxidation

Tocopheryl Nicotinate
Yellow to orange-yellow liquid or solid with a faint odor
Yellow solid-liquid with a mild odor
Viscous, yellow oil which crystallizes at room temperature;
lipophillic

CTFA 1999b

SpecChem* 1998a

BASF 1993a, 1996a, 1998b;
Hoffmann-LaRoche 1995

BASF 1996a

Lide 1993

CTFA 1999b

BASF 1993a, 1998b;
Hoffmann-LaRoche 1995

Lide 1993

Budavari 1989

Henkel 1994

Budavari 1989

Henkel 1994

Hoffmann-LaRoche 1995;
BASF 1993a

BASF 1996a

BASF 1996a
Hoffmann-LaRoche 1995
BASF 1996a
Hoffmann-LaRoche 1995

CTFA 1999b; BASF 1993a, 1998b

SpecChem™* 1998a
Hoffmann-LaRoche 1995
Henkel 1994

NAS 1996

‘Wenninger and McEwen 1997

CTFA 1999d
CTFA 1999d
CTFA 1999d

CTFA 1999¢
BASF 1996b
BASF 1994b

(Continued)
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TABLE1 - -
Physical and chemical properties (Continued) _
Property Description Reference

Molecular formula C3s5Hs3NO3 Wenninger and McEwen 1997
Molecular weight (Da) 535.8 BASF 1994b
Melting point 45°C CTFA 1999

47°C BASF 1996b
Solubility Soluble in ethyl alcohol, acetone, chloroform, dimethyl- CTFA 1999%¢

formamide (DMF), and vegetable oils; insoluble in water

Soluble in many organic solvents; sparingly soluble in water BASF 1996b

Soluble in organic solvents, fats, and oils; insoluble in water BASF 1995
Loss on drying <0.5% (2 h at 105°C) BASF 1994b
Density 0.97 (50°C) BASF 1996b
Flash point 265°C BASF 1996b
Ignition temperature 330°C BASF 1996b
Stability Stable CTFA 1999¢

Not resistant to strong acids and alkalis BASF 1994b

Tocopheryl Succinate

Physical characteristics ‘White to yellowish solid with a characteristic odor CTFA 1999f

Solid SpecChem* 1998b

White to off-white crystalline powder with little or NAS 1996

Molecular formula
Molecular weight (Da)

Melting point

Boiling point
Solubility

Specific rotation
D-a form
Stability/reactivity

Physical characteristics
Solubility
Density

Refractive index
Saponification index

no taste or odor

White powder

C33Hs5405

530.87

530.79

530.76

70°C-75°C

75°C

Approximately 75°C

76°C-77°C

Decomposes

Soluble in ethyl alcohol (20°C); insoluble in water (20°C)

Very soluble in chloroform,; soluble in acetone, alcohol,
ether, and vegetable oils; insoluble in water

Soluble in alcohol, ether, acetone, or vegetable oils;
slightly soluble in alcohol solutions; insoluble in water

Practically insoluble in water

> +24° ([«]3)

Combustible
Stable in air; unstable to alkali and heat

Budavari 1989

Wenninger and McEwen 1997
SpecChem* 1998b

NAS 1996

Budavari 1989

CTFA 1999f

SpecChem* 1998b

NAS 1996

Budavari 1989

CTFA 1999f; SpecChem* 1998b
CTFA 1999f

NAS 1996

Vanderveen and Vanderveen 1990

Budavari 1989
NAS 1996

SpecChem* 1998b
NAS 1996

Dioleyl Tocopheryl Methylsilanol (mixture with oleyl alcohol)

Slightly yellow, limpid liquid with an oily and viscous aspect
and a slightly aromatic odor

Miscible with most fatty compounds and ethyl alcohol; not
miscible with water

Approximately 0.85 (20°C)

Approximately 1.45 (20°C)

<2

Exsymol 1988 viscous aspect
Exsymol 1988

Exsymol 1988
Exsymol 1988
Exsymol 1988
(Continued on next page)
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TABLE1 - -
Physical and chemical properties (Continued) -
Property Description Reference
Potassium Ascorbyl Tocopheryl Phosphate
Physical characteristics White to yellowish white with a faint characteristic odor; CTFA 1999¢
hygroscopic
Solubility Soluble in water; sparingly soluble in methyl alcohol; practically CTFA 1999¢
insoluble in ethyl alcohol, acetone, ethyl acetate, ether,
chloroform, and tetrahydrofuran; insoluble in glacial acetic acid
Stability Stable against heat and light CTFA 1999¢

Physical characteristics
Molecular formula

Tocophersolan
Pale yellow, practically tasteless waxy substance
C33Hs540s5 - (CH40), (average value of n = 22)

Krasavage and Terhaar 1977
Wenninger and McEwen 1997

Average molecular 1000

weight (Da)
Solubility Forms a clear solution in water at concentrations of <20%
Stability Stable in air; solutions do not hydrolyze under normal handling

and storage

Stable under normal handling and storage conditions

Krasavage and Terhaar 1977

Krasavage and Terhaar 1977
Krasavage and Terhaar 1977

Madhavi and Salunkhe 1996

*Spectrum Chemical Manufacturing Corporation.

materials (Budavari 1989); the typical concentration in mixed
Tocopherol products is 10% to 20%, 1% to 3%, 55% to 66%, and
18% to 33% «-, B-, y-, and 3-Tocopherol, respectively (Papas
1993). a-, B-, ¥-, and §-Tocotrienol, which differ from Toco-
pherol only in the side chain, are also found in nature; the side
chain is saturated in Tocopherol and unsaturated in tocotrienol.
Tocopherol is found in vegetable fats and oils, dairy products,
meat, eggs, cereals, nuts, and leafy green and yellow vegeta-
bles (Vanderveen and Vanderveen 1990). The general range of
tocopherols found in nature is 0.01 to 200 mg tocopherols per
100 g food (Tomassi and Silano 1986). Vegetable oils, such
as wheat germ, cottonseed, corn, soybean, and sunflower oil,
have 50 to 300 mg Tocopherol/100 g. Peanut, olive, and coconut
oil and cabbage, spinach, and asparagus have 5 to 10 mg
Tocopherol/100 g. Eggs, butter, cheese, meat, other vegetables,
fruit, and cereals have 0.5 to 5 mg Tocopherol/100 g. Fish oils are
low or devoid of Tocopherol (Tsallas, Molgat, and Jeejeebhoy
1986). The relative proportions of a-, 8-, ¥-, and §-tocopherol
vary with plant source, and the tocopherol content depends on
the season, plant maturation stage, time and methods of harvest-
ing, method of storage, and genetic factors (Tomassi and Silano
1986).

Analytical Methods

Tocopherol has been determined in cosmetic formulations us-
ing gas-liquid chromatography (GLC); recovery of Tocopherol
ranged from 91% to 102% (Sheppard and Stutsman 1977). To-
copherol has been determined using GLC coupled with a visible-

light detector, high-performance liquid chromatography (HPLC)
using an ultraviolet (UV) detector (Vanderveen and Vanderveen
1990), reverse-phase HPLC (Kagan et al. 1992), HPLC with
fluorescence detection (FDA 1998b), reverse-phase HPLC with
electrochemical detection, UV-based detection (Liebler et al.
1996), and the Emmerie-Engel reaction (FDA 1998c¢). Toco-
pherol has been determined in serum using liquid chromatog-
raphy (DeLeenheer, De Bevere, and Claeys 1979), a liquid-
chromatographic separation with wavelength-programmed
UV/visible absorbance and amperometeric electrochemical de-
tection (MacCrehan and Schénberger 1987), and HPLC (Kock
et al. 1997); in tissue samples using a negative-ion chemical ion-
ization mass-spectrometry method (McClure and Liebler 1995)
and a stable-isotope dilution capillary gas chromatography-mass
spectrometry assay (Liebler et al. 1996); and in human red blood
cells using HPLC with UV detection (Moyano et al. 1997).

Tocopheryl Acetate was determined in cosmetic formula-
tions using GLC; recovery of Tocopheryl Acetate ranged from
93% to 103% (Sheppard and Stutsman 1977). Tocopheryl Ac-
etate was determined in a water-based multivitamin mixture us-
ing solid-phase extraction and reverse-phase HPLC (Savolainen
et al. 1988).

Impurities/Composition

Tocopherol. Food-grade Tocopherol, as DL-a-Tocopherol,
must consist of not less than 96% and not more than 102%
C29Hs00,, and heavy metals (as Pb) must be <10 mg/kg (NAS
1996). Food-grade D-a-Tocopherol concentrate must consist of
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not less than 40.0% of total tocopherols, of which not less than
95.0% consists of D-a-Tocopherol (C29Hs907), and heavy met-
als (as Pb) must be <10 mg/kg.

BASF (1994a) reported that food- and United States Phar-
macopeia (USP)-grade Tocopherol contains <20 mg/kg heavy
metals (USP), <3 mg/kg arsenic, <10 mg/kg lead, <25 mg/kg
zine, <50 mg/kg zinc + copper, and <0.1% sulfate ash. To-
copherol is not expected to contain pesticides, 1,4-dioxane, free
ethylene oxide, monochloroacetic acid, sulfite, organic solvents,
nitrosamines, residual reactants, or other substances (BASF
1998c). Stabilizers are not added to Tocopherol during or
after manufacturing.

Tocopherol, an oil of natural origin, contains low quantities of
other vegetable oil constituents due to the raw materials (Henkel
1996).

Tocopheryl Acetate. Food-grade Tocopheryl Acetate, as
DL-a- and D-a-Tocopheryl Acetate, must consist of not less than
96% and not more than 102% C3;Hs,O3, and heavy metals (as
Pb) must be <10 mg/kg (NAS 1996). USP-grade Tocopheryl
Acetate must contain a minimum of 919 mg/g (1250 IE units)
RRR-a-Tocopheryl Acetate (Henkel 1994).

Tocopheryl Acetate contains <1% free Tocopherol, <20 ppm
heavy metals, <10 ppm lead, <0.1% sulfate ash (Hoffmann-
LaRoche 1995; BASF 1993a), and <3 ppm arsenic; it meets
USP requirements for organic volatile impurities (Hoffmann-
LaRoche 1995). Tocopheryl Acetate is not expected to contain
pesticides, 1,4-dioxane, free ethylene oxide, monochloroacetic
acid, sulfite, organic solvents, nitrosamines, or other substances
(BASF 1998d). Stabilizers are not added to Tocopheryl Acetate
during or after manufacturing.

Tocopherol Acetate, an oil that is a protected form of natu-
rally occurring vitamin E, contains low quantities of other veg-
etable oil constituents due to the raw material (CTFA 1999b;
Henkel 1994).

Tocopheryl Linoleate. The purity of Tocopherol used as
the raw material in manufacturing Tocopheryl Linoleate was
demonstrated using HPLC (Ennagram 1999). More than 97%
of the material appears under a sharp peak.

Tocopheryl Linoleate/Oleate. Tocopheryl Linoleate/Oleate
is composed of >50% dl-a-Tocopheryl Linoleate, >25%
dl-a-Tocopheryl Oleate, and >21% other dl-a-Tocopherol
esters (CTFA 1999d).

Tocopheryl Nicotinate. Tocopheryl Nicotinate contains
<0.1% free nicotinic acid (BASF 1994b) and <20 ppm heavy
metals (BASF 1996¢). Tocopheryl Nicotinate is not expected to
contain pesticides, 1,4-dioxane, free ethylene oxide, monochlo-
roacetic acid, sulfite, organic solvents, nitrosamines, or other
substances. Stabilizers are not added to Tocopheryl Nicotinate
during or after manufacturing.

Tocopheryl Succinate. Food-grade Tocopheryl Succinate
must consist of not less than 96% and not more than 102%
Cs3H540s5, and heavy metals (as Pb) must be <10 mg/kg (NAS
1996). It is not known what residual concentrations of pyridine
might be present if Tocopheryl Succinate is prepared by treating

a-Tocopherol with succinic anhydride in pyridine as described
in the previous section.

Dioleyl Tocopheryl Methylsilanol. One manufacturer re-
ported that a mixture of Dioleyl Tocopheryl Methylsilanol and
oleyl alcohol does not contain preservatives (Exsymol 1998).

Tocophersolan. Eastman Chemical Co. (1999) specifies
that Tocophersolan is to have a monoester content of 70% to
80%, and their historical records indicate an average monoester
concentration of 74.7%. The major impurities include approxi-
mately 10% Tocophersolan diester, 10% free polyethylenegly-
col (PEG), and 1% free a-Tocopherol. Minor impurities include
succinic acid ester of Tocophersolan monoester, free succinic
acid, propionate ester of Tocophersolan, ethyl ester of Toco-
pheryl Succinate, methy! ester of Tocopheryl Succinate, and
a-Tocopheryl Succinate (raw material).

Ultraviolet Absorbance

Tocopherol, Tocopheryl Acetate, and Tocopheryl Succinate
absorb in the UVB range. The reported absorption maxima (in
ethanol) are 292 (BASF 1994a), 294 (Budavari 1989), and 295
(Kagan et al. 1992) nm for Tocopherol; 284 (in ethanol) (BASF
1993a) and 285.5 (in cyclohexane) nm for Tocopheryl Acetate;
and 286 nm (in ethanol) for Tocopheryl Succinate (Budavari
1989).

USE

Cosmetic

The ingredients reviewed in this report all function as antiox-
idants, but have other functions (CTFA 1999a—f; Wenninger and
McEwen 1997) as shown in Table 2.

Product formulation data submitted by the Food and Drug
Administration (FDA) in 1998, based on industry data, reported
that Tocopherol was present in a total of 1072 cosmetic formula-
tions, Tocopheryl Acetate was present in 1322 formulations, To-
copheryl Linoleate was present in 279 formulations, Tocopherol
Nicotinate was present in 3 formulations, Tocopheryl Succinate
was present in 4 formulations, Dioleyl Tocopheryl Methylsilanol
was present in 12 formulations, Potassium Ascorbyl Tocopheryl
Phosphate was present in 15 formulations, and Tocophersolan
was present in 2 formulations (FDA 1998d) (Table 3).

Concentration of use values are no longer reported to the
FDA by the cosmetics industry (FDA 1992). Data submitted
to CTFA reported that Tocopherol was used at concentrations
of <5% (CTFA 1999 g; Henkel 1998), Tocopheryl Acetate
was used at concentrations of <36% (and at 100% in vita-
min E oil), Tocopheryl Linoleate was used at concentrations
of <2%, Tocopheryl Nicotinate was used at concentrations of
<1% (CTFA 1999 g), with recommended concentrations of use
of 0.1% to 1.0% (BASF 1994b), Dioleyl Tocopheryl Methylsi-
lanol and oleyl alcohol (0.05% Tocopheryl Acetate, 0.5% mono
methylsilanetriol, remainder oleic alcohol) were recommended
for use at concentrations of 3% to 6% (Exsymol 1998),
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TABLE 2 - -
Ingredient functions (CTFA 1999a—f; Wenninger and McEwen 1997) -

Ingredient

Function(s)

Tocopherol

Antioxidant; humectant; skin protectant; skin-conditioning agent—humectant;

skin-conditioning agent—occlusive; skin-conditioning agent—emollient;
skin-conditioning agent—miscellaneous

Tocopheryl Acetate

Antioxidant; humectant; skin protectant; skin-conditioning agent—humectant;

skin-conditioning agent—emollient; skin-conditioning agent—miscellaneous

Tocopheryl Linoleate
Tocopheryl Linoleate/Oleate

Antioxidant; skin-conditioning agent—miscellaneous
Antioxidant; skin-conditioning agent—emollient; skin-conditioning

agent—miscellaneous

Tocopheryl Nicotinate

Antioxidant; skin-conditioning agent—emollient; skin-conditioning

agent—miscellaneous; oral health care drugs

Tocopheryl Succinate

Antioxidant; humectant; skin protectant; skin-conditioning agent—humectant;

skin-conditioning agent—emollient

Dioleyl Tocopheryl Methylsilanol
Potassium Ascorbyl Tocopheryl Phosphate

Tocophersolan Antioxidant

Antioxidant; skin-conditioning agent-—miscellaneous
Antioxidant; anti-dandruff agent

Potassium Ascorbyl Tocopheryl Phosphate was used at concen-
trations of 0.02%, and Tocophersolan was used at concentrations
of <0.2% (CTFA 1999g) (Table 4).

International

Tocopherol, Tocopheryl Acetate, Tocopheryl Linoleate, and
Tocopheryl Nicotinate are listed in the Japanese Comprehensive
Licensing Standards of Cosmetics by Category (CLS) (Rempe
and Santucci 1997). Tocopherol, as Natural Vitamin E, which
conforms to the standards of the Japanese Cosmetic Ingredi-
ents Codex (JCIC), has precedent for use without restriction in
all CLS categories, whereas Tocopherol, as DL-a-Tocopherol,
which conforms to the specifications of the Japanese Stan-
dards of Cosmetic Ingredients (JSCI), has precedent for use
without restriction in the CLS categories, cleansing prepara-
tions and nail makeup preparations and for use at <1% in all
other CLS categories (hair care, treatment, makeup, fragrant,
suntan/sunscreen, eyeliner, lip, oral, and bath preparations). To-
copheryl Acetate, as D-a-Tocopheryl Acetate, which conforms
to the standards of the JCIC, has precedent for use at <1% in
all CLS categories except eyeliner, lip, and oral preparations,
in which it is not used, whereas Tocopheryl Acetate, as DL-¢-
Tocopheryl Acetate, which conforms to the specifications of the
JSCI, has precedent for use without restriction in the CLS cat-
egories, cleansing preparations and nail makeup preparations
and for use at <1% in all other CLS categories. Tocopheryl
Linoleate, as DL-a-Tocopheryl Linoleate, which conforms to
the standards of the JCIC, has precedent for use without re-
striction in the CLS categories, cleansing preparations and nail
makeup preparations and at <1% in all other CLS categories
except eyeliner and bath preparations, in which it is not used.
Tocopheryl Nicotinate as DL-«-Tocopheryl Nicotinate, which

conforms to the specifications of the JSCI, has precedent for
use without restriction in the CLS categories, cleansing prepa-
rations and nail makeup preparations and at <1% in all other
CLS categories except eyeliner preparations, in which it is not
used. Other restrictions for a-Tocopherol and the a-tocopheryl
ingredients include <5% as DL-«a-Tocopherol.

Tocopherol, Tocophersolan, Tocopheryl Acetate, Tocopheryl
Linoleate, Tocopheryl Linoleate/Oleate, Tocopheryl Nicotinate,
Tocopheryl Succinate, Dioleyl Tocopheryl Methylsilanol, and
Potassium Ascorbyl Tocopheryl Phosphate do not appear in
Annex II (list of substances that must not form part of the
composition of cosmetic products) or Annex III (list of sub-
stances that cosmetic products must not contain except sub-
ject to the restrictions and conditions laid down) of the Cos-
metics Directive of the European Union (European Economic
Community 1995).

Noncosmetic

Tocopherol has functional use in foods as a nutrient, dietary
supplement, and antioxidant (NAS 1996). Tocopherols are gen-
erally recognized as safe (GRAS) for use in foods as chemical
preservatives (21 Code of Federal Regulations [CFR] 182.3890)
and tocopherols and Tocopheryl Acetate are GRAS in foods
as nutrients (2/CFR182.8890; 182.8892). d-a-Tocopherol and
dl-a-Tocopherol, when meeting the specifications of the Food
Chemicals Codex, are GRAS for use as inhibitors of nitrosamine
formation and in pump-cured bacon at concentrations not to ex-
ceed good manufacturing practice (21 CFR 184.1890). In foods,
tocopherols, especially mixed tocopherols, are effective antiox-
idants for lard, tallow, poultry fat, and other animal products
(Papas 1993). Recommended use concentrations are 100 to
300 ppm of the fat or oil portion of foods; amounts >500 ppm
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TABLE 3 - -
Product formulation data (FDA 1998d)
Total no. Total no. of formulations containing ingredient
formulations
Product category incategory  Tcphrl* TAcet* TLin* TNic* TSucc* DTM* PATP* Tsolan*
Baby shampoos 21 1
Baby lotions, oils, powders, 53 7
and creams
Other baby products 29 2 1
Bath oils, tablets, and salts 124 2 10 1
Bubble baths 200 5 1
Bath capsules <4
Other bath preparations 159 3 15
Eyebrow pencil 91 5 2
Eyeliner 514 6 9
Eye shadow 506 79 26 56 1
Eye lotion 18 3 4 2
Eye makeup remover 84 1 1
Mascara 167 9 16 2
Other eye makeup preparations 120 18 19 4
Colognes and toilet waters 656 5
Perfumes 195 1
Powders 247 3 15
Other fragrance preparations 148 1 19
Hair conditioners 636 37 73 1
Hair sprays (aerosol fixatives) 261 6 24
Permanent waves 192 1 1
Rinses (noncoloring) 40 3
Shampoos (noncoloring) 860 19 81 1 1
Tonics, dressings, and other 549 17 36 2 1
hair-grooming aids
Other hair preparations 276 7 33
Hair rinses (coloring) 33 1
Hair bleaches 113 2 1
Other hair-coloring preparations 59 6
Blushers (all types) 238 57 44 28
Face powders 250 53 14 31
Foundations 287 76 53 19
Lipstick 790 260 85 33 4
Makeup bases 132 17 7 7
Rouges 12 1 1 1
Makeup fixatives 11 2 2
Other makeup preparations 135 24 17 3
Basecoats and undercoats 48 15 2
Cuticle softeners 19 1 5
Nail creams and lotions 17 4 2
Nail polish and enamel 80 17 3 5
Nail polish and enamel removers 34 3
Other manicuring preparations 61 2 17 3
Bath soaps and detergents 385 21 31 1
Deodorants (underarm) 250 2
Other personal cleanliness products 291 4 7

(Continued on next page)
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TABLE 3 - -
Product formulation data (FDA 1998d) (Continued)
Total no. Total no. of formulations containing ingredient
formulations
Product category in category Tcphrl* TAcet®* TLin* TNic* TSucc* DTM* PATP* Tsolan*
Aftershave lotion 216 3 18 2
Preshave lotions (all types) 14 2
Shaving cream 139 4 7
Other shaving preparation products 60 6
Cleansing preparations 653 14 35 1 1
Depilatories 28 3 1
Face and neck preparations 263 23 48 9
(excluding shaving)
Body and hand preparations 796 44 96 6
(excluding shaving)

Foot powders and sprays 35 3 3
Moisturizing preparations 769 73 169 30 7 1
Night preparations 188 18 34 4
Paste masks (mud packs) 255 17 15 1 2
Skin fresheners 184 3 5 1
Other skin care preparations 692 50 93 16 3 4
Suntan gels, creams, and liquids 136 10 33 1
Indoor tanning preparations 62 5 19 1
Other suntan preparations 38 3 9 6
No. of uses under tradenames/mixtures 50 4
1998 total 1072 1322 279 3 4 12 15 2

*Tcphrl = Tocopherol; TAcet = Tocopheryl Acetate; TLin = Tocopheryl Linoleate; TNic = Tocopheryl Nicotinate; TSucc = Tocopheryl
Succinate; DTM = Dioleyl Tocopheryl Methylsilanol; PATP = Potassium Ascorbyl Tocopheryl Phosphate; Tsolan = Tocophersolan.

are not recommended because of a potential pro-oxidant effect.
Additionally, Tocopherol is used in meat curing as a nitrosamine
blocker (Lewis 1993b).

As a nutrient, the relationship between International Units
(IU) (or the equivalent USP units) and the weight of Tocopherol
is: 1 mg DL-a-Tocopherol = 1.1 IU (Vanderveen and Vanderveen
1990). According to the guidelines determined by the FDA, the
US recommended daily allowances of vitamin E for labeling
purposes are 5 IU for infants, 10 IU for children under 4, and
30 IU for adults, children over 4, and pregnant or lactating
women. According to the Food and Nutrition Board of the
National Research Council, the recommended dietary allowance
for daily vitamin E are 4 to 6 IU for infants, 5 to 7 IU for chil-
dren, and 12 to 15 IU for adults. The usual, prophylactic dose
of Vitamin E Preparation (a form of a-Tocopherol that includes
d- or di-a-Tocopherol; d- or dl-a-Tocopheryl Acetate; and d- or
dl-a-Tocopheryl Succinate) is 5 to 30 IU, and the therapeutic
dosage is 4 to 5 times the recommended daily allowance (RDA)
or 1 IU/kg/day (NAS 1996).

Tocopheryl Acetate and Tocopheryl Succinate both have
functional use in foods as a nutrient and a dietary supplement
(NAS 1996). Label claims should be based on 1 mg DL-a-

Tocopheryl Acetate = 1 IU, 1 mg D-a-Tocopheryl Acetate =
1.36 IU, and 1 mg D-a-Tocopheryl Succinate = 1.21 IU, re-
spectively. Tocopheryl Acetate also has use in pharmaceutical
applications for preparations with a lipophilic base and for aque-
ous preparations (BASF 1993a).

Tocophersolan is used as a dietary food supplement and it is
used in medicine (function not specified) (Lewis 1993b). Toco-
phersolan provides 260 mg of d-«-Tocopherol per gram (387 [U)
(Krasavage and Terhaar 1977).

GENERAL BIOLOGY

Absorption, Distribution, Metabolism, Excretion
General

The major route of absorption of Tocopherol is the lymphatic
system. Tocopherol esters are partially hydrolyzed by intesti-
nal esterases before they are absorbed and partially absorbed as
intact esters. Tocopherols are not re-esterified during the absorp-
tion process. The most functional absorptive surface is generally
located in the medial small intestine. From the lymphatic system,
Tocopherols pass into the systemic circulation where they are
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Concentration of use (%)

Postassium
Ascorbyl
Tocopheryl Tocopheryl Tocopheryl Tocopheryl
Product category Tocopherol Acetate Linoleate  Nicotinate = Phosphate = Tocophersolan

Other baby products 1
Baby lotions, oils, powders, and creams 0.001-0.1
Bath oils, tablets, and salts 0.01 0.05
Bubble baths 0.05-0.1
Bath capsules 0.1
Other bath preparations 0.8
Eyebrow pencil 0.04-03 0.02-0.2
Eyeliner 0.02-0.5 0.02-1.5
Eye shadow 0.02-0.5 0.02-0.8 0.6-2
Eye lotion 0.05-1
Mascara 0.1-0.2 0.01-0.1 0.1
Other eye makeup preparations 0.03-0.6 0.2
Colognes and toilet waters 0.02-0.1
Perfumes 0.04
Powders (dusting and talcum 0.1

(excluding aftershave talcum)
Other fragrance preparations 0.5 0.02
Hair conditioners 0.1-0.3 0.001-0.1 0.1-1
Hair sprays (aerosol fixatives) 0.001 0.02
Shampoos (noncoloring) 0.01-0.05 0.001-0.3 0.0001-1
Tonics, dressings, and other 0.001-0.6 0.01-0.2 0.01

hair-grooming aids
Other hair preparations (noncoloring) 0.2
Hair dyes and colors (all types requiring  0.001 0.001

caution statement and patch test)
Blushers (all types) 0.02-0.6 0.02-0.2 0.1
Face powders 0.02-0.6 0.02-0.1 0.3-2
Foundations 0.02-0.8 0.02-0.8 0.1-2 0.1 0.02
Leg and body paints 0.3
Lipstick 0.05-0.9 0.1-3 0.1-2 0.02
Makeup bases 04 0.1-04
Rouges 0.1
Makeup fixatives 0.1 0.1-0.2
Other makeup preparations 0.3-0.8 0.05-0.7 0.5
Basecoats and undercoats (manicuring 0.05 0.02-04

preparations)
Cuticle softeners 0.05-0.1
Nail creams and lotions 0.05 0.3-36
Nail polish and enamel 0.3 0.02-0.1
Nail polish and enamel removers 0.01-0.1
Other manicuring preparations 03 0.02-0.1
Bath soaps and detergents 0.02-0.2 0.001-0.6
Deodorants (underarm) 0.05 0.2
Other personal cleanliness products 0.03-0.4

(Continued on next page)
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TABLE 4 - -
Concentration of use as a function of product type (CTFA 1999¢g) (Continued)

Concentration of use (%)

Postassium
Ascorbyl
Tocopheryl Tocopheryl Tocopheryl Tocopheryl
Product category Tocopherol ~ Acetate Linoleate  Nicotinate  Phosphate = Tocophersolan

Aftershave lotion 0.2 0.02-0.2
Shaving cream (aerosol/brushless/lather) 0.6 0.05-0.5 2
Skin cleansing preparations (cold creams/  0.03 0.0001-25

cleansing lotions/liquids/pads)
Depilatories 0.1 0.1
Face and neck creams/lotions/powders/ 0.03-2 0.003-6 0.1-0.5 0.02

sprays (excluding shaving preparations)
Body and hand creams/lotions/powders/ 0.02-2 0.001-25 0.3 0.1 0.02

sprays (excluding shaving preparations)
Foot powders and sprays 0.1
Moisturizing creams/lotions/powders/ 0.05-2 0.1-25 0.1-2 0.02 0.2

sprays
Night creams/lotions/powders/sprays 0.05 0.05-8 0.02

(excluding shaving preparations)
Paste masks (mud packs) 0.03-0.3 0.02
Skin fresheners 0.05 0.01-0.1 0.05
Other skin care preparations 0.001-6
Suntan gels, creams, and liquids 0.001-0.3 0.05-1 2 0.02
Indoor tanning preparations 0.3 0.01-0.3 0.02
Other suntan preparations 0.01 0.5
bound to nonspecific lipoproteins (Tomassi and Silano 1986). Dermal

a-Tocopherol generally accounts for 85% to 95% of the total
circulating Tocopherols (Weber, Bendich, and Machlin 1997).
In the blood, Tocopherol is carried primarily in the low-density
lipoprotein fraction (Tsallas, Molgat, and Jeejeebhoy 1986).
From the general circulation, tocopherols are taken up by the
liver and by virtually all extrahepatic tissues and concentrated
in the membrane-containing structures of the cells. Tocopherol
is stored mainly in adipose tissue and removed when the fat is
mobilized (Vanderveen and Vanderveen 1990); liver and muscie
contain the next largest stores (Tsallas, Molgat, and Jeejeebhoy
1986). Actual Tocopherol concentrations are greatest in platelets
and the adrenal glands, pituitary gland, and testes. In general,
mobilization of tocopherols from tissues is very low (Tomassi
and Silano 1986). Excess intake of Tocopherol results mostly
in the conversion to water-soluble lactone, esterification to glu-
curonic acid, and excretion in the urine (Tsallas, Molgat, and
Jeejeebhoy 1986).

The endogenous concentration of Tocopherol in the skin is
approximately 1.0 nmol/g (Kagan et al. 1992). Blood concen-
trations in healthy adults, children, infants, and premature in-
fants are approximately 1, 0.8, 0.4, and 0.24 mg/dl, respectively
(Tsallas, Molgat, and Jeejeebhoy 1986).

Eleven subjects, eight males and three females, that had “at
least three discrete clinically diagnosable keratoses” on their
forearms were used in a study to determine whether topically
applied Tocopheryl Acetate was substantially absorbed into skin
and whether it converted into free Tocopherol (Alberts et al.
1996). Tocopheryl Acetate was supplied in a vehicle cream at
a concentration of 125 mg/g. The subjects applied the cream
to their forearms twice daily for 3 months. Clinical evaluation,
blood sampling, and 3-mm punch biopsies were performed prior
to and at the end of treatment. The mean concentrations found
in skin, using pooled biopsy samples of two to three subjects,
and plasma are given in Table 5.

Tocopheryl Acetate was not detected in three of the four
pooled skin samples prior to application; a concentration of
23.6 pg/g tissue determined in one pooled skin sample was
assumed to be related to prior use of a sunscreen containing
Tocopheryl Acetate. The researchers stated that absorption of
Tocopheryl Acetate was substantial, but systemic availability
was not observed. Also, systemic biotransformation to its
unesterified form did not occur.

dl-a-Tocopheryl-[1-5-methyl-'4C]-Acetate (3 uCi/mg) in
0.5% benzene solution was sprayed topically on 14 skin samples
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TABLE 5 - =
Mean Tocopherol and Tocopheryl Acetate concentrations in skin and plasma (Alberts et al. 1996) ,_.
In skin (ug/g) In plasma (1.g/g)
Time Tocopheryl Acetate  o-Tocopherol  y-Tocopherol Tocopheryl Acetate  «-Tocopherol
Baseline 59+18 3894179 6.0+39 21+09 127+6.3
3 months 256.3 £ 195.5 36.3 +£20.9 44+£23 25+13 133+6.1

from the heads of seven patients, and the application site was
rapidly dried and the area occluded (Kamimura and Matsuzawa
1968). Penetration was determined after 4, 6, and 24 hours us-
ing autoradiography. After 4 hours, large amounts of autora-
diographic silver grains were present in the horny layer of the
epidermis, and some were found in the pilary canal and the
secretory portion and excretory duct of the sebaceous gland. Af-
ter 6 hours, large amounts of grains were present in the horny
and “prickle” layers of the epidermis, the inner and outer root
sheaths, the secretory portion of the sebaceous gland, and the
periductal tissue of the sweat gland, and some were found in
the pilary canal, the hair papilla, the excretory duct of the seba-
ceous gland, the periglandular tissue of the sweat gland, blood
vessels, and intercellular septum. At 24 hours, large amounts of
grains were present in the outer root sheath, hair papilla, and
periglandular and periductal tissue of the sweat gland, and some
were found in the horny and prickle layers of the epidermis, pi-
lary canal, inner root sheath, the secretory portion and excretory
duct of the sebaceous gland, and intercellular septum.

The dermal absorption and distribution of ['*C]-Tocopherol
(specific activity 85.2 uCi/uM) was determined in human skin
grafted onto male athymic nude mice (Klain 1989). A chemical
dose of 10 ug Tocopherol, 1.5 uCi, was applied to a 1.45-cm?
circular graft area on each mouse. Groups of six mice were killed
1,2, 4, 8, and 24 hours after application. Six mice were placed
in metabolic cages where expired air and urine were collected
for 24 hours. One hour after dosing, the greatest amount of
radioactivity was present in mouse skin, followed by muscle,
liver, blood, lungs, adipose tissue, spleen, and kidneys. A linear
increase with time in tissue radioactivity was observed. The skin
grafts were “highly radioactive” after 4 and 24 hours. Four hours
after dosing, the greatest amount of radioactivity in the skin
grafts was in the epidermis; after 24 hours, it was in the dermis.

No radioactivity was found in expired air. After 24 hours, 0.2%
of the radioactivity was excreted in the urine.

The penetration of 5% «-Tocopherol (0.12 M), Tocopheryl
Acetate (0.11 M), Tocopheryl Linoleate (0.07 M), and Toco-
pheryl Succinate (0.09 M) was determined using three human
abdominal skin samples and the penetration of 5% «-Tocopherol
was determined using three Skh:HR-1 mouse dorsal skin sam-
ples (Bissett, Chatterjee, and Hannon 1990). The skin samples
were mounted in Franz-type diffusion cells, with 0.785 cm?
skin surface area exposed. The average cumulative penetration
through human skin for Tocopherol, Tocopheryl Acetate, To-
copheryl Linoleate, and Tocopheryl Succinate was 14, 79, 51,
and 48 /J,g/cmz, respectively, after 2 hours and 227, 840, 823,
and 637 ug/cm?, respectively, after 24 hours. Using mouse skin,
the average cumulative penetration of Tocopherol was 50 and
628 ug/cm? after 2 and 24 hours, respectively. Penetration
through mouse skin was approximately three times greater than
that through human skin.

In askin penetration study, “only low amounts” of Tocopheryl
Acetate penetrated through intact pig skin (Hoffmann-LaRoche
1995). (Details not provided.)

The quantitative penetration of 5% vitamin E in ethanol
through rat skin was reported by Djerassi, Machlin, and Nocka
(1986). The reported amount of material recovered (details not
provided) from the skin surface, horny layer, other skin tissue
layers, and chamber liquid after 1, 6, and 16 hours is presented
in Table 6.

Groups of male Wistar rats were used to determine the pen-
etration of Tocopherol and Tocopheryl Acetate (Beijersbergen
van Henegouwen, Junginger, and de Vries 1995). One group of
10 rats was used to determine the horizontal transport into and
the penetration through the epidermis. Tocopherol and Toco-
pheryl Acetate, both 2.5% in ethanol, were applied to a shaved

TABLE 6
Recovered Tocopherol in a skin penetration study (Djerassi, Machlin, and Nocka 1986)

Skin surface

Other skin tissue

(residual material) Horny layer layers Chamber liquid

Time ugfem? % uglem? % pugfem? % uglem® %
1 hour . 256.31 85.4 24.90 83 18.71 6.2 0.08 —
6 hours 162.83 543 21.29 7.1 115.68 38.6 0.20 0.1
16 hours 144.52 48.2 32.20 10.7 122.80 409 0.48 0.2
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site approximately 12 cm in diameter on the left side of the back
of each rat (35 ul/cm?), whereas ethanol only was applied to a
shaved site on the right side. Two rats were killed 5 hours after
dosing, and skin samples were taken from the test and control
sites. This procedure was repeated over the next 4 days. Recovery
of Tocopherol and Tocopheryl Acetate was equal. Tocopherol
and Tocopheryl Acetate were similar in regard to penetration
and horizontal migration. On day 1, 2.6% *+ 2.21% and 2.7% %
2.31% of the Tocopherol and Tocopheryl Acetate, respectively,
was transported horizontally into the epidermis. On day 5, these
values were 6.0% + 1.57% and 5.8% + 1.91%, respectively.

The amount of Tocopherol and Tocopheryl Acetate in the
epidermis after a single dose or repeated applications of 0.25%
Tocopheryl Acetate was also determined (Beijersbergen van
Henegouwen, Junginger, and de Vries 1995). For the single dose,
0.25% Tocopheryl Acetate in ethanol (35 ul/cm?) was applied
to shaved sites approximately 20 cm in diameter on the backs
of five rats. One animal was killed hourly after application, and
skin samples were taken from the test site and an untreated site
on the back. Five hours after pretreatment with ethanol, 17 +
4.9 ng/mg Tocopherol was found in both the stratum corneum
and viable layer. For the daily applications, 0.25% Tocopheryl
Acetate in ethanol (35 ul/cm?) was applied to a shaved site
approximately 12 cm in diameter on the left side of the back
of 10 rats; ethanol was applied to the right side. Two animals
were killed 5 hours after dosing, and skin samples were taken
from the test and control sites. This procedure was repeated
over the next 4 days. The amounts measured are reported in
Table 7.

The researchers determined that the amount of endogenous
Tocopherol was 17 + 4.9 ng/mg. A measurable amount of To-
copherol was not formed by hydrolysis after a single applica-
tion of Tocopheryl Acetate. With repeated applications of To-
copheryl Acetate, a small but steady increase was observed in
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the amount of Tocopherol in the sKin of treated and control
sites. ,_.

D-a-[5-methyl-'*C]-Tocopheryl Acetate was applied to a
2 cm diameter site on the back of Skh-1 mice (Trevithick and
Mitton 1993). Tocopheryl Acetate, 2.88 Ci in nonradioactive
Tocopheryl Acetate or 2.41 1 Ci in a medium-chain triglyceride
cosmetic base prepared from fractionated coconut oil, was ap-
plied for 24 hours; collars were used to prevent grooming. The
doses applied were approximately 3.0 mg/cm? ['*C]-Tocopheryl
Acetate in nonradioactive Tocopheryl Acetate and 0.80 mg/cm?
in cosmetic base. After 24 hours, the sites were wiped using hex-
ane to remove unabsorbed ['4C]-Tocopheryl Acetate. The skin
at the site of application and two areas of untreated skin were
excised.

Using liquid scintillation counting, 1.7% of [14C]-Tocopheryl
Acetate applied in nonradioactive Tocopheryl Acetate and 11.5%
applied in the cosmetic base were removed by washing the
treated site with hexane. It appeared that the application sites
were not groomed by the animals. The results are summarized
in Table 8. Radioactive label in the skin of irradiated test an-
imals was significantly greater than that found in the skin of
the nonirradiated test animals. The researchers stated that the
results indicated that “topically applied «-tocopheryl acetate is
bioconverted to the active vitamin and free radical scavenger
(a-tocopheryl) within skin tissue.” Also, that the results suggest
that “UV-B irradiation increases both the absorption and bio-
conversion of a-tocopheryl acetate to a-tocopherol in the skin
of hairless mice.”

Mice were used to examine the conversion of Tocopheryl Ac-
etate to Tocopherol in skin (Kramer and Liebler 1996).
d3-Tocopheryl Acetate, 5.3 pumol, was applied to the skin in an
inert cream. Epidermal samples were taken prior to application
and 6, 24, and 48 hours after dosing, and the amount of
d*-Tocopherol was four-, ten-, and eightfold greater, respectively,

TABLE 7 .
Tocopherol and Tocopheryl Acetate recovered in the skin (Beijersbergen van Henegouwen, Junginger, and de Vries 1995)

Total epidermis (ng/mg) Viable layer (ng/mg) Control epidermis (ng/mg)
Time Tocopherol ~ Tocopheryl Acetate  Tocopherol = Tocopheryl Acetate  Tocopherol = Tocopheryl Acetate
Single dose
1 hour 1441 1160 £ 100 161 290 + 30
2 hours 15+ 4 830 £ 290 2248 230+ 25
3 hours 16+£3 1290 £ 110 16+1 240 £+ 30
4 hours 17£5 1230 £ 220 17+1 320+ 40
5 hours 16 £2 1920 £ 330 24 +6 540 £+ 300
Daily application

Day 1 16 £2.1 1240 + 180 33+6.3 380 £ 70 12£0.8 18 £5.8
Day 2 22+5.2 2510 £ 50 47 £ 8.1 640 £+ 125 19+46 25+79
Day 3 28+ 1.9 3330+ 110 66 £ 8.9 1400 £+ 130 18£1.7 47 £3.1
Day 4 35+5.8 3930 £ 830 80+ 12.3 1000 £ 250 19£33 6754
Day 5 42+43 4040 £+ 600 102 & 19.7 1510 £ 160 20+ 2.6 149+ 7.5
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TABLE 8 - -
Recovery of Tocopherol and conversion of Tocopheryl Acetate (Trevithick and Mitton 1993)
Total 4C- a-Tocopherol  y-Tocopherol  Converted

Vehicle Site (Ci/min/mg skin)  (ng/mgskin)  (ng/mg skin) (%)
Tocopheryl Acetate  Treated 26+0.8 91+ 11 1.8+03 4.5
Tocopheryl Acetate  Untreated 043 +£0.1 199 +6.1 0.43 £0.07 4.99
Cosmetic base Treated 46+03 13.0£0.2 0.38 £0.01 6.0+04
Cosmetic base Untreated 1.1+04 141 +09 04003 6.01£0.65

when compared to baseline values. However, the absolute
amount of d*-Tocopheryl Acetate hydrolyzed was <1% of the
total dose. In mice that were irradiated with 2.5 J/m?/sec UVB
for 1 hour prior to application of d*-Tocopheryl Acetate, the
conversion to d>-Tocopherol increased three to fourfold at each
sample period. The researchers stated that “this suggests that
UV-B exposure triggers increased conversion of [Tocopheryl
Acetate] to the active antioxidant [ Tocopherol], which enhances
the ability of topical [Tocopheryl Acetate] to confer protection
against UV-B induced oxidative damage.”

The dermal penetration of radioactive and non-radioactive
Tocopherol was determined in vitro using full-thickness abdom-
inal skin from a female hairless mouse (Tojo and Lee 1989). The
penetration profile was determined using HPLC and liquid scin-
tillation counting. Radioactive Tocopherol penetrated quickly,
whereas a 48-hour lag time was observed with nonradioac-
tive Tocopherol. The researchers postulated that the lag time
in penetration assayed by HPLC was due to bioconversion of
Tocopherol in the skin.

The absorption of Tocopherol (vitamin E) from water-in-
oil (w/o) and oil-in-water (o/w) emulsions, both bound and
not bound by liposomes, was studied (Szulc et al. 1995). In
ointments in which Tocopherol was not bound by liposomes,
“empty” liposomes were added to the ointment. “Conventional
ointments” containing Tocopherol were used as reference prepa-
rations. A dose of 0.8 g of each ointment was spread on a 10-cm?
surface of the interior forearm of 30 subjects for 6 hours. The
amount of Tocopherol absorbed was calculated on the basis of
the difference between the initial content of the sample and the
amount present after exposure. The amount of Tocopherol ab-
sorbed from w/o emulsions containing Tocopherol (w/o), Toco-
pherol in liposome form (I—w/0), and Tocopherol and empty
liposomes (LP—w/o) was 50.1%, 42.7%, and 49.4%, respec-
tively. The amount of Tocopherol absorbed from o/w emul-
sions containing Tocopherol (o/w), Tocopherol in liposome form
(L—o/w), and Tocopherol and empty liposomes (LP—o/w) was
23.3%, 39.7%, and 22.1%, respectively. Statistically, absorp-
tion from w/o was greater than o/w, from w/o was greater than
L—wj/o, and from L—o/w was greater than o/w. In examin-
ing the amount of Tocopherol absorbed by each individual, a
range of 31% to 70%,-21% to 60%, and 31% to 80% was ab-
sorbed from the w/o, L—w/o, and LP—w/o emulsions, respec-
tively, and of 0% to 40%, 21% to 60%, and 0% to 50% was

absorbed from the o/w, L—o/w, and LP—o/w emulsions, respec-
tively. The researchers concluded that Tocopherol was absorbed
“more efficiently” from a w/o ointment rather than from a ofw
ointment, and that the liposome form of Tocopherol increased
absorption from an o/w emulsion, but had “virtually no effect” on
absorption from a w/o ointment.

Oral

The serum concentration of Tocopherol was determined after
ingestion of d-Tocopherol, d-Tocopheryl Acetate, d-Tocopheryl
Acetate plus pectin, d/-Tocopheryl Acetate in soft gelatin cap-
sules, and d-Tocopheryl Succinate in hard gelatin capsules
(Horwitt et al. 1984). Each capsule contained 400 IU, which
corresponded to 268 mg of d-Tocopherol, 294 mg d-Tocopheryl
Acetate, 312 mg d-Tocopheryl Acetate with pectin, 400 mg
dl-Tocopheryl Acetate, and 330 mg d-Tocopheryl Succinate.
Twenty subjects, 11 males and 9 females, were given two cap-
sules (800 IU) of one Tocopherol preparation with 100 ml of
whole milk; the milk was used to provide fat for the formation
of chylomicrons. After a 2-week nontreatment period, a differ-
ent preparation was given; this was repeated until all five were
administered. Blood samples were taken prior to dosing and at
8, 24, and 48 hours after dosing.

Large variations in the mean serum concentrations of Toco-
pherol were observed. Some of the variations could have been
due to differences in total serum lipids, which ranged from 334 to
1195 mg/dl. The peak mean serum concentration of Tocopherol
was observed after 8 hours with d-Tocopherol (1.71 mg/dl com-
pared to baseline of 0.95 mg/dl), and d-Tocopheryl Acetate with
pectin (1.61 mg/dl compared to baseline of 0.95 mg/dl) and af-
ter 24 hours with d-Tocopheryl Acetate (1.49 mg/dl compared
to baseline of 0.92 mg/dl), dl-Tocopheryl Acetate (1.29 mg/dl
compared to baseline of 0.93 mg/dl), and d-Tocopheryl Suc-
cinate (1.32 mg/dl compared to baseline of 0.96 mg/dl). After
24 hours, a statistically significant difference in the percentage
increase of Tocopherol above baseline was observed between
d-Tocopherol, which resulted in a 71% increase, d-Tocopheryl
Acetate, which resulted in a 61% increase, and d-Tocopheryl Ac-
etate with pectin, which resulted in a 62% increase, compared
to dl-Tocophery! Acetate, which produced a 32% increase. Be-
cause of the large individual variations, the differences between
d-Tocopherol, d-Tocopheryl Acetate, and d-Tocopheryl Acetate
with pectin were not statistically significant. The researchers
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compared their results in humans to those obtained in the rat
fetal-resorption tests and stated that “animal assay data do not
correlate with data from studies of absorption and retention in
serum of «-tocopherols ingested by humans™; the rat assays un-
derestimate the potency of free tocopherol.

The oral absorption of a single 500 IU dose of water soluble
D-a-Tocopherol in a soft-gelatin capsule with 200 ml of water
was determined in five fasted male and five fasted female sub-
jects (Bateman and Uccellini 1985). Blood samples were drawn
at various intervals for 24 hours. All values were determined after
subtracting endogenous Tocopherol (12.0 &£ 1.05 wmol/l). One
subject was a “very bad absorber” and one was a “very good ab-
sorber”; however, the data from all 10 subjects was used. Mean
plasma concentrations peaked at approximately 7 hours. The
following were determined (abbreviations not defined): V/F =
1431 11, = 21.3 by Kops = 0.87/h; Kejim = 0.0032/h; Thpg =
1.92 h; AUCS® = 433 umol/l; and KV/F = 160 ml/min.

The pharmacokinetics and bioavailability of d- and dl-a-
Tocopherol were compared in a double-blind randomized
crossover study using 12 male subjects (Ferslew et al. 1993).
The subjects were fed a diet that contained 30 mg a-Tocopherol
for 5 days prior to dosing. Tocopherol was administered as two
400 mg soft-gelatin capsules, and 200 ml of fluid was given with
dosing and 2 and 4 hours after administration. Blood samples
were taken 3 days, 1 day, and just prior to dosing and at various
intervals after dosing. The second Tocopherol formulation was
given using the same protocol following a 10-day nontreatment
period. The pharmacokinetic parameter values, determined us-
ing difference data with each subject’s own baseline minimum,
were determined for plasma and red blood cells (RBCs) and are
summarized in Table 9.

Because of an “extreme degree” in variation in the data be-
tween subjects, a statistically significant difference was not
found between values obtained with d- and di-a-Tocopherol for
many of the parameters measured. Mean plasma a-Tocopherol
concentrations were greater for the d- versus the dl-preparation
24 to 96 hours after administration; this difference was statisti-
cally significant only at 24 hours. Area under the curve (AUC)
was statistically significantly increased with d- compared to
dl-a-Tocopherol. The RBC mean «-Tocopherol concentration
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was statistically increased with administration of d=versus dl-a-
Tocopherol at 24 to 96 hours after dosing, and Cyax and AUC
were significantly greater with d-a-Tocopherol. d-c-Tocopherol
had a greater bioavailability than dl-a-Tocopherol.

Seven subjects were given dl-a-Tocopheryl Acetate, ascorbic
acid, or Tocopheryl Acetate and ascorbic acid combined orally
for 30 days (Jeng et al. 1996). Blood samples were taken 3 days
before and just prior to dosing and on days 4, 7, 14, 21, and
35 after dosing. After administration of Tocopheryl Acetate, the
plasma concentration of vitamin E (assumed to be Tocopherol)
was statistically significantly increased on days 14 and 21, and
the increase was greater on day 21. The plasma malondialde-
hyde (MDA) concentration was significantly decreased on day
14. In the subjects given Tocopheryl Acetate and ascorbic acid
combined, the plasma vitamin E concentration was statistically
significantly increased on days 4, 7, 14, and 21, and the greatest
increase was observed on day 7, after which it declined. The
plasma MDA was statistically significantly decreased on days 7
and 14, and the greatest decrease was observed on day 7.

Groups of four rhesus monkeys were fed a semipurified diet
for 188 weeks; the diet of three of the four groups was sup-
plemented with 5, 50, or 500 mg/kg di-Tocopheryl Acetate
(Machlin and Gabriel 1982). The plasma Tocopherol concen-
trations were determined every 1 to 2 months. For the animals
fed control feed or diet supplemented with 5 mg/kg Tocopheryl
Acetate, plasma Tocopherol concentrations decreased to “almost
negligible values” in 50 weeks. In the animals given 50 mg/kg
Tocopheryl Acetate, the plasma Tocopherol concentrations re-
mained constant throughout the study. In those given 500 mg/kg,
a relatively rapid increase in plasma Tocopherol concentration
was observed by week 6, followed by a slow but continuous
increase throughout the remainder of the study; the slope from
6 to 188 weeks was statistically significant.

Groups of 10 fasted female albino rats were dosed by stom-
ach tube with 4 ml of an emulsion containing ethanolic so-
lutions of either 2 mg dl-a-Tocopheryl Acetate and 50 uCi
dl-a-Tocopheryl-[1',2'-3H,]-Acetate or 2.3 mg dl-a-Tocopheryl
Nicotinate and 50 uCi dl-3,4-*Hy-a-Tocopheryl Nicotinate
(Gallo-Torres et al. 1971). Two animals per group were killed
3,6, 12, 24, or 48 hours after dosing.

TABLE 9
Pharmacokinetic values for Tocopherol in plasma and RBCs (Ferslew et al. 1993)

K™Yt () g*(7h tip* (h)  lagtime (h) Crax (ug/ml)  Tiax () AUCo-g6* (g - h/ml)
Plasma
d- 04194+0.112 28+0.5 0015+0003 80.6+19.2 29406 1934+09 135414 649 4 69.5
dl- 0489 +£0.131 304+08 0019+0.004 7324+£206 35+04 197418 126421 423 + 694
RBC
d- 0458 £0.156 3.34+1.0 0.005+0.001 2234 +56.8 48402 158427 376 £ 16.9
dl- 0.683+£0295 1.8+0.8 0.006 +0.001 180.6 £ 56.8 40+£02 145432 305 +12.8

*K, = absorption constant; #},,, = half-life of absorption; 8 = elimination constant; ¢},,, = elimination half-life; AUC = area under the

a-Tocopherol concentration-time profile.
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Uptake of radioactivity was greater with Tocopheryl Ac-
etate than Tocopheryl Nicotinate at all time periods except for
12 hours after dosing. The liver was the principal storage site of
Tocopherol, but the adrenal glands had the greatest accumula-
tion of radioactivity (expressed as dpm/g wet tissue). In both test
groups, most of the radioactivity in tissue was recovered as
tocopheryl quinone; in a few tissues, it was recovered mostly
as Tocopherol. Twelve hours after the animals were given To-
copheryl Acetate, 47% to 86% of the radioactivity recovered
in the blood, liver, spleen, kidneys, heart, ovaries, adipose tis-
sue, and skeletal muscle was recovered as tocopheryl quinone,
and 79% of the radioactivity recovered in the adrenal glands
was as Tocopherol. After 24 hours, 82% of the radioactivity
recovered in the adrenal glands and 66% recovered in skele-
tal muscle was as Tocopherol; in each of the remaining exam-
ined tissues, 52% to 83% of the radioactivity was recovered as
tocopheryl quinone. After 12 hours in the animals given To-
copheryl Nicotinate, 51% to 84% of the radioactivity recov-
ered in the blood, liver, kidneys, heart, ovaries, and adipose tis-
sue was recovered as tocopheryl quinone, whereas 61%, 74%,
and 58% of the radioactivity recovered in the spleen, adrenal
glands, and skeletal muscle, respectively, was Tocopherol. Af-
ter 24 hours, 90% of the radioactivity recovered in the adrenal
glands was as Tocopherol; in each of the remaining examined
tissues, 54% to 79% of the radioactivity was recovered as toco-
pheryl quinone.

Lister hooded rats were used to compare the absorption of To-
copherol in three different vehicles (Kelleher et al. 1972). Paired
groups of six nonfasted animals were given 0.2 ml of 3 uCi di-[5-
methyl->H]-a-Tocopherol in arachis oil and in Tween
80 emulsion or 0.2 ml in arachis oil and in an absolute alco-
hol suspension. Feces, but not urine, were collected for 7 days,
and the animals were then killed. Absorption was determined
by measuring fecal excretion of unabsorbed Tocopherol.

In comparing arachis oil and Tween 80, the total dose admin-
istered to each animal was 9.8 x 10° and 9.0 x 10° cpm, respec-
tively. The mean percentage of Tocopherol absorbed was not sta-
tistically significantly different between the groups; 70.1% was
absorbed with arachis oil and 75.5% was absorbed with Tween
80. However, the total radioactivity in the liver and kidneys was
statistically significantly different between the two groups. In
the animals dosed using arachis oil, the total hepatic and total
renal radioactivity was 4.5 x 10° and 0.8 x 10° cpm, respec-
tively. Using Tween 80, the amounts were 91.1 x 10° and 25.6 x
10? cpm, respectively.

In comparing arachis oil and alcohol, the total dose admin-
istered to each animal was 2.77 x 10% and 2.7 x 10° cpm,
respectively. The mean percentage of Tocopherol absorbed and
the amount of radioactivity recovered in the kidneys were not
statistically significant between the groups. Total absorption was
60.3% with arachis oil and 64.2% with the alcohol suspension,
respectively, and total renal radioactivity was 4.3 x 10° and
7.0 x 10? cpm, respectively. However, the total radioactivity in
the liver was statistically significantly different between the two

groups. Total hepatic radioactivity was 2177 x 10° and 31.3 x
103 cpm using arachis oil and alcohol, respectively. ._

Kelleher et al. (1972) also compared the absorption after a
small (40 pg) and a large (20 mg) dose of radioactive di-c-
Tocopherol in arachis oil using two groups of six Lister hooded
rats. In one group, the animals were dosed with 5.15 x 10° cpm
in the small dose, untreated for 7 days while feces were col-
lected, and then dosed with 3.49 x 10° cpm in the large dose. In
the second group, the animals were dosed with 5.21 x 10° cpm
in the large dose, untreated for 7 days while feces were collected,
and then dosed with 5.22 x 10° cpm in the small dose. Feces
were collected for 7 days after each second dose. In both groups,
absorption was statistically greater after dosing with 40 g To-
copherol as compared to dosing with 20 mg. In the first group,
the mean absorption was 67.5% and 31.5% for the 40-ug and
20-mg doses, respectively. In the second group, these values
were 57.1% and 30.1%, respectively. The researchers noted
that “even though the percentage absorption was less with the
larger dose a very much greater net quantity of a-tocopherol was
absorbed.”

Mature female Sprague-Dawley rats were fed a diet supple-
mented with 1000 or 10,000 mg/kg di-Tocopheryl Acetate; ma-
ture animals were used to reduce the influence of tissue growth
on Tocopherol concentration (Machlin and Gabriel 1982).
Groups of six animals given 1000 mg/kg Tocopheryl Acetate
were killed prior to dosing and at weeks 1, 4, 9, and 14. Af-
ter 14 weeks of dosing, all animals were fed basal chow, and
groups of six animals were killed after 1, 2, or 4 weeks. Groups
of four animals given 10,000 mg/kg Tocopheryl Acetate were
killed prior to dosing and at weeks 1, 2, 4, 8, 14, and 20. After
8 weeks of dosing, three groups of four animals were given basal
chow and killed after 1, 2, or 4 weeks.

Generally, a linear relationship was found between time and
tissue concentrations of Tocopherol. The same pattern of uptake
was observed with both doses, but the rate of accumulation and
the maximal concentrations reached were “consistently and con-
siderably” greater in the high-dose groups. The relative increase
in the Tocopherol content was greatest in the liver, and the ac-
cumulation rate of Tocopherol was greatest in liver and adipose
tissue and lowest in muscle and brain. The rate of depletion of
Tocopherol was more rapid than the rate of accumulation from
all tissues except adipose tissue. With the exception of a more
rapid rate of depletion from plasma for the high dose compared
to the low dose, the rates of depletion were similar for both doses.

In a photocarcinogenicity study (described later), female
C3H/HeN mice were fed chow containing 100 or 200 IU/kg
d-a-Tocopheryl Acetate or basal chow for 37 weeks; the ani-
mals were irradiated with UVB during weeks 4 to 17 and 20 to
21 of the study (Gerrish and Gensler 1993). Dorsal and ventral
skin was removed from three to six mice per group, and the con-
centration of «-Tocopherol was determined. A dose-dependent
increase in the concentration of o-Tocopherol in the skin was
reported for the ventral skin of dorsally irradiated mice; the
ventral skin concentration of Tocopherol was statistically
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significantly increased in mice fed 200 IU/kg Tocopheryl Ac-
etate compared to those given basal chow. Irradiation had a ten-
dency to deplete the dorsal skin concentrations of ¢-Tocopherol.

Antioxidant Properties

The primary function of Tocopherol is to retard cellular lipid
oxidation (Tsallas, Molgat, and Jeejeebhoy 1986). Tocopherol
interdigitates with phospholipids, cholesterol, and triglycerides
in the membranous parts of cells (Vanderveen and Vanderveen
1990). Tocopherol is the major lipid-soluble chain-breaking an-
tioxidant of membranes (Kagan et al. 1992), and it is an impor-
tant cellular protectant against oxidative damage (Liebler et al.
1996). It exerts antioxidant effects by trapping peroxyl radicals.
One source states that a-Tocopherol is the most potent biolog-
ical antioxidant, followed by B- = y- > 8-Tocopherol (Papas
1993), whereas another states that §-Tocopherol has the greatest
antioxidant power (Vanderveen and Vanderveen 1990). How-
ever, Papas (1993) did report that in food systems, y-, 8-, and
B-Tocopherol have more antioxidant activity than a-Tocopherol.
Esters of a-Tocopherol, such as acetate and succinate, do not
function as antioxidants in foods because the active hydroxyl
group is protected.

According to Papas (1993), Tocopherols have antioxidant
activity based on the “tocopherol-tocopherylquinone redox sys-
tem.” A hydrogen is released to form an «-tocopherol free radi-
cal, the release of a second hydrogen forms methyl-tocopheryl-
quinone (unstable), and the methyl-tocopherylquinone is
converted to a-tocopherylquinone. (See Figure 1.) Another pos-
sibility is that the Tocopherol radical can be reduced back to
Tocopherol by ascorbate or glutathione (Bjgmeboe, B jerneboe,
and Drevon 1990).

Jurkiewicz, Bissett, and Buettner (1995) examined the antiox-
idant capabilities of dl-a-Tocopherol and «-Tocopheryl Acetate
using groups of 10 female albino hairless Skh:HR-1 mice. To-
copherol and Tocopheryl Acetate, 5% in isopropanol, were ap-
plied dermally to the animals, with coverage of approximately
2 mg/cmz, for 3 weeks. The dorsal skin of the animals was then
removed and ascorbate radical measurement and spin trapping
were performed with UV exposure.
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FIGURE 1

Tocopherol-tocopherylquinone redox system.

Tocopherol appeared to increase fhe ascorbate free radical
(Asc™) in the presence of radiation in a nonstatistically sig-
nificant manner; this indicated that Tocopherol could possibly
“act as a weak photoreactive agent.” Tocopheryl Acetate did
not enhance or protect against UV-induced Asc’~ formation.
The Asc '~ electron paramagnetic resonance (EPR) levels were
significantly greater in UV-exposed Tocopherol-treated samples
compared to vehicle levels. Tocopheryl Acetate did not have
an effect on Asc’™ EPR levels. Tocopherol enhanced the «-[4-
pyridyl 1-oxide}-N-tert-butyl nitrone (POBN) signal as com-
pared to controls during UV irradiation in a nonstatistically sig-
nificant manner. Tocopheryl Acetate did not affect UV-induced
formation of POBN radical adducts.

Methanol-water dispersions, liposomes, and skin homoge-
nates containing Tocopherol were illuminated with UV light that
was similar to solar UV light in the presence and absence of en-
dogenous or exogenous reductants to determine whether Toco-
pherol in the skin absorbed UV light, generating the
tocopheroxyl radical, and depleted other antioxidants via its own
recycling (Kagan et al. 1992). The UV light source, which was
30 cm from the sample, was a solar simulator that had a wave-
length range of 295 to 400 nm. The power density of the light at
the sample surface in the spectral region of 310 to 400 nm was
1.5 mW/cm? and it decreased to 10% of this value at 295 nm.

[llumination of Tocopherol-containing methanol-water sus-
pensions and dioleoylphosphatidylcholine (DOPC) liposomes
resulted in the immediate appearance of the tocopheroxyl rad-
ical electron spin resonance (ESR) signal; the signal was not
present in the dark. Partial or complete filtering of wavelengths
in the absorption spectrum of Tocopherol during illumination of
liposomes partially or completely eliminated the tocopheroxyl
radical ESR signal. The generation of the tocopheroxyl radical
was also examined using homogenates of hairless mouse skin,
and similar results were obtained.

It was then determined by illuminating DOPC liposomes
containing Tocopherol in the presence and absence of ascor-
bate that the tocopheroxyl radicals induced by UV light could
deplete other antioxidants. UV illumination of Tocopherol in
liposomes stimulated oxidation of ascorbate in a concentration-
dependent manner. Reducing antioxidants can donate electrons
to «-tocopheroxyl radicals, recycling Tocopherol. This interac-
tion does not occur with antioxidants that do not have reducing
potency, such as S-carotene. Again, this was also examined us-
ing homogenates of hairless mouse skin and similar results were
obtained.

The researchers found that Tocopherol was depleted upon il-
lumination with UV light because of its antioxidant properties
and that it can be directly destroyed because the tocopheroxyl
radical is generated by solar UV light. They postulated that “dual
depletion of this major skin antioxidant implies that, after so-
lar illumination, the skin is highly vulnerable to oxidative stress.
Also, because antioxidants like ascorbate and dihydrolipoate can
recycle vitamin E [Tocopherol], they can become depleted by so-
lar UV illurnination. Such depletion leaves the skin susceptible



TOCOPHEROL 71

to free radical attack of vital cellular targets and may actu-
ally facilitate tumor initiation and promotion as well as other
UV-induced lesions of the skin.”

Effect on Lipid Peroxidation

Tocopherol: The effect of Tocopherol on lipid peroxida-
tion was examined in UVB-irradiated human skin fibroblasts
(Kondo et al. 1990). Fibroblasts in the growing phase, which
were obtained from the elbow, back, inguinal area, or upper
arm of five healthy subjects, were irradiated in the presence of
phosphate-buffered saline with UVB obtained with polychro-
matic light from a two-tube sun lamp (Toshiba FL 20SE), wave-
length range of 280 to 320 nm and maximum at 305 nm, ata dose
of 500 J/m?. Immediately after irradiation, a medium containing
100 pg/ml di-a-Tocopherol was added to the cultures. Irradiated
and unirradiated cells were collected after 48 hours, and MDA
was measured. MDA increased following UVB irradiation in the
absence, but not in the presence, of Tocopherol; the difference
was statistically significant. The authors concluded that these
findings indicate that “dl-a-tocopherol inhibits UVB-induced
lipid peroxidation.”

Epidermal tissue from groups of 10 hairless HRO-hr/hr mice
was used to determine the effect of vitamin E (assumed to be To-
copherol) on polyamine and oxygenated free-radical metabolism
(Khettab et al. 1988). Repeated applications of 100 pl of an
emulsion containing 0.25% Tocopherol were applied dermally
1 hour before and 1 and 2 hours after irradiation. The animals
were given a dose of 3.2 J/em? UVA and UVB from a Suntest
lamp (280 to 400 nm); this dose was three times the minimum
erythema dose (MED). Tocopherol reduced MDA production
60% compared to animals that were irradiated but had no emul-
sion applied. Tocopherol also statistically significantly reduced
polyamine metabolism; specifically, the amount of putrescine
and spermidine in the epidermis was significantly less than that
observed in irradiated controls.

Tocopheryl Acetate. Female hairless SKH-1 mice were fed
a diet containing <2, 60, or 600 IU dl-a-Tocopheryl Acetate/kg
diet for 3 weeks before irradiation to determine the effect on
lipid peroxidation and thymidine incorporation (Record et al.
1991). The animals were irradiated by a single exposure of UV
light, with 0.36 J/cm?/min UVA and 0.12 J/cm?/min UVB. The
animals acted as their own controls, as one side of the animal was
covered during irradiation. The animals were given an intraperi-
toneal (IP) injection of [methyl->H}-thymidine after irradiation
and were killed 1 hour later. High dietary intake of Tocopheryl
Acetate did not alter lipid peroxidation. High concentrations of
Tocopheryl Acetate restored the incorporation of thymidine to
values similar to those of controls.

The effect of topical applications of 5% Tocopheryl Acetate
on MDA (a breakdown product of lipid peroxides) in the skin
was examined (Djerassi, Machlin, and Nocka 1986). Although
details were not provided, MDA reportedly was decreased by
40% to 80% of the control value of irradiated hairless mice.

Effect on Photobinding - -

The effect of single and multiple applications of Toco-
pherol and Tocopheryl Acetate on the photobinding of
8-methoxypsoralen (8-MOP) and chlorpromazine (CPZ) to epi-
dermal DNA, protein, and lipids was examined using female
albino Wistar rats (Schoonderwoerd et al. 1991). For the sin-
gle application, dl-«-Tocopherol or di-a-Tocopheryl Acetate in
ethanol, 35 ul/cm?, was applied to the shaved left side of the back
of each animal and ethanol was applied to the shaved right side.
After 20 minutes, a solution of 8-{methyl->*H])-MOP or [*H]-CPZ
in ethanol (35 ul/em?; 2.27 x 1073 M; 1.33 Ci/ml) was applied
to both the test and control sites. Groups of three animals were
dosed with 0.00001 to 0.001 M Tocopherol/8-MOP and 0.01 to
0.05 M Tocophery! Acetate/8-MOP and groups of five animals
were dosed with 0.01, 0.05, or 0.1 M Tocopherol/8-MOP, 0.1 M
Tocopheryl Acetate/8-MOP, 0.1 M Tocopherol/CPZ, and 0.1 M
Tocopheryl Acetate/CPT. Twenty minutes after application of
8-MOP or CPZ, the animals were irradiated for 1 hour using five
Philips TL 80/10 R lamps, spectral region 345 to 410 nm with
the peak at 370 nm, which were placed above the metabolism
cages. (Number of animals per cage not specified.) For the mui-
tiple applications, 35 ul/cm? Tocopherol or Tocopheryl Acetate,
0.005M, was applied to the backs of five animals daily for 4 days.
Ethanol was applied to the backs of animals in the control group.
Five hours after the last application, 35 ul/cm? 8-MOP or CPZ in
ethanol, 2.27 x 1073 M, was applied to the back of each animal.
Twenty minutes later, the rats were irradiated as described pre-
viously. Two animals were dosed comparably but not irradiated.

A single application of 0.01 to 0.1 M Tocopherol inhibited
8-MOP photobinding to DNA/RNA and protein, whereas it en-
hanced photobinding of 8-MOP to lipids. Tocopheryl Acetate
did not significantly affect photobinding of 8-MOP, and nei-
ther Tocopherol nor Tocopheryl Acetate protected against CPZ
photobinding. With multiple applications, Tocopherol and To-
copheryl Acetate protected against photobinding of 8-MOP to
DNA/RNA and proteins, but not to lipids. Again, CPZ photo-
binding was not affected.

Beijersbergen van Henegouwen, Junginger, and de Vries
(1995) also examined the effect of Tocopherol and Tocopheryl
Acetate on photobinding of 8-MOP using groups of six Wistar
rats. d-a-Tocopherol or d-a-Tocopheryl Acetate, 0.25%, was
applied to a shaved site of the left side of the back of each ani-
mal and ethanol was applied to a shaved site on the right side;
applications were made once daily for 5 days. Five hours af-
ter the last application, 8-[methyl-*H]-MOP in ethanol (0.7 ml;
1.33 uCi/ml) was applied to the two areas. Fifteen minutes af-
ter application of 8-MOP, the animals were exposed to UVA
for 1 hour (216 kJ/m?). Philips TL 80/10R lamps, with a spec-
tral region of 345 to 410 nm and an overall light intensity of
60 W/m?, were used. The animals were then killed; the epider-
mis and the dermis were separated. The epidermis was separated
into a protein-containing and a lipid-containing fraction. The
photobinding of 8-MOP was also determined after single appli-
cations of 0.002%, 0.005%, 0.01%, and 0.25% Tocopherol and
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Tocopheryl Acetate. A single application of Tocopheryl Acetate
did not affect photobinding, but some protection was observed
after 5 days of dosing. Single and multiple applications of To-
copherol were also protective.

Effect on Erythema

Tocopherol. The effect of Tocopherol on UV-induced ery-
thema was determined using rabbits (Roshchupkin, Pistsov, and
Potapenko 1979). di-a-Tocopherol in ethanol (0.1 ml/cm?) was
applied to rabbit skin 1 hour before or 2 minutes, 1, 5, or 10 hours
after irradiation; surface concentration was 10~'% mol/cm?. The
UV source was a super-high-pressure mercury vapor lamp SVD-
120QA with two liquid filters; the length of irradiation was 12 to
60 seconds.

Tocopherol application 1 hour before irradiation (five ani-
mals) increased the MED 140% of the control value. Tocopherol
application 2 minutes after irradiation increased the MED 173%
(four animals) and 154% (nine animals). Applications 1, 5, and
10 hours after irradiation increased the MED 158% (three an-
imals), 112% (nine animals), and 111% (nine animals) of the
control value, respectively.

Tocopheryl Acetate. The effect of Tocopheryl Acetate on
UV-induced erythema was also determined using rabbits
(Roshchupkin, Pistsov, and Potapenko 1979). «-Tocopheryl Ac-
etate in ethanol (0.1 ml/cm?) was applied to rabbit skin 1 hour
before or 2 minutes after irradiation; surface concentration was
107'° mol/cm?. The UV source was a super-high-pressure mer-
cury vapor lamp SVD-120QA with two liquid filters; the length
of irradiation was 12 to 60 seconds. Tocopheryl Acetate did not
significantly affect the MED.

Hairless skh-1 mice were exposed to UV radiation, and the ef-
fect of Tocopheryl Acetate on erythema was observed
(Trevithick et al. 1992). The animals were exposed to a dose of
0.115 to 0.23 J/cm? UVB, and d-a-Tocopheryl Acetate was ap-
plied after exposure. Tocopheryl Acetate reduced the erythema
index by 40% to 55% with a dose of 0.115 J/cm?. In two exper-
iments using magnetic resonance imaging, skin thickness was
significantly reduced 29% and 54% at 24 hours and 26% and
61% at 48 hours.

Hairless male skh-1 mice were used to determine the effect of
Tocopheryl Acetate on irradiation-induced erythema using skin
thickness as an indicator (Trevithick et al. 1993). The animals
were exposed to a total UVB dose of 0.115 J/cm? (3.3 to 3.8 times
the MED) using four Phillips TL40W/12 tubes. The animals
served as their own controls, as half of each animal’s back was
covered. At specified times after irradiation, D-a-Tocopheryl
Acetate was applied to half of the back of each animal. With
application of Tocopheryl Acetate at 0 to 8 hours after irradi-
ation, skin thickness increased less than that observed without
Tocopheryl Acetate.

Immunologic Effects
Tocopherol. The effect of Tocopherol on cell-mediated im-
munity was examined in a randomized double-blind placebo-

controlled study performed using 88 healthy elderly subjects
(Meydani et al. 1997). The test subjects were given capsules
containing 60, 200, or 800 mg dl-a-Tocopherol in soybean oil
daily for 235 days; the control group was given capsules con-
taining soybean oil only.

Baseline serum Tocopherol concentrations were similar for
all four groups. Serum Tocopherol concentrations were statis-
tically significantly increased in a dose-dependent manner in
all three test groups compared to controls at months 1 and 4.
Administration of Tocopherol did not alter the percentage of
T cells, B cells, or T-helper or T-cytotoxic cells. In examining the
results of delayed-type hypersensitivity (DTH) skin response, a
significant increase in diameter of induration was observed af-
ter 128 days for the test groups as compared to baseline; the
diameter of induration was “representative of the current sta-
tus of cell-mediated immunity.” No change was observed in
the placebo group. When expressed as median percent change,
subjects of the 200-mg/day group had a statistically signifi-
cant increase in DTH (65%) as compared to controls (17%).
The median percent changes in the 60- and 800-mg/day groups
(41% and 49%, respectively), were not significantly greater than
the control group. Dosing with Tocopherol did not affect total
nonspecific immunoglobulin concentrations when compared to
baseline values. Antibody titers against hepatitis B vaccine in-
creased significantly in the 200- and 800-mg/day groups, but no
significant effect was observed on antibody response to diph-
theria vaccine. A significant increase in the geometric mean of
antibody titer in response to tetanus toxoid was observed in the
200-mg/day group. The researchers concluded that Tocopherol
supplementation enhanced indices of T cell-mediated function,
and that this enhancement was not associated with any adverse
effects.

Groups of 26 specific pathogen—free female C3H/HeNTac
(H-2¥; MTV ™) mice, housed five per cage, were dosed dermally
with 25 mg dl-a-Tocopherol in 200 w1 acetone three times per
week; dosing was initiated 3 weeks prior to the start of irra-
diation and continued throughout the experiment (Gensler and
Magdaleno 1991). To avoid oxidation, Tocopherol was applied
30 minutes after irradiation. The animals were irradiated with
6.0 J/m?/sec UVB from a bank of six FS40 Westinghouse fluo-
rescent sunlamps at a distance of 20 cm for 30 minutes per day,
5 days per week, for 12 weeks. Control mice were treated with
solvent. One organ equivalent of splenocytes from irradiated
mice was injected intravenously (IV) into 24 normal recipients
that were then challenged with the syngeneic, antigenic, UV-
induced tumor cell line UVM12. The capacity of splenocytes
from UV-irradiated mice to inhibit normal rejection of UVM12
was abrogated. The proportion of mice with tumors was sta-
tistically lower in mice receiving splenocytes from irradiated
mice treated with Tocopherol compared to those from irradiated
control mice.

Gensler and Magdaleno (1991) also characterized the phe-
notypes of the splenocytes used in the passive transfer. The
splenocytes were incubated with monoclonal antibodies specific
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for leukocyte differentiation or activation antigens. In irradiated
control mice, the proportion of splenocytes that reacted pos-
itively for Ia antigen was decreased and the proportions that
reacted positively for Mac-1 and Mac-2 were increased. The
decrease in Ia* splenocytes was prevented by Tocopherol. Irra-
diation resulted in an increase in the proportion of interleukin-
2 (IL-2) receptor—positive splenocytes relative to unirradiated
controls; application of Tocopherol did not influence the UV-
induced decrease in IL-2R* splenocytes. Tocopherol did signif-
icantly increase the proportion of splenocytes from irradiated
mice that reacted positively for Lyt-2 and L3T4 antigens.

A group of two male Sprague-Dawley rats was dosed with
0.5 ml of 100 mg/kg «-Tocopherol in 75% ethanol by gavage
once daily for 5 days in order to evaluate its effect on macrophage
and monocyte activation (Bulger et al. 1997). Two groups of
controls were used; one group was given 0.5 ml saline and one
was given 0.5 ml ethanol. This study was repeated three times
for a total of six animals per group. All animals were killed
24 hours after the last dose, and peritoneal macrophages and
whole blood were harvested. The macrophages were stimulated
with lipopolysaccharide (LPS) and tumor necrosis factor (TNF)
production was measured after 18 hours; whole blood was stim-
ulated with 10 pg/ml LPS and TNF production was measured af-
ter 3 and 6 hours. Serum uptake of a-Tocopherol was increased.
In peritoneal macrophages, TNF production was increased in
ethanol controls compared to saline controls. Tocopherol statis-
tically significantly inhibited TNF production when compared to
the ethanol controls, but not when compared to saline controls. In
whole blood, TNF production was greatest at 3 hours. The TNF
response was statistically decreased compared to saline control
values at both 3 and 6 hours. The ethanol control group had a
non-statistically significant increase in TNF response compared
to the saline controls.

Groups of five “old” (12-week-old) male F344 rats were fed a
normal (50 mg/kg diet) or “high vitamin E” diet (585 mg/kg diet;
assumed to be Tocopherol) for 12 months in order to determine
whether vitamin E supplementation improved cellular immune
function that decreases with aging (Sakai and Moriguchi 1997).
Body weights and feed consumption were measured weekly.
“Young” (8-week-old) male F344 rats were used as the controls.
The animals were killed after termination of dosing, and cellular
immune function was examined. The proliferation of splenic
lymphocytes to phytohemagglutinin (PHA) and concanavalin A
(Con A) was determined.

Body weights and feed consumption were similar for the
two groups of old animals. Body weights of old animals were
statistically greater than those of young animals; feed consump-
tion data for young anirals were not given. Plasma vitamin E
concentrations were statistically lower in old animals fed a nor-
mal diet compared to old animals fed the high vitamin E diet
and to young animals. Spleen weights were slightly but statisti-
cally decreased in both groups of old animals compared to the
young controls, The number of splenocytes was statistically de-
creased in old animals fed a normal diet as compared to young

animals. No significant difference in splenoeyte number.was ob-
served between old animals fed a high vitamin E diet and young
animals, o

Splenocytes were isolated and incubated with PHA or Con
A for 72 hours. Proliferation of whole splenocytes with PHA
or Con A was statistically less in old animals fed a normal diet
compared to the young controls. In old animals fed the high
vitamin E diet, splenocyte proliferation was slightly less with
PHA and similar with Con A when compared to young animals.
Macrophages were isolated from splenocytes of young and old
animals and then cultured with splenic lymphocytes of young
animals with Con A stimulation for 72 hours. Splenic lympho-
cyte proliferation was statistically increased by incubation with
macrophages from young animals. Macrophages from old ani-
mals fed the normal diet did not have an effect on proliferation of
splenic lymphocytes, but macrophages from old animals fed the
high vitamin E diet significantly enhanced the proliferation of
splenic lymphocytes almost as much as the macrophages from
youngrats. Splenic lymphocytes isolated from young and old an-
imals were cultured with macrophages isolated from young ani-
mals with Con A stimulation for 72 hours. No significant differ-
ence in splenic lymphocyte proliferation was observed between
old animals fed the control diet and the young animals, whereas
the responsiveness of splenic lymphocytes to macrophages was
statistically increased in old animals fed the high vitamin E diet
as compared to the other two groups. IL-2 activity was deter-
mined in splenocytes cultured with Con A for 48 hours. IL-2
production was statistically decreased in old animals fed the
normal diet compared to the young animals, whereas IL-2 pro-
duction was significantly increased in old animals fed the high
vitamin E diet.

The effect of Tocopherol on the distribution of oral mucosal
Langerhans cells was examined using groups of male and female
golden hamsters (Schwartz et al. 1985). The left buccal pouch
mucosa of two groups of 11 animals was painted three times
per week with 0.5% 7,12-dimethylbenz(a)anthracene (DMBA)
in heavy mineral oil. One of the DMBA groups was also given
10 mg DL-a-Tocopherol in peanut oil (four drops of a 50-mg/ml
solution) twice weekly on days alternate to DMBA. A group of
nine animals was given Tocopherol only, and in a control group
of six animals, the buccal mucosa was painted with mineral oil.
The animals were killed after 8 weeks.

‘When compared to controls, administration of Tocopherol re-
sulted in a significant decrease of focal aggregates of Langerhans
cells in the buccal epidermis, but not in the number of interfocally
distributed Langerhans cells. A statistically significant decrease
in the number of focal aggregates and the number of interfocally
distributed Langerhans cells was observed in the DMBA-only
test group compared to controls. Administration of Tocopherol
with DMBA produced a significant increase in Langerhans cell
density as compared to the animals given DMBA only. Morpho-
logically, the Langerhans cells in the animals given DMBA only
had a loss of the normal dendritic network and a shrinking of
the cell body following DMBA application; the administration
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of Tocopherol in conjunction with DMBA resulted in “much less
pronounced effects on the morphology of Langerhans cells.”

The induction of TNF-« by «-Tocopherol was examined in
male Syrian hamsters; the right buccal pouches of the animals
were painted three times weekly with DMBA in heavy mineral
oil for 14 weeks (Shklar and Schwartz 1988). After 14 weeks, a
group of 20 animals was given a 0.1-ml injection of 1.9 mg/ml
Tocopherol twice weekly for 4 weeks. A sham-injected control
group was dosed with minimal essential medium; an untreated
control group (that had tumors initiated with DMBA) was also
used. The animals were killed after 18 weeks on study.

Tumors were observed in all animals by week 14. After
4 weeks of administration of Tocopherol, notable tumor regres-
sion was seen, whereas the control animals had numerous, mod-
erately sized papillary tumors. At microscopic examination of
tumors of the test animals, areas of degeneration and connective
tissue were found beneath the tumors that were “densely infil-
trated with macrophages and lymphocytes.” Greater than 50%
of the cells in each histologic field from the buccal pouches of
the animals dosed with Tocopherol were positive for TNF-«;
the positive cells were primarily macrophages that occurred in
large amounts adjacent to the regressing epidermoid carcino-
mas and within tumors where degeneration of the tumor cells
was apparent. Minimal TNF-o was observed in control animals.

Tocopheryl Acetate. The effect of Tocopheryl Acetate on
cell-mediated immunity was examined in a double-blind,
placebo-controlled study using 32 elderly subjects (Meydani
et al. 1990). Five male and 13 female subjects were given two
capsules containing 400 mg dl-a-Tocopheryl Acetate in soybean
oil for 30 days; 4 male and 10 female control subjects were given
capsules containing only soybean oil. Blood and urine samples
were taken prior to and at the end of testing.

Plasma «-Tocopherol concentrations increased threefold in
the test group. Positive DTH responses were recorded at 24 and
48 hours for each antigen. The cumulative score and antigen
score were significantly increased in the test group, and the per-
cent change in the test group was significantly greater than that in
the controls. A significant increased in Con A—stimulated mito-
genic response was observed in the test group, but no significant
change was observed in response to PHA or Staphylococcus
aureus Cowan 1. IL-2 formation in response to Con A was sig-
nificantly increased, and the percent change was significantly
greater in the test group compared to the controls. A positive
correlation was found between changes in IL-2 concentration
and changes in plasma «-Tocopherol concentration. No signif-
icant change in serum immunoglobulin concentrations was ob-
served. A significant decrease in PHA-stimulated prostaglandin
E, (PGE,) formation was observed in test subjects, and the per-
cent decrease was significantly greater than in the control group.
Tocopheryl Acetate improved immune responsiveness.

Cytokine production was examined in a single-blind study
after supplementation with dl-a-Tocopheryl Acetate (Jeng et al.
1996). A group of 10 subjects were given 400 mg Tocopheryl
Acetate daily for 28 days. Three other groups of 10 subjects

were given 1 g ascorbic acid, Tocophieryl Acetate + ascorbic
acid, or a placebo. Blood samples were taken prior to dosing
and on days 14, 28, and 35.

Administration of Tocopheryl Acetate or Tocopheryl
Acetate 4 ascorbic acid resulted in a significant increase in the
plasma concentration of a-Tocopherol on days 14 and 28, with
the greater increase seen on day 14. On day 35, the concen-
trations were returning to baseline values. Plasma MDA was
significantly reduced on day 14 when compared to the placebo
group. On day 14, production of IL-18 and TNF-« by periph-
eral blood mononuclear cells (PBMCs) were increased 1.5- and
1.26-fold, respectively; this increase was significant compared
to baseline, to the group supplemented with ascorbic acid, and
to the group given the placebo. The group given Tocopheryl
Acetate + ascorbic acid had greater IL-18 and TNF-a produc-
tion. IL-6 production was not significantly increased in any of
the groups.

The ability of Tocopheryl Acetate to prevent UV-induced
antigenic tumor susceptibility was determined using the UVM12
cell line (Gensler et al. 1996). Groups of 30 shaved specific
pathogen—free female BALB/cAnNTacfBR (H-2¢) mice were
dosed dermally with 12.5, 25, or 50 mg di-a-Tocopheryl Ac-
etate in 0.2 ml acetone three times per week; dosing was initiated
3 weeks prior to the start of irradiation and continued throughout
the experiment. (During dosing, Tocopheryl Acetate was applied
30 minutes after irradiation.) The animals were irradiated with
6.44 J/m?/sec UVB from a bank of six unfiltered FS40 West-
inghouse fluorescent sunlamps that emit a continuous spectrum
from 270 to 390 nm, with a peak emission of 313 nm (75% of the
output was in the range of 280 to 320 nm), at a distance of 20 cm
for 30 minutes per day, 5 days per week, for 12 weeks. Tumor
challenges consisted of intradermal injection in the flanks of
mice with 5 x 10° tumor cells in 100 1 of phosphate-buffered
saline. UV-induced susceptibility was not prevented with any
dose of Tocopheryl Acetate tested. Tumor incidence was sig-
nificantly increased in UV-irradiated groups compared to non-
irradiated groups. Tocopheryl Acetate, 25 mg/kg, enhanced the
growth of injected UVM12 cells.

A group of two male Sprague-Dawley rats was dosed with
0.5 ml of 100 mg/kg a-Tocopheryl Acetate in 75% ethanol by
gavage once daily for 5 days in order to evaluate its effect on
macrophage and monocyte activation (Bulger et al. 1997). Two
groups of controls were used; one group was given 0.5 ml saline
and one was given 0.5 ml ethanol. This study was repeated three
times for a total of six animals per group. All animals were killed
24 hours after the last dose, and peritoneal macrophages and
whole blood were harvested. The macrophages were stimulated
with LPS and TNF production was measured after 18 hours;
whole blood was stimulated with 10 pg/ml LPS and TNF
production was measured after 3 and 6 hours.

Gastritis was observed in one animal. Serum uptake of
a-Tocopherol was increased. In peritoneal macrophages,
TNF production was increased in ethanol controls compared to
saline controls. Tocopheryl Acetate significantly inhibited TNF
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production when compared to the ethanol controls, but not when
compared to saline controls. In whole blood, TNF production
was greatest at 3 hours. The TNF response was significantly de-
creased compared to saline control values at both 3 and 6 hours.
The ethanol control group had a nonstatistically significant in-
crease in TNF response compared to the saline controls.

Groups of six SL mice were fed a diet containing 0, 20, or
200 mg «-Tocopheryl Acetate/kg feed for 50 days prior to and
36 days after being immunized to determine the influence of To-
copherol esters on antibody production using a hapten-carrier
conjugate as an antigen (Tanaka, Fujiwara, and Torisu 1979).
The primary immunization consisted of an IV injection of 0.2 ml
of a 25% v/v suspension of hamster erythrocytes (HRBC) in
saline. Twenty-eight days after the primary immunization, the
animals were given an IV injection of 0.2 ml of a 25% 2,4,6-
trinitrophenyl (TNP)-HRBC suspension. Hemagglutinin titres
to HRBC were measured prior to immunization and on days 4,
8, and 14 after and hemagglutinin titres to TNP were measured
on days 28, 32, and 36 after primary immunization. Compared
to animals fed a diet containing no Tocopherol, significant in-
creases were observed in anti-HRBC titres on days 4, 8, and 14
in animals fed 200 mg Tocopheryl Acetate/kg feed and in anti-
body response to TNP on days 32 and 36 in animals fed 200 mg
Tocopheryl Acetate.

The same procedure was repeated with groups of eight SL
mice and compared to results obtained in HRBC-nonprimed
mice given control chow or feed with Tocopheryl Acetate. Non-
primed mice were injected with TNP-HRBC at the same time
primed mice were given the injection. TNP antibody titres were
again measured 32 and 36 days after the primary immuniza-
tion. No statistically significant difference in antibody response
to TNP was observed in nonprimed mice. A significant, dose-
dependent increase was observed in primed mice.

Tanaka, Fujiwara, and Torisu (1979) also fed groups of
12 DDD mice 20 or 200 mg Tocopheryl Acetate/kg feed or
chow without Tocopherol for 50 days and then immunized the
animals with HRBC while being supplemented. Antibody titres
were measured on days 4, 7, 14, and 21. Anti-HRBC hemagglu-
tinin and 2-mercaptoethanol-resistant antibody titres were sig-
nificantly increased on day 7 for both groups given Tocopheryl
Acetate when compared to control animals. Supplementation
with Tocopheryl Acetate seemed to augment in a nonstatisti-
cally significant manner primary immunoglobulin M (IgM) and
later IgG antibody; the researchers postulated that Tocopheryl
Acetate “facilitated the shift of antibody from IgM to IgG.”

Spleen cells from DDD mice fed 200 mg/kg Tocopheryl Ac-
etate, a Tocopherol-deficient diet, or normal chow and primed
with HRBC or TNP-bovine serum albumin (BSA) were trans-
ferred by Tanaka, Fujiwara, and Torisu (1979) 7 or 28 days after
priming, respectively, into groups of eight 600 rad—irradiated
syngeneic mice. The recipient mice were immunized with TNP-
HRBC simultaneously with the cell transfer. TNP antibody titres
were measured 4, 7, 14, and 21 days after immunization with
TNP-HRBC. The TNP antibody titres were statistically signif-

icantly increased in mice given Tocopheryl Acetate-as com-
pared to those fed a Tocopherol-deficient diet on days 7 and
14. The researchers stated that the results indicated that “the ac-
tivity of helper cells (T cells) was enhanced by treatment with
[Tocopheryl Acetate] supplementation.”

PBMCs were cultured with dl-a-Tocopheryl Acetate and
stimulated with LPS for 24 hours (Jeng et al. 1996). PBMCs
were also cultured with ascorbic acid and Tocopheryl Acetate
-+ ascorbic acid combined. TNF-¢ production was significantly
increased in all test cultures. IL-18 production was not affected.
Production of PGE; was significantly decreased by Tocopheryl
Acetate and Tocopheryl Acetate + ascorbic acid combined, with
Tocopheryl Acetate producing the greater reduction.

Tocopheryl Nicotinate. Groups of six SL mice were fed a
basal diet or one containing 226 mg «-Tocopheryl Nicotinate/kg
feed for 50 days prior to and 36 days after being immunized
to determine the influence of Tocopherol esters on antibody
production using a hapten-carrier conjugate as an antigen
(Tanaka, Fujiwara, and Torisu 1979). The primary immunization
consisted of an IV injection of 0.2 ml of a 25% v/v suspension of
HRBC in saline. Twenty-eight days after the primary immuniza-
tion, the animals were given an IV injection of 0.2 ml of a 25%
TNP-HRBC suspension. Hemagglutinin titres to HRBC were
measured prior to immunization and on days 4, 8, and 14 after
immunization and hemagglutinin titres to TNP were measured
on days 28, 32, and 36 after primary immunization. Compared to
animals fed a diet containing no Tocopherol, statistically signifi-
cant increases were observed in anti-HRBC titres on day 4 and in
antibody response to TNP on day 32 in animals fed Tocopheryl
Nicotinate.

The same procedure was repeated with groups of eight SL
mice and compared to results obtained in HRBC-nonprimed
mice given control chow or feed with Tocopheryl Nicotinate.
Nonprimed mice were injected with TNP-HRBC at the same
time primed mice were given the injection. TNP antibody titres
were again measured 32 and 36 days after the primary immuniza-
tion. No statistically significant difference in antibody response
to TNP was observed in nonprimed mice; the animals fed Toco-
pheryl Nicotinate had less anti-TNP antibody than the animals
fed no Tocopherol. A significant, dose-dependent increase was
observed in primed mice.

Tocopheryl Succinate. The ability of Tocopheryl Succinate
to prevent UV-induced antigenic tumor susceptibility was deter-
mined using the UVM12 cell line (Gensler et al. 1996). Groups of
30 shaved specific pathogen—free female BALB/cAnNTacfBR
(H-29) mice were dosed dermally with 2.5, 12.5, or 25 mg dl-a-
Tocopheryl Succinate in 0.2 ml acetone three times per week;
dosing was initiated 3 weeks prior to the start of irradiation
and continued throughout the experiment. During dosing, Toco-
pheryl Succinate was applied 30 minutes after irradiation. The
animals were irradiated with 6.44 J/m?/sec UVB from a bank
of six unfiltered FS40 Westinghouse fluorescent sunlamps that
emit a continuous spectrum from 270 to 390 nm, with a peak
emission of 313 nm (75% of the output was in the range of 280 to
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320 nm), at a distance of 20 cm for 30 minutes per day, 5 days
per week, for 12 weeks. Tumor challenges consisted of intra-
dermal injection in the flanks of mice with 5 x 10° tumor cells
in 100 pl of phosphate-buffered saline. UV-induced suscepti-
bility was not prevented with any dose of Tocophery! Succinate
tested. Tumor incidence was statistically significantly increased
in UV-irradiated groups compared to nonirradiated groups. To-
copheryl Succinate, 25 mg/kg, enhanced the growth of injected
UVMI12 cells.

Two male Sprague-Dawley rats were dosed with 0.5 ml of
100 mg/kg a-Tocopheryl Succinate in 75% ethanol by gavage
once daily for 5 days in order to evaluate its effect on macrophage
and monocyte activation (Bulger et al. 1997). Two groups of
controls were used; one group was given 0.5 ml saline and one
was given 0.5 ml ethanol. This study was repeated three times for
atotal of six animals per group. All animals were killed 24 hours
after the last dose, and peritoneal macrophages and whole blood
were harvested. The macrophages were stimulated with LPS
and TNF production was measured after 18 hours; whole blood
was stimulated with 10 pg/ml LPS and TNF production was
measured after 3 and 6 hours.

The death of one animal was not compound-related. Gastritis
was observed in one animal. Serum uptake of «-Tocopherol was
increased approximately twofold over controls. In peritoneal
macrophages, TNF production was increased in ethanol controls
compared to saline controls. Tocopheryl Succinate significantly
inhibited TNF production when compared to the ethanol con-
trols, but not when compared to saline controls. In whole blood,
TNF production was greatest at 3 hours. The TNF response was
significantly decreased compared to saline control values at both
3 and 6 hours. The ethanol control group had an increase in TNF
response compared to the saline controls, but the increase was
not statistically significant.

Anti-Inflammatory Activity

The anti-inflammatory activity of d-a-Tocopherol was ex-
amined using male Holtzman rats (Stuyvesant and Jolley 1967).
A subcutaneous injection of an adjuvant containing Mycobac-
terium butyricum was made in the tail of each animal. By day 19,
18 of the 21 control animals had grade 4 lesions (confluent in-
volvement of one or more extremity of two or more times the
normal diameter), 1 had a grade 3 lesion (> 1 cm often becoming
confluent but not yet involving the entire extremity), and 1 had
a grade 2 lesion (=4 lesions that are <1 cm in diameter); only
1 control animal had no apparent lesions. A group of 24 rats
was given IP injections of 0.6 ml of Tocopherol once a week,
starting on the day of administration of the adjuvant. By day 19,
7 of the 24 test animals did not develop lesions, 6 had grade
1 lesions (<4 lesions that are <3 mm in diameter), 7 had grade
2 lesions, 1 had grade 3 lesions, and 3 had grade 4 lesions. In
a group of six animals in which the first dose of Tocopherol
was administered on day 5, one animal had grade 1 lesions, two
had grade 2 lesions, two had grade 3 lesions, and one had grade

4 lesions. When the first dose of Tocopherol was not adminis-
tered to a group of six animals until day 9, four animals had
grade 3 lesions and two animals had grade 4 lesions.

Effect on Nitroso Compound Formation

Tocopherol. «-Tocopherol is a good inhibitor of nitrosa-
tion because its phenol ring is fully substituted (Mirvish 1986).
a-Tocopherol reduced NO; to NO in organic solvents and lipids,
and its emulsions in water reduce nitrite to NO; these reactions
have been observed with «-Tocopherol, but not Tocopheryl Ac-
etate. Also, Tocopherol was a strong inhibitor of nitrosamide
production from N-butylacetamide and NO; and its dimer N,Oy4.
a-Tocopherol might inhibit formation of skin nitrosating agents
from NO,, but it did not inhibit nitrosamine production from
skin nitrosating agents.

The use of Tocopherol as a nitrite scavenger for the preven-
tion of nitrosamine formation was examined in a model system
(Kamm et al. 1977; Mergens et al. 1978). A water-dispersible
form of Tocopherol was prepared and spray-dried to yield a
free-flowing solid that contained 33% by weight a-Tocopherol.
In evaluating the effect of 8.0 mM «-Tocopherol powder on
7.0 mM nitrite as a function of pH in an aqueous suspension, it
was found that as the pH was increased, the reaction of Toco-
pherol and nitrite slowed; at pH 2 or 3, the reaction proceeded
quite rapidly, whereas at pH 5, less than 5% of the initial nitrite
disappeared in 1 hour. Spray-dried, water-dispersible formula-
tions of 8.0 mM «- and y -Tocopherol were effective nitrite scav-
engers in simulated gastric fluid (pH 1.3); «-tocopherolquinone,
an oxidation product of Tocopherol, was unreactive toward ni-
trite. a-Tocopherol also inhibited aminopyrene nitrite~induced
hepatotoxicity in male Sprague-Dawley rats. Additionally, it re-
duced the amount of nitrosodimethylamine formed in cigarette
smoke and nitrosopyrrolidine formed in bacon.

Tocopherol Acetate. In a short-term study (described in
‘Animal Toxicology’), administration of di-a-Tocopheryl Ac-
etate with nitrite altered the cellular responses of rats to nitrite
(Chow et al. 1984). Supplementation with Tocopheryl Acetate
prevented nitrite-related mortality, liver, muscular, and blood
effects, and the decrease in glutathione S-transferase activity.
Nitrite potentiated Tocopherol deficiency in rats.

Cytotoxicity

Tocopherol. The concentration of Tocopherol needed to
produce a 50% reduction in viable cell number (IDsp) was
determined using KB cells of human epidermoid carcinoma
(Mochida, Goto, and Saito 1985). After 72 hours, the ID5o value
of di-a-Tocopherol was 110 pg/ml.

The effect of Tocopherol on morphological changes and
growth inhibition was determined using mouse melanoma (B-
16) and fibroblast cells (L-cells) in culture (Prasad and Edwards-
Prasad 1982). dl-a-Tocopherol diluted in specialized solvent and
then ethanol did not affect either growth or morphology.
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Tocopherol Acetate. Prasad and Edwards-Prasad (1982)
also determined the effect of Tocopherol Acetate on morphologi-
cal changes and growth inhibition of mouse melanoma
(B-16) and fibroblast cells (L-cells) in culture. Exposure to
dl-a-Tocopherol Acetate diluted in specialized solvent and then
water did not affect either growth or morphology.

Erythrocytes from fasted male Wistar rats were incubated
with 0.6, 6, 60, or 600 11g/ml di-«-Tocopheryl Acetate in ethanol
(Diez-Marques et al. 1986). A dose-dependent increase in os-
motic fragility was observed. Preincubation of erythrocytes with
Tocopheryl Acetate prior to incubation with phenylhydrazine
hydrochloride (PHH) did not modify the increased osmotic
fragility induced by PHH; the only protective effect observed
was that of 6 ug/ml on the osmotic fragility induced by 0.001 M
PHH. Preincubation with Tocopheryl Acetate prior to incubation
with hydrogen peroxide potentiated the toxic effect of hydrogen
peroxide on osmotic fragility.

Tocopherol Nicotinate. The effect of Tocopheryl Nicoti-
nate on morphological changes and growth inhibition was de-
termined using mouse melanoma (B-16) and fibroblast cells
(L-cells) in culture (Prasad and Edwards-Prasad 1982). dl-a-
Tocopherol Nicotinate diluted in ethanol did not affect growth
or morphology.

Tocopheryl Succinate. The cytotoxicity of Tocopheryl Suc-
cinate to human carcinoma SCC-25 squamous carcinoma cells
was determined under various conditions (Schwartz et al. 1992).
Exposure of the cells to 500 uM dl-a-Tocopheryl Succinate for
1 hour at normal pH (7.4) killed 30% and 45% of normally oxy-
genated and hypoxic cells, respectively. Exposure for 6 hours
killed 90% and 63% of normally oxygenated and hypoxic cells,
respectively. At a pH of 6.45, cytotoxicity was decreased with
normally oxygenated but not hypoxic cells. Exposure to 70 uM
Tocopheryl Succinate resulted in a 15% and 26% increase in the
superoxide dismutase activities and in the nonprotein sulfhydryl
content in the cells. The glutathione S-transferase activity in
SCC-25 cells was increased by 40% to 45% over controls after
exposure to Tocopheryl Succinate. [*H]-Thymidine incorpora-
tion was significantly reduced after SCC-25 cells were exposed
for 2 hours to 70 uM Tocophery! Succinate; exposure of nor-
mal human epidermal keratinocytes to Tocopheryl Succinate
resulted in increased [>H]-thymidine incorporation,

Schwartz and Shklar (1992) cultured seven different human
malignant cell lines with Tocopheryl Succinate to determine
the cytotoxic effect. a-Tocopheryl Succinate was cultured with
two oral carcinoma cell lines, SCC-25 and SQ-38, two breast
cell lines, MCF-7 and ZR75, two lung carcinomas, SK-MES
and CALV-3, and one malignant melanoma, A375. Normal hu-
man keratinocytes and breast cells were also cultured with
Tocopheryl Succinate. Compared to untreated tumor cells, treat-
ment of tumor cells with Tocopheryl Succinate resulted in de-
creased viability. Morphological changes were observed.
[*H]-Thymidine proliferation and succinic dehydrogenase ac-
tivity were quantitatively reduced compared to normal cells.
The researchers concluded that Tocopheryl Succinate can sub-

stantiate a selective cytotoxic effect on-human tumor cell
growth.

The effect of Tocopheryl Succinate on morphological
changes and growth inhibition was examined using mouse
melanoma cells (B-16) and fibroblasts (L-cells) (Prasad and
Edwards-Prasad 1982). d-a-Tocopheryl Succinate in ethanol
produced dose-dependent changes in the morphology of
melanoma cells; these changes were not reversible when To-
copheryl Succinate was removed from the medium. Significant
morphological changes were not observed with mouse fibro-
blasts, except for those due to toxicity at high concentrations.
Tocopheryl Succinate also inhibited the growth of melanoma
cells in a dose-dependent manner. Cell growth was determined
using protein content, number of viable cells, or colony forming
ability. The concentrations of Tocopheryl Succinate needed to
inhibit cell growth by 50% were reported. If protein content was
measured, the concentrations of Tocopheryl Succinate needed
to inhibit cell growth by 50% for melanoma cells was 6 pg/ml
and for fibroblasts, 10 g/ml. If the number of viable melanoma
cells was determined, the 50% growth inhibition level was
5.5 ng/mlin serum and 1.2 pg/ml in serum-free medium. When
the determination used colony formation, 50% growth inhibi-
tion for fibroblasts grown in serum was 5.7 ug/ml. In examining
the effect of Tocopheryl Succinate on melanin content, it was
determined that melanoma cells treated with Tocopheryl Succi-
nate contained approximately twice as much melanin than those
found in untreated culture.

Mouse melanoma (B-16), mouse neurcblastoma (NBP»), and
rat glioma (C-6) cells were cultured with d- and dl-a-Tocopheryl
Succinate to determine the effect of each form on cell growth
and morphology (Rama and Prasad 1983). Growth inhibition
was assayed using colony formation with melanoma cells and
using cell number per dish for neuroblastoma and glioma cells.
Both forms of Tocopheryl Succinate were equally effective in in-
hibiting cell growth of mouse melanoma, mouse neuroblastoma,
and rat glioma cells. Morphological changes were observed with
all cell types. The researchers compared the results using Toco-
pheryl Succinate to those obtained with other known antioxi-
dants and found that “the effects of [Tocopheryl Succinate] on
tumor cells are mediated, in part, by antioxidant mechanisms.”

The effect of Tocopheryl Succinate on the radiation response
of mouse neuroblastoma (NBP,) and mouse fibroblast (L-cells)
cells in culture was also examined (Sarria and Prasad 1984).
dl-a-Tocopheryl Succinate in ethanol was added to the cell cul-
tures just prior to ®Co y-irradiation. Cells were irradiated at
a dose rate of 23 rad/min. Tocopheryl Succinate was added to
the cultures 2 days after irradiation. Irradiated controls were
supplemented with ethanol and sodium succinate or were
untreated; sham-irradiated controls were treated similarly.
y-Irradiation and Tocopheryl Succinate inhibited the growth
of mouse neuroblastoma cells in culture. The growth of fibro-
blast cells was also reduced, but the fibroblasts were less sen-
sitive to y-irradiation and Tocopheryl Succinate than the neu-
roblastoma cells. Tocopheryl Succinate enhanced the growth
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inhibitory effect of y -irradiation on mouse neuroblastoma cells,
but it did not enhance the effect of y-irradiation on mouse fi-
broblasts in culture.

Protection Against UV-Induced Cytotoxicity

Tocopherol. The protective effect of Tocopherol on UVB-
induced damage to human skin fibroblasts was examined in
a colony-forming assay (Kondo et al. 1990). Skin fibroblasts,
which were obtained from the elbow, back, inguinal area, or up-
per arm of five normal subjects, were irradiated with UVB ob-
tained with polychromatic light from a two-tube fluorescent sun
lamp (Toshiba FL. 20SE), wavelength range of 280 to 320 nm
and maximum at 305 nm; the irradiation was 0.2 mW/cm? at
a distance of 10 cm. Doses of 250 to 1000 J/m? were tested.
dl-a-Tocopherol in ethanol, 10, 100, or 1000 p.g/ml, was added
to the cell cultures immediately after irradiation. Control cul-
tures were supplemented with ethanol. A protective effect was
observed with 100 and 1000 pg/ml Tocopherol. The surviving
fraction was statistically significantly increased with 100 and
1000 .g/ml of Tocopherol at all UVB doses and with 10 pg/ml
Tocopherol at UVB doses of 250, 750, and 1000 J/m?.

Tocopheryl Succinate. The effect of Tocopheryl Succinate
on UVB-induced cytotoxicity was examined in a colony-
forming assay using Chinese hamster V-79 cells (Sugiyama
et al. 1992). The cells were pretreated for 24 hours with 25 uM
a-Tocopheryl Succinate and then irradiated with UVB light from
four Toshiba FL. 20SE-30 lamps, wavelength range of 280 to
360 nm with maximum at 305 nm; UVB doses of 200, 400,
and 600 J/m* were tested. Control cells were cultured with
dimethy! sulfoxide (DMSO) only. Pretreatment with Tocopheryl
Succinate resulted in a marked reduction in UVB-induced
cytotoxicity.

ANIMAL TOXICOLOGY
Acute Toxicity
Dermal
Tocopheryl Acetate. The dermal LDsy of Tocopheryl Ac-

etate was stated to be >3 g/kg for rats (Hoffmann-LaRoche
1995; Roche 1994).

Tocophersolan. The acute dermal toxicity of 75% Toco-
phersolan was determined using five male and five female Crl:
CD (SD)BR rats (Eastman Kodak Co. 1989). A single dose of
2 g/kg was applied to shaved skin under an occlusive patch for
24 hours. After dosing, the test site was rinsed. The animals
were observed for 2 weeks. All animals survived until study
termination and no abnormal clinical signs were observed. No
treatment-related gross lesions were observed at necropsy. The
oral LDsg was >2 g/kg for male and female rats.

Oral
Tocopherol. The oral LDs of undiluted Tocopherol was
determined using groups of five male ddY mice (CTFA 1972).

The animals were given a single doge at a volume of 10 ml/kg
and then observed for 14 days. An acute oral LDsg of undiluted
Tocopherol of >25 mi/kg was calculated by probit analysis—
Tocopherol was considered practically nontoxic.

The oral LDs; of Tocopherol was stated as >4 g/kg for rats
(BASF 1995).

The oral toxicity of a mixture consisting of Tocopherol
(<0.1%), Amica Montana Extract (1% to 5%), and Soybean
(Glycine Soja) Oil (>50%) (Chemisches Laboratorium Dr. Kurt
Richter GmbH [CLR] 1997) was determined using groups of
five male and five female SPF-Wistar rats (International Bio-
Research, Inc. (IBR) 1972a). The animals were given one oral
dose of 10, 15, or 20 ml/kg of the test mixture, and were ob-
served for 14 days. None of the animals died during the study,
and signs of toxicity were not observed. The acute oral LDsg of
the mixture was >20 mi/kg for SPF-Wistar rats.

Tocopheryl Acetate. The oral LDsg of Tocopheryl Acetate
was stated as >5 g/kg for rats (BASF 1993b; 1996a) and >4 g/kg
for both the rats and mice (Hoffmann-LaRoche 1995). Roche
reported the acute oral LDs, of Tocopheryl Acetate as >16 g/kg
for rats (Roche 1994).

Tocopheryl Nicotinate. 'The oral LDsq of Tocopheryl Nico-
tinate was stated as >10 g/kg for rats (BASF 1993c, 1994b,
1996b). (Details not provided.)

Tocopheryl Succinate. A group of 10 Charles River COBS,
CD rats were dosed with 7 g/kg d-a-Tocopheryl Succinate by
gavage (Krasavage and Terhaar 1977). The animals were ob-
served for 2 weeks and then killed. With the exception of an
initial transient (24-hour) period of lassitude and diarrhea, no
clinical signs were noted. No treatment-related deaths occurred.
The acute oral LDs; of Tocopheryl Succinate was >7 g/kg for
male and female rats.

Krasavage and Terhaar (1977) also orally dosed groups of
14 to 20 male and 14 to 20 female 2-day-old neonates from
Charles River COBS, CDrats with 0.075, 0.1, or 0.15 mi/neonate
d-a-tocopheryl polyethylene glycol (PG) 1000 succinate (To-
cophersolan), its components, polyethylene glycol 1000 and
d-a-Tocopheryl Succinate, or corn oil (control). The small body
weight and the difficulty in measuring the volume of material
delivered made it impossible to calculate a dosage on a mg/kg
basis. In addition, the delicacy of the procedure resulted in sev-
eral deaths by mechanical injury, further complicating the de-
termination of an LDso. The animals were observed daily, and
body weights were measured on days 3, 10, and 17 after dosing.
No difference was seen in the acute effect of Tocophersolan,
PG 1000, or Tocopheryl Succinate, but all three test substances
produced a higher mortality than did corn oil. In all groups, fe-
males had better survival than males. No significant difference
was observed in weight gain between surviving treated and con-
trol neonates. The acute oral LDsg for Tocopheryl Succinate was
stated to be in excess of 7 g/kg body weight.

The acute oral LDsg of Tocopheryl Succinate was stated to
be approximately 7 g/kg for rats (Spectrum Chemical Manufac-
turing Corporation 1998b).
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Dioleyl Tocopheryl Methylsilanol.  Groups of five male and
five female mice were given a single oral dose of a mixture of
Dioleyl Tocopheryl Methylsilanol and oleyl alcohol (0.05% To-
copheryl Acetate, 0.5% monomethylsilanetriol, remainder oleic
alcohol) (Exsymol 1988). The mixture had an LDsy >20 ml/kg
for mice (Exsymol 1988).

Tocophersolan. A group of 10 Charles River COBS, CD
rats were dosed with 7 g/kg d-a-Tocophersolan by gavage
(Krasavage and Terhaar 1977). The animals were observed for
2 weeks and then killed. With the exception of an initial tran-
sient (24-hour) period of lassitude and diarrhea, no gross changes
were noted. No treatment-related deaths occurred. The acute oral
LDsg of Tocophersolan was >7 g/kg for male and female rats.

In the study by Krasavage and Terhaar (1977) described
above, no difference was seen in the acute effect of Tocopher-
solan, PG 1000, or Tocopheryl Succinate, but all three test sub-
stances produced a higher mortality than did corn oil; in all
groups females had a better survival than males. The acute oral
LDs, for Tocophersolan was stated to be in excess of 7 g/kg
body weight.

The acute oral toxicity of 75%Tocophersolan was determined
using five male and five female Crl:CD (SD)BR rats (Eastman
Kodak Co. 1989). The animals were given a single oral dose
of 5 g/kg and observed for 2 weeks. All animals survived until
study termination. The oral LDsy was >5 g/kg for male and
female rats.

Inhalation

Tocopheryl Nicotinate. No mortality was reported for rats
after an 8-hour exposure to Tocopheryl Nicotinate in a highly
enriched and/or saturated atmosphere at 20°C (BASF 1993c,
1994b, 1996b).

Parenteral

Tocopherol. The parenteral LDs of Tocopherol was stated
as 440 mg/kg for mice (Phelps 1981).

Tocopheryl Acetate. The IP LDsy of Tocopheryl Acetate
was stated as 840 mg/kg for rats (Hoffmann-LaRoche 1995).

Tocopheryl Nicotinate. The IP LDsy of 46.4% and 50%
Tocopheryl Nicotinate in olive oil was stated as >10 g/kg for
mice (BASF 1993c).

Short-Term Toxicity
Oral

Tocopherol. A group of six adult male Wistar rats was given
400 mg/kg vitamin E (assumed to be Tocopherol) in feed for
60 days, and a control group was fed basal chow (Manimegalai,
Geetha, and Rajalakshmi 1993). Tocopherol was not toxic.
When compared to animals fed a high-fat diet, Tocopherol pre-
vented the increase in plasma lipid concentrations, decreased the
low-density lipoprotein cholesterol to high-density lipoprotein
cholesterol (LDLc/HDLc) ratio and lipid peroxide concentra-
tions, and increased reduced glutathione.

Tocopheryl Acetate.  Groups of 10 mile Holtzmarrrats were
fed basal chow (which contained 60 IU dl-a-Tocopheryl Ac-
etate) plus 600 or 6000 IU Tocopheryl Acetate/kg with and
without 2.9 x 10° IU vitamin A/kg (as retinyl acetate) for
8 weeks (Jenkins and Mitchell 1975). Body weights were mea-
sured weekly and feed consumption was determined twice
weekly. All animals were killed at the termination of dosing.

Body weight gain and feed consumption were significantly
increased in animals fed Tocopheryl Acetate compared to those
given basal chow alone. Body weight gains and feed consump-
tion of animals given Tocopheryl Acetate and vitamin A were
similar to control values. Tocopheryl Acetate alone significantly
decreased the amount of globulin in the plasma and increased
the amount of cholesterol in the blood, did not affect the amount
of plasma albumin or blood hemoglobin, and increased plasma
and hepatic vitamin A content. Tocopheryl Acetate significantly
decreased adrenal gland weight.

Two groups of 18 male Sprague-Dawley rats were fed a basal
vitamin E-deficient diet supplemented with 200 ppm
dl-a-Tocopheryl Acetate or 200 ppm dl-«-Tocopheryl Acetate
with 1000 ppm NaNO; for 9 weeks (Chow et al. 1984). A
group of 22 rats was given the diet supplemented with 1000 ppm
NaNO; and a control group of 18 rats was given the basal diet
only. Nutritional Tocopherol status was monitored by measuring
the degree of erythrocyte hemolysis. At study termination, 10 to
13 animals per group were killed; hematological evaluation and
a necropsy were performed.

After 5 weeks of dosing, animals fed Tocopheryl Acetate had
<5% erythrocyte hemolysis, compared to >85% hemolysis in
the animals of the groups not given Tocopheryl Acetate. Nine
of the animals given NaNO, with the basal diet died during
the study; no other test or control animals died. Animals fed
NaNO; without Tocopheryl Acetate had massive hepatic necro-
sis, mild to marked muscular degeneration, tubular nephrosis,
and eosinophilic enteritis; only eosinophilic enteritis and mild
muscular degeneration were observed in the control group. No
lesions were seen in the organs of animals given Tocopheryl
Acetate. Tocopheryl Acetate deprivation significantly elevated
serum creatine phosphokinase, lactate dehydrogenase, glutamic
oxaloacetic transaminase, and pyruvate kinase activities; NaNO,
caused a greater elevation of these enzymes in rats fed the defi-
cient diet. Animals given nitrite, with or without Tocopheryl Ac-
etate, had increased methemoglobin and decreased hematocrit
values and erythrocyte counts. Animals given nitrite without
Tocopheryl Acetate had a greater number of white blood cells,
neutrophils, lymphocytes, monocytes, and eosinophils than an-
imals of any other group.

In a4-week oral toxicity study using rats and dogs, no adverse
effects were reportedly observed with 2500, 5000, 10,000, or
20,000 ppm Tocopheryl Acetate (BASF 1993b).

Parenteral
Tocopherol. Newborn albino rabbit neonates that were
delivered by cesarean section were dosed intravenously with
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Tocopherol for 7 days (Rivera et al. 1990). The Tocopherol so-
lution, which was prepared as 25 mg of Tocopherol per milliliter
of vehicle solution (90 mg/ml polysorbate-80 and 10 mg/ml
polysorbate-20 in sterile water) was administered once daily at
a dose of 4 ml/kg. Six and eight animals were given Tocopherol
with a low-energy (LE) and a high-energy (HE) diet, respec-
tively. (The LE diet was a standard pediatric solution given to
newborn infants and the HE diet was a preparation similar to
mature rabbit milk.) Control groups of 10 and 7 animals, which
were not dosed, were fed the LE and HE diets, respectively, and
11 and 6 animals were given the polysorbate vehicle with the
LE and HE diets, respectively.

Average weight gain for the animals given the LE diet was
much less than those given the HE diet. All animals given the LE
diet survived until study termination, whereas two animals given
Tocopherol and one given the polysorbate vehicle with the HE
diet died before day 6. The cause of death was not determined,
but it was not thought to be treatment-related. Increased concen-
trations of Tocopherol were present in the liver and lungs and
increased concentrations of y-Tocopheryl Acetate were present
in the tissues of animals given Tocopherol with either the LE or
HE diet. Animals fed either the LE or HE diet had no significant
treatment-related changes in serum chemistries. However, blood
urea nitrogen values were significantly increased and serum al-
kaline phosphatase activities were significantly decreased in the
animals fed the HE diet compared to those fed the LE diet. Dur-
ing microscopic examination of the tissues of animals fed the
LE diet, hepatic injury comprised of centrilobular degeneration,
necrosis, and pigment accumulation was observed in animals of
all groups. A very mild splenic lipidosis was present in animals
of the control group, but not in those of the treated groups. In
the animals fed the HE diet with Tocopherol, minimal hepatic
lipidosis in two animals and cholestasis in one animal, mild to
moderate splenic lipidosis in all animals, and minimal adrenal
gland lipidosis in one animal were observed. With the exception
of mild splenic lipidosis in one animal given the polysorbate ve-
hicle, lesions were not observed in animals of the other groups.

Tocopheryl Acetate. Rivera et al. (1990) (study described
previously) also dosed neonatal rabbits intravenously with To-
copheryl Acetate and LE (10 animals) or HE (5 animals) diets.
The Tocopheryl Acetate solution was prepared as 25 mg of Toco-
pheryl Acetate per milliliter of vehicle solution and administered
once daily for 7 days at a dose of 4 ml/kg. Observations were
similar to those described previously for Tocopherol. All animals
given Tocopheryl Acetate with the LE diet survived until study
termination, whereas one animal given Tocopheryl Acetate with
the HE diet died before day 6. The cause of death was not de-
termined, but it was not thought to be treatment-related. Again,
increased concentrations of Tocopherol were present in the liver
and lungs and increased concentrations of y -Tocopheryl Acetate
were present in the tissues of animals given Tocopheryl Acetate
with both LE and HE diets. The plasma chemistry and micro-
scopic findings for the animals given Tocopheryl Acetate were
also similar for those given Tocopherol. In the animals given the

HE diet with Tocopheryl Acetate, mifiimal hepatit lipidosis in
one animal, minimal to mild hepatic cholestasis in three animals,
minimal splenic lipidosis in two animals, and minimal to mild
adrenal gland lipidosis in all animals were observed.

The toxicity of Tocopheryl Acetate in an aqueous polysor-
bate 80 (90 mg/ml) and polysorbate 20 (10 mg/ml) vehicle was
examined using 1 to 2-day-old neonatal pigs (Hale et al. 1995).
dl-a-Tocopherol, 50 IU/kg/day, was administered to a group of
six animals via a bolus IV injection over 90 seconds for 13 days,
to a group of four animals via slow IV infusion over a 7-h/day
period for 6 days, and to a group of six animals via one daily
intramuscular (IM) injection for 13 days. Groups of six animals
were dosed with 2 to 4 ml/kg/day polysorbate and groups of five
control animals were given saline.

Following bolus administration, microscopic lesions of the
spleen, liver, and lungs were observed. The spleen was most
affected; marked cytoplasmic vacuolation of cells in the ellip-
soids and sinuses were seen. These changes were not observed
in animals of the slow I'V infusion, IM injection, polysorbate, or
control groups. Animals given bolus administration of Toco-
pheryl Acetate had a massive accumulation of Tocopheryl Ac-
etate in the spleen, and to a lesser amount, the lungs and liver.
Slow infusion did not result in a large increase of Tocopheryl Ac-
etate in the tissues; the largest increase with this administration
was seen in the lungs. Following IM administration, Tocopheryl
Acetate concentrations were slightly but significantly increased
in the spleen. Tissue concentrations of Tocopherol were also
significantly increased following administration of Tocopheryl
Acetate. Following bolus IV administration, a massive accumu-
lation of Tocopherol was seen in the spleen, with lesser increases
observed in the liver and lungs. With slow infusion, a statistically
significant increase in the Tocopherol concentration in the lungs
was observed. After IM administration, small but significant
increases in Tocopherol concentration were seen in the spleen
and liver. Generally, the increases in the tissue concentrations of
Tocopherol were greater than those of Tocopheryl Acetate.

Subchronic Toxicity
Oral

Tocopheryl Acetate. Groups of 30 male and 30 female
Fischer 344 rats were given 125, 500, or 2000 mg/kg d-a-
Tocopheryl Acetate in com oil by gavage at a dose of 3.5 ml/kg
for 90 days, and two control groups were given 3.5 ml/kg ve-
hicle or were untreated (Abdo et al. 1986). Body weights and
feed consumption were measured and clinical observations were
made weekly. Ten males and 10 females were killed on days 5
and 45, and all surviving animals were killed at study termi-
nation. Hematology and clinical chemistry determinations were
made for the animals killed at each of these time periods. In the
control and high-dose groups, all tissues were examined and in
the low- and mid-dose groups, those tissues designated as targets
for vitamin E toxicity were examined microscopically.

Seven (of 10) male rats of the high-dose group died or were
killed in a moribund state during weeks 9 to 11; these deaths
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were treatment-related and a result of internal hemorrhage. Mean
body weights and feed consumption were generally similar to
that of the vehicle control group. Relative liver-to-body weights
were significantly increased in females of the 500- and
2000-mg/kg groups; this increase was treatment-related and oc-
curred with a significant positive trend. Signs of toxicity, in-
cluding diarrhea, tachypnea, bleeding through the nose, dark
feces, and a red crust around the eyes (often 1 day before death),
were observed in males of the high-dose group. After 90 days,
statistically significant changes with a dose-related trend were
observed in several hematological parameters for males of the
mid- and high-dose groups; these changes were attributed to
a response to blood loss caused by hemorrhagic diathesis. No
treatment-related hematological trends were observed for fe-
males. No treatment-related trends were observed for clinical
chemistry values; significant increases in thyroid-stimulating
hormone were observed in animals of all test groups at day 90. At
microscopic examination, treatment-related pulmonary adeno-
matous hyperplasia and chronic interstitial inflammation, char-
acterized by increased cellularity, vascular congestion, thick-
ened alveolar walls, and the presence of foamy macrophages,
occurred in animals of all test groups. The incidence and severity
increased in a dose-dependent manner. Increased extramedullary
erythropoiesis was observed in four males of the high-dose
group.

Tocophersolan. Groups of 30 male and 30 female Charles
River COBS, CD albino rats were fed chow containing 0.002%,
0.2%, or 2.0% Tocophersolan supplemented with 5.0% com oil
for 91 days; a control group was fed the basal chow with corn
oil (Krasavage and Terhaar 1977). The animals were housed
five per cage. Body weights were determined prior to dosing
and body weights and feed consumption were measured twice
during week 1 and weekly thereafter. Hematological and clinical
chemistry evaluations were made for 15 high-dose and control
rats per sex on days 42 and 84. These 30 animals of the control
and high-dose groups and 15 males and 15 females from the
low- and mid-dose groups were killed after 90 days of dosing;
the animals of the control and high-dose groups were necropsied.
The remaining animals in each group were maintained on their
respective diets and used in a reproduction study (described in
‘Reproductive and Developmental Toxicity’).

Animals of the low-, mid-, and high-dose groups consumed
an average of 0.32 to 0.48, 31.5 t0 45.6, and 316.8 to 443.1 mg
Tocophersolan/day, respectively. No effect on body weight gain
or feed consumption was observed for any of the test groups.
Behavior and appearance were normal. Hematological and clin-
ical chemistry parameters were normal. No gross lesions were
observed and, at necropsy, mean body and organ weights were
similar for test and high-dose animals. No treatment-related le-
sions were observed at microscopic examination.

Chronic Toxicity
Oral

Tocopheryl Acetate. Groups of 60 male and 60 female
Charles River CD rats were fed basal chow containing 500, 1000,

or 2000 mg/kg/day di-«-Tocopheryl Acetate and a control group
was fed basal chow only for 104 weeks (Wheldon et-al. 1983).
The animals were housed five per cage. Vitamin K; was added
to the drinking water of all animals during weeks 24, 25, and 26
to “counteract an observed haemostatic failure™; vitamin K was
added to the chow for the remainder of the study. Body weights
and feed consumption were measured weekly. Hematological
and urinalysis parameters were determined using 10 males and
10 females of the control and high-dose groups after 4, 8, 13,
26, 52, 78, and 95 weeks; serum chemistry parameters were
evaluated at the same times using 5 males and 5 females from
the control and high-dose groups. Ten males and 10 females per
group were killed after 52 weeks, and the remaining surviving
animals were killed after 104 weeks. A microscopic examination
was made of all tissues of animals of the control and high-dose
groups and selected tissues of animals of the low- and mid-dose
groups.

Body weight gains and feed consumption were similar for
animals of the treated and control groups. (Hemorrhagic mi-
croscopic lesions and hematological effects that occurred are
described in ‘Hemorrhagic Activity’.) No other signs of toxicity
were observed. At week 8, a slight but statistically significant
decrease was observed in hematocrit, hemoglobin concentra-
tion, and erythrocyte count in males and females of the high-
dose group, and serum alkaline phosphatase activity was signif-
icantly increased during several time periods for this group; these
changes were not considered treatment-related. However, dose-
related increases were observed in activity of alanine amino-
transferase during weeks 4 to 26. In females of the high-dose
group killed after 52 weeks of dosing, absolute liver weights
were increased compared to control values; after 104 weeks, no
differences were observed in absolute or relative liver weights
for this group. A significant increase was observed in the relative
liver weight of females of the mid-dose group when all data for
females were pooled. At microscopic examination, no hepatic
lesions were observed except for centrolobular aggregates of
vacuolated (“‘foamy”) macrophages in the liver of some treated
animals.

Dermal Irritation

Tocopherol. Eight male Japanese white rabbits were used to
determine the dermal irritation potential of 1.0% Tocopherol in
“paraffinum liquidum” (CTFA 1972). The backs of the animals
were clipped free of hair 1 day prior to dosing, and the skin on
the backs of four of the animals was abraded. The test material,
0.3 ml, was applied to the back of each animal under an occlusive
patch (using “patch-test plaster”) for 24 hours. The test sites were
scored for irritation 24 and 72 hours after application of the test
material. The primary irritation index (PII), calculated according
to the Draize scoring system, was 0.13/8.0. Tocopherol, 1.0%,
was a weak primary skin irritant.

Three male Hartley guinea pigs were used to determine the
cumulative skin irritation potential of 1.0% Tocopherol in paraf-
finum liquidum (CTFA 1972). The test material, 0.05 mi, was
applied to a shaved 2 x 2-cm? area on the flank of each animal
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once daily for 3 consecutive days. The test sites were scored
24 hours after each application. The cumulative irritation index
was 0.44/4.0. Tocopherol, 1.0%, was a weak cumulative skin
irritant.

Three cosmetic formulations, one containing 2% di-
Tocopherol, one containing 12% vitamin E (form not speci-
fied) in wheat germ (100 IU/g), and one containing 32% mixed
Tocopherols in a base of wheat germ and vegetable oils
(24,000 IU/2 oz), were evaluated for dermal irritation using New
Zealand albino rabbits (Marzulli and Maibach 1975). Each test
material, 0.05 ml, was applied to a clipped site on the backs of
six rabbits five times per week for a total of 14 open applica-
tions. Each site was scored every 24 hour. The mean cumulative
irritation score (maximum of 64) for the formulations contain-
ing 2%, 12%, and 32% Tocopherol were 31/64, 7/64, and 12/64,
respectively. The product containing 2% Tocopherol was also
tested on abraded skin; the mean cumulative irritation score was
29/64.

The irritation potential of a mixture consisting of Tocopherol
(<0.1%), armnica montana extract (1% to 5%), and soybean
(Glycine Soja) oil (>50%) (CLR 1997), applied as a 10% paraf-
fin oil solution, was determined using six New Zealand white
rabbits (IBR 1976). The hair was clipped from the back of each
animal, and one test site was abraded and one was left intact.
A dose of 0.5 ml was applied to each site for 24 hours un-
der an occlusive patch. The test sites were scored for irritation
according to the Draize scale 24 and 72 hours after dosing. Irri-
tation was not observed at the intact or abraded sites, and the PII
was 0.

Tocopheryl Acetate. The dermal irritation potential of To-
copheryl Acetate was determined using six New Zealand white
rabbits (Roche 1999a). Occlusive patches containing 0.5 ml
of undiluted Tocopheryl Acetate were applied for 4 hours to
intact and abraded skin of each animal. The test sites were
washed with ethanol after patch removal. The test sites were
scored 4, 24, and 48 hours after application. Tocopheryl Ac-
etate had a primary irritation index of 0.2 and was not a primary
irritant.

In a primary skin irritation study using rabbits, details not
provided, Tocopheryl Acetate was not irritating (BASF
1993b).

Using Organization for Economic Cooperation and Devel-
opment (OECD) test methods, Tocopheryl Acetate was not a
primary irritant to rabbit skin (BASF 1996a).

Tocopheryl Acetate may be slightly irritating to skin in sev-
eral species (Hoffmann-LaRoche 1995). In a primary skin irri-
tation study using rabbits, detail not provided, Tocopheryl Ac-
etate produced no to well-defined irritation (Hoffmann-LaRoche
1996).

Tocopheryl Nicotinate. In a primary skin irritation study
using rabbits, undiluted Tocopheryl Nicotinate was not irritating
~ (BASF 1993c, 1994b, 1996b). (Details not provided.)

Dioleyl Tocopheryl Methylsilanol. A mixture of Dioleyl To-
copheryl Methylsilanol and oleyl alcohol (0.05% Tocopheryl

Acetate, 0.5% monomethylsilanetriol,Nremainder oOleic alcohol),
0.5 g, was applied under a semiocclusive patch to the clipped
skin of six New Zealand white rabbits for 4 hours (Exsymol
1988). The test sites were scored for irritation 1, 24, 48, 72, and
96 hours after patch removal. The animals had a PII of 0, and
the mixture was not irritating to rabbit skin.

The dermal irritation potential of a mixture of Dioleyl To-
copheryl Methylsilanol and oleyl alcohol (0.05% Tocopheryl
Acetate, 0.5% monomethylsilanetriol, remainder oleic alcohol)
was also determined by applying 2 g of the mixture to the
clipped dorsal area of three male and three female albino rab-
bits daily for 6 weeks (Exsymol 1988). Whether the sites were
occluded was not stated; it was stated that the animals were
prevented from grooming themselves. From day 2 of the study,
slight erythema was observed in all animals. No erythema
was observed for any animals at the end of week 7 of the
study.

Tocophersolan. Dermal irritation potential following a sin-
gle application of 75% Tocophersolan was determined using five
female Hartley guinea pigs (Eastman Kodak Co. 1989). One-half
milliliter was applied under an occlusive patch for 24 hours to the
depilated abdomen of each animal. The animals were observed
for 2 weeks. No irritation was observed.

The dermal irritation potential of 75% Tocophersolan was
also determined after multiple applications to a group of five
Hartley guinea pigs (sex not specified) (Eastman Kodak Co.
1989). One-half milliliter was applied to the shaved backs of
each animal for a total of nine doses over 11 days. It was not
stated whether occlusive patches were used. Slight erythema was
observed after a single dose. Moderate erythema was observed
for all animals after four doses given (5 days), and moderate
erythema was observed after the ninth application.

Sensitization

Tocopherol. The sensitization potential of a mixture con-
sisting of Tocopherol (<0.1%), arnica montana extract (1% to
5%}, and soybean (Glycine Soja) oil (>50%) (Chemisches Lab-
oratorium Dr. Kurt Richter GmbH 1997) was determined in an
open epicutaneous test using 10 Pirbright white guinea pigs; a
group of five guinea pigs was used as a control (IBR 1977). The
hair on the left side of the back was clipped, and 0.5 ml of the
mixture was applied to the test site daily for 10 days. Following
a 14-day nontreatment period, the test material was applied to a
previously untreated site of both test and control animals. The
test sites were scored according to the method of Draize 24 and
48 hours after application of the challenge dose. Signs of irri-
tation were not observed following challenge, and the mixture
was not a sensitizer.

Tocopheryl Acetate. Testing with “higher concentrations
(=30%)” of Tocopheryl Acetate can cause sensitization in the
open epicutaneous test for sensitization (Hoffmann-LaRoche
1996). However, Tocopheryl Acetate was not sensitizing in
the guinea pig maximization test.
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Tocophersolan. The sensitization potential of 75% Toco-
phersolan was determined in a Buehler test using five male and
five female Hartley guinea pigs (Eastman Kodak Co. 1989). A
dose of 0.5 ml was used during induction and challenge. No ery-
thema or edema was observed during induction or at challenge.
Tocophersolan was not a sensitizer.

Ocular Irritation

Tocopherol. Three male Japanese white rabbits were used
to determine the ocular irritation potential of Tocopherol (CTFA

1972). The test substance, 0.1 ml, was instilled undiluted into
the conjunctival sac of one eye of each animal, and the eye was
not rinsed. The eyes were evaluated at 1 and 4 hoursand 1, 2, 3,
6, and 7 days after instillation according to the Draize scoring
system. The maximum score was observed 1 hour after dosing;
the average total score at this time was 6.0/110. Tocopherol was
a minimal eye irritant.

A volume of 0.1 ml dl-¢-Tocopherol was instilled into the
conjunctival sac of one eye of each of nine New Zealand white
rabbits; the eyes of three of the animals were rinsed 2 minutes af-
ter instillation, while the eyes of the remaining animals were not
rinsed (Roche 1999b). The eyes were evaluated 1,2, 3, and 7 days
after instillation. For 7 days, “very slight conjunctival redness
and chemosis was observed” in both rinsed and nonrinsed eyes.
The eyes of two animals which were not rinsed had “well-defined
conjunctival redness” 2 days after instillation. Also, there was
“positive retention of 2% sodium fluorescein stain” 1 day after
instillation; retention was observed “occasionally” at 7 days. It
was stated that Tocopherol “produced very slight irritation when
instilled into rabbit eyes.”

Tocopherol was stated to be nonirritating to the eyes of rabbits
(BASF 1995).

The ocular irritation potential of a mixture consisting of To-
copherol (<0.1%), arnica montana extract (1-5%), and soybean
(Glycine Soja) oil (>50%) (Chemisches Laboratorium Dr. Kurt
Richter GmbH 1997) was determined using three New Zealand
white rabbits (IBR 1972b). The undiluted mixture, 0.5 ml, was
placed in the conjunctival sac of the left eye of each rabbit. (It
was not stated whether the eye was rinsed.) The right eye was
untreated and used as a control. The eyes were scored for irrita-
tion after 1, 2, 8, 24, 48, and 72 hours, and 4, 5, 6, and 7 days.
Reddening of the conjunctiva was observed for 24 hours and
slight chemosis was observed after 2 hours for all animals; other
changes were not observed. The researchers concluded that the
mixture “caused no concern in regard to application in the vicin-
ity of the eyes.”

Tocopheryl Acetate. In ocular irritation studies, Tocopheryl
Acetate was stated to be not irritating to rabbit eyes (BASF
1993b; Hoffmann-LaRoche 1995, 1996).

Using OECD test methods, Tocopheryl Acetate was nonirri-
tating to rabbit eyes (BASF 1996a).

Tocopheryl Nicotinate. In an ocular irritation study, undi-
luted Tocopheryl Nicotinate was stated to be not irritating to
rabbit eyes (BASF 1993c, 1994b, 1996b).

Dioleyl Tocopheryl Methylsilanol. The ocular irritation of
a mixture of Dioleyl Tocopheryl Methylsilanol and oleyl alco-
hol (0.05% Tocopheryl Acetate, 0.5% monomethylsilanetriol,
remainder oleic alcohol) was determined in a Draize test using
four New Zealand white rabbits (Exsymol 1988). The undiluted
test material was applied to the conjunctival sac of each animal,
and the eyes were not rinsed. A maximum irritation score of
6.75/110 was observed at 1 hour. The score was 0 at 96 hours.
The mixture was a nonirritant.

Tocophersolan. The ocular irritation potential of 75% To-
cophersolan was determined using six New Zealand white rab-
bits (sex not specified) (Eastman Kodak Co. 1989). One-tenth
milliliter was placed in the conjunctival sac of each rabbit. The
eyes of three of the animals were rinsed. In the animals with
unrinsed eyes, two had slight and one had moderate erythema
of the conjunctiva and the nictitating membrane after 1 hour,
and one animal had slight erythema of the eyelids. In the ani-
mals with rinsed eyes, slight erythema of the conjunctiva and the
nictitating membrane was observed after 1 hour. Tocophersolan
was a “slight eye irritant.”

Hemorrhagic Activity

Tocopherol. Groups of six male Jcl:SD rats were given
d-a-Tocopherol orally at doses of 0.63% and 1.0% in basal chow
or intraperitoneally at doses of 1.14, 1.82 or 2.91 mmol/kg for
7 days, and the hemorrhagic effect was determined (Takahashi,
Ichikawa, and Sasaki 1990). Control animals for oral admin-
istration were fed basal chow and for IP administration were
given olive oil. Body weights were measured daily. All ani-
mals were killed at study termination, and coagulation activi-
ties were measured. In the oral study, the mean intake of To-
copherol from feed was 618 and 994 mg/kg/day. Body weights
were not affected by oral or IP administration. External hemor-
rhages were observed on day 6 in rats fed 0.63% and on days 4
and 5 in rats fed 1.0% Tocopherol. At necropsy, one, one, and
five animals fed 0.63% Tocopherol had hemorrhages in the cra-
nial cavity, penis, and both epididymes, respectively. One, one,
and five animals fed 1.0% Tocopherol had perivascular hemor-
rhages around the inferior vena cava, blood pooling in the stom-
ach, and hemorrhages in both epididymes, respectively, and one
animal given 2.91 mmol/kg Tocopherol intraperitoneally had a
hemorrhage in the abdominal cavity. Prothrombin indices were
significantly reduced for all test animals fed Tocopherol and
in animals given 2.91 mmol/kg Tocopherol intraperitoneally;
kaolin-activated partial thromboplastin times (APTT) were sig-
nificantly reduced for all test animals given Tocopherol by ei-
ther route. The Tocopherol concentration in the plasma was in-
creased almost 6-fold after oral dosing and 2.4-fold after IP
administration.

Takahashi (1995) fed groups of six male Jcl:SD rats 0.5%
d-a-, d-y-, or d-6-Tocopherol in one experiment and 0.5%
d-a-and d-B-Tocopherol in another. A control group was fed
a basal diet. All animals were weighed and feed consumption
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was measured daily. All animals were killed on day 7. In the first
experiment, hemorrhages in the right eyeball and exophthalmos
were observed on days 5 to 7 in two rats and blood was found
in the cages on days 6 and 7 for the animals given a-Tocopherol
and a spot of blood was found on day 5 on a feeder box of
animals given y-Tocopherol. In the second experiment, exoph-
thalmos was observed in one animal on day 4, epistaxis was
found in one, two, and two animals on days 4, 5, and 6, respec-
tively, and blood was found in the cages on day 5 for the animals
given a-Tocopherol and epistaxis was induced on day 5 in one
animal given 8-Tocopherol. Mild diarrhea was observed on days
4 t0 6 in one animal given o-Tocopherol.

Tocopheryl Acetate. Groups of 60 male and 60 female
Charles River CD rats were given chow supplemented with 500,
1000, or 2000 mg/kg di-a-Tocopheryl Acetate for 104 weeks,
and a control group was fed basal chow (Wheldon et al. 1983).
Blood samples were taken from 10 males and 10 females of the
control and high-dose groups and 5 males and 5 females of the
low- and mid-dose groups after weeks 4, 8, 13, 26, 52, 78, and
95. Hemorrhages in the gut, urinary tract, orbits, and meninges,
and after minor trauma of the claws and vibrissal pits, were
observed in males of the low-, mid-, and high-dose groups at
weeks 18, 16, and 15, respectively. The animals were normal
following vitamin K supplementation at week 24. Prothrom-
bin times were increased for males of all dose groups at weeks
4 and 16; these increases were not seen following vitamin K
administration.

Groups of 30 male and 30 female Wistar rats were given
125, 500, or 2000 mg/kg d-c«-Tocopheryl Acetate in corn oil by
gavage at a dose of 3.5 ml/kg for 90 days (Abdo et al. 1986).
Ten males and 10 females were killed on days 5, 45, and 90,
and hematological determinations were made. Compared to an-
imals of the vehicle-control group, males dosed with 2000 mg/kg
Tocopheryl Acetate for 90 days had a statistically significant in-
crease in thromboplastin time, APTT, and fibrinogen and males
of the 500-mg/kg group had a statistically significant increase
in APTT. At 90 days, a dose-related positive trend in APTT was
observed for females, but the difference was only statistically
significantly increased compared to controls at 2000 mg/kg.
Treatment-related hemorrhagic diathesis, as indicated by hem-
orrhage or hemorrhagic inflammation in the nose, esophagus,
salivary gland, trachea, mediastinum, epididymis, or meninges
of the brain, was observed in seven and two of the males and
females, respectively, killed at 90 days.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Tocopherol. Groups of 12 and 11 gravid Walter Reed-
Carworth Farms rats were dosed orally with 0.07 and 0.2 g
d-y-Tocopherol, respectively (duration of dosing not specified)
(Telford, Woodruff, and Linford 1962). The animals were killed
on day 22 of gestation. In the group given 0.07 g Tocopherol,
50% of the animals had one or more resorptions, 5.7% of all
implantations were resorbed, and 94% of the implantations re-

sulted in normal fetuses. In the groupgiven 0.2 g-Tocopherol,
45.5% of the animals had one or more resorptions, 4.7% of
all implantations were resorbed, and 95% of the implantations
resulted in normal fetuses. Control data specified that of 126
untreated normal gravid rats, 40.8% of the animals had one or
more resorptions, 10.6% of all implantations were resorbed, and
89% of the implantations resulted in normal fetuses.

Groups of 10 male and female Wistar rats were fed a diet
containing 0.75, 7.5, or 75 mg/day «-Tocopherol 20 days prior
to mating and during gestation; the groups fed 0.75 mg/day
served as the control group (Sato 1973). Gravid animals were
killed on day 20 of gestation. All of the animals given control
feed were gravid, but the pregnancy rate for the animals of the
7.5- and 75-mg/day groups was 90% and 50%, respectively.
The number of viable fetuses was slightly less in the 75-mg/day
group compared to controls; a few resorptions were observed
for both test groups. Fetal weight was similar for all groups.
Very mild cases of ossification retardation were observed. No
abnormal fetuses were reported. The researchers concluded that
Tocopherol had “little effect on the rat fetus.”

Three groups of 10 gravid Sprague-Dawley rats were made
diabetic on day 6 of gestation; one group was fed a diet pro-
viding 400 mg/day vitamin E (assumed to be Tocopherol) on
days 0 to 12 of gestation, one was fed basal chow, and one was
treated with insulin (Sivan et al. 1996). Two control groups were
used, one of which was fed a Tocopherol-supplemented diet. All
animals were killed on day 12 of gestation. Unsupplemented di-
abetic animals had a statistically significant increase in the rate
of neural tube defects and resorptions as compared to control
animals. Tocopherol supplementation in diabetic rats reduced
these rates to values similar to that of control animals. Toco-
pherol supplementation in nondiabetic animals did not affect
these rates.

Tocopheryl Acetate. The Food and Drug Research Labs,
Inc. (FDRL) conducted a study in which groups of 12, 13, 10,
and 14 gravid belted rabbits were dosed orally with 16, 74.3, 345,
or 1600 mg/kg dl-a-Tocopheryl Acetate, respectively, in corn oil
by gavage on days 6 to 18 of gestation (FDRL 1973). Negative-
and positive-control groups, both consisting of 12 gravid ani-
mals, were used. Body weights were measured on days 0, 6, 12,
18, and 29 of gestation, and the animals were observed daily.
All animals were killed on day 29 of gestation, and the fetuses
were examined. “The administration of up to 1600 mg/kg (body
weight) of {Tocopheryl Acetate] to pregnant rabbits for 13 con-
secutive days had no clearly discernible effect on nidation or
on maternal or fetal survival. The number of abnormalities seen
in either soft or skeletal tissues of the test groups did not differ
from the number occurring spontaneously in the sham-treated
controls.”

A study following a similar protocol and same dosages of
dl-a-Tocopheryl Acetate was performed using groups of 23, 20,
23, and 24 gravid outbred golden hamsters (FDRL 1973). The
animals were dosed by gavage on days 6 to 10 of gestation. Body
weights were recorded on days 0, 8, 10, and 14 of gestation. All
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animals were killed on day 14 of gestation, and the fetuses ex-
amined. “The administration of up to 1600 mg/kg (body weight)
of [Tocopheryl Acetate] to pregnant hamsters for 5 consecutive
days had no clearly discernible effect on nidation or on ma-
ternal or fetal survival. The number of abnormalities seen in
either soft or skeletal tissues of the test groups did not differ
from the number occurring spontaneously in the sham-treated
controls.”

Groups of 14 and 12 gravid Walter Reed-Carworth Farms rats
were dosed orally with 0.1 and 0.2 g di-a-Tocopheryl Acetate,
respectively (duration of dosing not specified) (Telford,
Woodruff, and Linford 1962). The animals were killed on day
22 of gestation. In the group given 0.1 g Tocopheryl Acetate,
71.4% of the animals had one or more resorptions, 14% of all
implantations were resorbed, and 86% of the implantations re-
sulted in normal fetuses. In the group given 0.2 g Tocopheryl
Acetate, 41.7% of the animals had one or more resorptions, 4.1%
of all implantations were resorbed, and 96% of the implanta-
tions resulted in normal fetuses. Control data were summarized
previously.

Groups of 21, 23, 21, and 22 gravid albino Wistar rats were
dosed orally with 16, 74.3, 345, or 1600 mg/kg, respectively, dl-
a-Tocopheryl Acetate in corn oil by gavage (FDRL 1973). The
animals were dosed on days 6 to 15 of gestation. Body weights
were recorded on days 0, 6, 11, 15, and 20 of gestation. The
animals were killed on day 20 of gestation and the fetuses ex-
amined. “The administration of up to 1600 mg/kg (body weight)
of [Tocopheryl Acetate] to pregnant rats for 10 consecutive days
had no clearly discernible effect on nidation or on maternal or
fetal survival. The number of abnormalities seen in either soft or
skeletal tissues of the test groups did not differ from the number
occurring spontaneously in the sham-treated controls.”

The teratogenic effect of di-a-Tocopheryl Acetate was deter-
mined using groups of Sprague-Dawley rats (Martin and
Hurley 1977). Gravid animals were fed stock chow supple-
mented with the crystalline form of vitamin E (three times per
week). The following doses, dosage protocols, and matings were
used: experiment I: 22.5, 45, 90, 450, and 900 mg/kg/day given
during gestation; experiment II: 0, 450, 900, and 2252 mg/kg/day
given during gestation and lactation; experiment III: 0, 450,
900, and 2252 mg/kg/day given during gestation and lactation;
experiment IV: 0 and 2252 mg/kg/day given during gestation;
fetuses taken at term; experiment V: progeny of rats from exper-
iment I mated; experiment VI: progeny of rats from experiment
IIT mated. Results are shown in Table 10.

Groups of 20, 22, 22, and 22 gravid albino CD-1 outbred mice
were dosed orally with 16, 74.3, 345, and 1600 mg/kg, respec-
tively, dl-a-Tocopheryl Acetate in com oil (FDRL 1973). The
animals were dosed on days 6 to 15 of gestation. Body weights
were measured on days 0, 6, 11, 15, and 17 of gestation. The
animals were killed on day 17 of gestation and the fetuses exam-
ined. “The administration of up to 1600 mg/kg (body weight)
of [Tocopheryl Acetate] to pregnant mice for 10 consecutive
days had no clearly discernible effect on nidation or on ma-

ternal or fetal survival. The number of abnormalities seen in
either soft or skeletal tissues of the test groups did not differ
from the number occurring spontaneously in the sham-treated
controls.”

Groups of seven and six gravid ICR mice were dosed orally
with 0.4 ml of d-a-Tocopheryl Acetate (591 IU) either on days
7 to 11 or day 10 of gestation, respectively (Hook et al. 1974).
Groups of 13 and 8 gravid mice were used as untreated or saline
control groups (dosed on days 7 to 11 of gestation), respectively.
In the Tocopheryl Acetate—treated groups dosed on days 7 to
11 or day 10 of gestation, 3.3% and 4.3% of the fetuses were
resorbed, respectively, compared to resorption rates of 5.1% and
3.4% in the untreated and saline control groups, respectively.
One fetus of the multiple-dose Tocopheryl Acetate group had
exencephaly, open eye, and micrognathia.

Tocopheryl Acetate was stated to be not teratogenic
(Hoffmann-LaRoche 1995).

Tocophersolan. Groups of 15 gravid Charles River COBS,
CD albino rats were fed chow containing 0.002%, 0.2%, or
2.0% Tocophersolan on days 6 to 16 of gestation (Krasavage and
Terhaar 1977). Negative- and positive-controls were used. Body
weights were measured daily and feed consumption was deter-
mined from days 0 to 6, 6 to 16, and 16 to 20 of gestation. The
dams were killed on day 20.

Dams of the low-, mid-, and high-dose groups consumed an
average of 4.6, 475, and 4613 mg Tocophersolan per rat, respec-
tively. Mean body weight and feed consumption were similar
for treated and negative-control animals. No differences in re-
productive indices or the incidence of skeletal anomalies were
observed between treated and negative-control animals.

Groups of 15 male and 15 female Charles River COBS, CD
albino rats (Fp) that had been fed chow containing 0.002%,
0.2%, or 2% Tocophersolan or basal diet for 112 days (in a sub-
chronic toxicity study described earlier) were mated to produce
the Fy, offspring while continuing to eat their respective diets
(Krasavage and Terhaar 1977). After weaning of the last Fj,
litter, on day 175 of the study, the males were mated with dif-
ferent females in their respective groups to produce Fj, off-
spring. All offspring, who were given the same feed as their
parents, were killed 5 weeks after weaning and necropsied.
Tissues from four animals per litter, preferably two males and
two females, were examined microscopically. Animals of the Fy
generation were killed after 265 to 268 days of dosing. Hema-
tological and clinical chemistry determinations were made for
the control and high dose animals 2 weeks prior to study
termination.

Body weight gains were similar for pups of the treated and
control groups. Hematological and clinical chemistry parame-
ters of the Fy control and high-dose animals were normal. No
differences in reproductive indices were observed between test
and control animals, and organ weights were similar in treated
and control Fy animals. No differences were observed in tis-
sues of high dose and control Fy and F}1, animals at microscopic
examination.
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TABLE 10 - -
Reproductive and developmental toxicity of Vitamin E (Martin and Hurley 1977)
Parameter Experiment  Dose (mg/kg/day) Observation
Maternal body weight I 450, 900 Statistically significant increase during lactation
Neonate body weight II 450 Increased on day 35 of lactation
900 Increased on days 35, 47 of lactation
Neonate survival rate I 90 Statistically significant decrease
v 900 Statistically significant decrease
Maternal liver weight
Absolute I 90, 900 Statistically significant increase
I, 111 900 Statistically significant increase
v 2252 Statistically significant decrease at the end of gestation
Relative I 45, 90, 450, 900 Statistically significant increase
v 2252 Statistically significant decrease at the end of gestation
Plasma lipids
Maternal 111 2252 Statistically significantly increased at the end of lactation
v 2252 Statistically significantly increased at the end of gestation
Plasma vitamin E
Maternal v 2252 Statistically significantly increased at the end of gestation
Neonate I 2252 Statistically significantly increased at day 21
Hepatic vitamin E
Maternal I 2252 Statistically significantly increased at the end of lactation
1AY Statistically significantly increased at the end of gestation
Neonate I Statistically significantly increased at day 21
Neonate anomalies I 900 Pups of three litters had missing small toes on their hind feet
I 2252 Three neonates had closed, infected eyes; one litter had
half-open, dry eyes
v 2252 Eight neonates had closed, infected right eyes or eyes that were
half-open
VI 2252 Three litters had closed eyes on day 14; eyes were open

General observations

at weaning

The livers of dams given Tocopheryl Acetate were generally
darker red than those of controls and had white spots

Neonates of all test groups had “scaly skin” during week 1 of
lactation or until appearance of the hairy coat

Delayed delivery in some test groups

Effect on Teratogenic Agents

Tocopherol. Sprague-Dawley rats were used to determine
the effect of vitamin E (form not specified; assumed to be Toco-
pherol) on zinc deficiency—induced teratogenicity (Hurley et al.
1983). Groups of 10 gravid animals were fed control diet (100 ug
Zn/g diet) or zinc-deficient diet (<0.4 ug Zn/g diet) supple-
mented with Tocopherol (22312.5 TU/kg diet; 200 x control).
Control groups of 10 or 11 gravid animals were fed control or
zinc-deficient diet, respectively, without supplementation. All
animals were killed on day 21 of gestation.

The maternal and fetal weight gains were statistically signif-
icantly decreased in both groups fed the zinc-deficient diet as
compared to those fed the control diet only. The incidence of
resorbed and malformed fetuses was statistically significantly
increased for these groups. Feeding Tocopherol with control

diet did not result in any significant increases in the incidence
of resorption or malformation.

Eight groups of gravid Sprague-Dawley rats were used to
determine the ability of a dietary cocktail that contained
400 mg/day «-Tocopherol, 1.0 ml/day safflower oil, and
0.08 mg/day myo-inositol to reduce the incidence of diabetic
embryopathy (Reece and Wu 1997). Diabetes was induced by
IV injection of streptozotocin in six of the groups on day 6 of
gestation. Of the diabetic groups, four groups of 4, 8, 9, and
10 animals received quarter-, half-, full-, and double-strength
cocktail, respectively, on days 0 to 12 of gestation. Two diabetic
groups of 10 animals each were not given the cocktail; one was
given daily insulin therapy and the other was given normal chow
only. Animals of two groups were not made diabetic; one group
of 10 animals served as a control and was fed basal diet and the
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other group of 6 animals was given double-strength cocktail on
days 0 to 12 of gestation. All animals were killed on day 12 of
gestation, and the fetuses were examined for overall growth and
differentiation. «-Tocopherol, superoxide dismutase, and myo-
inositol were determined.

No significant difference in weight gain was observed among
any of the groups. Diabetic animals given half-, full-, and double-
strength cocktail had neural tube defect rates of 6.4%, 5.4%, and
4.1%, respectively; these rates were statistically significantly de-
creased compared to the rates of 19.9% seen in the diabetic group
given quarter-strength cocktail and 23.7% in the diabetic group
given basal chow. In the two nondiabetic groups, rates of 4.0%
and 4.4% were seen in the animals given basal chow and the
double-strength cocktail, respectively. No significant difference
in somite number was found between supplemented diabetic an-
imals and nondiabetic controls. Maternal serum «-Tocopherol
concentrations were significantly increased for diabetic animals
given half-strength cocktail as compared to nondiabetic and di-
abetic animals that were not supplemented and diabetic ani-
mals given quarter-strength cocktail. Serum dismutase activity
was statistically significantly increased in diabetic animals given
quarter-, half-, and full-strength cocktail as compared to nondi-
abetic and diabetic animals that were not given the cocktail;
the increase observed in diabetic animals given double-strength
cocktail was not statistically significant. Maternal serum myo-
inositol concentrations were not statistically significantly differ-
ent between any of the groups. The cocktail containing Toco-
pherol reduced the malformation rate in diabetic rats.

Tocopheryl Acetate. Diabetes was induced in female Wistar
rats by a single IV dose of streptozotocin, and the effect of Toco-
pheryl Acetate on diabetes-induced teratogenesis was examined
(Viana, Herrera, and Bonet 1996). Five days after injection, the
animals were mated and any dosing (done by gavage) was started
on day 1 of gestation. Groups of 9, 11, and 7 gravid diabetic rats
were given 150 mg a-Tocopheryl Acetate in safflower oil, no
supplement, or safflower oil only, respectively. Groups of 9, 14,
and 11 gravid diabetic animals followed the same regimen just
described, respectively, and were given insulin. Three groups of
normal rats were also used, again following the same regimen.
All animals were killed on day 11.5 of gestation.

Plasma glucose, B-hydroxybutyrate, and fructosamine were
measured, and the plasma concentration of all three was greater
in all three groups of non—insulin-treated diabetic animals com-
pared to insulin-treated diabetic animals and normal animals.
The crown-rump length and number of somites of embryos from
diabetic animals given Tocopheryl Acetate without insulin were
statistically significantly greater than those of fetuses of un-
treated diabetic rats without insulin; these values were less than
control values. No effect was observed in the protein and DNA
content of embryos from diabetic animals given Tocopheryl Ac-
etate compared to those from unsupplemented diabetic animals.
Tocopheryl Acetate did not have an effect on the incidence of
reabsorption in diabetic animals, 30% in diabetic rats given
Tocopheryl Acetate compared to 24% in diabetic animals not

supplemented, but it did significantly deorease the number of
malformations, from 24.3% to 4.6%.

The effect of Tocopheryl Acetate administration on cortisone-
induced embryotoxicity was investigated using random bred
ICR mice (Dostdl and Blahova 1985). In the first study, 60 mg
a-Tocopheryl Acetate was administered intraperitoneally to two
groups of eight gravid mice on days 12 and 13 of gestation, and
a third group was given olive oil on these days (route of ad-
ministration not specified); all animals were mated on the same
day. On day 14 of gestation, the first and second groups were
dosed intraperitoneally with 60 mg Tocopheryl Acetate and ei-
ther intramuscularly with 4.0 mg cortisone acetate or with the
cortisone vehicle, respectively, and the third group was dosed
with olive oil and 4.0 mg cortisone acetate intramuscularly. The
animals were killed on day 18 of gestation, and the fetuses were
examined. Of a total of 114, 127, and 113 fetuses, 63 (55%),
13 (10%), and 9 (8%) were dead in groups 1, 2, and 3, re-
spectively. The increase in the proportion of dead fetuses was
statistically significant. Of the live fetuses, 9 (18%), 1 (1%), and
13 (13%) in groups 1, 2, and 3, respectively, had a cleft palate.
The mean body weights of surviving fetuses were similar for all
groups.

In a second experiment using groups of seven gravid mice
mated on the same day, the effects of IP administration of
0.6 or 6.0 mg Tocopheryl Acetate on day 12 of gestation and
Tocopheryl Acetate given in combination with IM administra-
tion of 4.0 mg cortisone acetate on day 13 of gestation were
examined. A third group of eight gravid mice that were also
mated on the same day was given olive oil (route of adminis-
tration not specified) on day 12 of gestation and olive oil and
cortisone acetate on day 13 of gestation. The animals were killed
on day 18 of gestation. Of a total of 104, 96, and 131 fetuses, 20
(19%), 42 (44%), and 9 (7%) were dead in groups 1, 2, and 3,
respectively. The differences in the proportion of dead fetuses
in each group was statistically significant, but only mortality af-
ter the administration of 6.0 mg Tocopheryl Acetate and olive
oil was significantly different. Of the live fetuses, 30 (36%), 6
(11%), and 23 (19%) in groups 1, 2, and 3, respectively, had a
cleft palate. The mean body weights of surviving fetuses were
similar for all groups.

Dostél and Blahova (1985) also examined the effect of a sin-
gle combined dose of 60 mg Tocopheryl Acetate given intraperi-
toneally and 4.0 mg cortisone acetate given intramuscularly on
day 11, 12, 13, or 14 of gestation using groups of six, seven,
eight, or nine gravid mice, respectively; animals from the same
mating were used only for groups dosed on day 12 or 13. The
animals were killed on day 18 of gestation. Of a total of 88,
101, 110, and 115 fetuses, 22 (25%), 65 (64%) 19 (17%), and
71 (62%) were dead in groups 1, 2, 3, and 4, respectively. Of
the live fetuses, 0, 0, 10 (11%), and 10 (23%) in groups 1, 2,
3, and 4, respectively, had a cleft palate. The researchers stated
that they could not fully analyze the significance of the differ-
ence in the proportion of dead fetuses because females from the
same matings were not used on the same day. For the groups of
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animals that were from the same matings (groups 2 and 3), the
difference in embryolethality was statistically significant.

In a fourth experiment, Dostil and Bldhova (1985) admin-
istered 6.0 mg Tocopheryl Acetate either intraperitoneally or
intramuscularly to groups of 11 gravid mice on days 12 and
13 of gestation; 4.0 mg cortisone acetate given intramuscularly
was also administered on day 13 of gestation. The animals were
killed on day 18 of gestation. Of a total of 153 and 154 fetuses,
93 (61%) and 16 (10%) were dead in groups 1 and 2, respec-
tively. The difference in the proportion of dead fetuses was sta-
tistically significant. Of the live fetuses, 30 (50%) and 33 (24%)
in groups 1 and 2, respectively, had a cleft palate. The mean
body weights of surviving fetuses were similar for all groups.
The embryolethal effect of cortisone acetate was potentiated by
Tocopheryl Acetate when Tocopheryl Acetate was administered
intraperitoneally on days 11 to 14 of gestation.

Tocopheryl Succinate. The effect of Tocopheryl Succinate
on 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced devel-
opmental toxicity was determined using gravid C57BL/6J mice
(Hassoun et al. 1997). Groups of 9 or 10 animals were given by
gavage 100 mg/kg Tocopheryl Succinate in corn oil on days 10,
11, and 12 of gestation, and 40 mg/kg on day 13 of gestation. The
group of 10 animals was also dosed by gavage with 30 ug/keg
TCDD in comn oil on day 12 of gestation 2 hours prior to dosing
with Tocopheryl Succinate. A group of nine animals was dosed
with TCDD only and a negative-control group of nine animals
was dosed with corn oil. Four animals of each group were killed
on day 14 of gestation, and determinations of reactive oxygen
species, lipid peroxidation, and DNA single-strand breaks were
made. The remainder of the animals were killed on day 18 of
gestation.

Tocopheryl Succinate alone did not induce teratogenic ef-
fects. Tocopheryl Succinate decreased TCDD-induced embryo/
fetolethality and fetal and placental growth retardation 65%,
86%, and 67%, respectively. However, Tocopheryl Succinate
did not prevent TCDD-induced cleft palate or hydronephrosis.
Tocopheryl Succinate administration reduced TCDD-induced
production of superoxide anion, lipid peroxidation, and DNA
single strand breaks by 77% to 88%, 70% to 87%, and 21% to
47%, respectively.

GENOTOXICITY

Assays on the mutagenic potential of Tocopherol, Tocopherol
Acetate, Tocopheryl Succinate, and Dioleyl Tocopheryl Methyl-
silanol were almost uniformly negative. These data are summa-
rized in Table 11.

Modulation of Genotoxicity

Tocopherol. Human leukocytes from a male subject were
incubated for 3 days; 15 hours prior to chromosome harvest,
10 uM dl-a-Tocopherol and DMBA were added separately
(Shamberger 1974). Tocopherol reduced chromosome breakage
63.2% as compared to DMBA alone. Malonaldehyde and B-
propiolactone were mutagenic toward Salmonella typhimurium

strains hisG46, TA1975, hisC207, his3076, TA1977, hisD3052,
and TA1978 (Shamberger et al. 1979). dl-a-Tocopherol, at doses
of 0.33 to 33 uM, reduced the mutagenesis in most runs.

The antimutagenic activity of dl-«-Tocopherol against sol-
vent extracts of coal dust, diesel emission particles, airborne
particles, fried beef, and tobacco snuff was determined (Ong
et al. 1989). Tocopherol inhibited <16% of the activity of coal
dust and approximately 20% of the activity of tobacco snuff, but
did not inhibit the mutagenic activity of diesel emission parti-
cles, airborne particles, or fried beef.

Vitamin E (assumed to be Tocopherol) was evaluated for
an antimutagenic effect against 2-nitrofluorene, 4-nitroquinoline
1-oxide, 2-aminoanthracene, and benzo(a)pyrene (BaP) (Houk
et al. 1992). Tocopherol inhibited the mutagenic effects
of 2-nitrofluorene, 2-aminoanthracene, and BaP by 70% to 90%.

The ability of Tocopherol in DMSO to modulate the sponta-
neous revertants in S. typhimurium strains carrying the hisG428
mutation was examined (De Flora et al. 1994). a-Tocopherol
was tested in triplicate at doses of <10 pmol/plate with
S. typhimurium TA104 without metabolic activation. Antimu-
tagenic effects of Tocopherol toward 4-nitroquinoline 1-oxide
in S. typhimurium TA100 without metabolic activation and cig-
arette smoke in S. typhimurium TA98 with metabolic activation
were also determined. Tocopherol did not affect the number
of spontaneous revertants in S. typhimurium strain TA104 or
the mutagenicity induced by 4-nitroquinoline in S. typhimurium
TA100 without metabolic activation or cigarette smoke in
S. typhimurium TA98 with metabolic activation.

The protective effect of 3 to 12.5 pg/ml di-a-Tocopherol
on the frequency and repair of oxidant-mediated DNA-strand
breaks in mononuclear leukocytes exposed to activated autolo-
gous neutrophils was determined (van Staden, van Rensburg,
and Anderson 1993). Tocopherol completely protected cells
against initial DNA damage caused by activated neutrophils.
In phagocyte-free systems, Tocopherol had no effect on DNA
damage in the mononuclear leukocytes. Tocopherol produced a
statistically significant inhibition of superoxide generation.

The effect of vitamin E (assumed to be Tocopherol) on bac-
terial growth inhibition, the number of spontaneous revertants,
and aflatoxin B, (AFB;)-induced mutagenesis was determined
in S. typhimurium TA98 and TA100 (Raina and Gurtoo 1985).
Tocopherol, 2 x 1073 M, produced <5% bacterial growth
inhibition, and it did not affect the number of spontaneous re-
vertants. Tocopherol inhibited AFB; metabolism to mutagenic
metabolites and the expression of AFB;-induced mutations.

Male SD rats were fed basal chow and then injected (route
not specified) with 750 mg/kg dl-a-Tocopherol in peanut oil or
fed Tocopherol-deficient chow, and the effect of Tocopherol on
the mutagenicity of BaP or AFB, was determined (Narbonne
et al. 1990). The animals were killed 48 hours after dosing.
Tocopherol decreased the ability of S9 fractions to activate BaP,
whereas Tocopherol deficiency increased the mutagenic activity
of BaP towards S. typhimurium TA98. Tocopherol did not have
an effect on mutagenicity of AFB;.
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The effect of Tocopherol on the incidence of chromoso-
mal aberrations in bone marrow cells induced by cyclophos-
phamide was examined (Kodytkovd, Madar, and Sram 1980).
Groups of five female ICR mice were given 0.01% or 0.02%
cyclophosphamide in the drinking water for 1, 2, 3, or 4 weeks
(approximately 100 or 200 mg/kg weekly). The animals were
dosed intraperitoneally with 1000 mg/kg a-Tocopherol twice
weekly, starting on the second day of dosing with cyclophos-
phamide. Dosing with cyclophosphamide alone and with cy-
clophosphamide plus Tocopherol significantly increased the in-
cidence of aberrant cells as compared to the incidence found
in control groups or those given only Tocopherol. The average
incidence of aberrant cells was greater in the animals given To-
copherol with 0.01% cyclophosphamide as compared to those
given 0.01% cyclophosphamide only.

Ovariectomized and sham-ovariectomized female Swiss
mice were given 25 mg «-Tocopherol by gavage for 15 days,
and its effect on clastogenicity was determined (Lacava and
Luna 1994). Tocopherol inhibited chromosome damage in
ovariectomized mice by approximately 80%. Tocopherol also
statistically significantly reduced the frequency of chro-
mosomal aberrations in ovariectomized mice dosed with N-
benzyl-2-nitroimidazoleacetamide.

An Ames assay using S. typhimurium strain TA102, a chro-
mosomal aberration assay using human peripheral lymphocytes,
and a mouse micronucleus assay using peripheral lymphocytes
and bone marrow cells were performed to determine the protec-
tive effect of di-a-Tocopherol against bleomycin-induced muta-
genicity (Anderson et al. 1995). In the Ames and chromosomal
aberration assays, Tocopherol did not affect the mutagenic re-
sponse to bleomycin. In the micronucleus test, Tocopherol de-
creased the mutagenic response in peripheral blood cells, but the
decrease was not statistically significant, and it did not affect the
response in bone marrow.

Assays were performed to evaluate the antimutagenic effect
of and a possible interaction between a-Tocopherol and methy-
lazoxymethanol (MAM) and to estimate the protective effect
of Tocopherol towards the genotoxic action of MAM using
S. typhimurium strain TA100 (Tavan et al. 1997). Tocopherol
significantly reduced the mutagenicity of MAM, and a sig-
nificant negative linear correlation was found between the de-
crease of MAM mutagenicity and the increase in Tocopherol. In
determining the protective effect of Tocopherol, a nonsignifi-
cant, non—dose-dependent inhibition of MAM mutagenicity was
observed, and the number of viable bacteria was the same with
or without Tocopherol.

The protective effect of 30 uM a-Tocopherol on Raji lym-
phoblastoid cells exposed to x-rays or hydrogen peroxide was
examined using the comet assay and colony-forming assay
(Sweetman, Strain, and McKelvey-Martin 1997). Tocopherol,
alone and in combination with 60 uM ascorbic acid, signif-
icantly decreased endogenous DNA damage in Raji cells. In
cells treated with hydrogen peroxide, a nonsignificant decrease
in damage with Tocopherol pretreatment was found at time 0

with 50 M hydrogen peroxide, and a siZnificant deerease in
tail moment was found over the 0- to 90-minute post-treatment
period with 5 and 20 uM hydrogen peroxide. Tocopherol in-
creased the survival of cells exposed to 1-Gy x-ray treatment,
but supplementation of Tocopherol in combination with ascorbic
acid did not affect treatment. Tocopherol, alone or in combina-
tion with ascorbic acid, did not have an effect on survival after
treatment with 3- and 5-Gy x-ray treatment. Tocopherol also
increased survival of cells treated with 5 and 20 M hydrogen
peroxide.

Tocopheryl Acetate. The effect of 0.1 mM dl-a-Tocopheryl
Acetate in conjunction with 0.1 or 0.5 mM ascorbic acid on
hyperoxia-induced mutagenicity toward CHO-K 1-BH4 Chinese
hamster ovary cells was examined at 20% and 90% oxygen
(Gille et al. 1991). With 90% oxygen, 0.1 mM ascorbic acid
increased the incidence of aberrant celis and 0.5 mM had an an-
timitotic effect; Tocopheryl Acetate did not alter either effect. At
20% oxygen, neither mutagenic nor antimutagenic effects were
observed.

The effect of a-Tocopheryl Acetate on the yield of sex-
linked recessive lethal mutants induced by irradiation in mature
Drosophila sperm was examined (Beckman, Roy, and Sproule
1982). No significant difference was observed between Oregon-
R males raised on Tocopherol- or nonsupplemented medium
that were irradiated (30 Gy) and mated with females raised on
nonsupplemented medium. A significant reduction in the fre-
quency of sex-linked recessive lethal mutations was observed in
the progeny of F; females derived from FM7a females raised on
a Tocopherol-supplemented medium and mated with irradiated
Oregon-R males.

Tocopheryl Succinate. The effect of di-a-Tocopheryl Suc-
cinate on oxygen radical-induced sister-chromatid exchanges
(SCEs) were determined (Weitberg 1987). Preincubation with
Tocopheryl Succinate decreased the number of oxygen radicai—
induced SCEs; however, control values were not obtained. In
target cells that were preincubated with Tocopheryl Succinate
and treated with superoxide dismutase or catalase, the num-
ber of SCEs was reduced to control values and was signifi-
cantly less than the number observed with Tocopheryl Succinate
alone.

The ability of Tocopheryl Succinate to decrease sodium
chromate-induced chromosomal aberrations was examined us-
ing Chinese hamster V79 cells (Sugiyama, Lin, and Costa 1991).
Pretreatment with 25 uM «-Tocopheryl Succinate prior to ex-
posure to NayCrOy4 resulted in a decrease in metal-induced chro-
mosomal aberrations.

Effect on UV-Induced Genotoxicity

Tocopherol. In order to evaluate the radioprotective effect
of Tocopherol, groups of four male albino rats were dosed orally
with 100 or 300 mg/kg o-Tocopherol in olive oil for 6 months
and then subjected to whole-body irradiation of 400 rad for
13 seconds (El-Nahas, Mattar, and Mohamed 1993). Control
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groups were given water or olive oil. The animals were killed
6 hours after irradiation. No difference in the percentage of cells
with chromosomal aberrations was found for animals dosed with
100 mg/kg Tocopherol and those given olive oil. In the animals
dosed with 300 mg/kg Tocopherol, a statistically significantly
increase in the number of aberrant cells was observed when com-
pared to the control animals given olive oil. No difference was
observed between cells from any of the treated animals and the
control animals given water.

The effect of Tocopherol on DNA repair was examined by
measuring unscheduled DNA synthesis (UDS) in UVB-
irradiated human skin fibroblasts (Kondo et al. 1990). Fibro-
blasts, which were obtained from the elbow, back, inguinal area,
or upper arm of five healthy subjects, were grown with or without
100 pg/ml Tocopherol. UDS was measured following irradia-
tion with UVB from a polychromatic light from a two-tube sun
lamp (Toshiba FL 20SE), wavelength range of 280 to 320 nm
with a maximum at 305 nm, at a dose of 500 J/m?* . Tocopherol
did not affect UDS.

The protective effect of a-Tocopherol toward the photomu-
tagenicity induced by 8-MOP was determined at various partial
pressures of oxygen (pO;) using S. typhimurium strain TA102
and Saccharomyces cerevisiae D7 (Bianchi et al. 1996). A dose
of 1.86 or 18.6 uM Tocopherol (alone and in combination with
B-carotene) and a dose of 4.6 x 107 M 8-MOP was used. Both
the bacteria and the yeast were irradiated for 10 minutes with
UV light from a Philips high-pressure mercury vapor lamp that
emitted radiation in a range of 300 to 400 nm with the maximum
emission band at 365 nm at various pO;’s.

With S. typhimurium, Tocopherol had a protective effect at the
higher dose; a 1.86-uM dosage of Tocopherol and carotene had
a significant inhibition of the photomutagenic effect induced by
8-MOP. In partial pressure, Tocopherol had a significant antimu-
tagenic effect at 190 and 380 mm Hg pO,. With §. cerevisiae,
Tocopherol alone did not have a protective effect at any dose
or pressure, and a Tocopherol/carotene mixture had a protective
effect only at 380 mm Hg pO;.

Tocopheryl Succinate. 'The effect of Tocopheryl Succinate
on UVB-induced mutagenicity was examined using Chinese
hamster V-79 cells (Sugiyama et al. 1992). The cells were pre-
treated for 24 hours with 25 M «a-Tocopheryl Succinate and
then irradiated with UVB light from four Toshiba FL 20SE-30
lamps, wavelength range of 280 to 360 nm with maximum at
305 nm; UVB doses of 200, 400, and 600 J/m? were tested. Con-
trol cells were cultured with DMSO only. Pretreatment with To-
copheryl Succinate did not reduce the number of UVB-induced
DNA single-strand breaks, chromosomal aberrations, or muta-
tions at the HGPRT locus.

CARCINOGENICITY
Oral

Tocopherol. A group of 15 male A/J mice were fed chow
containing 550.0 mg/kg Tocopherol and groups of 15 A/J and

ddY male mice were fed control diet (Which contained 25.5 mg/
kg Tocopherol) for 40 weeks (Yano et al. 1994). A/J mice are
more susceptible to the induction of spontaneous pulmonary
tumorigenesis than ddY strain mice, and this study was designed
to determine whether Tocopherol would reduce the incidence of
pulmonary tumorigenesis in the A/J mice to an incidence similar
to that of ddY mice. Five animals per group were killed after
28 weeks to determined the effect of Tocopherol on oxidative
stress on the pulmonary nuclei. The remaining 10 animals per
group were killed at the termination of dosing.

No significant difference was observed in body weights be-
tween A/J mice of the test and control groups. At 28 weeks, the
reduced nicotinamide adenine dinucleotide diphosphate
(NADPH)-driven active oxygen generation, the nuclear thio-
barbituric acid reactive substances (TBARS), and DNA single-
strand breaks were statistically significantly greater in A/J con-
trol animals than in ddY control animals; dosing of A/J mice with
Tocopherol decreased the amount of TBARS and DNA single-
strand breaks compared to A/J controls. Nuclear «-Tocopherol
concentrations in A/J controls were significantly decreased com-
pared to ddY controls; Tocopherol increased the concentrations.
A/J test animals had a 53% lower incidence of pulmonary neo-
plasms and 60% less pulmonary neoplasm multiplicity as com-
pared to A/J controls; the incidence of pulmonary neoplasms in
A/J test animals was similar to that of ddY controls. The plasma
a-Tocopherol concentration in A/J controls was 45% lower than
that of ddY controls, and the plasma a-Tocopherol concentra-
tion in tumor-bearing A/J controls was significantly decreased
compared to that in non-tumor-bearing A/J controls. Plasma
a-Tocopherol concentrations of test A/J animals was increased
140% compared to A/J controls. The researchers concluded that
Tocopherol reduced spontaneous pulmonary tumorigenesis.

A group of 35 male Wistar rats was fed a diet supplemented
with «-Tocopherol (50.0 units/100 g) and a group of 45 male
Wistar rats was fed a Tocopherol-“sufficient” diet (2.0 units/
100 g), and the effect on iron-mediated, free radical-induced
apoptosis, 8-hydroxydeoxyguanosine (8-OHdG), and the
incidence of renal cancer was determined (Zhang et al. 1997).
After 1 month, five animals per group were killed and the
a-Tocopherol concentrations in the sera, liver, and kidneys were
determined. Also after 1 month, 10 rats per group were dosed
intraperitoneally with ferric nitrilotriacetate (Fe-NTA) and were
killed after 0, 1, 6, or 24 hours. The remaining animals in each
group were injected with 7.5 mg/kg Fe-NTA once or twice
weekly for 3 months and then not treated for 9 months. All
surviving animals were kKilled at study termination.

Iron-induced lipid peroxidation, 8-OHdG formation, and
apoptosis were observed in the Fe-NTA-treated animals. Five
animals of the Tocopherol-sufficient group died during the first
3 months. The incidence of cancer was statistically significantly
reduced in the animals of the Tocopherol-supplemented group
(5%) as compared to the surviving animals of the Tocopherol-
sufficient group (44%). Severe renal cystic lesions were ob-
served in animals of the Tocopherol-sufficient group.
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Tocopheryl Acetate. In a chronic feeding study performed
by Wheldon et al. (1983) in which groups of 60 male and
60 female rats were fed chow supplemented with 500, 1000, or
2000 mg/kg di-«-Tocopheryl Acetate, the researchers examined
the incidence of neoplasms. “The group distribution of tumours
did not suggest a neoplastic response to treatment with [Toco-
pheryl Acetate].” The number of neoplasms was similar for all
groups after 52 and 104 weeks of treatment. “In both sexes, there
were indications of an inverse relation between dosage and the
incidence of mammary fibro-adenomas, but in males the inter-
group differences were not statistically significant at the 5%
level. ... The distribution of pituitary adenomas displayed no
related trend. Small incidences of liver cell tumours and of tu-
mours of the biliary epithelium were scattered across the groups
without relation to dosage or to treatment.”

Hoffmann-LaRoche (1995) stated that Tocopheryl Acetate
was not carcinogenic, but no basis was provided.

Parenteral

Tocopherol. Groups of 22 male BALB mice were dosed
subcutaneously with 16 mg «-Tocopherol in 0.1 ml soya oil,
16 mg «-Tocopherol, 0.1 ml soya oil, or 0.1 ml physiological
saline for 10 months (Constantinides and Harkey 1985). With
the exception of the Tocopherol + soya oil group, in which the
animals were killed 3 to 4 weeks after the first detection of a
neoplasm, the animals were killed 7 months after the termina-
tion of dosing. In the Tocopherol + soya oil group, 17 of the
22 animals developed tumors in the subcutaneous (SC) space
of the dorsum; these tumors were transplantable. No tumors de-
veloped in the other three groups. No significant response was
observed at the site of Tocopherol (only) injection; however,
most soya oil (only) injection sites were massively infiltrated by
polymorphonuclear (neutrophil) leukocytes.

Groups of seven female NSF/N and 10 6HF1 mice were
dosed subcutaneously with 20 mg of natural vitamin E (8.9%
a-Tocopherol, 0.9% B-Tocopherol, 41% y-Tocopherol, and
49.2% §-Tocopherol), natural vitamin E + 0.1 ml soya oil, or
soyaoil (Nittaetal. 1991). Starting at 8 weeks of age, the animals
were dosed once a week at four independent sites on the dorsum
in rotation for a total of 52 treatments. The animals were killed
either when a tumor was 10 mm in diameter or when the animals
were 60 weeks of age. In both NFS/N and 6HF1 mice, natural vi-
tamin E + soya oil induced neoplasms (incidence of 85.6% and
60%, respectively). Some of the neoplasms were transplantable.
Natural vitamin E or soya oil alone did not induce neoplasms.

Tocopheryl Acetate. Groups of 10 male and 10 female
NFS/N mice were dosed subcutaneously with 20 mg
dl-a-Tocopheryl Acetate + 0.1 ml soya oil and groups of 5 male
and 5 female NFS/N mice were dosed subcutaneously with dl-a-
Tocopheryl Acetate + 0.1 ml palm oil, dl-a-Tocopheryl Acetate,
soya oil, or palm oil (Nitta et al. 1991). At 8 weeks of age, the
animals were injected once a week at four independent sites on
the dorsum in rotation; treatment continued until the animals
were 60 weeks in age. The animals were killed either when a

neoplasm was 10 mm in diameter or when the animals were
68 weeks of age. Tocopheryl Acetate 4 soya oil induced tumors
in 20% and 40% of the male and females, respectively. Both
Tocopheryl Acetate + palm oil and Tocopheryl Acetate alone
induced tumors in 20% of the males. The neoplasms were trans-
plantable. No neoplasms were induced in females of any of the
other groups.

Nitta et al. (1991) also dosed male F344 rats with Tocopheryl
Acetate. A group of 17 animals was dosed subcutaneously with
40 mg di-a-Tocopheryl Acetate, 15 or 18 animals were dosed
with dl-a-Tocopheryl Acetate + soya or palm oil, respectively,
and groups of 12 animals were dosed with soya or palm oil.
Dosing was initiated at 9 to 11 weeks of age following the same
dosing rotation described previously for a total of 52 treatments.
The animals were killed either when a neoplasm was 20 mm in
diameter or 8 weeks after the last injection. The incidence of
neoplasms was 82.4%, 66.7%, and 22.2% for the animals dosed
with Tocopheryl Acetate, Tocopheryl Acetate + soya oil, and
Tocopheryl Acetate + palm oil, respectively. The neoplasms
were transplantable. No neoplasms were induced in the animals
dosed with soya or palm oil only.

A group of 15 male Fischer rats were dosed subcutaneously in
the dorsum with 40 mg Tocopheryl Acetate in 0.2 mi soybean oil
once a week for 10 to 12 months (Ishinaga et al. 1991). Fibrosar-
comas developed in 73% of the animals. The neoplasms were
transplantable. The phospholipid composition in the primary and
transplanted neoplasms were similar, with phosphatidylcholine
and phosphatidylethanolamine representing 54% to 56% and
25% to 26% of the total phospholipids.

Modulation of Carcinogenicity

Many studies have investigated the modulation of carcino-
genicity by Tocopherol and its derivatives. These studies are
included in Table 12. In most cases, Tocopherol appeared pro-
tective. One study, however, concluded that Tocopherol acted as
a complete tumor promoter in DMBA-initiated mouse skin.

Mitchel and McCann (1993) studied the tumor promotion
effects of Tocopherol. Female SENCAR mice, 6 to 8 weeks of
age, were initiated with DMBA (10 nmol in 0.2 ml acetone) on
the shaved dorsal skin.

Promotion was begun 1 week after initiation. Groups of
25 mice were treated twice weekly with Tocopherol (d,/ racemic
mixture) from two sources (80 umol in 0.2 ml acetone per appli-
cation) or a known tumor promoter, 12-O-tetradecanoylphorbol-
13-acetate (TPA) (2 g in 0.1 ml acetone per application). After
13 weeks of treatment, one tocopherol group was further treated
twice weekly with mezerein, a stage Il promoter (4 ugin 0.1 ml
acetone). Throughout the procedures all animals were given
anesthesia in a carrier of pure oxygen. Treatments continued
until the number of papillaomas was judged to have stabilized.
Mice were followed for their natural life span.

The time to first tumor (papilloma) appearance was 32, 39,
and 50 days for the TPA and the two Tocopherol treatment
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groups, respectively. The maximum percentage of animals that
developed tumors was 100%, 92%, and 96% for the groups in the
order described above. The Tocopherol group with the longest
time to appearance of the first papilloma (7 weeks) was selected
to also receive mezerein at 13 weeks. With this subsequent treat-
ment, the number of animals with tumors increased to 100%.

The TPA-treated group developed 19 skin carcinomas in
15 animals, with the first appearing at 167 days. The tocopherol-
treated animals developed 20 carcinomas in 15 animals, the first
appearing at 190 days. The tocopherol/mezerein-treated group
developed 14 carcinomas on 12 animals, with the first carcinoma
appearing at 223 days. The control group receiving no promo-
tion followed by mezerein treatment developed 18 carcinomas
on 12 animals, with the first appearing at 254 days. The authors
concluded that these data indicate that Tocopherol can act as a
complete tumor promoter.

Effect on Photocarcinogenicity
Dermal

Tocopherol. Groups of 35 specific pathogen—free female
C3H/HeNTac (H-2¥; MTV ™) mice, housed five per cage, were
dosed dermally with 25 mg dl-a-Tocopherol in 200 ul acetone
three times per week; dosing was initiated 3 weeks prior to
the start of irradiation and continued throughout the experiment
(Gensler and Magdaleno 1991). (To avoid oxidation, Tocopherol
was applied 30 minutes after irradiation.) The animals were irra-
diated with 6.0 J/m?/sec UVB from a bank of six FS40 Westing-
house fluorescent sunlamps (80% of the output was in the range
of 280 to 340 nm) at a distance of 20 cm for 30 minutes per day,
5 days per week, for 27 weeks. Control mice were treated with
solvent. Irradiated and nonirradiated animals were fed either
basal chow or chow supplemented with 1% S-carotene starting
3 weeks prior to irradiation.

The probability of tumor formation 33 weeks after the first
UV exposure in control mice fed basal diet and irradiated was
81%. This probability at 33 weeks for animals dosed with Toco-
pherol was statistically significantly decreased; this value was
42% and 24% for animals dosed with Tocopherol or dosed with
Tocopherol and fed 8-carotene, respectively. (A statistically sig-
nificant decrease was not observed for those animals only fed
B-carotene and irradiated.) Tumor burden in animals dosed with
Tocopherol was also statistically significantly decreased com-
pared to irradiated control animals. The researchers concluded
that Tocopherol reduced photocarcinogenesis.

Tocopheryl Acetate. Groups of 30 specific pathogen—free
female BALB/cAnNTacfBR (H-29) mice were dosed dermally
with 12.5, 25, or 50 mg di-«-Tocopheryl Acetate in 0.2 ml ace-
tone three times per week; dosing was initiated 3 weeks prior to
the start of irradiation and continued throughout the experiment
(Gensler et al. 1996). (During dosing, Tocopheryl Acetate was
applied 30 minutes after irradiation.) The animals were irradi-
ated with 6.44 J/m?/sec UVB from a bank of six unfiltered FS40

COSMETIC INGREDIENT REVIEW

Westinghouse fluorescent sunlamps that emit a continuous spec-
trum from 270 to 390 nm, with a peak emission of 313 nm (75%
of the output was in the range of 280-320 nm), at a distance of
20 cm for 30 minutes per day, 5 days per week, for 18 weeks.
Control mice were treated with solvent.

Compared to UV alone, photocarcinogenesis appeared to be
enhanced by 12.5 mg Tocopheryl Acetate. A dose-response was
not observed. Because no significant difference was found be-
tween groups, tumor incidence data were pooled for the different
dose groups; pooled data indicated a *significant enhancement
of photocarcinogenesis™ by Tocopheryl Acetate. The researchers
stated the “mechanism underlying the difference in photopro-
tective capacity by a-Tocopherol and its acetate . . . ester is not
known.” The researchers postulated that “the limited capac-
ity of skin to cleave the ester forms to the antioxidant form
of a-tocopherol may explain the inability of a-tocopheryl ac-
etate . . . to prevent photocarcinogenesis.” The researchers noted
that o-Tocopheryl Acetate “may have less photoabsorptive ca-
pacity than does a-tocopherol...Thus it is possible that the
a-tocopherol form is a better sunscreen . . .” Also, “the immuno-
protection by «a-tocopherol and lack of it by a-tocopheryl ac-
etate . . . may be related to the role of antioxidants in regulating
transcription factors.”

Tocopheryl Succinate. Groups of 28 specific pathogen—free
female BALB/cAnNTacfBR (H-2%) mice were dosed dermally
with 2.5, 12.5, or 25 mg di-a-Tocopheryl Succinate in 0.2 ml
acetone and irradiated following the same protocol described
previously (Gensler et al. 1996). Photocarcinogenesis appeared
to be enhanced by 25 mg Tocopheryl Succinate. A dose-response
was not observed. Because no significant difference was ob-
served between groups, tumor incidence data were pooled for
the different dose groups; pooled data indicated a “significant
enhancement of photocarcinogenesis” by Tocopheryl Succinate.
The researchers made the same postulations as those described
for Tocopheryl Acetate as to the difference in photoprotection
between Tocopherol and Tocopheryl Succinate.

Oral

Tocopherol. Female albino hairless mice were used to de-
termine the effect of dietary Tocopherol on UV-induced tumor
induction (Black 1974). The animals were exposed to subery-
themic doses of UV light from a mercury arc lamp 5 days per
week for 18 weeks. Daily exposure was 1.09 J/cm? for the first
2 weeks; the dose was increased by 0.27 J/cm? every 2 weeks
until a dose of 1.91 J/cm? was reached. One group of animals
was fed a diet containing 2% antioxidants, 0.2% of which was
dl-a-Tocopherol, and the other group was fed basal chow. At
24 weeks, none of the animals of the test group had carcinomas,
and 4 had actinic lesions, as compared to 5 animals of the control
group having carcinomas and 33 with actinic lesions.

In a study to determine the effect of Tocopherol on UV-
light induced tumor formation, two groups of 100 female al-
bino hairless mice (hrhr) were irradiated 5 days per week with
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suberythemic doses of UV light from a GE-UA3 mercury arc
lamp for 16 weeks (Black and Chan 1975). The animals were
exposed to 1.13 J/cm?/day for 2 weeks, and the dose was then
increased 0.28 J/cm? every 2 weeks until reaching a daily dose
of 1.97 J/cm?. One group of animals was fed a diet containing
0.2% DL-a-Tocopherol (and an additional 1.8% w/w of other
antioxidants), and the other was fed basal chow, for the duration
of the study. Animals were evaluated for actinic effects during
weeks 14 to 22; actinic lesions 1 mm in diameter was considered
the biological end point in evaluation. After 22 weeks, 30% of
animals fed basal chow had frank squamous cell carcinomas as
compared to 7% of animals fed chow containing Tocopherol.

Three groups of 30 to 51 female Skh-HR-1 hairless mice
were fed basal chow containing a 2% w/w antioxidant supple-
ment, 0.2% of which was dl-a-Tocopherol, and three groups of
control mice were fed the basal chow without the supplement
(Black et al. 1983). Two weeks after dose initiation, the animals
were irradiated 5 days per week with 0.46 Sunburn Units (SBUs)
(0.92 MED) (1 SBU = 4 J/cm?) in a 24-minute period; the irra-
diation source was Westinghouse BZS-WLG lamps at a distance
of 14 cm from the dorsal surface of the animals. Irradiation of
test and control animals was discontinued after 21.6, 31.6, or 44
SBUs had been delivered.

Control animals had a “notably greater tumor latency pe-
riod” at the low dose; median tumor times were not significantly
different at the two highest doses. The median time to tumor de-
velopment was significantly increased in a nearly linear fashion
at all three doses when compared to control values. Tumor multi-
plicity for all three UV doses had a dose-dependent relationship.
The anticarcinogenic effect of the antioxidant supplementation
diminished with increasing UV dose.

Tocopheryl Acetate. A study was conducted to determine
the effect of Tocopheryl Acetate on photocarcinogenicity
(Gerrish and Gensler 1993). Female C3H/HeN mice, housed
five per cage, were fed basal chow or chow containing 100 or
200 IU/kg d-a-Tocopheryl Acetate for a total 37 weeks. (The
number of animals per group was not specified.) After 3 weeks of
dosing, the dorsal hair of 20 animals of each group was clipped
and these animals were irradiated with UVB light at a distance
of 20 cm from the light source for 30 minutes per day, 5 days per
week. The light source, a bank of six Westinghouse FS40 sun
lamps, from which approximately 80% of the radiation emitted
was in the UVB range (280 to 340 nm), delivered 6.4 J/m?/s,
The animals were subjected to irradiation for 13 weeks, with a
total UVB dose of 7.49 x 10° J/m?. Irradiation was discontinued
for 3 weeks because of toxicity in the Tocopheryl Acetate dose
groups, and then resumed for 2 weeks, resulting in a total UVB
dose of approximately 8.6 x 10° J/m?. The animals were killed
at study termination.

Feed consumption was similar for all irradiated animals. The
amount of Tocopheryl Acetate consumed per g of mouse av-
eraged 0.0026, 0.0149, and 0.0262 IU for the control, 100,
and 200 IU/kg groups, respectively. Thirty-one weeks after the
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start of UV irradiation, 46% and 19% of the mice fed<100 and
200 1U/kg Tocopheryl Acetate, respectively, had developed neo-
plasms, as compared to 67% of the mice fed basal chow. The
probability of an animal being a tumor-bearer was statistically
significantly decreased for animals fed 200 IU/kg compared to
controls. After 15 weeks on study, the survival rate of animals
fed 100 or 200 IU/kg Tocopheryl Acetate and irradiated was
only 75%, as compared to a rate of 100% for those fed basal
chow with irradiation and for animals fed basal and test diets
and not irradiated. After approximately 34 weeks on study, the
survival rate for animals fed 200 [U/kg Tocopheryl Acetate and
irradiated was 60%. Relative spleen weights were statistically
significantly decreased in irradiated animals of both test groups
compared to respective nonirradiated animals fed Tocopheryl
Acetate, whereas relative spleen weights were statistically sig-
nificantly increased in mice fed basal chow and irradiated com-
pared to those fed basal chow and not irradiated. At micro-
scopic examination, an increase in hemosiderin was observed
in the spleens of irradiated animals fed Tocopheryl Acetate.
Dietary administration of Tocopheryl Acetate reduced the in-
cidence of skin cancer in a dose-dependent manner, but toxicity
was observed.

Effects on Other Skin Damage/Photoprotective Effects

Tocopherol. Female albino hairless Skh:HR-1 mice were
used to examine the photoprotective effect of 5% (w/v) Toco-
pherol in ethanol (Bissett, Hillebrand, and Hannon 1989). The
animals were irradiated individually with a dose of 30 mJ/cm?
UVB from a bank of four Westinghouse FS-40 sunlamps (peak
near 315 nm) at a distance of 10 cm, three times per week, 2 hours
after application of the test material. Delay in wrinkle onset and
decrease in wrinkle development were used to assess efficacy.
In a group of 10 animals, Tocopherol provided protection equal
to approximately half that provided by a sun protection factor
(SPF) 4 sunscreen. Tocopherol reduced tumor yield at 22 weeks
of UVB irradiation from approximately four neoplasms per an-
imal to approximately two neoplasms per animal.

Groups of 10 female hairless albino Skh:HR-1 mice, housed
five per cage, were used to determine the photoprotective effect
of a-Tocopherol (Bissett et al. 1990). Vehicle (ethanol/propylene
glycol/water; 2:1:1 v/v/v) controls were used. Animals were ir-
radiated individually with a dose of 15 J/cm? UVA from a bank
of four General Electric F-40 black lights (peak near 365 nm,
no emission <340 nm) at a distance of 45 cm five times weekly
or with a dose of 30 mJ/cm? UVB (same protocol as described
above) three times weekly 2 hours after application of 0.1 ml of
test material. Skin wrinkling (UVB-induced) and skin sagging
(UVA-induced) were assessed.

Application of 5% (w/v) Tocopherol prior to each UVB dose
significantly reduced the severity of UVB-induced skin wrin-
kling compared to controls. In a dose-response study, it was de-
termined that the near-maximum effects were at 5%. Tocopherol
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significantly delayed the average time of tumor onset compared
to the controls, from 19.4 to 21.6 weeks, and Tocopherol sig-
nificantly reduced lesions observed microscopically. Oral ad-
ministration of 1% «-Tocopherol did not affect UVB damage.
Dermal application of 5% Tocopherol did not protect against
damage from UVA irradiation.

Groups of 10 female hairless albino Skh:HR-1 mice, housed
five per cage, were used to determine the photoprotective ef-
fect of a-Tocopherol in conjunction with an anti-inflammatory
agent (Bissett, Chatterjee, and Hannon 1992). Vehicle (ethanol/
propylene glycol/water; 2:1:1 v/v/v) controls were used. An-
imals were irradiated individually with UVB (same protocol
as described previously) 2 hours after application of 0.1 ml of
test material for 20 weeks. Skin wrinkling (UVB-induced) was
assessed.

In examining the percent wrinkle reduction (compared to
controls), 5% Tocopherol significantly protected the skin. To-
copherol (5%) + 0.5% hydrocortisone or 1% ibuprofen signif-
icantly reduced wrinkling as compared to Tocopherol alone at
wrinkle grades 0.5/3, 1.0/3, and 1.5/3, and Tocopherol +1%
naproxen significantly reduced wrinkling compared to Toco-
pherol alone at wrinkle grades 1.0 and 1.5. At microscopic exam-
ination, it was observed that 5% Tocopherol + 0.5% hydrocor-
tisone significantly prevented UVB-induced cutaneous lesions
compared to those seen with Tocopherol alone. However, Toco-
pherol also had some preventive effects when compared to the
vehicle.

The effect of Tocopherol on UVB-induced sunburn cell
(SBC) production was examined using domestic Yorkshire
swine skin (Darr et al. 1996). Tocopherol, 3% (eight animals),
reduced the number of UVB-induced SBCs (4-mm biopsy) to a
value that was approximately 31% of vehicle control values; this
was a statistically significant decrease. Tocopherol + ascorbic
acid (seven animals) reduced it to a value that was 15% of control
values. Treatment with 2% Tocopherol +10% ascorbic acid once
a day for 3 days reduced the number of psoralen-UVA (PUVA)-
induced SBCs (4-mm biopsy) from >100 to 59.5. Treatment
with Tocopherol + ascorbic acid + oxybenzone reduced this
number to 4.3, a statistically significant decrease compared to
Tocopherol + ascorbic acid alone.

The photoprotective effect of Tocopherol was determined
by examining its ability to inhibit thymidine dimer pro-
duction (McVean and Liebler 1997). Groups of four female
C3H/HeNTac mice received a dermal application of 50 mg of
a neutral cream containing 1% to 15% (w/w) d-a-Tocopherol;
controls were dosed with vehicle only. The applications were
made 15 minutes prior to irradiation to a 3 cm x 4 cm shaved
area on the back of each animal. The animals were irradiated for
60 minutes at a distance of 19.5 cm using a bank of six West-
inghouse FS20 lamps (80% of the output in the UVB range)
with 2.5 J/m?/s. After irradiation, the mice were killed, the dor-
sal skin was removed, and the epidermal cells were isolated
for thymine dimer analysis. Duplicate experiments were per-
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formed. a-Tocopherol reduced thymidine dimer-formation in a
dose-dependent manner; 1% and 10% reduced thymidine dimer
formation to 43% and 84% of control values, respectively. Re-
ductions were statistically significant at doses of 3%, 5%, and
10% a-Tocopherol.

In order to determine whether a-Tocopherol could protect
against thymidine dimer formation induced by wavelengths only
in the UVB range or greater, a 285-nm cutoff filter was used to
filter UVC. Thymidine dimer formation was reduced to val-
ues that were 60% and 17% of control values by 1% and 10%
a-Tocopherol dispersions, respectively.

McVean and Liebler (1997) determined that y- and 8-Toco-
pherol were less potent than «-Tocopherol in reducing thymi-
dine dimer formation. Dispersions containing 5% (w/w) y- or
8-Tocopherol inhibited dimer formation to 45% of the control
value.

Tocopheryl Acetate. Bissett, Chatterjee, and Hannon (1990)
used groups of 10 female hairless albino Skh:HR-1 mice to de-
termine the photoprotective effect of Tocopheryl Acetate using
the protocol described previously (with Tocopherol) for expo-
sure to UVB radiation. Application of 5% (w/v) Tocopheryl
Acetate prior to each UVB dose significantly increased the per-
centage of wrinkle protection compared to application of vehicle
only for wrinkle grades 0.5/3 and 1.0/3; significant protection
was not observed at wrinkle grade 1.5/3.

McVean and Liebler (1997) used the procedure described
previously to determine whether dl-a-Tocopheryl Acetate can
inhibit thymidine dimer formation in female C3H/HeNTac mice.
A 10% (w/w) dispersion of Tocopheryl Acetate inhibited dimer
formation 44% of the control value.

Tocopheryl Linoleate. Groups of 10 female hairless albino
Skh:HR-1 mice were used to determine the photoprotective ef-
fect of Tocopheryl Linoleate using the protocol described previ-
ously (for Tocopherol) for exposure to UVB radiation (Bissett,
Chatterjee, and Hannon 1990). Application of 5% (w/v) Toco-
pheryl Linoleate prior to each UVB dose significantly increased
the percentage of wrinkle protection compared to application of
vehicle only for wrinkle grade 0.5/3; significant protection was
not observed at wrinkle grades 1.0/3, 1.5/3, or 2.0/3. Tocopheryl
Linoleate did not significantly affect the average week of tumor
onset when compared to control values.

Tocopheryl Nicotinate. Groups of 10 female hairless al-
bino Skh:HR-1 mice were used to determine the photoprotec-
tive effect of Tocopheryl Nicotinate using the protocol described
previously (for Tocopherol) for exposure to UVB radiation
(Bissett, Chatterjee, and Hannon 1990). Application of 5% (w/v)
Tocopheryl Nicotinate prior to each UVB dose did not reduce
wrinkling when compared to control values.

Tocopheryl Succinate.  Groups of 10 female hairless albino
Skh:HR-1 mice were used to determine the photoprotective
effect of Tocopheryl Succinate using the protocol described
previously (for Tocopherol) for exposure to UVB radiation
(Bissett, Chatterjee, and Hannon 1990). Application of 5% (w/v)
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Tocopheryl Succinate prior to each UVB dose did not reduce
wrinkling when compared to control values.

CLINICAL ASSESSMENT OF SAFETY

Irritation/Sensitization

Tocopherol. The irritation potential of 1.0% Tocopherol in
paraffinum liquidum was determined using 55 subjects (number
per sex not specified) (CTFA 1972). The test material, 0.05 ml,
was placed on human patch test plaster and applied to the intact
surface of the forearm for 24 hours. The test sites were scored
on a scale of 0 (=) to 5 (4+) upon removal of the plaster. The
positive rate was defined as the percent rate of the number of
subjects with a positive reactive above the score 2 (1) (distinct
erythema). The positive rate was 0/55 (0%). Tocopherol, 1.0%,
was not a primary skin irritant.

Three cosmetic formulations, one containing 2% dl-
Tocopherol, one containing 12% vitamin E (form not specified)
in wheat germ (100 IU/g), and one containing 32% mixed Toco-
pherols in a base of wheat germ and vegetable oils (24,000 IU/
2 oz), were evaluated for dermal irritation using six subjects
(Marzulli and Maibach 1975). Each test material, 0.05 ml, was
applied under an occlusive patch to a site on the back in a
21-day cumulative irritation test. Each test site was scored every
24 hours. The mean cumulative irritation scores for the formu-
lations containing 2%, 12%, and 32% Tocopherol were 3.9/84,
7.0/84, and 0.0/84, respectively.

The primary and cumulative irritation potential and the sen-
sitization potential of a cream containing 5% Tocopherol was
determined in a repeat-insult patch test (RIPT) using 113 sub-
jects, 35 males and 78 females (Consumer Product Testing Co.
1997a, 1997b). A semiocclusive patch containing 0.2 ml of the
test material was applied for 24 hours to the upper back of each
subject three times per week for a total of 10 applications. The
test sites were scored prior to each application. After a 2-week
nontreatment period, the challenge was performed by applying
the test material to the original site and a previously untreated
site on the volar forearm. These sites were evaluated 24 and
48 hours after application. A cream containing 5% Tocopherol
was not an irritant or a sensitizer.

Between July 1, 1985, and June 30, 1989, the North
American Contact Dermatitis Group (NACDG) patch-tested
4887 patients with 5% dl-a-Tocopherol in petrolatum (NACDG
1999). Twelve patients (0.2%) “were thought to be allergic,” two
patients (0.04%) “were thought to be irritated,” and two patients
(0.04%) “had questionable reactions” to Tocopherol.

Adams and Maibach (1985) reported on a 64-months study
(during the years 1977 to 1983) involving 12 dermatologists
that researched patient reactions to cosmetics. Of an estimated
number of 281,100 patients seen, an estimated number of 13,216
patients had contact dermatitis and in 713 of those patients, it
was related to cosmetics. Patch tests were performed according
to the methods of the NACDG on 56% of the subjects. There
were two cutaneous reactions to Tocopherol.
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Ninety-seven patients were patch-tested with 20% dl-a-
Tocopherol in petrolatum (Roed-Petersen and Hjorth 1975). No
reactions were observed at day 2 or 4. One patient had a positive
reaction 3 weeks after application of the patch test. Subsequent
testing with 20% di-«-Tocopherol in petrolatum was positive at
day 2, whereas patch tests with 5% di-a-Tocopherol, 5% and
20% d-a-Tocopherol, and 5% and 20% d-a-Tocopheryl Succi-
nate were negative.

One-hundred sixteen patients with eczematous dermatitis
were patch tested with dl-a-Tocopherol (Roed-Petersen and
Hjorth 1976). One positive reaction was observed.

Tocopheryl Acetate. An RIPT of a lotion containing 0.1%
Tocopheryl Acetate was completed using 110 subjects, 18 males
and 92 females (AMA Laboratories, Inc. 1996). A semiocclu-
sive patch containing 0.2 g of the test material was applied for
24 hours to the infrascapular region of the back of each subject
three times weekly for a total of nine applications. A challenge
patch was applied for 24 hours to a previously unexposed site 10
to 14 days after the last induction patch. The sites were scored 24
and 48 hours after application. No reactions were observed dur-
ing induction or challenge. A lotion containing 0.1% Tocopheryl
Acetate was not a primary irritant or sensitizer.

The primary irritation potential of 100% di-a:-Tocopheryl Ac-
etate and 1%, 5%, 20%, and 50% Tocopheryl Acetate in petrola-
tum was determined using eight subjects (Roche 1999c). Petro-
latum was used as the control. Occlusive patches containing
0.5 ml of the test materials were applied for 24 hours to the in-
terscapular area of each subject daily for 21 days. The test sites
were scored 10 minutes after patch removal and prior to reap-
plication. The mean irritation indices, on a scale of 0 to 4, were
0 for 100% Tocopheryl Acetate, 0.875, 0.312. 1.0, and 0.312,
for 1%, 5%, 20%, and 50% Tocopheryl Acetate in petrolatum,
respectively, and 0.125 for petrolatum.

The irritation and sensitization potential of 100% dl-a-
Tocopheryl Acetate was determined in a Draize study using
209 subjects that had not been previously exposed to vitamin E
(Roche 1999c). Tocopheryl Acetate was applied under an oc-
clusive patch three times per week for a total of 10 applica-
tions. After a 2-week nontreatment period, reapplications were
made for 3 days. The total irritation index for the 203 subjects
was 15.5, and the mean irritation intensity index was 0.076.
All the sensitization readings were negative. Tocopheryl Ac-
etate was not a primary irritant and did not produce delayed
hypersensitivity.

Tocopheryl Linoleate. With the use of a new line of cos-
metics that contained Tocopheryl Linoleate, a large number
of outbreaks was observed in Switzerland between April and
November 1992 (263 patients consulted dermatologists and
642 cases were reported directly to manufacturers; a rate of at
least three incidences per 1000 units); the products originated
from the same manufacturer (Perrenoud et al. 1994). No ge-
ographical clustering was observed. Patch and use tests were
performed. A body lotion, an o/w emulsion containing 1% To-
copheryl Linoleate, was patch-tested using 77 patients, whereas
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other products of the cosmetic line, including six batches of To-
copheryl Linoleate, were tested using 26 patients. Artificially
aged Tocopheryl Linoleate was tested using six patients and the
lotion with 2% or 10% Tocopheryl Linoleate (instead of 1%) was
tested using four patients. d-a-Tocopherol, di-a-Tocopherol, di-
a-Tocopheryl Acetate, all 10% in petrolatum, and undiluted To-
cophersolan were also tested at different concentrations using
6 to 11 patients. Two formulations, one that did not contain
Tocopheryl Linoleate and one that did not contain Tocopheryl
Linoleate or any ingredients containing Tocopherol derivatives,
were tested using 12 and 11 patients, respectively.

Twenty-three subjects (13%) had a past history of dermati-
tis and 14 subjects (8%) had past or present signs of atopic
dermatitis. Most patients had a “very itchy, papular and follicu-
lar dermatitis that was symmetrically distributed and located in
most cases on the trunk and the extremities. In some cases, the
papules were surrounded by a halo of vasoconstriction...In a
few cases, the papules were located on intensely erythematous,
well-defined plaques, suggesting irritation rather than allergy.”
A secondary extension to the face was seen in one of five cases.
Control subjects were included in the study. The test substances
were applied to the upper back under an occlusive patch for
48 hours, and the reactions were read at 2 and 4 or 5 days us-
ing the scale of the International Contact Dermatitis Research
Group.

Positive patch-test results ranged from 21% to 64% for the
cosmetic products. Increasing the concentration of Tocopheryl
Linoleate in the lotion did not increase the rate of positive re-
actions. Reactions were seen in all patients tested with aged
Tocopheryl Linoleate. Positive or doubtful reactions were seen
in 1/7, 1/10, 3/11, and 1/6 patients tested with d-«-Tocopherol,
dl-a-Tocopherol, dl-a-Tocopherol Acetate, and Tocophersolan,
respectively. Testing of the Tocopheryl Linoleate—free formula-
tion resulted in 3/12 patients with doubtful reactions; testing of
the Tocopheryl Linoleate— and Tocopherol derivative—free for-
mulation resulted in 0/11 subjects having doubtful or positive
reactions. Control subjects did not have positive reactions. Skin
biopsies from lesional skin of four patients that had positive
patch-test results with Tocopheryl Linoleate had “spongiosis of
the interfollicular epidermis with a perifollicular and perivascu-
lar infiltrate containing a predominantly mononuclear cell infil-
trate with some neutrophils.”

Perrenoud et al. (1994) also performed repeated open ap-
plication tests (ROATS) using products containing Tocopheryl
Linoleate. At least 3 months after the last application of a To-
copheryl Linoleate—containing product or after patch-testing,
the lotion containing Tocopheryl Linoleate and a Tocopheryl
Linoleate~free lotion were applied to the right and left outer
arm and an artificially aged product was applied to the anterior
right thigh of 15 patients. The ROAT was performed for 4 weeks.
The Tocopheryl Linoleate—containing product was not used on
the controls. ]

Eighty percent (12/15) of the subjects had a papular ery-
thematous eruption at the site of application of the lotion that
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contained Tocopheryl Linoleate. Thereactions appeared after 1
to 13 applications (mean of 4) and lasted 2 to 24 days (mean of
9). Four of the subjects reacted to the Tocopheryl Linoleate—free
lotion as well. Control subjects did not react to the lotion without
Tocopheryl Linoleate.

Perrenoud et al. (1995) stated that “the differences of the
results between patients and control subjects, analyzed with
Fisher’s exact test, clearly indicated that the positive reactions to
the cosmetics and vitamin E linoleate were highly specific, sug-
gesting an allergic mechanism.” Initially, Perrenoud et al. (1994)
suggested that either an in vivo metabolite of o-Tocopherol or a
common contaminant of industrially produced Tocopherols was
responsible for the reactions. Perrenoud et al. (1995) stated “the
results of our compared investigations on patients and healthy
control subjects support the hypothesis that a metabolite or con-
taminant of vitamin E linoleate could act as a hapten and/or
irritant with possible synergistic effects.”

Tocopheryl Nicotinate. Tocopheryl Nicotinate, 10% in
paraffin oil, was stated to be not irritating or sensitizing in a
clinical maximization study (BASF 1993c).

Case Studies
Case studies of dermal reactions from exposures to Toco-
pherol and Tocopheryl Acetate are described in Table 13.

Photosensitization

Tocopheryl Acetate. Eleven subjects (number per sex not
specified) with skin types I to III were used to determine the
photosensitization potential of Tocopheryl Acetate (Consumer
Product Testing Co. 1992). Approximately 0.2 ml of the test
material was applied for 24 hours under an occlusive patch to
two sites on the lower back of each subject. Upon patch removal,
one of the treated sites and an untreated site were irradiated
with UVA for 5 to 8 minutes (10.5 to 16.8 J) untit 1 MED
was achieved. (The MED for each subject had previously been
determined.) The light source was a solar UV simulator with
a 150-W xenon arc lamp that produced a continuous emission
spectrum in the UVA and UVB regions; a Schott WG 345 filter
was used to block UVB. The distance from the light source to the
test site was not specified. The test and control sites were scored
15 minutes and 24 and 48 hours after irradiation. Tocopheryl
Acetate was not phototoxic, and no responses were observed at
the exposed, nonirradiated site.

Skin Effects

Tocopheryl Acetate. Transepidermal water loss (TEWL)
was measured after application of 1%, 2.5%, and 5% Tocopheryl
Acetate (Djerassi, Machlin, and Nocka 1986). One percent and
2.5% Tocopheryl Acetate did not produce a significant decrease
in TEWL, but 5% Tocopheryl Acetate applied for 30 minutes
reduced TEWL by 19%. TEWL was reduced by 24% after
4 days of twice-daily application of 5% Tocopheryl Acetate.
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TABLE 13

Clinical case studies reporting adverse reactions to Tocopherol and Tocopheryl Acetate
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Case description

Reference

Tocopherol

3 cases: Three males developed dermal reactions after using a deodorant containing di-c-Tocopherol.
The first developed erythema, pruritus, and vesiculobullous lesions within 1 day; the second
developed acute dermatitis after 3 weeks; and the third developed erythematous pruritic dermatitis
after 2 weeks. All three were patch tested with 4% Tocopherol and/or anhydrous alcohol, perfume,
silicone or a production sample containing 1% Tocopherol and had positive (44-) reactions.

Two patients were patch tested with Tocopheryl Acetate capsules; no reactions were observed
at 48 hours. One patient was patch tested with a mixture of -, 8-, y-, and é-Tocopherol;
a 2+ reaction was observed at 48 hours.

Surgeons have developed contact dermatitis from the use of vitamin E—containing soaps and lotions.
1 case: A woman who applied two vitamin E creams and a vitamin E oil had multiple erythematous,
edematous patches and plaques, papules, and macules. Patch testing was positive to the creams
and the oil, and the only common ingredient was vitamin E (either as Tocopherol or Tocopheryl

Acetate).

1 case: A woman with a history of vitiligo applied two different vitamin E preparations to the chest,
neck, and face twice daily for 4 weeks and developed extensive pruritic eruptions. Patch tests were
positive to both vitamin E preparations (24 at 48 hours; 14- at 72 hours).

1 case: Eczematous contact dermatitis was observed in a woman who applied a Tocopherol cream
to her ear; a patch test to a-Tocopherol was positive.

1 case: Urticarial contact dermatitis was observed in two boys who had burns treated with Tocopherol
oil—confluent, erythematous, urticarial eruptions appeared that quickly generalized.

1 case: Erythema multiforme was observed in three patients who used a deodorant containing
Tocopherol—erythema and edema of the axillae were observed, with widespread morbilliform
eruption.

I case: Eczematous contact dermatitis was observed in two patients who applied Tocopherol to

a scar—generalized erythema multiforme was observed, and patch tests were positive.

1 case: Eczematous contact dermatitis was observed in a woman who applied Tocopherol oil to
her face—immediate pruritus and edema and urticaria within 20 minutes were observed.

1 case: Urticarial contact dermatitis was observed in a woman who applied Tocopherol oil to
her skin—a large wheal occurred within 15 minutes.

1 case: Urticarial contact dermatitis was observed in a woman who applied Tocopherol oil to
her face for 4 days—on day 5, a bright red eruption resembling erysipelas was observed.

1 case: Eczematous contact dermatitis was observed in a woman who applied Tocopherol oil to
her eyelids—after the third application, a severe, pruritic, edematous eruption appeared, and

a patch test with the oil and 5% «-Tocopherol were positive.

Eye moisturizers containing vitamin E can cause dermatitis. Patients that patch test positively to
the formulation usually patch test negatively to vitamin E in bland vegetable oil.

1 case: A woman developed eczematous lesions over the arms and legs after using a cream that
contained 5% Tocopherol. She had positive reactions in patch tests to Tocopherol and vitamin A.

Tocopheryl Acetate

I case: A woman applied a “pure vitamin E” preparation to burn areas two to three times daily for
afew days. After 3 days, a generalized dermatosis with large numbers of erythematous, edematous
lesions were observed. Patch testing was positive (4-+) to the preparation, which contained
100% pure vitamin E in the form of dl-a-Tocopheryl Acetate.

1 case: A woman used a cream containing Tocopheryl Acetate—erythema and urticarial papules
developed on the face and neck after 1 day; she patch-tested positive (++ on day 2 and 3) to
the cream and 10% Tocopheryl Acetate in petrolatum.

Aeling, Panagotacos, and
Andreozzi 1973

Fisher 1975
Saperstein, Rapaport, and
Rietschel 1984

Goldman and Rapaport
1986

Fisher 1991

Draelos 1993

Bazzano et al. 1996

Saperstein, Rapaport,
and Rietschel 1984

de Groot et al. 1991

{Continued on next page)
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TABLE 13 - -
Clinical Case Studies Reporting Adverse Reactions to Tocopherol and Tocopheryl Acetate (Continued)

Case description

Reference

2 cases: Two women reacted to a cream containing Tocopheryl Acetate; one had dermatitis of

de Groot et al. 1991

the face and hands, she patch-tested positive (74 at day 2 and + at day 3) to the cream and
10% Tocopheryl Acetate in petrolatum; the second woman developed papulovesicular dermatitis,
she patch-tested positive (++ on day 2 and 3) to 10% Tocopheryl Acetate in petrolatum.

1 case: A woman used a cream containing Tocopheryl Acetate for 3 weeks—erythematous papular

de Groot et al. 1991

dermatitis developed; she patch-tested positive (+ to ++ after 2 and 3 days) to the cream,
10% Tocopheryl Acetate in petrolatum, and 10% Tocopheryl Nicotinate in petrolatum.

1 case: A man had acute generalized eczema after application of “natural” creams. He patch-tested
positive to water-soluble Tocopheryl Acetate (1% aqueous), which was present in one of

the creams.

1 case: A woman applied Tocopheryl Acetate to her face; after 24 hours, she had erythema and

Garcia-Bravo and Mozo
1992

Harris and Taylor 1997

edema. Patch testing with the NACDG standard series, 4% di-aTocopherol in petrolatum,
dl-a-Tocopheryl Acetate, and moisturizers containing Tocopheryl Acetate were negative. An
ROAT with dl-¢-Tocopheryl Acetate performed after the patch test resulted in a nonpruritic,
spreading rash at the site of application after 24 hours; at day 4, a fine papular eruption was

observed at the site of the ROAT.

Tocopheryl Nicotinate. 'Tocopheryl Nicotinate was reported
to stimulate epidermal blood circulation (BASF 1994b).

Photoprotection

Tocopherol. A group of six male and four female subjects
(nine with skin type II and one with skin type III) was given
a vitamin supplement containing 1000 IU/day d-a-Tocopherol
and 2000 mg/day ascorbic acid for 8 days, while a control group
of four male and six female subjects (seven with skin type II
and three with skin type III) was given a placebo (Eberlein-
Konig, Placzek, and Przybilla 1998). Prior to supplementation,
12, 1.8-cm? areas of the lower back were irradiated with 20 to
226 mJ/cm? UVB to determine the MED., After 8 days, the other
side of the back was irradiated. Cutaneous blood flow was also
determined at each site using a laser doppler flowmeter.

Prior to dosing, no difference was observed in MED between
the groups. After dosing, a statistically significant increase in the
average MED was observed in the test group; the MED increased
from 80 to 96.5 mJ/cm?. The MED of two test subjects did not
change. In the placebo group, the MED was unchanged in six
subjects and decreased in four subjects; the average MED sig-
nificantly decreased from 80 to 68.5 mJ/cm?. Cutaneous blood
flow increased at both irradiated test and control sites.

Clinical Toxicity

Tocopherol. Tocopherol is relatively nontoxic (Tsallas,
Molgat, and Jeejeebhoy 1986). However, excess Tocopherol
can cause prolongation of clotting time, can depress vitamin
K—dependent clotting factors, and may affect platelet aggre-
gation via prostaglandin metabolism. Large doses have caused
dizziness, weakness, nausea, abdominal cramps, diarrhea, and

other gastrointestinal problems (Pettit and O’Flynn 1990).
Headaches, fatigue, blurred vision, inflammation of the mouth,
chafing of the lips, low blood sugar, and degenerative changes
have been reported by others (Gossel and Wuest 1982).

Ten male and 18 female subjects ingested 100 to 200, 400,
or 600 to 800 IU vitamin E daily for an average of 3 years
(range of 4 months to 21 years) (Farrell and Bieri 1975). Plasma
a-Tocopherol concentrations were increased compared to con-
trol values; however, mean plasma Tocopherol concentrations
were similar among the dose groups. Abnormal biochemical or
hematological indices were generally not observed.

Tocopheryl Acetate. A double-blind study was performed
with 800 1U/day d-a-Tocopheryl Acetate using eight male sub-
jects (Briggs 1974). Blood and 24-hour urine samples were
taken prior to dosing and at 7-day intervals. Two subjects, who
were receiving Tocopheryl Acetate, complained of severe fa-
tigue and weakness after 3 weeks. Both subjects had elevated
serum creatine kinase accompanied by creatinuria at 7 and
14 days. Serum creatine kinase and urinary creatine were normal
7 days after termination of dosing. No other abnormalities were
observed.

In a study (described in ‘Immunologic Effects’) performed
by Meydani et al. (1990), 19 subjects were given 800 mg
dl-a-Tocopheryl Acetate (7 males and 12 females) or a placebo
(9 males and 10 females) daily for 30 days. Meydani et al. (1994)
examined the toxicological effects of this dose. Tocopheryl Ac-
etate supplementation did not affect the weight gain or health
of the subjects. Plasma «-Tocopherol concentration increased
almost three-fold in the test group, whereas no change was ob-
served for the controls. A significant decrease in plasma lipid
peroxides and a small but statistically significant increase in
plasma zinc concentration was observed in the test subjects. No
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significant changes in hematological status or hepatic and renal
function indexes were observed.

Tocopherol Deficiency

Tocopherol deficiency in humans has only been observed
in premature infants and in patients with long-term fat malab-
sorption (Tomassi and Silano 1986). Tocopherol deficiency can
cause diminished erythrocyte life span, neurological dysfunc-
tion, and myopathies in patients with malabsorption syndromes
(Bjgmeboe, Bjgrneboe, and Drevon 1990), and it can mani-
fest itself as skin collagenosis, red cell hemolysis, xanthomato-
sis, cirrhosis of the gall bladder, steatorrhea, and creatinuria
(Tsallas, Molgat, and Jeejeebhoy 1986). It has also been linked to
the development of bronchopulmonary dysplasia, intraventricu-
lar hemorrhage in the brain, retrolental fibroplasia, and anemia
in premature infants (Bjgrmeboe, Bjgrneboe, and Drevon 1990).

SUMMARY

Tocopherol, Tocopheryl Acetate, Tocopheryl Linoleate, To-
copheryl Linoleate/Oleate, Tocopheryl Nicotinate, Tocopheryl
Succinate, Dioleyl Tocopheryl Methylsilanol, Potassium Ascor-
byl Tocopheryl Phosphate, and Tocophersolan all function as an-
tioxidants in cosmetic formulations; they also have other func-
tions, such as skin-conditioning agents. Vitamin E is comprised
of a-, 8-, ¥ -, and 8-Tocopherol and -, 8-, ¥ -, and §-tocotrienol.
A summary of uses in cosmetic formulations reported to FDA
in 1998 is given in Table 14.

Data submitted to CTFA reported that Tocopherol was used
at concentrations of <5%, Tocopheryl Acetate was used at con-
centrations of <36% (and at 100% in vitamin E oil), Toco-
pheryl Linoleate was used at concentrations of <2%, Toco-
pheryl Nicotinate was used at concentrations of <2% (with
recommended concentrations of use of 0.1% to 1.0%), Dioleyl
Tocopheryl Methylsilanol and oleyl alcohol was recommended
for use at 3% to 6%, Potassium Ascorbyl Tocopheryl Phosphate
was used at concentrations of 0.02%, and Tocophersolan was
used at concentrations of <0.2%. Tocopherol, Tocopheryl Ac-
etate, Tocopheryl Succinate, and Tocophersolan have functions
as dietary supplements.

TABLE 14
Summary of uses

Ingredient Frequency of use
Tocopherol 1072
Tocopheryl Acetate 1322
Tocopheryl Linoleate 279
Tocopheryl Nicotinate 3
Tocopheryl Succinate 4
Dioleyl Tocopheryl Methylsilanol 12
Potassium Ascorbyl Tocopheryl Phosphate 15
Tocophersolan 2
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The following limitations on impurities-are indicatiwe of the
limitations that can be found on these ingredients as used in
foods: o

Tocopherol: <20 mg/kg heavy metals, <10 mg/kg lead,
<25 mg/kg zinc, <50 mg/kg zinc + copper, and <0.1%
sulfate ash. Tocopherol is not expected to contain pesti-
cides, 1,4-dioxane, free ethylene oxide, monochloroacetic
acid, sulfite, organic solvents, nitrosamines, residual reac-
tants, or other substances.

Tocopheryl Acetate: <20 ppm heavy metals, <10 ppm lead,
<0.1% sulfate ash, and <3 ppm arsenic. Tocopheryl Ac-
etate is not expected to contain pesticides, 1,4-dioxane, free
ethylene oxide, monochloroacetic acid, sulfite, organic sol-
vents, nitrosamines, or other substances.

Tocopheryl Nicotinate: <20 ppm heavy metals. Tocopheryl
Nicotinate is notexpected to contain pesticides, 1,4-dioxane,

free ethylene oxide, monochloroacetic acid, sulfite, organic
solvents, nitrosamines, or other substances.

Tocopheryl Succinate: heavy metals (as Pb) must be <10 mg/kg.

In a dermal absorption study using human subjects, Toco-
pheryl Acetate was substantially absorbed in the skin, but sys-
temic availability was not observed. Also, conversion to Toco-
pherol was not seen. In a study using rats, approximately 6%
of the applied dose penetrated into the epidermis after 5 days.
Most studies found that some Tocopheryl Acetate was converted
to Tocopherol. Irradiation of animals dosed with Tocopheryl
Acetate resulted in a significant increase in the amount of Toco-
pheryl Acetate found in the skin as compared to nonirradiated
animals, and irradiation significantly increased the amount of
Tocopherol found in the skin of test animals. Tocopherol was
“more efficiently” absorbed from w/o than o/w emulsions. The
liposomal form increased absorption from o/w emulsions but
did not have an effect on w/o emulsions.

In oral ingestion studies with human subjects, administra-
tion of Tocopherol and Tocopheryl Acetate resulted in increased
serum Tocopherol concentrations; the mean serum concentration
peaked at approximately 7 to 8 hours following dosing. In one
study, d-a-Tocopherol had a greater bioavailability than dl-o-
Tocopherol. In a study using rats, Tocopheryl Acetate generally
had a greater uptake than Tocopheryl Nicotinate. The liver was
the principal storage site, but the adrenal glands had the greatest
uptake. Most of the radioactivity was recovered as tocopheryl
quinone, but in a few tissues, such as the adrenal glands, it was
recovered mostly as Tocopherol. In another study using rats that
were fed Tocopheryl Acetate for up to 14 weeks, a linear re-
lationship was found between time and tissue concentration of
Tocopherol. In mice that were fed Tocopheryl Acetate and irra-
diated, a dose-dependent increase was seen for Tocopherol in the
ventral skin compared to controls, whereas irradiation decreased
dorsal skin Tocopherol concentrations.

‘Tocopherol is the major lipid-soluble chain-breaking antiox-
idant of membranes and an important cellular protectant against
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oxidative damage. It exerts antioxidant effects by trapping
peroxyl radicals. Some researchers found that Tocopherol was
depleted from the skin upon exposure to UV light; they pos-
tulated that other antioxidants that can recycle Tocopherol can
also be depleted.

Tocopherol was generally found to inhibit UVB-induced lipid
peroxidation. Dermal application of Tocopheryl Acetate also de-
creased lipid peroxidation, but oral administration was reported
not to have an effect. Both single and multiple applications of
Tocopherol inhibited 8-MOP photobinding to DNA/RNA and
protein. A single application of Tocopheryl Acetate did not af-
fect photobinding, but multiple applications protected.

Application of Tocopherol both prior to and after irradiation
increased the MED. Tocopheryl Acetate application after irra-
diation resulted in decreased skin thickness.

Tocopherol supplementation enhanced indexes of T cell-
mediated function in elderly human subjects, and Tocopheryl
Acetate improved elderly immune responsiveness. Tocopherol
abrogated the capacity of splenocytes from UV-irradiated mice
to inhibit normal rejection of UVMI12 cells, whereas Tocopheryl
Acetate and Tocopheryl Succinate enhanced the growth of in-
jected UVMI12 tumor cells in mice. Tocopherol and Tocopheryl
Acetate had a number of immunologic effects.

a-Tocopherol is a good inhibitor of nitrosation because its
phenol ring is fully substituted. a-Tocopherol might inhibit for-
mation of skin nitrosating agents from NO, but it did not inhibit
nitrosamine production from skin nitrosating agents. Tocopheryl
Acetate altered the cellular response of rats to nitrite; it pre-
vented nitrite-related mortality and the decrease in glutathione
S-transferase activity.

Tocopheryl Succinate has some cytotoxic activity. Toco-
pherol and Tocopheryl Succinate protected against UV-induced
cytotoxicity.

The dermal LDsg values of Tocopherol and 75% Tocopher-
solan for rats were >3 and >2 g/kg, respectively. The oral LDsq
values of Tocopherol, Tocopheryl Acetate, Tocopheryl Nicoti-
nate, Tocopheryl Succinate, Tocophersolan, and 75% Tocopher-
solan for rats were greater than 4, 16, 10, 7, 7, and 5 g/kg, re-
spectively. The oral 1.Dsg values of Tocopherol and Tocopheryl
Acetate were >25 ml/kg and >4 g/kg , respectively, for mice.
Tocopherol and Tocopheryl Acetate were not toxic in short-term
oral studies. In a subchronic study, 7 of 10 male rats dosed orally
with 2000 mg/kg d-a-Tocopheryl Acetate died in 9 to 11 weeks
because of internal hemorrhage; other signs of toxicity were ob-
served in a dose-dependent manner. Rats fed <2.0% Tocopher-
solan did not have any treatment-related effects. In a chronic
toxicity study in which rats were fed <2000 mg/kg/day dl-a-
Tocopheryl Acetate and supplemented with vitamin K, no sig-
nificant treatment-related effects were observed. High doses of
Tocopherol and Tocopheryl Acetate have hemorrhagic activity.

In one study, Tocopherol was a weak primary skin irritant
in rabbits and in another, it was a weak cumulative skin irri-
tant in guinea pigs. Cosmetic formulations containing 2% di-
Tocopherol, 12% vitamin E in wheat germ, and 32% mixed
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Tocopherols in a wheat germ and vegetable oil base had mean
cumulative irritation scores of 31, 7, and 12 (maximum possible
of 64) in rabbits, respectively. Tocopheryl Acetate and Toco-
pheryl Nicotinate were generally not irritating to rabbit skin. A
single dose of a mixture of Dioleyl Tocopheryl Methylsilanol
and oleic acid was not irritating to rabbits, but slight erythema
was observed following multiple applications. The same was
observed with 75% Tocophersolan in guinea pigs. A mixture
containing <0.1% Tocopherol was not a sensitizer in an open
epicutaneous test, whereas “higher concentrations (30%<)” of
Tocopheryl Acetate can cause sensitization in this test. However,
Tocopheryl Acetate was not sensitizing in a guinea pig maxi-
mization test. Tocophersolan was not a sensitizer in a Buehler
test. In ocular irritation studies, Tocopherol was nonirritating
in some tests and a minimal or very slight ocular irritant in
others. Tocopheryl Acetate, Tocopheryl Nicotinate, and a mix-
ture of Dioleyl Tocopheryl Methylsilanol and oleic alcohol were
not irritating to rabbit eyes. Tocophersolan was a slight ocular
irritant.

Oral administration of Tocopherol, Tocopheryl Succinate,
and Tocophersolan did not have reproductive or developmental
effects in rats, and Tocopheryl Acetate generally did not have any
reproductive or developmental effects in rabbits, hamsters, rats,
or mice. Tocopherol and Tocopheryl Acetate had some effect
on reducing the number of malformations observed in neonates
from diabetic dams. Tocopherol did not have an effect on zinc
deficiency~induced teratogenicity. In some studies, Tocopheryl
Acetate potentiated the embryolethal effect of cortisone acetate.
Tocopheryl Succinate reduced some reproductive effects, but
not all, induced by TCDD.

Tocopherol, Tocopheryl Acetate, Tocopheryl Succinate, and
a mixture of Dioleyl Tocopheryl Methylsilanol and oleic acid
were generally not mutagenic. The only effects observed were a
dose-dependent increased elution rate of DNA in alkali ina DNA
strand breakage assay and 50% inhibition in the incorporation
of [*H]-thymidine in a thymidine incorporation assay using To-
copherol. Tocopherol has some antimutagenic activity and was
able to modulate some mutagenic effects. Tocopheryl Succinate
also had some mutagenicity modulatory activity. Tocopherol
and Tocopheryl Succinate generally did not affect UV-induced
mutagenicity.

In an oral study, Tocopheryl Acetate was not carcinogenic.
Neoplasms developed in animals injected subcutaneously with
Tocopherol or Tocopheryl Acetate and soya oil; however, neo-
plasms were not seen in animals dosed with Tocopherol or
Tocopheryl Acetate only.

The modulation of the carcinogenic effect of other agents was
studied with Tocopherol, Tocopheryl Acetate, and Tocopheryl
Succinate was mixed. In most cases, there was inhibition of the
effect of the other agent; in some cases, no effect was seen.
However, in one study, Tocopherol acted as a complete tumor
promoter, with an efficiency approaching a standard promoter,
the same promoter, whose activity was inhibited by Tocopherol
in other studies. In a modulation study, Tocopherol reduced
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spontaneous pulmonary tumorigenesis in A/J mice. In a der-
mal study using mice, Tocopherol reduced photocarcinogenesis.
However, dermally applied Tocopheryl Acetate and Tocopheryl
Succinate were reported to enhance photocarcinogenesis. After
oral administration, Tocopherol appeared to reduce UV-induced
lesions. Orally administered Tocopheryl Acetate reduced the in-
cidence of skin cancer, but toxicity was observed. Tocopherol
had some other protective effects on UV-induced skin damage.
Slight protection from wrinkling was observed in hairless mice
with Tocopheryl Acetate and Tocopheryl Linoleate; Tocopheryl
Nicotinate and Tocopheryl Succinate did not have any protective
effects.

In clinical studies, Tocopherol and Tocopheryl Acetate were
not irritants or sensitizers. A very small percentage of patients
patch-tested by the NACDG reacted to Tocopherol. A cosmetic
line containing Tocopheryl Linoleate introduced in Switzerland
in 1992 resulted in a large number of outbreaks; positive patch
tests with Tocopheryl Linoleate were seen. However, the out-
breaks were thought to be due to a metabolite or contamination
of the product. Tocopheryl Nicotinate was not an irritant or a
sensitizer. Case reports exist for Tocopherol- and Tocopheryl
Acetate—containing products. Tocopheryl Acetate was not pho-
totoxic. In a study in which subjects were given a supplement
containing Tocopherol and ascorbic acid, a significant increase
in MED was observed as compared to the controls.

Clinically, Tocopherol is relatively nontoxic. Excess Toco-
pherol can, however, prolong clotting time, depress vitamin
K—dependent clotting factors, and affect platelet aggregation via
prostaglandin metabolism. Large doses can produce a number
of other effects.

DISCUSSION

The Expert Panel found the data included in this review ade-
quate to determine that Tocopherol, Tocopheryl Acetate, To-
copheryl Linoleate, Tocopheryl Linoleate/Oleate, Tocopheryl
Nicotinate, Tocopheryl Succinate, Dioleyl Tocopheryl Methyl-
silanol, Potassium Ascorbyl Tocopheryl Phosphate, and Toco-
phersolan are safe as used in cosmetic formulations. It is un-
derstood that the Tocopherol in cosmetic products is of similar
grade to that used in foods.

The Expert Panel was initially concerned with possible irrita-
tion and sensitization because of a large number of outbreaks re-
ported in Switzerland with the release of a new line of cosmetics
that contained Tocopheryl Linoleate. However, the researchers
thought that the outbreaks were due either fo a contaminant or a
metabolite. Safety data summarized in this report indicated that
Tocopherol was not an irritant or sensitizer. Also, the limited
number of case studies available on the ingredients of the To-
copherol family, which have widespread use, was an indication
that dermal irritation and sensitization was not a concern.

Tocopherol and Tocopheryl Acetate were reported to be used
in hair sprays. Initially, the Expert Panel was concerned with
the lack of inhalation toxicity data. However, this concern was

1

allayed because of the low reported concentrations used in hair
sprays, 0.0001% to 0.2%.

The Panel did carefully consider that the tumor promoting
ability of Tocopherol, Tocopheryl Acetate, and Tocopheryl Suc-
cinate has been extensively studied. In most studies, Tocopherol
is reported to inhibit tumor promotion. Of concern to the Panel,
however, was one study in mice in which Tocopherol acted as
a complete tumor promoter. The procedures used in this study
were different from most tumor promotion studies and the results
have not been repeated. The general experience of the Cosmetic
Ingredient Review (CIR) Expert Panel is that Tocopherol is not
a tumor promoter.

Finally, the Expert Panel was concerned that hydroquinone is
used in the manufacture of Tocopherol and could be an impurity.
The Expert Panel stated that residual levels of hydroquinone
were to be limited to those achieved by good manufacturing
processes.

CONCLUSION

On the basis of the animal and clinical data included in this
report, the CIR Expert Panel concludes that Tocopherol, To-
copheryl Acetate, Tocopheryl Linoleate, Tocopheryl Linoleate/
Oleate, Tocopheryl Nicotinate, Tocopheryl Succinate, Dioleyl
Tocopheryl Methylsilanol, Potassium Ascorbyl Tocopheryl
Phosphate, and Tocophersolan are safe as used in cosmetic
formulations.
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