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Summary The antiocidant activities of natural d-a-tocopheral, mived tocopherols and
locotrienol, and formulntbons comprising all ferms of vilwmin B, providing SO000, were
determined emploving an improved oxcygen risdical absorbance capacity (CORAC) assiy using
ibporesceln (FL) os the luorescent probe, randomly methyloted B-cyclodexirin (RMOT), 2,2°
pxobisl 2-amidino-proponejdibydrochloride (AAPH) as the peroxyl madical generator, and
Trolox as the standard in 75 ma phosphate bufTer. The antioxidant activities, expressed in
pmol Trolox equivalent per gram, of d-a-tocopherol (87%), mixed tocopherels (70%), and
tocotrienols {30%) were found tobe 1,293, 1,948, and 1,229, respectively, Some of the vite-

min E formulations showed antioxidant activities superior 1o d-a-tocopherol.

Key Wirels
ahsorbance copacity (DRAC)

Recent reseirch studies have shown thit a balancsd
intke of @ full spectrum of vitamin E (y-, a-, §- and §-
forms of tocopherols and tocotrienols, Fig. 1) is the best
winy to obtain the benelits of overall health, Research
has shown tocotriendols from rice brun to be superior for
reducing atherosclerosis lesion size in mbce, therehy
providing a unbque approach to promoting candiovis-
cular health (11

y-locopherol, the principle form of vitamin E in the
diet. has betn sclentifically proven o enhance the
health benefits of a-tocopheral | 2), and s superior in
promoting cardioviscular, brafn, and immune health
i 3}, y-tocopherol was ako [ound to be superior (o o-
tocopherol in protecting cells agninst peroxynliriie. o
harmful chembeal that alters DNA and causes cancer,
The study sugeesied that o vitamin E supplement
should contain i least 2008 y-tocopheral (4.

A mested ease-control study  involving men who
developed prostate cancer and matched control subjects
st thal mien with high levels of y-tocopherol in the
blood had o significontly redueed risk of developing
prostate cancer (21, The study ulso found o significont
profective association for high kevels of selenium and a-
tocopheral only In men with o high y-tocophenal con-
centratbon (2],

In & recent study, y-tocopherol and a-carolene were
found to be significanthy bower in the plasma of coro-
nary hiwrt disease potlents as compared (o healtly 3
people, suggesting that the plisma level of y-tocopheral
might represent a marker of atherosclerosts o hamans
i5)

In an In vivo stody, y-tocophers] wiss Found 1o
eilnee the bio-potenoy of a-tocopherol. y-tocophernl
indiiced & marked Incresse In a-tocophersl concentm-
tions in the serum, nerve thssues, heart, liver. and mus-
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vitamin K tocopherol, tocotrienol. lipophilie antioxidant, oxygen radical

cles of mits fml s contatning more of both »-
tecopherol and o-tocopherol than those fed o diet con-
taining e-tocopherol alone (A1,

In an animal study imolving spentuncously yper-
tensihve rals, y-tocotrienol wias also found to prevent the
development of increased blood pressure, 1o reduce lipid
peroxidation In the plasma and blood vessels. and 1o
enhance tolil antloxidant siotus ncluding superoxide
dismuitiase activity (71 A recent study also showed tht
supplementabion with o 100 mg/d tocotdenal-rich frac-
tion of rice brin for o month resulted in o signlfican
reduction in todal cholesterol. LDL-cholesterol. and ir-
glyceridis (4.

The recent considernble infercst in developing com-
mercinl vitnmin E formulations comprising all forms of
vitumin E 1o peovide a full spectrum of anticipated
health beneflis hos promoted us to undertoke the
present study. In developing vitemin E formulotions, It
is desiruble to achieve certain criterin: the required
UM I, Bibgher antioxidant potency. and o comparable
cost, In this paper we report on formulations compris-
ing all forms of tocopherols and tocotrenods with
enhanced antiosidant activities.

These formulations were deshgned 1o provide 400 11
based on I mg d-o-tocopherol equals 149 ML This
study provided new Information on the anthoidant
pctivity of mixed tocopherods as compared 1o d-a-toco-
pherol. Furthermore, from the messured antiodidant
activities of o-tocopherol, mixed tocopherol, and (oco-
irdenols, It was proven Feasible 1o develop new formula-
tions of vitamin E comprising w full spectrum of all
forrns of vitamin B, which possess significantly higher
antioxidunt activity than a-tcopherol,

MATERIALS AND METHODS

Chemicals s appernetus,. Bandomby methyloted 8-
cyclodextrin (KMCOT) was purchased from Cyclolab R&D
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Lid. iBudapest, Hungaryl, Floorescein (FLI and -
hyvdroxy-2.5. 7. 8-tetramethyl-2-corboxylic acid (Trolox)
were purchased from Aldrich (Milvainkes, WIL USA),
2.2 -Azobbs 2-ambidino-propane idibydrochloride  (AAPH)
wid oblained from Wako Chemicols USA (Richmond,
VA. USA). Eghty seven pacent d-a-locopherd {con-
tninkng 1 3% sov bean oil) und FIFS mixed tocopherols
feontainkiog 309 sov bean oil) were purchised from
Archer hinicks Midlond (City, Stote; Countryv), Each
gram of 70% mixed tocopherols contained 114 mg d-o-
tocopherol, 11 mg d-B-tocopherol, 457 my d-y-tocoph-
ercdl, and 131 mg d-S-tocopherol,

Tocotrienol ofl was purchased from Orvin O and Fat
Chemibcsil Co, In Japan. The tocotrenol ofl contained
35% toial tocopherols and tocolrienols | 12.6'% y-toco-
trienol, ¥.2% a-tocotrienol, and 12.7% a-tocopherul),
Palm ‘ol contiuining” 5059 tofal tocophemols and tooo-
trienols { 10°% a-tocopherol, 1 1'% a-tocotrienol, 200% -
tcetrienol, amd others) was oblained from Corglech
i Falison, N, USA).

All other stundards were commercinlly available form
Slgma or Aldrich, All ORAC unalyses were performed
o o COBAS FARA 11 analveer (Roche Disgnostle Sys-
tem Ine. Branchburg, NJ, USA) using an excitation
winelength of 493nm and an emission filter of
515 nm.

Sarmprle peepeeration.,  Approcimately (005 g of sample
was dissolved in 20 mL of acclone,

An aliquot of sample solution wiss appropriately
difuted with 7% BEMOD solvent (w/v) made in a 50%
geetone-wiler mixture {v/vh and was shoken for 1 h ot
room temperature on an orbital shoker at 40 rpm. The
sample soluthon was ready for analysis afler further
dilution with 7% RMOTY solvent.

Asctowrnatic ORAC axsay,  The sutomated ORAC assay
was corted out on o COBAS FARA 11 spectrofluorome-
ter centrifugal analyeer as previously described (9, 10,
With the exception of samples and Trolox standards,
which were made in 7% RMCD solvent. all other
rebgents were prepared in a 75 my phosphate bufler
ipH 7.4) In the inal assay mixture (04 mL total vol-
wme), FIL (6. 3= 10" ) was wiged s the target of free
ridical attack aod AAFH (1281077 881 was used as
the peroxyl nidical genemtor, 7% BRMCD was used as
the blank, and Trolox (12.5, 25, 50, and 100 gy was
useel as the control standard. The analyzer was pro-
grammed (o record the Nuorescence of FL every minute
ilter the addithon of AAPH, All measurements were
expressod relative to the initkal reoding. Final results
were calculoted using the dilferences of areas under the
FL decay curves between the blunk ond & sample, These
results were expressed os pmol Trolox equivalent (TE)
per gram, as previously described by Ou et al. (11).

RESULTS

The antiowidont activity, commonly referred 1o as
axypen radical absorbance copacity (ORAC), of o Hpo-
philic substinee was mensured emploving a newly
developed assay (9, [, This ossary b= based on the use
of (i Muorescein (FL) o8 the loorescent probe, (B) ran-

domly methylared B-cyclodextrin IRMOD) as the molec-
ulor host to enhance the solubility of lipophilic
antioxidonts in aqucous solution, (o) 2,2 Z-aml-
dine-propane idihydrochloride (AAPH) as the peroxyl
radical generstor. and (d) G-hydrocy-2,.5, 7. 8-1etrn-
methyl-2-carboxylic ackd (Trolox) as the standard in
75 mat phosphate buffer ipH 7.4,

In the presence of peroxyl radicals derived from
AAPH, the Indicator FL gradually loses its luorescence,
The untioxidant sctivity of 8 substance is measured by
its ashility 1o retain the Huorescence of FLin the presence
of peroxyl radicals, The net protection of FL was deter-
mined os previously deseribed by Ou et al, (11). The
CRALC value was calealated ns pmol Trolox equivalent
per gram sample (pmol TE g): 1 g of sample has antiox-
idant activity equal to the number of maol Trobax, The
pmol Trolox equivalent per 400 U of the sample is cal-
culated os follows: gwmal TESO0 U =amol TE/g=total
welght, in grams. of vitamin B foemala which gives
JOHI LI

Forur formulstions of vitamin E were designed fo pro-
vide 400U based on 1 mg of d-a-tocopherol equals
149 1 One gram of tocotrienols ( 3076 contains 9% d-
a-tocopherod, and 1 g mixed tocopherols (70M%) con-
tains &% d-a-tocopherol. The bollowing are the compo-
sitlons of cach formula that glve 400 117;

Formula-1: 307 mg o-tocopherol (879, 15 mg toco-
trienods { 30%), and 200 mg mixed tocopherols { 70%),
Formula-2;: 293 mg e-tocopherol (87%). 10 mg toco-
trienols { 30%), and 150 mg mixed tocopherals { 7000,
Formula-3; 303 mg e-tocopherol (87%L 10 mg toco-
trienols { 30%), and 50 mg mixed tocopherols | 700%).
Formula-4: 316 mg a-tocopherol (87%) and 16.5 mg
tocotrienods | 20%),

Table 1 lists the ORAC doti expressed in umol Trolox
equivalent (TE) per gram ol tested antioxidant sample.
The data in Toble 1 revealed that a-tocopheral (87%)
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Tabke 1. Antoxidant activithes of vitnmin E formulitions

Samiple
da-Toeophersl {875, 1,300 11
Toeotriisnobs (PS40
M incopherols | 7006, 12001
a= L ocophred dscetsle
Formuda-|
Formula-2
Formula- 3
Formuls-4

jueniol TES g ol RSO0 [0
129350 198
12290
1.948=7h

I4=110
2Oda=11640,800F 10163
1.735225 (1.7 38F THE
AL 156 (1, 54007 530
13032451, 353) & 34

= Thyee following are the compositions af each formula which gives 400 ITE

Formula-1: 307 mg a-tocopheral (7%, 15 mg tocotrienols | 100), 2000 my mived tocopherols { T0%).
Formaula-2: 293 my o-locopherod (87%), 100 mg tocotrienols { 30650, 150'mg mixed tocopherols (70750
Formubs-3: 307 my a-tocopherod (87%), 10 mg tocotrienols { 3000, 50 mg mived tocophierols (70%)
Formubi-4: 3 16 mg a-tocophersl {B7% ) 165 mg tocolrienils | 5%

# jarmol TR0 T = maol TEAR iotal welghi in grams of vibomin E formuls wiich glyes 400000

¢ Caleulied amaod TEg (1 g of sample has antioxidant sctivity equal 1o 1 pmol Tirobo).

4 (e gram tocotrienols { 30761 comtaing 9% d-a-tocopherol

* {ine grum mixed tocopherols { T0RL) contains K% d-o-tocopheral,

hod a value of 1,293 pmol Trolox equivalent (TE) per
gram: from this data one can caleulate the pmol TE of
400 11 of a-tocopherol (7% 10 be 398 (307.7 myg a-
tocopheral is equivalent to 400 117). Similarly, the gmol
TE per 400 11 of each vitamin E formula can be caleu-
bstedl, and the results are given in Toble 1.

DISCUSSION

The results of thiz stidy shosw thint symthelic vitamin
E scetnte displayed no antioxddant activity under the
current experimental conditions. supporting the essen-
tial roke of the phenolic-type hydroxyl for the radical
trapping antioxidant activity of vitamin E

As con be seen from the dotn in Table 1. the antioxi-
dant activithes (ORAC valueh of natural vitamin E for-
k=1 and formobs-2 are moch higher than that of
nutural vitamin B (dee-tocopherol), Formula-3 also
showed an increase (23%) In antloxidant activity as
compared 1o a-tocopherol. Formuln-4 showed slightly
higher antioxkdant activity than that of o-tocopherol,
Formulac-1, -2, and =3 contuined a-tocopherol, mixed-
tocopherols. and tocotrienols. whereas Formula-4 con-
juined only o-tocophercl and tocotrienols. As men-
tioned above. mixed tocopherols provide  additional
henith benelits. therefore, Formula-1 or Formula-2
would be recommended since they contain all natural
mixed tocopherols and tocotrienols and possess signifi-
cantly higher antioxidant activity than a-tocopherol,
Additionally, thelr cost s comparable to the widely mar-
keted natural de-a-tocopherol, Each gram of 700% mixed
tocopherols contains 114 my d-a-tocopherol, 11 mg d-
Ftocopherol. 457 mg d-y-tocopherol, and 131 mg d-5-
tocopherol, From these data. the amount of y-tocoph-
erol in Formula-1 and Formula-2 |s calculated to be
24% and 21%. respectively, These values are in accor-
dunce with the recommended amounts of y-tocopherol
in vitamin E supplement (4), This study wiss published
in Procecdings of the National Acodemy of Science,

USA (19970, und suggested that vitamin B supplement
should have at len © 2006 y-tocopherol (4, Formula- 3,
on the other hand, contains only 9% y-tocopherol.

The resulis of the present study indicate that the var-
joos Bsomers of natural tocopherols and tocotrienols
coull enhonce the antioxidant activity of nataral vite-
min E {d-a-tocopheral), A recent study showed that a
combination of a=, y-. ond S-tecopherols in & concen-
tratbon found In nuture s more potent than o=, y-, and
S-ocopherol alone in enhancing nitric oxide release,
and inhiblting human platelet ageregation and lipsd
peroxidation (12}

The blological activity of vitamin E has gencerally
been associated with its well-defined antioxidant prop-
eriy, specilically against lipid peroxidation in biclogical
membranes. Thereflore, it is anticipated that enhancing
ihe antloxkdant property of vitamin E as well as the Tull
spectrum of vartous vitamin E forms might provide bet-
ter headth benedits than e-tocopherol alone.

SUMMARY

The antioxidamt activities of a-tocopherol, mixed
tocopherol and ocotrienols. and vitamin E formula-
thons comprising all forms of tocopherols und toco-
irienols were determined emploving an oxygen radical
absorbiance capacity mssay sultable for lipophilic antiox-
idants. The results of this study clearly indicate this
mixed tocopherols possess higher antloxidant activity
thun d-ce-tocopherol,

Vitumin E formulations, providing 400 L compris-
ing varfous forms of tocopherols and tocotrienols with
enhanced antioxkdant activitles were developed. Some
of these formolations showed  antiocidant  activities
superior (o d-a-tocopherol.
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