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Abstract: Oxldallon of natural y- (ocophcrol and y-tocotrienol gave mainly dimeric products, and their abso-
" dimers have been determined by NMR (NOE differ-

lute :
ence of OH to Z'-melhyl) and chromatographic studies.

Tocopherols and tocotrienols have been the subject of intense research especially with respect to their roles as
chemical'™ and biological antioxidants*. The tocotrienols, in particular, have recently come under close scru-
tiny with respect to the relationship of their chemical structure and biological activities including anti-
cancer™ and hypocholesterolemic properties® ", Previous work has shown that the oxidation of tocopherols
and tocotrienols lead to complex oxidation products' !, In particular the y and & isomers of these chromanol
derivatives containing unsubstituted aromatic positions provide dimeric as well as higher products which can
also function as antioxidants if the phenol group is present.

Naturally occurring and ienols have the (R ion at carbon-2. The oxidation
of y-tocopherol (1a) and y-tocotrienol (1b) gives mainly dimeric products of two types, ether dimers (5-toco-

Me H

la:R' = cemeny cipm

Me
Ib: R = CH,(L‘K,C!F(!',CH,),!I

1,5 i and 5,5 bi dimers (2a, 2b, 3a, 3b)"'*". The later
dimers are of interest since apart from the natural (2R)-configuration at carbons-2 and -2', diastereomers with

(R)- and (S)-configurations are possible as the result of the restricted rotation of the 5,5'-bond in the bichro-
manyls .
In a typical experiment 1a or Ib (S mmol) in hexane (40 mL) were oxidized under nitrogen at room -

temperature by excess alkaline aqueous ferricyanide (120 mmol). After acidification and separation of the
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hexane layer the products were isolated by flash column chromatography (Silica gel 60) and normal phase
HPLC. Typically the reaction provides ether dimers (45 and 60% from Ia and 1b respectively) and diastere-
omeric 5,5"-bichromanyls (20% 2a, 20% 2b; 20% 3a, 15% 3b)'*. These diastercomeric dimers can readily be
separated by chromatography (data given in Table 1) but they slcwly isomerise o give mixtures of their
which can di

diastereomeric forms. Some of the and
the diastereomers are given in the Table. Initial assignments' of the absolute configuration of (R)- & (S)- 5,5
bi-2R.2'R)-ytocotrienyls (3a & 3b) based on the basis of chromatographic data. From molecular modelling
studies (MM2, CAChe-Tetronix system), of the most stable conformer the 2-methyl group prefers an axial
arisc mainly from the C—4 methylene

conformation and that the steric ints in the bisected bi
group rather than the OH group. This means that the (5)-bichromanyl dimer could assume a relatively more
planar arrangement due to less steric interactions from 2 and 2'-methyls but less intramolecular hydrogen
bonding between the phenolic groups as compared to the (R)- blchrolrunyl dimer which has a relatively more
bisected ion. Asa of the preferred the (R)-bich:

dimer is more "polar” because the OH groups more exposed for chromatographic bonding, i.c. lower R, on
normal phase silica gel TLC. Likewise the (5)-bichromanyl is actually more hydrophobic than the (R)-form
due to the relative proximity of the long isoprenoid-hydrocarbon chain R to the OH groups; modelling
(MM?2) does indicate that the OH groups are more "enclosed” by the R! isoprenoid chains in the (S)-stereoi-
somer. The structures are depicted in Figure 1 where the (R)- and (5)-bichromanyl configurations as shown
are dependent on the (2R)-configurations present in the natural tocopherols/tocotrienols.

Table 1: Spectral and Cl ic Properties of Di; ic pairs 2a & 2band 3a & 3b
2a 2b 3a 3b
Configurational assignment (R) ) ®) )
R, (TLO)* 0.20 0.32 0.14 0.24
HPLC retention time (min)® 35 25 42 31
NOE Difference (6-OH > 2'-Me) 5.8% 0 0.2% 0
Relative Energy (kcal/mole)® 37.6 384 174 200
PCNMR (3, CDCl)
C-2Me 2398 2374 23.80 23.67
c3 31.24 3121 3121 3131
C-4 20.66 20.59 20.58 20.56
C-da 117.31 117.40 117.23 117.35
C-8a 144.64 144.53 144.65 144.57

861 60; 3% EIOAC in hexanc.
® Silica gel column, 25 cm x 4 mm; hexane-tetrahydrofuran-isopropanol (984:15:1),
€ MM2 cnergy minimization on the CAChe Tekironix molecular mechanics sysiem.

The ic behaviour in the bi dimers (2a & 2b) of y-tocopherol have now been
examined and a striking parallel has been observed with the (R)-bichromanyl dimers being chromatographi-
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2a: (R)-5,5"-Bi-y-tocopheryl 2b: (8)-5,5"-Bi-y-tocopheryl

Me H
’

=

)

Tocopheryl : Rl = CHy(CH,CH{ ‘CH,);H
3a: (R)-5.5Bi-y-tocotrienyl 3b: (5)-5.5Bi-y-tocotrienyl

Me
Tocotrienyl : RY = CH,(CH,CH=CCH,)3H

3-OH

On L

2a'; 32" : (R)-configuration 2b'; 3b' : (5)-configuration

Figure1: istry of 5,5'-Bi 1yls of y-Tocop! and y-Te
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cally more “polar” than that of the (S)-dimer. The only diffe between Pl and is that
the latier compound has three double bonds in the terpenoid chain R* and it is expected that a parallel chro-
matographic behaviour should be observed. Itis worthy to note that the relatively higher hydrophobicity of
the tocopherol dimers (2a & 2b) as compared to the tocotrienol dimers (3a & 3b) as a result of differences in
the isoprenoid chain, the triene being more compact than the saturated isoprene.

The absolute configurations of the bichromanyl dimers were assigned on the basis of modelling and
NMR NOE-difference experiments. The MM2 energy minimizations on the molecules provide steric energies
as given in the Table with the (R)-configuration of both pairs having lower energis. This is expected from an

of models of the (also ised in simplif forms as 2a' & 3a' vs 2b' & 3b'

pairs in Figure 1) whereby differences are from additional steric effects which arise from interactions of axial

2-methyl groups. Both forms will have intramolecular H-bonding of the the OH groups and i

s likely that the
(R)-configuration could have more intramolecular H-bonding as well.

The most incing evidence for the assi of ion comes from the NMR NOE-differ-
ence experiment where it was observed that only the (R)-configuration produced an NOE between the phe-
noxyl protons to 2'-methy! protons. The data given in the Table indicates 0.2% to as high as 5.8% NOE en-
hancements for 2a and 3a respectively. Models of the pairs of diastereomers (also shown in Fig. 1) indicate
that it is only in the (R)-configuration that OH — 2-Me NOE effects may be observed because of the (2R)-
configuration in the natural (2R 4'R,8'R)-tocopherol and (2R)-tocotrienol.

Acknowledgements: The authors thank the Malaysian Govemment for IRPA grants. M.L. acknowledges the
National Science Fe ion, U.S.A., for ing the i of the molecular modelling and the
300 MHz NMR facilities at Furman University.
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INHIBITION OF TUMOUR PROMOTION BY VARIOUS PALM-OIL

FTOCOTRIENOLS
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Inhibition of tumour promotion by various vitamin E com-
Jounds (tocopherols and tocotrienols) and some of their dimers
vas examined by an in vitro assay uti zing the activ:
-pstein-Barr virus (EBV) early antigen (EA) expression in
V-genome-carrying human lymphoblastoid cells. The results
eveal that y- and d-tocotrienols derived from palm oil exhibit a
trong activity against tumour promotion by inhibiting EBV EA
pression in Raiji cells induced by 12-O-tetradecanoylphorbol-
-acetate (TPA). However, a- and y-tocopherols and dimers of
~tocotrienol or y-tocopherol lack this activity.

' 1994 Wilev-Liss, Inc.

While major advances have been made in cancer therapy,
hey are costly and often inadequate when treatment is
nitiated at later stages of the dis Thus, the best defences
re carly detection and commencement of treatment at an
rly stage of the discase. Cancer development is a multi-stage
rocess involving initiation, promotion and progression. While
( is difficult to protect against the action of environmental
arcinogens, the next line of defence is to circumvent the
umour-promotion stage which some natural compounds can

Japanese study (Nishino er al., 1992) indicated that palm oil
carotenoids also posse: -cancer activity
In an cffort to delincate the anti-cancer components, we
have now purificd various natural tocopherol and tocotrienol
and the i vitamin E com-
pounds as well as some of their dimers for their i virro activity
against tumour promotion. We carried out the short-term in
vitro assay (Ito d al,, 1981) by utilizing the activation of EBV
EBV. nl
lmd cells by TPA and observing the mhlhuor\ effect exerted
by individual tocopherols, tocotrienols and dimers of the
Y gucs at various

- MATERIAL AND METHODS
Chemicals

Vitamin E concentrate-containing tocotrienols were ob-
tained from palm fatty acid distillate (PFAD). Briefly, satu-
rated fatty acids in the PFAD were reduced by crystallization,
and the remaining fatty acids were further removed by esterifi-
cation and dnullauon to give a residual vitamin-E concentrate.

whibit, These inhibitory agents include (-)
late, sarcophytols, laxogenin and allixin (Nishino er al.,
990 Fujiki ef al, 1990). It is of interest that some dietary
ems, e.g. garlic, can have protective cffects against human
ancers due to their inhibilory activity. A few studies using the
tage carcinogenesis test have shown that, after tumour
nitiation by 7,12: y ngcms
an tumour by TPA, a wellk
trong promoter of mouse skin tumour.

Epstein-Barr virus (EBV), a member of the herpes group,
an readily normal human lymp into lympho-
lasts having an infinite capacity for replication. EBV EA is an
‘BV-associated product which appears soon after cell infec-
on, and is first detectable by the indirect immunofiuorescence
rethod in certain lymphoblastoid cell lines abortively infected
y EBV (Henle and Henle, 1966). Antibodies to the EA are
ommonly found in the sera of patients with nasopharyngeal
arcinoma (NPC) which has been strongly associated with
V infection for many years. In many parts of Asia, there is a
airly high incidence of NPC which may or may not be related
o dietary habits or environmental effects. For instance, the
igh incidence of NPC in the southern region of China has
cen circumstantially linked to the distribution of plants such
s Aleurites fordii L. and Croton tiglium L. which are commonly

d as herbal medicines (Ito et al, 1983). Many plants in
Aalaysia ing to the Eup and T I
ymilics have EBV-activating capacitics (Yadav er al., 1989).
ced with these potential cancer stimulators, we have also
served reports of natural substances which are anti-
ancerous (Komiyama er al, 1992; Nishino et al., 1992) or
hich protect against cancer, derived from the widcely grown
il palm, Elacis guineensis. The major palm-oil vitamin E
omponcents, viz. a-tocotricnol (22%), y-tocotrienol (38%) and
tocotricnol (12%) (Goh et al, 1990), rarcly found in the

were isolated from the con-
centrate by silica gcl column chromatography. using 2-5% of
cthyl acetatc in n-hexanc as cluting solvent (Goh er al., 1990).
Di of y | or y-tocoph-
erol by alkaline ferricyanide were also purified by chromato-
graphic methods (Goh et al., 1990, 1992). All compounds used
in testing for inhibition of tumour promotion are 97% HPLC
pure. TPA and sodium n-butyrate (Sigma St Louis, MO), u

as inducers of EBV, were dissolved in dimethylsulfoxide
(Sigma) and further diluted with culture medium.

Cell lines and tissue culture medium

The Raji cell line used in this study, comprising EBV-
genome-carrying human lymphoblastoid cells. was kept in
RPMI 1640 medium (Flow, Irvine, UK) supplemented with
penicillin (100 IU/ml), streptomycin (100 pg/ml), L-glutamine
(120 pg/ml), fungizone (50 pg/ml), 10% FCS (Flow) as a static
suspension culture, and cultured at 37°C in a humidified
atmosphere of 5% CO, in air.

Assay of EBV early antigens
Raji cells wcrc gnwn to a density of 1 x 10° cclls/ml
pelleted by I and
culture medium c(mlammg 4 mM n- bulyralc 10 ng/ml TPA
and varying amounts of the vitamin E compounds (.
20, 40, 80 and 160 pg/ml); each experiment was carried out in
duplicate. The cells were incubated for 72 hr in a humidified
incubator at 37°C with 5% CO, in air. The cells were then
harvested, suspended in PBS, pH 7.2, and placed on a
multi-well Teflon-coated slide, dried under cold air, then fixed
in cold acctone (—20°C) for 10 min. EBV-positive serum (EA
titre 1:1,280) obtained from NPC paticents at Kuala Lumpur
General Hospital, was used to detect the presence of EBV EA
by means of the indirect immunofluorescence assay (Henle
and Henle, 1966). The conjugate used was anti-human 1gG
(y-chain) prepared in rabbits (Behring,

ther major vegetable oils, exert a number of
ivitics including antioxidant, scrum and low-density lipopro-
n (LDL) cholesterol-lowering activities (Tan er al., 1991).
icr studics (Kato er al., 1985; Komiyama er al, 1989) have
dicated that tocotricnols have an anti-tumour cffect, while a

Marburg, Germany). Serum at a dilution of 1:40 was dispensed
into the wells of the multi-test slide and incubated in a

Received: September 29, 1993 and in revised form January 8, 1994,
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TABLE 1~ INUIBITION OF TUMOUR PROMOTION BY \ 1T \\fIN E
COMPOUNDS AND THIIR DIMERS
Inhintion o LBV EA capres
Vitamin E* .
10 160
weakly + -
- weakly -

RN
RN
[ ]

FIGURE | = of

humidity chamber at 37°C for 45 min. The slides were washed
with PBS for 10 min, and reincubated with a 1:15 dilution of
the fluorescein-isothiocyanate-conjugated IgG for 45 min.
After washing with PBS, the slides were dried under cold air

'T, tocopherol; Ty, tocotrienol (Fig.
diphenyl ether dimer; bi-5,5'-y-T, bi-: ophenl dimer;
T.DED, tocotrienol diphenyl ether dimer; y-To bi-5,5"y-
tocotrienyl dimer. Inhibition of tumour promotion is presented as
described in the text: positive (+) = complete inhibition of EBV
EA upn.\\nm weakly positive (weakly +) = partial inhibition of
EBVE. and negative (~) = no inhibition of EBV EA

; TDED. tocopherol

Oz

and mounted m glycerol buffer znd the was

d with il 'y activity was
cvaluated by the following grades zccordmg to the method of
Ohigashi er al. (1992): (a) positive: total inhibition of EBV EA
cexpression, (b) weakly po arllal inhibition of EBV EA

cxprcss»on

moiety and a lnunsa(umlcd side chain, as present in the
natural . These results indicate that the less

expression, and (c) negative: no fEBV EA

RESULTS

The Raji cells treated only with TPA and n-butyrate induced
30% EBV EA, and no spontancous induction was noted. The
mhlblmry activity of vitamin E compounds against EBV

has been eval by various of the

Any in TPA-induced EBV EA expres-

sion by vitamin E compounds would indicate positive activity
against tumour promotion. The results regarding inhibition of
EBV EA expression by various vitamin E compounds are given
in Table I. Total inhibition of the EBV EA was observed when
pure y- and &-tocotrienols were applied at levels as low as 20
pg/ml cell culture, whereas a-tocotrienol provided inhibition
at a concentration of 80 pg/ml or higher. a- and

methylated tocols (- and 5-homologues) are substantially
more active than the with a tr
chromanol moicty, and appeared to be inversely related to the
antioxidant activity order (kinetic) of the vitamin E com-
pounds (Burton and Ingold, 1981). To further examine the
ip between inhibition of tumour p. and the
antioxidant activity of the vitamin E compounds. we used
dimers of ‘y-(ocolricnol which also possess excellent antioxi-
dant properties (Goh et al., 1990) and the unchanged triunsat-
urated side chain but have a modified chromanol nncleus
which is fully i because of the
S-position. Although - -tocotrienol has shown strong mlubnmn
of EBV EA expression, its bulky dimers including y-tocot-
rienol diphenyl ether dimer (y-T;DED) and (R)- and (S)-5,5'-
bl-y-mcomenyls do not possess this activity. Likewise, dimers

only

y-tocopherols did nul inhibit EBV EA at these

(10-160 pg/ml), but | showed weak i of
tumour promotion at 80 ug/ml and enhanced inhibition at

igher concentrations. Results also showed that all oxidative
dimeric compounds derived from either y-tocotrienol or y-to-
copherol did not cause any inhibition of the EBV EA expression.

DISCUSSION
and are excellent antioxil in
|nhlblllngl' id and their chain-breaking antioxi-

diphenyl ether dimer (y-
TDED) and (R)- S,S bl -y-tocopheryl, also showed no inhibi-
tion of tumour promotion. +

Earlier studies (Sundram ef al,, 1989) have shown that rats
fed palm-oil dicts have a lower incidence of mammary cancers

+ than those fed other dietary fats, and these results were partly

attributed to |hc prcscnce of carotenoids or tocopherols and

ion of tumour ion by tocot-
ricnols mlhcr lhan tocopherols or carotenoids is now shown to
be an important factor in the suppression of carcinogenesis. y-

and & present as major components of palm-oil

dant activity is associated with the properties of donating
phenolic prolons and formation of phcnaxy free radicals (Goh

vitamin E are better
that the triunsaturated isoprenoid side chain and a Icss
moiety (not

et al,, 1990). p with the higher
mobility ol lhc ourrcﬁpondmg loco!ncnols duc to a more
compact_ isop chain with may partly
explain the superior antioxidant activity of the tocotricnols

(Serbinova et al, 1991). The potential inhibitory activity
against_tumour promotion of the pure tocopherol and tocot-
ricnol isomers has been studied to clicit the in vitro anti-
tumour effect of the vitamin E compounds. Although all
Is and the cor have similar
chromanal structures. and posscss comparable antioxidant
activitics, only tocotricnols (especially the y- and 8-homo-
logues) exhibit inhibition of tumour promotion. The actual
mechanism by which these compounds block multi-stage
i ot known; it may not involve direct

t activity, but requires a unique
ncorporates a less substituted chromanol

structure which
-

P
5- and 7-positions) are essential structural features for loool-
ricnols to exhibit this activity. Tocotrienols occur in many
plants and may partly explain why dictary intake of fruit and
vegetables is protective against cancer (Kato ef al, 1985;
Komiyama et al., 1989, 1992) and other degencrative discascs.
The present results suggest that a hcalth benefit may be
derived from the widespread usc of palm oil as a dictary fat,
particularly in Asian rcgions in view of the relatively high
incidence of NPC caused by Epstein-Barr virus.
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Unusual accumulation of c-tocopherol in rabbits fed palm-oil
diets enhanced with various vitamin E components
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ABSTRACT The distributions of tocopherols and tocotrienols in
rabbit plasma and liver were determined by feeding rabbits with
various semisynthetic diets containing Y-tocouienol, 8-tocopherol
or a-tocopheryl acetate as the major vitamin E supplement. A high
accumulation of a-tocopherol but not the other vitamin E com-
pounds was obscrved inall groups. The ratios of tocotrienols: (oco-

and

pherols and & pherol in the ¥
diets, were drastically (1-4) and
reduced in the plasma and liver of the rabbits. The low levels of  TO explore the
d §-tocopherol were not due 10 bi jontothe it is of i ©

other vitamin E compounds, although having a wid
distribution in plants and vegetable oils. have not re
ceived sufficient attention previously. However, ther
is growing interest conceming the biological impor
tance of the tocotrienols, particularly their hypo

a.vitamer by the liver from radiotracer study. and may be due to their
higher antoridant reactiviies in combination with the presence of
a highly selective a-tocopherol-binding protein in the liver

Kotrienol

Koferol

ABSTRAK

Kot

jenis diet 1, 5-tokoferol

‘atau a-tokoferil asetat sebagai vitamin E tambahan. Penghimpunan

yang tinggi bagi a-tokoferol tetapi bukan komponen vitamin E yang

lain diperhatikan dalam semua kumpolan. anm nisbah untuk
5. f

I dan I dalam diet
" dan §-tokoferol masing-masing didapati
batnya dalam plasma b tersebut.

Dari pengkajian radiotracer, paras rendah untuk y-tokotrienol serta
8-tokoferol bukanlah disebabkan biokonversi kepada a- vlumu

aT,aT,

:R'= R'= R’= CH,

BT, BT, @ R'= R'= CH, R H

¥T,¥T, :R'=H R'=R"

5T, :

. H\/
Tocopherol (T): R'= MCH)
Tocotrienol (Ty): R*= Mcu
'

5

= CH,
R'= R*= H.R’= CH,

f and

oleh hati, tetapi mungkin adalah sebab reaktiviti anti-peng
sidaannya yang lebih tinggi dan juga kehadiran protein pu...m
a-tokoferol yang amat selektif dalam hati.

(vitamin E. palm oil, o-tocopherol, y-tocotrienol, rabbit)

Figure 1. S

and their inorgans. Man,
studies on the distribution of tocopherols [8-11] have
shown that the concentration of &-T is a few times
higher than that of y-tocopherol (y-T) in human plasmz

these

INTRODUCTION despite intake of diets containing more y-T than o-T.

Vanous reasons have bccn advanced for this obser-

Natural vitamin E two series of vation, i [11), spe-
viz. a-, B-, ¥- and §-tocopherols (T) having a saturated cnrc binding [12-15), retention [16) and secretion [17)
ide chain, and i (T, havinga various vitamin E How-

side chain (Fig. 1). Each of the tocopherols can consist
of up to cight stereoisomeric compounds derived from
three chiral centres at carbons 2, 4' and 8' in the side
chain. The natural RRR-a-tocopherol (a-T) and its
stercoisomers have been widely studied in relation to
lhcir_gtlcﬂ.i'slry and biological activitics, whereas the

* To whom correspondence should be addressed.

ever, the distribution and fate of many vitamin E con-
stituents, e.g. tocotrienols, in humans and animals have
not been resolved. The present investigation using sup-
plementation of y-tocotrienol (y-T,) derived from palm
oil and 3-tocopherol (8-T) in semisynthetic dict, at-
tempts to provide some information on the distribu-
tion and bioavailability of these vitamin E compounds
in rabbits.



MATERIALS AND METHODS

New Zealand White rabbits fed ad libitum semisyn-
thetic diets were divided into groups based on the

pp of vitamin E as follows:
(a) refined-bleached-deodorized palm olein (RBDPO)
depletedof a-T, plus 186 mg y-T, perkgdiet (RBDPO+
¥-T,). (b) RBDPO depleted of a-T, plus 863 mg &-T
per kg diet (RBDPO+8-T), and (c) RBDPO enhanced
with dl-a-tocopheryl acetate, a-TAc (RBDPO+a-T).
Rabbits fed with commercial pellets were also used
for comparison. RBDPO depleted of vitamin E was
prepared by column chromatography using 0.063-
0.200 mm neutral alumina (Mgmk) and n-hexane; the
o-T and a-tocotrienol (a-T,) contents in this oil were
mdnced 10 less than 10 and 5 ppm respectively. All thc

y ic diets 5% (w/w)

rabbit pellets and 95% purified feed materials con-
sisting of 15% RBDPO, 20% cascin, 40% dextrose
monohydrate, 20% fibre, and 0.5% cholesterol, the
remainder being vitamins and mineral mixtures. Vita-
min supplements specifically omitting vitamin E were
used in the diets depleted of vitamin E, i.e. for RBDPO
+-T, and RBDPO+8-T groups. All the purified mate-
rials were purchased from US Biochemical Corpora-

Table 1. Composition of the vitamin E compe -~ 35 1 v arious diets

(in ppm).

Diets

Viaminf —————————

RBDPOVyT, RBDPOWS.T RBDPO-a-T Commercia
feed

aTAc* 0 0 0
aT 6 15 2
aT, 3 9 s
¥T 0 3 0
¥T, 186 2 16
5T 0 863 0
5T, 14 12 B s
Toul 209 965 240 4
%aT 29 16 87 458
T 1003 1172 1as 1085

weightof dl-a-tocopheryl acetate (ar-TAC)is giv ¢ in a-T equivalen.
*T, T s the ratio of total tocotrienols to tocopherols

zymes. Liver was excised from anaesthetized rabbit
fed with commercial feed, quickly washed with ice-
cold saline solution and homogenized at 4°C in 10
volumes of ice-cold 0.05 M Tris buffer (pH 7.4) con-
taining 0.3 M sucrose, 10 mM EDTA, 50 mM NaCland
1 mM dithiothreitol, using a motor-driven tissue

iser [22). The were centrifu-

tion. y-T, was purified from a mixture iso-
lated fmm palm fatty acid distillate (PFAD) (18,19].
8-T was purchased from Sigma Chemical Co. (St.
Louis, MO), and was purified by 40-63 pm (Merck)
silica gel column chromatography prior to adding it
to the diet. Compositions of the vitamin E compounds
in various diets are given in Table 1. All rabbits were
treated with respective dietary regimes for a duration
of 12 weeks. At the end of dietary lmauncm. blood

ged at 600 g for 5 min to obtain the supematant.
Microsomal fraction was prepared by differential cen-
trifugation at 15,000 g for 15 min using Beckman L8-
80M ultracentrifuge equipped with a swing bucket
rotor SW28 at 4°C to remove mitochondria and cell
debris; the supernatant was further centrifuged at
105,000 g for 60 min to obtain sediment microsomal
pellet, which was resuspended in 0.05 M Tris buffer,
pH 74, ata ion of 1.0 g equivalent of liver

samples were from the igh
animals. Vitamin E compounds were extracted from

tissues per mL of suspension. Two mL of the micro-
somal ion was mixed with 2 mg 8-T, in 100 pL.

plasma according to the method of etal.
[20), vitamin E in the liver was extracted using the
procedure of Lang er al. [21]. Analyses of the toco-
trienols and tocopherols were carried out by normal
phase: high per liquid

(HPLC) using a 250 x 4.6 mm, 5 mm silica column
and fluorescence detector (Waters 470); hexane-tet-
rahydrofuran-isopropanol (973.5:25: 1.5) was used as

the mobile phase.
The l’oUowing in vitro experiment was also attem-
pted to i change of 8- i

(8- T,) mcubalcd with rabbit's liver microsomal en-

74

0.00625% of Tween 20 (0.25% w/v in acetone), 2.2mg
ATP, 3.06 mg NADPH and adenosyl-L-methionine-
S-(methyl-'“C) 0.1 pCi (from NEN) [23). The mixture
was adjusted to a volume of S mL with buffer, incu-
bated and gently agitated for 8 hr at 37°C. Aliquots
(2.5 mL) were taken and vitamin E was extracted by
ethanol-hexane (1:1). Various vitamin E compounds
were separated by TLC using hexane-ethyl acetate
(9:1) as mobile phase. Radioactivity was detérmined
for each vitamin E fraction using a Packard Liquid
Scintillation Analyser 2500TR.



RESULTS

4sin plasmaof

The cone fvitamin E¢
rabbits fed various dicts is presented in Table 2. All
rabbits fed semisynthetic dicts fortified with various
vitamin E showed clevated levelof total plasma vitamin
E which was 7- 10 9-fold higher than those fed commer-
cial pellets: the major increase was contributed by
p . particularly a-T which ituted more
than 94% of the total vitamin E. For rabbits fed diet
with low content in a-T but cnriched with ¥-T, (i.e.
RBDPO+Y-T, diet group). the level of a-T (20.78 £
4.34 pg/mL) was disproportionately high: whereas the
plasma y-T, level was very low (0.04 pg/mL) similar to
those found in other groups without ¥-T, supplement.
Despite the absence of ¥-T in the diet, plasma y-T level
for the RBDPO+y-T, rabbits was increased t0 0.40 pg/
mL, which was significantly higher than that for
RBDPO+a-T rabbits (0.08 pg/mL) treated with lesser
y-T, supplement. For rabbits fed a diet low in o-T
content but enriched with 8-T (i.e. RBDPO+8-T dietary
group). giving a &-T:a-T ratio = 1:0.017, most of the
8-T appeared to have disappeared whereas high level of
QT (26.10 £ 13.75 pg/mL; §-T:a-T = 1:05) was found
in the plasma. Although very much lesser amount of
¥-T was given to rabbits with a RBDPO+S-T diet, i.e.
34 mg y-T as compared 0 863 mg 8-T per kg diet, the
plasmay-Tlevel (1.07 £ 0.45 pg/mL) was significantly
(p<0.0l)highermzn!hcs-Tlevel(OAOtO. 14pg/mL);
this ¥-T level was also significantly (p < 0.05) higher
than that in RBDPO+y-T, and RBDPO+a-T groups.

The of vitamin E pounds in the
liver is given in Table 3. The total vitamin E level was
ably i 4 N ion of

y PP
cither normal dosage of ¥-T, or high dosage of &-T.
However, the major vitamin E waso-T regardlessof the
type of vitamin E consumed. The concentration of o-T
in the liver of rabbits fed RBDPO+3-T dict (fed 863 mg
8-T per kg diet) was about two-fold higher than that in
rabbits fed RBDPO+Y-T, dict (fed 186 mg ¥-T, perkg
diet), i ing that i fo-T isproportion-

“ately dose-dependent. Compositional changes of vita-
min E compounds in the plasma and liver as compared
{0 the feed for RBDPO+¥-T, and RBDPO+5-T rabbits
are shown by HPLC profiles in igures 2 and 3, respec-
tively, showing: an obvious similarity of vitamin E
composition in plasma and liver‘of cach group.

f thein vil i using radi

1 belled
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S-ader

y1-4C-methyl- asthe tracer are given
in Table 4. There was no obvious increase of radioactiv-
ity in the a-T and other vitamin E components.

DISCUSSION

The compositions of tocopherols and tocotrienols in the
plasma of rabbits fed diets enchanced with tocotrienols
show consistently very low levels of tocotrienols in
contrast to an apparent differential retention of toco-
pherols, with a-T being predominant. Low levels of
tocotrienols in the plasma of humans and hamsters after

Table 2. Composition of the vitamin E compounds (sg/mL) in
plasma of treated rabbits.

Vitamin Diets
E
RBDPOWT, RBDPOWST RBDPO+a-T commercial
feed
(=5) (n=6) (n=6) (n=3)
T 208 £43 26106137 215 $42  32%13
aT, 0 0 0
¥T 0400264 L1 £04% 008£006¢ 0031001
¥T,  004£002 0O 01 <001
5T 003£003° 040£014° 002£002 <001
5T, <001 0 0
Toal 212 £45 216143 216 £42 32213
% T 978 £10 943 £11 99623022 989105
T 1oa nil:l 152759 15320

. number of rabbils in each group. Statistically significant difference al
<001 0rp<005“

Table 3. Composition of the vitamin E compounds (ug/g) in the
liver of rabbits.

Vitamin E Diets

RBDPO+y.T, RBDPO+-T ~Commercial fecd
aT 298£89¢  $37#151°  96:03
«T, 0 0 0
+T 056£055% 2524072  002£0005
¥T, 002£004*  003£005 0
5T 0012003/ 1374048 0
5T, 0 0
Toul 304934  576%158¢ 96103
%aT 984zl 931214 997401
T,T 1:1520 1:1920 nil:l

Values are averages # standard devia it STMically significant
difference at p <0.05 ““or p <001 /.



Table 4. Incub: liver fraction with S-adenosyl [31-33] may be possible in the liver as a highly specific
HC-methyl-methionine. hepatic binding protcin which exhibited high affinity
[F—— TLCR,  without T, wih T, for (x»T» has been reported [12-15); .howcver, these
Pp: ys do not fully explain the disappear-

aT 065 15 i ance of tocotrienols and unusual elevated levelofa-Tin

a-T, 054 27 17 the present study. Our results suggest that there is a

¥T 0.42 :" |§: clearance of tocotrienols from plasma, possibly by the

g‘_:» (‘]"2’3 7]; 2 liver, since transport of various vitamin E compounds is

5T, 011 57 39 regulated by the liver (34), and similar compositions of

vitamin E inthe plasma and liver were also

Values given are counts per minute average, value for a blank
solution is 21, for S-adenosyl -C-methyl-methi
nine, 0.1 yCi, is 1.02x10 .

supplementation of palm-oil vitamin E, containing both
tocotrienols and tocopherols, have also been noted by
previous workers [24-26). Previous reports on the
absorption of o-T, ¥-T and radiolabelled tocols showed
that there was no absorptive discrimination of various

observed in this study. Distribution data of various
vitamin E compounds in the liveralso showed that there
was an accumulation of o-T in liver of rabbits even
thoughy-T, and 8-T were supplemented to be the major
vitamin E components. The presence of ¥T in plasma
and liver of rabbits fed RB DPOw-T, diets may indicate
that reduction of the unsaturated side chain of y-T, gave
rise 10 ¥-T which could undergo biometh ylation to form
a-T. In rabbits fed with a semisynthetic diet depleted of

f

tocopherols (8, 17, 27). The i

of a-T over ¥-T in human or hamster liver has been
observed before [20, 28], and this was unlikely to be due
10 a preferential excretion of the ¥-T into bile (17, 26).
Vitamin E deposited in adipose tissues had more
tocotrienols than tocopherols (for hamsters fed diets
supplemented with tocotrienols) [26), because the tum-
over or release rate of vitamin E in adipose tissue is
much slower than in other organs (29, 30). Discrimina-
tion of tocopherol homologs based on the structure of
chroman ring and stereochemistry of phytyl side chain

7 ar
an o

»r
090

¥
a1 av)
s

Figure 2. HPLC profile of vitamin E compounds in the feed, plasma
and liver of rabbits weated with RBDPO+ y.T,. Values are the
average percentage (by weight) of individual vitamin E3dpoends
in the samples. -
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a-Tbut with&-T, e chang
the ratio o-T:y-T:8-T = 100:227:5753 in the diet to
100:4.1:1.5 in the plasma and 100:4.7 in the liver
would also suggest a methylation of 3-T to o-T via ¥-T
(sec Fig. 4). However, such transformations are unprec-
edented even though a slow methylation of ¥Tto T
in Wistar rats was shown after a few generations (35].
However, the present in vitro experiment using liver
microsomal fraction did not provide evidence for me-
thylation of 8-T, to y-T, or &-T,.

Results of the present study are explained as due to

ot
3%

[T,

Feet

Figure 3. HPLC

P

inthe feed, ‘plasma

E
rof RBDPO+ 5.T. "
percentage (by weight) of individual vitamin E compounds in the
samples.
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Figure 4. Possible methylation and reduction pathways in biocon-
version of tocotrienols (o a-tocopherol.

a sclccuvc accumulation of a-T while a rapid clearance
of urred. Possi forthese
observations are that preferential retention of a-T is
caused by a specific binding protein which is extremely
specific for a-T, whereas tocotriencls which have in
vivo reactivities much higher than a-T are selectively
losl by oxndauon Data or Table 2 seems to indicate a
of o Is although
the present in vitro experiment made uus less likely. It
is observed that a-T is persistently high even when the
animals were fed y-T, and &-T; this could mean that
even though there is no bioconversion of vitamin E
components to a-T in the liver, the process could be
effected by microflora in the rabbit's alimentary tracts.
Further studies on the metabolism of locolncnols in
otherorgans justify the bi
of i and the actual of theirinvivo
activities. This is of importance if their radical-scaveng-
ing properties (18] and anticancer activities (5-7)areto
be realized.
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