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-~ upiform disaibudion In membrane bilayer. snd (i)
manols with lipid radicals more cfficient. The duta

INTRODUCTION

structural features: an aromatic chromanol head

UWstitients in the chromanol nucleus gives rise to
S Bc;a-‘ gemma-, and delto- isomers, wherzas the

GHON-of the hydrocarbon chain constitutes tocoph:
}t:i;sammtcd chain) or tocotrieno] (with unsarur:

S0 action 1o inbibit lipid peroxidation in biolgg.
En Erar!:s.by scavenging the chaln-propagating
dicals (ROO-): R RIE

2 (]

s, Bulgadu, .
Jedpondance 1o Blens Serbinova, Depanment of Mo-
i Dlolozy, LS 231, Unlvenity of Ciiifornia, Berke.

iin £ is the gencric name of 2 mixturc of lipid-sol-
enols, tocopherols, and tocotrienols possessing

6-carbon hydrocerbon sail. The amount of me-

¥Stitin) forms of vitamin E.' The biological activ-,
min E is generally believed fo be due 10. its,
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FREE RADICAL RECYCLING AND INTRAMEMBRANE-MOBILITY IN THE
ANTIOXIDANT PROPERTIES OF ALPHA-TOCOPHEROL AND
- ALPHA-TOCOTRIENGL
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Abstracl—d-Alpha-tocopherol (2R.2°R.B"R-Alphs-tocopherol) snd ¢-alpha-tocotricnol arc two vitamin E constiuents having the
same sromatic chromanal **head™ but dilfeding in their hydrocarbon *ail*": locopherel with » saturaled and 1octricnol with an un-
sawrated lsoprenaid chain. d-Alpha-tocopherol hat the highest! viamin E activity, while ‘d-alpha-tocolenol manifests valy sbourt -
JO% of this 2ctlvhty, Slace vitamin E {2 considered 1o be physiologically the most impartant lipid-soluble chain-breaking anlioxidant
of membrancs, we siudicd alpha-jocotricnol as compared 1o alpha-tocopheral under conditions which are impocant for theie aptioz-
Idant Tunction. d-Alpha-tocoiticnal posscases 40-60 times higher amiioxidant setlvity againsi (Fel™ + ascorbale) und (Fel™ =+
NADPHinduced Iipid perosidation in rat liver microsomal membrancs and 8.3 tmaz berter proicetion of cylochrome P-450 spainst
oxidalive damage than oalpha-tocopheral. Teo clarify the mechanisms Teeponsible for the much higher antlozidant potency of d-al-
pha-focotrienal compreed Lo d-3pha-tocopherol, ESR swdies werg performed of recycling efficiency of the chromanols from-their
chromanaxy| radicals. 'H-NMR messurements of lipid moleedlar moblllty in ltposomes coniaining chromanols, snd. fluorescence
* measurements which reveal the unifarmity of distribution (clunierizations) of chromanals in the lipid Bilayer. From the resulls, we

" concluded that this higher antioxidant potency of d-llpha~10coi!"icnol iz duc 1o the combincd effects of three properties exhibiled by
d-alpha-focotrienol us compared. 1o d-alpha-tocopheral: (i) s higher recyeling efficiency from chromanayl radicals, (if) its mare

it tvonger disordering of membrane lipids which makes interaction of chro-
A presented show that therc is.a congideszble dizcropancy betwesn the relative in
* vigo aniipxidant activity of d-alpha-tocopherol and d-nlpha-tocotriens] with the conventonal bioassays of thelr vicamin activity,

Hor Key\-yurd.:—'l'c;cophcml. Tocotricnol, Antioxidnts, Padical recycling. £SR. Lipid mobility, Cytochrome P-450, Free radicals
cr P . i
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» The antioxidant function of vitemin E per sc is local-

ized in the chromanol pucleus, where phenolic hydroxy

group donates 2n H-atom to quench lipid radicals.® The

) .antioxident potency of vitamin £ is determincd nol only
- by the cfficiency of tocopherols and 1ocotricnols in re-
“action (1); but also by the reactivity of the resultant

chromanoxyl radicals in further propagation of lipid
peroxidation: - © . - " ‘

[ TocO +RH —> TowOH + R (2

orin rcgcncmionfof the free radical form of the sutiox-
ldant molccules duc'io intecnction.with rrductants, which
do not propagate lipid peroxidation:® :
”: " e 5 >";‘I;C‘A E e
Tookd” + AH; . —> Toc-OH + AH &)

in homogonous solutlon, the reaction rate constan(s of
chromanols with peroxy! radlcals (reaction 1) do nof de-

ROO" + Toc-OH —> ROOH + Toe-0" (1)

-
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puend on the length or unsawration of the hydrocarbon
chain, but arc mainly dependent on the aumber of me-
thyl groups in the benzene ring of the chromanal
nucleus.”® Similarly, the reactivity of chromanoxyl rad-
icals is mainly determined by the hindering cffects of

surrounding methyl groups.” ' However, in microdomains
of heicrogenous membranous systems viamin E owes |
its antioxident potency not solely 10 the chemistry, as In.

reactions -3, but aho 10 jts mobility and accessibility

* within the membranc,'’~'® g particular, it wag demon-
strated that alphi-tocopheral homologues wilh shorter .
hydrocarbon tails, possessing high intramembrane mo- .

bility, manifested remarkably higher efficiency both in
inhibiting lipid peroxidation and: in regeneration activity

of their chromanoxyl radiculs in different natwral mem-

branes snd in liposomes as compared +0 alpha-tocoph-
crol,'7'® These short-chain alpha- tocapherol homologues,
although highly potent, cannol be used ss membrane
antioxidants due to their pronounced mcmbmnc-pcr—
turbing effects,’”?! and they have, no - vitamin E

activity. . '

[t is known thal the molecular meb;llry of polycnon.

lipids in the membranc bilayer is Jnuch higher than that
of saturzted lipids.*® Thus, we . may “predict that .to-
cotrienols could be more mobile and icss restricted in
their interactions with lipid radicals and recycling agents

in membranes than tocopherols. *As a rcsult entiozidant,
potency of tocotrienols in membranes ;i 15 expectzd to be

higher than that of tocopherols,

Indc,d therc is indirect evidence uf higher antioxi-:

dant activity of tocotudenols in COmprISOﬂ with to-

+ copheralsiz. Alpha-tocotrienol: exeried higher, efficiency,
ells against oxidative hemoly<
" $is in vitro than alpha-tocopherol.” Tocotrienals were|
" shown to cxent swrongcr antitumor action than tocopherols., |

which was dependenl on their antioxidant prcpe.r-
ties. ™ Tocotrienols have been reporicd to possess,

hsghcr protective activity against cardiotoxicity of the B

entiwmor redox cycling drug adriamycin,? It was also
found that alpha- wcomcnul showed -higher inhibltory,
efiect on lipid peroxidation induced, by. adnamycm in ra(
liver micrasomes than aipha-iocophl.ro! * However, di¥
tect comparison of antioxidant efficiency of iocophero!s
and tocowienols did not demonstrate decisive differences
in the activities of these two forms or vitamin E, ¥

{n the present work, the aim was. to compare the el

Ticiencics. .ol alpha-tocopherol -and alpha-tocotrienol in
relatlen (o their i) ‘mntioxldanc activitics ln Hver rrucru-
somal membranes under conditions wheré' inductlon ‘of
fipid peroxidatlon was accompanied by recyeling of

chromanoxyl-radicals; iy enzymic and nonenzymic: ﬂ:--

_ cycling in diver microsomes and liposomes; iif) protec-
tve effects ngninst -oxldative destruction of cylochrome
P-350: Iv) uniformity ol-distribution within the lipid bi-

i

T
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layer; and v) effects an fuidity of lipids in
biluyer,

METHODS AND MATERIALS

Micrasomal preparation

Microsomes. were prepared by perlusing th
Spraguc—-Dawl:y fenale rats (120— 130 g) wi
1,15% KCL, The llver was removed and ther

. nized, followed by 2 10 min 10,000 X g cent

. The supemnatant from this ‘fraction was -cent
105,000 % g for 60 min. Protein concenu
measured by the method of Lowry, ™

Lipasome preparation

Unilamellar liposomes from dimiristoylphc
choli'n: {(DMPC) werc obtained by sonication
5 min at 27°C. abovc the.phasc transition te
for DMPC) of lipid dispersions (0.3 mg of lipi
fluorescent micasurements-and 25 mg/mL for
and ESR studies) in 0.] M K.Na-phosphatc
7.4 w 37° C) until the suspension became cle

“poration of alpha-tocopherol (2lpha-tocotrient

posomes was accomplished either by sdditi
cthunol solution of alphe-tocopherol or alpha-(
to the liposome suspension (flitorescent and ;
sufements) or by dissolving lipids and alpha-t
(alpha-tocotrienol) in chioroform, avaporau’ng
_and subscqueat dispersion &nd sonication in K
"Thhate buffer:: pH 7 4" as described above R
surements). .

-

Tacaphero! {tocotrienal) da:rrrbunon in liposc

The incorporation ol’ alpha-tocopherol (&
trienol) in liposomes was estimsted Using a £
method,*® This method is based on an increas
resccnce intensity of alpha-tocopherol {alpha-lc
(excitation et 292 pm, emission ot 325 nm) -
curs when there is a decrease in local:alpha-i
{alpha-tocotrienol) concentration, This increas

; fescenec “intensity is duc 1o climination of ¢

- (tocotricnol) conceptration-dopendent Auorese
qucnchmg The maxlmum . incorporetion of.
copherd] (alpha-tocotrlenol). In hpusumr_ bil:
determined by the {luorescence, intensity obtal
presence of the detergent, deoxycholpte (DC
concentration “of 25 mM, which excecded U
micellar conceatration (CMC). In the preser
detergent, alpha-tocapherol (alpha-tocorrienal)
uted uniformly in mixed detergent-lipid micel



cyglents were uscd 10 induce lipid peroxidation
g:‘ micToSOMES: (Fe?~ + NADPH) and (Fe?* +

bﬂ‘ e): Th
[balc 0.

‘secondary lipid’ peroxidetion products i inleract-
z_lh,gbnrbnunc acid, were delermined speciro-
wically (Perkin-Elmer Lambda 5 UV/IVis
i ometer) as described In.”'.Chromanols were
yethanol solution. The final ethanol concentration
ction mixturc was less than 0.5% and did not
 gecumulation of lipid peroxidation products, |
;grpomtlon of chromenols in membranes was
olled by the following procedurc, After the stan-
in prcmcubauon al 25°C ol chromanols with
al suspensions, the preparations were centri-
the membranes were sedimented. The super-
s,thcn u-caxcd by al:qumr of hexanc (o extracy

T g T g R

et T ——

peraied chromanols in the supcmnumt did not
-15% of the total amount added, Thus, rather
[ mcorporaucn of the alpha- tocupherol and al-
rienal was achicved. |

wome P-450 conrtenr in microsomal mcmbrarm
nrcd spectrophotnmetrically by recording spec-
tduccd cylochrome P-450-CO. complex in the

:of chromanoxy! radizals -

qnoxyl rad:cais from n!pha :ocophcml and its
o tfés_- were gcn:ra{cd using &n enzyrmc oxidation ™~
ybean lipoxygenase + linolenic acid) 2s pre-

cribed, -4 The- rezction mcdium r:ontmncd

- Hearbyl-palmitate (7.5 mM) and chromancls
%y lislmulmncously

€l room temperature, in gas- permoable Taf.

Antionidant and recyeling propertics of alpha-ioevinenol

¢ incubation medium oontained: NADPH
5 mM, FeSO, » 7H,0 10 uM, protcin:
L in 0.1 M Ka,Na-phosphsic bulfer, pH 7.4!

=500 nm using method of Omura and Saie.

&srements. wcre mada on 2 Yarian E- [09': -

1

g
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lon tubing (0.8 mm internal diameter, 0.013 mm thicy.-
ness obizined (rom Zeus industrial Products, Rurian.
NJ. USA). The permeable wbe (approximaicly 8 cm i
length) was filled with 60 pL of o mixed sample, faldzd
into quancrs, and placed in an open 3.0-mm inierl
diameter EPR quanz tube in such o way thal all ol 1he
sample was within -the effective microwave irradiation
area. The sample was flushed with oxygen, Speeir were
recorded at 50 mW power, 2.5 guuss modulation, and
25 gauss/min scan time.

. #?MR .rprcrroscdpy

Proton magnetic resonance spectra were recorded on

2 Bruker AM 300 (300 MHz) specurometer cquipped
with pulsed Fouricr-transform facilities. 100 scuns werc
accumulated for cach sample. Chemical shifts of proton
resonances were referred to externud standard (tctramcth-
ylsilane dissolved in deuleraicd benzenc). Sample em-
perature was controlied te an accuracy of 0.5°C by a pas
flow sysiem. The COnccntrauun of dimirisinyl-
phosphaudylchohn: (DMPC) in liposomal suspension
(in D;0) was 2.5% (w:v). Alpha-locopheral or alpha-
tocotrienol were Incorporaied into liposcmes to "'IVC a
final concentration of 5 mol%.

HPLC meesurements

Consumption of a-locotricnol and c-tocopherol was
monitored by KPLC using an in-line electrochernical
detecior ené UV detector.™ Tocotrienc! and tocopherol
werte extracted and meesured 25 previously descrited

Recgems used .' \
NADPH, FeSO, x 7H,0, linolepic acid, soybeun
iipoxygenasz (101 000 Ulmg prolein), thiobarbiturie

zcid. wichloracetic scid, deoxycholaic, DMPC, _:I(CI.
ascorbatc. ascorbyl-palmitate, dithionite sodium, deule-
rium oxide were from Sigm: Chemical Company. St
Louis. MO, potassium phosphatc dibasic, sodium phos-
phate monobasic from Mallinckrodt, Inc., Paris, KY,
HPLC grade ethanol and methano! from Fischer Scien-
tific, Fair Lawn, NJ'2R 4R',8R’:Alphe-tocophcrd] was
2 generous gift from Eisai Co., Lid. (Tokyo) and d-a-
tocotrisno] was a kind glf‘l from Dr. Abdul Gapor of the

" Palm O Rcse.nrch Institute of Malays:n (PORIM)

.

RlﬁULTS

Inhibition of microsomal lipid peroxidation by
a!plm-.'o;aphcral and a!pha mm.'r.lcnot'

The mhab:{ory effect of o.xogr:nousl} added alpha-to-
copherol and alpha-tocotricnol were caleulated Ly cgm. .
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' Fig.o1 Inhibition of lipid peroxidation in =i liver microzomes by alphs-iocophero) and .ajphgl-;oc';;l;iénni. Microsomal suspensions v
bated with chromanols for 15 min at 25°C aficr which lipid peroxidation-inducing s¥ilem was addsd, The reaction was stopped siier .
‘conditions as in Methods, ' : .

3 A 4
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dant activity than-alpha-tocopherol, , The dif
the efficiency of alpha-tocotienol compared
tocopherol js more pronounced in (Fe + 2
than in (Fe?™ + NADPH)-induced lipid pe
(Fig. 1). The concentrations of alpha-tocopi

parison with the control curves of lipid peroxidaton (in
the absence of exogenous tocols, but in the presence: of
endogenous alpha-locopherol). The concentration of en-
dogenous alpha-locopherol in microsomal prepmr,ior;:s
used did not exceed 0;3 nmol/mg protein. This means

that af concentrations of exogenous chromanals.in incu-
bation medium higher then 10"?’M.’ the entioxidant ef-

- fects of endogenous alphe-tocophero] might be m: 5 4

4+ .

- glected. The -concentration dependence of (BET 4

ascorbate)- and (Fe?™ + NADPH)-induced lipid perox.
idation Inhibition in rat liver microsomes by alpha-toco.
pherol and elpha-tocotrienol arc shown on Fig:'j."[‘pé
efficiency of fipid peroxidation inhibition monotdpo\qlx
increases with the Increase of the toncentration of chyo-
‘manols' added, and the inhibitory .effect is more pro-

b !
nounced in (Fe?* + ascorbate)-system tham In (Fe™ L

NADPH)-system. In both 1lpid peroxjdation induction
Sysiems, alpha-locolrienol exerts much higher antioxj:

ducing 50% inhibltion (o) are 6.8 x 10

- (Fe®™ + NADPH)- and 7.2 X 10™¢ M and

*+ ascorbate)-dépendent lipid perokidation, tt
and 60-times: higher than thosc for alpha-tocou
kS lQ""M and 1.2 X 1077M, respectively).

<4, :

Protective effect of alpha-iecopherol and

alpho-iocoirienol on <yrochrome £-450 durin

peroxidation . .
NADPH-ependent teactions of lipid pe

and oxidative metabolism of hydrophobic sub
caialyzed by the same clectron-manspor comp’
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2 proweative effeet of 4lpl;.-1g.‘opncrot and alpha-tocotrienol on

hrnmc P-450 during NADPH-dependent llpid perutidation. Al
min of Induction of lipld peroxidarion, the :ump\:x were kepl at
‘yniil the :nm:m of r:ylochmm: P-450 was mcuutcn Other con-

P

o radauun 37.3% Inhibitars of lipld pcro..manon
ytochrome P~450 against oxidative damzge. 3
cctwe cffe.ct.s o. chromano!s on, cy:ocnrome

chl‘ iciency in microsomal membranes.

eats of differcnt concenuations of lpha- IOCO-
and: Ipha-tcccphcrol on cytochrome Pe450 in the -
£2" + NADPH)-induced lipid peroxidation-
n Fig. 2. Alpha-iacmncnol manifests 6.5
rotective efficiency than aiphz-[ocophcroi

{and 4.0 % 107 M. resptetively. Thus,

.

Antioxidanl and recycling propenies of alpha-ieamricnal
: :

rotcction is achieved at the'concenirations .

5 ALPHA-TOCOTH!EHDIW/ \/

1
e _ I
I
1

;7

culrienol an cytochrome P-450 closely comelate with
their cupacily to prevent the accumulatiun of lipid per-
oxidatlon products in microsomes. Al concentrations
lower than 10~ "M chromanols have nu pratective cffect
on cytochrome P-450 under condilions used.

ESR measurements of the reeycling cfficicncy of uipho-
tocopherol and olphu-iocotricnol in micrusemes and

liposomes

Ascorbale apd NADPH, used in lipid peroxidation

‘induction sysicms, are known 10 calyze recycling of
.phenolic

antioxidants  from their  phenoxyl  radi-

cals. 240" Different clficicncy of recycling of alphe-
tocopherol or alpha-tocotrienol might be one of the

. reasons for their different antioxidant activity. To lest .

this hypothesis we studied the recycling of these chro-
manols in microsomes and liposomes. _

Alpha-locopherol 2nd alpha-tocotricnol radicels were
penerated by an enzymic oxidation sysiem (lipoxygen-
asc + linolenic acid) in the presence of microsomes or
liposomes and the ESR spectra were recorded (Fig, 3). -
Alpha-focopherol and alpha-iocotricnol give characters-
lic pentameric chromanoxyl radical signals with g-val-
ucs of the components 2.0122, 2.0092, 2,0061, 2.0028,
and 1,9993 both in microsomes and in liposomes.®”-*
Under the conditions used the magnirude of the signals
was significantly higher in micrasomal suspensions, than
in liposomes. Alpha-tocotricnol radical ESR signals were
significanily higher then those of algha-tocopheral 10 the
presence of cither micresomes or liposomes.

‘Addition of NADPH 10 the microsomal suspension

- tesulled in a,deerezse (but not complete disappeurance)
“of the. mzgnitude of the ESR signals of alphe-tocopherol

(or alpha-tocotricnol). This decrease was transient and
afler some delay in time the magnitude of the ESR sig-
nzl incrcased and subsequcnl‘.!y followed characteristic
decay kinetics (Fig. 4). NADPH -quenched the initial
ESR chromanoxyt racjiqal ‘signal of aIPha—mcophcml by

’ AL?HA-TocopmznonL w
' 1 % :
| g # me
.
‘ Puwg eal ) 10 GAUSS .
WcRosomes. . ' . g o
i : : 2t - LIROSOMES

i g & (B .
Ao e - P Te R,

qh“""‘““yl radlicals of alpha. io-cophcro! and '\lphl-mcuuinnul gencred b;r the ilpozygcm:-hnol;mc acid oxidztian sys-
nicrosomes ot liposomed, .
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Fig. +. Effecus of NADPH and ascorbyl
prescnes of microsames, E

249, and that of n]pha»locotricnol by. 39% (scc also re-
cycling cfficicncy cocfficicnts in Table 2). In the pres-
cnce of deiergent (dcoxycholate), the magnitude of ESR
“signals of chromznoxyl radicals were ‘about 1.5.umes
higher and their trensicnt decrease was roore pronounced,

fn the presence of the detergent. NADPE caused de-

crense of the ESR chromanoxyl signa) for alpha-lo-
copherol by 24% and for alpha-tocotrienol by 42% (sec
also recycling efficiency coefficients i Table Z).

The results of parailel HPLC measuremerits of con-
centrations of a.‘ipha-tocophcrol and alpha-tocotrienol
concentrations incubated . with the oxidation system in

the presence of microsomes are given in Tablc L. After- -

30 min_only 2.5% of alphe-tocopherol and 3.2% of al-
pha-tocotrienol remained in the abscnce of NADPH; &0
insignificant differcnce between the two. However, ad-
dition of NADPH cxerted & sparing gffect on consump-
lion of chromanols in the oxidation system- The amount

Table 1, Contumption of Alpha-Tocopberol and Alpha-Tocotricnol
{in Rat Liver Microgomes Aftes [heubation With the Lipoxygenase:
Linolenic Acid Ozidation System

i 'I'ocobhm!

; Tocotricnol
(Addillons L %% of Lhe conurol)
Comrol . . 100 100
iLipoxygenzse + Linolenie Acid .5 = 0.3° 3.1 = 0.4
:Lipazygenmsc + Linolenic Acld + 6.8.2 0.7 16,3 = 0.5
‘5 NADPH * -, '
7 Chromanols content was measurcd by HPLC {sce Maierials and
Methods). ’ '

Conditions: conol s3mples contained microsamel 46 my proteln/
mb, 0.1 M K. Na-photphac buffer. pH 7.4 11 37°C. Additlons a3 -

! dicated were: Mnolenic acid 14 mM! llpoxygeakse 90 U/pl: NADFH

i7.5 mM, DOC 7%, Incubation time war 30 min, The initial concea
watlon of £xogznovsly added chromanoly wss 89 amol/mg presein.
~The sverage given Is for five datd palnts,

—y— « AILONDTL PALMITATE

-palmitaie on the lime-course of chrumanoayl radicals of al

£. Senmnova of ol

] TOCOIMEINOL
Gg
0 10 20 20
CTIME MIR

ph:-:ocaphum! snd alpha-teci

of tocotrienol remaining increased o 16.39
itjal valuc, that is, over 3 five-fold increase.
rof nonoxidized alpha-tocopherol was 6.8%.

:(2.3 times) less than alpha-tocotricnol. Th
jdependent protection of thesc antioxidants
‘more efficient for alpha-tocotrienol than |
i copherol. - .

! Another reductant,’ ascorbyl-pelmitate,

| ransient decrezses in ESR signals of chror
i icals in the presence of microsomes or lipe

{ 4-6). In this case, the signal of ascorbyl 1
! served first and is subsequently replaced by

5i gnn; pf_q‘momancxyl radi_cals {Figs. 4-5).

 the reappearance of ‘chromarioxy radical EX
- longer for alpha-tgcotrienol than for alph

Addition of delergent increascd the delay |

- pearance of chromanexyl radica) signal (
- 7). This- cffect -of detcrgent was SWONEST
. than in microsomes. -+ ¢

To quantitate the cfficiency-6f NADPH

:-cyeling of chromenoxyl radicals of alpha-t
: alpha-mcom'cnol. we jntroduced an inde

" cficiency (R)'™

R, = (A_rdvetam :A-rfcdu:um)/ A
wheee A — roguenes A1 A rcucuns 216 W
tdes of ESR sigaals of chromanoxyl rad

| sepee and in the presence -of cxogeh

§

" respectively. Microsomal NADPH-supp

efficiency (Re) for alphﬂ-toc:mﬁcnol is
a|phe-tocopherol. Also, the delsy time ¢
radica) ESR slgnal reappearance aher ad

_ byl-palmitate was greRier for alpha-1oct

alpha~tocopherol (Table 2)-
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Table 2. lecycling Efficienty and the Dalay Time fur Reuppearance of Chromunoxyl From
Alphs.-Tocupherol and Alphe.Tocoincnol™** )

Miciosomes

Lipukymes
reeycling efficiency””

delny time tmin)®

1

delay time [min)*

-poc +DOC -poC  -DOC -DOC ~poc

J-ALPILA W04 U=05 1.0=x02 M0z04 02)= 002 0.6 = 0.0
TOCOPHEROL

o= ALPHA
TOCOTRIENOL

“The Belay time was meakured both in lipokames and in microsames afier addition of ascarbyl palmbaie.
+*Recycling efficlency wus meusured alter addlion of NADPH.

~ewThe averape given is for five datx point, ;
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VMR measurcments of lipid mobi The temperatute dependence of the inteasity of the
' resolved signats may be the sourcc of informetion on

N
niaining alpha-rocopherol or alpha-tocotrienol |
i the gel<-->liquid crystellinc phase transilion of bipids

NMR signals {rom membrane -tnblecules in the

proad that they cannof be distinguished
42.42 50 =
' TOCOTHIENOL

liry in liposomes

fstatc Are 50
mahe bascline and do pot give resolved peaks,

: péolved signals originate from molecules In the lig-

3 47,43 : .
stalline staie.*T** The 'H-NMR spectra-of 2 " :
melar liposomes from ! ' = sesintl

—o— “.pot
—T3— . ASCORHYL PALMTATE
——f— + ASEORBYL PALAUTATE » poC

spension of unilam .
my}phosphatidyl—choline (DMPC) in D0 ar two
ettitemperatures: below (10°C), and above (30°C)
transition temperatuce for DMPC are shown in
hree relstively well-resolved peaks were ob-
; ”‘L_l:ae spectra correspondiag to protans of lermi-
byl groups, -CH, at 0.9 p.pm. of methylenc !
2-)e at 1.3 p.p.m. and: choline groups .
.2 p.p.m. The half-linewidths (&v1/2, the -
alf-maximal height) of thest' resolved signals

R T,
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Cavere 17,26, and 7 Hz, respectively. 5, : .
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::':z’;;’ﬂm“nic.on.'ﬂmfﬁs}l slgnal of Chmmnti-:'-" "l Figi6, Tlme-course of chms;wnax)-'!. radicals of alpha-tocapherol and
dsifon s, anol gencrated by the [lpoxypenasc-lino: Mphastocotrienal |n liposomos. Bffect of deoxychiolaic (DOT) 25 inM
04z in the presence of liposomes.™ : :

and ascorbyl palmitala,
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Fig. 7. '"H-NMR spectrs of DMPC lipesomes in D,0 recorded 11 \emperatures below and above the phase wransilion. Conditivns a3 ip

in liposomes, The temperature dependence of the rela-
tive signal intensitles (i.c., the ratio of signal intensicy
7 & given lemperature 10 jts inensity at 40°C) for methyl-
ene protons In DMPC liposomes with cither alpha-(oco-
pherol or alpha-tocorricno] incorporated are shown in
Fig. 8. In the,absence of chromanols, the intensity, of
methylene sigiials drops sharply (20-24°C) from the lig-
uid-crystlline to-gel vajues, Incorporation of alpha-to-
copherol or alpha-tocotricnol (5 mol%) into DMPC
liposomes broadens the phase transition: sigaificantiy,
The effects of alpha-iocopherol and alpha-tocotrieno] on
the phese transition of DMPC are different. While al-
pha-tocopherol excrs some ordering sction on the mo-

bitity of hydrocarbon chains of DMPC at remperaures

above (he phase wansition and = disordering cffect at
lemperztures below the phasc transition, elpha-tocotmeno]:
shifts the phase transition curve 10 lower temperatures,
that is, increases the molecular mobility of lipids in the
liposornal bilayer-both bove and below the phasc tran-
sition lemperature of DMPC,

Fluorescent studies of distribution of alpha-iocopherol

and alpha-tocorrienol in liposomes _
Both alpha-tocopherol and nlpha-tocottienal possess’

characteristlc Auorcscence in the UY-region (with exci-

- 10tion maximum 21°292" ani and emission maximum at

325 am). Equimolar solutions of olphu-tocopherol and
alpha-tocotricnol in cthanol glve identical fluo¥esconce
spectra,*®

1k

v

Unifnrrgxiry of distribution or essociation in

.. oF alpha-tocopherol (alpha‘tocotrienol) molecule
. the membranc lipid bilayer can be followed by

in fluorescence intensity.® Association of cha
in clusters results in fluorescence sclf-gquenchi
crease of fluorescence intensity), while unifom
bution”"of *chromanol- molecules causes an incr
fluorescence intensity due 10 climination of ‘Il
quenching effect. As a result of distribution of
locotrieng] (tocopherol) molecules within the pl
lipid bilayer of ltposomes, the fluorescence inte
~meny-fold higher than in the buffer were the chro
are zssociated together, bur still much lower then
. anol solution, Addition of detergent {deox ychol;
sults in # drastic increase of the Auorcscence inter
chromanols, Detergent concentration excecding (]
ical micelle concentration probably cause chroma
be uniformly distribured (in monomenic forr) in
dclergcm-phospholipid micelies. ™
Eariier, we described s procedure allowing |
estimation of the amounts of chromanols 'in clus
uniformly distributed -within the phosphelipid bil
(se2 also, Methods), Using this procedure, we eva
the unlformity of distribution of alpha-tocophere
" 2lpha-tocotrieno) int DMPC liposomes. Depende

. &ssocigtion of alpha-tocopherol and alpha-tocouie

clusters in DMPC liposomes on the molar ratio of

- manols to phospholipids is shown In Fig. 9. The

chromanol 10 phospholipid molar ratio, the less



Annoadant and recycling propenies of alpha-iocotrienol
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, Temperaluse dependence of the rela
:enot. Incubation conditions as in Mcthods,

ctization of chromanols, Even at ratios as low .2s
1000, which is close 1o he physiological ratio of io-

erols. to phospholipids in natural membranes, sig-
aificent amounts of both alpha-tocotrieno! or alphe--
 opherol are not uniformly distributed wichin the lipid
ayer {about 23% for alphs-tocophecol and 14%  for
‘hi&-'tocbt:ricnoi)."}’or all ‘molar ratios of-chromanols: -
ospholipids. studied (from 1:1000 to 1:20), alpha-to- °
' topherol gemonstreled @ significantly higher level of
~issociation in clustets than alpha-tocotrienol.

o

DISCUSSION

. main physiolagical function of vitamin E is inhibition of
lipid peroxidation-due to its reaction with lipid peroxyl !
£ and alkoxyl cadicels.'® A prcre.quisité for the manifes- :
 talion of this antioxidant activity i the presence of &
. Donesterified phenolic group in the chromanol nucleus
- olthe antioxidant'molecule. o g -
¥ . We studied alpha-tocopherol and- alpho-tocotrienol .
- Under conditions which are important Tor their antioxi--
; ,_.‘.j‘“" function, The results of our study show that alpha-
#- locomicnol possesses remarkably higher antoxidant acdvicy:

I : i : 2w
nce oleF  liver microsomes and betier protection of - intrinsic

“chrdig ”‘"t damage than aipha-tocapherol. We hypothesize that
lowgi . this higher antloxidant potency of alphafocotrienol i
is T YUt 19 the .combined effects of three properties exhibited
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' Qtis gencrally accepted that in eucaryotic cells the ; |

it - Membrane proteins {cytochrome P-450) agninst oxide-, T
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temperatlure, °C

tlve Intensity of methylcac protan signals In DMPC Ii.pos-omcs contining alpha-tocopherol or alphe-

i

by alpha-tocotrienol 25 compared 0 alpha-tocopheral: i)
its higher recycling efficiency from chromanoxyl sadi-
cals, ii) its more uniform distobution in membranc bi-
layer, and iii) its stronger disordering of racmbrane lipids

- which makes interaction of chromancls with lipid radi-

<als morc efficient.
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Fig. 9. -Disbution of alpha-tocophersl and alpha-iocotrienal in clué:
‘ters In DMPC liposomes a1 dlfforent molar ratlos of chromanol:phos-

pholipld, 5
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Antiqxidont nctivy and recyeling of alpha- !ampherm'
and alpha-rocorricnol

Inhibition of lipid prroxidation in micresomes. Qur re-
sults demonstrate that concentrutions of alpha-toco-
iricnol, producing 50% inhibition of lipid peruidation,
are morc thap one order of magnliude lower than those
Tor alpha-tocopherol. This is in aprecment with the re-
sults of Kamiyama er al.*® demonstrating thar alpha-1o-
cotrienul was 15 limes morc effcetlve as inhibitor of
microsomal lipid peroxidation igducc'd_ by (NADPH' +
adriamycin). ln contrast, in-dilinolcoyl-phosphatidyl-
choline (DLPC) liposomes the difference in the antiox-
igant aciivity between alpha- rouophcrol and aipha-tocor-
ncnol was much lcss, when'the oxidation was. mm.ucd
by the 2,2-asobis-(2-2midino-propane). 7 Alpha-tocotdenol

had only aboul twe times higher antjoxidant activity =

- compared 1o aloha»tm.ophcuol This discrepancy berwzen
the r-suits presemed here and these of Komiyama e

al.. on the onc hand, and, the results of Yamaoka et -
al., on the other, may be cxpl...mcd by essentially dif-
“ferent initiation systems used. In our experiments and |
in thosc of Komiyama et al., reductants were presant in
the incubation media (NADPH or ‘ascorbaic), which we
* have shown were able to recycle chromanoxyl 'adxcals
1o regenerate chromanols.™ ‘“"” . Thus, we suggest thar '
. the Jarge mffcrenccs in annox\dam activitles of alpha-
lccom::no! and alpha- loccpherol-obscrved in our ‘exper-*
iments znd those of Komiyama ct-al. may, in par, resul:
from their different recycling efﬁc:cncy In microsomal

.;-membranes. In the 2bsence of rcduf'taan (rhe tondmnns ,
’ used by. ‘Yamaoka ct al. 2y he Tezycling ol “chromanoiss

nb\'tously will not occur, and pou:nually higher. rccy-"
cling efficiency of alpha- locorncrro] CENDGL conmbuv 0’
its overall antioxidant effect.

This explanation is ajso supporied by our rcsults

_showing’ that the greatge difference in. the antioxident

‘efficiency of alpha-tocotrienol compared (o alpha-to-
~ copherol (Fa!* 4+ ascorbate)- -syStem than in (Fe?*i+
" NADPH)-system corresponds 1o the higher recyeling c[-
ficiency of ascorbate compared to NADPH (Fig.: .4).

Do agn

. the concentrations of ahrorn:mols ‘producing 50% inhibi-

tion of lipid peroxidation and' 50% protection .of cylo-
tlvome P-450 were found 1o :be" different; hlghc: con-

centrations of chrotanols were hecessary 1o prgwdc For
hall-maximal hemoprotcin protection. - It :may ‘be sug-

pested thati) not only lipid radicals, scavenged by chro- -

manols, paricipale in oxidative modificationof \:ymchrom"

- P-450, and/or i) scavenging of lipid cadicals by ohror "

rnanols in (e -microeavlrorment of .cytochrome P-450 1s
less cfficient than in other domains of the membraps

E. Senmimova o1 4l

in :xddmon to ts h:gher recycling cf.nctcncy

radmnls and, the antioxidants, 1745 ' -

e ‘;{«_-_,.'; 37 l‘.ual-‘

lipid bilaycr. Ncvenheless, alpha- m:.omcnolt-t
protection al 3 concentration pbout 6.5 “m!:s]h
alpha-tocopherol.

Recycling of aninxidants from Lhrmnrmu,m
Alpha-tocatrieno! gave higher SR signal of i
state concentration of thromanoay| radicals ,[
tocopherol. In the presence of deoxycholaie, th
tudes of the ESR:signals of alpha-iocotricno| a
tocopherol radicals arc higher both in rmcrosst
lippsomes.. The cflcet of.delergenl wias more pre
for alphe-iocopheral. which is less unifomnly: [ﬂl
In the lipid b:}ayer than alpha-tocolrienal. Sg;ﬁ
gents causc a homogenous distribution of chy
addition of deoxycholate sesults in 2 more cffy
teraction of the antioxidants with the cnzymazﬁ
tion system, which - thus increascs the szea
concenteation of chromanoxy! radicals,

“The data presented in Table 2 show that thw
mal NADPH-supporied recycling cfﬁcrr_ncyfé
higher and-the delay time of chromanaxy] rndi:
signal reappearance after addition of ascarbyl-g )
was preater for alpha- -tocotricnol th".ll for ald}
pherol,

~ Thus, we conclude thar the higher recycling, céf
. of alpha-tocotriencl must be contributing to, 1(;:
aatioxidant zctivity compared 1o a‘lpha-tccoahcrg
ever, while Re and the delay time for zlpha-toe
_are” only about- [.6-and 2,5-3 times lcss than: |
alpha-tocoiricnol, lhelr,conc ntrations cxcrmg‘,‘
hibition ‘of lipid'; peroxidation. d]ffcr 4050 ch
‘“lnchc&[es :thathigher. anuo.s.zdam actmry of aip}
- lrlcnol must result from the canmnunnn of. olllck

N "1

B T
* b L
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Imramembrane d:srrr.‘)unon of chrnrmnoi: un

mobiliry vt i

o

L
[EERNN L . s B
o

Urujarmuy of disiribution.of chromanob in Irpm t
in h{:t\:rogcnws membrane Systems, fie cfficit
mhibmon of lipid peroxidation may be depene

: o, severalfactors; first — its, chemigal resctivity; ¢
Pro:ccuan of m-rochrame P--’!.SO In quataumuv; tc:‘ms,,

s dxsmbuuon ‘betwesn the aquuous and n;

phascs uml’ormny of distribution in lipid bilaye!
, Ciatlon in clusters) and . mobliity. of spembranc Iip)
' ar.u)g condmons for mutual ncccss;bmzy bcrwcc
.' T

“The differ¢nce in antiox!dant BClivity ot’ a|
Copheml and alpha-tocoticnol is.nol likelyito be
thcu' th{cfcm incorporation into mcmbr:mcs {sc¢
od5) 1n this study, we demonstrated that olph
tricnol ix significantly dess assoclated, in clusiers
more_uniformly distributed in’ the bll.lycrror Db



" nu-toco herol which may, in par, cx-
; f!hgi‘ﬁal'?:n;- in antioxidant activity.

¥y c
phefr O

¢ on lipid mobiliry in the bitayer. 1
hat the chromanol nucleus ol al-
Fog Jocallzed at the pol.ar-hycl'ruc:ubon
dace whereas its i.r:oprcnmd chain hydro-
aracts with acy] chains of membrane phos-
13,461 Collisions between the hydroxy-
-0t & manol head and lipld radicals in the
" Miciose ‘hr(;re of the mcmbranc arc. therefore, ster-
nbl’c-:,c;- Hence. the rudical-scavenging ¢fficiency
ndclﬁ 'should. be strongly dependent on molec-
of lipids in the membranc, This is another
£2s0n fot th
ol s compare
éﬂ‘ij-;{fccts on mo
i i mmcasufcmcm-‘ of phase transilions in DMPC
_containing either alpha-tocopherol or alpha-
 showed that alpha-tocophero] possessed
aring cffect on DMPC fiposomal- bileyer at cm-
s below phase transition and a condensing effect
“of lipids) a1 temperatures above the phase
<siion, This is.in a good agrecment with the findings
hawing 2 cholestcrol-like cffect of -alpha-tocopher-
-9 1 conwast, alpha-tocotricnol -caused 2 pro-
uncad disordening cffect in DMPC liposomes, increas-
+molecular mobility-of lipids both above and below
e wansidon temperature of DMPC. Although
entration of chromanols in these experiments (5

pecol

d 1o tocopherol, that is, their
lecular mobility of mambranc

(et}

Rawse of the nonuni form membrane distribution of vi-
£ e g »

f’hf):thig result may still be physiologically important

CONCLUSION

£, d-a-Tocophcrol is considered 10 have the high-

¥ Mch all the others are compared. In 8l resorption—

’&‘11{}' of d-a-tocopherol. ' Alpha-tocopherol is also
many fold more active than alpha-tocotrienol based on
‘blood hemolysls test™ and .in chick -encephalo-

EE‘W- Alpha-tocotrienol was demonstrated o have o
"Bher poicntfal 10 protect against <ardiotexicity of the

¢ different antioxidanl powency.of ©

%)-was much higher than pbysiological (0.1-0.2

Bath tocopherois and tocotrienols’ are formis of vita-
ipolency, and its activiry is the Standard against .

; ; vg, G
tion 1ests d-a-tocotrienol manifests only 30% of the ™ !
- 1 Soc, 107:7053-7065: 1983,

Falicis, ** How rclevant is this <stimaiion to physiologs . -
%l imporiance and health benefits? We cannot presenily -
"eoncilc this, but there are datz which arc inconsistent -
' ffllh therstatement that alphe-tocotricool is phyﬂulogil’-‘
- Mllydess cfficient than alpha-tocopherol. Recently, new ™ -

9 Ysioto § i Al g . \ . ¢
gical actlvitics “of alpha-tocolrienol were veo- - v :
AP * - . meciples of phytical oryinke chemiswy 1o Uie explosution of s

73

Anunzsuant snd reeycling properiiet of alphie+toeninenc)

antitumor drug, adriamycin than alpha-tocopherol

Anlitumnor sciivity of alpha-tocotrienol was also found
ta be higher than thur of alpha-tocopherol, 1 was also
found that the inhibition of cholesterol biosynthesis by
alpha-tocatrieno] was much higher than those ol olpha-
tocopherol. %54 It is not clear how these flindings arc
relevant to the antioxidant activity of the chromanols.
The data presenied show that there is a considerable
discrepuncy between the relative in vitro antioxidant sc-
tivity of elpha-tocopherol and alpha-tocairienol with the
conventional bioasszys of their vitamin activity., It is
“recognized that, differcnces in vivo in the antioxidant
activity of different forms of vilemin E. tocopherols,
and tocotrienols. ‘may depend very moch upon Iheir
- pharmacokinetics, which wartants more accuraie evalu-
ation in future studics. The concenltrations used in these
: c'xpcrimcnq are higher than physiological lcvels of vi-
tamin E; hence, extrapolating thesc findings to in vivo
conditions requires caution. However, we may suggest
that d-alpha-tocotrlenol mey have higher. physiological
activicy than alpha-locopherol under conditions of oxi-
dative stress because of Jis more effective antioxidant

. potency in membrancs.
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