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ABSTRACT

The concentrations of a-tocopherol in the brain, liver, and serum were studied with and
without saponification process between control and vitamin E supplemented rats. Young
rats, 80-120g body weight, were fed control and vitamin E supplemented diets, ad libitum,
for four weeks. a-Tocopherol concentrations were determined by high pressure liquid ch-
romatography. The a-tocopherol concentration per wet weight base in the brain tissue was
significantly lower than that in the liver. Vitamin E supplmentation had no effect on brain
o-tocopherol levels in contrast to the significant increase in liver a-tocopherol levels. The
difference in the proportion of a-tocophercl concentration with and without saponification
15 significantly greater in the brain than in the liver or serum. Further study is needed to
clarify the nature of interaction or/and binding between a-tocopherol and the complex me-
mbrane system in brain tissue. It can be speculated from this and other studies that the
metabolism and the nature of interaction of g-tocopherol with the complex membrane sys-
tem in brain tissue rich in polyunsaturated fatty acids seems different from that in liver ti-

Ss5ue or serum.
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Ag A o] FA4%)

Y27 (C2)d ved EH/ME(+ED)Y 48
Aol FAL Table 13 Zrth o] e £F2
10% (wt%)old, g} F422E tallows corn
oil9 ®l&& 1 1(polyunsaturated/monounsatura-
ted/saturated fatty acids=P/M/S ®&¢] FDE
zAsgod, wEed EF7MEde 7|2 4o
Holol ©e FA(KgT 2000 LU dlalpha-to-
copherol acetate® T F718FHtH Table 1).

3. 43gte EHIN)
D 83, 2t ¥ HE4A saponification ™A &
Z% g-tocopherol(a-T) 9 3%

3ol 7hxd FAN(20%) ¥ H=23 73
#(40%) 0.5mlol absolute ethanol 2.5ml& 7}8}
of & 42 & 70°C water bathol A 287 7t &
th o] £gddlo] A A¢l Na-ascorbated % (25
%) 05ml¥ 5% NaOH 1mlS 7F3t % 70°C water
bathell A 30&7F 7k &t 7tde] BUHE o] &
< 51}71] st ZH 05ml¥ hexane 5mle 7hE
F 287 AA vortex mixer® Av=rth I T 50
00rpm°ﬂ"1 1587 94 2853 4% 9 (hexane
%) 35mle #3Y9 vacuum evaporator® ©]43
400CA M AZAAY, 84, 22 3 HZ2H A
9 oT && #AM saponification 32| ¥ 7
S= ol4e] wWlolAd 5% NaOH |4d& #H7+st
A ookt 9e = o JeN zu]._d-k]o )3 4
Bof A o] Fo]AT.
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Table 1. Composition of experimental diets

Table 2. Conditions of HPLC

Experimental groups

Ingredients

Control +Vit. E
—_ % _—

Carbohydrate!’ 65.0 64.8
Protein » Casein 17.9 179
DL-Met. 0.1 0.1

Fat : Tallow 5.0 5.0
Corn oil 5.0 5.0
Salt mix.? 40 4.0
Vitamin mix.3 1.0 1.0
Celluflour? 2.0 2.0

Vit.E supplement - -

1) Starch : glucose=80 : 20

2) Salt mixture(g per 100g salt mixture)
CaC0; 29.29 : CaHPO, - 2H,0 043 ; KH;PO,
34.31 3 NaCl 25.06: MgS04- 7H,0 9985 Fe(CsH;
07) - 6H;0 0623+ CuSO, * 5Hy0 0.156 : MnSO,4
- H,0 0.121 7 ZnCly 0,02 ¢ KI 0.0005 3 NagSeO; * Hy
0 00015 3 (NH,)¢MoyOyy - 4H;0 0.0025.

3) Vitamin mixture(mg per Kg diet)
Thiamin + HC! 5 Riboflavin 5 Nicotinaniide 253
Ca-Pantothenate 20 * Pyridoxine * HCl 5 Folic
acid 055 Biotin 0.2 Vitamin B 0.03 : DL-alpha-
tocopherol acetate 100 ; Retinyl palmitate(in LU.)
4000 3 Cholecalciferol(in LU.) 400 : Choline chlo-
ride 2000 5 Ascorbic acid 50 : Menadione 0.5+ Ino-
sitol 100.

4) Na Carboxymethyl cellulose( B7)

2) A4 HEkd FE A el g-tocopherol B F
(High Pressure Liquid Chromatography)?”
30)

QoA AzAA dL 229 244 Hew
AL AARNE A AddoA HPLC grade
methanol 100ulE 7F8te] vortex mixer® & 4]&
& 1 F 40ulZ st HPLC systemo] FY3t3
t}, £% vgld EE%T dl-alpha-tocopherol(Merk
Co., USA)S A-&3dth HPLCY XL Table
29}

4. ZARRY FA A ‘
B A7 RE AFARE 7 NPT U2 ¥
#4 9 F# Q& (standard error of mean)S 4

239la, &t A9 ¥7Y Hold B A

Waters 600 Multisolvent delivery system

Water 490 Programmable Multiwavelength Detector
Young-In D520A Integrator

uBONDAPAK ™C18 column

Isocratic Solvent System : 100% Methanol

Flow Rate ; 1.5ml/min

Wavelength ; 285nm

B FoAML statistical package for the social
science (SPSS)*V'g 71214 computer package(Mi-
nitab)HE o] &3t t-test® HF 7 o] 2 HE
sttt

Helel B 244 9EY F 3 43 A4
dx =4 £2 st54o] HEY Alretino)Y D
i o Ao Aoz gk g Zdo
A o-T9 thEE0] retinol binding protein(RBP)
% 22 E4% binding proteine] 93] E¥HA
%3 F2 freed 9 oT Fe)E LDLe|W HDLY
o3 gutgE Aoz PR, I rat liver
cytosolol M o-T binding protein®] &0 EiLFH
A2, A membrane Z3 A o-T7F f2A 7]
Saherhe ta & A7 #ol BopAa ¢l
1;}15)21)_

Fig1® 2ol €47 3t 2 {249 saponifi-
caion #3S AH AFH F oT $=(+5AP)
2 saponification} 3 & AAA F1 HFH oT
FE(SAP)S} o] F e ztelE A4 e
itk 8FME % oT(+SAP) F&7F F 4
gagtel 27 89(d2T=CT)e 108(+ET)
ug/ml°l I, saponifydt? %%k W(-SAP)¢ ]
7.0(CT) 3 89(+ET) ug/mlEA saponification
FFo 9% Fole dzFH HEd ER/IT
A¥ ZF 19ug/miolH, o ¥+ F#9 213%(C
)9 176% (+E)E 247} etk

H22S saponificationdte] 4€ o-TY 2F&
717} 34.6(CE) % 76.2ug/g(+EZ) 224 HEH
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Fig. 1. Concentration of o-tocopherol in rat serum
and liver, Data are meant SEM.

+SAP : with saponification, —SAP ! without saponi-

fication *Significantly different from control rats, P

<0.05
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Fig. 2. Concentration of a-tocopherol in rat brain.
Data are meant SEM.

+SAP | with saponification, —SAP : without saponi-

fication

SEERELER

EZ H7b8 A$ 100% o4 F/4EE BY Fo

o B A7 B3t W FEM, o
zAo) Ae] Hgyl E7} aHoz FHEE A
A3 21}, Saponificationd A %& B4 @2
7+ 26.6(CE) % 655(+ET) ug/glEA o &
saponification® ¥ &% ¥s| A7 77%(C
)8 86% (+ET)E UEFET. Saponification
729l saponification® BHA V< %9
77 80(CE)H 10.7(+ET) ug/geEA
HEg o 2T A¢E 235%, HETY
b ASE 147%E AZ4 el o=
o-T 5% 1749 E0XE Folth.

HzAe I AAY HuF A% FFoy, =
SR} W e AW dFo] g2v v
«TS F%7 ¥erel EY Avbel] #AYl 227
(CH)H 213 ug/g(+ET)LEAM, tZZ9] 346
(C2)T 762(+ET) ug/gith ¥& & Bo F
=4, Hgd E9 #7129 ASelE xA% ¥
g HzA9 oT 57t 7184 g Aol 5ol

&

po F o I

P

2k
=

o
o

T oy
e

o

gol WA §1 HLY YFFY FEF AL
AAY up Qrpsoe) Hxze Fee +
Mt SAPS] ZAAAM dz7H HETl ER7}
T 7ol Zol7} 913, -SAPY ZAAAM Fx 2F
¢ oT $EE t2AFT $ouz +8AP 27
7} SAPY ZAA AP FHEAY ¢-TH 2
ol7t 27 332%(CE)% 369% (FET)I=A, 7
ZA(235: CE, 147% : +E&)olu EH(232°
CE, 165% : +ET)BTH %A Vetdo] 5718
grh o] 2%E F HF2AdE oT7h 233
obutn Bt} wed AgHel 9171 WEe sapo-
noification #AL FHNT 2FHE o T A
FET Ry} t2A80 & g ¢F Ut
HEAWE docosahexaencic acid(C22 '’ 6, ®-
34)% very long chain polyunsaturated fatty
acids7} o] #eHol genzE o2 g 29
57] ¢ peroxidation process® Woldt7] H@
823 system™ mechanismo] W% A EA 7

- 111 —



T3 249 g-Tocophero! & &

EHo gleggy AgHE 8, g8 z2Fd4
Brp vlwd @ ko] o TE o] 5o Br} &%
A<l antioxidantd] A4S FHs87] I8 Pz
membrane system®l @3 B gl
2% 4 I Murphy$} Marvis!®E 879 3t
U ARzAEGE HZzAo] o-T9 v$ 2 A3
2& 21 glon, o sy A79 HzId
Ao Whe £ 9ujd dd3 sto o-T7
HzAd E48A AEH eg AFw
AT H2AY 0T EF Aojg 2o gu
wste] 9% & WA ofo} vjeinl EAY Aol g
miceE AHEHE W HzHY o TE & 23
H3) ZAHe 271 of$ =8-S A Hegon,
a-T7F membrane systemolA F33= 7%
@8 antioxidant®] €&vto] o}Y, membraned]
TRELZA stabilitye] FF #F4& Holztn A
e @F Bask ow QN2 g a3
o] A o-T% butylhydroxytoluene (BHT) ¢] 1} butyl-
hydroxyanisole(BHA) 7} 23 912 %2 saturated
hydrocarbon side chainS Z¥1 $101A o chain
membrane 40| PH3 435 4L & Aol
1 #5712 ¢k UFU o-T side chaind
CH; group® hydrophobicd A2 2 <l3ta e}
%1 E7} membrane®| structural protein® YH
A eE & 5 A 2 29 ol AfFo
2 v B AEZEE WA Usts] o gA 5
HA ¢H antioxidants] G&-& By} AgFo7
FHY £ JA gALe ddo Yo 9
o), ol d Ao vy 4% o TEAN &%
A9l antioxidant ®=% membrane stabilizerd 9&
& #of e Fx 29 Hgvl E9 %S
SR 498 Foix B 4 glod, olE ¥R
Y o-T7F e ZANA B ¢ 9 4
5ol g Aclge 7HFAE dFHE ol
Mouse fibroblast cultureE ©]-&3 ulelwl E¢}
membrane lipid9te] ATFVe)A wEbE EY side
chain®] AX membraneTZ¢ A 7o) Zoj4
membrane 1A arachidonyl group® =A%
As #AAE Pon §is 715S T 23§
g, 84, o9 $uEE membraned fluiditys

stability®] W3+ membrane® #¥H FiEe
e 4%S £ £ e Aoldu Adstdrh
¥ %% membrane system¢ complexityS 7ot
W, 23 o-TY GTo] FitsiAlg Ay G
% membraned] 715& zAIE F2EF Ao
FAA ARHDL Qe AP o] Bofg] A7
= U5 423 n 2A2HA o] FolAot 3}d)g

RSN

[

=
—

FH249 a-tocopherol FEE ¢ AT
(wet wt.) o] 7t 2350 wgton kg
ol Metdl EE AAsds ® A7 47 717
Feele I Fro 4L FA g o 3
z39 due w33 thzHe Folu)

THE A A saponification L FAHMT &
4 7b&8 o-tocopherol [(+SAP)~(—~SAP)]¢]
FF BF ugol, 7 2Ho} 4o HH o
a9, olg HEANMY g-tocopherol] TFE =
43 b2 dus 2450 9leg A F=
Holx},

FHZE v EY 753 #¥EE B 7
AH d+E, FH3239 g-tocopherol ¥ E3|
£33 dgd 25 glegdn Yy 7
o] Wi AgolmR WA 5 d4E label
¥ o-tocopherole AM4FEZM, membrane sys-
tem?] Ao TAH 98 A= AZUY o7 =
Aol A dofite m A HE7A Loldo] 4
atbn sekE

Literature cited

1) Losowsky MS. Intake and absorption of toco-
pherol. Ann N Y Acad Sci 203 212-222, 1972

2) Vitamin E. Nutr Rev 35 : 57-62, 1977

3) Vatassery GT, Johnson GJ, Krezowski AM.
Changes in vitamin E concentrations in human
plasma and platelets with age. J Am College
Nutr 4 369-375, 1983

- 112 —



=

4) Weglicki WB, Luna Z, Nair PP. Sex and tissue
specific difference in concentrations of alpha-
tocopherol in nature and senescent rats. Nature
221 © 185-186, 1969

Meydani M. Human Nutritional Research Cen-

P

5
ter on Aging, Tufts University, Boston, Mass.
U.S.A, Personal Communication, 1987

Knekt P, Aroma A, Maatela ], Alfthan G, Aaran
RK, Teppo L, Hakama M. Serum vitamin E,

pa

6

serum selenium and the risk of gastrointestinal
cancer, Int | Cancer 42 * 846-850, 1988
Bieri JG, Corash L, Hubbard VS. Medical uses
of vitamin E. New Engl ] Med 308 : 1063-1071,
1983
8) Sun AY, Sun GY. Effects of dietary vitamin E
and other antioxidants on aging process in rat
brain. Adv Exp Med Biol 97 . 285-290, 1978
Bieri JG. Vitamin E. In ' Present Knowledge in
Nutrition, 5th ed. Ed. by R.E. Olson, The Nut-
rition Foundation, Inc., Washington, D.C., 1984
10) Bjorson LK, Kayden HJ, Miller E, Moshell AN.
The transport of alpha-tocopherol and beta-ca-
rotene in human blood. J Lipid Res 17 343-
352, 1976
11) Hung SS, Moon TW, Hilton JW, Slinger SJ.
Uptake, transport and distribution of dl-alpha-

—

7

Rt

9

tocopheryl acetate compared to dl-alpha-toco-
pherol in rainbow trout. J Nutr 112 . 1590-1599,
1982

Gallo-Torres HE, Miller O, Hamilton JG, Tratn-
yek C. Distribution and metabolism of two ora-

~—

12

lly administered esters of tocopherol. Lipids 6
- 318-325, 1970

13) Wolf G. Multiple functions of vitamin A. Phy
Rev 64 - 873-937, 1984

14) Omori M, Chytil F. Mechanism of vitamin A
action, gene expression in retinol-deficient rats.
J Biol Chem 257 © 14370-14374, 1982

15) Catignani GL. Hepatic alpha-tocopherol binding
protein. Methods in Enzymology 67 - 117-122, 19

EEERELER

Be% - )%

80

16) Guaenieri C, Flamigni F, Caldarera CM. A pos-
sible role of rabbit heart cytosol tocopherol bi-
nding in the transfer of tocopherol into nuclei.
Biochem ] 190 . 469-471, 1980

17) Giasuddin ASM, Diplock AT. The influence of
vitamin E on membrane lipids of mouse fibro-
blasts in culture. Arch Biochem Biophys 210
348-362, 1981

18) Verdon CP, Blumberg JB. An assay for the al-
pha-tocophero! binding protein mediated trans-
fer of vitamin E between membrane. Anal Bio-
chem 169 © 109-120, 1988

19) Murphy DJ, Marvis RD. Membrane transfer of
alpha-tocopherol  influence of soluble alpha-to-
copherol biding factors from the liver, lung,
heart and brain of the rat. J Biol Chem 256 . 10
464-10468, 1981

20) Kitabchi AE, Wimalasena J. Specific binding si-
tes for d-alpha-tocopherol on human erythrocy-
tes. Biochim Biophys Acta 684 © 200-206, 1982

21) Catignani GL, Bieri JG. Rat liver alpha-toco-
pherol binding protein. Biochem Biophys Acta
497 | 349-357, 1977

22) Buttriss JL, Diplock AT. The alpha-tocopherol

and phospholipid fatty acid content of rat liver

subcelluler membranes in vitamin E and sele-

nium deficiency. Biochim Biophys Acta 963 . 61-

69, 1988

olFA, o3H ALY % AFFH o9 4

€ fA% 9% &5 4F 253, 1988

24) Neuringer M, Connor WE. ©-3 Fatty acid in
the brain and retina - Evidence for their essen-
tiality. Nutr Rev 44 © 285-294, 1986

25) Kim MK, Chee KM, Lee-Kim YC. Effect of ©-3
and w-6 fatty acid-rich diets on fatty acid com-

—_—

23

position of rat brain and hehavioral develop-
ment. Presented at the 14th International Co-
ngress of Nutrition held in Seoul, Korea, in
Aug. 1989

- 113 —



T3 249 g-Tocopherol ¥ %

26) Rogers QR, Harper AE. Amino acid diets and
maximal growth in the rat. J Nutr 87 1 267-273,
1965

27) Taylor SL. Sensitive fluorometric method for
tissue tocopherol analysis. Lipids 11 :530-538,
1976

28) Hansen LG, Warwick W]. A fluorometric micro
method for fat tocopherol. Clin Biochem 3 .
225-229, 1970

29) Bieri JC, Tolliver TJ, Catignani GL. Simulta-
neous determination of alpha-tocopherol and
retinol in plasma or red cells by high pressure
liquid chromatography. Am J Clin Nutr 32 : 21
43-2149, 1979

30) Zaspel BJ, Csallany AS. Determination of alpha-
tocopherol in tissue and plasma by high perfo-
rmance liquid chromatography. Anal Biochem
130 - 146-150, 1983

31) A¥S, 47, £71F, &4& SPSSE o|&F
FA AEEA, GgA, 1987

32) WY E, A ob7ke T, 1988

33) Behrens WA, Thompson JN, Madere R. Distri-
bution of alpha-tocopherol in human plasma li-
poproteins, Am J Clin Nutr 35 © 691-696, 1982

34) Y95, o|% A HgT EF7} D beta-
carotene X Aol7} B9 A £F A
B9 E9 A9 &9 uAE 9% dANTR
AE&ARE =7 114553, 1987

36) Meydani M, Macanley JB, Blumberg JB. Influe-
nce of dietary vitamin E, selenium and age on

regional distribution of alpha-tocopherol in the
rat brain. Lipids 21 * 786-791, 1986

36) AeA, d3g), o)zl B9 el EHIL 2
e Es Aot Age7t ThE chicke BH
7 zA vlgd E $%d nAs 4% #59%
837 22(3) © 209-217, 1989

37) Vatassery GT, Angerhofer CK, Peterson FJ. Vi-
tamin E concentrations in the brains and some
selected peripheral tissues of selenium-deficient
and vitamin E deficient mice. J Neurochem 42
554-558, 1984

38) Tinberg HM, Barber AA. Studies on vitamin E
action | Peroxidation inhibition in structural
protein-lipid micelle complexes derived from
rat liver microsomal membranes. J Nutr 100
413-418, 1970

39) Maggio B, Diplock AT, Lucy JA. Interactions of
tocopherols and ubiquinones with monolayors
of phospholipids. Biochem J 161 - 111-121, 1977

40) Lucy JA. Structural interactions between vita-
min E and polyunsaturated lipids. World Rev 84
- 113-117, 1978

41) Yoshida S, Busto R, Abe K, Santiso M, Gins-
berg MD. Compression-induced brain edema in
rats . effect of dietary vitamin E on membrane
damage in the brain. Neurology 35 : 126-130, 19
85

42) Scott ML. Advances in our understanding of
vitamin E. Fed Proc 39 * 2736-2739, 1980

~ 114 —



