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=ABSTRACT =

This study was designed to evaluate the effects of tocopherol supplementation on serum
HDL, and HDL, subfraction and lipoprotein pattern of young rabbits fed the different levels
of dietary polyunsaturated fatty acids.

White male rabbits with an average body weight of 90kg were assigned into4 gorups : LP
( Low PUFA); HP ( High PUFA); LPT ( Tocopheror added to LP);HPT(Tocopherol added to
HP) by feeding safflower oil or coconut oil at 109%( w/w)in addition to thow diet with or
without tocopherol for 4 weeks. HDL —Chol and HDL subfractions were determined by poly-
anionic precipitation method, and the relative amount of lipoprotein by electrophoresis.

Serum total cholesterol and TG wer slightly lowered in the group of high PUFA diet and
its effect was more in the case of tocopherol supplemented. HDL -Chol level was redu-
ced in the high PUFA diet with or without tocopherol, but overall, HDL-Chol level was
not influenced by tocopherol addition and also no significant change inlipoprotein pattern
when tocopherol added to the HP diet.

HDL, level was increased in HPT group but not in LPT group when tocopherol was
added to each HP and LP group, respectively. HDL, levels of both LP and HP groups
were reduced with tocopherol supplement, but the reduction was less in the high PUFA groups
so that HDL,: HDL ; ratio of HP was rather close to that of LP, but it was increased when
tocopherol supplemented to the HP diet. Therefore, high PUFA diet could improve the anti-
atherogenic factor when tocopherol supplemented.
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3| atherosclerosis®} coronary heart disease(CHD)
o) A3} AR gt ATF Ao} 249 chole
sterol, triglyceride(TG), lipoprotein 5% =]Zc] 4}
o sl e AF7k o] Foix 2 ge}P?. Hyperchole-
sterolemia, hypertriglyceridemia ¥ hyperlipoprotein-
emia 59 ) An) Al A 4Hsl= CHDS w4 $13al
A2 b Fashoht Aol Adngon, olE 4ol
Ayl ol g 2ARR2A oYL A 5}
SRLPLEREECS

High polyunsaturated fatty acid(PUFA) 4lo]i1} =)
el P/S ratio 7} 2 4ol% 44 & o plasma chole-
sterol 9fo] 1} HDL —cholesterol ¢Fo]] 1]x] = D3kl of
AAE e w2®P%) ge Bk opel & ATA
SJH A Flol| A 4lo]x)upe] okolrt A& W 3}A1A plasma
8] cholesterols} HDL—chol oo nu]x]i= o 3k o
SlA% WS u 95k =% Shepherd 59 1 3]
Ssha teke) PUFA & Fol3i € ) HDL—chole &
A8 Z4H I apo A=I FAEE7 4o HDL,:
HDL, ratio 7t 485?10 221k oldx Ao]d
PUFA 7} HDL —chol &< u|2] = a8kl Al A&
125 = A= ¢gd on, =3t tocopherol & 7ol w}
2t PUFA 7} €3 A 240 #lz]+= d3llv o™
Wk ot nusl vl gonz ¥ AFAL Er
£ Ao 4019 PUFA €32 w3754 toco-
pherol & T2 » &3 9 HDL fraction3} sub-
fraction, &= 7 o]8]¢] <A ¥ lipoprotein pattern
o ojwl3t GFg& FEA ¢IX A=

AMEME Wy

1) 4858

AlFel % 0.9kg 5= ¢ UHE 2 Es] 2602
§ Felvh 4ok AR 2 44 ASAR T A Fol
Heh iz 4T 2 vhrel A 4g4elR 437
ad libitum.© 2 A}83lgth AFE& 39dd Fhiy, 4
oA A He wlol AL A7l FAF e}

2) Ag 4ol

Fehvd SFotA] Ak8el oil & 10%(w/w) FT R,
safflower oil(S.O)ElJ- coconut 0il(C.0) & 483}
Table 13} zto] R7H3ich ol BEsi= 4] Fal

s A —

S0 o] =2 7L High PUFA(HP) Tolz} 3}
=, 23R8k F419l COY o] 22 T& Low
PUFA(LP) olzl slgiet =3t tocopherol-&- & 715}
o] Wol ¢ 2tz HPT =& LPT o} 3} A
©] PUFA 23} P/S ratio:, HP 79| A% 27 oF
17% Calorie ¢} 84%x LP¢ #A-$, o 2% Calorie
< 012¢x}

3) A

(1) d¥.e 477 4 F71 Brhe & 14br—fasting
ol B9 Al A A A= o, serum 2 F4|
2else] 2% YA S serum TGP ¢} serum chole-
sterol A& gl —50Te] naA=lg, 2 vAE
t}alell, high density lipoprotein(HDL) fraction 2}
subfraction & 2.¥|5}gi 1 7t fraction 2] cholesterol 3
e 24 519 o =4t electrophoresis 3}y lipopro-
teinq] HDL, low density lipoprotein (LDL), very
low density lipoprotein{VLDL) fraction ] 7 4=}
Q) b EA a3,

(2) HDL subfraction 2} :

Simpson 5!22] ulyj o & HDL fraction 3} subfrac-
tione] HDL,o} HDLgg¢ 2|3} Serum 2mlt}
Na—heparin (25.8¢/L) 3} MnCl,(2.1mole/L)%] &34
100 ¢ & = 4)6] 3087k AT ice water el A incuba-
tion g}l =+&, YAl-#2] (4T, 1500% g, 30-7}) 3y B
apolipoprotein 2 #| # 8} 2 supernatant (HDL frac-
tion) o] dextran sulfate (Sigma) 8§ 1004 & H 7}t

Table 1. Composition of experimental diet (g/kg)

LP LPT HP HPT
Chow 900 900 900 900
Coconut Oil 92.4 92.4 - —
Safflower Oil 7.6 7.6 100 100
Tocopherol acetate - 1.8 - 1.8
PUFA (%Cal) 201 201 1667 1667
P/S Ratio 0.12 0.12 8.40 840

Abbreviations : PUFA : Polyunsaturated Fatty Acid
LP:Low PUFA; LPT:LP+ tocoph-
erol ; HP : High PUFA ; HPT:HP
4 tocopherol; P/S Ratio: Polyunsa-
tux:gted fatty acid/Saturated fatty
acid.

— 80 —



— Tocopherol 3 7}7F 1832 3kx) 3} A16) 2 =le] E7]¢] HDL Subfraction 3 Lipoprotein Patternef v]3]+= o &F —

3, 20C o) A} 1027} incubation 3}aL ©}2) 4Tl 4 30
+7+ 4AlEe]sled (1500 x gy HDL ; subfraction ( A5
o) & ¥

(3) Serum cholesterol -& & 4] 2F kit () B34 4] oF)
ol &sted EAsgim, HDL fraction® HDL, sub-
fraction®] cholesterol & #4-4] %] Na,—EDTA & &
£} 80mmole/lo] S E2 Hske} T A =g ok o]
HDL, subfraction®] cholesterol oF-& total HDL —
chol o}el 4| HDL, —chol o}& #|3F o] v

(4) Lipoprotein 9| electrophoresis :

Helena A &2 electrophoresis set ¢} cellulose ace-
tate plate S A}-85}4] serume| A lipoprotein fraction
< #28 o}, & plate = Oil Red Om ¢ 2 lipopro-
&l 5] densitometerd] 4] Z+ fraction ¢}
2 F& EAsHe = o} plate = Helena
F2| m4jko 2 cholesterol-S HLSR|A A3 3
ol 7z} fraction$]

&
A

N

cholesterol &h2ko} Al Aol okg-

densitometer o] 4 & 5}o} lipoprotein pattern-g- t}

Table 2. Effect of dietary polyunsaturated fatty
acids & tocopherol supplement on
serum cholesterol & TG in rabbits

Groups Chol (mg/dl) TG (mg/dl)

LP (6) 94,5 +39.1 116.4 +43.6

HP (8) 932 +26.9 89.3 +58.4

LPT (6) 81.3+14.3 95.5 +41.3

HPT (6) 72.0 +33.3 63.0 +30.3
Mean+S.D.

(‘f-‘:Number of rabbits
Chol : Cholesterol ; TG: Tryglyceride.
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2 of 7ol 43= PUFA 8] &3fo] % Calorie 415]9] oF
2%o0]m A 2 xR P/S ratior} 0.12¢] Low PUFA
i+ (LP, LPT) 3} & Calorie 4139 oF 179%0) 2 A9
P/S ratior} 849l High PUFA ¥ (HP, HPT)o & F
Asigict PUFAgHel o8t o k8 mr] a4 LP
73} HP -, LPT 3 HPT ¥ 7k A3l E wlastg
I3} tocopherol & 7ol &4 QS vr] SEA= LP
T3 LPT F, HP 3 HPT+ 718 A2 wlashyl
1:}..

1) Serum cholesterol :

Zr F7¥8] & Aol ¢l ot LP 79 serum chole-
sterol oo HP #3} # &) ¥|&stga LPTF xrcle
HPT 244 OB} 71455icHTable 2). o]h2-& A3}
Aohye) PUFA & gHFE S7IA1ZA S o) plasma chole-
seterol & Zr4 A7 + gl 23O 31 A=yl
o} a22|u} tocopherol H 7hrel A= ¥ A2 ¢l
ol =zl ul HPT Tl 4] serum cholesterolo] v Zh4= gl
2 =38k low PUFA Ul (LP vs LPT)e| A5 to-
copherol & 2 718} & ¢ = A} cholesterolo] 7r4=7] 3
2=t high PUFA 4le]s] tocopherol & H7}51-& A
Soll o Gl A ek BE o] A FAHLE o)
e & ¢ Fx= XA high PUFA 4o}

7% tocopherol & #H7}3} Fo 24 ©f§ PUFA S <}
A 52 o] serum cholesterol & EF& 08 7144
71E ol Ego] F Ao b,

Table 3. Effect of dietar{) polyunsaturated fatty acids & tocopherol supplement on serum HDL fraction
y

& subfraction

polyanionic precipitation in rabbits

Groups HDL—Chol(mg/dl) HDL,—Chol(mg/dl) HDL ,—Chol (mg/dl) HDL, /HDL,

LP (6) 51.6 +29.3 32.8 304 18.8+7.6 2.20 +1.63

HP (8) 36.7 £19.6 25.3 + 16.0 12.4+4-3.9 1.99 +0.88

LPT (6) 4.7 +20.7 319+ 19.7 13.9+ 6.7 2.56 + 1.36

HPT(6) 42.7 +20.8 32.7 +18.7 10.2+3.1 3.23 +1.59
Mean +S.D.

( ) :Number of rabbits
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2) Serum TG:

PUFA 9| 30| E5t8 Wl serum TG &= o yigke}
& LP & Rrch= HP #o], LPT Fx = HPTZ A =
3t LP¥#3 = LPT ¥l A, HP Fx b= HPTF A
o 74591} (Table 2). o] 2}zte] FA Aol F 4L
9375, 4olo] PUFA & o4 #491¢ of plasma
cholesterol ¥l TG kg Y3t ot o} F3}Ho|q)
o, =3t serum cholesterol &} 7-$-¢} wlxl7}z] = to-
copherol & AAHEL 24 serum TG7 dg 24
slgiel o] A3 Kannel 524 n39l 9x)gon
serum cholesterol ] 2-9.9} ulal7}x) 2 tocopherol ¢]
A 7}=le] PUFA 7} tf$ b3 so] Engelberg ol n.m
o) 4 ¥ high PUFA 4]o]x lipoprotein ] lipid¢]
235 ES 5o AT lipoprotein ] L3l 7} 27}
o] substrate : enzyme ¢] &2 F7 8] Fo] plasma
TG A7t o 018 Aoz sj4sigie}p@10,

3) HDL fraction 3} subfractions :

Heparin 3} MnCl, E£3-& 4183l 22|35t HDL-
chol 32 w®]m3le] (Table 3), LP 3+ #js}d HPF
oA Zisglor LPTZxetE 2 o ygke) =it
LPZ¢l uls] HPFol] 4 HDL,9 HDL, subfraction
ok Er} 7459l 3, HDL,: HDL, ratio: #$¢] |
=3tgl o

o] F PUFA §%0o] &g HDL —chol oo n]x]=
G gl sl e ob2 daAde datar) gAHE R o
F¢] A3 Chait 59 sle} Aksig) 3, 05]% She-
pherd %9 #$9} 7o) high PUFA 4ol 23l
HDL ¢J=}¢) sjsbts Jz71 dsiEle] B4 §540] Sl
=) F3AA o we] AA=YE AR glon, =x

Table 4. Effect of dietary polyunsaturated fatty
acids & tocopherol supplement on the
relative amount of each lipoprotein
cholesterol by electrophoresis

HDL-Chol LDL—Chol VLDL —Chol
0, W

Groups ©) ©) ©)

LP (6) 2954134 5494147 160177

HP (8) 218+ 74 6224+ 70 156+71

LPT(6) 271+ 90 626+ 55 103+5.1

HPT(6) 2194 7.6 61.7+11.8 16.4+84
Mean +S.D.

( ) : Number of rabbits.

$35Esh 4% ok HDL Qxpe] b Aol 247 9
o) HP o] 4 o 2 45o] ohdsh A 4n . =at
tocopherol 3 7}A 6| = HP 4l 4 HDL—cholo] Zt4
gl et ohlzl CHDS ool o f&g  dxhz
¢4# 3 HDL,: HDL, ratio 7} A9 7& FFo|glen
£ tocopherolo] M7k x| 9he ALel= high PUFA
Aole 93t CHD o9} 5&d & Zzte /g +
& A2 g A}

Sundaram2172] u we) 2|5}, tocopherol A 7)ol
o8 44144 A$- HDL, 2} HDL, subfractiono] =
T UM e s o8l #el4e HDL, 7} S7k=lgl
A HDL; & #4sle] vlgt) CHDY «Wsde 5
2. A7)l Z3pdelql ek

2 Q97 tocopherol & £ & A9 oja
ol 4 2y HDLg7t 7t4sl=E ohskort 343 A9
2L TEE 8L, CHD o o A g W47 =
HDL, subfractions} - HDL,: HDL, ratio 7} $v}s]g]
oz CHDolW5d e g7 sd o Eahde
AolebaL A=t} =T tocopherol 9] s, low
PUFA Ao|#+]4 mc} high PUFA 4lo]e)4 HDL,
subfraction-& g3 o v Al4Ajzla, HDL,:HDL,
ratio © high PUFA Ro]ife] A tocopherol 37}
of 98 o% Agsigieh 2ei=2 high PUFA 4
olel] tocopherol-& RBr}s] Felw PUFAE oS 23
3}, 2 PUFA ¢ 98 hypocholesterolemic effect-g
ZHA| i F3, CHD oA uel=bE o Exi4l7led &34
A Aoz Asde zev & 489 Ao F4H
d fFel4gE data= ofjglem e sample ol A
gglo], =4t ultracentrifugation §¢] vz Wyoss
HDL fraction 3} subfractiono}&- s34 & D g -} AUr}
a 2o}

Table 5. Effect of dietary polyunsaturated fatty
acids & tocopherol supplement on the
relative amount of lipoprotein fraction
by electrophoresis ‘

Groups  HDL (%) LDL(c) VLDL (%)

LP (6) 27.8+53 53.1+141 19.1416.4

HP (8) 241149 5954+ 6.5 16.4+ 5.1

LPT(6) 265479 549+ 65 185+ 24

HPT(6) 229+41 53.4+14.4 23.7+11.7
Mean+S.D.

( ):Number of rabbits
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4) Lipoprotein ¢} electrophoresis + LPT) ¢ ®|s] high PUFA 4l¢]F (HP+ HPT) ¢l 4
Electrophoresisol] ¢34} lipoprotein pattern$| ®|5L Fro) A 9 Al wekel (Fig: 2). 2ejv} PUFA $Fof 314
o] A| & (Table 4 HDL fraction¢] 4tv) & gl ok ¢ %3¢ tocopherol A 7=l F71e] ¥l 2a,(LP+HP )5
A2, iz 5} polyanionic methodel] &5k 22| 2 -2 (LPT+HPT) F3 72| 2o} (Fig. 2) tocopherol
3} (Table 3) ¢} ¢x]=gic} LP-el v} HP 7ol A, Akl o3t g AT 4 glgdel =3 LDL frac-
= LPTFol vlsh HPT Fol| A4 22 of o ZAeg 2 tion?] AbdlA gl FE Frbx] A4 whiel] A 12 Azl
4 3L, tocopherol A s}ol| =4 glo] & 452 PUFA = AY wj=sidet. (LP+LPT) 7o) vl (HP+HPT)
4oz 2 g+ nw (Fig. 1,2) low PUFA 4% (LP Toll A 2t F7hElgl o™ tocopherol 7Pl FE
= ©6) {©6) ©)
3. %} 60 | 30}
S N m
3 7
% g é 201 7 g 40 20} 7
257 1w} g 20 10} %
- /
HDL LDL VLDL

Fig. 1. Effect of dietary PUFA & tocopherol supplement on the relative amount of lipoprotein
fraction by electrophoresis in rabbit.
The values were taken by either the summation of 2 groups of the same PUFA
levels, or the summation of 2 groups of tocophel supplemented or not.

] :LP+LPT : HP+HPT :LP+HP T LPT+HPT

©)

[ w
o (=]
Y Y

fraction (%)

-—
<
L]

The relative amount
of lipoprotein

HDL—-Chol LDL~ Chol VLDL—-Chol
Fig. 2. Effect of dietary PUFA & tocopherol supplement on the relative amount of each lipo-
protein— cholesterol by electrophoresis in rabbit

The values were taken by either the summation of 2 groups of the same PUFA
levels, or the summation 2 groups of tocopherol supplemented or not.

[J: LP+LPT : HP+HPT 777 : LP+HP : LPT+HPT
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B AY L FFolglet(Fig 1) o] o4zge] LDL
fraction & 40| 9] PUFA & %o¢]r} tocopherol3
Zbell ofat F3e A9 9 28l VLDL frac
tion o] Al AQl el FrHx Aol At A
= ga4e] gisitt  Table 464 VLDL—chol?]
4t A ok tocopherol Foj a1l &= PUFA @3] 43
o] 91%1.21} (LP vs HP), i 30l HPT Fo| LPT
2t o ¥3er high PUFA o] (HP vs HPT)
ol A& tocopherol sl 4§ FiFE WAL
gigl el et} Table 5¢] VLDL fraction ®] Aul= of
& HP Fol|4 LPF 3z} | gkt tocopherol 715
ol & 2 w9 Estolgiel zeirvt Fig. 1o 4 F-23)
nm o9 PUFA ol o8] ofztk S7kd Agkelgl
21} )4 o] glgl. 0w tocopherol o] 3t FFE A
o sl

Schwandt =1%2] w w4 ¢}5}d PUFA 4lolol o} 5}
o} LDL—cholo}o] t4sgdttn §ownd!® Hermann
5 ¢5}w tocopherol rle) &) serum TG}
VLDL~chol ¢}0] zhi5lgl ov} B AfelAE  serum
TGS VLDL-chol (Fig. 2)¢] &7t #4sigovt
serum TG kel 93-& = ul VLDL -~ chol ok¢] W5}
£ ohgla 2+

& g

2 of Fo| A= coconut o0il 3} saffower oil & A}-§
Stod 4lo|9] PUFA 3-8 oF 299 17%2 zAsla
72 tocopherol & A shslel ErjolA T e A @
) ¢] HDL fraction3} subfractionl HDL,9} HDL,
o] A A v], 7 0]9]9] 21424 ¥ lipoprotein pat-
tern-$ A B3l oS3 22 AL A}

1) Tocopherol & # 7}5l%] &-&F9 #-%, high
PUFA 4lole)| 2]8l serum cholesterol §Higol] 2 o3 3)o]
919 01} tocophrol & #7}s) S0 24 high PUFA
Aojel 9]} serum cholesterolofo] ¥ 7h4= 4 gl
23

2) HDL —chol & polyanionic method = 2]
§1-2 -2} electrophoresisel] 23] £431 -l
2= high PUFA Aole] ¢st 7t45 gl o} tocophe-
rol-& A7}3te 24 high PUFA Aojo| g3 747}
€4t

3) HDL,:HDL; ratio = high PUFA 4l¢|& &
79-8} tocopherol & U711 & 79 =5 7o
S48 4L gglon, high PUFA <lo]e] toco-

pherol & H7H-& o 21 u]go] W% FrH=EH:

4) High PUFA 4o¢]¢] tocopherol& A7131&
CHD o utso] 9= gixla ¢#ixl HDL fraction
5} subfraction %ol FAHCE fAdde 2 Al E
Bolx %3t AL £ dTolA AHEE Erlvl ol 4
o] T8 wWale] Ev] resistant QT Fhe4el Ao
o2 B oo 3 43¢ AEs & Hast Ut
2 g7,
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