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Dietary Lipid and Atherosclerosis

Sung-Hee Cho

Dept. of Food Science and Nutrition, Hyosung Womer! s University, Kyungsan 713-702, Korea

Abstract

Atherosclerosis, a multifactorial disease, is closely related o lipid nutrition. Data from well known epi-
demiologic studies including Seven Country Study, Framinghsam Study and several intervention trials have con-
firmed that serum cholesterol is the major risk factor and elevation of LDL-cholesterol level is most undesirable.
On: the basis of results concurring in that dietary saturated fat and chelesterol increase serum cholesterol while
polyunsaturated fat decreases it, changes in serum cholestero! level have been predicted by regression equations
devoloped by Keys et 2/, and other investigators. Effects of individual fatty acids on the level of serum cholestersl
have been further differentiated by chain length, cis-trans isomers and 56 vs n-3 pelyunsaturated fatty acids.
Among them the effect of n-3 fatty acids has been well recognized as antiplatelet activity, thus reducing the
incidence of atherosclerosis. Role of vitamin E in preventicn of atherosclerosis has been evolved from works
showing that LDL oxidation stimulates formation of atheroma and also from epidemiologic studies. Dietary
recommendations af present are ; (i) 30 and 10cal% as upper limit of total and saturated fat intakes, respectively
{ii} no more than 300mg cholesterol / day, (iii) 1~2g of n-3 fatty acid / day and (iv) some increase in current RDA

of vitamin E which is 8~10 TE.
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o olel @ H2 Aol A pURoE $EHTL Y
Ae ot w4 ghE Aol o] H2e AT ARS
o] B3| 449 oz Adsn, A%Hql 7 ad
T Eoto] ARDA o] U A S AWk g
=0 2 e Ao sEc.

FALZd A Z Bicoronary heart disease ; CHD)-2

SUAES] AU GER)S] A A o]n] Fa]A] e
= R Abe] 1/4012F sl W ghel o wzhA o]
o 4 713 o4 BHF 2 gletiologyidl) )
o] Folzl AT AR Wisieh 1 F oA Twin Cit-
ies Study”, Finland Study®, Seven Country Study®, Fra-
mingham Heart Study” S-2] <& £ate} Ho) A H 10
T2 Lipid Research Clinicell4] F#E 2.2 83 in-
tervention trial-& 9] 238} v| 2, @3, W 7] o], Oslo & =
7 2 7 multipie risk factor intervention frial (M-
REITI9 22 2o ol 5] i AHES g3 o
ol F9E Yohx BAT o) FTEH W2
A AAEL Table 1] 8oFTHE f7d, A, vholel
o] WEAA 4 ¢gle 4.4 (nenmodifiable factors)ak
Aolut A&l 2t A + gl 2 (mod-
ifiable factorst®. i RANE &= gledll, XA Ak &
A= AAA Y o oF (Tableol 4 &= inadequate nutrition)
g 427t sgle w2 P S thyperlipidemia)® L 4]
A o] glok wlR o] AP EY F4 Hgle] Bz
Y3 Te e Gl BATHNAI] LA AHHE
7 & GgE T dAkl AE FAe Aot ¥
H e ~dE F IDL-Ful2s B Aol S1ET
gt HOL-Z 8|26 & 588 A5t A8 25
ok & FH s EF (DL-ZA2=EY 54 o}
2} o= National Cholesterol Education Program Pan-
elefl A= 19883 ¢l A5t 71527} Table 2of e}
sith f-ejulelell M = o) o] Fobe] bt gk S8y

£ o

Table 1. Risk factors of atherosclerosis

Nonmoadifiable factors Maodifiahle factors

2 AptEe] diabEAde] maldl S Z]EA0T ot
oA o g ¢jc}h Table 20t 4] ¥ 5o] HOL-Z 3| 2822
35 o] g)x] 921k Framingham Study?el| 4 & &
#l 228 & /HDL-ZH 29 84 vige] 3501501 <t
gk ¢Foin], 4501312 9 g HASch BA F
AAA e Frbef CHD R A9 Agd S vy,
o7kl Ayl v FEElgl. a3ld ALY 5
7}7t HOLS] ZpA-& ¥ 8)sted? 474 235 57
AHALE HzrEA] gose ANE oot Poapst £
w3} Schonfeld™e] XA 2 WH A Awe] 23]
&= VLDLS] F5-ol whe) ojAbe] Helrt A H =,
2w Lipid Research Clinics”, Sweden'?oll X S5 3]
Al g dF s alt

Ao|x|HEa HEXH

Ao x| Hpal 2] 99940 Ab-S AA|dhe 7L A Ak
2% of Aupef okt Ao wbE YA T E of
A4 s3] syt RE X AAEY V18 A
Fol Ha gluk ¥4 AA F Feauge] $543%
2 A 1 A galRte| BE Holdla HHshe FHl A
Table 2. Report of the national cholestercl education progr-

am expert panel on detection, evaluation and treat-
ment of high blood cholesterol in adults”

Initial classification and recommended follow up
based on total cholesterol

Classification, mg/di Recommended follow up

<200 Desirable Repeat within five years
200to 239 Borderline~high Without definite CHD:
Dietary information and
recheck annually

With definite GHD
Lipoprotein analysis :
further action based on
1.DL~cholestero! level

240 High

Classification and treatment decisions based on
LDI-cholesterct

Family history Inadequate nutrition
Male sex Hyperlipidemia
Age Obesity
Diabetes mellitus
Hypertension
Cigarette smoking

Physical inactivity

Classification. mg/d! Treatment

<130 Desirable Dietary

130t0 159 Borderline-high -CHD +CHD
Initial =160 =130

=160 High Min. Goal <160 <130
Drug

~CHD +CHD

Initial =190 =160

Min, Goal <160 <130
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alo] ZHlAdERE F4 €3 FHANES 4471
o ghE R 2, 1960 Wl o] 28] Keys 593} Hep-
sted B2 Aol FeAHE, £33, ol g RIS
o) W] W2 WY TAAUBSES) HIE 2
¢ ol o 4] Table 308 &8 et o5 o749
Yo el Aol Aot A deletn & 5 olled,
5, R A ALY EotE DAD o, G2 47
SoAz Tie R RAL v ws e T
a8 B3} $A s Uehd e welel, A% 29
2E|Eel A2l edgre Fr] b (neutral chal 2y
219k FER olete acid)e] ) BB} E (isocaloric level)
Z uluste 2] £33, B 4ke] g EeE
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Table 3. Equations for predicting effects of diet on total ser-
um cholesterof

Eguation of Keys et al'™®

ACholesterol {mg/di}=2.7 5 - 1.35 AP+ 1.54C""mg
£1000Cal/ day

Equation of Hegsted et al'™

ACholesterol img/ dl) = 2.1648 — 1.65AP + 0.068AC mg/day

S ; saturated fatty acid (% of total calories)
Py PUFA 6 of total calories)
C ; dietary cholesterol

A

k|

%3, Hegsted 53} MeGandy 572 Table 4¢) _8.‘:’—‘?
g e} o] zf EahA e 2 3 F RN A E
a9k o8 23RS lauric{12 1 0), myn:;t!c
{14 : 0}, palmitic(16 : 0) acid>} €3 Fol~dHE Al
off o elehdl] WA R 27 o] Ropxx glch FEA
Ea&A akate] 78] 50%e Sohels stearic acid (18 :
O8] 4157 F o Keys $"0I Hegsted 572)
Alofl 83171 S (negative) 2 wHEf} of AghAbe] Fof
Aol #A-S& Tolth Bonanomez}t Grundy'2 stearic
acidell S| WA & Te~EFe Aok LOLE op]
2 HOLE A 2 EE 37| D2 -8 2 R/A W42
et YL H B BolFqdch
el B A A H B A Aubadel] w2 Aje]
7t ek A& @A Hlrh. Margarinesh F& S48
7} A w4 Az A EE vans B AW el
aigic acid, 18 & o) Al F 271 3 abarsd Sabs
th AFGZo) Al 11cal% 452 trans W Hg;&}z] npAl
£ 33 F9-2 9, cis A4k oleic acidE 4%
HE vlEle ¥4 T FH2EEo mmg/d :
LDL-Z# 28 Eol T4mg/dl S7hstgd ol ol £
FAubals ols o, 21, 18mg/dle) AddrHcls o
Grov HDL- )28 & - 50] ZHA YA 442 o
7} gl ukele] trans A9 A2 Tmg/dhd 3
sledt A sty NP RS FrHAA 5 glr}. o] 9} ]
2=31 A7} Nestle 54, Lichtenstien S]] 2]§lo} ¥
2=4 2, Mensink 5-& trans X ukalell 2 slod fipop-
rotein(a)e] £7tx ol slg ot o] = o}F =29
fare] = 1 gl 2 Willett 2.2 198003 F-8] Nur-
ses Health Studyel] Zred il 85,0957 2] «dxajE-2] Al
A T A2 XE trans 2 gb4ke] A3l CHD wE
Hae] BAE Atk 152 A elstw, 1
trans 2| kAl A # 7} 5.7g o] AbE = AFEHS (80th perce-
ntile}2) CHD vk Fro} 2 4p o] 8} 8 = AP35 (20th per-
centile)®] 1.5807} i<t zedvt trans RbAE] 18

Tabie 4, Changes in equation and multiple-correlation coefficients by the types of saturated fatty acid

Equation 10:0 12:0 14:0 16:0 80 12101010 R
Keys et al'™

Fgtil 2.15 0.93
£q(2) -1.83 2.76 0.95
Hegsted et al'

Eq (3} 8.45 2.2 0.95
Eq (4) 0.66 1.03 4.98 3.76 -0.49 0.95
McGandy et al®

Eq (5} 2.14 2.47 0.94
Eq (6] 0.87 275 2.90 1.30 0.95
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= AL F velgrl o] n-3 Aluiabe] Al FA A4
7atoll ] Al @Asle] ofd Wate]z 25~50%0] 4
7hA| @ Egjc} LDL-, HDL-S8 6 88 4 x &
T8 F el aw el o3t AEtE e AL S
W2 VLDLE] ZhAr) o) $- 37| dfEelvh zeiv) of

S i
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lipiprotein (a} & ZF=A Zche 130% 3)c).

3 KA S92

Aol ZA et n-32)ubAEE 7)ol A olggd wlet
7ol AA F #ALEol 2t} 8~18%, 6~20%F 57 9l
+= eicosapetaeroic acid (EPA, 20 : 5)8} docosahexaen-
oic acid (DHA, 22 : 6), 23] A EA$) 1~8% AE
4% a-linotenic acid (18 : 3)o} =& o] &}, o]
% 973 gtsk sba W slehy erelal AL EPAS]T)
1AL EPAZE AW el eicosancid ] Alel] 2114 ¢l 7]
Aol 7] wlFo|tl. DHASLL linolenic acid® Zu] oA re-
troconversion B+ elongation-desaturation-& # & EPA
2 AW 4 Q1o 7 ARTe] S5 2ol v} o
T ol AellA EPAE Be] Al # e Eskimo
2 Y439 arachidonic acid (AA, 20 @ 4n-6)%Feke] &
ofv} o EAbRbel us A4l P, EPAR] ghefol wgh
2w ?(Table 5), @420 S4HE Foiop. $97 3]
w21 Fig 26 2432 €4 9w Fd 9
gzl ol B BalFo] Agdle] o] RelR = 3
T HAolct. o] F Had 54 4AUR (platelet de-
rived growth facton & Hujsln ¥4-¢ gA st @3
W] o atheromad A1 std] 71od 3o}, 1 AT
8} monocyte/macrophage2] chemotatic acitivy-& £
o P ool 4] LDL-Fll e &8 #8ted foam cell
L2 " B3 AHRE doc} ¥an 4
2B 7 280 prostacyclin (PGI), thromboxane A (TXA},
leucotriene B (LTB) %2} eicosanoidel] &gl A= &=
o], AAS} EPASLRE] A A F72] eicosanoidE-
2] Zhgo] A Ao) S MelEh (Table 6). AAZH-E]
AAE PGle} EPARRE 7} A4 E PChel Wag &

2 e

Table 5. AA, EPA and frequency of death from coronaty heart disease in three population®®

Plateiet phosoholipid CHD
- AA EPA Ratio n-6 : n-3 (% death)
Europe, LJSA 20~26 0.1~0.7 50 40
japan 18~22 1.0~2.5 12 12
Greenland Eskimo 8.3~9.0 6.4~8.0 1.2 7

All values are approximate,

AA(C20 : 4n-6) and EPA(C20 : 5n~3)
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Fig. 2. Sequential steps in the pathogenesis of atherosclerosis.

Table 6. Biological activities of major eicosanoids produced
from n-6 and n-3 polyunsaturated fatty acids*”

AAIC20 @ 4n-6) EPA{C20 1 5n-3)

- {nan-denuding)

PDG Factor

(circuicfify‘\

Smooth muscle cells

(migration, proliferation,
and growth tactor release)

Endotheliem PGz PGls
antiaggregatory antiaggregatory
vasodizlatory vasodialatory

Platelet . TXA3 TXAz
aggregatory not aggregatory
vasoconstrictive less vasoconstrictive
Neutrophils, LTB4 LTBs
monocyte /

chemotactic weakly chemotactic

macrophage

Aol Aol Qg A5 vl S=Fh AR XAzl w4
TXAE B4t Al g3 S E5EA ) It g
4412 PGY/TX v| &<l 2j5le] ZAo! 5] EPA
2 gte] o] H]-go] ol Ham FAle] Aol
5 Folgheb® = ak EPA A AAIEl LTBsE AAdA A
A E] [TBaol] W]}l macrophage?] chemotactic activity

{genuaing)

PLATELET AGGREGATION

=~---aFIBRINCLYS!S

THROMBOSIS

Zz Fabzl ool Zalaloe g EPARHE AAEE
eicosancidE¢] AAR AAFH = A E9 v]sto] athe-
roma F 4 & AehAF 2R Tl BAe oA 5
Al fot 2 Aol 2R, ol el e FgE of
Mpo) THE p-3 ALY g wol waEAnd),
Table 744 % 4 olE wbe} e} plasmin activatorg-
£3% sdgd &3}, platelet activating factor, endoth
elial derived relaxing factor &-4] #j38), €72 f-EA 7}
-5 d&s) 5 E9 Fo) lop. ey n-3 o
B EF A ARE peroxidizabilityz} #A] LDLE] AbztE-
215 a7} gled o) o AgHed Rre gl
o2 AHE 84 A As-gel S AokE
o) iz

HiEtD] Eot A

Fig. 291 773 04 710 s LDL-Zela
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H-&¢] macrophageel] 2] &l EH ] foam celld& &
AfE Qe R Fe gi.2), in vitros] 4] macrophage
= AAAE Q! LDL receptord 71 32 glA] 2319 nor-
mal LDL-E & w3} Eabglod”. redt} acetylation
52] W 3% Imodified) LDL& scavenger receptor® A
Z 3 35le foam cellz A A Zlek= AFd g o4
LDLE A R Be] 713 4F3Elr] 41522 in vivos]
A A7l 4% modifiedd LDLE AYS &) (oxid-
ized LDLb R A 5HA Hloh”. LOLS WA A E, o
o TR T lipoxygenaseol] 2}3}o3* macrop-
hagesl|4] A =)= superoxide radical £]&}ed*®, w Al
& 53}‘4 Fol& FHatg A Aol o)zl £ Abals
w ALz gy §i‘4 bl LDLES Wl Eakg o o
ol ilr A AL A S = 831, macrophages] fo-
am cell Hgh& &0 ¥ 2 0}‘-1?'? W A e ol &
monocyte?] .o 2 o) FE = 7% nhe)El L, WAl
Z2E ST S SEEd *'5]'-%' o2 T4 ARE H
EREeP. uheka LDLE) 4R A7) 2R 7] 271 = 5
Lo #x As djal vierdl £ Hake] FEEg]
o} wlely] B FX e A QB E245- Eais
= AA Ao A FAe A% 3 AE A
Azt A bR E R bALe] of Bl FREE #0) o}
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2k olc). ool 348t A7) Gey FHg] a4
o AR gl el 2oz gir}. 1987
e AR 47 1670 A AFEL AR HY
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3} @2 wiebnl Ehe) 4§ AdEA 7 - FehiFie.
3). o] IHD Aptale] ool 83 Fefj 2w Bo] A A
ool gl Al ET-E Hde 2 35S ve ¥
A FH 2 &3 AR (7=0.04)0] A8 HHiAE
v, wlebnl Este] A 07328 o 224
Bt 2F T2 AL A AiEE 38R
24 fellslctn gl glch FaEAE A Ze A
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ERAES sk Aol AR A Awtat FH
HEHel FE o] FRe} s F I A7
vhal Al vlekn] Eeb ofB A A AA G FTs Fole
e & ATAEe] FAHLRE o} Felm vk
ol gk AISHE-2 Table 80 gokstedrh 1991 AlA
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Table 7. n-3 Very long-chain fatty acids and factors related to atherogenesis™®
Factor Function n-3 effect
Thromboxane (TXA2) Platelet aggregation LiTXAD
Vasoconstriction
Prostacyclin (PGl Lower platelet aggregation —{PCl)
Tissue plasminogen activator (TPA) Thrombaolysis T
fibrinogen Blood clotting L2
Platelet activating factor (PAF) Platelet activation L
Leukatriena (LTB4) Chemotactic agent L WTBs)
Neutrophil aggregation
Growth factor (PDGF) Chemotactic agent 5
Mitogen
Cytokines (iL-1, TNF) Monocyte adhesion
Stimulates PAF
Inhibits plasminegen action i
Smooth muscle cell proliferation
Oz radicals in neutrophils
Endeothelial derived relaxing factor (EDRF) Reduced vasoconstriction in arteries o
Endothelial leakage Ficosangids? i
Oxygen free radicals Cell damage L
Maodification of LDL -
Blood viscosity Blood flow T
Arterial compliance Unknown =
Blood cell fluidity Cell resistance T
Plasma triglycerides Hepatic synthesis N
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Fig. 3. Cross-cultural comparisons of the vitamin substudy
MONICA project : inverse correlations between age-
specific IHD mortality and the medians of logarithms
of plasma vitamin E.

Upper panel © absolute vitamin E concentration in 12
study samples with the same cholesterol concentr-
ation. Lower panel : lipid-standardized vitamin E in
the same 12 normochelesterolemic study populations
{dotted regression line for study sites, with big dots
surrounded by dotted circles} as well as all 16 study
populations (solid regression line after inclusion of
hypo- and hypercholesterolemic study poplations,
symbolized buy squares), r* is a measure of the expla-
ined propertion of total variance. CH-T, Switzerfand,
Thun ; D=C, D-5t and D=5z, Germany, Cotthus, Sch-
wedt, and Schleiz ; DX-G, Denmark, Glostrup/Cop-
enhagen ; £, Spain, Catalonia rorth of Barcelona ; F,
France. Toulouse/Haute Garonne ; IL, istzel, Tel Aviv
; 15a, ltaly, Sapri, Colfo di Policastro 3 NI-B, North-
ern ireland, semiurban Belfast ; SC-A, ~E and -G, Sc-
otland,. Aberdeenr, Edinburgh, and Glasgow ; SF-NT,
-N2, -5, Finlang, rural Noth Karelia 1(1983), rural
/semiurban North Karelia 2{1987), and rua! Southw-
est Finland. Reproduced from Gey et al™.
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Table 8. Cuidelines of intakes of fat and cholestere! for pre-
vention of atherolsclerosis

. Fats and cholesteroi®

{1) Total fat s upper limit 30, lower limit 15cal%

(2} Saturated Fat 3 10, Qcal%

Polyunsaturated fat 3 7, 3cal%

13) Cholesterol ; 300, Omg/day
2. n-3 polyunsaturated fat*

(1) Normal person i 1~2g/day, CHD patient ; 2~4 g/day

{2} n-6/n-3 ratio ; 4~10
3. Vitamin F*

1) Current RDA ; 8~10TE

{2) Suggested  ; 20~33TE
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Potato tuber +  Cold 0.1M potassium phosphate buffer [pH 6.8)

Homogenize
Filteration {Cheese cloth}
Centrifuge (13,0009, 15min)

Precipitate - Supernatant
{discarded)

Saturaticn(30% {NH;),50,)

Centrifugs(13,000g, 1Bmin)

Precipitate Supernatant
(discarded)

Saturalion(ﬁﬂ% {MH,}250;)
Centriluqe(13,000g, 15min)

|

Precipitate Supernatant

(discarded)
Dissolving in 0.05# potassium phosphate
buffer{pH 6.8)

!
Dialysis
Ci-cellulose chromatography
DEAE-cellulose chromatography

DEAE-cellulose rechromatography

Fig. 1. Procedure for the isolation and purification of the lipoxygenase iscenzymes from potato tuber.



