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Nutritional Importance of Lipids in Human nutrition
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I MOX|He FYLE F4d
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B 2 Q14 AHat AdlellA A3 A Auke
2 Hoqlrh Jof grslE2 Aol SARe R
AgElo] iRl SHHK,2).
2. M9 Ay ol
AIAIRIS] Al 1S AT, o3 tEo] Ay
A Agho] S AR ATK3). olF HEH
Al A3l(cardiovascular disease) L] FLNLS =
@ A 5l atherosclerosis) 2 FW 73 3= =] rke] I} A
5} 52 ABDAL SIcke). Ao A4 2L
43 B wedio] wiylg HYAdSH O g
Fo| 7113 AE<5(Disease related to the life
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style habits) =, A& 3l chronic disease)ol] =
< & F JTK5). o]t TIF S o] e
7V B2 AlZke] A8EF7] wiEel, fop e Al
2 Age] Jez A e A0 2 F
Zhd Folojr] A1 Aol A= AdEH
W2 AR B9 e, RS H 3540 A
&, 2ule] 43 Fol SR Ll dojdrt
J BRI Qo AEH Folle AR Ao A3,
A Fo] go] $hiE 27 37 BAA = Stk
(4,6,7). & 12 A 33 thefst Jgavt A
BERES HIAE G 2 o)) 710 AEAAE

St g Ete] $AE JehiE Qo
I X9E Ot
|, Al X[THE AP 9L O
2ol R AL 270NN FEH e &
lipase)ol] ]3] 2-monoacyl glycerol(2-MG)3} 2

Bz1o] Aukrkfatty acid)E 2ajFo] 24 5
ot &% 35AE WE 502 2-MG e} A
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3 1. Nutrients’ effect on the inflammatory makers and potential modulation of the risk for cardiovascular disease and

type 2 diabetes mellitus.

cvDY Type 2
Nutrient Effect on inflammatory markers )
risk DM? risk

Saturated fatty acids TCRP, TIL-6, |E-selectin 7 T
Trans fatty acids TCRP, TIL-6, TE-selectin, | VCAM-1, 1ICAM-1 7 T
Monounsaturated fatty acids — l

‘ |IL-1, [1L-6, |IL-8, |TNF-a, |CRP,
-3 fatty acids . l

| VCAM-1, |ICAM-1, |E-selectin
High glycemic index carbohydrates 1CRP 1 T
Fibers L CRrRP
Antioxidants | CRP, |TNF-a, |VCAM-1, |ICAM-1, |E-selectin !
Moderate intake: |IL-6

Alcohol No or excessive intake: [IL-6, TIL-8,

TIL-10, 1IL-12, 11L-13, TNF-a

Ycardiovascular disease, ?diabetes mellitus

~Hlong chain faity acid)S ThA] =AAuko 2 344
H 5 A4, FH2HE 2 apo AT A L3
“d(solubility) & F7HA17)7] 98l Acraya-S A5
THILE 1. 27 STAEA S8 Aehae 2
ClEFH & oI FAALE FE FHIL e
7Fd 2v}o] A (chylomicron) © & 2jo] z|uke] 3tk
o] Fol BHOR uiE o|FsA F3l YuiHE g
I ANE I HZsloiM Moz o]Ed &
oS wh} £33} FMd 2 rjo)3.20] 1]ekA A

Cholesterol Phospholipid

e Cholesterol ester
A A

Peripheral @
apoprotein

Cholesterol

Apoprotein B~100

Core of mainly
nonpolar lipids

32 1. General structure of lipoprotein.
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¥of thfEd Aed ] SRR dexos
LPL(lipoprotein lipase)ol] 28] Fe|A| &3} xkate
Z 28 Ho] APMER o) FEL, ol FAALLE
Aol At FspAE Al F9AS W
B FHd Rl AR YRR A7)7F Aol 2, ol
5t Z--2(chylomicron remnant)< 7kl S<rgch
R Jod BestE R FAAS S5k ol
M FAAAMES: FHL 2ol AR s, TLE AL of
Eh A kA AU EA P H(very low den-
sity lipoprotein, VLDL)-& §sted ooz wi&
¥tk VLDLE 39 8 3 gslA A =
H FAAA S AN LR o] FAT]LL 11 A
Hl2 gl oA AUEXehlZ(low density lipo-
protein, LDL)Z 3t} o3 A% LDLE =
H2HES 7P 8ol $ireta e AdHoe] &
J FHAHES 922 sk AlE o5 olFA
70 g2 S 2EIES el FETh 7> LDL
o thek 4~8-A7} el LDLE: wolgd & on,
ol LDL We] F2slE2 @5 Aol o]d-Ho]
GEE uEh GO R olFeth HE AL AR E
HAHES AR Mk 228 7ol 1=

=
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Dietary fat, cholesterol

E

Peripheral lissues

Lusis AJ. Nature genetics. (2008)

Bile salts, cholesterol Liver
LDLR
—
¢ —
Remnant
{ LR LPA
’ B 100 B1OD

NCAN-CLIP2-PBX4

121 2. The primary pathways for the metabolism of human plasma lipoproteins.

A2 -A(high density lipoprotein, HDL)-2 %3] A
¥} ok olake] FH2HES AYL IS ) o]
£ WolEole Al ot} Yoa] A2 vhEoi3l
HDL(native HDL)-& Y23} M X2 5E] oodZy)
ZEEE WolEo|H Yo T Burt AR A&st
HDL(matured HDL) Z A3t} o]23F HDL W

ZY AHEL A A cholesterol ester transfer
protein(CETP)d]| &jsj] LDLZ ¢33, o] LDL2
QoA At uke} o) ZHA FETHLE 2)(8).
o f A B4 & 29 Atk

FE A ) o5 FEA A R AR T4
Adpo] Adbatal FEAER BalE & 4z 9o
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# 2. Chemical and physical properties of plasma lipoproteins in humans

Property Chylomicron VLDL LDL HDL
Density (g/mL) <0.95 <1.006 1.019-1.063 1.063-1.21
Diameter (nm) 80-500 40-80 20 7.5-12
Lipids (% by wt.) 98 92 79 50
9 22 47 19
Cholesterol
82 52 9 3
A-TA-1
B-100
Apoprotein (%) 548 C-1,I,1I B-100 AL AT
oprotein (% - 1,10, -
pop C-1,ILII c-11m
E E

2 ojsa

°lEs

PRS- m|EZC oyt 9= AEZZ
At B S AXEA oURE A
3t FERMES Tl A28 24X §4 2 7)

B tAlgel Felgin
2. oux|po 2 X[H

ot AR UE BT E% A
°] 40-50% 2 H L3 I 50
LT Qitk olo) ulksl A \l-/]
L ZofL4x]9] 20-30% ©o|AFS X
o}z U olE AR HEe %“ﬂéﬂr A4 A7
Fe] AFRAA7E ok Bas Y 9l7] wie]tk9). &

i

Eo

;%

Keal
3,500 -

liiiid Total calorie  —~@=—rFat{total} --@--Fat{Animal}

3,010

1985 1988 1990 1995 1998 2000 2005 2006 2007

ghmelel olluix] % x|EkdA 2 (2009
SHE)

2ol MEXE,

9] A2 A Aol T 30% FEe
= F7el el A&A L AL KLY 3)).

A|bak(fatty acid)= P|EFZEZ]oloA B-AFSKB-

oxidation)E A AUAE AT 7R QoY
18] 50%, A7FE- 50-80% 2] AN Aupako wx
B 39y gtk T HE wHA A] 2R3 2(glu-

cose)E oUx|QhOo R A3} 3 o)At FA
AR AR RER] AlE vl E o[ WA 2 AMSHA|
tk1).
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FET Auako @ A ZES EAET 9o
41ﬂ7g§ E8lal Utk AEEE
“—’,_E ;<]7<1 o]zz ?ﬂ}dgo]
Axze] $Ag Be E"] o o
o] B35 3l AR olTFowE
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Carbohydrate

— Glycocalyx

L Hydrophilic
region

— Hydrophobic
region
_+—~Hydrophmc

region

Phospholipid

Z12l 4. Basic structure of an animal cell membrane.

M, QXS PAJske Aite] FHe wet el
o} BEXSIAEE o)F Ajfe] cis FZ(cis config-
uration)& 3}3L o] Xl Qx| Fo] Fo g ek
3] wigE o I HKE FoEA P, 12
I F3AE FolAl Fuk I2iu QRAS s
Aate] TR Ao ES A (trans) AHHRHY B,
olF At e Ao AN E Holgo] Q1R
Zol g Al FZHEQ] df7t 7R &, oo Al
Fupe} Fapgo] oA fri(10-14). wh ¥3}
Aprke] Hgol E2 S/ AR oEs ExsAy
ol B2 HEAD FRAY A A2y Be =
d T Ao FFHR MR 75 Sl TS Frky
LEA Slek A trans Ake) o] 2 AF9)
A3H Al AEHA 23] I Eo] Fokith:s By
HA] Alzete] Fapdo] wopa] ME T AR 2l that
€ TR Zs}7] whizolti(15). AEeRe A sk
A Aol A eicosanoids 9} -2 A2 @A B2

2] R Al AFUR oF3le] A7AZ AH-ATK617).
IV. Xgaser Jory 2wy

AAH Sk A7) £ gEAIE 8%
Lelolaty Yol Yk T QA= AEL s}
A B3z 710t AEE tlvlsled AR iAoz X
WS 7P MBS Qlok 3d) EF G99 F AFEA
Qo2 7Y wo) AMEEHT e BrEEe 4H &
N L Z FA] ARLEH G -FAIE A8l 70 A
e 2937 (glycogen) H & AFEHE ¥
7 FE F3) Atk mepr] Yoo grshEe Tl
A FAALC R AgE o] AT 2ol 9] F
g F FaiA Mzl 131 ARAF AT} o) F o]
7} B8 % g uf 7t 7|2 olFate] AMEHETK).

I7H2- 7)otel] thu]eted A kg A7 X2 &4

3l WEl2 3] v ol HalEe) &
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1. initiation:
= LDL modification
;. chemotaxis 9. :
© monocyte adhesion A (

&
* P
92 %y
"’.00

3. inflammation

2o} A A TR Eg4) ek ol 4
AES) 5 ahe] Yef oA R AR Sk
o FHET, AL F9E Hobesity) & o)
sl |T). Winkh o1y A PSS %

o) ARWAZ AYT 9ov] Ao WL ol
43 3ol Sls) et B0 = oA g A
0 AT Sk Seluelel Hirs e 80.140]
U A75RE 68,62 BE o] of 14 Fek )
ol} hE 29p7)e] =gE Wolok HT(S). A%
L BIFHM EoP)] A iR

3}
3 Ao|Ake A e = = 7154 AE L))
eHl 9l o)) AfAtol] T3 o) & FHTH10-12,18).

endothelium

2. foam cell
formation

[ SHAHSY FHFt

S 2T AV G BALHES AR
& TR FOW HROZ AT Ball B 229
g0l o ohjeh YS2Re] ATRATH 1
F240) 29T ek W FAZHES Sl
Bo) BE AZAM FHo] 7E5sm] ol Belshe

E47FHMG-Co A reductase©|TH2).

T2} 4l E(macrophage) = X2 EA8HE WA
HEZ A4 LDL 9 4¥she LDLe| thet -84
(receptor) & AU Utk FHASE dodl= AR
o= Tt 8R1E50] HoJsht 11 F FHAHE &
Aol osf WAk sWAstY] 27] 718 As
2+eH monocyte 7+ HEHE3ol sl 5 H(inti-
ma of the artery) 2.2 o3l AN EE H3ly]
3 A% AN 2 S ZEIES WolEe A WA
27 Wslsl= ARt LY 5). 9738t W=

=

- =

v
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e T9Rgan 2008

g4
oigsyicag 14,k
14.9

Yo
20.7

FEolo| AIZERQI (2009 Bl=o| AlSIX|E, SAIH)

3
er

O 6.

W FEE BEAS 83 Wik FEYAAM 8F5R
W7F A7A Hed olEs AL T2 BAEY
=gl sty olol A7 d e heart disease) B
HEZ(stroke) o] AF/EE Yo71tk19). $2lviet
o] APEE A EE U7 sl 7]Q1e A3,
HEF I8 A8TA 23S 23 2go 2 Fiks)
= FaHol o5t Apdo] ol 93t AMTES Bt =
THZE 6)(5).

G A e A8 A3e] JPLE Aun
H(3E 3) I ZFB2HEES(hypercholesterolemia)©]

FaAse] b 83 290y o] o)l T
Hol HENhS, 4y 33, E3e] s5(vasocon-
striction) @ o]¢ivasodilatation) 5% o] s}
™, LDLY] 4kt AE % Fa3pA 2+&-3ich Fd|2H)
&5 7P Bo] 38l 9l LDL2 §7)7) Ao
YZol|A] A8l=7] 437, Akskd LDLS FHui# e
2 gA olFetk19). WA Y Fo] IR
7} A5 2EQ] of| ~E ZAl(esterogen)< LDL A+
315 oAsk] SHASE AT & AT A
ATH20). AU HAGEe] 7SR A4 AF
£ A2 3 sPolrt AFHL e A H73
714 o3de] A8 A d3e] WHEC] H7 F A4
eQlof Haf] w2 AL o]y e AR A3ty

IEFH2EHEGSS Ao] A &l 291 21
Z FY2EE WA 849 HMG-Co A reductase
o] EAo] Fobx ABEE WA SRl o) fE
ot 8% F ZH¥2HE 5+ VLDL, LDL ¥
HDLo| 38 FH2EE9 S(sum)2 & HDL &
HAHEY Tt 2 A FFU2HE w20t
Fopxith wEA FH7dste] 98-S skl 3l
o] 2ZYAH|E, = LDL X HE B 28
g A E 2 AM-HAT LDLZ HDL S48 E9] H]
AA] F83 WY 7FoE AMGHETE dutEew

B3 3 NE 55 Y AE) s gas
%2 i 37
ey 77 A
Z44A(mg/dL) <200 200~399 >400 - SR D A Hh AF, B, me AT
FEY2HE - IZYIEEES TS, AERA 29 s
i <200 200~239 >240 o :g" °e !
(mg/dL) - AZAHEEE: JURE
- ZelA O 2H0E Ad B FHZHES ke
&3] T}
LDL-C(mg/dL) <130 130~159 >160 il ) o
- A B 7T el SH2HES A5
AHEHA Ao 931
-8 dE AE B FHUAHE GRS e
HDL-C(mg/dL) >40 35~40 <35 OlFAA AL, HiAdERs g gy

CFAL B A AP A8 L U] 98]

A8 7AW NEAY ARAL), TAEE ARAY A 23, 199,
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LDL¥} HDL Z¥2HE9] v]go] 358 doul &
733k Y=t 0 $K(17,19).

2. HOMX|RLT) HEpA| At

ESPPRARE Aol A D5e] w018 dAlst T, 2
HEE A &he] 848 Z7MTHel) BF
olf 224 ] JAZY 2| ES HDLE olEA7|&
LCAT((lecithin cholesterol acyl transferase) &42]
S AN AERA LDL 842 84
< dAsd g Ul FH2EES Tt moRA
3= B3P} ol ZEFH HE S-S 5 Ee4,10-
12). gk opje} GEWkEoll e Fedsie] T 2t 2
Holl H5T- cytokine 2] BHAE FAsY(F | FD)
HAHEE S WE ol A7) HelE B
TH22). E3R M & gL 12, 14, 183 167)
o A H o2 Zolrt B EeRHkte] A$- 12|

2B 282 {2 AL U 20T Se3A UTK10).

3. NESEAX[FUS] Mooty F27g

Ix el By 3lx]ukakel linoleic acid, linolenic

acid, arachidonic acid, eicosapentaenoic acid(EPA)

1} docosahexaenoic acid(DHA) 5-& ¥ x4t
ojuf FH1HE FEF Wil AW 2EE
Wehs &7} K(10-14). ©ol8 T B XA
U7} EEARRE XE Ve olF ATl $ixel w
2} n-34 2 n-674] APAEC R UHZITK16). o] 7t
o] s kel AR Aejskd o
23 7158 AU 71wl Al R
S =Holaky 3t} Eicosanoids= §H4 2070E A4
= yeBExsxpbake] giAMHE 24 cycooxygenase
pathway S 7% AJA == prostagladins, prostcy-
clins, thromboxanes®} lipoxygenase pathwayolA]
A=)+ leukotrienes 7 lipoxin 5°) Yt 1d 7).
Eicosanoids= thAlg & R8sk Bl ule) A
8= Ei(class) 7F TREH, ZATAR] Aate] S5
o] whe} subclass7} @2Rth ©}8) 3t eicosanoids 2]
A2}82d-E subclassoll w} zjel7t AT ofol] whE
Qe dAT 24 veRdth Eicosanoids©]
Jera 20 A8 3 40 Hiznte} o] drigle] A
X o] w3t 28 WA otk AFAAe)
ol&pd n-3A4) Ao zRE] AYAJE eicosan-
oidsi= Q1] T3 APY 1191 A2 o #
A T3 BE 2] ARleE Az dFNks
S A Sh= B3 hn-674] XHatellA] AJAJH eicosan-

e

P

1 4. Clinical importance of eicosanoids produced from arachidonic acid and EPA

Location Arachidonic acid EPA
TXA:, PGH; TXAs, PGH:
Platelet aggregation(7}) aggregation( 2P
vasoconstriction(78) vasoconstriction( 2P
PGL PGL;
Endothelium anti-aggregation(2h anti-aggregation(7)
vasodilation( 2P vasodilation(7})
PGE,, PGF, PGE;, PGF3
Uterus
SMC contractility(7h) SMC contractility (2)
. LTB. LTBs
Neutrophil .
chemotaxic (7} chemotaxic (2P
LTCs, LTD, LTCs, LTDs, LTEs
Lung

bronchial constriction(7H

bronchial constriction (2B
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33 7. IS AUMof AR

oids¢} =2 Ao =2 &#HA 9Itk(16,17). n-34 A4}t
2Rl EPA ¥ DHA7F 3+ 552 AAe) A3
Yo S AR, FHNES 3= 2
7t A AEBA A3 ool Tgo] Foky dEiA
Atk(21-25).

4, HEE} Jord G

B]9l&? 9)&A4 Pi(non insulin dependent dia-
betes mellitus, NIDDM)-2 B|7+¢] AQlol|A|A] £3]
VER}7] w2l UREFH S 2 AJ91A) TH(Adult onset
diabetes mellitus)2}2 W Eo] ko) F 2=
NIDDM S Z it} Giie A} o)) A
O = Ql=¥(insulin) FH8]o) oiFe] YA Q& A

n-6 Fatty Acids n-3 Fatty Acids
Linoleic acid (18:2 n-6) a-Linolenic acid (18:3 n-3)
VMARASAAMA o U A
8 COOH
1 AS desaturase l AS desaturase
ldongm lelongnu
20:3n6 20:4 0.3
l AS desaturase AS desaturase
y
12-L.OX Resolvin Et
12-HETE «=—==[20:4 n-6} LXA, 20:5 n-3. "
Emmumﬂ COX-: sLox (pro-resoiving)
5-LOX
cox-2/\ 5LOX PGH, 5S-hyd xy-EPA
PGG, 5-HPETE PGD, 5S-hydroxy-EPA  LTAs
PGE; PGFax
PGH, S5-HETE LTA, PGl TXA, LTCs  LTB; (Gess-infiammatory)
PGD, L LY8, antharrhythmic LTDs—» LTE;
vasoditation
PGE‘!P% PGFx LTD, —sLTE, BS;

pro-infismmatory pro-inflsmmatory

pro-arrhythmic [;mcuhr permmabllity

vasoconsirictor

plateiat activator ‘ 17-S-Resolvin Ds Protectin D1

{pro-resoiving) ‘ {pro-resolving)
| inflammation | | Loss-inflammation |

3 = W7t e AFRAM £ 5 ok
gk &% IlEd S o) e AT el sodi-
um?| FFE S8 TPUS YT ool A
FAAS] THEC] FoRITL TTH6,14). Bt of
Yz} Fdixbe AT dE8sA] %7] diEel o
yrgo s AdE AR Ha, oldl Fart 18
S AP FE: olHE @4 Ae
Y AT A LT 2HE 2 Hol B
e PHFTOE AT that o el 710% 28
wleHEs Wi ERRA! ETH(10).

L= »]
o=

5. MNEEHt O

o AT B = FPE TFSIE AR

=
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T P B A0 e o digYo|ti10).

ZHES ATEEE A" T el 250 gl
D &dod gulgnh @59 TAARS cholic
acid €} chenodeoxycholic acids A% U] Al 2]
&l 22} @54k deoxycholic acid ¢} lithocholic acid
E ASE = 230 S5ae] SRS 13} g5k
vl dA3] "otk Aoz Buld g5 95%
= SelM TR £8E o) AZSE Y 01F 5% A
e o R widET Y 8). 7Hog AEF ¥
823 g BRI A9 WA EE ),
OlEE et EAR U Udk1,2). Ho] F At
MRS S0 A S W A AL AES 4
b tgo B o)Fshe 23k WAL ok Evte)
T, el SRS o) S 48R e &
A2l 2 A=A Zeho 24 wekE-d o) Zhy A
= Aol ZoR|A "ok o] AAEE 714

ul i)

~

oz 1

[e}

2

du (&

‘OIL

AFero 2 Yol Hek mheb thgeke: ol
7) 915jo} Aol A4S BT Holiae) 43
£ 2l AL o] $281TH10,11).

V. 22
ARe 9F Qs % AENG P 399
o, Qe ABEE 2 TR JUdk

Baxter JD. Nature 439: 402-403 (2006)

712l 8. Bile acid CHAMER
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A BAZ RS gtk IEYAHESEEL 2

23 910 T FlEE
2, TR 18l E
W2 REite] o] B2 21FY HF AldE WA
Sk A ok ol sAES dwshy) 9%
ol U2 FEA AFHTE AEA 49 43
£ Sl I, A A Al EXRIAE
kol & XA S =S AFsle ok e
U olE 7% EX kR ualo) A S H eicosanoids
o] Ael@Ade] AT Aol wel 27, n-34 X
WAkl A AAJE eicosanoids 2] AEA 71y, E3)
A AeE Al a3 o IEA
o] EPAY} DHA7} ol S8 21&9) 438 44
St Utk FHZE HANF FeH Y= E
o] ZFeo] AU e A7FAE FAEL dsp)
A3 2 A 249 B 237 ZIR8lE 9,
oo 7154 ARE MEs) % FAAEES 7)
E% A8 ok

Huzd

1. Rolfes SR, Pinna K, Whitney E. Understanding normal and
clinical nutrition. Wadsworth Inc., Belmont, CA, USA.
pp.139-168 (2008)

2. Liecberman M, Marks AD. Basic medical biochemistry: A
clinical approach. 3rd ed. Lippincott Williams & Wilkins,
Walnut St. Philadelphia, PA, USA (2009).

3. World Health Organization. 2008 WHO: Mortality database.
Available from: http://www.who.int. Accessed Aug, 2010,

4. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Saturated fat car-
bohydrate, and cardiovascular disease. Am J Clin Nutr, 91:
502-509 (2010)

5. A @59 AR, ZEAAAL tiE, 9 2010

6. Gami AS, Witt BJ, Howard DE, Patricia J. Erwin PJ, Lisa A.
Gami RN, Somers VK, Montori VM. Metabolic syndrome
and risk of incident cardiovascular events and death: a sys-
tematic review and meta-analysis of longitudinal studies. Jour-
nal of the American College of Cardiology 49: 403-414
(2007)

7. Roberts CK, Barnard RJ. Effects of exercise and diet on
chronic disease. J. Appl Physiol. 98: 3-30 (2005)

8. Lusis Al, Pajukanta P. A treasure trove for lipoprotein biol-
ogy. Nature genetics 40: 129-130 (2008)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

. Williams S. Nutrition throughout the life cycle. 4th ed.

McGraw-Hill Book Co. New York (2000)

Williams CM. Dietary fatty acids and human health. Ann.
Zootech. 49: 165-80 165 (2000)

Stuchlik M, Zak 8. Vegetable lipids as components of func-
tional foods. Biomed. Papers 146: 3-10 (2002)

Henry J. Processing, manufacturing, uses and labelling of fats
in the food Supply. Ann Nutr Metab. 55: 273-300 (2009)
Richard D, Bausero P, Schaeider C, Visioli F. Polyunsatu-
rated fatty acids and cardiovascular disease. Cell. Mol. Life
Sci. 66:3277-288 (2009)

Siddiqui RA, Harvey KA, Zaloga GP. Modulation of enzy-
matic activities by n-3 polyunsaturated fatty acids to support
cardiovascular health. Journal of Nutritional Biochemistry 19:
417-437 (2008)

Mozaffarian D, Aro A, Willett WC. Health effects of trans-
fatty acids: experimental and observational evidence. Euro-
pean journal of clinical nutrition 63: S5-821 (2009)

Schmitz G, Ecker J. The opposing effects of n-3 and n-6 fatty
acids. Progress in Lipid Research 47: 147-155 (2008)

Jung UJ, Torrejon C, Tighe AP, Deckelbaum RJ. n-3 fatty
acids and cardiovascular disease: mechanisms underlying ben-
eficial effects. Am J Clin Nutr. 87: 20035-2009S.

F49%. 715A4A 3 $A4EE87|%. Bulletin of Food Tech-
nology 22: 211-226 (2009)

Hansson GK, Libby P. The immune response in atheroscle-
rosis: a double-edged sword. Immunology 6: 508-519 (2006)
Keservani RK, Kesharwani RK, Vyas N, Jain S, Raghuvan-
shi R, Sharma AK. Nutraceutical and functional food as future
food: a review. Scholar Research Library 2: 106-116 (2010)
Weaver KL, Ivester P, Seeds M, Case LD, Arm JP, Chilton
FH. Effect of dietary fatty acids on inflammatory gene expres-
sion in healthy humans. Journal of Biological Chemistry 284:
15400-15407 (2009)

Calder PC. n-3 Polyunsaturated fatty acids, inflammation, and
inflammatory diseases. Am J Clin Nutr. 83: 1505S-15098
(2006}

Kontogianni MD, Zampelas A , Tsigos C. Ann. Nutrition and
Inflammatory Load. N.Y. Acad. Sci. 1083: 214-238 (2006).
Caterina R, Zampolli A. Antiatherogenic effects of n-3 fatty
acids-evidence and mechanisms. Heart International 2: 141-
154 2006)

Deckelbaum RJ, Worgall TS, Seo T. n-3 Fatty acids and gene
expression. Am J Clin Nutr 83: 15208-1525S (2006)

54

NEIR A 28T (2010)



