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AA: arachidonic acid; ALA: alpha-linolenic acid; CD: chow diet; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; LA: linoleic acid;
MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids; TAG: triacylgelycerol; UFA: unsaturated fatty acid

0535 oFay e Gl 0T s filas
Sobsliae Nl 5 el Juol=  (PE/FYEYVYY)
5038 53 ol o S S e 53 (P<H/0T)
IL-10 s ylsbas Sslis a5 dim a (Y Llas00) 3505
Sl s ey b oS 5 sy oS i3 05 8 o e

3 S edalin bgu 0855 b 5 Sl gy oS
53 e L6 S 2l Ol o8 515 0L Lo Slalis
Olje b gobsline e (Bl3T Cou o, a8
Ly P<t/++V) usSas LLL,IMUFA C > claul
s bL35I 16 PUFA gLl e © o (slantnd
) e Olgme ol osde (Y I3 503) 3l (P<<+/+Y)
S i LT RIBI L 6)ls san S s L) L
LU eSS (b Sl s (P b (o il
el SNBSS B L PN S

o S gl g I S oz S
G Gl oy e 4 das e 0L (LT il
Sy g e L6 i s gae 131 Comge
oS bl y5 09 5 oS s w (P<e/r 0 )l 0is &
o L6 Julpl O npie 5 Lsw 08,
Sy oWl SIET LV Slsgas) Sl a5 5 (P<e/00Y)
IL-10 Ol oS 515 0l o jm IL-10 jliie pw)y
S oFay 25 e Glasdey j3 S S, o pm
IL-10 0l 51 i sz 55 BB sk il 03 gad 5 ez
2 il o (P00 ) S 0y 8 Sl e
3b S Sl g Ol 53 st 5 S8 OV Sl
oliS (5 pae glay 5 JS 0 S G, Cw odd
O s ge) 3 S sdalin STy slages, gl o
Calides ST S bsy O pae Sl amlie oplp 0sdle
IL-10 jltde pos $le o 515 0L o IL-10 0130

5 OV /EFEPUM) S35 ey o pan Sl 53 oo

109D )y /e300 8)95/00w)S (Sl eolc slEiliily (alc alas


http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

1B shslad apl

70

60 4 b

30 - a,b,c

20 - T
10 4 J-

IL-6 (pg/mi)

c
SO
WA A
WATAT AT
WA A
A

o T T T
Chow diet (CD) CD + S s> 05 50 CD + Osd os s

il sl By

CD + L&)

CD + S, 3 05 5

160

140 { B

120 A
a
100 o '|' T

1L40 (pgimi)
o]
o

40 /‘
20

o T T T

Tab
SO
WATAT AT
WA A
WATAT AT
e

Chow diet (CD) CD + () se> 05 50 CD + O Os 50
el sla R

CD + L &5

CD + S, &5

Pl bl T (gl eas” 5L s $lers S 5 U8 s wses 53 IL-10 luie (B) SIL-6 luaie (A) 5 Kke ) s g
Bl g ls me (Ml sy LS C L 5D @ wlie Oog > b ol ped 50 3,18 Mean + SD

60
- RZ2=0.3781
e
L)
50 4
= -« -
2 ao -
=4 [ 4
—
5 30 4
&3 bl
20 - e
& - -
io cog~=%
[ 10 15 20 25 30
Serum total MTUFA (2%
A
60
L)
- e
50 4
— - -
= - [ -
S 4ao 4 -
<>
= L
5 30 4
<
oD
20 - e - -
- o
106 o e g "o R2=0.1405
30 35 40 as 50 55 60
= Seum total Nn-6 PUFA (2

199D )lg) /@osnn 8)53/00w3)5 (Sibjy eole il (alc alas



http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

wSle 335N oy plhrs bLI)  1IE

RZ=0.1297

Serum L6 (pg/mi)

- 'f"‘ ‘e o -

5 15
Serum AA ()

Serum IL-6 (pgim)

RZ=0.165

D serum DHA (2)

T T
4 5 [S] 7

@-6 PUFA ¢Lal 2t 0z ol (B) MUFA plil 2 &G o n sladt (A) Jlaie b oo IL-6 Ol5e b1 gy 1Y s 505

ol o sla Oy 4 gama 53 oa o Aol &S 1Kl 5875 (D) 5 el K55 81,T (C)

) Siodkom U S 5 o0 0SS olas
Olee 2 2 (oo Sialed el o latenl 4 o

B33 o)t 57 SlasS )
b s ol (Shdaedsl Sl s
S L e plsl o ladd 0 S
ladeal (2130 Jds o)l gen pLS 22 ki b g g L2
5 e k) SR ol (g LA 2 O
PUFA:SFA , UFA:SFA b oo )5
03 5 e Glao s 5 (V4 A YY) o3g a5 5,40
OT 5l Sldaline ol (Yr F) Sl ok @1l el y
wole Gl 8 Cul (Gloss Caenl Fle Cg
s e Ny gl laws  Case
sl b abwy cpls b Llesses «ly n-3 PUFA

9 n-3 PUFA < sadol k;.)aﬁ‘;u ol

&

—=
—H sl o ST e sl ojs 0l
S sloles 5 Subs Gy Sl ST (B e
Jo- 55 5 a8y aal g o b e 3 S Yo p p
s 5o o) V) ks e el 3 4 ane g
CaeS 5 iSOl b S sl T
JAS 50 sed G ol by ol oy 7
bty 5o 3 ol b S ESTy e Ol
o T (Al Slals 28 L g oS o8 sk
Calies Sl sy Sl (g 4 andllae ol LI Gy g
S ) Sl s Jold abse e 53 s
Lsw o9, (MUFA 51 28) o) 085, «(SFA
S8 S, ks, s -6 PUFA 51 28)
Gl 3l i bl ¢sl- & (n-3 PUFA

199D g /@osnn 8)63/06w3)5 (Sibjy eole slSiils (alc dlas


http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

10 shlsa apl

SMEs Bl Cor e (SThs sl sl 5o
oIl e bl e Sl ows S IL-10 o
O gl Caw ials L IL-100 lua.
S DWlas b g 5p 544 s, N-6:0-3 PUFA
odalive WSo dlayfy 4 STOA ) 5 5 o Sl 35
ol 0305 DU ) 555 ,ls me bl b 5l eus
Sl s Sles (Sl s (o 4y (S
L 5 ol i O Jlesl 55 1n-6 5 n-3 gl s
S sk & Sy slapsy, Sleslinal 555 oled)
n-6 PUFA ; n-3PUFA o 5 gl ¢l
oy ol 0355 GU (o amd () Jpa> )3 AL o
Sladeal 31 oslizal b Bdes 0520 53 godke gl T
Sl 53 (Y4 X0 ) Sl o Jool> Lol O 2
4 sl s ol 03 b, LI bgw oy Jle Ol gm
gLl o Gladanl SIIV/YY 5 YVA NSV 5 5
sdom oS 5 5 434 o n-3 PUFA ; MUFA
(SFA) 7N /FY Ol b &S 55 sy 53 o gl
sdalie (n-6 PUFA) /AVA 5 (MUFA) /xv/5%
O Gl blize SIS ol o 38 s
Sbogsy 53 355 16 PUFA , n-3 PUFA
58 Joho ol Sy o pp 43, K STy
30 b amglie 55 alllas 3550 Sy Gl Ss

S e 50 GliE e s el O sladd
N e IL-6 o mhawe 7 51> OLES s )
LS g 4 il (o o Sl S
s @l Sl MUFA © o laend (o 21530
sis » N-6 PUFA O > gladsl o 2l L
Slalllae gyl (shaly 53 odalie oyl 1535 o 035531 0T
L IL-6 o Oljen oS0 L3I o7 ol oy
Ll 5 (7F) MUFA © > gladsl (o mlaw
A bl e g L 0T i
Sslize OILS6 L(8) Wl es S 5,18 n-6 PUFA

199D )lg) /@osnn 8)53/00w3)5 (Sibjy eole il (alc alas

Sy 3l 1-6n-3 PUFA 0 s el
YN Ll By e — o (clagslew sla, 2SI
S ol o3ls DL g g Slalllae 45 7y ol S
sy Wb n-3 PUFA s> sl ésy O pan
oSy IL-6 W5 sledl 4o Sl Jlasl b oo
n-6 PUFA 5l gy, Sl 5 das s
OF O &) W f o L6 mu nlpl Co g
o,y oS sl ol 55 IL-6 i 1 L Sldalis
IL-6 ,luie n-6 PUFA (gsl> 55, odiS il o
Cimen s ey 8§ Ks 4 o (5 phe (o
sy 55 L6 o mhow & w38 oalin
5l S n-3 PUFA ol 65, oS il ys
n-6 PUFA (5> 25, oS Cilys glao,
Sl (b3 Dlalllas ol b Gllas lalin ) AL 0
1, n-3 PUFA C > gl bl ds cosls
o sbal Gl s el Bl s
Geis opl S das e 15 Aol 5,5 1-6 PUFA
L5 o 58 Slom GPas Span & 315 0L ronen
JAS 058 4 S o IL-6 Ol 2131 oo
S Sl 5y I Yol el ) S 5 8
Aol YL polie sy o s (1PV) Ol gLl
Sle ey ol alsT glde 53 (1YA) Sl
435 oy IL-6 Ol 0T il 1 oS ol
AY0) Sl ooy LS

sl S e (Shy O,
o sbawl ol s 31 n-6 PUFA
Sl 0ds )18 Slabs & ke b ,50-3 PUFA
@ilg o N-3 PUFA O > ladal YV Y8 010)
F Gl cage IL-6 05 0L ©S e e
et 3 (YA ) W STL-10 Jledlas oS )
O pan S 0l Ol 5 adlles ol mls LT clewd

d"&:.zl'l-?) PUFA < b el gl &‘;\.‘G ode g


http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

Sl 9359001 oy glirs bLI) 1y

S 4o
j;Un'n.lw“' g;‘)}; L;Lzs&i:})‘tf:b Ol Guases .Q".‘
dhsl pom wa ladwl CS 5 1) Sl

Ol p 5o oz bl pojm CBLE 5 Ll e

5 (V) o5 Ol by e o 2 lakd
N-6 5 10-3 plil e o gladal Jlie 25 o 0
Olalllae 53 cpl 5 i 58 oledl la,y $lue 05 0L s
Y OF 8) ol odys 5 sdalie a&isle3T 5 L

&.;]9 j‘ 9 0y JJ}A IL-10 9 IL-6 <l u:‘.fjjf'i‘
sl S K8 s, by ke ol ke (o
| GwLw‘ 6‘:"& @T sl s 63\,@:}‘ 6&&5‘3 451)

IL-6 (513l o pe (AA) sl &SGpsl)T YL
o Sbdel y Golslas 5 aiies dal) o3 8
N IL-6 el 5 5bae 5 n-6 PUFA gLl 2
ol K5 1R85 oo il S s o
Sedel d s ol Iz (o fage 5 (DHA)
1908 9 KU IL-6 2l L asl o+ 0 55 n-3 PUFA O »
Sole 5l 05 S5 5 s e e O iy
Foy o, K 5 Oltan (S ke oBils JLo
IS o loT 5 (oS s o8 leT s

sl s sl ol s olde glaes,,l 3 oas

Al oo el 5 ke Cal (gn e Oljn Sl 5 035 ol pan
Sl o w Chle s ae S0 OO s caen il L
sae s DHA 3 AA -6 PUFA MUFA C
e S s gyl gme LU JL-6 S )
IL-10 S J ) Chle 5 odd 5L O glad

A5 5 odalin

Reference

1. Bhupathiraju SN and Tucker KL. Coronary heart disease prevention: nutrients, foods,
and dietary patterns. Clin Chim Acta 2011;412:1493-1514.

2. Dyerberg J, Eskesen DC, Andersen PW, Astrup A, Buemann B, Christensen JH and et
al. Effects of frans- and n-3 unsaturated fatty acids on cardiovascular risk markers in
healthy males. An 8 weeks dietary intervention study. Eur J Clin Nutr 2004;58:1062-1070.

3.Kong JY and Rabkin SW. Reduction of palmitate-induced cardiac apoptosis by
fenofibrate. Mol Cell Biochem 2004;258:1-13.

4. Chahoud G, Aude YW, and Mehta JL. Dietary recommendations in the prevention and
treatment of coronary heart disease: do we have the ideal diet yet. Am J Cardiol
2004;94:1260-1267.

5. Calder PC. n-3 Polyunsaturated fatty acids, inflammation, and inflammatory diseases.
Am J Clin Nutr 2006;83:S1505-S1519.

6. Simopoulos AP. The omega-6/omega-3 fatty acid ratio, genetic variation, and
cardiovascular disease. Asia Pac J Clin Nutr 2008;17 Suppl 1:131-134.

7. Raatz SK, Bibus D, Thomas W, and Kris-Etherton P. Total fat intake modifies plasma
fatty acid composition in humans. J Nutr 2001;131:231-234.

8. Galli C and Calder PC. Effects of fat and fatty acid intake on inflammatory and immune
responses: a critical review. Ann Nutr Metab 2009;55:123-139.

9. Calder PC. Long-chain n-3 fatty acids and inflammation: potential application in
surgical and trauma patients. Braz J] Med Biol Res 2003;36:433-446.

199D g /@osnn 8)63/06w3)5 (Sibjy eole slSiils (alc dlas


http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

1V s apl

10.Calder PC. Polyunsaturated fatty acids and inflammation. Prostaglandins Leukot Essent
Fatty Acids 2006;75:197-202.

11. Schubert R, Kitz R, Beermann C, Rose MA, Baer PC, Ziclen S and et al. Influence of
low-dose polyunsaturated fatty acids supplementation on the inflammatory response of
healthy adults. Nutrition 2007;23:724-730.

12. Tholstrup T, Ehnholm C, Jauhiainen M, Petersen M, Hoy CE, Lund P and et al. Effects
of medium-chain fatty acids and oleic acid on blood lipids, lipoproteins, glucose, insulin,
and lipid transfer protein activities. Am J Clin Nutr 2004;79:564-569.

13. Plutzky J. The vascular biology of atherosclerosis. Am J Med 2003;115:55-61.

14. Simopoulos AP. Omega-3 fatty acids in inflammation and autoimmune diseases. ] Am
Coll Nutr 2002;21:495-505.

15. Tedgui A and Mallat Z. Cytokines in atherosclerosis: pathogenic and regulatory
pathways. Physiol Rev 2006;86:515-581.

16. Ait-Oufella H, Taleb S, Mallat Z, and Tedgui A. Recent advances on the role of
cytokines in atherosclerosis. Arterioscler Thromb Vasc Biol 2011;31:969-979.

17. Lepage G and Roy CC. Direct transesterification of all classes of lipids in a one-step
reaction. J Lipid Res 1986;27:114-120.

18. De Roos NM, Bost ML, and Katan MB. Replacement of dietary saturated fatty acids
by trans fatty acids lowers serum HDL cholesterol and impairs endothelial function in
healthy men and women. Arterioscler Thromb Vasc Biol 2001;21:1233-1237.

19. Seppanen-Laakso T, Vanhanen H, Laakso I, Kohtamaki H, and Viikari J. Replacement
of butter on bread by rapeseed oil and rapeseed oil-containing margarine: effects on plasma
fatty acid composition and serum cholesterol. Br J Nutr 1992;68:639-654.

20. Gebauer SK, Psota TL, Harris WS, and Kris-Etherton PM. n-3 fatty acid dietary
recommendations and food sources to achieve essentiality and cardiovascular benefits. Am
J Clin Nutr 2006;83:1526S-1535S.

21. Kris-Etherton PM, Grieger JA, and Etherton TD. Dietary reference intakes for DHA
and EPA. Prostaglandins Leukot Essent Fatty Acids 2009;81:99-104.

22. Nettleton JA, Koletzko B, and Hornstra G. ISSFAL 2010 dinner debate: healthy fats
for healthy hearts - annotated report of a scientific discussion. Ann Nutr Metab
2011;58:59-65.

23. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A, Lauretani F and et al.
Relationship of plasma polyunsaturated fatty acids to circulating inflammatory markers. J
Clin Endocrinol Metab 2006;91:439-446.

24. Kalogeropoulos N, Panagiotakos DB, Pitsavos C, Chrysohoou C, Rousinou G,
Toutouza M and et al. Unsaturated fatty acids are inversely associated and n-6/n-3 ratios
are positively related to inflammation and coagulation markers in plasma of apparently
healthy adults. Clin Chim Acta 2010;411:584-591.

25. Weigert C, Brodbeck K, Staiger H, Kausch C, Machicao F, Haring HU and et al.
Palmitate, but not unsaturated fatty acids, induces the expression of interleukin-6 in human
myotubes through proteasome-dependent activation of nuclear factor-kB. J Biol Chem
2004;279:23942-23952.

26. Yaqoob P and Calder PC. Fatty acids and immune function: new insights into
mechanisms. Br J Nutr 2007;98 Suppl 1:S41-S45.

27. Adkins Y and Kelley DS. Mechanisms underlying the cardioprotective effects of
omega-3 polyunsaturated fatty acids. J Nutr Biochem 2010;21:781-792.

199D )lg) /@osnn 8)53/00w3)5 (Sibjy eole il (alc alas


http://sjku.muk.ac.ir/article-1-1003-en.html

[ Downloaded from siku.muk.ac.ir on 2025-11-10]

Sl 93500 oy glirs bLI) 1A

28. Cotogni P, Muzio G, Trombetta A, Ranieri VM, and Canuto RA. Impact of the omega-
3 to omega-6 polyunsaturated fatty acid ratio on cytokine release in human alveolar cells.
JPEN J. Parenter Enteral Nutr 2011;35:114-121.

29. Koto T, Nagai N, Mochimaru H, Kurihara T, Izumi-Nagai K, Satofuka S and et al.
Eicosapentaenoic acid is anti-Inflammatory in preventing choroidal neovascularization in
mice. Invest Ophthalmol Vis Sci 2007;48:4328-4334.

30. Jump DB. Fatty acid regulation of gene transcription. Crit Rev Clin Lab Sci
2004;41:41-78.

31. Khodadadi I, Griffin B, and Thumser A. Differential effects of long-chain fatty acids
and clofibrate on gene expression profiles in cardiomyocytes. Arch Iran Med 2008;11:42-
49.

32. Bagga D, Wang L, Farias-Eisner R, Glaspy JA, and Reddy ST. Differential effects of
prostaglandin derived from omega-6 and omega-3 polyunsaturated fatty acids on COX-2
expression and IL-6 secretion. Proc Natl Acad Sci USA 2003;100:1751-1756.

199D g /@osnn 8)63/06w3)5 (Sibjy eole slSiils (alc dlas


http://sjku.muk.ac.ir/article-1-1003-en.html
http://www.tcpdf.org

