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Role and mechanism of different types of n —3 polyunsaturated fatty

acids in prevention of cardiovascular diseases

MA Fang, YANG Yiting, CHEN Zehua
(Infinitus ( China) Co. , Lid. , Guangzhou 510665, China)
Abstract ; Three major foodborne n —3 polyunsaturated fatty acids include alpha — linolenic acid (ALA) ,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The functions of ALA, EPA and DHA
were reviewed, including reduction of triacylglycerol levels and platelet aggregation, relieving inflamma-
tion and oxidative stress index, and improvement of hemodynamics of blood vessel and heart, and preven-
tion of atherosclerosis and other cardiovascular diseases. At last, the combined effects of ALA, EPA and
DHA on cardiovascular diseases were summarized and prospected.

Key words: alpha - linolenic acid ( ALA); eicosapentaenoic acid ( EPA); docosahexaenoic acid

(DHA) ; cardiovascular disease; mechanism

KM LIE AN R Fh 2 5 £ B 7 R %o 148 1k i
PIVER G & T AT 268 AR B A 00 7 =L g
B E 25 1 A0 A 5 IR (SFAs) | BRASHRL AR 15 1R
(MUFAs) FZ AR AR IR (PUFAs) |, Horh Z 81
g R 222 n -3 PUFAs fl n -6 PUFAs, 244~
AR E Y n —6PUFA /n -3 PUFA {H{i &, B9 &%
VFZ M8 R0 , WS IR INLAE | 5 1 Hs s ks RERE AL, |
FELFREE O L5 A B JFE G A B A s 4 2
3P EEMEWNE n -3 PUFAs (145 o - W RRIR

78 B8 :2017 — 06 — 08 ; &[5 HH8:2017 — 11 —22

EEE TS J7(1986) , Lo, AR, AL, 2 e {
7= I & TAE (E-mail ) mafang3150@ 163. com,,

BEESE BRI 4L, T ( E-mail ) Jeff. Chen @ infinitus —

int. com,

(ALA) | =Bk M B2 (EPA) 1 — -+ Z 8N M iR
(DHA) , EPA il DHA F= 934745 T 7= 5 S AP i
o AR T T L BRI A, ALA 2 A {R N EPA I
DHA FARIATR , AAEAE T AE DI, 00 BRFF 3
JORRA I BRI REIN A

CEWIGEIER ,3 F n — 3 PUFAs, B} ALA EPA
FDHA (948 A Oy I 48795 995 1) 10 By S 3697 BA AR
WAVER o IXSER I TR A7 76 T 2L 3l 4 i) 4 i s v
FEASTR) & 1t 52 1 25 48 M D 6, %68 B I3 A 4 11 AR
WHEIE SR . n -3 PUFAs [T LR 1L 3 H Ao
HIl = RS (TG ) K-, T B w2 i ILAE 1 % A, [R) i
Ak I %% 4 I B 1 IR [ B (LDL - C) & &, 3% i
% R 1 IR B BE (HDL - C) % 42, AT B 1k 3
P FEREAL A A As o AR SCEZER T ALA (EPA I DHA



66 CHINA OILS AND FATS

2018 Vol. 43 No.2

) A A B R 7 RS AT 3l ks A Rt A 11 1
FHAR SRR, XT3 Ffn -3 PUFAs BCG T A9AE
FHHEAT A5 I e B, B e E — 20 B Lo 1 8 9
I BRYE R
1 ALA.EPA %0 DHA {4 I2ThAE

n -3 PUFAs (5B AE K A W24 (L
FEREZER AT 2 AR RNt 44 8 45 v ke 5 R )
FIVEFH o RIIERH , n —3 PUFAs 4200540 55 8 35 40
I 200 i e S 235 A8 RN T i, VR S -3 T A 40 i E
AR R TR 2 AR NG SR TR BOKE AR A DO s TR
(AA) A 2R B R BRI R o

Rl A K e FN £ 0L , ALA (EPA F1 DHA
HBRECAE R R AP T . — TR R 55 4R 5, 1 7 o
1) ALA(5. 2% Rt >R U8 T ALA) X T PN Kz 240 M iics
RGP (VCAM -1 ICAM -1 %) HA7 W 1A 50
VERR™ . EB SR/ BRIk L 40 b, DHA REA% il
RRAEI 43 A R /N, R 2 Ak 40 AR RS r 1) g I3 445 44
W EREIRM NS T 4 b, EPA W AERS i g
AL AR

n -3 PUFAs A] DL 17 2§ T i . 78 HEK293
AR R p, ALA  EPA 1 DHA REAZ I Na* -
Ca ZZHLHI I G P o 20 B Tl il 4 TP e BR A%
Hh BRI R 78 1Y) 4 BHVE o B A% R T S 0 T
DHA fE#E 0 ] #2870 29 738 38 P 9 210 38 A R 32 1A
AR L A 0% 3 1 T 8 A LA PR el A S 1
he™ .

KA n -3 PUFAs J& JLRR 5 3k P 338 1 42
R R RBOAR | X A% 52 A0 456 1) S8 A ) AR 1 5
YIEs 2R (PPAR) IFZ0 A%+ (HNF) JiF X 3%
R (LXR) P BE X Z & (RXR) , If Hid el A8 5
Sk 53 IR - 4 [ B8 5 JC AR 45 5 82 1 (SREBP) il
BAKAL A S OIS 4 3 71 (CREBP) [l 63k
XSERLH 5 BIF n -3 PUFAs XS H A8 0 A=
PRYEM

n -3 PUFAs "] LAY AA fTAEMRIEA TR 1Y
1Rt BF5E " S, n - 3 PUFAs B9 AE AT LI R4
TRAN 1 40 M b — Se 2 A0 AR TR 1 A B, 3 S8 i
PGE2 \LTB4 . Il #& % B2 ( Thromboxane B2) %%, 5 “E\
REF", MBI RAE, XAEMNZEHT -3
PUFAs A] DAHUA AA 4R AEA IR & U 3, JF
5 AA E4 ARG
2 ALA EPA 71 DHA x}:.0 I & & mHIB A 1ER

O K AFSEIFSE, ALA [EPA F1 DHA %f.(»
LA ELA T B AT AR . Bl — T g
FB ,n -3 PUFAs 7 568K 2 k0o ik ( CHD ) f974%

TR . BEAFZEXT 16 AN E S 45 000 2 A
HEATT 19 IRBAFIBIESE , 45 & L 3 Ff n -3 PUFAs,
ALA EPA 71 DHA 4 5R#{K35E CHD i KBS A ¢,
TP 107 1R P 388 00— A o 22 , AFRT JXULSS: 5
FEA%Z) 10% . Pan 251 % 36 T 4048 27 WHF5EHY 43
BT 48 AR 1 ALA AT DL RGO 1M 48 2 9 XL
Ko n—3 PUFAs o] i 8735 ML AG 082 RAE 20
PN R A S A0 I AS T P A R 40 1] 3 Jok s A
#{k., EPA [5] DHA A R 25 ML, EPA 2565, i
DHA HEFT BT, 76 AR P, ALA B DL3E 46N
EPA 5 DHA (HIHAFZ LSRRG, ALA #5465 EPA
RCRA R 8% ~12% , %4kl DHA By /N T
1% |1 AR SZ W AR T 254 ik P
SELAPAZE T o XU, ALA X L 535 1
U B A VE AU 3 AR EPA 1 DHA i
RAEVER , ALA R B ] gt & ¥ 5 EELM1E .
2.1 EPA 5 DHA 3t f2 48 5 9% 49 B 04 4k )
2.1.1 EPA 5 DHA XfJ8 B 52

YL MG AT 5T W, EPA Rl DHA 4§
AT FEAR LY (9 TG 7K, i B 5 B I E 1) & Ao
[FEE EPA AT DHA AT DL RIS S0 [ B K 820
LDL - C &, 3#4Jm HDL - C & &, i Bl 1F 20 kit
BEREIL Y K2 A

FE 224 £ B M 74 2 R MR 56 44
AL I IAE Bk A 3 015, DHA ¥ TG /K F
A BIREAR T 18% 31% 1 33% , EPA ¥4 TG /K4y
BIREAR T 12% . 16% F1 21% "~ iF B EPA #I
DHA #REEFEAK TG /K-, {H DHA ffE T B &,
TS A 50 Xof Al B o A3 A B MR AR T S AR /N
HAK—3, EPA 5 DHA S5 K555 05 R v] LAiE 1o
5 HNF —do (I ERSE SIS 50 18 2 Ikl i 7% 1
B HNF —do (95 5636, NS SR80 R .
PR EE R AR . 5 4, EPA 5 DHA F&IK TG 1)
YEFIATRE & i F X SREBP 1 - ¢ 5 CREBP %11
PO Kk PPARa PR HEVE FH , DATATA 61 B 17 1 1) 75
I, R A H it = R TR 2 A Bl 1 15 e, AR a0 g ) 4
fift S % K. Vasandani 2" fBF ST R, 0 - 3
PUFAs W] i FEAIX LDL SZ 4B /N BUFFIE A 9 TG #l
JOF 1 P i K SF- A B it 2% R 2R IR B 1 B VR, n -
3 PUFAs R[] 32 FH 3L G — R SR IRl B A 38 5L il
(HMG - CoA — R) 1Mk, 38 56 g L4 tF A — JIEL [ e
Pk S R llE ( ACAT) (93 P, DA 000 i) AIFL 1 /2 1 2
I B, B IR s UL 1 ) DL 1 i £ 5 TR R RE S
P4 e A B R Y TR S5 ) S HE L AR A, DT A



2018 4 55 43 15 55 2 1] T

i 67

SEARIAR S B A 2K F- 2 0 n - 3 PUFAs HAT
i LDL — C F IR B fig 25 IR [# B ( VLDL - C)
14 HDL — C fFE . 3 4M A B IE 52 DHA W] §2
= HDL — C FI/si 88 A — 1 (ApoA - 1) /K
N I, DHA $25 HDL - C ¥, E8E M T
RARIG T A 2% . EPA 5 DHA %J LDL - C
F1/8% HDL — C 5200 (1) 22 57V 19 11 AR RH 5 14 i AT
FE(HIX 22 S5 3 B s 6 g i 1 %o i o A Kt (4 4
FE NG
2.1.2  EPA 55 DHA % 485 F S AL 8 50

n —3 PUFAs A= 9)2= 3800 i) DLk A28 JL A 98 A
FEA N FGE R n -3 PUFAs 1] DL /b AR KRR
WRES 20 L ) G5 DA S AR sh iR N A A & 1
(IL-1) A2 2 (IL - 2) BB R 76Xt
3 000 44 A4 N BEAT 22728 B 8 o Rk UK 18T 204 o
MAEBENE 9 EPA(Tfi A2 DHA) 5 C K & [ Al
PR EACE U EE . TE 34 19 25 NS I AE A
Hi DHA(3 g/d, 13 Ji ) BEAR 40/ Z -6 (1L -6)
1 C RN H K, T 4 JE B AR -2 K
T AE ST ) T R FR R R R, B A EPA R
DHA (4 g/d,6 Ji) R LB IL -6 5% C Wk
AR B AR AR, IR SR BB - (TNF — o) A7 98 20 i 35
{HIC P25 5 (H DRI S8 A0 L 3 0 A= P b i
F2 — SRS IR R 50 & B B AT 20% . 25
[, 7E 56 44 =g ILAE £ 45, EPA 1 DHA (4 g/d,6
Ji) B4 PR F2 - ST A IR R Bk
27% " AE—IXCH K B R 2 4 H b
Ft7 EPA F1 DHA [ 3, BB % B AIG B 14 4 E 20 iy
PRI (Ty 1 N5 ) SER SRk i . XPMER 202
F T EPA F1 DHA F{Cif =4 PGE2 | Ty 1 4 iy
BT 2E A HE T2 A0 T A 58

AR, #2577 - (NFB ) Fiig 25 15 7 R 52 1 4
(FFA4) 152 8 K4 n -3 PUFAs B3R, NFkB 2
— o 21 A e 53 DAL, O 4 1% 4 S R A 4 A i TR
F HE N5, FE R SOE S N S5 TH) A4 A
Filo Weldon 2% 8 EPA Il DHA #RAE i 35 ) /b
E 20 i 7E N7 25 (LPS Lipopolysaccharides ) 55 T
[ TNF — o JJL - Lo JL — 6 (82 i S HL B R 6 35, I
ik NFkB 5 DNA {4545, A 05> IR 52, il
KR n -3 PUFAs REASTE Y NFeB 1995 1, 1 2>
p65 NFkB R 1L /E T, DT 2 fift 980 s o 1
FFA4 {E8 n -3 PUFAs () G FE A& 2K, HR A
AT LA NFeB B 45 538 %, n — 3 PUFAs AJ 1
YA I W 20 M T ) FRA4 300056 0805 T 4 Bl R Ak S
N AR B - Ik R T -2 A3, e U B BT

i 1 254580 1(TABL) B9 70+ 45 & IR 1k S g 5
WG B IS 1 (TAKL) P, jii e TAKL f7 7E i,
NF«B {5 5@ psz 2mi >
2.1.3 EPA 5 DHA ¥ Ifil 4 .0 JJE I W 3 71 2% 1
A1

EPA 5 DHA 3G H e % B AL 2.0 38 A0
I, eh O EET 7K B e 41, 78 224 AR5 PR R
ALK, #h 7t DHA 5 EPA (RRR 4 g/d) , REIE[%
a0, Hiks R A osxwm, mET
31 A%t BRI B 1 25 43 B [ ) B v, DHA il EPA
(1 g/d) &R AT LAREAR M e (e e o33 F R 1.5.0.9
mm FAE) . 7 38 48 AR IR, EPA
FIDHA (3 g/d, 7 J&) FFE 38 T 4 5 3l bk I Lz
PE S (AR IGHR R ] EPA A DHA (44, [al
PARIRLE TC AR R LA AR
2.2 ALA 353 o 5 9k 97 64 5 v AE R

A ALA A fgn RO 58 24 , ALA $E A 5
I 1 g/ d ] iR LA B T XU AR 109% 1
%516} EPA F1 DHA 4b, #5820 ALA A fE7E O
LA FFE 77 T A — 600 57 B4 . Goyens 257 %
B, FEAR RS 208, 0 ALA b 58 551 78 ol 3
LDL - C F# ig 2 H B ( ApoB) 1 i T EPA/DHA
HFEH o EXT 74 (5L S A AL RIS
HEERIE ALA (4.4 ¢/d,6 J&]) 077 B E RN I
IM3% TG #efE ™' . ALA Fil EPA/DHA £ 0] D) dhss
S UL A AL 5] A 56 W8 2% 2 G Be o0 B R R
PRSI USRS BB 35 1 FH ARG R W2 31 114
POk IS RO (33 RN ) W G i o 20 753
VR BIAE A B fa3 )R SN 25 5 AR AR TR T S Y
i X S, AT IE I n -3 PUFAs(ALA) (45 AN
KRR A B0 A5 14 BT T RE ) EE
3 BEA{EF ALAEPA 1 DHA 35340 & &
REHER

FWFoE 2, 100 ALA U3 A& S 85— )
LS ) ALA &30, 3¢ Hif se 3 5% EPA F
DHA fy &8 . ANE LA S0 (PVD) B2 B 3]
Kok AE 5 AL 1 R B, 7E T XS PVD HR 5 B9 — B A
FE S GRS A EPA DHA ALA 1 H {4 2
IR ALEL ] (500 mL/d) , C AR B 7 EPA
DHA Fl1 ALA {9>F A5 5% (500 mL/d) , 12 4> il
Ja AR BN C A M E B S LDL - C &t 5ik
SO OA A AE EL A R T e, TS AR H [ S
LDL - C A FREEHE HARAEE, X 4585
INESINT EPA DHA F1 ALA 3L i AT fE 2 A 51



68 CHINA OILS AND FATS

2018 Vol. 43 No.2

Pl O M PRGBS o 534 WP B, sl A

HEA ALA BTN S IR & A ALA (EPA

F1 DHA 119 28 50k il 5 a0 A T/ BRORE e, I 2R A

KAEFR 2] ALA (EPA FI DHA BX 45 i i P41 BH [

PSR Y ROCR PG T B b ] ALA

4 LRE
25 BTk, ALA F1 EPA DHA BEf% 5594 /0 ik 1l

BB ALA X Bl ¥ 0 I8 95 95 AN AN 3 2o LA gt

) EPA F1 DHA R 454, HoAR Bt n] B A 445

BER . 45 BRI B ALA [R) I VF ZhAE 4 i

KUEAY EPA FI DHA , A fig 23 38 4 22 3% 428 65 8 15 1

Jig BTl ik s A A £ 25 0o i 5 95 9 A 3] D3 ) 4 3% A

FH DI 4 T 24700 00 A5 R B
BfE AR R 3 5% A2 ALA (EPA A1 DHA

TER SR Z) S BRI T, ATTXS n =3 PUFAs 55K

FEAWTY Ko SR AE ] EPA DHA (ALA X0 1M

EPIRIEATH IR ET , EPA [DHA 5 ALA (9 LLf1], 75 2

it — 25 I IFFE I E o

SE A

[1] AGATSTON A S. The end of the diet debates? All fats and
carbs are not created equal [ J]. Cleve Clin J] Med, 2005,
72(10) : 946 —950.

(2] ZEUSE, 4953, 2508, = SCH I 2 R A s i R 1
EAESG [J]. P, 2016, 41(8) :49 - 53.

[3] COLUSSI G, CATENA C, NOVELLO M, et al. Impact of
omega — 3 polyunsaturated fatty acids on vascular function
and blood pressure: relevance for cardiovascular outcomes
[J]. Nutr Metab Cardiovasc Dis, 2017, 27(3) . 191 —200.

[4] ZHAO G, ETHERTON T D, MARTIN K R, et al. Dietary
alpha - linolenic acid reduces inflammatory and lipid cardi-
ovascular risk factors in hypercholesterolemic men and
women [ J]. J Nutr, 2004, 134(11) : 2991 —2997.

[5] SHAIKH S R, ROCKETT B D, SALAMEH M, et al. Do-

[

cosahexaenoic acid modifies the clustering and size of lipid
rafts and the lateral organization and surface expression of
MHC class T of EI4 cells [J]. J Nutr, 2009, 139(9):
1632 —1639.

[6] STULNIG T M, HUBER J, LEITINGER N, et al. Polyun-
saturated eicosapentaenoic acid displaces proteins from
membrane rafts by altering raft lipid composition [ J]. J Bi-
ol Chem, 2001, 276(40) : 37335 - 37340.

[7] ANDER B P, HURTADO C, RAPOSO C S, et al. Differ-

ential sensitivities of the NCX1. 1 and NCX1. 3 isoforms of

the Na* — Ca>* exchanger to alpha — linolenic acid [J].

Cardiovasc Res, 2007, 73(2) : 395 —403.

WILDING T J, ZHOU Y, HUETTNER J E. Q/R site edi-

ting controls kainate receptor inhibition by membrane fatty

(8

[

acids [J]. J Neurosci, 2005, 25(41) : 9470 —9478.

[9] JUMP D B. N -3 polyunsaturated fatty acid regulation of
hepatic gene transcription [J]. Curr Opin Lipidol, 2008,
19(3) . 242 -247.

[10] DE ROOS B, MAVROMMATIS Y, BROUWER I A.
Long — chain n — 3 polyunsaturated fatty acids: new in-
sights into mechanisms relating to inflammation and coro-
nary heart disease [ J]. Br J Pharmacol, 2009, 158(2) .
413 -428.

[11] DEL GOBBO L C, IMAMURA F, ASLIBEKYAN S, et
al. Omega — 3 polyunsaturated fatty acid biomarkers and
coronary heart disease; pooling project of 19 cohort studies
[J]. JAMA Intern Med, 2016, 176(8) ; 1155 - 1166.

[12] PAN A, CHEN M, CHOWDHURY R, et al. Alpha - lin-
olenic acid and risk of cardiovascular disease: a systemat-
ic review and meta — analysis [ J]. Am J Clin Nutr,
2012, 96(6) ; 1262 - 1273.

[13] GOYENS P L, SPILKER M E, ZOCK P L, et al. Conver-
sion of alpha - linolenic acid in humans is influenced by
the absolute amounts of alpha — linolenic acid and linoleic
acid in the diet and not by their ratio [ J]. Am J Clin Nu-
tr, 2006, 84(1): 44 -53.

[14] IKEDA I, KUMAMARU J, NAKATANI N, et al. Re-
duced hepatic triglyceride secretion in rats fed docosa-
hexaenoic acid — rich fish oil suppresses postprandial hy-
pertriglyceridemia [ J]. J Nutr, 2001, 131(4). 1159 -
1164.

[15] EGERT S, KANNENBERG F, SOMOZA V, et al. Dieta-
ry alpha - linolenic acid, EPA, and DHA have differenti-
al effects on LDL fatty acid composition but similar effects
on serum lipid profiles in normolipidemic humans [J]. J
Nutr, 2009, 139(5) : 861 —868.

[16] GRIMSGAARD S, BONAA K H, HANSEN J B, et al.
Highly purified eicosapentaenoic acid and docosahexaenoic
acid in humans have similar triacylglycerol — lowering
effects but divergent effects on serum fatty acids [J]. Am
J Clin Nutr, 1997, 66(3) : 649 —659.

[17] MORI T A, BURKE V, PUDDEY I B, et al. Purified ei-
cosapentaenoic and docosahexaenoic acids have differenti-
al effects on serum lipids and lipoproteins, LDL particle
size, glucose, and insulin in mildly hyperlipidemic men
[J]. Am J Clin Nutr, 2000, 71(5) : 1085 - 1094.

[18] HERTZ R, MAGENHEIM J, BERMAN 1, et al. Fatty
acyl — CoA thioesters are ligands of hepatic nuclear factor —
4 alpha [ J]. Nature, 1998, 392(6675) : 512 -516.

[19] VASANDANI C, KAFROUNI A I, CARONNA A, et al.
Upregulation of hepatic LDL transport by n — 3 fatty acids
in LDL receptor knockout mice [ J]. J Lipid Res, 2002,
43(5) . 772 -784.



2018 4F 55 43 45 55 2 1] R g 69
[20] SFll, Sefte, #ik. n-3 REZRMWAMARNIR  [30] OHD Y, TALUKDAR S, BAEE J, et al. GPRI20 is an

[21]

[22

(I

[23]

[24]

[25]

[26]

[27]

(28]

[29]

LM R AR e [J]. BB S IF Ak,

2000, 21(6): 6 -9.

KELLEY D S, SIEGEL D, VEMURI M, et al. Docosa-
hexaenoic acid supplementation improves fasting and post-
prandial lipid profiles in hypertriglyceridemic men [ J].

Am J Clin Nutr, 2007, 86(2) . 324 —333.

ZIMMER L, DELPAL S, GUILLOTEAU D, et al. Chron-
ic n —3 polyunsaturated fatty acid deficiency alters dopa-
mine vesicle density in the rat frontal cortex [ J]. Neuros-
ci Lett, 2000, 284(1/2) . 25 -28.

MOZAFFARIAN D, LEMAITRE R N, KING I B, et al.

Circulating long — chain omega — 3 fatty acids and inci-
dence of congestive heart failure in older adults: the cardi-
ovascular health study: a cohort study [ J]. Ann Intern
Med, 2011, 155(3): 160 - 170.

KELLEY D S, SIEGEL D, FEDOR D M, et al. DHA
supplementation decreases serum C — reactive protein and
other markers of inflammation in hypertriglyceridemic men
[J]. J Nutr, 2009, 139(3) : 495 - 501.

MORIT A, WOODMAN R J, BURKE V, et al. Effect of
eicosapentaenoic acid and docosahexaenoic acid on oxida-
tive stress and inflammatory markers in treated — hyperten-
sive type 2 diabetic subjects [ J]. Free Radic Biol Med,

2003, 35(7) . 772 -781.

MORI T A, PUDDEY I B, BURKE V, et al. Effect of

omega 3 fatty acids on oxidative stress in humans: GC -

MS measurement of urinary F2 — isoprostane excretion
[J]. Redox Rep, 2000, 5(1): 45 -46.

KRAUSS - ETSCHMANN S, HARTL D, RZEHAK P, et
al. Decreased cord blood IL -4, IL -13, and CCR4 and
increased TGF — beta levels after fish oil supplementation
of pregnant women [ J]. J Allergy Clin ITmmunol, 2008,

121(2) . 464 -470.

WELDON S M, MULLEN A C, LOSCHER C E, et al.

Docosahexaenoic acid induces an anti — inflammatory pro-
file in lipopolysaccharide — stimulated human THP - 1

macrophages more effectively than eicosapentaenoic acid
[J]. J Nutr Biochem, 2007, 18(4) : 250 —258.

DE BOER A A, MONK J M, LIDDLE D M, et al. Fish -
oil - derived n -3 polyunsaturated fatty acids reduce NL-
RP3 inflammasome activity and obesity — related inflam-
matory cross — talk between adipocytes and CDI1b( + )

macrophages [ J]. J Nutr Biochem, 2016, 34 61 —72.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

omega — 3 fatty acid receptor mediating potent anti — in-
flammatory and insulin — sensitizing effects [ J]. Cell,
2010, 142(5) . 687 - 698.

GRIMSGAARD S, BONAA K H, HANSEN ] B, et al.
Effects of highly purified eicosapentaenoic acid and doco-
sahexaenoic acid on hemodynamics in humans [ J]. Am ]
Clin Nutr, 1998, 68(1): 52 —59.

MORRIS M C, SACKS F, ROSNER B. Does fish oil low-
er blood pressure? A meta — analysis of controlled trials
[J]. Circulation, 1993, 88(2): 523 —533.

NESTEL P, SHIGE H, POMEROY S, et al. The n -3
fatty acids eicosapentaenoic acid and docosahexaenoic acid
increase systemic arterial compliance in humans [J]. Am
J Clin Nutr, 2002, 76(2) : 326 —330.

GOYENS P L., MENSINK R P. Effects of alpha - linole-
nic acid versus those of EPA/DHA on cardiovascular risk
markers in healthy elderly subjects [ J]. Eur J Clin Nutr,
2006, 60(8): 978 —984.

MCLENNAN P L, DALLIMORE J A. Dietary canola oil
modifies myocardial fatty acids and inhibits cardiac ar-
rhythmias in rats [ J]. J Nutr, 1995, 125(4): 1003 -
1009.

RALLIDIS L S, PASCHOS G, LIAKOS G K, et al. Diet-
ary alpha — linolenic acid decreases C — reactive protein,
serum amyloid A and interleukin — 6 in dyslipidaemic pa-
tients [ J]. Atherosclerosis, 2003, 167(2) : 237 —242.
BAKER E J, MILES E A, BURDGE G C, et al. Metabo-
lism and functional effects of plant — derived omega — 3
fatty acids in humans [ J]. Prog Lipid Res, 2016, 64
30 - 56.

CARRERO J J, LOPEZ - HUERTAS E, SALMERON L
M, et al. Simvastatin and supplementation with @ -3 pol-
yunsaturated fatty acids and vitamins improves claudica-
tion distance in a randomized PILOT study in patients with
peripheral vascular disease [ J]. Nutr Res, 2006, 26
637 - 643.

HUN C S, HASEGAWA K, KAWABATA T, et al. In-
creased uncoupling protein2 mRNA in white adipose tis-
sue, and decrease in leptin, visceral fat, blood glucose,
and cholesterol in KK — Ay mice fed with eicosapentaenoic
and docosahexaenoic acids in addition to linolenic acid
[J]. Biochem Biophys Res Commun, 1999, 259 (1)
85 -90.



