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[ Abstract]

patients. Methods
for 8 weeks. Oral glucose tolerance test( OGTT ) and insulin releasing test were performed before and after

Second Hospital, Shanxi

Objective
From October 2011 to April 2012, 16 patients received an oral dose of a-linolenic acid

To explore the effects of a-linolenic acid on insulin sensitivity in obese

treatment. Homeostasis model assessment insulin resistance ( HOMA-IR) index and area under curve of

insulin ( AUCI) were calculated to evaluate the insulin sensitivity. The levels of serum triglyceride, free fatty
acids (FFA),
overnight fast. Results
TNF-a versus the subjects in normal control group(all P <0.05). Obese patients were also more insulin-
resistant than normal subjects based on a higher HOMA-IR (P < 0.05) .
triglyceride, FFA, IL-6 and TNF-a were observed after treatment.. With the administration of a-linolenic
acid, HOMA-IR and AUCI significantly decreased in obese patients( HOMA-IR; 1.8 £0.2 vs 1.2 £0. 3,
P <0.05; AUCI; 1151 £505 vs 768 +347, P <0.05). Conclusion «-linolenic acid increases peripheral

insulin sensitivity in obese patients and it may aid the prevention and treatment of type 2 diabetes mellitus

interleukin-6 (IL-6) and tumor necrosis factor-alpha ( TNF-at) were measured after an
Obese patients had significantly elevated serum insulin, triglyceride, FFA, 1L-6 and

Decreased ‘serum insulin,

and atherosclerotic vascular diseases.

M R AFSE -

[ Key words] Obesity; Alpha-linolenic acid;
JIES P £ 5 R R 2 R DR R Sl ok ks A s Ak
PRI AR B 2 MBS iy s R
iR (free fatty acids, FFA) /K 3ET4&, 7l 5] &5 8
JUU I I 5 2L ORI DAY i 4 e 25 Jke 5 2 S 2H 21 ) JBR
By RARPC, HPT B [ 8 RICHT2 Nk 28 kA 2
TR FR o5 FILCo 1L 6 9 ) T B N ) JE@?TEE@
WK R B, FRA 3 i 7% fk TKKB/NF-«kB Km

DOI;10. 3760/ cma. j. issn. 0376-2491.2013.02.013
YE B :030001 J5E, 1L VG B AR R 250 1R B T (R Rt
WEVEE B 515, Email ; nfm_568 @ yahoo. com. cn

Insulin sensitivity

B R I 5 ZEHRPL, 1 AR 22 05 32 1k Toll A 2Z {4 4
(TLR4) f& FFA 7§ k3 — 4 0 £ 5 30 % 1) SC Bk A
2 o WIRRAR (a-linolenic acid, ALA) E2—Fp 1z
FETHRATH o3 Z RIS, v 2
FHLAIMH] TLRE A a9 40 ™ o ARFIE R
ALA XF—Z BT HEA TR T, WES ALA XA R A8
5 Z AR R 2, AU — 20 WA A P R
B 5 RACHT A A AL, A BTG 2 BB R A B ik
SRR A P o I A9 0 B8 AL ) SIS

— X5k

1. X%§4.2011 4E 10 A & 2012 4F 4 A FILP§E



HAEEE2 LR 2013 41 H 8 HE5 93 552 ] Natl Med J China, January 8,2013,Vol. 93, No.2 - 133 -

BERF R T2z e 16 4], Hofh 55
9 B, 2 7 ], A1 40 ~ 58 X PR (49 £8) %
RS20 16 451, Horp 55 9 9, 2o 7 5], 41 36 ~ 56
B AR (46 £9) % o Y ABRIE BRI
FEE(BMI) =25.0 kg/m’, {52k % BMI <25.0
kg/m” | Ifi. JE < 140/90 mm Hg (1 mm Hg = 0.133
kPa) , M JH[F EE < 6.0 mmol/L,75 g 17 JIR % 24 # it
i858 (OGTT) 23 IF I8 < 6.1 mmol/L, Hffif 2 h
K% <7. 8 mmol/L, MR HL HFEINEEIEH o HEBR
PR : 208 PRI PR, A B S Mg | I AR
PIBE Rz B R AR B IR PT R 25 KA TT 225 Wi
I APPSR IV R R A5 R B I T 4
e, A 2 R F S W

2. IRIGFR)T T A 52 R 28 TR A A sE R g
IRk A A B S I A e R R e R 1E
Mz s AL E ] ALA (55l f@ =2 25001
ARATL0.5 g/K1)2.0 g,2 k/d FIRIGSTY 8 il iR
JPRT A ALA 1 d J5, Wil % B i R E TR
BMI, i) 22 J it I [ B, -y =6 FFA | 48 A
F (IL)6 K IRSE 5 (TNF) o, £7 75-g OGTT J¢
JoR 5 R B HORES , T AR A A DA 9 g 5 R KT
&% ( HOMA-IR) #1 OGTT Ji & 2 i Z&7F 1fif #1
(AUCI)

3. T BR A 53 « 1A SR FH 8 2 W4 L g
P B9 2R R e i A, I FFA SR 8
Pl ( H A Wako 2AF]254) , il IL-6 \ TNF-e 2% ]
ELISA 460 ( 56 5 R&D Systems AH) 25 &) o

4. OGTT ; 75 JI5 2R i I 7 FEAHRRAS T a7 i 1
FOKN- R G D IR A 75 g, T 7 A S 30,
60,120 180 min F I 00 2 IfARE 1 BR £ 25 7K o

5 k(1) BML = K&/ B & (kg/m’);

(2) HOMA-IR ;4 FPG( mmol/L) ,FINS ( pmol/L) %%
e A HOMA Calculator v2. 2.2, 313845 4 HOMA-
IR;(3)AUCI=0.5 xFINS+0.5 h K53 +1 h i
Z+2h S ZE +0.5x3 h R E,

6. Gl F b3 >R SPSS 16. 0 GE i #1473 My
Bl THETERILL ¥ 25 FoR, PRALIA] KR YT A AL
PEE A LR ¢ K256, A P <0.05 S 2Z A 41t

— 4
. HEE2H 5 0 A 8 B2 — BB PRV e A

21 16 FIRERE B S 16 BlgRREZ 05 LR, 4R
PRSI 23 8 B 070 2 T I A i I [ 2 e 8
TG E X (HP>0.05) , JEpEEE BMI K,
23 1 R BT 2 h B R CHH =R FFA IL-
6 TNF-a % HOMA-IR W] i Tl Z il %, 2 57
BRSO FRE X (¥ P<0.05,3% 1),

2. NEREAIGYT RIS — Ml R Rk L3« B e 2H
B ALA JRYT 8 JiJ5 BMI AR | 25 i i b K 0 671
fif 2 h MR BRI RTREAR, H 22 R TGt 2=
o EREAEE ALA VYT 8 JiJa 25 IR I & 3= i
fir 2 b &2 H i =g (FFA (IL-6 Jz TNF-o #f
JPRTIA AR, 22 R A St 2 L (¥ P <0.05,
Fl)s

3. AERELH IR T i JE B i 2 AR H g IR P4
B ALA 3597 8 JilJ§ HOMA-IR (AUCI Y8367 1
B REAIG, 22 52 39 Gi 124 3% L (HOMA-IR: 1.8 =+
0.2 1.2 0.3, P <0.05; AUCI: 1151 =505 Lt
768 £347 P <0.05) .

=.itig

FEL PP 2 2 TR BRI I A8 5 05 4 e 57 6 PR
R FT S I B AP R AR R R R

R LRI 0 ML HERELLIG Y7 RIS — B RO (2 £ 5)

o % AR BMI2 KRE FPG 2 hPG FINS 2 h INS
(%) (kg/m”) (kg) (mmol/L) (mmol/L) (pmol/L) (pmol/L)
popiekel 16 46 +9 22.1%2.5 61 +8 5.5+0.4 6.1+0.6 15 £6 58 +12
JE e 2H (i) 16 49 +8 28.3+2.8° 80 +8* 5.70.1 6.3£1.2 88 +14° 224 +56°
AR () 16 49 +8 27.2 +2.1 79 +9 5.4£0.3 6.2 0.5 62 +10" 176 62"
40l (/L) (mmol/L) ( ugf}m ( i;fL) (o HOMA-IR
popickiel 4.2+1.2 1.6 0.5 458 +48 1.26 +0.25 1.38 +0.24 0.4 0.1
EJRE2H (i) 4.5+0.8 3.1+1.3° 879 + 642 2.20 +0.35* 1.96 +0.32* 1.8 +0.2°
AEREL (5D 4.6 0.7 2.1+0.5" 684 +56" 1.72 £0.27" 1.54 £0.16" 1.2+0.2"

1 BMI: (R A 250 FPG - 25 IR 52 hPG i 6o 2 h W ; FINS : 23 5 15 252 h INS 7 for 2 h 55 25 TC : BRI B TG - Hrith =g FFA
PR IR  1L-6 : (4NN 65 TNF-o « IR IRFE N T o s HOMA-IR . R S T ITA 1) g 1) AR HTHE B0 B (AT A7 R IERELE (R <38

7 3 X AL HgR, * P < 0. 055 5iR)T R HL AR, P <0. 05



- 134 - RAEE 22013 4E 1 H 8 HEE 93 #5452 ]  Natl Med J China, January 8,2013,Vol. 93, No.2

VEFR  ER R B S 350008 5 AR HE 9 20 T LA 1 R o
A WY R, & FFA IL5E 18 M 48 58 2 v Fl
i 15 B AR A B S8 B R AE PR BB . FFA
AT 5 | 5 2R A 2 2 g 1 2 AR W 2R AN Y T B
SE AR S T R AR A SR, HE o s
TLR4/IKKB/NF-«B RIEESHEE, 5SS IL6 &
TNF-or 2598 R HE PR 22 35 , AT 5 B0 i B ik ™
WS LI, BB BE B 3 FFA (IL-6 \TNF-a /%2 HOMA-
TR I 558 25 T P e e e A2 3, T 92 e 2L M e 1
FHA S FFA IMUAE 2 PE R AE KW AR 5 R AL 4
RE BB 5 B 2 A

o-3 TR A 3 AL B XU Z N g
iR, AR A BARREA 8, HAE &9 bR,
NEFR NN LT NG MR, FEAFE ALA, — 1k
FIRER (EPA) Fll — -+ — ik /SR (DHA) o IR PR I
-3 NS TR 32 B T 5 Hm = WS AR AR YT Ko
FR TR . (BRI R A, w-3 AR R v B A IR
VEFE , I8 1 105 A JHE AR 2 6009 B 25 £ it S5 3 114
KD, -3 BE W RR L 46 ME F B9 431 HL ) 5 BEL b
FFA/TLR4/IKKB/NF-«B RAE(E 518 B 10 2V 2
YN, B4 0-3 I8 105 IR 516 A0 g D5 iR 38 4+ 5
TLR4 1454, 512 TLRA 484 {7 530 5% (6 i 0
-3 % 107 R 38 5 5 40 M T L B -3 BE R A2 44
GPRI120 254, dE 30 i TLR4 58 £ {5 5 3 % 19 1%
15 0-3 BRITMR i 7 PPARy B3| NF-B
HREAL™ L AHFSE & B, ERE R ALA 897 8 S
1 H 3l =g FFA IL-6 % TNF-o 7K 589677 Bt 1 5
WA, 4278 ALA AT [ A AT B 56 2800 H ol =8 FFA
IR e 5 R K- o

ST IR, LAREREIR SR B Wistar KR, 25 16
JI 5% 25 R0 1 7 W T G AUCT 8 25 7w, 42
TN EREMERE AT S R AL AR IR B TR A
ALA 3 A~ F ) J 5 2= #8T K B2 I B 5 2= T AUCT
2 A, TE ST ALA AT 2 1R 5 3R HRP TR R R )
ZHUBHES L WATRFE O R, 7R IE W R E A
EHARNREF KB E R ALA A & 55880
JiR 5 2 HHT B R B A OC , 78 ALA Al s im A
TR REURAE " . NIRBEDTIFSE & B, A
ALA KRB 6 N H IR 25 G 1E B3 R 5 ROK T8
TS BRI, IESE ALA AT GE Q2R A AE 8 3 1A fige
By BAURE " L NE R I KPR UL JELIA

ALA JZ ARSI AT I HE B4 158 2 2R R E AT R
ABFFER ] HOMA-IR | AUCT A7 HE JiE 28 25 1) e 5
AU, BT FE R B, B B ALA 187 8 G
HOMA-IR \AUCT #3647 i W R R AIC, IESE ALA nf i
AT P S0 A Jo I R U

AHIFTLE IR, ALA 15 2 7% FEAR AL e J8 25018
P9 P B Y [ I 0 25 496 0 HL R B 2R R,
-3 JRITER BOHT R A1 Tl BE S LB 3 2 S T Y
it o P, -3 JIR R AT BE PR FE AL 2 2Ok bR A
FIB KRR RE A O L8 ARG BT I P ) 2 0 1) A 4
PRI EAT T ] A9 e AR IO H i

£ % x W

[1] Boden G. Obesity and free fatty acids. Endocrinol Metab Clin
North Am,2008,37:635-646, viii-ix.

[2] Jiao P, Ma ], Feng B, et al. FFA-induced adipocyte inflammation
and insulin resistance: involvement of ER stress and IKKB
pathways. Obesity (Silver Spring) ,2011,19:483-491.

[3] Kim F, Pham M, Luttrell I, et al. Toll-like receptor4 mediates
vascular “inflammation and insulin resistance indiet-induced
obesity. Circ Res, 2007, 100.1589-1596.

[4] Im DS. Omega-3 fatty acids in anti-inflammation ( pro-resolution)
and GPCRs. Prog Lipid Res,2012,51,232-237.

[5] van Dijk SJ, Feskens EJ, Bos MB,et al. A saturated fatty acid-
rich diet induces an obesity-linked proinflammatory gene
expression profile in adipose tissue of subjects at risk of metabolic
syndrome. Am J Clin Nutr,2009, 90:1656-1664.

[6] Lee JY, Ye J, Gao Z, et al. Reciprocal modulation of Toll-like

pathways  involving  MyD88  and
phosphatidylinositol ~ 3-kinase/AKT by saturated and
polyunsaturated fatty acids. J Biol Chem, 2003, 278 37041-
37051.

[7] Oh DY, Talukdar S, Bae EJ, et al. GPR120 is an omega-3 fatty
acid receptor mediating potent anti-inflammatory and insulin-
sensitizing effects. Cell ,2010,142 :687-698.

[8] Krey G, Braissant O, L'Horset F, et al. Fatty acids, eicosanoids,

receptor4  signaling

and hypolipidemic agents identified as ligands of peroxisome
proliferator-activated receptors by coactivator-dependent receptor
ligand assay. Mol Endocrinol,1997,11:779-791.

[9] Ghafoorunissa, Ibrahim A, Natarajan S. Substituting dietary
linoleic acid with alpha-linolenic acid improves insulin sensitivity
in sucrose fed rats. Biochim Biophys Acta,2005,1733:67-75.

[10] Muramatsu T, Yatsuya H, Toyoshima H, et al. Higher dietary
intake of alpha- linolenic acid is associated with lower insulin
resistance in middle-aged Japanese. Prev Med, 2010, 50 272-
276.

[11] Baxheinrich A, Stratmann B, Lee-Barkey YH, et al. Effects of a
rapeseed oil-enriched hypoenergetic diet with a high content of «-
linolenic acid on body weight and cardiovascular risk profile in
patients with the metabolic syndrome. Br J Nutr, 2012,108 :682-
691.

( Wk H 199:2012-08-08)
(A3 G i)



