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[BE] BB HRES 03 SAMFIRNIER ( polyunsaturated fatty acid, PUFA) B 5 F i 5 Jg TE 0 B 5 2%
HEH TR BB 5 R BUatk B AR SCEE R ZRA M0 . 73 PRI S ACPTABR BRBEAL 5y 2 4. =5 AR 4H (high fat
group, HF) FIZRFIMA (perilla oil group, PO) ,PO 5Tl HE s Lu sl iy 20% ,4 J& Jim i s R BRUBR & 28 4
TR SRR G A I IR T3 K BN -V JBRR ( oe-linolenic acid, ALA) &4 ; Western blot 77 W46 I B 8% JUL 3 %45
BiEZ 2 4 ( glucose transporter 4, GLUT4 ) FlJiE 5 E Z KK #-1 (insulin receptor substrate-1,1RS-1) £ [ 33k ; real
time PCR 77 ¥R & #5 WL Glutd (Irs-1 mRNA K3k, &R T4 J)5, 5 HF AN, BE%E PO 4R ALA
BRI TE ALA &= THE ,GLUT4 & F A mRNA ik ¥ W 7H 5, 1Ml IRS-1 25 (1A mRNA 33535 | 3 BRI
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Effects of perilla oil on the insulin sensitivity-related gene
expression in skeletal muscle in insulin resistant rats

XIE Xian-xing, ZHANG Tao, ZHAO Shuang, AN Xing-lan, MA Lan-zhi, DING Ming, LIU Yuan
(Laboratory Animal Center, Academy of Military Medical Sciences, Beijing 100071, China)

[ Abstract] Objective This study aims to investigate the effects of high-fat diet rich in perilla oil on the insulin
sensitivity-related gene expression in skeletal muscle in insulin resistant rats. Methods  The insulin resistant (IR) rat
models were randomly divided into 2 groups, including high fat group (HF) and perilla oil (PO) intervention group fed
with 20% substitution of lard energy in the HF. The insulin sensitivity of rats was measured after 4 weeks. The a-linolenic
acid (ALA) content of PO in the rat plasma were analyzed by gas chromatograph. Real-time PCR was applied to measure
glucose transporter 4 ( GLUT4) and insulin receptor substrate-1 (IRS-1) mRNA, and Western blot assay was used for
detecting the expression of GLUT4 and IRS-1 in the skeletal muscle. Results At the gene and protein levels, PO
remarkably reduced the level of IRS-1 and upregulated the level of GLUT4 with increasing intake of ALA and serum ALA
content in IR rats. The results of hyperinsulinemic-euglycemic clamp test showed no significant difference between the two

groups. Conclusions The results of our study suggest that consumption of n-3 PUFA at levels that can typically be found
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in the diet fed to IR rats in the form of ALA (0.556 g/d) may not improve insulin sensitivity, even though regulating the

expression of GLUT4 and IRS-1 in the skeletal muscle.
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Ji# 5% Z DT (insulin resistance, IR) J2F8 55 &%
HERr IEH B RE 0 T [, L™ Az 9 A ) 2 OB AR
TIER K, R GO0 B 5 3 i S R v R e
By RACP 2 A AE B LI A 7 55 g B 3%
FRRE g, G b B UL AR P A 2 R 5 I AT
) E L 2, 24 80% 1141 5 2 ) 3 P S50 ] 2 T 5%
ISR B B LS8 LY o B LR ML & A T
%‘??EETEE‘JE%EE?H%E{O %%ﬁ%@%ﬁ 4 (glucose
transporter 4 , GLUT4) A3 1Y 7 %4 b F% iz 2 1 35 L
WA £ RO R, KRR SE R GLUT4
FIRK R RE RPN AR

JB 2 ZR ARSI AL+ o3 52 5% AR OF ST A e
By RIPT EE R Z AR5 5 S SRR TR,
B ZEZIKEY (insulin receptor substrate, IRS) & H
Qb T AT SR B AR AL TR B B BERR AL
VERRZIT 4G Tl 215 S5 S0 7 1 IR 5
RIG S5 R T N, 76 4 F5 40 1 5 1Y
A FRTRE ARSI EE M MER . B RNAL B AR
iR 3 TRS-1 A1 TRS-2 J [H 3Rk, /I U BRI & 3%
AT I TG FERL, BT MRS B A 1ED . A5
WY, RHER IRS-1 BRI /N BRI A Rk 2218
AR — 7 R I 2 R ARPTI G, TR TRS-2 e[ Y
AN AR JE BRI R By e IR 7 IRS 7R
FAVEH A AR 4> T, IRS-1 3 B4R 5 T 2 1
HHL, D REZ AR A A, IRS-2 245 I 1
JR A

W5EdE H ,n-3 Z A FAR IR ( polyunsaturated
fatty acid, PUFA) 7RI AR | w036 e 5 48T 4t
RAE LB AL S A B Y -
FRIER ( a-linolenic acid, ALA) 2 oE M B TR BRI n-
3PUFA , fESII IR N ANRE S I, ALA 38 77 7 T 48
Yrimhgrh SRIEECN Tz, B IR TP RY ALA BLJR
Fh SRR Pl SR A AR AR
MR AR I IMER LA S ALA, Hoh ALA &R, 4
H50% ~70% ,AWFFE R AN TR Tl ALA &5
295 IRWITR Y 60% . H AT, KZ BB EE T T
n-3PUFA % 75 4F Wi A~ i 51 EPA Fil DHA, Tfif X} T
ALA WWFSEIEAZ . i, FeATTWFSE T 7ERR A S A
HEAEIERL T, I ALA BACES /31 A g Dy iR, X
IR RE SRR IR B XS H#% L IRS-1 Rl GLUT4
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1.1 SE3EhY .48 2 SPF itk SD K, k&
(160 £10) g, F g R 2R 2 Be s s sy b oo 42
i, A IE Sk SCXK (%) 2012-004, 525 3h ¥ 1
FETEREPPA B SR s b O RS D &
IR R SYXK ( Z2)2012-005 , R #& il 76 ( 23 =
1)°C BN (40 £5) % ,WIREFEM 12 h (600 ~
18: 00) , ¥ Al DL A fi R & oK, IR SEEshY)
iR 3R BRI 25T NGE R

11,2 Sessh Wy iaket . 5 5m fe)kk . 4 BT koK fb
) i W B EE 4300 20. 2% L69.49% (10.31%
AEE & RN 15.7 kl/g. i lRTEEL: 25 BT Bk Ak
W .NR Wi BE B L 2R B A 19.67% | 34.59% |
45.73% ,AE R F RN 19.35 kI/g. Pl R 9
T AR B B I R R 1Y 209% |, B BT
HEFIRE I LT B R AR

1.1.3 SE9reH ¥ 48 HOSPF ZilfEtE SD K BLBE
WLAr R 2 A AT JBE 5 28 KT A5 . X IR 4 ( normal
control group, NC) 12 H & i 41 (high fat group,
HF)36 H. YRl R B BUBR S BRIP4 1
PRI B R ARPTIY 24 KR R BBERLIT 1y 2 21 . 15
ZemlE4H (high fat group, HF) F5T4 (perilla oil
group, PO) %41 12 H, B Taouis M"' AYWF5T I
JE TR TE] 4 J 4 J8J5 42 SR AT, LB i WLAH 2
BRI TRIRAT

114 FEAARGEUR : SOFe 5% G & (TaKaRa
DRRO37A, K 3% ) ; Trizol ( Invitrogen 2 ), 3¢ & ) ;
Bio-Rad 1Q5 real-time PCR ﬁ(,é*ﬁﬁ@i/ﬁﬁj‘ﬁc( P}
5 1LSPO1-2A) ; RIPA Mt i (TG YA A )
BCA {7 ( Beyotime ) ; & F Bl 1] Cocktail Tablets
(Roche 2~ A], Hij+:) ; B-actin —37T (ab8227, Abcam,
HelH ) ; /M GLUT4 —PT (ab65267, Abcam, He[H ) ;
2 IRS-1 —#H1(s¢-559, Santa Cruz, FE[H) ; BRI A
A i A 1] B9 10 T/ BB (se2005, Santa
Cruz, ) ; AR EAYBETRIC I FEHT R —HT
(sc-2004, Santa Cruz, F[E) ; Western blotting & Jt:
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R R & (Thermo, &) ;X G R W &
M (Kodak , SE[H) ,

1.2 7

1201 @i 210 I B e S 06 . KRR B T2
14 h (1800 ~ 8. 00) , LYY SRR, BRI 2
F1A4 S0 IOk B 72 351 8h kA 48, 5 36 3 A v R B
PR, w0 Ik 1 R ey =, — i T
[ 5 BRI, — i e TR AR R . Sk
R IFE A Z (10 U/mL) 588 & 54568 T 5t
I, BRI, #0505 A 2R DB 1k
I, FEA HHE T 220 2 3 WK, B BB A 5 min,
MRS E o 1) MR (EL 8 Ry LR B, DA A R 4
mU/kg*min B R S 2R I 52 [F] F& R 5 min, AR
TN P A 1 7 0 A 2 W e % 0 W
T ETE (FEAE IS £0.5) mmol/L, & 5 IR A H] %€
PR AR (B 22 3 3 IR N, i
[A] 24 120 min ( K R 5 2201 ) , R BRUBE &% 38 B0k
PEBIE AN 8 R B 60 ~ 120 min A4 7 25 B B vE R
(glucose infusion rate, GIR) F-FE341E

1.2.2  SAHETEEARI T B oK BUME ALA 7
T P RSSO 2 I AR R TS ALA & i
(GC2010; Shimadzu, HZ)"' 18 iR g b ke
mZe GC/MS AT, 38 2 b o i %o B, e 0ég T AR —
P S AT AT i

1.2.3  SEHFE & PCR 10 ~20 mg KEEHEILA
LFBELET 439038 FH Trizol M1 TaKaRa 5] &
RALHUE RNA TR 5) | S e 5 4544 :37°C 15 min,
85°C 5 s, HAE YR AL 5 30F AT . S i i ok
JH TaKaRa #¢ 63 BHAR &, A cDNA BARJS,
P4 A B B 5 (GLUT4 B IRS-1) . N2 B-
actin (514, PEATSEWE o B, BN FE IR E 3 AN E

5. s | Wi b e i EE R B T A R A A
GLUT4 I {i%:5° -GGGCTGTGAGTGAGTGCTTTC-3 " ;
GLUT4 .5 -CAGCGAGGCAAGGCTAGA-3 " ; 7~
YR 96 bp, TRS-1 Lii#:5° -TGGACAAACGG
AGTAGGG-3" ; TRS-1 F #if: 5’ -CTGGTGGAAGAG
GAGGAA-3 ;72K 197 bp, B-actin [-{iF:5° -
CCCATCTATGAGGGTTACGC-3” ; B-actin N iif: 5 -
TTTAATGTCACGCACGATTTC-3 > ; 7= ¥ K & K
150 bp,
1.2.4  Western-blot fill . $2 BB #% LA LUE H,
BCA I FHVkE . HF (PO S R —ZU T AL
T #17 SDS-PAGE #E it B UK S5 56, HLFE 6 )5 LA 5%
JBERE WAy A, 4395 GLUT4 (IRS-1 Al B-actin FT
PSR, AR 5 ZHeAE T, PR 3G i Ak 2 ROtk
TN, Bractin fE NS, B R LI 5&H H
Image J BAFHEATHE F K BE 4341, % 4 55 actin 22 H
i A AEART S
1.3 $itEAE

SRR AT « AR S (2 £ 5 ) KK
IR BTG TR SAS 9.0, et o
B BT E OB ¢ K

2 FR

2.1 BRBE-EEMmMBEHELIELER
TR EE A e JBE B 22 - TE 8 OB B e S g 2
RoR, E iR GIR K T X B4 (P =0. 0086) ,
e i A R B A B R AR, U R R
2.2 ALABANEEMEALA SERRBEH
B
SAHEE RS KECREEE A HE
ALA $E AR ULHA, PO 2K B ALA $RE A W EH T

TE : TR D38 £ ARiEE (& = 5 ) RFOR BHA 6 AR, P * 7 (P<0.05)
RES HF H2ERA B, A, ALA AR B, HWAMETS, HF, RIR4L;PO, JR1ildl,
1 ALA BEA 555 R Uk
Note. Data are mean + standard deviation (SD), n =6 rats per diet. “ P <0. 05 indicates a significant different vs.

the HF group. A, ALA intake; B, GIR. HF, high fat group; PO, perilla oil group.

Fig.1 ALA intake and insulin sensitivity in the rats
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HF 241 (P <0.0001) , WIE 1A, 5ICARXR S, HF
ZH R BRI HEARAG I HY ALA F£75, T PO 2H K B if
H ALA 54 0.575 x 10 £0. 00034 mg/mL, 5
[ - H IS B e SE 25 SR W, 5 HF 44
L, PO 2H K BRUEE 5 R BURME A W B8k (P =
0.3246) , WA 1B,
2.3 EHEEE PCR 2 # GLUT4 1 IRS-1 Ri&
=5

SERFAE B PCR 253 oK, 5 HF 44 Lk, PO 41
KEH#M Glud mRNA X E D EFE (P =
0.0094) . 5 IbE5 A A2 B K R B WL Irs-
1 mRNA REBEE PO TH FEERM(P =
0.0032) , L% 1,
2.4 Western blot #&ill] GLUT4 #1 IRS-1 EH XKix

AURE W, 5 HF A A, PO 41 K B A 85 WL
IRS-1 SR IAE B EFEIR(P <0.0001) , WLIE 2A
1Ml PO AT Ltk 2542 Jk 5 R HKHe R BB #% L GLUT4
EHMZIE(P <0.0001) , WLIK 2B,

3 iTtie

WA KBGO N IR TE S — R EH
R, ALK AR ALEE 5 B AR A RE = 45% &
N E R R SD KR, 12 e, K24 T
IR, 5 AZKERIG ORI, AF A iE 25 s

(3Ll EE R, H AT 7RI IR - AR 25 b T UG
J7 IR —AFEF B, ML I5% " BmsE &3 n-
3PUFA I LA = B ik B35 & R U & = A He , (B
FFARWFFE n-3 PUFA XTE R FUR B AEEIRITTER,
HiZ H AR & EPA/DHA, HdE ALA, 84T
BTEAAFE H AR T AR ESLF, LUE & ALA
H IR IR AR R 5 1) 20% , 3R 5T n-
3 PUFA X iR 75 5 9 5 32 FIRHe R BRI &5 3R BlUd
PR ) B o3 SE Al

AR, m IR IR B R R 5 R HCHTR R
L GLUT4 2 bk B F R, GLUT4 4
FEH 509 NEIERRERIE & HATC A 14 APt
985 5 O ARG 32 A A R G A2 R (GLUT) RIE ML 2
— 00 M R R/ U BR L GLUTA £ 1A
2 S HU™ I 1 R FEARYURE A 2 AN K D
GLUT4 )R 3K 8% 14 T B Br 3 300 5 % LA IR 1
21 ot 4 2 R R D 0 0 S i 5 A R
O o 1 AN (BT BU K = S RN W < o
TI GLUTA Jt R B /) BUB % UL GLUT4 By Rk, X
A DA RS R HC BT A A A2 R RS H R,
fE#F GLUT4 ik TSR B IR YT IR & R 3Kt — 1
UG T, Jacob LI ALA (30 mg/kg-day)
HEE T 10 d XSPAERE K BB #E L GLUT4 RiK A
BELM 1 Taouis 5 % B, B & ALA (3K

F1 HEEMXEEE(x+s,n=6)

Tab.1 Relative gene expression levels ( x + 5, n=6)

AT F ik Relative expression

H:H Genes — -
g4l HF T4 PO P
WHBEEE M 4 (Glud) 0.658 +0. 141* 1.011 +0. 125> 0. 0094
JE 5 R AZ AR (Irs-1) 0. 689 +0. 186° 0.301 +0. 095" 0. 0032

T TR R B B2

Note. The same letter denotes that the difference is statistically not significant.

P 7 (P<0.05) 03RS HF A2 51 BE M, A, IRS-1 EAMXFRLE,
B, GLUT4 S HMIXF£EE, HF, @54, PO, HFildl,
B2 GLUT4 1 IRS-1 M ik

Note. “ *” P <0.05 indicates a significant difference vs. the HF group. A, Relative expression of IRS-1/B-actin;

B, Relative expression of GLUT4/B-actin. HF, high fat group; PO, perilla oil group.

Fig.2 Expression of GLUT4 and IRS-1 proteins in the rats
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ME RS T4 8, ALA (0.882 g/d) Al L) i 42
FHRBE#L GLUT4 ik, X 0 G5 1Rk 7R
JIALA K T U AR TR AT G, AR &
B, 3d Ak 25 T TR B RARHUR BUE & ALA (0.556 g/
d) MR E T 4 J8 )5, B AR BRUL7E ALA
SE IR, GLUT4 25 M Al mRNA Rk & ¥
FHE

IRS-1 f& i e & ML I 5 2 A2 RS, H R 4%
TIREM 2 P e B L, 78 9 B R AR R oy
7, TRS-1 JRESEAEHE LD 20 SR BUR R i e
WFEUERT  TRS-1 & K 50 5 /0 B o B0 IR 15 28 IR A
AR TR, 285w R IR 1235 & 1 IR 5 R AP R B, H:
HHNL IRS-1 & AR5 B ERMKT, s %
AT HEE R BLALA (30 mg’kg. day ) ZK & 15 d
Jo B BE K BB UL IRS-1 B A E A B FE T
U I ATAR B Z B, ALA IRE T4 B2
Ja R BB L IRS-1 25 1 mRNA £ iA 1)
EREAR, XATRERFRATEE IR ALA T 15 K BB
Sy B U WA I B B ) — D E R R, ALA
O TR % 2R HRPT P B 5 ) i | I ) AR AR G, A
it — 20 I SEERAAE

25 L ATR  ALA TR T 1000] DAGE e 5 R AL
REE#NL GLUTA 2 1 mRNA )R 5, {H AT
IRS-1 & il mRNA 35, ALA (0.556 g/d) &
TR T 000 A 3 i I 3R FIR P K RRLUBE B &
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