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Effects of perilla oil on the insulin sensitivity-related gene
expression in skeletal muscle in insulin resistant rats
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[ 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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RIKPIE T AL, HAMEZHEA 4 (glucose
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By R AP TR N ARG (R 518 S R AG A8, R
5 FEZIKIEY) (insulin receptor substrate, IRS)
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fatty acid, PUFA) 7EREARIMLAE | o5 R 5 R AT 4L
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1.1.3 SE9reH ¥ 48 HOSPF ZilfEtE SD K BUBE
MLArR 2 AL aE AT JBE 5 28 T A5 . X IR 4 ( normal
control group, NC) 12 H & i 41 (high fat group,
HF)36 H. YElR2l R B BB S RIPUE , #4
BRI B AP 24 R e R BBELAT 2 21 . FF
ZemiIE4H (high fat group, HF) F5RT4 (perilla oil
group, PO) %41 12 H, B8 Taouis M"' AYWFFT I
JETTRITE 4 J 4 J8]J5 42 SR AT, R i WLAH 2O
BRI TRIRAT

114 FEZER5 0G0 SR R & (TaKaRa
DRRO37A, K 3% ) ; Trizol ( Invitrogen 2~ ], 3 & ) ;
Bio-Rad 1Q5 real-time PCR ’D‘(,éﬁﬁﬁiﬂfﬁj‘ﬁ( iy
5 LSPO1-2A) ; RIPA 2L Wk (B A=Y AWl ) 5
BCA {77 ( Beyotime ) ; & FI B il 5] Cocktail Tablets
(Roche A #], % +) ; B-actin —$T (ab8227, Abcam,
Yi[d) ;7N GLUT4 —$1 (ab65267, Abcam, J:[H ) ;
12 IRS-1 —#1 (s¢-559, Santa Cruz, FE[H) ; BRI A
Py Al A iC 19 1 3 5T/ BT (s¢-2005, Santa
Cruz, ) ; BRI E ARG IC 1L TR —hT
(sc-2004, Santa Cruz, F[F ) ; Western blotting &
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R & ( Thermo, SEE) ;X VG | WM &
R (Kodak, 3EH)
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I, BRI, #4020 T LB Ak
I, FEAE BT E L2 3 K, BRKIEIBEN 5 min,
IR RS R S 8 MW (152 o SE Rl M b . D R 4
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P S AT AT i

1.2.3  SEHFE R PCR: 10 ~20 mg KEREEEALA
ZIF B0, 4338 F Trizol 15 F1 TaKaRa 7] &
AR RNA FHJCE s, R s 25478 :37°C 15 min,
85°C 5 s, 1A 4R UL 50047 . SEm e | BBk
FH TaKaRa #JEYRHAF &, MA cDNA Btz )5,
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GLUT4 Fi#:5  -CAGCGAGGCAAGGCTAGA-3 " ; 7~
YR 96 bp, IRS-1 ;5  -TGGACAAACGG
AGTAGGG-3" ; IRS-1 F ii#: 5’ -CTGGTGGAAGAG
GAGGAA-3" ; P2HIK N 197 bp, B-actin _[Jif:57 -
CCCATCTATGAGGGTTACGC-3" ; B-actin | ;5" -
TTTAATGTCACGCACGATTTC3 5 7= ¥ K & K
150 bp,
1.2.4  Western-blot il ; & & 85 WL 2L H,
BCA I AV, HF PO G H i — By i
T #17 SDS-PAGE % i B UK S5 56, L FE IS )5 LA 5%
WA WKy A, F540 51 5 GLUT4 (IRS-1 Al B-actin $T
PO AR 5 ZHeAE T, R 3G s Ak 2 Otk
TN E K, B-actin fE NS, B LB &4 H
Image J ﬁk#ﬁﬁ%ﬁi}?ﬁiéﬁﬁ,%éﬂ% actin &5 [
T AR SRR
1.3 SitEFRZE

SRR AR £ A (£ 5) KE
IR BTG TR A SAS 9.0, et o
B BT E OB ¢ K

2 FR

2.1 BRBE-EEMmMEHELIELER
TR AE A e JBE B 2 - TE 8 UM B e S g 2

RoR, =i GIR KT X B4 (P =0.0086) ,

T IR AR B AR JR 5 AT, U AR B

22 ALABANEEMNFEALA SERRBEH
SMEERENS KREREEZEHEEN

ALA $EAR UL, PO KB ALA fEA R W E & T

B
1504
e
= 100 |
) —r—
z
g 504
5 /
. A
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O T
HF

T SR LI = AREZE (o 2 5 ) RS A 6 HOREL, B =7 (P <0.05)
RES HF H2ERA B, A, ALA AR B, HWAELS, HF, R4, PO, Jh1ildl,
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, 5ICARX R S , HF
ZH R BRI HEARAG I HY ALA F275, T PO 2H K R if
7 ALA #1247 0.575 x 10 £0. 00034 mg/mL, 5
B 5 25 -1E 0B B e L B0 45 AR WUR , 5 HF 414
L, PO 2H K BRUEE &5 R UM A W B 28k (P
0.3246) ,WLK 1B,
2.3 XBfEE PCR 44 GLUT4 # IRS-1 FiX
=R

SEAE R PCR 45 B/R, 5 HF 44 Lk, PO 41
KEH# M Glud mRNA FiEE R EFE (P
0.0094) . 5 ILE5 A A2 AR K R B WL Irs-
1 mRNA £ B 7E PO THIF B ERRAL (P
0.0032), L% 1,
2.4 Western blot #illl GLUT4 #1 IRS-1 & H XX

R, 5 HF 404t , PO 21 K BLE 8% L
IRS-1 FHFRIAE B EREIL(P <0.0001) , WK 2A,
1M PO AT LA ik 25 (i 2 1B 5 32 1K K BV B UL GLUT4
FE A (P <0.0001) , WL 2B,

itig

WA KBGO N IR TS — EEH
R, ALER AL EE 5 H AR RE = 45% &
Nk e SD KR, 12 e, K24 T B
IR, 5 AZKERIE ORI, AF A iE 25 s

3

() [ BRI, H AT ZE IR R AR 2591 T B2 iR
J7 IR B —AEHZEFBL, W2 3595 (st & 3 n-
3PUFA W] AT &5 iR ik B 175 & R BB 5 Z 4Kt , 11
FEARMIF n-3 PUFA XERIR FRUR S AAAERITIEA,
HiZ BRI 2 EPA/DHA, JF3E ALA, 3&AT]
BEAEMEF H AR AR S A ENL T, LS & ALA
(95 IR = A HORR ORI 5 Y 20% , R5E n-
3 PUFA Xt 75 5 50 I 3 AIKHT R BRUBE &% 3R s Pk
(AR B2 531 A

HHFFE R, RS & 10 R 5 E PR R
HHNL GLUTA Ak B, GLUT4 4y
T F 509 RS & HAETC 1Y 14 Fh ik
5 B O W 32 IR A W 6 18 R (GLUT) R U 2
— U0 PR AR BB BRI GLUT4 2 1A
S B0 H 11 [ 5 2R HR T R R A R I A2 AN R TP
GLUT4 (%335 B0 G M T I i 3 B0 15 5% JULRD I i
00 B X T T AR BRI R e s i 5 R R
R a1 AN (BT BU K = S RN e W < o
F+ GLUT4 J& N m bk /N BB #% UL GLUT4 ik, X
AT LA RS R HC BT A A A2 R RS H A,
fR GLUT4 ik C AR AR YT I 5 Z AL — 1
UG I, Jacob LM ALA (30 mg/kg-day)
HEHTH10 d XTIERER BB B UL GLUT4 Rk A
|TE3-ATIaE o T Taouis ZE R, B & ALA HYEHTE

R OERMAXERILE(x x5, n=6)

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

AT F ik Relative expression

FEH Genes — S
R4 HF Tl PO P
WEWEHGEEN 4 (Glud) 0.658 +0. 141* 1.011 0. 125" 0. 0094
R BRI (Urs-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.
IRS-1 nm A i ] B
180X 107 14 04 ﬁclj
®-E ~ g
ot [ 7;303 == o
54x10° Ba , o=
N =
52, 2 B0
i .
42X 10° & T = 00
L HF PO © HF PO
T # 7 (P <0.05) AR5 HF ERA B, A, IRS-1 EAMXIRIEE,
B, GLUT4 S HANXKiLkE, HF, IR PO, FR1ihdl,
B2 GLUT4 FlIRS-1 (R FAFRKKLE
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



P HE R BE 2R 2 A 2015 4F 12 A 5525 55 12 1 Chin J Comp Med, December 2015, Vol. 25. No. 12 5

ME RS T4 8, ALA (0. 882 g/d) Al L) i 42
FFREEENL GLUT4 £35") X vl §E 5 fapkL v i
JALA iy e T AR TR AT G, AR &
B, 3E Ak 25 T TR B RALHUR BUE & ALA (0.556 g/
d) MR E T4 JA )G, B & AR RIL7E ALA
STt R, GLUT4 25 M il mRNA Rk ¥
AN

IRS-1 J& 8 S & B Y R 5 R A2 AR R ), H Ok 15
IREM 2 P e B WL, 78 1B B R AR &k Jr
17, TRS-1 THHE AL E LY S BOR] A A
WFFEUER , TRS-1 R 50 B /0 BRUHE B8 B 28 IR B i
AR TRIES, 28 0sk e B I 75 i A TR I R AR R BRL, 3L
HHALIRS-1 A F LB ERKTT AR E
AT HEE R BL ALA (30 mg’kg. day ) ZKE 15 d
o B BE K BB B L IRS-1 B A E AR B FE T
U MRRATAIE ST LB, ALA IR T 1 4 2z
Ja R BB L IRS-1 25 M mRNA 2351
FREIL, XATRERFRATEL H ALA T 15 K BB
By B U WA I B B ) — D E R R, ALA
O TR B 2R HRPT P BB 5 ) i | I () AR AE AR G, A
Feift—2L I SEIR AR

25 LR  ALA PR T 100] DAGE o i 5 R AL
KEE# L GLUT4 & 1R mRNA () 3k, H AR
IRS-1 & il mRNA A3k, ALA (0.556 g/d) &
R T 0 A 3 5 3R FIR P K RRUBE B =
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