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Effect of Berberine on the Insulin Resistance and TLR4/IKKp/NF-kB Signaling Pathways in Skeletal Muscle of Obese
Rats with Insulin Resistance HOU Li-qiong . ZHAO Tie-yun®, ZHANG Yi-yi. Department of Endocrinology
and Metabolism , West China Hospital , Sichuan University , Chengdu 610041, China
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[Abstract] Objective To explore the possible mechanism of berberine improve insulin resistance in skeletal
muscle of obese rats. Methods Forty Wistar rats were divided into normal control group (NC group, n=10) and
high fat food group (HF group, n=30). After the obese model rats established successfully, the rats of NC group
(n=10) and HF group (n=10) were sacrificed. The level of fasting plasma endotoxin (ET) was detected. The
expression of Toll-like receptor 4 (TLLR4) mRNA in skeletal muscle were detected by real time quantitative PCR.
The expression of TLR4, IkB kinase 3 (IKKB), phospho-IKKg*"*" (p-IKKB*"*' ), nuclear factor-«kB (NF-«B),
tumor necrosis factor-a (TNF-¢), insulin receptor (IR), insulin receptor substrate-1 (IRS-1), phospho-IRS-1%"
(p-IRS-1*"") and the tyrosine phosphorylation of IR and IRS-1 (p-IR™ and p-IRS-1"™") protein in skeletal muscle
were detected by Western blot. The twenty HF group rats were randomly divided into two group: the fat model
control group (FC group, n=10) were fed with high fat diet and distilled water. The fat berberine group (FB
group, n=10) were fed with high fat diet and berberine. All rats were sacrificed after effective interventions of eight
weeks. The same indexes as the first part of experiment were detected. Results The results showed that the level
of ET was increased. The TLR4/IKKR/NF-«B signaling pathway is activated and the expression of TNF-a was
increased of the skeletal muscle in obese rats. However, the insulin signaling pathways of the skeletal muscle in
obese rats was inhibited. Berberine could reduce the level of ET of obese rats, down-regulate the TLR4/IKKB/NF-
kB inflammation signaling pathway and improve insulin resistance of skeletal muscle in obese rats. Conclusion Our
study revealed that berberine could reduce the level of ET of obese rats, down-regulate the TLR4/IKKB/NF-«B
inflammation signaling pathway in skeletal muscle and berberine can improve insulin resistance of skeletal muscle
through inhibiting the active of the TLR4/IKKB/NF-«B signaling pathway.
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1.1 ##

1.1.1 S=%zh4y 6 R FMEYE Wistar K 40
H KRBT 196 ~225 g, SPF ¢, 1 T iU #1451 5 )
AIRTHLAH

1.1.2 z&HRAMNE S E ELISA 7 &,
2 E EMD Millipore A ] s N # 2 A &L 5 1% 1K
FISZ B A BR S Al RNA 2 BGR 7 &, £ H
OMEGA A7) s i Bl TLR4 Hudf, i Bl IKKB Hit
A St B TKKR 181 3 22 %0 R i R 1L (p-TKK ™)
Podk, e bt Bl NF-«B p65 Hit M4, bt 5L R 3K 38 A
F-a(TNF-o)Hi i, 4t BB & 2] 32 1k (IR) B W B
PLiA bt R S R ZEY-1 ARS-D F ik, &
LIRS 307 f 2 2 PR FR Ik (p-IRS- 1) i {4,
St Bl IR % 24 R B B2 1k bt 1k (p-IR™), bt B
IRS-1 Ji% % 2 W W2 fk Bt A& (p-IRS-1™) ¥l [ 5
Cell Signaling (CST) /A w5 b R ¥ % 2, DU I % H
AW TARARAF

1.2 XLBHZE

1.2.1 #ZazhHEAR 6 R EEREME Wistar K
BRLA0 HU 38 I PR 5 5 DR 3R 1 RS 4 ol E R A
(NC 40)10 5 g g4 (HF 40)30 2 ,NC 4 ¥
DR SR HE 417 &5 g fa) R GV LA B : 2R
12. 8% JEMT 56. 220 Bk KL G W) 25. 00 SR, P
AW ¥ A BROK, R, EBENE 8+ 00 ~

202 00,4 H 15t 00~16 : 00 f4sk e, &K
1A (BMD . AR 4 BMF) W S R A2 750 4 57 o
15 45 CRV s BB Tk & 2124 BM 8 i 1F 3 XF B4
3 BM () 20%) .

1.2.2 FHmad RN IE4R 28 J& 0L R Ny
RN A K EASE 14 b, B 58 Dk R 1l I A4H 5 A=
fEFa bR (UL 1.2.3), 10 HONC 25 K BRI Bl AL 4l By
10 H HF 20K BURR I IE J5 118 K iE AR I 2 90 s
Jo s BUOR B i % LA T T4 I TLR4/IKKB/
NF-«B J i 5 2 A7 5 38 % P A ¢ 40 F 19 mRNA K
EEAMFRR AR (VE) BiE, HA4 20 B
HF 20 K EUBEAL 5 hy 30 3% = T F 41 (FB 240D FIE i
BRI AR 4] (FC 4 . B4 10 H, M4k 5w ik
RS FC M H 2 mL 2518k 5 . FB A% H
1 IREER 200 mg/(kg « OWFNEFEE LT 8
J& o TSRS 55 36 J8) b B K = R I 48 A TR
9528 .

1.2.3 i WS FAmR ET egtenl IR
I 2 s (FPG) L 1B 55 3 ELISA 2550 &4 I oK B
M5 25 18 18 5 25 K (FINS) . N 8 2k 7 & 46
M3 ET 7KF,

1.2.4 RT-PCR #nF 8 2 TLR4 mRNA &
£ Trizol JEIRPUE RNALVH 1 ng RNA JEAT 00 5%
S HARRAE D PR Fi BN B U T R AT . A o
Y cDNA HI51##t47 PCR i, TLRA 51%y: b iif
2l 4 5-GCCGGAAAGTTATTGTGGTGGT-3',

3 P R N Sk k95 °C 15 5,60 °C 1 min, 3t 40
MG Y2 25 o/ L BRE B BE LUK S T
EER AT R G AT /3 BT IF BRAH . L) Bractin g P9 X
TR, I 4T TLR-4 mRNA Hi yik 44 1) 57 ¥ 5%
R (AOD) fH, LA TLR-4 mRNA H 3k &4 5 p-
actin HL yk & 47 1) AOD {H 19 b {H & /R TLR-4
mRNA [ A% %k &

1.2.5 Western blot # | & # ML ¥ TLR4.IKKR.
p-IKKB*™*! | 2 fs 4% NF-kB, TNF-q, IR, IRS-1, p-
IRS™™T £k K -F WS B 85 UL AL 20T 58 70 24 i 4
Mij5, 14 000 r/min B0 5 min, W & .BCA &
ME R AW AR (25 ng) SEERRL 22X
FRE buffer IR%A], 2 W 5 min. 120 g/L SDS-PAGE
LUK 43 25 )5 - oF 2R T 5% B8 81 PVDF i 1. 5 %6 i g
W5k (TBS,0. 1% Tween-20) # ] 2 h J5, 5% —#i
& 4 Cit i BRJ5 M A HRP FRIC I —hiik. g
1 h,ECL fb2 & He 5 & 6 & ot 1 % Xeray I8 1R
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HHELL x5 FoR . PR L BOR UM FEA ¢
B 96 sk BT ¢ K3, P<<0. 05 W 2Z R A G4 E L,

1.2.6 % % 3 iE % Western blot # m| & 5 L P 2 =
IR.IRS-1 B £ 5% 86 40 A T 21 0 P9 2476 1 1 3 -
B HEWTE U5 5 LR 460 100 pg BEEFT 051 2.1 KRR BM RAEMLIRIRILL R

IMAHT IR F1 IRS-1 Hidk CTAEMREE 12 2 000),4 °C
B E PR A 100 pL 10 % A-Sepharose #E17
UUUE Ve B A DI Z B W5 A 50 pl 2 X SDS
RGP AT 5 ming B0 3 min, BV L HOAT A
DR VUK I | A S A Nl R i A R P AA (T
PEWREE 1+ 1000, YRR Jin AR 5 48046 9 i A i 1Y
THUCTAEMREE 12 50000 s 0% Vi k. LA HIM &
i 5 Bactin HLIK A5 AOD E 9 L (E R R % H i
1A X Rk

1.3 Sit% A&

W 1, 28 JARAYHE N Dy, 5 NC 241K B
[t HF 41 & i BM,FBG,FINS, HOMA-IR % ET 7k
FHELERFA RIS E L (P<<0.05) . 28 A FC
415 FB 41k il BM.FBG.FINS.HOMA-IR % ET [
HEEF TG E L (P>0.05) , HEZETHS
J8J5 (565 36 J#) . FC 20 5 FB 41 T i 5 BM iy 24 (4
W2 R A G # B L (P<0.05) , #ERT
il 8 J& J5 . FB 41 FBG.FINS, HOMA-IR } ET /K¢
AT AT R A (P<<0. 05) , H k&= 7E FC 415 FB 4
) 25 A it 2# 8 L (P<<0. 05)

*x1

Table 1 The body mass, the fasting plasma glucose, fasting insulin, homeostasis model of assessment for insulin resistance index and endotoxin in

%40 BM .FPG.FINS HOMA-IR % ET 7K E LB (n=10)

each group (n=10)

NC group HF group FC group FB group

Week 28 Week 28 Week 28 Week 36 Al Week 28 Week 36 A2
BM (g) 503.20441.51  643.82490.91Y  584,22437.90 606.10460. 01 22. 42422, 40 584. 20439, 01 586.80+46. 91 2.60+1.93*
FBG (mmol/L) 5.5570. 80 7.5040.94V 7.9040.63 8.14-0.93 0.2240. 34 7.7241.31 6.41+0. 620 1.00+0.50 *
FINS (ng/mL) 1.94+0.85 2.57+1.77V 2.31+1.80 2.40+1. 40 0.1140. 74 2.5042.01 0.50+0.20M —2.03+0.62%
HOMA-IR 10.1945.72 15.01+14.26V 39. 33420, 80 40, 22433, 31 0.924+12,43 43.20+26. 32 13.508. 41 —29.68+8.73
ET (EU/mL) 0.0840. 04 0.1540.07V 0.18=+0. 10 0.3240.09 0.14740. 04 0.2940.13 0.15+0.07M —0.1440. 05 *

BM: Body mass; FBG: Fasting blood glucose; FINS: Fasting insulin; HOMA-IR: Homeostasis model of assessment for insulin resistance index; A1 = Week 36 — Week 28 in FC group; A2 =

Week 36— Week 28 in FB group. W P<C0. 05, vs. NC group; BP<0.05. vs. Weck 28 in FB group; *

2.2 X VF. VF/BM. & # Al TLR4 mRNA X
TLR4/IKKB/NF-xB FS@EE R EEAMNRIE

WE 1. & 2.8 2, 28 FmF 5 NC A AH L, HF
40 VF }¢ VF/BM Jh@& (P<<0.05), 36 &I} FC 41
5 FB4 VF & VE/BM P ] [ 2 7 o4 it 2
BN (P>0.05), 28 AW 5 NC A, HF 4k
BUE# L TLR4 mRNA, TLR4 . TNF-« HH .
A% NF-«B 8 33k o IKKR™™ g i Ak /K 7 7
i (P<<0.05), 36 i}, 5 FC 440k, FB 40 KR
H# L TLR4 mRNA  TLR4%E 1. TNF-o % 1. 40

P<C0.05, vs. Al

Group
FC

Marker NC  HF

FB

(bp) (bp)

365

B 1
The expression of TLR4 mRNA in each group

RT-PCR ##ll TRL4 mRNA % ik
Fig 1

*2 &HHAKR VF. VF/BM. S8l TLR4 mRNA . TLR4 & 5 . IKKp T 5 .p-IKKpS'8! T 5 % 4 f1#% NF-xB & 8 . INF-0 EEH R &

Table 2 The visceral fat.visceral fat/body mass and the expression of TLR4 mRNA., TLR4, IKKp,p-IKKp*'8! , NF-xkB, TNF-q, protein
Week 28 Week 36
NC group (n=10) HF group (n=10) FC group (n=10) FB group (n=10)

VF (g) 13.09+8.18 47.91420. 294 52.60+18.10 47.40420. 20
VF/BM 0.02-+0. 02 0.0740.024 0.12+0.10 0.09-+0.03

TLR4 mRNA (AOD value) 1.0040. 63 1.75+0. 364 1.00+0.53 0.55+0.10®
TLR4 (AOD value) 0.71+0.16 1.56+0. 434 1.46+0. 32 0.7240.16®
IKKB (AOD value) 1.89+0.15 1.86+0.13 1.92+0.12 1.914+0.15

p-IKK@Sr 181 CAOD value) 0.2040.09 1.49+0. 194 1.71+0.16 0.70+0.13¢
NF-«B (AOD value) 0.19+0.02 0.6340. 154 0.7240.13 0.38+0.08¢
TNF-« (AOD value) 0.17+0.06 0.8940.194 0.97+0. 14 0.5740.12¢

VF: Visceral fat; VF/BM;: Visceral fat/body mass. &AP<C0.05, vs. NC group at Week 28; 4 P<C0.05, vs. FC group at Week 36



830 PO R 2 2 i (BE 22 D

5 46 %

Group
NC HF FC FB

TLR4 —
L JIE
IJ-IK](I?_’ Serlh] I I

-
KD - -

e

A -actin eEE—— T S S—

TNF o s

2 Western blot # /il TRL4 % 5 ., IKKp. p-IKKp'8! | NF-xB,
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Fig 2 The expression of TLR4. IKKpB. p-IKKp*'#!, NF-kB. TNF-a
protein in each group detected by Western blot

A% NF-«B 8 335 K TKKE ' B i2 1k 7K F- [ I

(P<<0.05)

2.3 KEEHAM p-IRY . p-IRS*™ p-IRS- 1" EH

W 3. 5% 3. 28 I, 5 NC 444 1, HF 41

IRS- 1T B FR AL 7K F T s p-IR™  p-IRS-17 25 [ 1Y
FIK K FBEAR (P<<0. 05) . 38 AT, 5 FC A .
FB 4] IRS- 137 B fR 4k K R AIK, p-IR™  p-IRS-1™
MR ACE KT (P<0.05).,

Group
NC HF

FC FB
IR A A
M- B
e o
s g v

-

B3  Western blot # Ul % 4 K B & 8 Al IR, IRS-1, p-IRS-1507  p-
IR™  p-IRS-1"" B (5 f R 3%
Fig 3 The expression of IR, IRS-1,phospho-IRS-1537 , phospho-IR™",

phospho-IRS-1™" protein in each group detected by Western blot
p-IRSS397 . The Ser307 phosphorylation of IRS-1

%£3 KRB IRIRS1.pIRS- 1537 pIR™ pIRS-1 2 [ i % % (AOD &)
Table 3 The expression of IR, IRS-1.phospho-IRS-153%7 | phospho-IR™"  phospho-IRS-1"" protein in each group (AOD value)

Week 28 Week 36
NC group(n=10) HF group(n=10) FC group (n=10) FB group (n=10)
IR 1.0840. 15 1.0340.15 1.1540. 30 1.1040. 24
p-IR™yr 0.57+0. 15 0.29740. 124 0.1940.08 0.43+0.13®
IRS-1 1.0940. 17 1.05+0. 14 1.1940. 32 1.1140. 24
p-IRSSers07 0.2640. 19 0.6040. 204 0.75740.12 0.347+0. 10®
p-IRS-1Tvr 0.61£0. 16 0.2240. 134 0.1940.07 0.64+0.11®

p-IR™" . The tyrosine phosphorylation of IR; p-IRS*%°7 . The Ser307 phosphorylation of IRS-1; p-IRS-1""; The tyrosine phosphorylation of IRS-
1. AP<C0.05, vs. NC group at Week 28; € P<C0.05, vs. FC group at Week 36
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