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Effects of berberine on lipid metabolism and vitamin D receptor as well as
insulin-induced gene 2 gene expression of rabbits

LUO Ying, JIN Lei, HE Qi, ZHOU Qi-xin, YANG Jun-xia
Department of Pharmacology, Chongqing Key Laboratory of Biochemistry and Molecular Pharmacology, Chongqing Medical
University, Chongqing 400016, China

Abstract: Objective To investigate the effects of berberine on lipids metabolism of hyper-lipidemic rabbits and to explore whether its
mechanism was involved in the vitamin D receptor (VDR) gene and insulin-induced gene 2 (Insig-2) gene expressions in adipose.
Methods Forty male New Zealand white rabbits were randomly divided into five groups: normal diet (ND) , high-fat diet (HFD);
high-fat diet + pretreatments of either Fenofibrate (30 mg/kg) or berberine low dose (28 mg/kg, BLD), and berberine high dose (112
mg/kg, BHD) groups. The serum TC, TG, LDL-C, HDL-C, ApoAl, ApoB, and LPa in each different treated rabbit group were
determined after 8-week administration. The mRNA expressions of VDR and Insig-2 in adipose tissue were quantified by RT-PCR.
Results Compared with normal diet group, the serum TC, TG, LDL-C, ApoB, and LPa in high fat diet group obviously elevated (P <
0.05), while ApoA1 obviously descend (P < 0.05). Compared with the high fat diet group, the levels of serum TC, TG, LDL-C, ApoB,
and LPa in berberine treated group were significantly decreased (P < 0.05), while ApoA1 was elevated obviously (P < 0.05). The result
of RT-PCR demonstrated that the mRNA expressions of VDR and Insig-2 in high fat diet group were significantly higher than those of
the normal diet group (P < 0.05), and the VDR and Insig-2 mRNA expressions were significantly up-regulated by berberine (P < 0.05),
especially in BLD. Conclusion Berberine could significantly decrease the levels of blood lipids of the hyperlipidemic rabbits, the
mechanism may be related to elevating the expressions of VDR and Insig-2 gene.
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J ST, ARAE LG H AT AR e T . ASE
56 300 ok A 7 /N EREAROGT 5 i T e 1 % i 37 v 2 M
# 1 Al (apolipoprotein A, ApoAl) F#E R B
(apolipoprotein B, ApoB). JIE& 1 a (lipoprotein a,
LPa) (R340 LA IR ZH 2R 4E A= % D 5244 (vitamin D
receptor, VDR) JE[A, i FE 5 FIHEF 2 (insulin-
induced gene 2, Insig-2) mRNA KIAKF-H454L,
TRNBIFFC/INBERR U 4 10 I PV FL o

1 #R55EZE

1.1 ¥

TSGR K E A 40 3, M, AR
2.0~2.2 kg, HERERRESLE PO,
B2 E B AR . SCXK (it 2007-0003 .

1.2 AR5

ZINEET ) T DY )11 308 0 A A o A R A R, R
BB =97%, 'S5 080626; AR DU T3] B IT
HHIAARAT], FiEDEH=98%, 5 080527;
RNA $2HURA 7] RNAiso Plus 57%¢)¢ RT-PCR &7 &
J)F- TaKaRa /A #]; PCR 54 ik T A4 IR
AT A . ApoAl FT ApoB il sE ik &I T
WL AR R LE Y ARAT R A ]

1.3 HERERF &

B2 KE AR 40 2, REMTE, AR K
YoKe ARG PER SR 1 RS, BENLEH 8
HAEJ 0 IR, DAEERIRIR S, o4k 32 4G T
JETEELCBE 10 kg FEAREAERAY N 150 g IHE B 500 g
il 1 kg XSE) IR, mRTTRIE SR 8 JJE REAL
a4 (4 8 FD: AL, DAmifIRTaDRLE SR,
B 259E 3 DURR AL, WA BRI, g 45 TR I
FF 30 mg/(kg-d)s ZINFERRAL 1 771 2 2L W] e I v e
A3 ig 45T /NBERK 28 112 mg/(kg-d). FLH4kE:
WEFE 8 S SRR ERRS AR R 1 IR
1.4 S {LEFRE9HEm

T 16 R, ASE 12 h )5, HZE ik
Wi, 2R A s, e o S E R (TCO.
=W (TG ARE MR & B - [E R (LDL-C).
5 B G A -H [ ¥ (HDL-C). ApoAl. ApoB.
LPa /K*¥. TC. TG. LDL-C. HDL-C. ApoAl.

ApoB FR T BUbK T AU—400 42 E 3404 HT Y
R o LPa SR FH BRI S 8 v DU 5, 42350 W 1 sk T
1.5 RT-PCRE#NASATZE4R VDR F Insig-2 £ H
Fik

WA G DT A A A TS, 4% RNAiso
Plus 3738 B BB RNA, FIHIE M6
JE T IS Aveo/Aago (H,  FHERIERE BRI FL VR IN 5t
HUTR RNA FI5288E. RERIERA N Sy: 5X
PrimeScript ™ ZEME 2 pL, PrimeScript™ %% 5%
i 10.5 L, OligodT 5% 0.5 uL, FEHLGIH 0.5
pL, it RNA2uL (300 ng), FHJG RNase 7K #h 2
210 uL, BA . MR 37 'C, 15 min;
85 'C, 5 s &b . VDR K _EiiF5 4.
5"-CTGACGGATGAGGAGGTGC-3’, N5l .
5’-GTAGGGTCGTAGGTCTTGTGG-3"; Insig-2
K E#E5 19 5°-TGGACTGTGGTGGACTTT-3’,
Wenl ¥ . 5-TGTTTCCCATTGTTATGC-3’; W%
B-actin &K 37 514: 5°-CGAGATCGTGCGGGAC-
AT-3’, FiF51%: 5°-AGGAAGGAGGGCTGGAA-
CA-3’. PCR [N AK % (25 uL) 24: SYBR Rremix Ex
Taq™ 12,5 uL, L RS54 (10 pmol/L) %% 1 uL,
cDNA2 uL, K750 K 8.5 uL, #2J. 1Q5 SEiY
PCR ¥iill 24¢ ([ Biorad) 14, KN4 N
95 °C, WA 5s: 95 'C, 5s; 55 C,30s; 72 C,
30's; EH 40 Ko RS B 84 e i th £k,
S5 LL Ct R R . A0 sk A LR Ce i, B
AR F=27 SRH S b B R84 R4 2 7]
H E R R IA 22 57
1.6 FitFELE

i x s %Kon, KA SPSS 13.0 374
o, TR E T EZ 0N, 2N ZER W
FHR LA A SNK 5 o
2 %R
2.1 NEERT S AEEE & ME TC. TG. LDL-C.
HDL-C 89801

H12e 1 A0, S mllR L 16 FR, FEA141 4%
TC. TG~ LDL-C 7K~F-34 2.3 5 T-XF 4 (P<<0.05),
I HDL-C “RAb AN B 5, 2 B s IR S 20 A2 ) i )
R, AR E DR A R E TC. TG
LDL-C /K F¥) & FEK (P<<0.05), 1l DR
RUNBERS i 77 AN TG /K B3 PRI (P<<0.05)
2.2 NEERET S BEIREL & I E ApoAl. ApoB. LPa
=ppA0)
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m#E 2 L, SRR, B4 i
ApoAl B FFFL (P<<0.05), ApoB. LPa %2 T
(P<<0.05). SHAIZILLA:, /NEERRMG misf 3 fE
B FE R MEH ApoAl /KT (P<0.05), ki DUKF

*=1

41 ApoAl /KPR R T (P<0.05); /NEERRALH
A B B MLIE H ApoB A1 LPa 7K1 (P<<0.05),
0 e 700 /N B 5 AR AT DURERTIX 2 AN FEFR K52 i A
WM =/ NEE R 2 .

INEERE Y S BEAR B S MBR RSN (x+5,n=8)

Table 1 Effects of berberine on blood lipid of hyperlipidemic rabbits (x +s,n=8)

4 Al FE/(mg-kg ™) TC/(mmol-L ™) TG/(mmol-L™") LDL-C/(mmol-L™")  HDL-C/(mmol-L™")
i HeL — 1.060.23 0.310.05 0.73+£0.21 0.25+0.13
R — 43.7241.04" 9.83+0.78" 41.86+1.01" 0.27+0.15
NEERH 28 36.23+0.64" 1.45+1.00" 35.65+0.78" 0.2740.15

112 43.06+1.11 3.97£0.56" 41374112 0.36+0.15
e TR 30 42.07+1.14 4.0040.59" 41.00+1.13 0.30+0.14

SRR P<0.05 HBIHALE: "P<0.05, %2 [H

"P<0.05 vs control group “P<0.05 vs model group, table 2 is same

*2

INEERE X S BE A B G 55 0 ApoAl. ApoB & LPa K ERISME (x+s5,n=8)

Table 2 Effects of berberine on ApoAl, ApoB, and LPa in serum of hyperlipidemic rabbits (x + s,n=8)

Al FlEt/(mgkg ") ApoAl/(mmol-L™") ApoB/(mmol-L™") LPa/(mmol-L ™)
i — 0.1140.01 0.0540.02 2.0240.22
A — 0.08+0.03" 0.46+0.13" 2.63+0.34
NEERH 28 0.14+0.03" 0.324+0.06" 2.24+0.15"
112 0.154+0.04" 0.4440.10 2.48+0.26

A DUE 30 0.16+0.02" 0.41+0.11 2.3740.37

2.3 NERFENT S PEIEEL R AEAAZHZE VDR F1 Insig-2 ot ,

mRNA %KM o Oimigs O
LU ZH VDR Al Insig-2 mRNA Fik/KFEA 1 - )

WEATHER, MIH4L VDR mRNA RikBEm w2 #

2 (P<<0.05); MR WIS /NEERL AR 41 VDR 4 .

mRNA 7KV ¥ 2w TR (P<0.05), /MR 5L *

jiliA] VDR mRNA ZKCF-5 BB AT LR 0.7 2 5% - S m | |

B Insig-2 mRNA FKIEEZE & THHA (P< P BOM O ARS8 12

0.05); 1My AEHE VUK L NEERAR ) B 4 Insig-2 mRNA
KE B TRAIA (P<<0.05), /NEERH 7
1 Insig-2 mRNA 7KV 5ERLA UG W 25 204k . &5
FOLE 1.
3 it

ZINBERG R A IS DAk 2% 52 0, ARAE FLENAS
ERE, HEE E 2 b e RSO FE R B 2
& (LDL-R) Rk it Azl Lo 22 K H
FI IS 52, R FH ] i B R 1) 92 46 v
M RERERY, 25 TRHE 25U VURRRI S, AR /N EE
BT, I E X A g TC. TG, LDL-C.
HDL-C. ApoAl. ApoB. LPa [{J &IN5/ NEERR 1)
W IR 1EH -

& 1

Fig. 1

/NG (mgkg )
SR AL TP<0.05  SEUAILLE: P<0.05
"P<0.05 vs control group  “P<0.05 vs model group
INEERE AT S AR S AE A ZA4R VDR #A Insig-2
mRNA RIZMEME (x+s,n=8)
Effects of berberine on VDR and Insig-2 mRNA
expression in adipose tissue of hyperlipidemic

rabbis (x +s,n=8)

ApoAl s HDL Mdg £ 2, HIhhee 5k

N4 & RoRE HDL, {ieidt HDL St ot A 2H
Wil (EHER A3 HDL 5HZRMEH, i’
Wt HDL A4 5 U [ 3907 e az 28 P AT AR
s A DA BRI A [ P I e B il 1) G A
AR A AL s AT AE AP SR 2 23 2 A 1)
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JOEL ] P 3 ) e s Tk A PP R HEAE SRR T, S5 Bk ks
PRk 5 A 5CP. ApoB J& LDL-C R AR5 & it
HE-HE R (VLDL-C) MEEBREAKD, &
L IHE AT TG AT, /52 LDL 3244 % —PEfd
&, 5 LDL 2R EAEH], fefl LDL £E M5 W 5
NREHEBUFREEAE, 2wt sh kAR AL
PTG e . HETWT9E R, [ TC 73 br LA,
ApoB 73T HA B R A SRR AT AT AL, T
29 BB AL 995 SRR P A

LPa #5#20 LDL, {A TG M&iim, W%k
WHRE A, B ApoA F1 ApoB100. LPa 54T %5 5
B, ELTHE R DI ORIEAER], (Edts)
Jik R RE AL B R R e, H T AL e 4 W)
LPa S22 cAg A 10 i 357995 100 37 £ 6 DR 22 1
ARSI AL EoR, A, RIS TC. TG,
LDL-C L\ ApoB.LPa [fJ/KV- 23 T+, fi ApoAl
VA 25 B AT 8 /INEER T T R Sl 25 PR AR I R B
P20 TC. TG, LDL-C [/KF, i &7+
w1 ApoAl JKF-,  HAKG & /N R E 7T (5 35 PRI
ApoB. LPa [FJ7KF-, ZRBH/INEEGR AT 5038 e i 1
FIFERL, I H AT 0800 130 P A e O i 7852 0
R Bor R R IR 2%, AR /N BB R R T B A
Xf 2R DU .

Insig-2 ZAFAE T WM B —Mliid e, 2T
SR KB RR DA B R N 2 —, gl
Il B2 9 e R 45 A R Csterol regulatory element
binding protein, SREBP) % SREBP Z4fi# Gk 1
(SREBP cleavage activating protein, SCAP) fH%5 5,
LL INSIG-SCAP-SREBP & & WIK I it A7 1 P9 Jit
W I, BLik SCAP ¥ SREBP izik %2 /R AR AT
R IRV, A BELIBT AR I 5 e Jo 251
M Nguyen 25T o, Insig-2 At H [ 2
B BT BRI HMG CoA RS A% M4l IR
[P i 45 o VDR & — MR A2 3 s T I
ARG S A4 R R S, S IR D 4l P oA Y
KER A I 7052 i, SERLAA 1, 25-(OH)2D3
RELE T A NIAR Sl L A1 o i IR 107 0 . 1) ke i
Widnfa sk, BRI AR K, Lee 25610 2 %
PR 2 T R 3 7 R AN R D RV
Juff (Vitamin D responsive element, VDRE), Jf-/&
I VDR W YUIF 455125 P H 3) 7 X 18 VDRE,
PO FE R e ok, (R Insig-2 FEPRR L, M &3
TR AE R o DR, ARBTG5 /N ERER T

WREVERG, 1Bk PT-PCR yEA M T 2520 4 AR iy 4

Z1rf VDR A Insig-2 FEIA ) mRNA FIA/K, DAAR

T/ INBEBRORT v A HE A 1 AR A5 2550 52 A 1R T BEAIL

il &R BN, ARFE/NEERR A 2 W N = iR g

iR 2 H VDR F1 Insig-2 mRNA )£ iA /K, %1

ANBERF AT IE I VDR A% T Insig-2 FE K FRIX,

TP N A AR, AT MR KT . ASR 4]

BT SR, FERSN i SE 56 h /N BERR e 1 i

iF VDR JERIRIE, JfiE—215 T Insig-2 K1)

FAE,  BRARAN ML P9 R KT i e RN B

A6 IHL ] 1 K2 2 VDR A1 Insig-2 55 BRI 252 44 FH AR B

S, AR5 A0 P P ] S RS e A T T AR

VDR 1 Insig-2 5EPK 2 5 0 [ i 5 1 00 10 1, [R] Is JH

S 13325t 52 200 it Py JIEL ] P2 82 P 5 M), 24 JJEL i

W T IS 3E VDR I Insig-2 5 PR 334 DL H [

K5 i 24 JIEL 7 2 oA A s 0 g i P 1 skl 5 2 35

DRI, e IS 20 2 o O ] e 5 Fs 4 e AR 2

£ VDR 1 Insig-2 JEPRZIAIE &y, 10 e 771 /N BRE Ak

YU RT B8 EH P A T ] e 5 sz i s e

VDR 1 Insig-2 JEPRIZiL, PHINS m R84 Lh iR

P RTE 2
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