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2L B0 BFFCEE G SR A T I IRE K BRI X 3244 (liver X receptor o, LXRa)  BIEIBEE KR
& (scavenger receptor class B, type |, SR-BD) . =N 45 & G518 5 HG5 (ATP-binding cassette transporter
G5, ABCG5) . TG0 5244 (peroxisome proliferator-activated receptor y, PPARy) N H[EEE7a-F24k,
fiii (cholesterol 7a-hydroxylase, CYP7al) J:[RFKIARISEMT, J7ik: k%2 FidtErEWistar K60 K, ¥ KREENL N
6 41, HA10 Hehp@iarl, H450 R4 Prlgtak. 30 dismmal)a, 2508 R ab ikl B4 x4l (ND,
MEEL129/ (kged) EFEHA) . FERBERXEA (HFD, #EH1.29/ (kg -« d) 4K  BHMESEA G
BH1omg (kg d) EARABIT ) MigEsE RAEGIFC (HFD+L) 1 (HFD+M) | & (HFD+H) FIE4L (457
H4.0. 40.0. 120.0 mg/ (kg «d) WEERALEOT) , FFgL28d. FIH ST 26 8 5 5 A B S SR I K BT Ik 20
U LXRa. SR-BI. ABCG5. PPARy}xCYP7al mRNAMFRER M. 4%: S RIEOHE TH)E, SHFDAML:
W HERAL A %R S AL SR-BI. ABCG5 MRNARIA JLFASZi¢m, HIREWZR (P>0.05) ; HFD+M,
HFD+HZLXRa. CYP7al mMRNARIAF & H 2 R 3% (P<0.01) ; HFD+L., HFD+M., HFD+H#A
PPARy mMRNAZRIA &ML H2Z 5 % (P<<0.01) . &5 M R4 617 I8 32 w5 v A8 s K R E N LXRa
CYP7al mRNAK %, [#{ILPPARy MRNAZGIE R & ‘ETJI[LT?(ME‘JJI[LHE?J<¥, TR BNk KA

FBER: WEHCR: WEEAREOT: SR RER; FIXZ4; BIRIBNEE K24, =R 46 R% 8 HAG5;
T A A S B O S Ay s IR B T a- 32 AL TG

Effect of Lonicera caerulea Anthocyan on the Role of Cholesterol Metabolism Related Genes in
the Liver of Hyperlipidemic Rats

YU Wei'?, ZHANG Guifang?, ZHEN Jinglong®, SONG Xuejian®, CHI Xiaoxing®, WANG Zhenyu*™*
(1. School of Forestry, Northeast Forestry University, Harbin 150040, China; 2. National Coarse Cereals Engineering Research Center,
Heilongjiang Bayi Agricultural University, Daging 163319, China; 3. College of Food Science, Heilongjiang Bayi Agricultural University,
Daging 163319, China; 4. College of Food Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Objective: The effect of Lonicera caerulea anthocyanin on the expression of liver X receptor o (LXRa),
scavenger receptor class B, type | (SR-BI), ATP-binding cassette transporter G5 (ABCG5), peroxisome proliferator-activated
receptor Y (PPARy) and cholesterol 7a-hydroxylase (CYP7al) in hyperlipidemic rat liver were investigated in this study. Methods:
Totally 60 male Wistar rats at the age of two months were randomly divided into 6 groups including 10 rats with normal feed
and 50 rats with high-fat diet for the diabetic model establishment. After model establishment in 30 days, the diabetic rats were
divided 5 groups with basic diet group (ND, 1.2 g/(kg-d) physiological saline intragastric administration), high-fat diet group
(HFD, 1.2 g/(kg-d) physiological saline intragastric administration), 10 mg/(kg-d) simvastatin tablet intragastric administration
group as the positive control, and low dose, middle dose and high dose of Lonicera caerulea anthocyanin groups (HFD + L,

HFD + M, HFD + H, Lonicera caerulea anthocyanin at 4.0, 40.0 and 120.0 mg/(kg-d). The intragastric administration was
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last for 28 days. The expression levels of LXRa, SB-BI, ABCG5, PPARy and CYP7al were detected by quantitative real-time
polymerase chain reaction (PCR). Results: Compared with HFD group, the mRNA expression levels of SR-BI and ABCG5
mRNA were not significant after the intervention of L. caerulea anthocyanins (P > 0.05); the mRNA expression levels
of LXRa and CYP7al of HFD + M and HFD + H group in liver tissue were increased (P < 0.05 or P < 0.01); the mRNA
expression levels of PPARy of HFD + L, HFD + M and HFD + H group in liver tissue were decreased. Conclusion: The
L. caerulea anthocyan can improve LXRa and CYP7al and can decrease PPARy in liver tissue of hyperlipidemic rats; and
regulate blood lipid level of hyperlipidemic rats, thereby preventing arteriosclerosis.

Keywords: Lonicera caerulea; Lonicera caerulea anthocyan; hyperlipidemic rats; liver X receptor o; scavenger receptor

class B, type I; ATP-binding cassette transporter G5; peroxisome proliferator-activated receptor y; cholesterol 7a-hydroxylase
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WHEE (Lonicera caerulea) BB ARIZAX)E, & —
PR, ZAEKTRIL, b, FEILZHIX, AFH
X A WAE (B3R R AP EcE g
F (BTN ZE) LT (B -LaEnmishFl
B &%), BERMERAF AT, S5 E ST
i RAHR. 2B K VCEEZ P WA FI 13 4 5
BAEPSEM. bows. PUES . Puk. PubEs LOcET )
BESSRR, AWM, HEEESKEAN
#, TUBRANLERAR, T fdmE HRLZHK
T FhTRRN, iR, REEYORHR I R, S
FE A LAt T A FH O, ol PR e 8 T ] A SRS (1) TR
N B#13.2%, DRI ET DASE FH T e R B (& . LA
BMESMNEL G, S S EiEm48.2%, fLEH & NE
67.6%, HARIEEEFRD, A E AR R IR
1L B8 753 BIFRAI80.0%F155.696 , 14 € (1) 2 SL A W b ik
PEAESE B e AT IRBE AR AE /1M, Tt S it
THERE B, fext B HES R R TR B R
R, AERFAE R AN B E S A B R, A BT
Hv A T O A, A R U E
AT A Rk PR AH [ RE A3 B AR B K, TR IS T
J%, A BT OO I R A & AR B R R I ]
A58 N A L [T B B 13%~26%, A8 5 g 2 F [ e
ErEPEIR21%~33%", B T AR AT o = Ee e .
gr b, WEEEREAY) RS RE, EARIAFIH .

AR R 2H AE Fi S 50 v ke TR i SR A R T A
H B oERE R, ARG I S, s
KA I R AP AT, 7 W A T B i g 1y
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TR 7 AR AL %, (R BEAE R e S R T . T AR
REAC RGP AR AD 23 I H O S A S5 X
ZAK (liver X receptor a, LXRo) . fH [ EEHA oiE45 &
wE2 M =R 4 & Efia®H (ATP-binding cassette
transporter, ABC) G5%5J51fi. X EFaPHER, Wikt i
0 F BE U I A AL G AR 1S S D OS2 A& (peroxisome
proliferator-activated receptor y, PPARy) -LXRa-ABCAL/fH
[ % 7o-#:4L (cholesterol 7a-hydroxylase, CYP7al)
TR, kR A, AR R R AR
WEEACK JHF JFE o g L [T 2 i, 9k K R I IR IR B AR R
MBHEIRLHE K324k (scavenger receptor class B, type I,
SR-BI) & /1 [ i 30 4 0 ) R B 2 A . A BiE 9 0 e
RAC T FRAC I E /K P R Ty 20 kb A 11 3= B ad 4% J HE
VERINLEE, ASu6 R BB P il B 3 B35 7 vE IR e SR
B e AL, AR SRS, B SER SOt E B
AW B (quantitative real-time polymerase chain
reactionm, qPCR) 5 W FE J A6 (0 7 % i A IfAE K R
HFEH 2P LXRa. SB-BI. ABCG5. PPARy ) CYP7al¥t
IR ZR IR IR, ML IR R TA 7K ST L 1) B 5 e SR AE € 0ot
JIEL ] A WA S BE DR ) s, el BH S e R AE B S
PPARY-LXRa-ABCAI/CYP7al{5 53 4 HH <3 K I/ T

1 #Me5Jik
11 3. MeS G

e A G R E )\ R B [ SRR TR
BB T A LSR8 E -
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2 AR TEE S MEEWistar K60 X O AT S
5 SYXK (%) 2011-007) WA R 95 2 B K A s

BaheEs AARNARBUAME  XEOMEGA
Awl; EHRR M LREFENAMEEARA

#l; SYBR Green qPCRiR7 & Wik Flsml &, 5
FeAE. Mg, Mt JEEG  S£E Thermo Scientific
Awl; FRARE. KGR, S5 EZERZD AR

AT NREVARAW264.7  FigdbiE R E
PR
12 5 ®&

7300%qPCRIY  EEABIAH]; TG-16M{EH A1

SOl RO ONUER A IRA F s P2, P10,
P20. P100. P200. P10007Fsiite /R ARPIUFLML 2
Awl; K30tk RHEEEPECES) s PRO200
AR EE IS,
1.3 &
131 R KA

W2 FWY, TS TE Wistar K BRL60 R, H AR R
AN A6 4, FH10 K. P10 oI E
M, 45 F¥@EmE: HA50 R T ekl (78.8%
(RESH, TR @k, 10.0%% M. 10.0%
EER . 0.2%HERMN. 1.0%/HE EE 22, [Hnt 4%
BRI M50 g (458 HolE R RHE &1
8%~10%) , HHWEYIK, 10 dFR—XkiiE. 30d
JaWr R, Wi yE 2 AR E R (total cholesterol, TC)
=M Ctriglyceride, TG) W&, 30 diiti)5, St
P i I K BRI TG E ( (3.4841.37) mmol/L)
W 32 3 i T At R B 4L (1.9440.53) mmol/L)
(P<<0.01) ; SEE0 P & IR e K RSP TCWHK
( (2.4240.28) mmol/L) &3 & T 3L al ik it 18 41
( (1.70+0.48) mmol/L) (P<0.05) , £H &5
TR IR 50 R OK R S8 AR e T o o AR I K R
BEAL 25 2, 4 o0 A e IR o ohE A A % B ZH (HFD,
WEEL1.29/ (kge-d) EHEAK) o PHMEXTEA (PC,
W H10 mg/ (kg = d) E&AMIT A A e R AR 0
HM (HFD+L) . 1 (HFD+M) . & (HFD+
H) FIE4 (5H#EHA4.0. 40.0. 120.0 mg/ (kg * d)
Wi RAC ) , IR E SRR E R4 (ND,
129 (kg d) AFEKHER) P, KERBEES F)E, 2B
B, MRS (O FFS R B, HTFRBIRRRE SR
HAUGRRITR, DU SRR E 7 O e 5.
1.3.2  qPCRI&IMAFAFSR-BI. LXRa. ABCG5. PPARy M
CYP7aldt AR IEKT

FREL30 moFAEZH 4L, FiTrizolik 7142 U RNA
AT S, FEFN: 37 'C. 60 min; 85 °C. 5 min;
4°C, 5min; P“YE T —20 CIRAE. K417 KIcDNA

HHATQPCRY ™1, FEFFA: 95 °C. 10min; 95°C. 155;
60 ‘C. 45s, 40 /MEFF; 95°C. 15s; 60 C. 1 min;
95°C. 15s; 60 C. 15s.

fi FANCBIG| % it T H & iHqPCRY #4514, L
A TAEMHEARFR A AR, AAEREL

#1 qPCR35|%
Tablel Primers of gPCR
FE [N AR J¥%) (5-3") BIGREIC =K Eibp
. ACCCGCGAGTACAACCTTC 59.71
p-actin 287

ATGCCGTGTTCAATGGGGTA 59.67

SR-BI AAGAAGCCAAGCTGTAGGGC 60.32 108
CCCTGGTCCCTGAGTGTTTC 59.96

LXR GAGTCATCCGAGCCTACAGC 59.97 191
o
AAGAATCCCTTGCAGCCCTC 60.03

AGTTGCTCTGAAGCCAGACAG 60.27
ABCG5 156
GCCTGTAACTGAGCCTTCCT 59.38

TCTGGGAGATCCTCCTGTTGA  59.64
PPARy 119
CGAAGTTGGTGGGCCAGAAT 6061

GGGCAGGCTTGGGAATTTTG 60.04
CYP7al 176
CTAATCCAGTCGCTAGGGCG 60.04

14 Gl

R HISPSS 19.0%% X Hdfs #hAT G vt b, S50 4
By +sRoRn, TEIGIETREMESHr, PP<0.05%K
ZRT%E, UP<001ERZERFWREE.

2 gR5a0

2.1 BEHERACETFO v E AT R SRUUE A8 5T R S

£2  KEMESREE
Table2 The ratio of viscera and body weights of rats
%

415 QFRE JFREAR 3 JRRER B
ND# 1.1940.09** 10.53£1.02** 0.83£0.10 2.5740.29*
HFD4 1.49+0.14" 12.5441.31" 0.83£0.14 2.90£0.23°
PC4L 1374010 10.1340.94** 0.83£0.11 2.4310.43*
HFD+ L4 1.40+0.18" 11174126 0.78+0.17 2754040
HFD+M4 1.3240.22"* 9.97£2.16** 0.73£0.13 2.53£0.39*
HFD+H%4 1464011 11.68+1.32" 0.9240.17 2.88+0.24°

VE: SHFD4LMLL, ~ZREFE (P<005) , »ZRKEFE (P<0.0D) ;
ENDAHML, #2753 (P<005) , #Z5kEE (P<00D) .

mE2AMLLEW, EA THERELAOT TG,
ENDAHAM M W& R AL O % T 74 0 BE s Bk
BEFE (P<0.01) ; HFD+HHFFHE 50 5 = 7+
fm (P<0.05) ; & 2H KB AT 48 %6 B & & 1k
(P>0.05) ; HFD+HAEMFRHEEA = (P<0.05) .
5 HFDAL AR LG . W5 e S A8 5 T 1% 241 K RO
BILEFZER (P>0.05) ; HFD+ M4LAT I 15 $ ik
BEMMK (P<0.01) , Bk, OIEHEHEEZER%
it (P<<0.05) . %:t, SHFDZLL, RHFD-+MZ X
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Fig.1  Effect of L. caerulea anthocyanin on mRNA expression of SR-BI
in liver tissues of rats

WK R, fEfRAET TS, & IGE KR
JHFWE A SR-BI mMRNAFRIAKF J LA 250 (P>0.05)

s 4r R

%

17('
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£ &g
ZH 5

S5HFDAAME, «~ZREE (P<0.05) , »~ZERKEE (P<00D ; 5
NDAHAHLL, #2753 (P<0.05) , #.ERKEE (P<001) . FH.
H2 SR AT R BEATIAR P LXRe mRNAR B KB H

Fig.2  Effect of L. caerulea anthocyanin on mRNA expression of LXRa
in liver tissues of rats

WmERR, @ESEREOE TS, LXRa mRNA
RKIEKVH e, HFD+M4 (3.354+1.27) .
HFD+HZ (3.26+1.34) 5NDKHFDALXRa mRNA
KIEKPHHEEREEER (P<0.01) ; HFD+L4
(1.62+0.52) (N EHFDAfFIEREZER (P<0.05) .
g b, Ay i R AL (U X LXRa mMRNAK A K
HHEREEM.

WEBAT /R, W A6 1 T O & i i K R
ABCG5 mRNAZRIA/KFTC & #m (P>0.05) .

MEAF~, B REBETTHE, &5 L
fiE K BLPPARy MRNAK A /KPR, HFD+L
(0.60+£0.20) . HFD+M (0.45+0.32) . HFD+H
(0.55+0.52) 41 5HFDAAHM Z Sl i (P<<0.01) .

W 15 fit %T’éﬁ%ﬂlﬁ%ﬁéﬂTu*&ﬂ%WE&mﬂam{“
KEPPARy mMRNAFKIE /K (P<0.01) o ZR b, #H
SR AL 0 0 1 IR IR K B Y 5 S & B (Insulln
resistance, 1R) . 28LH R K2 2 kA Ak RE 55 AH OC (1) 2 [A]
PPARy[FJMRNAZE 1A #I il R -

2.5 -

2.0
15

HI

1.0
0.5

ARANAN

ABCG5 mRNAANH Rk KT

ég%’ di&r de% 5 V‘@é V%’ »&>
Q
&
2H 5

H3  EEstRIE AT KBTS ABCGS mRNAZ A K T-HIRm
Fig.3  Effect of L. caerulea anthocyanin on mRNA expression of
ABCGS in liver tissues of rats
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Fig.4  Effect of L. caerulea anthocyanin on mRNA expression of
PPARy in liver tissues of rats
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Fig.5  Effect of L. caerulea anthocyanin on mRNA expression of
CYP7al liver tissues of rats

WMESsSHR, EadERRAECT TG, ®kF
e K BT R CYP7al mRNAZR L KP W25 1 &,
E5ND# . HFDAA A, HFD+MFIHFD+HZ # A
EWMEEZR (P<0.01) , MHFD+LAZER AR
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#F (P>0.05) . KU, &5 = e R T DA R
R T MRS K B CYP7al mRNAR LK, If
Horp R AL B IR T e W i

3 ¥ #

AN A% 244 (nuclear receptor superfamily, NRs)
DAV 2l R G0, et A R R A NIE M LR o B R
PERRIE R ok, MBS B B0 RE AU
RSP, LXRsJE TNRsEFEK 7, HLXRa
MILXRPMHFH YRR, HAFLXRasM G 2, fEFE.
RS e v S E A (N IR R S TN
LXRsH] LLE 5 ABCG LA 2 IEAH R BELE A P (7P,
T LXRs K 0% 7 LU @ ABCG5 , ABCG8If % ik, #
JIH ] B 7 2 B s, Hu YanweiZZP % 3, LXRa
SIRNAT] LLFH 1 — & BB (dihydrocapsaicin, DHC)
%S MABCAL. ABCGl, ABCG5. SR-B1. LDLR. #;
HE & AR AR B HERIA TR =, (HXTDHCE 5 JPPARY
KIKLTCHENA ; TTPPARY siRNAfIDHCIE S HILXRasL L I
EEA R R BE, XTPPARY/LXRoE H4 (140 1) 23 FAR 50 ik 3
BEREAL IR R . XIHEEE €W, ALXRa3ZF
LXRo PPARyXERIAT, NEMELHE A+ LXRaz KA
HIERMAILS, (H2RP AR E .

CYP7al & fH[H i BBH v I BRI R, CYP7alhj2
LXRsH#E R 2 —, LXRa®] LLETTCYP7all &k,
5 W JIEL ] 2 1) L9 PR F) 6 AR 252, CYPTali R iA T
AT DA AR ARG o 2 L ) B O IR O 0 R O IR
CYP7alfeWe s ATl i i TC LARE I BRI T 30 HE A oh, - AL
AT E P TCE &, R EABCALIKEILP¥, LXRa
WA e 2 UL CIFE & [ (niemann-pick C1 like 1,
NPC1L1) FIABCG5MKABCG8SF —HAikIFiL, 1
JIEL [ B 0252, FEFIE ABC G5 X ABCG8/K i B 4 55
FEYTBEL AP T R, EE B A B A, Ha g g
(I FC R B, 3 Ik /) P B T R A A S R TR R TA
(A, bR i bR i RE R ) A1 HE S [RIABCG5/8
B K, BT LA BE [E EEAR . /i ABCG5/8 7]
DAY 47 L [0 2 A R AT » R B UL A e 1 [ 4 ERAR
ABCGSHIABCGS AJ LA 1] /I~ iy JEL [ P F B2 AT DA T e A1 I
T HH B2 KT, {H A S 56 v i e SR AE (68 IF R 3T ABCG5S
BRI FRIE AR

PPARs/ & — i 7 2 i M R R 2 1k, 42 Bl AR S
34 [KT, #HPPARa. PPARP. PPARy 3 Fiili%Y, PPARs
AN [ b g 7 R 5 L AT AR s . S g T AR it
W, L AHPPARaFIPPARYTE AR AR KA KB
hIFAE EE M. PPARy mRNAIRIE KT 5IRE IE
AC, TOIRSE2ARE R < A RS T RS I g 1 AT A%

(non-alcoholic steatohepatitis, NASH) A%z ik fifi 1k iF 25
PRI A R B, AR Seig g R, R
.35 A LLBR AR PPARy mRNAR R, 1 x| AP i i 7
R, ACE SRV AT LA I N PPARy mRNAJ) 2
%o YamauchiZE" R B, T i i A ) A RS P g
i liF% (nonalcoholic fatty liver disease, NAFLD) /NASH
JARHTPPARY[ITE 1, #5107 40 (1) o34k, 982
EHRWH . BRI TG &/, FF35m e Wi
MEACRRRE, GEIR, ST P G 1 A MR B ek e

SR-BIJ2 /3 IH [ B 30 4% 32 (1) G B 2 44, e o] i
JIEL ] B R XX [l i dE . — 5T, SR-BIRT LAA 541 i 4
DA e 16 i L [ AT L, B b O ] 2 HE A i
BRI A; — 7T, SR-BIFJ LA S w3 R & A
(high density lipoprotein, HDL) %54, ik 40 i 5 5
HDL Ay JIF ] e, st ot (0 AL ] e ] 38 0 O sk A7 3 — 28
o B 5 SR-BIE A 1) 33 R DA BH [ 2 A, FEAIG
I 3 BEE EE A, 254 k%E, PPARy. LXRa. CYP7al
85k DRI L] e 2 A ot A P 38 B R BRI E A

e IR LA BB 6% T SO T AT FREAL . IEARE . AR
P B K R R R S5 R 1) R A, TR E SR AR T LA
FRARTC. TG, % FE R & (1 AH A B AE M3 Hh i & &
T ve v R S I R O ST B, A AR B AT i A A A
13, FREGSBKFERAL I R AR AR s RSN, Wkt
BT XTSR-BI S ABCGS mRNAK ik To i, H it %
fKXPPARy mRNAKIE/KF. &5 LXRa X CYP7al mRNAZ%
TR 7K SR 4 i g L DR BRI G KT TR B Mk o A
AL ) A

SR
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