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i B B WF ST B AL 0 v A AR K BT AR %5 B A B B 324k (low density lipoprotein receptor,
LDLR) . =MMRIRTr 45 & & f4i5/KG1 (ATP-binding cassette transporter G1, ABCG1) [ ABCALE:E ik (540 .
Tk B2 AR HEMEWistar K60 X, KK RBENL N6 A, BNt R TR A (ND, 1.29/ (kg +dmy)
AEPEEKEE R . R (HFD, 1.29/ (kg dm,) ABFEE/KEE) « FHEEXHEA (10 mg/ (kg = dmy)
ST A HES D, BEECRAEATMC. b, mAE4 (HFD+L. HFD+M., HFD+H, 274 74.0. 40.0.
120.0 mg/ (kg = dmy,) MAEEFFEED , ##228d. LA AE, WlE s S iHEEE (total cholesterol, TC)
H =g C(triglyceride, TG) . W& EZ & A MEE: (high density lipoprotein cholesterol, HDL-C) . k%
FE G R I IH[E B2 C(low density lipoprotein cholesterol, LDL-C) . #l6& 1A (apolipoprotein A, Apo-A) K #;
JE®E AB (Apo-B) SFiMLfigHEARKF o HOK BT, FIF Se iy 58 ok e 5 5 & B 8% =0 R0 K BRI 28 24
LDLR. ABCG1. ABCALl mRNAZKIL &, Western blotiILDLRAE [ARIAKT. 0. W REOH TS,
S5HFDA ML, 16t ReA AR Hh B AR = L s KBRS HTC. TG, LDL-C. Apo-Bffy# i (P<<0.055k
P<<0.01) , #3J}EHDL-CRApo-Aff& i (P<<0.05(P<<0.01) . {E{1H & F& 4 LDLRE 4 MIMRNAK -5
&, 5HFDAL R 7 B B2 (P<<0.05) , ABCAL mRNAFIABCGL mRNANIZFE LKt & THFDA, JHETE
A, EAEAZE SRR (P<0.05) . 45if: 40.0 mg/ (kg dm,) WEERALCT HA WSS AEER, It
B R P TT R A2t AT AFLDLRFIABC S ik (K (12, 34k 1 1f 1 AL ] i 16 e i il 7
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Effect of Lonicera caerulea Anthocyanins on the Expression of LDLR, ABCG1 and ABCAL Genes in
Livers of Hyperlipidemic Rats

YU Wei*?, ZHANG Guifang?, SONG Xuejian®, ZHEN Jinglong®, 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. Department of Food Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Objective: To investigate the effect of anthocyanins from the fruits of Lonicera caerulea (LCA) on the gene
expression of low density lipoprotein receptor (LDLR), ATP-binding cassette transporter G1 (ABCG1), and ATP-binding
cassette transporter A1 (ABCA1) in hyperlipidemic rat liver. Methods: A total of 60 male Wistar rats aged two months were
randomly divided into 6 groups: normal diet control (ND, intragastrically administered with 1.2 g/(kg-d m,) of physiological
saline), high-fat diet control (HFD, similarly administered with 1.2 g/(kg-d m,) of physiological saline), positive control
(intragastrically administered with 10 mg/(kg-d m,) of simvastatin tablets), and low-, middle- and high-dose LCA (at 4.0,
40.0 and 120.0 mg/(kg-d m,) groups. The administration lasted for 28 days. At the end of this period, the levels of serum
total cholesterol (TC) and triglyceride (TG), HDL cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),
apolipoprotein A (Apo-A) and apolipoprotein B (Apo-B) were determined. The mRNA expression levels of LDLR, ABCA1
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and ABCG1 were detected by real-time polymerase chain reaction (RT-PCR) and the protein level of LDLR was evaluated
by Western blot analysis. Results: Compared with the hyperlipemia model group, LCA could reduce the serum levels
of TC, TG, LDL-C and Apo-B and increase the levels of HDL-C and Apo-A (P < 0.05 or P < 0.01). The expression of
LDLR protein and mRNA in all dose groups increased significantly (P < 0.05), and the expression levels of ABCAL and
ABCG1 mRNA similarly rose; in particular, a significant increase was observed in the middle- and high-dose groups (P <
0.05). Conclusion: 40.0 mg/(kg-d m,) Lonicera caerulea anthocyanins have a significant role in regulating blood lipids by
up-regulating the expression of LDLR and ABC family genes in the liver and consequently regulating reverse cholesterol
transportation in hyperlipidemic rats.

Keywords: Lonicera caerulea anthocyan; hyperlipidemic rats; low density lipoprotein receptor; ATP-binding cassette
transponter G1; ATP-binding cassette transporter Al
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W AR A R — FiRIEO T Z T RE M KR &
Mz, 20tE480FANE, He T AR B i 1k = 45 K 1)
B, AT FKF B e e B smg 1
2B RS Tsuda5™ 17 Mg H 3h B4 RS g
LN R AR D B R R NS G P R
0 2 1 MR R R4 B R I DU TS MR AT SE 88, R
EEAGREPEMIEE, W RBE AT RS
W A o R TR 9 T FE R R Ak 2 5 . AR BT
Ty J I Mg o SR 5 1 R RS IR SR A B RE Y. FE
EHRNAYIEEERR B B AR B S R EY R
AR B ORVE 2 R 40 B R U 2 MR AN 2 R
AR R, B W R0 s i As . TR O I 95 2
SRR 2 R I A T T DA Akt B AR R A
K& MR = AWK, TR, A BT 1 0 i i
ERIRI R AEND A AT AL R BLAE (R AT B AR A A
MH[E EE (total cholesterol, TC) & (13%~26%) ,
BeeALCAEG 5 82 i 2 1 L[] i 7 & (low density lipoprotein
cholesterol, LDL-C) (21%~33%) ™, &A% IE
WM=Mg Ctriglyceride, TG) 4 &M,

ARV ZHAE WA A 50 R 8 VA € - TS A
D7 355 W e SR A £ FAR L e o EAT 0, R

PR MR KPR ER R B R & A4 7 HAE FMLEE 2
LRI e S R N ol 1F 1 N M S 25 G DU N M S )
Western blotFl =Lt 7¢ )t i 7 5 A B U B (quantitative
real-time polymerase chain reaction, RT-PCR) #Jf 5 ¥ e
SRR 05T v R HE A BRI 2H 2R I % T IR R 1 2 Ak

(low density lipoprotein receptor, LDLR) K JIH [ 35 4%
BB =R 45 & B% sk (ATP-binding cassette
transporter, ABCG) H:[KFRIAIIFMA . MIEPR R LK
AR ZRUEHE IR AL T 0 L ] e 100 A d o e rp — LG SR

(LDLR. ABCGLKABCAL) [z ER], M B e
RACE B MR 2T WL

1 ME5HE

1.1 . RS

Wistar K B B WG /R Vi B2 R} OK 2% SEAR 20 ) 2 S B 41t
WHlEg S SYXK (H) 2011-007. &Efgfakl: 78.8%
JRESE, TR M@k, 10.0%% 7M. 10.0%5 5%
Hry 0.2%HEREN. 1.0%JH [E .

W FE A T AR LIS = SR

EZNA FFPE RNA Kit 32 [EBio-Tek/A#]; DEPChk
K LR EWAEMERAF; SYBR Green PCRIAF)

TESRAE 0 AR B TR A B 280820 WT RE N R % 54 - 3-
BIETE, JREAT TR BRARSER, R REAT RLPRAR
JE HIRE K B A ILDLOK o H RIS T e RAE U AL
L B MR B 705 WU AN, DA R AR il L[]
E S LI AW TE, 25 R 0 R o — 20 s R
B (CHIHMGCoAIR J5 i) A #ii 1, AR 2% X fH [
B T S A R I AR ARG IO o A, SRR AE
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WPEAL AR PRO200HLBHAIIENL  fEEFLUKOA A #£1 RI-PCR5|Y
Q'TOF 6530)—DTi ﬁglzb\( % ﬁi%'f/t\‘/& EJ . Table 1 Primers used for RT-PCR
13 ik L F3 (5-3") KEbp R KIREIC
: “o ] ACCCGCGAGTACAACCTTC 19 59.71
131 IR A fractin A GCCGTGTTCAATGGGGTA 20 59.67
A2 AR RS (RS2 0e T ik, e HR2 H RN LoLr  AGGAGTGCAAGACCAACGAG 20 59.97
Wistar & 5160 H, #ik i S BN k6 41, 4110 1. TACGTACCTCATGGCGGTTG 20 50.83
Horp SRR PR, 4h T E R H 4350 HSDK R apcgy  CCTGTCTGATGGCCGCTTTC 20 61.37
4T RIRGRE, R SIS0 g, HIKE TCCCTCGEGTACCEAGTAAG 20 R
o - . Sl 3 CAACCAGGCAATCCAGACGA 20 60.32
YOK, 10 dff— Uik, 30 dfs, IR, IS ABCAL  ACTTCCTCGCATCCAATAGGT 20 59.49

TC. TGH . 30 ditifbi)E, SEie s g MAEZH KR TG
WE ( (3.476+£1.37) mmol/L) W& T IEH HTGIKE
( (1.936+0.532) mmol/L) (P<<0.01) ; sziihmifig
MAELH KR TCHRE ( (2.41540.278) mmol/L) &

TIEH4H ( (1.703+0.477) mmol/L) (P<0.05) , i
A s G TR 95 50 R SDK BRI ISR A 1)
WRAPETCAK T4 = I8 I K BBEML 0 A5 4: &

Jg I LA G R4 (HFD, 1.2 g/ (kg «dm,) 23
ThOKHEF)  FHMEXIEA (10 mg/ (kg +d my) 3%
AT FER)) MEsREOEHM. 7. SfEd
(HFD+L. HFD+M. HFD+H, 43514 F4.0. 40.0.
120.0 mg/ (kg *dm,) KIFEEIFREB YD o FERA R
fBZH (ND, 1.2/ (kgedm,) AFEHKES) .
132 [Mfis4EFRIE

7 dlllE KRR EL Rk, 35d/E, ZEA
K24 hjg W BRI 40 B I, 40 W oK B
BEHTC. TG, m%EME O MER Chigh density
lipoprotein cholesterol, HDL-C) . LDL-C. # /& HA
(apolipoprotein A, Apo-A) FI#EfEEAB (Apo-B)
[f)7KFo HDL-CHISE: kAN, LDL-CHllsE: ik
EE TGMIE: H B ER S kEE (glycerol phosphate
oxidase, GPO) - Hlg-Hiid F Ml (peroxidase-
anti-peroxidase, PAP) kP JHFE 2. FEFE B2 A A
fiff (cholesterol oxidase, CHOD) -PAPY:PY; Apo-A: 4
925 Eb h P, Apo-BIE : G g LA
1.3.3 RT-PCR#&ILDLR. ABCG1. ABCA1E X
kK

FREL30 moHEZH 2R, H M Trizol £ BUERNA,
AT R . RMFEF N 37 'C, 60 min; 85 C,
5min; 4°C, 5min; BT —20 CLRMF. REHH&LF
[)cDNAZEATRT-PCRY 1Y, S MAE/F: 95 C 10 min;
95 C 15s, 60 C 45s, 40 INfE¥; 95 C 15 s;
60 °C 1 min; 95 °C 15s; 60 C 15s. #f&H s H 7
ABI Prism 7300 SDS# 443 #7: %4 4t 22 % F GraphPad
Prism 5.0%44:

NCBI primer designing tool % i RT-PCRY" 15141,
A TAMEARER A GG/, BAANEL
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1.3.4  Western blotsz5& k5 I LDLR A H #15 7K-~F
FREL30 mg K RUFAEA L, AT R EAME. EAH
“EMKFES (bicinchoninic acid, BCA) HEEEIRA &
AT EE, BEARAON EODME . FIFH IE B kAT 1+ =
Ke Bt BRI e B Jle K, B 1AL TR AR IR I
JEWRE N8OV, EEHASBRZ EHEIEE120V, #
VK1 he SRJSHEATI R, BIfEm e S, KPVDFRE
T5%MIBLAR Yk (TBSTACH) 37 ‘CrpEtfA2 he 435k
TP E, —himE: B4R S, TBSTH
VePVDFE3 3, 435l A BLF —$t: #LDLR (1:200,
VIV) . Ep-actin (1:5000, V/V) , 4 CHETHK. —
PimE: W ELNRE, HTBSTHS &, Rit/kbt
(1:2000, VIV) Z—Hi=IEBFE2h, TBSTHL AR IRIE B
3. fefa BEATRERI: PVDFE_E 51 INECLIL
S, K65 ] ImageQuant LAS 4000minifh 2 % 6
FSCAGAS I 4SS W0 47 B
14 HARGLHF 00T

K FISPSS 13.0% %) #dfa kA7 e it 20 #r,  SLEe 4
BIllx+s#&on, KA E )7 ZDuncansr#ir, P<<0.059
ERA GRS

2 ZREs

e gy

21 WHE

RAEOE R K BT 52

X2 BRREATIRBARENEW (n=10)
Table2 Effect of LCA on rat body weight (n = 10)

a3

ND

HFD
R
HFD+L

i 1 28 3 4 5

L4301834  A4T4E68T 42598324 ABSEEAL03 423385279 427.16+4308
46280434857 B0551+54487 50399443457 AQTTAHA00TT 48336440587 4944T+4676"
46673437267 410.27431720% 48462436377 47016441177 4443843382% 456.19+33.25™
GLUE5T97 49451448487 48120450617 48585441557 46036+37.80% 461093067
HFDAM 46926435287 47221467747 47T5.04450347 4521044140 412.43:+5326™ 414,65+49.09°*
HFDHH 45872437947 48086141867 49524433307 48863436467 4503412467 4584540478
. SHFDLL#:, «ZRi%E (P<0.05) , sZRiEE (P<0.0D) ;
5NDEEE, #2753 (P<005) , #ERKEE (P<00D) . TH.
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XEFE L

B 20 A1, NDZH KRR EAES Ji AL TP AR
A; HFDAKRAA =R L%, SNDAF B &M
Z5% (P<0.01) . #E3 )5, HFD+M4L KR A R
B, ENDAARREXRAREEZER (P>0.05) ,
HHFDA R EE R EEHZR (P<0.0D) . #EH4 M
Ji, SHFDALLEHFD+MA ZEREE (P<0.01) ;
END4It#, HFD MR %K, Z7 8%
(P<0.05) ; 5HFD4LEL#, HFD+L. HFD+H41% 7
©#F (P<0.05 . #H5 A5, SHFDALLE, HFD+M
AEFHEE (P<0.01) ; 5ENDANKHFD+MA
R EREK, ZREF (P<0.05) ; 5HFD4
HFD+L. HFD+H# % F B2 (P<0.05) . £ Bnl4l,
AN [7) 7] 8 W 5 SR A € T KRR o & A — s 4
RO, R 5OE B 1% HHFD+M.
2.2 WG RALEEX K R AR R bR 520

£3 BHRadykBmEkEEEE (1=10)

Table3 Effect of LCA on blood lipid levels in rats (n = 10)
TCHKkEI TGk HDL-CYefs/  LDL-Cikfs/ Ap-ARE  Apo-Bii &
(mmollL) ~ (mmoliL) ~ (mmollL) ~ (mmollL) KEL (L) KR (glL)

ND 1794025 0284017 1264031  068+020 0554019 0201£0003  (0.180+0.008

HFD  2154026% 07720247 09120247 0924020 107+036% 018840006 019620009

PERTE  1674033% 0432011% 112+009% 0581017%  059+021% 02040005 0.17820010%

HED+L  1782040% 047£012% 105£024™ 069£020*  0.67+020* 020020005+ 0179:+0012*

HEDEM  1341032% 0252012 13120154 04220127 0372013%* 020520007 015740013

HFD+H  167+042¢ 04120.14% 1314022 050+0.16% 0391011 020410008 (.1780.006*

ikl LDL-CHHDL-C

MFE3TLLEH, #EB5 )G, TCHMTGK T/,
HHFDAMIL &AM A AR EEER (P<0.055
P<0.01) , HHHFD+M4AHANHE (P<0.0D) . 5
HFDZLAH L, &R HHDL-C/KFET S, B R
5 (P<0.058{P<<0.01) . 5HFDZHAMLL, &FFE4LDL-C
AFEIRAR, BAREEMEZER (P<0.055(P<0.01) , I
FHFD+MA e N T (P<<0.01) . S5HFDAAEL, &5
2 LDL-C/HDL-C¥J[#MK, BAREMZER (P<0.055(
P<<0.01) , HrHPHFD+M, HAE HEZE (P<00D) . 5
HFD4LMHEL, &4 Apo-AK A B S (P<<0.0D) .
S5HFDAMEL, %7 & 4HApo-BK 1 5 FF K H
(P<<0.05) . £ LmJan, FeTr A3 )5 1ok RS T FE An
KIS IS S, TEHFD+M&A: R, 1EFH &AW 5.
2.3 EHERAEEE XN REMIT4H LA HLDLR, ABCGL,
ABCALE: R IA /K (1) 51

RT-PCRXf & f8 i mRNAK I 45 B fon (£4) ,
ZERREAT TS, SHFDA kI, HFD+L
(1.69+0.84) . HFD+M (3.06+1.23) . HFD+H
(3.41+1.18) 4ILDLR mRNAZ & & B Z it
(P<0.05) . S5HFD41tL4:, HFD+M (3.49+1.35) |
HFD+H (3.32+1.19) ZHABCALl mRNAX ik B3,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

HAEREEER (P<0.05) . SHFD4L#, HFD+L
(1.68+0.75) . HFD+M (3.46+1.76) . HFD+H
(3.514+1.19) 4HABCG1 mRNAE A EH IS, BH
BEMHER (P<0.05) . 5NDYLE, HiRtrdE
HFD+M. HI R REZEEER (P<0.01) , i
ABCAL{EHFD+Lth L B &M %2R (P<0.05) . %
FArgn, WHEBREAAGEHEAHFD+M, HEXFLDLR.
ABCAL. ABCG1 mRNAF Bt HIfE kR4 3 -

*4 WHFEaFTKRFIASPBLDLR, ABCAL and ABCGI
mRNARBEKEREH (h=10)

Table4 Effect of LCA on the gene expression of LDLR, ABCAZ and
ABCG]I in livers of rats (n = 10)
205 LDLR ABCA1 ABCG1
ND 1.014+0.21 1.10+0.37 1.00+0.34
HFD 1.2840.37 2.214+0.78" 1.26+0.54
[ERER oIl 1.8740.56"* 2.60+1.04" 1.71+0.73*
HFD+L 1.69+0.84* 1.89+0.74* 1.68+0.75*
HFD+M 3.06+1.23"* 3.4941.35"* 3.4641.76"*
HFD+H 3.41+1.18"* 3.324+1.19"* 3.514+1.19"*

2.4 WEHERACET XN KR LDLREE H 1A 1)
Al

Western blotfs il X & A IEH 4P LDLR & A1 3K
B, ERER, GUESGHREOAFTHE, 5
HFD# L%, HFD+L (0.930+0.082) . HFD+M
(1.280+0.087) . HFD+H (1.4504+0.080) 4{LDLR%E
HAKES R, HEREE (P<005 (1), LDLR
EARIEERLEMRNA—E,

& R
Qs QO L
& &

15 x

B R R AT
s & 5
o

ol

%j

« [
LI

S5HFDWE:, «ZRE3E (P<0.05) .

Bl SERE AT RRFESA S P LDLR & [ RAK TR
Fig.1  Effect of LCA on the protein expression of LDLR in livers of rats

3 9

LDLR [ IE K15 g BAGH 3 DI G, A i
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700K IH [ 5 H LDLANARAICES BE i e - Cvery low density
lipoprotein, VLDL) #57f7, {H4a G5 IR Bz 45 & T LDL
R HEAT #EE AL . LDLRXTLDL 73 W A B4 & LDL
AR I R rp i Ry G BREBA T, R I R 41 75% I LD L
I RS B, T 90% 2 i it LD LRI 42375 K g P
LDLRZ A7 T-4H M 2 7 (1 5 I 52 4, /& 4 7 i #2160 kD
BB, 9839 N ARk AL. R E IR E S ELDLM
AR FE, I L DL 5 (1 RE ] e = 2 3 o 44 i
LDLRI&EFR, LDLRXILDLM MR 515 bk & LDLAR S L 2
W BRI o VF 2 W TE 3 S KT B R KP Y
Al A LDLRIL K )Rk o A UGB A 39 O F FEAIE S T
e SR A € AT PR OK R ML HH LDL-C R, g g o
A5 RO . ZhBKGR AL . R . R R
HERKRKE, G RO B IR 0RO R
HTC. TG. LDL-CH &, HIMHDL-CHEMIAES, &
W90 R MR e SR A AT SE 58, K R B 5 1 i
AR MR T AT LUE 1, A fhyT ffe iy
%o KB AR A 0T B AN IMLAR 78 E AS [ AR BE s e, 5 Re ek
KA, BEKRIMETC, TG, LDL-C4 &, N
HDL-C& & ULBHE B Mg ORI & . F4h, 7
gE L — 20 BoRTE S0 7 & T WE e SR A £ o] B 2 3
R K BT IF 4141 LDLREE (A FIMRNAKI ik &, M
FEARLDL-C/KF, R4 A I 25

Apo-A K4y A fEHDLH, JEHDLA &% & 4k iR
BE, SMEHDLAKE 2 IEH P2, ik Rk
WEIRG R A IR IhAS 2 35 7T S BLApo-AZK T
(RIBRARETA, A gei 4 R BoR Wi R ae 30T
o i ILAE R BRI Apo-AFTHD LI K 7, 6B
RSO . Apo-BYELE TLDLI M, S
Apo-B. LDLFJ/KFHRIEFIE, ABFFLS R ERAFH
B B R AL A AT R CR R S LDL-C/KF,
FIE A Apo-B/AKC T R E A& $R i EE AL A Rext
JER RS K BRU P A T R AR A ) BR3P 1 FH

ABCGILHIABCALRATPL &tz A KRN, F
BERILT BRI S & 28 B AR A R 4. ABCG1 X
AIUME B IR, ¥ WG A H ) L [ e 2 8 4 3 Y
HDL, ABCGLI&Ef1E WA i A [ B ym H Ao A B 221 1
HrB, ABCGLAEHS INAE [ AN, AR T 41 is % % 4
JOE ] EE 4 2 i AL 3] 7 400 L p A, R L BRI 2 4
PIARTEHRE . Freeman&CUiE, ABCGLARIN L4 %
T U 44 L ] R 396 1) e d, 3 AT U 4 40 PR A L ) I A 45
R 72 A, A A DX ek e #E B BEAE o ) gt o0 i AR
A ABCAL W ) 5% ©L 4 e 2%, [
I A5 AT 90 S 7 I ] B A0 3 3 A B T ek 4% sl ik ks B
1 A5 A 4 ABCALHIABCGL [ 354 /K - 5 iH [
TV, 35 4y il S ST AR A I P I 5 e i 2
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AMEIApO A-URTHDL, 75 4 RF4H i A RH [ 5 1) 2h 245 716
BEL 11 g [ 200 B P ) 5 P R 4 5 EE A Y, A
Sk B 7R40.0. 120 mg/ (kg + d my) 7T W e
T R A A0 o v i K BRUFF I 41 40 ABCALRIABCGL
FERFRIE KT, 50 L B 458

25 LAY M, v e I K R AT B e R A
T, e mAE/KSF . FFAELDLR & H A SC B [ ABCGLAN
ABCAL mRNAW R, KILEAILIFIH T e L
Te Al A RO R IR K B A AR Fe bR, 3 nsh A A
P LDLRER A ML R I RIE KT, PRARIERE RS 2, HAE
FALH AT R85 LU 4 BH [ i 30 5% 12 i R T ATPAS A R 12 R
1, AT A AE s AT, 8 A e S e A

S R -
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