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THP-1 Ex£%0 .24 h 5 3| S KAE, 5i6 /) 5 aRak L9 THP-1 E v 49 J0 0B ML 0K 4 B, ABCAL %9 R A | SF4R 3t
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[ ABSTRACT ] Aim To investigate the effect and mechanism of berberine on ATP-binding cassette transporter Al
(ABCAL) expression and cholesterol efflux in THP-1 macrophage. Methods THP-1 macrophage foam cell were ex-
posed to berberine with different levels(0, 5, 10, 20 wmol/L) for 24 h or treated with berberine (20pmol/L) for increas-
ing periods of time( 0, 6, 12, 24 h). Western Blot was used to determine protein levels for ABCAL, liver X receptor-a
(LXR-a) and acetylated LXR-a.  Cellular lipid accumulation was determined by high performance liquid chromatography
analysis.  Cholesterol efflux was determined by liquid scintillator. Results Compared with control group, berberine
increased the expression of ABCA1 in dose (0 ~20 pmol/L) and time (0 ~ 24 h) dependent manner while decreased the
acetylation of LXR-a.  In addition, berberine increased the levels of cholesterol efflux and decreased the accumulation of
cholesterol in THP-1 macrophage foam cells when the content of the berberine was 20 pmol/L and treated time was 24 h,
the blends had the maximum impact. Conclusion Berberine may upregulate ABCA1 expression and cholesterol efflux

via deacetylation of LXR-a.
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B X ZAK a(liver X receptor-a, LXR-av ) F2& Hi Fii
ARV AR A B S DR, 7 A A JOEL 0 e A ke 4 K
SEMEFECY S M A P R R T LXR-o
WE T4 A B ALEE LU LXR ROV G (LXR
response element, LXRE) , 181705 ATP 45 & & 4% 12
& A1 ( ATP-binding cassette transporter A1, ABCA1)
TEN R Z RN L R R 3k, 25 40 i P RE T s 0 o ol
o N R e A 0l - W A = 1 )
it R, LXR-o 1) K432 i s Bl s £ kAL, e
AR G5 6 R S0 PR I A B R T LXR-o 25
CTBEAL EL AT VA ) 42 2F A8 6 P A R Y K
NPT /NBER ( berberine ) J&—FP ELA [ NS VE FH Y
SRS AE M, R i B B 5 R R T4
PG B S 2R 11 52 (LDLR) A7 6, k58 &
B, /INEE G EL A 10 ) 22 OIS A 2 I Ak B RO
11 H., ZNEEG AT |5 NAD AR Y 28 11 5B £ Ik <
FZFHEE A 1(SIRT1) BYERIK 1M SIRTI 2145 F W5 41 i
LXR-a XML EE M L Bz — 7,
I ASHFFE LSS /N BE BB 75141 THP-1 5 I 41 i I
PELIR A LXR-o 25 L WAL, B X LXR-o $02E
ABCAT 3k FIH [t H A 52 00 , Ay Sl Kk sk Ao
Ak ( atherosclerosis , As ) BTG B AL HT A0 B

I RS

1.1 #HRa R FEiRF

THP-1 @0 ey THER ik s E 5%
MAEHFHRFABE O NERBEE LS 4%
JTE M ABCAL \LXR-a %90 A — 31 B Novus 2
a5 LB B A B LK (a-ACK) 1§ B cell signaling
/] 3 B-actin A8 AR 3T F AL 4 BEARIT Y FE AR A
W H R XL ENF;BCA K A EBRAE A Hy-
clone Pierce /A ] & i ; Western Blot 7 7 4 M| 35 7| &
AN IE Al 7Ry A - v B o = B e
AT AL
1.2 THP-1 ERRZHRAREEA MR RIFISEIe 5340

F 160 nmol/L # f % B 4L ¥ THP-1 41 fig 24 h,
EHE S EvE 4, I L 50 mg/L By A LA K
% & Jig & A (oxidized low density lipoprotein, ox-LDL)
B H R AR ok e, B R R B R Y N B
#4.(0.5.10 20 wmol/L) 4b#E %8 fig, 24 h, 2 LL 20 mol
/L /NBEBR AL 32 25 LA B B B JE) (06,12 .24 h)
1.3 Western Blot #&ill] ABCA1 # LXR-o BIE B RIE

B ACRE AR 7 £ 4 M & PBS k% 3
K, T o R P S A, 4°C 10000 x g B8 10

min, /NG R EER, B BCA H#HATEAEE, W
R E G R & NEE 5 xSDS k& i,
100°C & 10 min, SDS-PAGE ® Jk /5 ¥ # #% £ PVDF
BE WAL RENEEARESHENL, 5% MiEF
WE A 4 h, 4 5w\ 1:500 ABCA1 — %5, 1: 500
LXR-o — 31 1: 2000 B-actin — #1 4°C 5 & 1 72,
TBST # 3% 10 min x3, #m )\ 1: 1000 # # 1t 4 1t 4
B FRAT B Z 4, F RS H 3 h, TBST ¥ % 10 min x 3,
JH Western Ef F 7% KM KAl & BT X b, 4
FH Labwork % X E & 941 & 3t Ik v A4, WLt
BAWERAKEMEN 100% 5 L AH#HTEZEE
Ao
1.4 BYEHEEIEERNEERESS

SEARMAM T &S A EE RS,
FRE AL PBS ¥k 3, hn O\ 4 M2 AR 200 pl, K
EREE3 REMMM BCA S EBEEHE,T.2% =
ATERILIEE 8,800 x g %% 10 min, B _E 34T
JEEEEAM, LT BN AF, 100 pL EFR,
FmN 8.9 mol/L A & 47 75 i 200 WL, K f fE [ B2
BRE N AR R EEERNFEE, S5
WATHGR A, A EC A K LB 5 ,1. 5 mol/
LW Z A MSBHATENITEFEZETE,100 pL 7
W -3¢ 4 B3 (80:20) & MEAE o, B A T % R AR & 18
L, KA C-18 4£, 418 4°C , ¥ # 1 mL/min,250 nm
SO, R E B NS TE R EE, ARG, X
mg/g 408 B A AL,
1.5 [PH]4xiZHE EEEi7 X Bt

THP-1 2846 0.2 nCi/mL[*H ] JE E B4 4 4
10% /N4 i 7% RPMI-1640 ¥ 7= 7 3£ B 0% & 4% 40
KE8%H ,H PBS Mtk E4EEANL
1% RPMI-1640 35 33 5 % 24 h, PBS 7 % % 40
B, VR 7R 2 % 40 L J , LA MR o 30k A U 3 R
foamp by [CH]EE B, EEERHER AR
F cpm B LLE cpm( B IR R cpm + 40 8 cpm) , B IR
PL100% %k % 7=
1.6 FEHITTERNZBL LXR-a

HZEXH[3, 9], KEFRAER KA, ZH
A PBS R 2 0k, lm N KA th B B RIPA 2% 7 0k
F 24210 min, F 4°C 13000 g % 10 min, ¥ £ £
HMR,BCA ZHATEAEZE, £ LERFMWAS pg
LXR-o #40,4CHRHF B HFLH., £ RIPA &Rk
% Protein A ILAEHEZ 3 ///‘(,/}?T 30 wL Protein A I g
PSR A N B 5 R H L 70 40 M AR R, R R
H 4 h,T4°C 3000 g #05 min, VLRI G5
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& RIPA PR A IR MERR 3 K, Im N2 x SDS 4%
Zow AL, HKE S ming KA R A LB AR A
A A Western B #E 4 1 V€ # LXR-o 89 2 BE AL
1.7 SEitF4iE

BB R Ae+s X4, 4 LR X H 7 £ 5
MrRor A B, d SPSSI12.0 48 it 2 4 % B, P <0.05

2 # B

2.1 /NEERE _F iR THP-1 B W 40 B TR 14 56 3K 40 Al
ABCAl BRE

A (0.5.10.20 pmol/L) /)y BE fig &b 33
THP-1 FWEAH IR R4 24 h J5, A 10 pmol/
L T4, /INBER S T B2 OB PE 8 ABCAL Y&
KK FEL),

20 wmol/L /NEEBHALFE THP-1 [ W5 40 it P61 34
RAMBEASFI RS E] (0.6 .12 124 h) J&, ABCAl A
(12 1K 22 I TR AR B3R (Tl 1 R 2)

2.2 /NEETHRHE THP-1 B N 40 A R 14 36 3K 40 A AR
& B2

20 wmol/L /NBERG AL BE THP-1 [ I 200 it Y5 44 340
RANIAS RIS TE] (0.6 12 11 24 h) J& , AR TN R H 4
TGN £ A A IR [T S o A 3R BV B ) 36
/INEE AR S 200 AL T s e P E R B (R 2)
THP-1 EWEAHMIZE 20 wmol/L /NEEBAL HH 24 h )5,
SR FH 10 80 R € 3 A T 40 P TR ] s 5 1 [
PR & &, 54 0F F A (BSA) Kb I Lk, /N BE
Tk S 5 oA (K 4 PR L[] s R L [ e 7 1 (3R 3)

£ 1. ARIRE/INGERY THP-1 B B4R AR TR 4B 4R AB-
CAl RIZRIFME (n =3)

Table 1. The protein expression of ABCA1 in THP-1 mac-
rophage-derived foam cells treated with different concentra-

tions of berberine(n =3)

INBER R B ABCAL1/B-actin
0 pmol/L 0.28 +0. 09
5 wmol/L 0.45 0. 11°
10 pmol/L 0.69 0. 14"
20 pwmol/L 0.88 +0. 15"

aAN P<0.05,50 pmol/L HH.H ;b R P <0.05,55 wmol/L 4t
;e N P<0.05,5 10 pwmol/L £H %L,

o 5 10
ABCA1 —b e sl s

B —actin —» . G —
Oh 6h 12h 24h

20 (umollL)

ABCA1 —> = s S S
B -actin —» W S .

B 1. FERE/MNER ( EE) K 20 pmol/L /NEEFF AL B A G
A i) (B ) 3¢ THP-1 B Rk 20 A iR 14 38 K 20 B8 ABCAL Ri&
BIRZAE (n =3)

Figure 1. The protein expression of ABCA1 in THP-1 mac-
rophage-derived foam cells treated with different concentra-
tions of berberine ( above) and with 20 pmol/L berberine

for different time( below)

2. 20 pmol/L /NBERR 4b 12 AN [5] B 18] X THP-1 B 16 20 A iR
PR ZAAE ABCA1 2R3 B2 20 A P BB E B2t tH B S40a (n =3)
Table 2. The ABCA1 protein expression and cholesterol ef-
flux of THP-1 macrophage-derived foam cells treated with
20 pmol/L berberine for different time(n =3)

Rb B ] ABCA1/B-actin JIE [ e 3 R
0h 0.23 +0. 06 7.14% =1.28%
6h 0.26 +0. 07 7.87% +1.42%
12 h 0.70 +0. 16 10.79% +2.86%"
24 h 0.87 +0. 18" 12.35% +4.35% "

aNP<0.05,550h@HIE ;b N P<0.05,512 h #HILE:,

3. /NEEGXT THP-1 ERE4HARAE EES 5 RE EES B & E R 5
i (n=3)
Table 3. The effect of berberine on the cholesterol and cho-

lesterol ester concentration in THP-1 foam cells (n =3)

8 BSA 4 INEERSZH
SUH S (me/g) 656 + 64 423 +43*
T B LR % ( mg/ ) 273 +38 194 +25°
I G ( mey/ ) 363 £58 237 +43°
fHE EERs SHE RS 58.5% +7.3%  54.0% +6.7%

ay P<0.05,5 BSA HIL#H,

2.3 NEERE VAT THP-1 B IE 2 Al E 14 36 5% 40 Al
LXR-a £ ZEEL

THP-1 E W4 Mo PR IR 40 il 28 20 wmol/L /)y
BERR AL BN [ I 1] (0.6 .12 F1 24 h) J5, R 1IP-
Western E[13E 246 0 LXR-o 25 1 ) S BEAL T I, &
IR/ INBERR T RIS 1 AR LXR-o0 25 19 2 kAR (&
2 Mk 4),
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Oh 6h 12h 24h

- o O e XA
- w—— - .

- S =S

B 2. /NBEREALIE 4 AE A 8] Bt (] X LXR-o RIAF LXR-a Z
BEALBIRM (n =3)

Figure 2. The expression of LXR-« and acetylated LXR-«
in THP-1 macrophage-derived foam cells treated with 20
pmol/L berberine for different time(n =3)

x4, NEEFEAL R AR R E X LXR-a RiZF LXR-a 2
BEAL B0 (n =3)

Table 4. The expression of LXR-o and acetylated LXR-« in
THP-1 macrophage-derived foam cells treated with 20 pmol/

L berberine for different time(n =3)

AL BRI (] ZIAE LXR-a LXR-a

0h 0.98 +0. 14 0.11 +0.06
6h 0.89 +0. 32 0.14 +0.08
12 h 0.23 +0. 08" 0.78 0. 26"
24 h 0.12 £0.07" 0.86 +0.35"

a’H P<0.05,50h L8 ;b N P<0.05,512 h 4 L#

As J&—M LA Bl JIKBE ig 50 E5 RN FRRAE A 18 1k R
FEPEIR o JH[E 3 1] %32 (reverse cholesterol trans-
port, RCT) s (i i A1 il 4 il ( 2 i Jig 1) W 200 i ) 'Y
JIEL T Wt O A i 2 TR A T A o 72 A B
AEEMHT As ER . FEN RCT BER S 6T
ABCAT fi £ 200 it P9 JEL AT st Hh = 2R 4RIR 25 1 Al
(apolipoprotein A-1, ApoAl) ,7E RCT H & S /E
F', ABCAT MFRIBFIIIAE L EZ LXR-o (%% 57
A, UL I B S5 0 LXR-o 7 7 ABCAL 33k
FEAE AR [ R BRI BT 5T L A T
AR AR T LXR-oc PO BE AT 19 305 Sk AF2 37 3
PR E CWEAL, T A T LXR-o 897 S35 1
I ABCAL A" B, I A B 40 LXR-a &
Ak AT BESE e F ABCAT 473 1) 40 A P I [ e 3 114
WEE RS, NEETRIE —Fh S R AR W, B
RERRMIGFIHT As VEH] . WFFE 7R /N BEm ] i 1ot
440 AU 2% £ iR 2 11 324K (low density lipopro-
tein receptor, LDLR) ik K FEME M IEMEFH" | Lee
SRR /N B 5 Ao U R R T Ak A I
( adenosine monophosphate activated protein kinase,

AMPK) BAR 3% H i =8k, i 5, /BRI n]

B 1L AL AL N BOIR & R LDL (1 A AL B 4 , £ 7
ox-LDL XF I 45 P K2 200 B 1 4 78 v VR R 20
1 RS KR HPT As VERT . A A1k
IR/ IN B i 2 e R [R) A P L)W THP-1 B Wi 4
PR IR AN ABCAL 19263k, 4 40 it P JE 7
FEEE R0/ 41 e PRy L T 5 L % /N BE i T i
SR RCT o A HAT W57, AR 380y 7 15 ot
— 5,

UTAMTT KB, /INBERRREAEH1 i N- 2 Bh% 7 i
WEE T N-C B RS ERE NS (b Z R Y10 £ B Ak
JOR O FEAHFSE A, BT R B THP-1 5 g 240
TR MR A0 LY LXR-o 8% PA 5 S BE AR B4 , £ H 20
wmol/L /N BE i Ak 3 40 Jfd AN [ 15 (8] J= , & 19 A6 Y
LXR-o B89k /0 , o /NEEGR (2 i T ik A i b &
fifb LXR-o 1 25 Wb Ak 2, SIRT1 J& 5 5 Bt
W VA S i) 25 S BEAL T , Bhaskar 413092 9 SIRTI
3 3k ] 1 [ B T TR 45 G B T (sterol regulatory
element binding protein, SREBP)-1c i1, M I8 77
JEEAE B A 3, Hou 21 % BH SIRT1 38 i 34 1%
AMPK &1 IHT LIRS A FR LT (acetyl CoA car-
boxylase, ACC) &1k, MM K& A T 41 B2 B ot & AL
HIAAFFE B LXR-o 125 S WEAL S SIRTL #3674
A0, FE B MR UK 20 i, SIRT1 9 23K B
W, IS LXR-a HHEAE L IXR-a B9 £ &
itk , = 5 R EA G A I 520 RN RETT )
R R B, /NEER RE % k2 LR 40 M SIRT1 A9 3R
K BRATHED /N EERCM H] LXR-o 19 ZBEAL AT BES |
VA SIRTI FZFER s N- 2 k% #2 B 15 P o6,
HRARLRI 18 7 Se0F 58 P it — 850

25 LT /NBERR RE S 2 E THP-1 1 1 41 i U5
PEIR A ABCAT 1Y 3R 35 K HA T 19 240 it N JIE [
S R 5 ] TXR-o 2B G, 18
] LXR-a AL, /NBERE b8 LXR-0 155 5%
WPE, e R BE R ABCAL (9 RIE, AR5 N
JINBEGR R S I A BT As A T — B B pLE]
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