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[ Abstract] Objective: To observe the effect of Shuangyu Tiaozhi decoction on B-type scavenger
receptor (SRB1)/cholesterol 7« -hydroxylase protein (CYP7A1)/farnesol X receptor (FXR) signaling pathway
in liver of hypercholesterolemic rats, and its mechanism in reducing blood lipid. Method: Among 40 SD rats, 8
were randomly selected as normal group, and the remaining 32 were successfully established as
hypercholesterolemic model, and randomly divided into 4 groups: model group, low and high-dose Shuangyu
Tiaozhi decoction groups (7.8, 15.6 g-kg'), and simvastatin group (4 mg-kg"'), with 8 rats in each group. The

drugs were continuously given for 8 weeks. Serum total cholesterol (TC), triglyceride (TG) and liver TC, free
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cholesterol (FC) and total bile acid (TBA) were measured. The pathomorphological changes in liver were
observed by Hematoxylin and eosin (HE) Staining. The mRNA and protein expressions of SRB1, CYP7A1 and
FXR were determined by Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) and
Western blot. The immunohistochemistry was used to detect CYP7A1 and FXR expressions in liver. Result:
Compared with the normal group, TC, TG, FC levels in the model group were significantly increased, while
the TBA level was markedly decreased, the morphology showed obvious liver steatosis, and significant declines
CYP7A1, FXR were observed by Real-time PCR, Western blot and
immunohistochemistry assays ( P<0.05, P<0.01). Compared with the model group, the levels of TC, TG, FC in

in expressions of SRBI,

each treatment group were reduced significantly, and the TBA level was increased markedly, the liver steatosis
decreased significantly, the results of Real-time PCR, Western blot and immunohistochemistry assays showed
significant increase in the expressions of SRB1, CYP7A1, FXR (P<0.05, P<0.01). The therapeutic effect of
high-dose Shuangyu Tiaozhi decoction group was more remarkable than that in low-dose Shuangyu Tiaozhi
Decoction group (P<0.05) , with no obvious difference compared with simvastatin group. Conclusion:
Shuangyu Tiaozhi decoction can promote hepatic RCT and synthesize bile acid by up-regulating SRB1/CYP7A1/
FXR signaling pathway, so as to reduce the blood lipid levels and improve hepatic lipid metabolism of
hypercholesterolemic rats.

[Key words] Shuangyu Tiaozhi decoction; hypercholesterolemia;

lipid metabolism; reverse

cholesterol transport; B-type scavenger receptor (SRB1) ; cholesterol 7« -hydroxylase protein (CYP7AL) ;

farnesol X receptor (FXR)
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1.2 254 Kkl XU AR 7 Rl 24 60 g Al 85
18 g 4L, W [ L AR v s 24 K2 B s B e b 2 7, 46
L 7R Hp B 2 rp B 2 R SR U ] R S O I . B
24 bV Ve K PR L 30 min, Sk B A Wk MOH
KR 20 min, BT 15 min, % 2 IR & 1 8
198 R O 1.56 g-mL" B K B, B T 4 °Cuk
RV o8 ] o S ARABTT (20 mg/F L BUM R VD AR
254 BR A LS 120180007) 5 =5 A8 1R RH 4 g [ b
SRR Iy kA BR A F] L B W (A AR
WM 4.5%, B[ BE 2%, A0 R £ 0.3%, 3 fill 1A B
93.2% ( % 1% 19.6%, 1 [& fE 6.4%, ik K1k & W
67.2%) .

1.3 R F BCE R R (TC) M &, G B AE 1w
(FC) MK & , B H R (TBA) M & (7 5 i 2k
Yy TR W5, 45 4 ) A 20180821, 20180822,
20181213) ; FR KR Z - 40 (HE) Y ik H & (Jb o 1
WA ARG A AL S C02-04004) ; RNA #1
Bt & (de o R E R A BRA AL L5 R6834) 5
All-In-One RT Master Mix Jx # F ik 7 & (7 &
Absci /A H) L 4it5 DBI-2043) ; £ 5 K BCA & [ 1k JiF
o I 7R 5, AR A ) 3R] (PMSF) Al RIPA 2% i
(FWERREYWERAERAA M-S 50K
P0010S, ST506, POOI3B) ; % I ft & EF i &
( Western blot) Jif il ) SRB1, FXR ${ {4 ( % [ Abcam
o] S 49 ab217318,ab129089) ; CYPTAL 1L
A& ( & [ Merck Millipore 2% 7l , #it 5 MABD42) ; %
PELA AL BT I CYP7ATL, FXR $0 44 (b 50 19 B8 28 20
PR 543 B M bs-21429R , bs-12867R ) ; AR 1 48
1P it i 1 2T B G % 3R R 1 (1g) G, R 2 42
e Y EEARIC 1L A3 % 1gG, DAB W (iR # & , % 4l
A sk A I R & (AL st A2 S R AR W R
B A H LIS 4 )k ZB-2305, ZB-2301, ZLI-
9017,PV-9000) .

1.4 U#F  BXS1 G2 83488 (H A Olympus 24
7)) ; PRONTO EVOLUTION %I 4 [ 3 2 fbAY (35
#] BPC+BioSed /A ) ) ; LightCycler 480 Il /96 %I 5% i
PG E 1 T A W A% X S (Real-time PCR)AY (Fii +
Roche /A #l ) ; PowerPac il FH 7 4 %5 B35 HL Uk R 42,
Trans-Blot 4= fg %Yt 3 f% J 4% ( 3€ [ Bio-Rad A H] ) ;
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2 Ak
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Pt B U R 7 AR ) 2 45 7 SUETR BR U
7.8 g-kg'WEH 45 2, U IR I 7 e ) 2 4 T DU
WG 15.6 g-kg ' HEH 4525, S AR VT 4 45 7 ¢ 4R
7T 4 mg-kg' HEH 4524 ; 1E W A MBI R 3 45 7 A
HERIK S mL-kg' VEH . FA KRG HERES 1
WS4 25 8 AT T U] ] 1E 4 4k 2 W 1 3 3 )
R TR H A 45 41 Ak 2 i v MR kL o
22 WARE RKRR&GZGE,SFHEEAREK
12 h, 8 0 73 5 G L %2 84 (40 mg- kg BRI L I
= gy Jpk B P A RE A (] B TR A5 IO I A
B fE 2 2 FH T4 A B AR K R v 2 T M . Il YR
FE A 28 IR # 60 min, 3 000 r-min” (242 9.5 cm) &
£ 10 min, 43 8 1ML 75 J5 —20 °CUK AR A7 45 . P AE
BEA—F 4312 0 4% 22 B WO b [ E T S 2 4G
D, 30 4338 43 8 T 25045 T - 80 CCUKAR TR-A7 il
2.3 Rl oy ik
231 IMVE KRR AR A I HC-20 °C PR AF 1Y I
R4 A B A A AT AT 1L AR b B 2 K 2= s
Z= B i IR K 5 = K W v b TC, TG & i .
B -80 °C 4/ 7 () i 41 21 30 mg, A 11 %% &9 PBS
400 wL 88 .0 W Pk, N A PMSF 2 pL 1 RIPA %
fift W 200 wL P35 %K 4 °C, 100 remin” & 0
10 min, W F 35 W, A AR A 1R Ul I A5 AT I
2 TC,FC, TBA Kl .
2.3.2 HE e O M S AE A S0 Bl A B S 484k L
4% Z2 & F IS [ % A I I 4 20 00 A7 WK, A i o
WEHAE LY AL EAE S pm SR Y) R, HEAT O
HE Je o, ho PR 3t 1, B T2 W fUsE B UL I
I 21 205 B 2 AR R 1 0 o
2.3.3 Real-time PCR £ ill SRB1, CYP7Al, FXR
mRNA ik H(-80 °CI&7E i T 4141 50 mg Ik & 5
MR, Tk e B 33 5 (RT) -PCR R 71 & Ud 1 45 A
KERJFHEH 2T 32 B RNA . K0 RNA A% 46 B % vk
FE G, 4% B8 Master Mix 2 5% st 12 7] & vl W1 F 47 2 5%
SRR, A 8 cDNA . 51 B 11 IR AR A= ) B 4
JE4 A B2 A5 B . PCR 38R 20 L J2 I {4
RN FEAE R 95 CCHIAE P 5 5595 °CAEPE 10 s,
60 °CiH K 10 s,72 °CHEAH 10 s, & 5 45 M IF I 5
95 °CAEVPE 5 s, 65 °CHEAf 60 s, 97 °C fiff W ] K 1 5
. 49 .
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40 °CH H130 sc BAREABLE IANE AL, Ll B-actin - AHITEE L.

YER SR R 2k AT 85 43 . PCR 5| 3 #R

YIS 1.

£1 PCR3I¥FFI
Table 1 Primer sequence of PCR

GiEY] JFHI(5"-3") K B /op

SRBI -f GACACCCGAATCCTCACTGG 297
T GGGTCAGGGTTCAGACCAAG

CYP7Al L CTCTAAATGCCCTGCAGATGA 112
Fiif GGCACGGCTAATGATTCTCT

FXR i TTACAAGCCACGGACGAGTT 195
T CGGTTGTTGCGGGTAGAAAC

B-actin -if CACGATGGAGGGGCCGACCATC 241

T it TAAAGACCTCTATGCCAACCAGT

2.3.4 Western blot#;ill SRB1,CYP7A1,FXR K H
Fik  HU-80 °CHRAF A I 4121 30 mg, i RIPA 2% it
W PMSF Pt 3 21 3%, UK I 24 f# 20 min, 4 °C ,
12 000 r-min™ #.0> 20 min W HL S 1, 38 BCA &
P B A I 3 7] & 1 W A A AR TR . 7E 10%
V4 Tk ez E S b JH SDS-PAGE H, ¥k 43 B9, HL %% &
0.45 wm PVDF i I ; F 5% MG 28 W5 & 141 1 h, 23 51
5 SRB1 —#i(1:3 000),CYP7AL —#i(1:2 000),
FXR —#7(1:200),B-actin 2 (1:5 000) {E 4 °C %
FHdH . TBST PR 5K, &K 5 min, 78 % i T 43 5
i T I = B 1gG —Hi 5 1 E P/ B 1gG =4t
(1:5000)5 7 1 hJ5 ECL %M i 6 f 47 K A
WsE , LA H B8 A K B /B-actin K FEAEAE J Ge 114k
P FEAT G T o
2.3.5 R ik CYPTAL, FXR & [ % i
I 4% Z 5 P 1 2 00 BT DE 2 8L E A7 K, A s
AL SRS R AL EAES pm LD B o A0
Yl 60 °C;g R 1 h, RS & 7K, F & B i A& =2 it
Do e BE Ao 92 2 Ak aE B 0 ik A T ) 4 16 I
YEATE DL W CYPTAL — 0 (1:100) 55 FXR — 4%
(1:50),4 °CWFH % . PBS ¥E 3K, 4K 5 min,
T 0 B 5 AR LR BT B IgG R AW (1:200) %
M9 7 40 min 5 DAB {7, 85 T A& I S R )
ARFR YW I G S5 K, R I B R, R T A
LS, K BE W 5E o
2.4 GEibsE5r8r R FH SPSS 26.0 48 i 44 X £ 4
PEATAL R 1 hE VR x5 6o , 2l 1R FL 3R A AR
R 7 20 i M LSD-+ i J5 K 5, P<0.05 £ /m 2 5 A
. 50 -

3.1 X e A [ i AE K BRI YE TC, TG 7K /4 5% i)
50 A A R 2 R BRI Hh TC, TG K- i
E T (P<0.01) ; S ER A A, 45 2 41K Rl v
TC, TG 7K W] i F& A% (P<0.05, P<0.01) ; X7 i g
e AR AL H R I TC K P 1 R B o B
(P<0.05) , 53 AR A 7T 41 AH Hh 22 5 00 B W 58 322 7%
o W2,

F 2 WHVEAE 7 X A8 B A 4 K RN SE TC, TG & F (0 % 1
(X+s,n=8)

Table 2 Effect of Shuangyu Tiaozhi decoction on levels of TC, TG

in rats with hypercholesterolemia (x+s,n=8) mmol-L"
4151 Fil /g k! TC TG
IEH 1.45+0.07 0.31+0.07
LAY 2.19:0.40% 1.26+0.502
XTI N 7.8 1.77£0.22*%  0.58+0.109
15.6 1.37+0.09% 0.30+0.059
FARALTT 4x10° 1.32+0.12% 0.64+0.06%

T 5 OE 4L B "P<0.05,7P<0.01; 5 8 T 41 1 B VP<0.05,
“P<0.01; 5 X H N5 7 & 7 4 4L H 3 PP<0.05, OP<0.01 (£ 3~ 6
).

3.2 X e M B i RE K B BE TC, FC, TBA /K1
BYSEM 5 IR R, B A R BRI TC, FC K
WY T T TBA KT i 3 B AR (P<0.01) 5 5
RUZ LA, 45 IR 9T 4R BUFIIE Y TC, FC 7K1 B I F
ik (P<0.05, P<0.01) , TBA 7K *F- B & F &5 (P<0.05,
P<0.01) ; BT i 17 e 77 2t 20 % iFJJE TC L, FC, TBA
K 14 I S8R AT g 1 IR B 4 5 B . (P<
0.05), 5 RMITA i 2R LM B ST E L.
W3,

3.3 X e O O R R R 2 2 g B 2 1 5
Ml IE R 2H K RO A A A5 A B A e R — B, ok WL AR
0795 78 5 5 1E B 41 L e, AR AU 20 K BT 4 2 AT D W
SR DR S A0 HE S ZE L B AR SR 4
WY S O A B 5 ) — 30, MR N iz T
TG ot 23 30, 3 0 MR i 3% i R tR s SRRV LR, 4%
TR T L0 A0 A A s AR AR R A S RS IR
SN i R S R R A O T Y Sl Ve
52, ML A3 R O Y N e O D A ek 2 i
AT R 5 v LA 0 i 75 e 37 2k 28 R0 AR AT 40
s RO A WLET

3.4 X B [E RO CRE KR UE 44 44 b SRBI,
CYP7A1,FXR mRNA RIE/KF-M2m  5iEw® 4
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3 WAL AT = E E B2 M AE K R ATAE TC,FC, TBA K FRIRM (F+s,n=8)
Table 3 Effect of Shuangyu Tiaozhi Decoction on levels of TC,FC, TBA in rats with the hypercholesterolemia (x+s,n=8) mmol-L"
21 5 Hl /g kg! TC FC TBA
EH 1.19+0.17 1.04+0.25 4.24+0.46
IR 2.12+0.13» 1.87+0.392 2.74+0.522
WA B 7.8 1.5740.20%9 1.36+0.24%9 3.56+0.4139
15.6 1.03+0.40% 0.84+0.13% 4.37+0.50%
FARATT 4x10° 1.42+0.34% 0.920.30% 0.42+0.30%

A B C D

AIEH2H BB RIZH  C. XU A I 1 A0 i 2H 5 DLWV IR ¥ 5 0 i 4 B SR AR T T 4 (181 2,3 1))

B 1 WA ZxSEEREXRFARFREZTHAENE(HE, x200)

Fig. 1

Fo# R 4 T E SRB1,CYP7A1,FXR mRNA % ik
0] R B (P<0.05,P<0.01) ; 588 40 [ as, 25
25 T 1 8 Jil J5 , K B IE SRBI1, CYP7AL, FXR
mRNA 7£ X3 i A 7 A% 50 i 41 i i 32 3K K W 5
T+ 15 (P<0.05) , 1M1 78 3 A5 17 = 1) 2 20 5 2 A
VT2 v H 3R R 7K P i 35 T 85 (P<0.01) 5 e rp 8L i
JI§ ¥ & ) B 4 CYP7A1 mRNA 2 35 5 48 %5
JI 7 11 75 2 41 B (2 [ AR (P<0.05) ,FXR mRNA ik
IR 5 2 T (P<0.01) . WLFE 4.

x4 WIFHIANE %>t S A8 E E M 5 K B BT AE SRB1, CYP7A1,FXR
mRNA RIEHFM (f+s5,n=3)

Table 4 Effect of Shuangyu Tiaozhi decoction on mRNA

expression levels of liver SRB1, CYP7A1 and FXR in diet-induced

hypercholesterolemic rats (x+s,n=3)

SRBI1 CYP7A1 FXR
a5 At g-ke'! /B-actin /B-actin /B-actin
F 8 0.49+0.15"  0.45+0.17  0.63+0.07"
W H S 7 7.8 0.96+0.22%  0.96+0.25>  0.90+0.17>9
15.6 1.58+0.499  1.37+0.3% 1.29+0.15%
FARALTT 4x10°  1.30+0.139  1.01+£0.16Y  1.18+0.23%

T BIE W AR AR I mRNA RIE N 1,

3.5 X & IR OEE O AE K BRI OBE 41 21 SRBI,
CYP7A1,FXRE I RILKFRF M HIEWAL
B, 8 R B 2 K R IEZ4H 21 SRB1, CYP7AL,
FXR A4 25 11 26 35 7K F B 2 B AIG (P<0.05,P<0.01) ;5
BRI #4036 97 4 K R IE R SRB1,CYP7AL,
FXR & 4 %35 & B 5 T+ 5 (P<0.05, P<0.01) ; H XL

Effect of Shuangyu Tiaozhi decoction on hepatic histopathological changes in hypercholesterolemic rats (HE, x200)

wiJH R A i gl K R OBE 41 20 SRBI,
CYP7A1,FXR Y& [ £ 35 /K - 0% & F 835 g 17
IR 5 2 (P<0.05, P<0.01) , 5~ F Al 7T 20 22 S T W]
WHEITFE L, WK 2,%S5.

o R -
cor I -
[-actin ’" e - 43 kDa

A B C D E
B2 JHAKRRHFSRBI,CYP7AL, FXR & B &Rk KF Bk
Fig. 2 Electrophoresis of protein expression levels of liver SRB1,

CYP7A1 and FXR in each rats

1 GRS

x5 WIFHIANEZ TS A8 EE i fiE X B BT AE SRB1, CYP7A1,FXR
EARIEKEHEN (x+s5,n=3)

Table 5  Effect of Shuangyu Tiaozhi decoction on protein
expression levels of liver SRB1, CYP7A1 and FXR in
hypercholesterolemic rats (x+s,n=3)
g FiilEis SRBI CYP7AL FXR
/g kg! /B-actin /B-actin /B-actin
BEAy 0.43+0.12  0.710.06" 0.51+0.08"
XUH NG 7 7.8 0.77+0.16> 0.79+£0.199  0.90+0.09*9
15.6 1.05+0.159  1.21+0.199  1.28+0.27%
FAAMTT 4x10%  0.79+0.26Y  1.234£0.239  1.27+0.36%

T BEWHA R EARE N 1.

3.6 X e JH [ O RE R BUAFE 40 21 b CYPTAL,
FXR R A MM 1E % 41 0] WL A 40 746 1 k% 25
.51 -
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TR YL 0K 55 1F K 41 AH Eb B R0 4 K SR 40 A B
o, e (0 50 500 B G 2D e (o R R R PR R
IRV 55 5 SRR A e, CYPTA L WU F I S 17 1% 71
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Fig.3 Effect of Shuangyu Tiaozhi decoction on levels of liver CYP7A1, FXR expression in hypercholesterolemic rats (IHC, x200)
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Table 6 Effect of Shuangyu Tiaozhi decoction on levels of liver

CYP7A1,FXR expression in hypercholesterolemic rats (x+s,n=3)
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