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[ Abstract | Objective: To observe the expression levels of niemann-pick Cl-like 1 ( NPCIL1) and
adenosine triphosphate-binding cassette transporters G8 ( ABCG8) in intestine of hyperlipidemic model rats, in
order to investigate the therapeutic mechanism of Shuangyu Tiaozhi decoction on hyperlipidemia. Method; A total
of 40 SD rats were selected, including 8 for normal control group. The remaining 32 rats were used to establish

hyperlipemic model. After modeling, the rats were randomly divided into the model group ( equivalent normal
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saline) , the high and low-dose Shuangyu Tiaozhi groups (15.6, 7.8 g-kg '), and the Simvastatin group
(4 mg-kg™'), with 8 in each group. They were given drugs by gavage for 8 weeks. The levels of total cholesterol
(TC) , triglyceride (TG) in serum and total cholesterol (TTC), free cholesterol (FTC) in liver of rats in each
group were determined by biochemical and enzymatic methods. The morphological changes of liver were observed
by hematoxylin-eosin ( HE ) staining, and the levels of expressions of NPC1L1, ABCG8 and liver X receptor-o
(LXR-a) in intestine were detected by Real-time fluorescence quantitative polymerase chain reaction ( Real-time
PCR) and Western blot. The expression of ABCG8 protein was determined by immunohistochemistry. Result.
After successful replication of the hyperlipidemia model, the blood lipid level was abnormally increased, and the
liver steatosis became obvious in the model group compared with the normal control group. The expression levels of
NPCIL1, LXR-a and ABCGS increased significantly (P <0.05, P <0.01). Compared with the model group, the
blood lipid levels were significantly reduced in the Shuangyu Tiaozhi decoction group. The expressions of NPC1L1
and LXR-a were significantly down-regulated, but ABCG8 was obviously up-regulated in a dose-dependent manner
(P<0.05, P<0.01). The results of immunohistochemistry indicated that the protein expression of ABCG8 in
intestine of the model group increased significantly (P <0.01). Compared with the model group, the expression of
ABCGS in each drug-administered groups increased obviously (P <0.05, P <0.01), especially in high-dose
Shuangyu Tiaozhi group (P <0.05). Conclusion: Shuangyu Tiaozhi decoction can reduce the blood lipid level of
hyperlipemic rat model by reducing the absorption of cholesterol. Its mechanism may be correlated with the down-
regulation of NPC1L1 expression and the up-regulation of ABCGS8 expression.

[ Key words | Shuangyu Tiaozhi decoction; spleen tonifying turbid method; hyperlipidemia; niemann-pick

Cl-like 1 ( NPC1L1); liver X receptor-a ( LXR-a); adenosine triphosphate-binding cassette transporters G8

(ABCGS)

TN (IRERZ P Ry i NI R ey = i
iz — B R W, R v [ R0 LA R B SE T
AW T AR E R T N R R 0 i A
PR B ST FE B PR 2 2 — " PR R 9 e N L Y
I AL 0 B v 4 i B A A K E S R . &
JIE UL 2 T A PR L ] 5 R 2 M 3 22 17 £l B
KOV S 1 R BOW A P . AR B AR 2 A
PR P29 s 1) B A ad AR Je =D ve C1 R ]
(NPCILL) J2 fiz 38 B [ s W e i) KB 1, R A 5
JUEL ] A S P 45 4 T 1) VR B 435 4 38 (NTD) 7 g
i JER 0 I 445 A MR I3 2 40 B 1 N AR DR His &
MIP9 . SRS NPCLLL AR AR R A = 9 i 45
G & a K G8(ABCGS) #iG 5 2 Wl — Rk se %
5 AR [ 12 A /0N B 200 Y 3 i 01 R i, ABC.G8 7 JI [3] st
W R B R R ENEM Y . I X ZE «
(LXR-a) il 2 % % NPCI1L1 1 ABCGS [ 333k 2
5 R S B L, AR O 3 % I
BB T el IR [T T A AT R IR T R I AL 4 AT 5

HET I R b5 T R AE 25 LU 7T 2558 &, B4R
R NR ST R U AB A I 25 Hh B B A 1 R 8L
VS S B A5 R T R K R BRI T I IR B

.78 -

FHTS T A 2 £ 0 R R R L RAE 4
Db 3 3 AF R B 5 35 0 IR AE 10 AR AR
e PRATF 5T v B2 3 £t DL ol 2 36 97 80 I I 19 S AR 3R
7 IS, 5 DA 28 M e Ak it 3 A &b 25 2 Ak AT
ML 37 R B4 U G %00 1 26 B R
AR, P — b —T5 , L 2 R B R R Ak vl 2 )
R R I PR & B XL G 1 e R AR
15 1 ILAE A8 25 I 3 I RE B (TC) |, HIm =R (TG)
FIVER 5 )3 B 25 141 R 61 (LDL-C) 9 /K0 e BT
RO Y, A LR IR ML N B . AR BIE ST B E T WL
R AR 7 T s B 0 RE AR AN KRR o O 458 Gk
NPCIL1 1 ABCG8 {5 5 i % 1) 5% Wi >4 951 B F1YA J7
o JIE A B A ) S B

1 &

L1 ¥ 40 26 J&#k SPF Zlftk SD KB, 45
i 180 ~200 g, Hy b 5% 4 3 | 42 52 55 3h ) £ A A R
IS FER A A E S SCXK (5T)2012-0001, F 11 %
R 2 K% SPEF 9 gl ¥y 52 9 b0 e 3% KRR TR
(23 £2) C,AHXTIR B N 40% ~ 60% , )t 8 hy
12 h/12 hB I S8R AG A0 (1 R B vh il 9%, A IR &K
Ko wBRERNE A F A6 s B R U iRk A R F
Tk & A 2% IR R, 4. 5% ARG 17, 0. 3% JH R



55 25 555 14 M) FEXEAFFEHRE Vol. 25, No. 14
2019 427 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2019
B, AR A B R A S S B AR AR L AR R AT A H 4T F AR AMT 4 mg-kg ™', IEHHY
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B (TTC) gk W 7 X500 &, % 25 I8 [ it (FTC) Wi i
I 3R G (AL 5 3 A S A R 2 L 415 20 ) o
E1015,E1016) ; All-In-One RT Master Mix % ¥ i
& (B at Absci 24 \], it 5 AB490) ; PCR i 7| &
( =¥ DBI Bioscience 2\ & , fit*5- DBI-2043) ; BCA &
Fe s I KGR & ( L3 = RAEWEARA R 2
Al it % P0O010S) ; NPCIL1 {5 58 B 41 44 ( 56 &
Santa Cruz 2 6], L5 sc-166802) ; LXR-a il B 72 [
Piik (£ E Abcam 24 A, it %5 ab41902) ; ABCGS
Z i EPUR (Jb s B AR A AL LS bs-10149R ) 5
B-WLEh & 11 (B-actin ) B 5 BT (I =8 A= 9
FoRA RN AL 5 66009-1-Tg) 5 BRAR i 4 AL 1 i
PRIC il 40 AR B A (Ig) G, AR i A 1k ¥y i
Pric il E ST TG, DAB & 635 & , Gy 4 Ak 3d )
2 BRI & (st A2 SN AE R A RS
A, it 5 4 # K ZB-2305, ZB-2301, ZLI-9017, PV-
9000 ) ; 75 AR -HHEL (HE ) Je 038050 & (b 50 19 38 2%
HEYEARA R AA S €C02-04004)
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225 /N &) 3 Power Pac B B ik X, Trans-Blot Turbo
System %I %% f /% ( 35 [# Bio-Rad 2\ 7] ) ; Light Cycler
480 I /96 #Y 52 i} 5¢ 5t i it B 5 W 5% X 2 ML ( Real-
time PCR) f (% 1+ % [X 24w ) 5 Fluor Chem Q #Y
Protein simple 07 1R £ 4t ( 56 [ & ik AR L W R
AIRAF)
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BRI 45 T AF A 3K, 1 8 X
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Z W € 12 ~24 h J T e A
2.3 fRbRA I
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FTC 4 [ 3l A Al 70 Fr A0 V5 A6 0 4% 26 K Bl it ¥ vh
TC # TG (& &, B P H 2 50 mg 7EFER 103 1%
HH B A R (PMSF) 5 RIPA 2 ) ( RIPA
500 pLfi PMSF 5 L) fheplei &0 3¢ JIFIIE 5 5 o vk
BE40.099 g-mL ™' 4 °CF 100 rmin ' Z.(>5 min,
B L, 2 B0 & 1 I A X P AE R TTC 5 FTC 1Y
R IEAT I E
2.3.2 HE @i EHLUE S ¥ 2k  W
BT I BEAT A R U0, BFAH 4 L HE By
0, 7806 U T WL e U
2.3.3 Real-time PCR £ X /N % # NPCIL1,
LXR-a 1 ABCG8 mRNA (j£ik  ffi F trizol 3232 HL
ZHZH A RNA /NZZH 2 50 mg FE trizol 1 mL FpA) 3¢
Kl RNA B4l 52 R e B, WG E A g opg FE1. 8 ~ 2.2
Bl E A i BRSO s iR & U W 24T ¢DNA 1Y
S i s S g, VAH e -3 R i AU (GAPDH) 2y A
Z:, 510 B A W EOR A PR R A, 4 R
20 pL MR R AT Y G, S SR 95 °C AR T
55395 CAPE 10 5,60 CiH 2k 10 5,72 CHEff 10 s,
18 45 ANPEFR ;95 CAEPE S 5,65 °C HEff 60 5,97 °C
it % [6] 3 540 C ¥ 1 30 s, % NPCIL1,LXR-a Al
ABCG8 A7 o3 M7, B FEA K I 3 ML, Br
A BRI R 2k AT MR S A AT .
HEI sk 1,
2.3.4 Western blot #; ] & B /M # NPCIL1,
LXR-afl ABCG8 FEH £ RHE 1% PMSF i)
RIPA 2L i & BOE HE 11, 4% B BCA 20 58 48 1k
o L4 UG S ER EAEZ IR, 100 °C
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#1 PCREI¥EFF
Table 1 Primer sequence of PCR

514 JF31(5'-3") K )% /bp

NPCILI i TGACAAGTTCCAGGTTGCGT 96
N iF TAGCTGACGGCAAAGACAGG

LXR-« i AGATCGCCTTGCTGAAGACC 82
“NiiF ATGCTCTCACTCCCAGGGTT

ABCG8 L 1i# GGACTCAAGTGCCCTAGCTC 184
NiiF GCTGTCCTGGAGGCTTGAA

GAPDH by TCTCTGCTCCTCCCTGTTCT 95

T ATCCGTTCACACCGACCTTC

KM 8 min ABPE, A 80 ng FEHEZ 10% KN
9 T JHe Bk J v VK 5 % B3 PVDF JIE | 350 5% it
Ry R EH 14 1 h, fin A NPCILL —47¢ (1:200),
LXR-a —#{ (1:1 000), ABCG8 —#i (1:1000),
B-actinf§ 2 (1:5 000)4 °CHEH ik 7%, TBST P i%k 5
YGRS ming ZH0(1: 1 J7) FIRFEIKEF 1 h,
TBST $E#% 5 I, B 5 min, X 5 47 ECL @ {4 1
SR EIF AT K EEAE I 45, DL H & 5 B-actin [
(R PEAL B R IB K

2.3.5 Akl ABCG8 & H Rk UM [
JE Ja HEAT AT WAL YD R B O R R B A B B BT
J, 42 B 93 A Ak A A DK ) & 1 BH Sk

B I N ABCG8 —J1 (1:400)4 °C pk A i 7 i
B,37 CWER 1 h J MU I a0 & b S 46 98
IS SR AR L3 0/ B/ B 1eG 2R & W)= i &k
U7 30 min, DAB 4, 85 #4l S B (], DUAR 25
PR B . ARG BAGE , PR IR
B A, W T L IR

2.4 GiiteEJrik SR SPSS 22.0 Guit B4R x5
B R HEAT S o R v 2 s ok,
AL IE A PEAG I8 A 5 22 57 1%, W ] One-way ANOVA
o3 HT, IR U SR T LSD-¢ 354G 56, L P < 0. 05 R
ERAGIH AR,

3 #R

3.1 X R AR K BRI S0 B2 i 2 PR
WG IE 20 T R 0 €2 I 20, (A BRIE A RO i 5 A
BRI P IER (IR B, AR AL R I ok BT
W TE R L TN S5 R S T AR S AN R S R
HEZ 2R UL s 78 P 2 56 4 M 32 40 5 5 1E o 2H L,
PR 20 T MR8 31 ) 2 R /INAS 25 1 i 07 358 23
240 e A e T A 2, IR ST AR B L A B S Y
JEF 440 JH 7 7 5 5 R TR 2 PO, 4% 2 ) 4 I A A
T JEE DRI 40 L 4 ) 2 e 3 AR, i I 2 v i
LA [) e JBE A 0k 20, TG LA X594 g ¥ i 79 A 80R
REFH. WHE 1,

ALIEH 4B BERIA ; C.OBUBT IR ¥ w00 45 D BT AR 2 (R0 B 4 B e ARfli T2 (18 2 ~ 3 )

1 WA BE % 3 & B8 ML E K R AT AE A VR 38 F B9S2 A (HE, x400)

Fig.1 Effect of Shuangyu Tiaozhi decoction on liver histopathology of rats with hyperlipidemia ( HE, x400)

3.2 xR i LR DR BRI 3 AR IE A AH S $8 B B R
M 5 IE A R B AR B TC, TG, TTC Fl FTC
FEEFETHR (P <0.01) ; SHAA] A, 45 25 )5 W
BN ARG &4 R AR IT 41 TC, TG, TTC F0

FTC & 5 35 AR, v 0U3T 98 IR T e 7 i 4 e AR %
Rl (P <0.01), XUHR M 7 A8 5 B 21 F0 ¥ fX
7T B AEFE AR TC, TG, TTC Al FTC 5 4, {H 2 7 A
BE. &2,

F2 WHPBZFNSEOEXRMDFHR TC 1l TG UK FFAEH TTC #1 FTC KFHZM (x +5,n=8)
Table 2 Effect of Shuangyu Tiaozhi decoction on TC and TG in serum and TTC and FTC in liver of rats with hyperlipidemia(x +s,n =8)

4151 /g kg ! TC/mmol - L ™! TG/mmol-L ™" TTC/ pmol - g ™! FTC/pmol-g ™!
E¥ - 1.37£0.10 0.28 +0.08 8.14 £0.24 17.23 £1.70
LR - 1.83 £0.41% 1.24 £0.29% 161.05 +22.23% 86.52 +3.85%
W E NG 7 15.6 1.40 £0.24% 0.51 +0.22% 58.75 +9.76Y 56.23 £3.66%

7.8 1.59 £0.25 0.45 +0.18% 103.04 +4.34*% 56.37 £4.41%
FEARABTT 4x1073 1.59 +0.27 0.60 +0.13% 38.12 £13.29% 78.45 £6.57%

T FIERA A P <0.05,% P <0.01; 5B A P <0.05,% P <0.01; 5UHTHIE 7 AL > P <0.05,9 P <0.01(£ 3 ~5 ),
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3.3 XF & BE M GE K BN NPCILL, LXR-a M
ABCG8 mRNA [y 5Zm 515 4l AL /N
ZH41) NPCILI, LXR-a, ABCG8 mRNA ik g %
FHiEr (P <0.01) ; SR AL H g, X500 i 2 240 Fn =
HeAth 7T 26 NPCI1L1, LXR-a mRNA 7K 3F B & F F%,

ABCG8 mRNA K& EHEFAE (P <0.05,P <
0.01) , 5 WU i 17 1% 57 et 4 B 5%, WU 0] R 1 55
F 20 NPCIL1, LXR-a mRNA & £ % T8 &
24 ,ABCG8 mRNA fy & f& fm TR 4 (P <0.05)
L33,

£33 WHAMKZ Y SHEMEXR/NH NPC1L1 ,LXR-a,ABCG8 mRNA RixM M (x +s,n=3)
Table 3 Effect of Shuangyu Tiaozhi decoction on mRNA expressions of NPC1L1, LXR-a, ABCGS8 in intestine of rats with hyperlipidemia

(x+s,n=3)
21 5 FlhE /g kg ™! NPC1L1/GAPDH LXR-a/GAPDH ABCG8/GAPDH
E# - 1.00 1.00 1.00
157 - 1.89 +0. 147 1.91 +0.26% 1.85 +0.53%
B S % 15.6 1.13 £0.33% 1.30 0. 19% 5.37 0. 99%
7.8 1.72 +0.51% 1.41 +0.37% 3.67 +1.32%%
FARABTT 4 %1073 1.46 0. 19 1.70 £0. 21 3.05 £0. 47

3.4 e g E K BN T NPCILL, LXR-o, ABCGS
EEM W 5 IEH 4 R, B A4 KR NPCILL,
LXR-a fEHRIE I W IN(P <0.05) ; SEIAI A LT
B, RUH N 1 e %0 i 2 A ARt VT 4 AR 65 2 T A
NPCILI,LXR-a H R IL (P <0.05,P <0.01), [
ABCG8 FH YK IE (P <0.05) ; 5 B35 4 g 7 1) 1
2 A, WU R g 7 = R 4 i NPCILL, LXR-o 2 1
FEIRW AR T R 4 i 17 0] £ 20 R0 = i VT 4
ABCGS (12 1 & 2 Wtk i T WU 8 Rig v A1) o 2 =
FABTTLH (P <0.05,P <0.01) . ULKI 2,3 4,

NPCILI -- W T S 145 KDa
PXR-a % ey ” - ” 50 kDa

ABCGS | s -.~‘ 76 kDa

ractin, - — — — " 1 \D:
A B C D E
B2 KkR/NF NPCIL1,LXR-a,ABCGS & [ %% B ik
Fig.2 Electrophoresis of protein expressions of NPC1L1, LXR-«,
ABCGS in intestine of rats

*4 WMHAIEF S MEXR /MG NPCIL1,LXR-0,ABCG8 EH KAWL (v +5,n=3)
Table 4 Effect of Shuangyu Tiaozhi decoction on protein expressions of NPC1L1, LXR-a, ABCGS in intestine of rats with hyperlipidemia

(x+s,n=3)
26 51 ?ﬂ]ﬁ/gkg’] NPC1L1/B-actin LXR-a/B-actin ABCG8/B-actin
E# - 0.70 0. 18 0.57 £0.08 2.29 +0.31
157 - 1.17 0. 19" 1.02 £0.27" 3.95+1.75
WL g 7 15.6 0.72 0. 17% 0.66 =0.03% 6.74 +1.79%
7.8 0.88 =0.21 0.74 £0.28 4.12 +1.38%
FARAMTT 4 %1073 0.67 0. 16% 0.66 +0. 13% 2.25 £0.99%

3.5 X iR MAE R BN ABCG8 EH B 5
IEH A B B R BN 4R i ABCG8 ARl (15
WL HE A RBACF R E TR (P <0.01) s 5B A L
B, USSR 0 e AR AR AR T 2 A A £ B
AETR(P <0.05,P <0.01) , Hor 03t ig 477 v 79
B PR R R (P <0.01) . WIE3,%5,
4 ifig

Bl 2R K P B4 v, e PR R DT B0 Rk
Z 1B A RARE Fe R i T M6 5k A g L A AR

NEH BRI o Bk v R LR rh G R i I E
2445 Z X B AFI R UL B v A ILAE LA e I B K
&8 = 01 JEREWCS o w IR B, AL BRI T R
ETHE A T, Waa Ak 2k =] 9 ik 9 2
T, A ZAS AR TR, AR AR vk o AR R )T
VRSN AN T Rl O iR L s R 77y e el I VT 5
BRI BRI AN AT AR AE DAL, BT R
R A AR M Z AL, A AT,
FRAG , AL B g o BEAR 24 B 2 F 5 R
- 81 -



225 B 14 1
201947 H

HEREFFFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 25 ,No. 14
Jul. ,2019

B3 WIKARZMKBR/NG ABCGS EAREMF MM (Hmpgdtk, x200)
Fig.3 Effect of Shuangyu Tiaozhi decoction on protein expressions of ABCGS in intestine of rats with hyperlipidemia( THC, x200)

x5 WHFRFHIKR/NEH ABCGS RiZMHM (v £5,n=3)
Table 5 Effect of Shuangyu Tiaozhi decoction on protein
expressions of ABCGS in intestine of rats with hyperlipidemia(x + s,

n=3)

28 5 /g kg ™! ABGCG8
EH - 0.29 +0.01
LR - 0.36 £0.01%
WH R AR 7 15.6 0.41 £0.02%
7.8 0.31 0. 029
FEARALTT 4x1073 0.32 +0.02%

W25 A SO R Ewe e R R T A
AR ARG BT L o aE O I A T BE A 2 B 2 B AR
AR e ML E S i R TC, TG K AT 48 i
TTC,FTC 5 1F A7 ¢, 5 W I R 6 58 A& 30 0051 0 B
I He W BEAIK & IR 1 E & IV B TC, TG, LDL-C
R AR S I 5T 4 S 0 ) R L I i
VI T s 2 B R IR B i AE R BRLaf v TG
TG KT 40 ffa v TTC,FTC {9 4/E F , v 7] 42 0L 353 94 B
7 ) AE 35 R G B UK O, B S 0 I Y B
AR 33X 1 B W5 R ¥ e % i ok s A G
T AR I 5 R I

JIN i A I A P e R Y L A
iz s N, NPCLLY A5 T /)N iz 4 M A9 Bl bR 2% B L, J2& AR
I T 1) PN 2 3 o TR SRS K 1 L [ 2 7
iz 6 B 40 M 2 i, NPC1LL 3 aof 98 30 19 74 745 1 A #s
I [ B s F A e . Rk, R NPCILL %3k
XPIE Y e g U G R, A SCHERIE R NPCILI &
DAL i 4% 1) /0 B JDEL T B e R R R T 90% Y 5 2
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