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Effects of ethanol extract of Si Miao Wan on hepatic lipid accumulation

MA Jingjie, CHEN Yimeng, JIANG Qixin, YANG Jie, WEN Xiaodong’

State Key Laboratory of Natural Medicines, School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing
211198, China

Abstract This study aimed to investigate the ameliorative effects of 60% ethanol elution fraction (ESMW)
from Si Miao Wan on the hepatic lipid accumulation and its mechanism. TG kit, BODIPY fluorescence staining,
QPCR, WB, oil red O staining, and AMPKa knockdown were used to detect the ability of ESMW to improve
lipid accumulation in hepatocytes stimulated with free fatty acid. Furthermore, the effects of ESMW on the oral
glucose tolerance, serum biochemical indexes, TG content in liver tissue, the expressions of mRNA and protein
related to lipid metabolism in liver tissue were studied in mice fed with high fat diet to verify the mechanism of
ESMW fraction on hepatic lipid accumulation. The results showed that ESMW inhibited lipid accumulation
induced by free fatty acids by regulating AMPK signaling pathway, and that ESMW significantly improved the
lipid metabolism of mice fed with high fat diet, with relation to AMPK signaling pathway.
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AMPK'"™, b W] LL3E 43 3006 LKB1 300 AMPK!' .
DU b ALHE BT ) 60% £, B i 36037 (ESMW ) /)N B
Bk F%) 5 135 20. 47% , [t ESMW A 52 3% 75 AMPK
e IEtRnie

AR A2 Y B A 2 B, DU b L AR B Y
ESMW Sz PU b AL 5 B8 AR TG M40, A 5% LA
Ui 25 1 T T 5 5 Y 400 R i I M R0 A AR PR R
ESMW 25 TR 5 25 AR Y e Ty Ve AL, 978
v I A WL Ay /N B PP B0 IE ESMW Xk J ik i 4 Qa5 f 741
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1 # #

1.1 a5 HA

ESMW (A PREU il 45, $E IR 0. 92% ) ; AR 2R
ME AR (AU R ERHLABRA ) s F73 1R IR
B MR AN L IZE O .BODIPY 25644 Bl Hoechst ¢
YR (3E [H Sigma 23 7] ) ; AMPK 3 815 A-769662
(FEMCE 2> w]) s Z—HOBUIL BT T 3850 (i) A7
RN |5 IR AREL D12492 %6} FR AR D12450B (3£
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TC . HDL-C .LDL-C \NEFA il 377 & (g 5t & a2k
Y TAEWFSE 1) 3 INS . IL-6 . TNF-o ELISA i 7 &
( bR A= YR A PR A W) ) s AMPK  p-AMPK
LKB1.,p-LKB1,elF4EBP1 ,p-4EBP1 FASN Hi {4 (3%
[ Abcam 2% 7)) ; ACC. p-ACC HiiAk (£ [H CST 2
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Cruz Biotechnology 3 7] ) ; B-actin . 41 /)N Bl . 4T
G4 (3€ [ Bioworld Technology 23 7] ) ; AMPKa
Control siRNA (_F 1 35 W AE VI RH A FRA T 5 525
T A T B A TREA R
GG ECp SN e T U3

Table 1 Primer sequences used for RT-qPCR

Gene Sequences(5'—3")
F:CGACTACATCCGCTTCTTGCAG
R:CCTCCATAGACACATCTGTGCC
F:GGACAGACTGATCGCAGAGAAAG

Srebp-1

Acc
R:TGGAGAGCCCCACACACA
. F:CACAGTGCTCAAAGGACATGCC
asn
) R:CACCAGGTGTAGTGCCTTCCTC
F:TCTGTGGGCTCACTGTTCT
Ppara
R:AGGGCTCATCCTGTCTTTG
o F:TAGGACAGGCAGAAAATTGT
i-
prea R:CATTAGGAGCCGATTCAAAA
F: ACAACCGCAGTCGCAACA
Pgc-la
R:GGAGGAGTCGTGGGAGGAG
F:GCTGACATCGTAGGACTGGT
Fabp-2
R:TTCGACCCTCATGACCTGGE
F:CATTGCTGACAGGATGCAGAAGG
B-actin
R:TGCTGGAAGGTGGACAGTGAGG
1.2 & %

A AR (=0 2 W % BB A AT BR
Al ) s AR . A 3 4t K AL . Real-Time qPCR (€ [H
Thermo Fisher Scientific 23 7] ) ; {7 538 25O AL Bh
i PCR Y (% [E Eppendorf /A 7] ) ; Olympus 1X53 {5
B (H AR Olympus 23 A ) ; Nano Zoomer2. ORS
Y F H#5% ( B A< Hamamatsu 23 5] ) ; Tanon 52001k
P RICARAL (R BERHATBR 22 7] ) s Nano-100
T 7 G EE T (BUH BURAL R A FRA 7D
1.3 mietks s

N HepG2 4 Mo #k (PR Bt B 16 40 M 22 )
/N BRFF JEAR A1 i CSTBL/6J I R T8 9 42 B
SPF % C57BL/6] I B, AR TR 18 ~ 22 o, I T V1.4
AR F] S PTF AT IES SCXK (#7)2019-0001
I Sh W) S5 X 75 5 sh e 2 DL 2 hRife

2 F &

2.1 Ity &
CARMBEA MK AR R 121G,
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10 75 5 LB AR RS2 2 b, e Rt g, 27 S
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W, B AT 9 A W 2 Ay phellodendrine,
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ine, 75 R H1 Y atractylenolide I11 1 atractylone, £ 11
{=FIEEAA R Y caffeoyl-CH,-O-quinic acid , 2F B )
dibutyl phthalate )
2.2 B EH

K 2 R U AR R £ K3 K 0. 027 84 ¢.,0. 030 44
g MR AR, A K B XLZE7K 0. 5 mL T 75 C4
Ja i L R R W, A 200 mmol/L Y
W o A BRI A 78 22 10%BSA VWL 4. 5 mL
% 20 mmol/L PA \OA, WK 2], 733% , -20 CIKFE R AT
#wH.

K5 B HL 20 mg/mL ESMW £1 50 wL, JilA 5
K PBS Z& #hif 2 mL 1, AT, BI45 500 we/ml 21
HiLH ESMW B, 732 7 A A7 T =20 CIKA , % 1
B 2% i B Y BC 5k, 8 500 pg/mL 20 i H]
ESMW R} B 9 8 h s 3L - ESMW-L(0. 5
pe/mL) ,ESMW-M(1 wg/mL),ESMW-H(2 pg/mL)

AL O B FREUMAL O B3R 0. 2 g A N
W 40 mL, 3O Pl LA B ACOKAE REG IR AT
#H.

s 2 AR ELCESMW , FH 3% 1113 V0 W75 43 31 i
7. 124 mg/mL IR — HOXSUIUH 3% 1136 10
AR5 0 590 T ) B 20 mg/m L IR 5 4 CCARAT , FHHT
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2.3 RAER@MBEBERGE TS

2.3.1 DR RARBERERMRER LSS
%25 W HE TR SR O BUIF I AR 40 L, DMEM
R SR IEEE 24 h T AR E R T0% ~ 80%
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[7) 1) 2 19 ESMW 5% A-769662 (2 wmol/L) 4k 2 i

A 24 h, WA TR 22505 .
2.3.2 AMPKa 3% HepG2 28 I 5 i & AR AL A 64
#3524 % Y4 HepG2 4 Ml 25 i ik 40% ~ 50%
B, K 200 it 5 77 349 B G 1ML JE AL ) DMEM (5
PR FREE 0. 8 mL, 55 F2 46 07 B 40 min, g il 4%
Y . A : AMPKa siRNA3 pLhNE; 32397 pLik
A, 3G E £ FH o (O BEZH il Control siRNA) 3 B
W B R 3 WL N 3R 3L 97 wLIR S, S
A K AIAB AT G E 20 min g R
HWO0. 2 mLIA A — L RS, 12h
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PA+OA+ESMW (1 wg/mL) 3:0% 5 24 ho W4 40 0
VAT Western blot I8 1AL O YL (A 5215
2.4 HpymEEL N

HF 40 F/IN B W PR TR 3R 1S AR Rl AL
43R X5 BEZH (Control ) I ZH (Model) \ESMW 45
244 (ESMW, 71. 24 mg/kg, #124F 7 743. 16 mg/kg
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B 10 o X BRAL/NR 4, T o0 B AR 37, HoAy
NI T BRI RHE AR . SCER I IR A, R R
B2, B 25 IR T 0. 01 mL/g /N B, X BB 2 AR A
25T RT3 IS VD AT
2.5 FERRARAREM E
2.5.1 BODIPY &k & JaR4nigss TR
JNIILH T 8 24 h 2% 5 R 60% ~ 80% K, 1 5
B2 24 hE WA LVE TR, PBS I WOE Uk
J& , BALIA BODIPY %86 U4 RHA W (BODIPY £Eifk
Fii 1 0004%) 100 pLY¥ 5 15 min, 372 BODIPY,
BEFLINA Hoechst 2¢ YE YL BHA TR (Hoechst BRI B
1001%)100 L% E 10 min, 3F2= Hoechst, F K
PBS %k 3 e , LA PBS 100 WL, k6 7E B0
LI A AT 63 x T T~ ARSI HARE
2.5.2 @M O0%eE M2 niE,w L
W, A 37 CHUAY PBS W | mL I, W5
ZPBS AT, FEFLIN 4% 2 R A 1 mL, il
[ 30 min, WS 35 25 2 W BRI, B LM A
60% 5P EEEE R (9 mL 5 P9EE:6 mL PBS) 1 mL, %=
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210 TAEW (15 mLIMZL O F13#E : 10 mL PBS) 1 mL,



728 ‘? @ B # X # 224l Journal of China Pharmaceutical University 2021,52(6):725 - 734

52 &
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Sy B IEIE  FRE I AR . RS 343 (1) KA
HEASOKZR YT R, TR AT O Ye e U] R B A 5
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e
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8 mRNA & &2 RS % PR PO 41 21 25 me, 0 A
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i A Trizol 1 mL KA, vK L #H & 5 min) o $2H
&L RNA J& , Nano-100 & fit , #% ## HiScript 11 Q RT
SuperMix for qPCR (+gDNA wiper) 15 B 5 19 77 ik 1
7 cDNA B4 1 5 #% 18 ChamQ SYBR qPCR Master

Mix 320 G U B A 5 0 i B R AR &R 3K
2.6 It F o

{ii Ff| GraphPad Prism Version 6 #4745 11
M. BT B DA £ AR iEDR (v £ ) KR .
K JHELH R 7 225017 (One-Way ANOVA) K55 £ 41
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Figure 1 Effects of 60% ethanol extract of St Miao Wan (ESMW) on
lipid accumulation in primary mouse hepatocytes induced by free fatty
acids (¥ + s,n = 3)

A: TG levels determined by TG kits (x +s,n=3); B: BODIPY
fluorescence staining

P < 0. 01 vs untreated group; P < 0. 05 group vs treated with PA + OA
only

3.2 ESMW %t Srebp-1.Acc ., Fasn mRNA & & & &
O A
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B3 LR, LT ESMW S |, W 25 i 107 R 5 5 1Y
Srebp-1Acc ,Fasn mRNA /K- FH =458 7806l 5
QPCR %5 52—, Western blot 25 i 75 (& 2-D ~
2-G) , AR R AR A FH R, 40 A b SREBP-1
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Figure 2 Effects of ESMW on Srebp-1 . Acc and Fasn mRNA and protein expression (x + s,n = 3)
A-C: Effects of ESMW on the mRNA expression of Srebp-1, Acc and Fasn in cells; D-G: Effects of ESMW on the proteins expression of SREBP-1, ACC

and FASN in cells

P <0.01,"P <0. 05 vs untreated group; P < 0. 01, "P < 0. 05 vs group treated with PA + OA only; ns means no significant difference
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mTOR (IS4 , i B3 1 7 iR . 3% 14 Jn T 4EBP1 1)
R L (1 3-D) , £ ] mTOR 5 5 #41% . ESMW
(1 pg/mL)YEH G ,4EBP1 ABEIR 1k i 3 FFEAIG (1A 3-
D), W ESMW #ll#] T mTOR {5 .
3.4 ESMW il i& AMPK #7 4] HepG2 2m iz 77 44 fig
&

AMPKa S8 5 , HepG2 41 Jifd H AMPK 25 1 3
iR R A, W AR ) (1 4-A,P < 0.01) . Bl
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Figure 3 Effects of ESMW on LKB1-AMPK-mTOR signaling pathway (¥ + s,n = 3)

A: Primary mouse hepatocytes were co-incubated with ESMW and the effects of ESMW on AMPK activation were detected by Wester blot; B-D: Primary
mouse hepatocytes were co-incubated with palmitate (PA, 150 pwmol/L) + Oleinic acid (OA, 150 pmol/L) (1 : 1) or PA + OA + ESMW. The effects of
ESMW on the phosphorylation of AMPK, LKB1 and 4EBP1 were detected by Western blot

P <0.01, P <0. 05 vs untreated group; P < 0. 01, "P < 0. 05 vs group treated with PA + OA only
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Figure 4 ESMW inhibited lipid accumulation in HepG2 cells by AMPK activation (¥ + s,n = 3)
A: AMPK expression; B: p-SREBP1 expression; C-D: Levels of TG in cells were detected by oil red O and TG kits
#p <0.01,*P <0.05 s control siRNA group; “P < 0. 01, "P < 0. 05 vs group treated with PA + OA only
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Figure 5 Effects of ESMW on body weight (A) and oral glucose tolerance (B, C) in mice fed with high fat diet (x + s,n = 8)
Control: Normalmice; Model: High fat diet-fed mice; ESMW: High fat diet-fed mice treated with ESMW; MET: High fat diet-fed mice treated with
metformin

#pP <0.01 vs control group; P < 0. 01 vs model group

Table 2 Effects of ESMW on blood biochemical characteristics (x + s,n = 8)

Group TG/(mmol/L) TC/(mmol/L) NEFA/(mmol/L) TNF-a/(pg/mL)
Control 0.719 + 0.044 2499 +0.113 0.751 + 0.027 219.2 + 13.86
Model 1.209 = 0.068* 3.865 + 0.033" 1.167 = 0.034* 4623 +26.91*
ESMW 0.755 + 0.051 3.299 +0.113" 0.696 + 0.036™ 364.4 +22.83"
MET 0.669 +0.032 3.374 + 0.060™ 0.057 + 0.066™ 255.3+27.55"

#pP <0.01 vs control group; P < 0.01, P < 0. 05 vs model group
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Figure 6 Effects of ESMW on lipid accumulation in liver of mice fed high fat diet (x + s,n = 8)
A: Liver tissues; B: Liver tissues after oil red O staining (400 X ); C: Liver tissues after HE staining (400 X ); D: Weight of liver; E: TG of liver tissues

#p <0.01 vs control group; “P < 0. 01, "P < 0. 05 vs model group
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Figure 7 Effects of ESMW fraction on mRNA expression of lipid metabolism-related genes in liver of mice fed high fat diet (x + s,n = 3)
A:Srebp-1;B:Acc;C:Fasn;D:Ppar a;E:Pge-10:F:Cpt-1a;G:Fabp-2
#pP <0.01,*P <0. 05 vs control group; P < 0. 01, "P < 0. 05 vs model group; ns means no significant difference
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Figure 8 Effects of ESMW fraction on proteins expression of lipid metabolism-related genes and LKB1-AMPK-mTOR signaling pathway in liver of

mice fed high fat diet (x + s,n = 3)
A:SREBP-1;B:ACC;C: LKB1;D:AMPK:E:4EBP1

P <0.05,"P <0.01 vs control group; P < 0. 05, P < 0. 01 vs model group
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