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[ ZE] B #9483 K FF &b B A7 A8 B8R 5 5 4 /B 4 M4 B8 W5 AT (nonalcoholic fatty liver di-
sease,NAFLD) fig i 3 AL AL G ALl . 77 ik < A ) P % 25 38 2 Fm) K 3% & T FANAFLD 8913 5 i@ 3% ; 2 1R 90 ) )
5o B + A% A BRAZ 40 NAFLD 694K SPAEAY 15,30 pM k3% & -F F NAFLD AR 9P A2 A 48 h, 400 4 i 1) H ok = B8 (tri-
glycerides,TG) A&, i 4L & 1R MmO 8 F 3 AR UL, & & Ji % 9% ¥ it (western blot, WB) &l B &% A5 Bt
ALEZ 3-i% A5 (Phosphatidylinositol 3-kinase,PI3K). {%é];%iﬂﬁ&BB(RAC—beta serine/threonine—protein
kinase,AKT2) . B BE 1k LK HE%& & 1 (Phospho—forkhead box,pFoxol)/ X k4E& & 1(forkhead box,Foxol)
% _#% pFoxol/Foxol, 2 B 3% & % & PCR 4 PI13K. AKT2.Foxol . ¥k Hih = Bs4ti2 &8 & &4 CIlI
(Apolipoprotein,apoC-II )&k ik, £ R WM& HEFM K EFF LG MU A AL, XA hPE B LT EARK
B & AT PI3K/AKT/Foxol 5 5k ¥ . 15.30 MK EFEZ F R @A T6AF RV ; KEFZ LB &b Bz
HABA % BRL 4m it 64 I8 R 342530 pM K& 4T 23 L iAALA 48 % P13K.AKT, F 98 pFoxol/Foxol;30 pM A%
F AT FEAZARNLAMTTP apoC- T 49 &k, %548 K ¥ & T #ki@ a2 % P13K/AKT/Foxol ARAE & 493 4R

[RSBIF ] RS R7 M AT, dE Bt K& Hob = B AR AE BLALES 3-8 & & i BR BB SUKAER & 1
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Emodin Prevents and Treats NAFLD via PI3K/AKT/Foxol Signaling Pathway
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1 Preventive Medicine Center, Shenzhen Hospital of TCM, Shenzhen 518033, China;
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Abstract Objective: To investigate the mechanism of emodin in improving lipid accumulation model with
NAFLD induced by oleic acid+palmic acid. Methods: Network pharmacology was utilized to predict emodin in
the intervention of the signaling pathway of NAFLD; the in-vitro models of NAFLD were simulated using oleic
acid+palmic acid, and intervened with 15 and 30 wM of emodin for 48 hours, to detect the contents of TG, oil red
O (ORO) staining was used to assess cell lipid accumulation, WB was applied to measure PI3K, AKT2, pFoxol/
Foxol and nuclear pFoxol/Foxol, real-time quantitative PCR was utilized to detect the expressions of PI3K,
AKT2, Foxol, microsomal triglyceride transfer protein and apoC-III. Results: In total, 34 targets were predicted
for emodin by network pharmacology, and these targets were significantly enriched in the signaling pathways such
as insulin resistance and PI3K/AKT/Foxol. The contents of TG were lowered in the cells after intervened with 15
and 30 uM of emodin; emodin could improve lipid accumulation in BRL cells induced by oleic acid+palmic acid;
30 uM of emodin could noticeably upregulate the levels of PI3K and AKT of the model group, and downregulate
pFoxol/Foxol; 30 uwM of emodin could lower the expressions of MTTP and apoC- IIl of the model group.
Conclusion: Emodin could reduce lipid accumulation possibly through adjusting PI3K/AKT/Foxol.

Keywords fatty liver disease, nonalcoholic; emodin; triglyceride; phosphatidylinositol 3-kinase;

RAC-beta serine/threonine-protein kinase; forkhead box; triglyceride transport protein; apolipoprotein

ARGV ERER AT (hon—al coholic fatty liver, o FENE R HELIX ,NAFLD #2& 5 BUHBEAL, « - AH O
NAFLD) A& & WL A1 P A 4 5 95 , 78 tH AL Ju [l A SET I 3 SR PR 22—, DAL b R B 3 3 75 I o A
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NAFLD I R T EE MWLK"Y, OF LIKIE
B, 2GR U, s BE SRR B A /N BE R
SRAEEMIER. REgtkatd, BGE T
ORI FAGE AK Dt IfLAA 25 RSB 28 R TR B
B R ER S LR D)2, 0.86 g/kg K# AE B
e R TR R IR B I E[E B2 (total cholesterol,
TO  H W =M (triglyceride, TOM . AL 4H %
SEOGUEEA , 10 g KM L BEIR IV RE o = i 1A
R KRR 1 T IR TR Ik e Vil TR Ik M » b 1R 3-0— 2
Z O A =R S 2 MY, 1IX LA )
5HEmR ] R EZET MK, KR
(emodin) e RIE M FE 2 —, HEPR LA
e Y . Btk 2 Ak, K3 ZIE BN A B I
& BIAE S AH 2 H B ARBLHI A T — B 5.
AT S M 3 0 2% 24 3 2 6 R B 2K 24 B L 4
AT T IO, B AR AR S B AT B8R , DA
NRBE AL PR L (1 87 FH $ A B A4

| RS HA

1.1 w7

.1.1 %E¥Ewmie KA (the buffalo
rat liver,BRL)W H *F A&} BE 4l L AT

11,2 KA ABME  RIEE TR T AR
WA AT, 155 :E106693-100mg) P4 H 3 {3 %1
M ER Ef (methyl thiazolyl tetrazolium,MTT)
IR TG RGBT & AT
Jett R & (R E, 175 200 8 : M1020-500T
BC0625-100T/96S.BC3710-100T. G1262-4) . #% &
R 2% B A 3R BORF & L IR 9L AR B R i
WA A F, B85 KGP150) 5 85 [ 18 5 B (RAC-
beta serine/threonine-protein kinase,AKT2).
Y SLHE S M 1 (forkhead box, Foxol) HT44 (il
—IEAE ARG R A A, 55 5 10176-2-
AP, 18592-1-AP) , &= 1% g % L% 3— ¥ 8% (Phos -
phatidylinositol 3-kinase,PI3K)(Jb gt B4
AR A, 5 :bsb570R) LR R4k XSk HE R
1 (phospho—forkhead box,pFoxol) fiik (5% {H %
AR A BRA A #E5 :RK06005) ;s A%l R 4H
TR AN VG M L B L 25 ( B SR  A BR A &1, 1%
S5 N :07501,P9767 1. RNA HREL i #% 5¢ .F
B AELE HEAEMEARACEDOERAF], 7S
75~ :N09767 , NORRO36A , NO. RR420A], IX73 Y
18] B 5¢ 6 5 0BT CBLAR 2 ) 5 51119800 24 Jifg b {X
(FEER K /R Scientific Multiskan Sky);HCP-
258 YA fu B 7240 G R AR A 7D o

1.2 7%

1.2.1 ME&HEFRMREEFGHEMERD

ARG HAEE S 7 i & (traditional
Chinese medicine systems pharmacology da -
tabase and analysis platform,TCMSP)(https://
temspw. com/temsp. php) 7F 25 W ik 16 28 K 35 2 11
B0 AL, 33F — 2P 7 DAVID 4% FE (https://david.
nciferf. gov/ )BT R LR 52 KA H R4
(kyoto encyclopedia of genes and genomes,
KEGG) & HE 40 HT -

1.2.2 AZAIBR b BR e EeH] W 40% MiE (&
F (bovine albumin,BSA), 3 mL PBS % fi# BSA,
FREC10. 02 mg BRAREREH , 72 ) WA 3 mL PBS, M
PO TR ER A TR N o B T A L 00 A R TR AN N
40%BSA H, 2 S5, AL I SR ORAE o Tl R TN
J11 20%BSA BE il , 75 3% A T -

1.2.3 MTT %3 CRr4H s 7E 96 FLAR . £ 40
WBE IS, LN R B R B 3R 112448 h
J& IR IR BEFLION 100 L MTT VA fiR, iU B
FeA4 h/iih, R IR LI 150 pL DMSO
. PRPE10 minfg. 490 nmizEURE1H
1.2.4 XFZTMEE MAH30.15 uMKH
R T WIBRLANM 24 h 5, FELEFEFRE, EHIMA
30,15 pMKFEE, H 400 pMiBEZ+200 M KA AE R
THiBRL 4L 24 h.

1.2.5 ZWH/FePik(western blot,WB) F4HM
W E LR R A AR BN 5 14 HEE I
P AL EFE30 g, LUK :80 VIE K, 30 min /5,
120 V,1 h, BIK5E 5 #1200 mA, 1~1.5 h,5%
BSABIM] 1~2 h,PeEf54 Cl & E —4i, Peki3
Wo HWIRMEE —PT1~2 h, FEEA, Pl e B,
1.2.6 SZB%EAEZEPCR H Trizol il #E 17
W B, 05 15 $2 LA RNA R — 25 8 RNA I # 5%
R B B B AM Bt 4A A% B A% B8 (complementary
deoxyribonucleic acid,cDNMDIIJG, EALEEATY
B, 51 s R L.

&1 319F%
A G IR R 5 4
B (5'—3") (5" —3")

GAPDH  GTTGTGGCTCTGACATGCT CCCAGGATGCCCTTTAGT
PI3K GTGGTAGATGGCGAAGTCA CAGGGAGGTGTGTTGGTAA
Akt2 CCTTCCAGACCCATGACC ~ CCGATCCTCCGTGAAGAC
Foxol  TGGGGCAACCTGTCGTA ~ GGGCACACTCTTCACCATC
Apoclll  TGCTGCTGGGCTCTATG ~ AGGGATTTGAAGCGATTGT
Mttp GTCTGGCATTCTGAGGAGA TCTGGAGTGGCTGCAAT

1.3 ZirE A% KA SPSS 17. 04184k, it
BRI L IES DA, Lx +s o, B 2 EA
PN T 25 55V B R 4E 0 ST R R T R T R
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A RIS, 5 R HE S 55, P<0. 05 KR £
A G EE L.

c BR

2.1 MIEHBETMEER 2 TOMSP Hidfs A
RILRD AN KRBE RIS, WA 1. KX 3444
AT KEGG & S 404, LR I 66 26 G i 22 & 5
() KEGGAE 5 18 2% , Ho b 045 2 25 5 M AR U AH 56
SO BN (N P 7 11 T =l S R =R i g |
K VE G 7 46, Ferp, B IR R LI 3-8 (phos -
phatidylinositol 3-kinase, PI3K)/&x H 4
(protein kinase B,AKT)/X LHEZE H 1(fork -
head box,FoxoDfE ZHEWHE LI EZR. W
*£2,

EHFOEN A RERAERMS, BET AR
Bl REZFRS-BAE

T2 KEZHESHWKEGGEEDF

EEETRE (%) P
LA K& 8 3. 46E-06
TNF{& & 38 % 7 8. 03E-06
M8 F A 6 1. 25E-04
MAPK{% & i B 8 1. 28E-04
PI3K-AKT{Z & 8 % 9 1. 34E-04
Foxol{& & i B 5 0.003243
Fi iy 40 e R 15 5 1 B 4 0.004052
e 3 4 0 B G R 5 0.004973
NF-«B15 & 3% % 4 0.007438
AMPK 1% & 38 B 4 0.01897

2.2 AREIKREKXKHEZTFBRLFFAAEAIMNTT 52
I8 SR MITT S 56 A% I K 3% 25 % BRL 40 Bl 1) 55 14
YER S TEAN RV PSR B3 T 10N I BRLANMIAE 24 h

W, AT I 100 M K 3 3 0 40 i A 9 S 2 PR AR
F 548 h B MTT 258 42 7% 100,50 WM K 35 3 %F
iR A R EEA . WK 2,

24 h MTT
0. 47
0. 31 T
1
S 0. 2 r
0. 11
0.0 . . : . : . ,
SN T T T
> & S
X &S \@\v oY ¥ (\;)Q’ o
N o
48 h MTT
0. 8-
0. 6- .
* i
S 0. 4 X
0. 2
LR AN N S Y
Q
DRSS S RS PR
N o) Vv e Y
N

(Q.
VE 5 DMEM 4148 th, + 5% 7~ P< 0. 05;PBS My 8% B8 h 2% o
V0, DMEM 4 AL [ 7% B Bagle 5535 2, DMSO % — ¥ 2 T 51,
B2 AR ®EKE ST I BRL AT 40 80 09 MTT L 5%

2.3 KEZETTBRLAAE TG KIS =M E KM
Rt RIEMTTSLLE, 3B/ % 15,30 pM K&
Z TR BRL 401 48 h, 15,30 wM K5 2T W4 iy
Jii » Y AT AR TG 5 &, 30 uM RERATC
BT AR, {H 1530 uWM 42 18] 25 S L 4i it 2
B OL(P>0.05) , I 21 G 0 7] AR 7Y 20 41 fifg o oK
J R HERR, K 2T P2 Mg Ak . LI 3
2.4 KEZETFBRLZABEPI3K/AKT /Foxol B H
RIRIE  WBSRIR4h BARIR : 5 X IR A LG, AR Y
22 [A] 5 PT3K.AKT .pFoxol/Foxol B#K(P>0. 05) .
SRR AR EL , 30 uM K B 2 PI3K.AKT. pFoxol/
Foxol Ft . HF Foxol N#k K1, i — D HL
YA BRI R A, WB 37« 5 0 HR 2L AR L, AR 4
Jfl . #% pFoxol/Foxol $J FF&,15.30 pM K # & 1
A LA N pFoxol/Foxol. W& 4.

2.5 K#EZETFFABRL 4AAE PI3K/AKT/Foxol (55
BB FH X mRNA B 3RA  QPCR 45 B2, 5 561
2HOFH bb L B RN 20 AKT2 P2 AR W MTTP. 2% s & A 100
(apolipoprotein, apoC—1III) F+ & , PI3K A Foxol
MASAEA I o 30 MoK B 24 AT DL 25 R AR
B I MTTP apoC-TIIIRIA . 1M1 15 wM K HE ZE N
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ST E0. 41
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0. 0~
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- g i ok bl
15 pM A3 4 30 pM A #E E 4
EARRRS0 umy ek R G A, P<0.05; AR T SHA LA, P<0.05
B3 K#ZETHBRLAM ML H (A) K TCH 28N (B)

PISK[ g — S A 5 5kD2 nuclear
AKT!——& 60kDa Foxol L 1 I u

FOXOl l _; 1__] 70kDa pFoxol_l_ ——  — _l

(Seéiggﬂ[— — — — | 36kDa

Lamb] | We— — — —

g’é‘% 5@\% g%_% %_% X x5
a ” - - » N
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0. 0- 0. 0
U D)
’%&Q‘%‘% %f%’% A%_% «%‘% /%&\3%‘% %2@;}5 A%_L& _% %
A S
A4 AN
1.5 2.0 2.
3 T T 21 T
51.0- 3 A2
= =101 Z1. 0
= £0.5 T 0.5
2 ) S}
S 2
0. 0 0. 0 0. ol -
B B LB B OB A LB LB 0B a5 B xR
e R T LN
Ry WB¥ Y AN
'S k% T i BRL 41 P13K/AKT/Foxol/MTTP/apoC—IImRNA #) % &
3 e P SE56 R, 7 Foxol 3 28 32 1 /) BRI 375 Hh th & B1

A ST 56 0 sk ) 9% 2 B A A SIS B0 E R I, K
T 2 fit il i I 17 PI3K/AKT/Foxol [ T 41 g fig
FAMERR . 15, fE M ZE 25 P2 I T b, JEOR BN 33
ANBE RS, 7R IR BB 5 A T SR A A I A S B A SO
% fK vy (peroxisome proliferator-activated
receptor gamma,PPARG) BE 4% g B R 1) B— & 1k
AT o (RIS 2 IR 7 20 PR A 0 A 260 BB AR A 1 5%
T | RIS v € 7+ VTN N1 8= & S B i el = i
AU Z AL BIALH] . A FT A1 IR 2R HLL BT AR &
H2 . 40 LA 2R 18- IR PR E (Rl 1 o 350 R 98 E AH %
B RN RE R BAARRMER" . #—D
XX B AT B A O A R 2 2% 5 R AR A
ORI 38 %, A R B 2 AP & NAFLD & A= i) E %
DRI 2R, Jk B 2 K P BB I o g s 400 P 1 P eV
T 0 L3 R S R R , 5 5 IR TG B9 AR,
A 7 R

7] i) PI3K/AKT /Foxol 15 5 18 it W 3 & 4§
Foxol J& T FOXO Z % , TR A& H il = le iz R B
(microsomal-triglyceride transfer protein,
MTP) . # Jig 2% 4 11 Capolipoprotein, apoC—III) /&
HAEH BIHE . Foxol ELZEHE K & 1 5L 56E #H A8
VA 55 i B AR, ZE AR b SEEG T 5T A ORI, 1) N
2 il (Human hepatocellular carcinoma cells,
HepG2) H i 1% Foxol , JFF4H il = MTP 25 4 )5 1 &5
I T 3 4% ,MTTP mRNA BY-& &340 1 2% 21K

TG IS 5 I B100JFFMTP 3G hn . i — B 7 Kk
B, Foxol #% 5 K] /1N B IR 48 237 g 0 R & 1 AH
KR IE I vy, = [E BE R TR S5 & 8 A 1) .
JIE Wi R & Rl » Foxol REAE1E apoC-TIT )R IA , F
FH 95 75 5% 4% Foxol & JEAC T 40 e, mT LG 0 2]
apoC-IIT[I ™', LAk, Foxol ifs REAT i3k g il R
(1) 4% B o T Foxol [ 4% 4 52 1) PI3K/AKT (¥ i
¥, 24 AKT BE iR 1L Foxol J& , Foxol M40 fil #% 5 Ar
FIGH 5T A, Fo B S5 A Foxol ik &1 N %
TE A5 B RCIR AS I, Foxol I/ e R AL, M
90 J57 2 A B A B A% R, ALtk PT3K/AKT/Foxol &
5 JE A T T IR AR R AR

AT 5T 3% $E K 3 3 T T PI3K/AKT/Foxol 5
ST 45 AR 15,30 pM KRR T
Yoy m] o3 4 A A R HE AR L 0X 5 oAt 2 A SR 45
FE—8 . fERNR T, KR B AR FRK
NAFLD K [ 4 B R B W TC. TG AR FE iR 82 1
T KR AT A SRR &R R R 24k 2 & A K
SPOTL e Ah, KR IR B T AMPK {5 538 R Y
N 5 A o s 3 1C(Human sterol regula-
tory element protein 1C ,SREBP-1C)HIZFR ik,
1M SREBP 1c 2 A5 1 715 24 g Py I [3] i %% 32 2 g o AR
WY WBHRR KR T DL E R s
21 1 PT3KLAKT, 3t — 25 IF B K 3% 2% Rg il ik PT3K/
AKT/Foxol {5 5 1 4% ¥ 15 i5 B AR 1T . QPCR 5238 IE
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I K 3 F AEFEAIK Foxol IUHE SUMTTP  apoC-T 1 %
K. HAR KRR RN Foxol K P13K BA 51
FI, FT BE 9 5 Al /& mRNA 7E 42 BRI AR Th B 5 %2
B IREE B ¥5 G I R A AT R SR IR A
AR 22 S 3 P

25 FPTIA ARSI R IR T R B PRI R+

A AR 2 15 ¢ 1) BRL 240 0 T Jo HE AR, T e ) L o)

J& K 38 3 A8 0% 38 1 1 15 PI3K/AKT/Foxol 41K fiF

JRHERR o LA, 20 0 2% 24 B 2 BE 5T IR TR I

FERUE SRR RIRPUE S @, RERES

RE I o 20 R ) AR T 2035 NAFLD 473 75 3t —
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