Pharmacy Information Zj#)% i, 2025, 14(4), 251-261 Hans i
Published Online July 2025 in Hans. https://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2025.144029

EEEBIEABEFASNINHIFIEMASHE T
25 BT AR

GRH, AME, HRELA, H R
WS ERRIC AT R Z WG R LR A O SE i s, WS SR 2

Wehs H . 20254F6 HaH; FHHEM: 20254F7H4H; KkAAHM: 2025474 14H

HE

AR BiR & B§ (Fatty Acid Synthase, FASN)TERR R & B RIESCRBIERA, FFAEHBIFASNR & BuE—AHTH
Be R A5 #H 5< g B M4 AT % (Metabolic Dysfunction-Associated Steatohepatitis, MASH) XA EE RN R
—o A FRET AV EF R, XHBORERN G LRSS AEE, ORI B R RS
259 T I I I FEFASNN I FHE T FE R 3 EIMASHE Y . & LI5S B F 55 BAA BRI FASNI H &
71, ARAMEIRE, AT E2E FKMASHA B i H i =B A B R MK, FHEEB T HFASN
FISREBP1% 5 R A AR E R RIE, LIFCPTIAMACOX1EBHiREMMARERNRE. 4 FISH%HE
Bt —PRIE T HS5FASNEREERE. Hik, BEFBRBELTMHIFASNEAERKRARE, EFEN
MASHIRITIRIE M HITE R 1.

X in
BEHB, FRUTEATR, FASNIHIF, ZWERM, BHUMIE 27307780

Drug Repurposing Study of Sennoside B as a
Potential FASN Inhibitor for the Treatment
of MASH

Xianxiang Bai, Yawei Hu, Ruihang Lin, Bin Xiao*
General Clinical Research Center, Ordos School of Clinical Medicine, Inner Mongolia Medical University, Ordos

Inner Mongolia

Received: Jun. 4™, 2025; accepted: Jul. 4%, 2025; published: Jul. 14", 2025

Abstract
Fatty acid synthase (FASN) plays a pivotal role in lipid biosynthesis, and its aberrant activation in
EWAEH .
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the liver is one of the key pathogenic factors contributing to metabolic dysfunction-associated ste-
atohepatitis (MASH). In this study, based on a drug repurposing strategy, a combination of virtual
screening and in vitro experiments was employed to identify potential FASN inhibitors from drugs
that have already passed Phase I clinical trials, aiming to develop novel therapeutic agents for MASH.
Through virtual screening, Sennoside B was identified as a promising FASN inhibitor. Subsequent
in vitro assays demonstrated that Sennoside B significantly reduced triglyceride and aspartate ami-
notransferase levels in a MASH cell model. Moreover, it was shown to downregulate the expression
of lipid synthesis-related genes, such as FASN and SREBP1, while upregulating fatty acid oxidation-
related genes, including CPT1A and ACOX1. Molecular dynamics simulations further confirmed the
stable binding of Sennoside B to the FASN protein. Therefore, Sennoside B may regulate lipid me-
tabolism by inhibiting FASN, demonstrating promising potential as a candidate therapeutic agent
for MASH.
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1. 3]

AR T e I iS5 AH 5% JIg 7 14 AT (Metabolic Dysfunction-Associated Steatotic Liver Disease, MASLD), &
o DA B 7 S HE AR R AR 000 o BEE JH I B 2B I T i AR K R AR, Ktk — 387 A R0
SN A AL, 5 32 8T % e A Tl e B iy A OC I 107 142 T %6 (Mletabolic Dysfunction-Associated Steato-
hepatitis, MASH), &3t @ NITFREALAIITRE[1]. MASLD C& N4 RTEE N E KA L TARE, &
M | ABRL) =00 2 —BIEFE N [2]. £ MASLD 5B B, AT Dl i A2 7% 77 S 1 (R R B 450 &
WEBIHR)Z AR R SR, — B piE R 2 MASH BB, 299110 BORTE T b i FBe. H
B, MASH IEIT BN E R, A — k25 56 [ & i 24 i BV B fitdE - T MASH 1va97, Bl
R HT R MASH 259019 K [3].

NG Wi B2 45 B (Fatty Acid Synthase, FASN)& Ig 7 R & it #2 H 1 GBIl . 75 MASH [k A Kk it #29,
FASN 3 RS S BUH 40 M N R RR & B & 38 ok, AN 5 RS I IR SR ORR S IR E it 4403« JOE S 41 4k
e Bi[4]. FASN #il Ffld o EET TR Wi R & il o bty , 0l 25 /D MR T R AN g B AU = 1) 7= A
A BTG A 1 S50 S B 98 9 I B o [T, FASN #1177 75 MASH 967+ e B H T il 1 S FH /i 55t
A HEIF RN MASH W67 4.

25RO EE AL, =& —Fh B NI 2500 R B I I 18 NORE IR SR o AT MR FF IR )
WK, SRR B TER AR 2aVeE . WA AR A 2 2 PRACSE 2 O AL [5]. AR B
FEXT 38 [ £ i 2 i e BV HL R OOt T 1 I PR3 A 25 gk AT i 40 ik, DA B 7E#E M) FASN JF
PP MASH Y897 E e 254, il i AR S i S B 3o ik AR & 1 . [RIR, sd it 43 5h 77 A4tk —
BIHEERE - A E SR G et . At A Bl il 259 R A SRS, KILEA MASH 16973 7111
A FASN #fi5], hniE MASH JG97 25T KRR .

DOI: 10.12677/pi.2025.144029 252 2V


https://doi.org/10.12677/pi.2025.144029
http://creativecommons.org/licenses/by/4.0/

HIFE &%

2. 5k
2.1. ERS NG FIAE

FASN ZE 145 #(PDB ID: 8ZEV)K 5T RCSB PDB %#& J% (https://www.rcsb.org/). {8 F§ PyMOL 2.6.0
BAF# FASN 32446 A T84, it AutoDockTools-1.5.7 #AFHET 20 15 BE AT O AL B3 4E . FDA
HEAEL PG KIS T Selleck WAL E, Mk TEAKT 1000 K254 70 1R8N+ 25 8
P, F+HH Raccoon VS-1.5.7 T HX /NG 2508 PE AT FRAL BE, e 43K 45 3473 NEH T3 A2
/Ny FHEAR PDBQT 4% 3304 .

2.2. BT 5 FHER BRI

&/ AutoDockTools-1.5.7 # A, LA FASN & [ A Ax 0 S 21K 40 nm [ IE 7 AR 81 Bl )
FIF AutoDock Vina 3% AL R J5 1)/ T 254905 FASN & (T /0 Fx 4, LIk H 37 MR A1
SEE SRR TNy FARIE 2. DR IE H E G Re J1RRIN 5 AN TEARIEZY) . R PyMOL 2.6.0
Discovery Studio 2019 B4t b id i 1% 25 i 5t Bz 45 R AT /T4 /0B, DLEAE L5 FASN 25 AR 45 A4
e

2.3. MASH 4ARaiE R Y2 57474

5 FH Ui 25 HE W R (I BR AR R = 2:1)15 5 HepG2 4H it MASH R 4MH IR . HepG2 4Hiffti §
W E AR ARA R 250 A=A B EEE R AE R A R A R s 4 M 77 A0 G 3)
W E A6 A ARG BR A5 s F T AW H i = B8 (Triglyceride, TG) 143 ¥ 45: & i (Aspartate Ami-
notransferase, AST) I AE ARSI 71) &G0 H /e 5t i AR ) TARERIE 9T P o

MASH SRR S ff HepG2 4H/ILL 3 x 105 AN/mL 1% FEFM T 6 fLAP, BT 37C. 5% CO,
FRFRAET R IR 24 /NI o BEJSAEHT 1.0 mM R 2 )3 BN DT RIS VAT IR B, RIS 1) 24540 A B ZE vh 4 il
AAFHEIE 2P 57 T, FEMFE 12 /N o 4% B8 AR AR I3 77) 6 vd BH 15 g AT R il A B L A % 43
FEMEZ59) 185 MASH E 2454 Resmetirom, FrA SE5e ) /DM S E 0T =Rk, FHBIRMEARE 0 =
6, i GraphPad Prism ¥ HEAT LI 45 R Gt 70 JF IR E

2.4. SERPRYEEE PCR

M HA I HEEUS RNA, Z464k )58 F PrimeScript RT Master Mix (Perfect Real Time) (Takara)ifi
A L cDNA. Wi R B N: 37T°CIRIL 15 2%, 85°CHEEKIE S, BE/GIREERE 4C. i
Takara TB Green Premix Ex Taq II (Tli RNaseH Plus) (Takara)i#t 47 cDNA AR 1. 5IYFF 0% 1,
PCR 51t BilgE TAY TREER AR G l. KA HIES PCR 7 HT REGECK FERHL)BEAT ST o
qRT-PCR R JFESFUITR: 95°CHAE 30 755 B J5iE4T 40 NMEH, GFE 95 CAME 5 #2. 60°CiR Kk 34 7.
PIEER G, T PCR RGN H RIS P2 AT M th a0 ir . B seie iy £/ 0 | R kT =R, 15
HEPEREA R n=06, SLIREHEMH GraphPad Prism BAFIEAT Giit2% o H L H AR A

Table 1. qRT-PCR primer
% 1. qRT-PCR 3|4

GENE Primer (5'-3")
Forward CAATTCTGCCATAAGCCCTGTCCTC
Human FASN
Reverse ACTTGGTGTTGCTGGTGAGTGTG
Forward TGTCCTTCTCCTCCAACCTCAACC
Human ACC
Reverse CTGCCAGCCTGTCATCCTCAATATC
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R

Forward TACCACCAGCGTCTACCATAGCC
Human SREBP1

Reverse CTTGCGATGCCTCCAGAAGTACAC

Forward TCCAGTTGGCTTATCGTGGTG
Human CPT1A

Reverse TCCAGAGTCCGATTGATTTTTGC

Forward CCGCCTGGAACTTGGAGATCATTG
Human ACOX1

Reverse GGTCCCGATTTCACGAATAGGTACG

Forward TCGGAAATCGTGCAGAATGGGAAG
Human FABP1

Reverse TGGTGATTATGTCGCCGTTGAGTTC

Forward CGGAGTCAACGGATTTGGTCGTAT
Human GAPDH

Reverse AGCCTTCTCCATGGTGGTGAAGAC

25. FFEDFEY

f# Fl GROMACS 2024.1 ¥ A43:47 4> F 51 712%(Molecular Dynamics, MD)f41[6]. B3 pdb2gmx T E
ERGE AR, JEiER CHARMM36 3 K siaY, 8 A R umidk47 “ NH; 7 f1 “COO0™” 4k
M, BRFRINSSMIEIE CGenFF T H(https:/app.cgenff.com/) £, MEEH - BiEE &M )5, £ A%
IO, o U FR 1 nm FIBHUE, BEE K ST, A0 Natak CIBAH LR S0 LA

SERRG R ST, 1 Je AT AR B /M DA R A R AR WS, B S R UGEEAT NVT F1 NPT ~FEF A .
TN IFRAURREE 100 ns, BHUEFEF R 2 ps Il —IRBE, AEREE SO, R GROMACS HE T
FH I SCAEHEAT 04T o K QtGrace v0.2.6 B4 B, LAATHEAS E SR S5 F e ok
3. BZR5R
3.1. &7 FASN S {HDHI7 pY EE A i 1

KM AutoDock Vina ARt /Nr 1250 %dE E 5 FASN 8 (k4740 10k, L0kt 37 fh Ba B
G I MRIE AV ERE < —9.0 keal/mol), H G 2 N5+ 14 G HRIKT—10 keal/mol. @it
PyMOL 2.6.0 5 Discovery Studio 2019 XF 454 68 1R MIHT 5 AMEIE 2P0 51 K R iR5S 1 () FASN 417
il 711tk JE 72: ) ft(Denifanstat) 16 B2 45 BEHEAT ATRAL 0 AT R B, HAR 259090 15 FASN 2 B R A R5R 1 45
BRIy, FHEREBEZ AR 1), BEHEAAR FASN MIHETELE 2).

Table 2. System resulting data of standard experiment

=2 ERE ARG SRR

Name Structure Affinity (kcal/mol) H-bonds

TYR874

LYS897

HIS1004
LYS1023
ASN1025
SER1028

Sennoside B -10.5
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Sennoside A

Simeprevir O

B-NAD

Lisaftoclax

HN_N 0

Denifanstat

—10.1

—8.2

SER893

LEU908
HIS1004
LYS1023
ASN1025
VAL1027
ARG1063

TYR874
LYS897
VAL1027

TYR874
SER893
ASN1025
TRP1026

TYR874
SER893
ASN1025

TYR874
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Figure 1. Visualization of molecular docking

E 1. o Fra e E

3.2. FEH B EEXE MASH 4R TG 5 AST kFE

TG RAFEF EER ARG E, AT N e ERARR & MASH R BSE 2 —[7]. TG /K
ST AN s W 40 P D i T e, I 5 R B R AR PURT S I B DA OG. IR, TG & &2 WG MASH
R E B b . TEAR TR, @ISR R G S HepG2 4NMIE MASH 1RSI, 45
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RERBEAHEAN TG SRR E S THMEMRA . EMERELET, 2HEMELEYnEE, 5
RN TG /K FIRE TR, 3B IX S A0 A4 v A 23 B AR 40 i P9 i R AR R (1] 2(a))

AST EZ 30 T AR A BN ZeRifh b o FEFIE A A2 2RERT, ZRRiAATR 15 380 AST Bk, FHlgiE
AT & . 7E MASH FR3RE s, B BB i S A0 AN S0 i S i T4 845, AST 7K-F L2 Tt A,
DRI AST A2 )32 F T S W JFF I 28 REH53 4% 1) AR AR bR 6 (8] SEIGEE IR, FF G & 43 T B2 BEAIK
MASH #AIH AST 7K~F, HHHREH B PIRCERIE TIGIKZY) Resmetirom (¥ 2(b)). FIEH B & —H
R3S P I /SR AT A AR K R - (PDGF)# 7 . AW FidiIE, 575 RE G i # ) VDACT fRIF LRk &5 44
MIhaE, LASCE S RN & H SRR . e sEsh, RIS B RS MASH 4 ffisy
TG 1 AST 7K, fHAR i — DRI HAERIMLH

-
o
]
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Figure 2. Effects of the virtual screening compounds on TG and AST levels in the FFAs-Induced MASH HepG2 cell model.
(n=6;"p<0.05,"p<0.01, p<0.001, "*p < 0.0001)

2. [EPITEIRML A 4I3T FFAs 5589 MASH HepG2 #AB4ERIS TG F1 AST /KFERIENM. (n=6;"p<0.05,"p<0.01,
“*» <0.001, ****p < 0.0001)

3.3. TS B BT VEIE SREBP1 1 FASN H&IRE R4 R

NEIWTBR & B2 MASH AR I A2 h B R T . [ BE I 9 o fF45 5808 1 (Sterol Regulatory Element-
Binding Protein 1, SREBP1){E Ayl 4% fig i A 1) 1 B S K7, ELEE R IR DT IR A R B : FASN ¢
LIt A RALEF(Acetyl CoA Carboxylase, ACC)IFRIE[9]. JHEH SREBP1 i FE U & MASH [
BURIRRRE, T EUH M TR S R NR BRI . qRT-PCR 25 27, V51T B W3 N SREBPI
) mRNA FIL/K>-, BEMHH] FASN F1 ACC [FRIA (& 3(a)), RILHXT FASN SZARRHIGHIER . iRk
R, FIEH B v e B KRR A HE FASN HII R0, T B AR R 52 45 i o

3.4. TEE B BT IEIE CPTIA. ACOXI1 F1 FABP1 £2Na 85 BHBR 1K it

I 10T TR A R 2 T 4% MASH a3k R F OB IR Y, AR 2 w3 350U o2 72 40 B b 1) S AR 2R [10] 6
JE 17 A A 18] 5 B i 42 IR 1~ L 6 P BAR I BBt #% 72 % 1 A (Carnitine Palmitoyltansferase 1A, CPT1A). Z B4
B A %A ALES 1 (Acyl-CoA Oxidase, ACOX1)FIfE IR 45 & 2 11 1 (Fatty Acid-Binding Protein 1, FABP1),
RKIEFiE 2 Z PN K AT, FASN fEH A IR RIEHEEERH . qRT-PCR M4 RiEoR, HIEF B B G
B3 i MASH 45 5 8 B R A AL AH G L Bl CPT1A. ACOX1 B FABPI ] mRNA FRiE/KF (&
3(b)). EiREERFH, FEE B @EILIAY CPTIA. ACOXI Al FABP1 %5 Wil At o s 1% A 1 1 %
ik, PR AR R B EAAREE, D A B N i AR R
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Figure 3. Regulatory effects of sennoside b on lipid metabolism-related gene expression in the cell model of MASH.
(n=6;"p <0.05,"p <0.01, *“p < 0.001, **p < 0.0001)

[& 3. F5¥ B 3 MASH &R AR K HE X EERIEIBIEIER. (n=6;"p<0.05,"p<0.01,
0.001, ****p < 0.0001)

ok

p<

3.5. P FEHFEEY

3.5.1. 5 RMMZE Root Mean Square Deviation, RMSD) 4347

RMSD H T EMIRE 7O BRI I008, RE8 SR B B &5 AR E M. 7E 03 100 ns 173 T3 1157
BRE R, FIEH B 5 FASN A E AR BUm HIFE (5 4). EAYIE) RMSD R FETRE,
B AR T H FASN B AR sh/KF, REFEF B 4546 FASN )G, AR REP R RAELEZEWS
Ak, MTTZERFE T HE S SR

RMSD
0.5 .
— Protein
—— Protein-Sennoside B
0.4
E W
£
a
22}
=
® 02
0.1
0
0 20 40 60 80 100

Time (ns)

Figure 4. RMSD analysis of the protein-ligand complex during 100 ns molecular dynamics simulations

El 4. &8 - BFEEYE 100 ns S FRIDFEMIE A RMSD 747
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35.2. SIS

SRR A - FOAARAH A AR St E T . 100 ns 4 T-3h 1 2p ot i, V5 B-FASN &
HEMRIBEONFEE MRS . BN EY, SEE R EREE 1 23 A, RUEFET
B 1AM GARFR N FRE - SUBEECE I AR G RSB MR WS /U5 1 B REBB LA N 5 FASN FE 4k
FrBONFRE = 4ERg 7, R TR/ISH B 5 FASN & A2 A ik A HAE A, et A ohig
HIRFE(E 5).

Number of hydrogen bonds

Hbonds

1
I H
0 25

Figure 5. H-bonds analysis of the protein-ligand complex during 100 ns molecular dynamics simulations

E 5 EB - BEFEESYE 100 ns S FRINFRINEREPHSRON

50 75 100
Time (ns)

3.5.3. [El¥ ¥ =F (Radius of Gyration, Rg)57#f

Rg & i 8 1 BEAR B0 i S S5 0 5 B () SR FE A o X3R5 1 B-FASN S I R G WIME 7 181 1A%
P Rg BRI, AEGYRIRE R T EEEE. SR ER, HI5H B-FASN EE71 Re
{EAEEE 100 ns B E] CRFFAEN R E (K] 6), HBEE BRI BT I8 AR FFRR 2 0 Bh . 245 KW, &

15 B fEWS 5 FASN H AT ke € H st MU AR, SRR B W= Dh R h A RO R
HEHTHE .

Radius of gyration

3,05~

Radius (nm)
(]
e o
o W w

g
0
&

28

275!
SO 20 40 60 80 100
Time (ns)

Figure 6. Rg analysis of the protein-ligand complex during 100 ns molecular dynamics simulations

6. &R - BEAE A7 100 ns D FRHNFEMIESH Rg 5S4
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3.5.4. &5 KR E T (Solvent Accessible Surface Area, SASA)S 47

SASA kWL AT 5B B A TAEH . XEVET B-FASN 4519 SASA Bl AR 4L I¥ 73 3R
Wy, ERAERLIERES, SASA (HIAZAORFFERUE G H A AR g BN (& 7). SASA fHIIFERNEEY)
5 RS FPABE A AR R — 8, RRERENSWERE, Fif2ERAAERRREAE, %54
BE— P IGE T V5 H B-FASN A WIFERUL S5 A 1) B AR e AN 45 1) e B 1

Solvent Accessible Surface

400
380
360

340

Area (nmz)

©
]
=]

300
280

2600 20 40 60 80 100

Time (ns)

Figure 7. SASA analysis of the protein-ligand complex during 100 ns molecular dynamics simulations

E 7. &A - EAEEYE 100 ns S FRINFERIIZPH) SASA i

4. &5t

AW TR IS R R 5 4 1B ) AL, D TR I AE Y FASN SZ ARSI 3F—25R] F Ui 2 IR
TR T RS MASH A0 REAY, 6 BTk ik A9 HT MASH G VEREAT 7 5RUE, W0 40 e Py H-ih =186 J2
BEERAKTY, AL BABEP MASH IS REN ARG B. qRT-PCR L3045 KW,
FUETE B B3 TR R & A 2 K] SREBP1. FASN M ACC fhgeik, [A)m b i i 10y e S0 A0 A 56 3k ]
CPT1A. ACOXI J% FABPI [fj3Rik. Rk, V5T B Al L@ 06| FASN 5244, H0 i iR & e F e it
TR, TR AR R AR R . 25 BRIk, Frfa 45 R RFFE T B HA1ER FASN #lifil5)
VAR A S AR T T, TR IE MASH WG TER, B RFE— 5 R N MASH 254
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