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[BE] R EFRH IO AR P4 I8 05 % ( nonalcoholic fatty liver disease, NAFLD) #% %I K B AFH A PR R HEH
( mammalian target of rapamycin, mTOR) | {$§ B9 15 JuF45 G 2 - 1c (sterol regulatory element-binding protein-1c, SREBP-1¢)
R 575 2E 1 60(heat shock protein, HSP60) | FR4% Ik IL A A I 5 A ( medium-chain acyl-CoA dehydrogenase, MCAD) %5 4% ik ik 4l
it A J 400 ( short-chain acyl-CoA dehydrogenase, SCAD) &35 52 M ¥ 1+ S F B O S NAFLD MVERIALEH] . 40 St SD

KR F BRBEALECR R R 5 4 6 IR S iR 4l B H OO AL (150 mg-kg ™' -d ™) B B AT 050 4 (300 mg-
kg™t ed™) EARABITLH (4 mg-kg™ -d7") B 8 H Hh IR KBS T @ AR E R A 4 AR BA TR s g

18 R, E IR W IR 4 R R M o e BB B, LR, BER DUAH A e e A e e T S B A2 8 R, A fkik
00 M3 A H R = B8 (triglyceride, TG) B AHEEE (total cholesterol, TC) 4% N ¥% Z B (alanine transaminase, ALT) M4 ¥ %
fiti (aspartate transaminase, AST) 7K ; B A AT H TG . TC 7K 5 HEL O Y (s Il T A A 51 2 AU 0 5 95 K 2 AR 4L (hema-
toxylin-eosin, HE) 3 (R0 FF 20 20055 BHUE 2548 1k ; SE 98 68 it B8 A W40 S 1 R 2R 1 688 B0 30 325 43 30 A 0 K U 2l 4o
mTOR ,SREBP-1c \HSP60 MCAD ,SCAD 1) mRNA FI8 HFRHRKF, GiR TR, 56 RAM L, sis k& KRR & Sy
Af R K 3% TG TC ,ALT \AST ZKSFHFIHIE TG \TC 7K 2 e AR B 35 B 3 1 2 IF RS54 2560, IR i A8 1
A &, iFIE mTOR ,SREBP-1c /) mRNA % [ #357K F 5.2 7+, 1 HSP60 . MCAD .SCAD ¥ mRNA F1EE [ ik 7K F i 3 F
I S IR R E A i, SR AR RUA & B RE JFEELL N TG TC ALT AST /KFRUFFAE TG\ TC 7K - i %
A5, FFIRE NG o 25 AR S 8ol ) JFF IR I I 28 1 WA 48 e 38, T I mTOR \SREBP-1c¢ /) mRNA FIZE 14 7K - & 35 [% A% , HSP60 . MCAD |
SCAD mRNA FIZE /K- B EFE , FHHTom AR ACRE T EE R T oG S A MR aiTa, HHeiiT
Al g 0 mTOR SREBP-1¢ A3k, i # HSP60 ,MCAD SCAD HIZi% , LLsi /P EG B & i e 2 ki AR D Rk A2 3t Bk 1y
% B Ak, KPR NAFLD ffEA
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[ Abstract |
regulatory element-binding protein-lc ( SREBP-1c¢ ), heat shock protein 60 ( HSP60 ), medium-chain acyl-CoA dehydrogenase

This study aims to observe the effects of diosgenin on the expression of mammalian target of rapamycin (mTOR) , sterol

(MCAD), and short-chain acyl-CoA dehydrogenase ( SCAD) in the liver tissue of the rat model of non-alcoholic faity liver disease
(NAFLD) and explore the mechanism of diosgenin in alleviating NAFLD. Forty male SD rats were randomized into five groups: a con-
trol group, a model group, low- (150 mg-kg ' -d™") and high-dose (300 mg-kg™'-d™") diosgenin groups, and a simvastatin (4 mg-
kg™ +d™") group. The rats in the control group were fed with a normal diet, while those in the other four groups were fed with a high-
fat diet. After feeding for 8 weeks, the body weight of rats in the high-fat diet groups increased significantly. After that, the rats were
administrated with the corresponding dose of diosgenin or simvastatin by gavage every day for 8 weeks. The levels of triglyceride (TG) ,
total cholesterol (TC) , alanine transaminase ( ALT), and aspartate transaminase ( AST) in the serum were determined by the bio-
chemical method. The levels of TG and TC in the liver were measured by the enzyme method. Oil-red O staining was employed to de-
tect the lipid accumulation, and hematoxylin-eosin (HE) staining to detect the pathological changes in the liver tissue. The mRNA and
protein levels of mTOR, SREBP-1c, HSP60, MCAD, and SCAD in the liver tissue of rats were determined by real-time fluorescence
quantitative polymerase chain reaction (RT-qPCR) and Western blot, respectively. Compared with the control group, the model group
showed increased body weight, food uptake, liver index, TG, TC, ALT, and AST levels in the serum, TG and TC levels in the liver,
lipid deposition in the liver, obvious hepatic steatosis, up-regulated mRNA and protein expression levels of mTOR and SREBP-1¢, and
down-regulated mRNA and protein expression levels of HSP60, MCAD, and SCAD. Compared with the model group, the rats in each
treatment group showed obviously decreased body weight, food uptake, liver index, TG, TC, ALT, and AST levels in the serum, TG
and TC levels in the liver, lessened lipid deposition in the liver, ameliorated hepatic steatosis, down-regulated mRNA and protein le-
vels of mTOR and SREBP-1c, and up-regulated mRNA and protein levels of HSP60, MCAD, and SCAD. The high-dose diosgenin
outperformed the low-dose diosgenin and simvastatin. Diosgenin may prevent and treat NAFLD by inhibiting the expression of mTOR
and SREBP-1c and promoting the expression of HSP60, MCAD, and SCAD to reduce lipid synthesis, improving mitochondrial func-
tion, and promoting fatty acid B oxidation in the liver.

[ Key words| diosgenin; non-alcoholic fatty liver disease; lipid synthesis; mitochondrial function; fatty acid 8 oxidation
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T HATHR Sl BEEATIE AU szl dr Bt
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WFSEUE R B 35 58 1 T R 0 B b A R A T A4
By 1k 4804k 7 3, 535 T B A 35 N S S 7 T 4
$5t o AB YA YT AR A M IR 5 P9 ( non-alcoholic
fatty liver disease, NAFLD) 97 75 /E FH L i AS BH
W, AFIEMZSPETE NAFLD 8 & A2 Fl % J i 78 e
FUSCHRVE T, JFEAE A OB A B U R L H il = R A
HoA REFEVEY) 5T T BEE A 75 ORI T RE B A5 3
JREAH ML RBEIR > M 328 Jo8 Sy JFF A A sl i, PRI
PRI NG A S TG R R D REJE NAFLD A 4%
TR FNA T g, AWFFE LA IR IR A NAFLD
REUVBAL BTEMEEE U 10X NAFLD A8 R
NG B ZRLAR T BEFI IR TR B 484k 1 R 54 ]
okt R B v 8 1 25 3R 2 4R 1 ( mammalian target
of rapamycin, mTOR) | § B8 55 T/ 45 & 8 H-1c

('sterol regulatory element-binding protein-1c, SREBP-
le) VAT I 60(heat shock protein, HSP60)
BEMEILAITG A IS B ( medium-chain acyl-CoA dehy-
drogenase, MCAD) FIJG 4% Wt FL 4 A I S0 ( short-
chain acyl-CoA dehydrogenase, SCAD) 31k Y52,
BB RAT ICIE ST NAFLD A9 I B 7 FH 42 AL Rl 2
S

1 e

L1 3 40 26 Jakt SPF A HEMENE SD K,
MR (20020 ) g, 6 4k Rl A SC R S R A
BRZS I, & 4% E 5 SCXK (51)2016-0011, Fif
S ¥4 7 A b BR[O R (23 £2)°C, B
50%=10% ,SRAEFAE H 12 h/12 h s8E IR ] v
HHARIE AR, TS NAFLD K RS R
R RN HNRA 2 (L) AR IR A H
FEJ5 QT A 10% (R 10% IR EEE 19, Hox
BRI T 20. 8% R 34. 9% K AL &
Y 44.3%) o FHT75 T e AL I 52 a6 DR OB 8Y  fp
ETAREHE A ALt RRR B ) fR A BRZA 7 B2 07 606
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W 4. 5% SR EE 29% AR ER 0. 3% , o4yl LAk
Wk (E AR 19.6% . M8 B 15% ., K 1L & 9
65.4%) ., LA R P EY K=Y ZE R &
A SR, S iE SCE 2021-94,

L2 259 0k EHiR oo (REssr i =98%,
R AR A R F] L S S31698) 5 AR
T (AL BRUD AR 254 BRA W], 45 35508) 3 41414
JELFEIE (total cholesterol, TC) M2 % 1277 & ZH
Hh = B8 (triglyceride,, TG ) B 5 22 1057 &5 (B 2L
AR TARBFZE T, #iL5 F002-1-1,FO01-1-1) ;44
FITHEL O Yo | 75 K - Z1 ( hematoxylin-eosin ,
HE) % 3857 & (RIS R AR A BR A /L1t
5 G1015.G1003 ) ; RNA #2 BUR 7] & 5 5% stk 57
& JOLERIRH & RIPA ZU# W BCA & k¥
5 3R 57 &5 . SDS-PAGE 25 4 L HEZR whil (5 %) .
7.5% SDS-PAGE # (5, % e i i i il 177 62 L 10%
SDS-PAGE # €& 8 st 1 2 e il 10 77 5 L ECL & ks
DRG] (Ll AR R A O He R A BR 2 ] iS5 43 531
3 AC0202. AG0304. AHO101. EA0002., EC0013 .
EC0001 ,EC0022 . EC0023 ,ED0015) ; 22 % Ik & 1 lif§
IR — PR B PR R ( iR s R AR
AR AR AL S 4 3k STS05, PO023A .
P0023D) ; HLIKZE th ik | S 2 ik ( eI B8 4 R A=
PR R F] A5 53518 G2018,G2017) 5 2R i
T LK (polyvinylidene fluoride, PVDF) i (|73 %
FEPE 57 5 A FR A 7, #t 5 ISEQ00010) ; mTOR # %
SRR (AL TSR B AE W B A BR S B, 45 bs-
1992R) ; HSP60 % 2 5 T 1A \MCAD B 5 58 B bt
A SCAD BB SU BB (92 [ Abcam AW, L5
ab46798 .ab110296 .ab110318) ; SREBF1 FL A 5w [ Ht
& B-WLBHEE 11 (B-actin) AL sEREHTIA (BRI = 4=
Y R AR ) # 5 66875-1-1g . 66009-1-Ig) 5 Fi
H 3t A L =P e e e Bk AR bt LU BT
BIERRE H P (AL P E Sl AEYHARARA
"), #1559 ZB-2301 . ZB-2305) ,

1.3 %% Olympus AU 2700 43 #7 4% ( HZ Olym-
pus A F]) ; RM2016 3] A L (FEE Leica A ) ;
CRYOSTAR NX50 #K#:Y) 5 #Hl  Multiskan Go1510 #Y
fifi#5 /% Nanodrop2000 %Y # il 12 43 V6 6 FE 11 (58
ThermoFisher Scientific 22 ] ) ; Light Cycler 480 II /96
RISZRS 72 & PCR A (31 Roche /A #]) ; Mini-PRO-
TEAN Tetra WB System 7 Bt 3K F1%% B4 ( 32 [ Bio-
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Rad 2~ ] ) ; Pannoramic MIDI ﬂﬁ?ﬁ]ﬁfﬂ%ﬁ(( |
| 3D HIESTECH A +]) .

2 Hik

2.1 R 5425 40 2 SD KL AR R E
NPEMESE 1 A R R EEDLE R 50 R 5 41 X HR
WM EIRIREA EHR T TN R E S O
A SRR TTAL, B 8 H ., KR4 K BUR &
7368 ) e} HC il 2 A B R £ R A DR i 2 IR I 8
Jal AR B NAFLD B K BRLZ5 2550 it 2 IR ( 2Y
PRSI 7 V55 ) B s N5 s a3 (A R AR L 261
GG RS | A 5T 41 R R AT 9 S
5, AR TE S R U 2 K VR AL 4
REW, HEH BT TR E/N T 300 mg-kg ' -d!
B, S TR I35 8 A R I Bl 1 A8 1 7 S i
SRR ME  HLAE 300 mg - kg™ - d™" IR 0 A% fiL
AN, SXTRAML, BEH R F TR AN
ALT (AST [l )R Z A ( BUN) FIHLEF ( Cr) ZKSF R A
&AL X E I 150 300 mg kg™ - d7 5 AY T
BHIOFRRBEA R . &H 0.5% R ILTYE
AN A K AN RR B S R T, e
TR e 700 1 20 43 9V B 457 150,300 mg - kg™ -
A7 AT HE B AT 4 mg kg™ -d 7' XA
E IR IR E A E RS 0. 5% R AT 4R
R AR K, HEE AR S mL-d7  BEH 1R AR
8 JE L BE 1 X R BT 1 R E DL R A 2
THE S IR ) B 4 52 45 T 3 R RE R R LR A A
ARS8 T R DR DRI S

2.2 IMESHLEARBKLE 5248 FLHE, A
KBS EAREEIK 12 h, 3l 4 8 s v O 3% 1% B b 2%
BRRRIER B, DI SRR 4 i, 3R 1 h, 2R
JGTE 4 °C ,3 000 remin ' B> 15 min q&%lﬂlﬁ%,#@[ﬂl
TR EAE T -20 °C ., B JS T ESc4E T A 2 21
FHRURAE R K vh ik, BREE S, — &8 43l 47 7E - 80
C,H—IHEET 4% 2B EEP, HR 00,

2.3 JEFS EAUTFA MR 2 =20 C R
AR T, R B 3 BT A9 B BH, 8 Olympus AU
2700 434S £ 1f 7 7 TG TC  ALT (AST B & &,
BT -80 C E/‘JH?HE?EQ/E{,%QH*%EE%E 5 mg,
BNNA 100 L ZEAE I, {8 FH L 3 e 1050 2R A i e 4L
A ZHFE 10 min, A5 7E 2 000 remin™ B0 5
min, BU_F 25, MR 6w ot E AR W) TR 5 i 4
P FE S K BUF 49 TG TC %
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2.4 LD O Bt AT ARG B A7 AE 4%
Z R PP AT AL UKD A HLAE =20 °C R U1
JEEEH 8 wm BV URDI A HEATINAL O Beta, Ef A,
PIR G AT g, EUGER AT HT

2.5 R AKZFE-PHE (hematoxylin-eosin, HE) Y& {1
SNPGRS AR 4% 2 R EE
AT R OB WK, IR AR b
LB AL A BRI 5 pm SRR YT SR
JAARE HE Qe @ ptr e p gt A g o, B v WA
JE AT LR, G RAE T

2.6 RNA $RIPUMSEI 92 Bk 345 B SN ( real-
time fluorescent quantitative polymerase chain reac-
tion, RT-qPCR) HX-80 °CIRAFIIATFIELH 2, 44
FEHFREL 5 mg, £ IA 350 L Z4A8 %, f FH P 3
AR AR 2L, ] RNA 57 & #E BUEL RNA, I
fii 1 Nanodrop 2000 Y i 43 5% BE 7101 2 RNA
4, ARG P SRR S 2 1 g S RNA 305
%N ¢DNA, qPCR 4" 3§ [ i 2% {4 : 94 °C BiALE 4k 3
min, 94 CAEM: 20 5,60 CiE Kk 20 s,72 CZEfH 30 s,
1 40 E . DL GAPDH &, R H
MR T AT, SR A TAEY TR (L
i) By A PRAFI S R, SIS R 1,

x£1 F9F
Table 1  Primer sequences
Elk7 FFH(5'-3") K /bp
mTOR 37 : CAGTTCGCCAGTGGACTGAAG 149
N : TTGTAGCCAATAAAGGTGCCAT
SREBP-1¢  IJi#: CCTGCTTCTGGCTCCTCTC 134
7 : GCACGGACGGGTACATCTTTACAG
HSP60 {7 : CCGCCCCGCAGAAATGCTTCGA 128
% : AGGCTCGAGCATCCGCACCAA
MCAD i : GTCGCGCCAGACTACGATAA 136
% : GCCAAGACCACCAACTCT
SCAD 3% : TGCCCTATGTTTCGCACCTC 144
N : TTCAATGCCCATCATCCCTT
GAPDH 37 : TTTGAGGGTGCAGCGAACTT 142

T : ACAGCAACAGGGTGGTGGAC

2.7 HEAFHRBURE [ SR8 B ( Western blot) 7%

HL-80 CPRATHI K BUF AR 2T, & RS 0 Bk 2 5
mg, 1] RIPA i1 R0 25 11 A 1150 R 51 3 oK 1
Z44#% 30 min,4 °C,15 000 r-min~ B> 15 min W HL
SRR BCA R il e 2R ik, VIR MR
FUBURE (40~ 50 pg) it 10% 5% 7. 5% SDS-PAGE

IYES ORI HLEE 2 PVDF I L 5% MG 05k % i F
M1 h, S5 SPUARREE [ mTOR(1 ¢ 1000) SREBF1
(1 :2000),HSP60 (1 : 20 000) . MCAD (1 :
5000) .SCAD(1 : 10 000) B-actin(1 : 5 000) ], 7
4 CTFi, SRIEHE I 5 B i S AL W bR i i L
PR/ RAAEERE A P (1 5 000) 78 % I T 0
B 1 h, &, A ECL k22 &M B, 4558
it Image) AT RAL
2.8 Gil2EsT SR SPSS 26. 0 GE 4K 44 % %
PEHEATAE R R ORI xas 2015, 4L1A] HLEER ] 3
K2R 7 22531l LSD-t F 5455, P<0. 05 FRon &7
HAEG R XL,
3 4R
3.1 EFRFOEEAERSHRRELE &
YA HHEEE I XA, S ARIRE
H R B BT B B A0 5 S IR IR AR L e
T 0 2 A ARt VT 21 K R o i 8 5
I 5 7o 7 R A O R R B ) R AR AR
TR S 0T, 5y TH R, S5xf A
FHLE, SRR IR B H K REY A R R 3gn; 5508
RE AR, E e H oo m R K B E YA
R SR R U T R AR A R AR AR
FAMEF A% 70 2 55 9 8 T Fn R R TT ., Ak, 7E
NAFLD HF5E i, 48 %50 (A 3 2/ 44 5T 5 x 100% )
B — AT RN RN R EH WK, 5XF
FRL A RRUAH EE , AR IR B 2R R S 0 48
SR, SRk & LA b, E e ook sl E
FEARATT 20 K B8 EBAIG; R i S i e T
REAR R U £ VR PR AR TR0 i 3 3 2 1 o i
P T, WLIE 1, S5 R FRIIEH AT TR EWE T
TR HE AR5 S 1 R VAR It AT 8 55 3
3.2 EHURAT IO S IR IR E ST 00 K BRI A o
MM WL O Yt R, SxF MAA L, &
PR £ 2H K U g i 1) L 28 B A B 5 5 v ARk
AL, B TR R s A A A T T4
/0 R BRI AR AR 2 e 300 i B 9 T
PR B A FH L 3 3 8 1 o AR s e ARt T T
s, LI 2, 45 SRR TR T W > T
FIR IR E R K EUFIERE BT 2
3.3 EFRT IO EIRKESE SR ERIME TG,
TC KBRS X HRALA HE |, v IR IR 4 R B
H TG . TC AV T & 5w IR I 4 A L, B9
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SR A P<0. 01; 55 I8 TR 40 FE Ak *P<0. 05, ™ P<0. 01 ; 5 B35 54 I0 i85 F H 21 He e P<0. 05,44 P<0. 01 (81 2~7 [A]) ,
Bl 1 FEHE o S ISR EE R RBUIA R R YR AR L0 (225, n=38)

Fig. 1 Effect of diosgenin on the body weight, food uptake,and liver index in the rats fed with a high-fat diet (x+s, n=8)

Bl 2 R IO RR R 5 0 R USRS SRR SR B 520 (FIET O Jef, 2005 x4, n=3)

Fig. 2 Effect of diosgenin on lipid accumulation in the liver of the rats fed with a high-fat diet (oil red O staining, x200; x+s, n=3)

AT TOAE SR AR S AR T 4 K BUALTE TG TC
IR 58 25 B A1 28 0 2 1 o s 7 e 4 KRR TG
KR FE A oA AL, 5 R i T 4l 8%
25 IG5 B B 0 e ) a2 R B v
TC K- K T 2 350 2 1 oA 2 AR = AR A 7T
41, 0L 3, 25 R R W E U OCRE B M
PEAR &S0 KRBT TG . TC AKFH T+,

3.4 EFETIONEIBIRES SRR TG TC
KRR 5% B AL AR L, w8 TR 4K BRI
TG TC 7K E3E5 s 5 = BRI B AR LE K L = )t
W R UMM T ) B T R E S S
(A FRE TG A1 TC 7K T[4 i 5 o 70 it S 50 2 A oo AE
FEARMFIE TG A1 TC 7K 775 T I RICRAL TR 2 4 5
AP TCHSEARABTT , WL 4, 25 R LB A TA
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K3 SR TC IR IR E A S AR BUALET TG TC KF
M5 (x+s, n=6)

Fig.3  Effect of diosgenin on the levels of TG and TC in the se-
rum of rats fed with a high-fat diet (x+s, n=6)
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K4 EBUEAT O AR IR 0 K BUIFIE TG\ TC 7K F-
HIRZIN (x+s, n=6)

Fig.4 Effect of diosgenin on the levels of TG and TC in the
liver of the rats fed with a high-fat diet (x+s, n=6)

3.5 FEHUEF IO E MR K E TS0 BURF B3 1
P HE Y@ iR, S AM I, SRR E A K
U IESCEEZE L, /N 25 A B e R | Hh 30K o 4t
Jras Al S e I AUAH e, e T R
s 2 FE A TT 2 R BRUTFIE 8 HR AR B Mg I A
PR /NI B 25 R 1 B 2 s, DA s A e i e T
A R R I i s A 1 ) 385 R e S B S, LR S
JF AR AR S il ALT A AST FH TR B0 TR 33475 , 5 %)
HEZHAH LE , R BE IR 2H R BRUMAE H Y ALT A1 AST B
R R, S R A L, E B AT R
F 2 A= At VT 41 K BRI A9 ALT Fi1 AST 7K
VS A R U ORI R B v ALT
TP B RCRA TR i B B2 10, 5 T L
B ISR R X v 0 B TR AR B
I3 AST 7K P A R0CR AR 40 550 o 238 5 2 oo A
AR, WLE 5, Bz, XS R IR R
JCA] LA m BRI B 5 1 R BRUHF A3

3.6 EHRAT U EIRIRE S S WK BT
mTOR . SREBP-1c .HSP60 MCAD .SCAD mRNA ik
52 5k BEZE AR L, B IR 4 K R
mTOR ., SREBP-1c mRNA £ ik /K F W # T+ &,
HSP60 MCAD ,SCAD mRNA 23k 7K &k 2 F&AI% ; 4%
T, HE A O = 77 e 4 AN A T 4H R BUTF
mTOR ,SREBP-1c mRNA 23k 7K 8 5% T = 5 Ik
A, B TR, R 41K U E HSP6O |
MCAD SCAD mRNA FiA/KF B E & T RlEKE
2, AR AT 41K BURFIE HSP60 . MCAD .SCAD mR-
NA RIkKFH5EBREHAMLE S KTRIT¥*E
S R i R oo W OR RO IE mTOR |

Bl5 S H0E 00 IR R 5 9 R BT 458 403 9 2 i
(HE 38, x200;x+s, n=3)
Fig. 5 Effect of diosgenin on liver damage in the rats fed with a

high-fat diet (HE staining, X200;x+s, n=3)

SREBP-1c mRNA &3k i 5 1 I & S 2 1 ot
RIS ARATT 0 25 5 8 77 £ 25 0 2 17 o A kR B
HSP60 MCAD ,SCAD mRNA % ik Y AE /7 1t T 15 )
HEHBA TR AT, WIE 6, S5HFEM,
TR OT g % 2 0 = AR KB 1 KRR IE
mTOR , SREBP-1¢ ) mRNA % ik I € ¥ HSP60 .
MCAD SCAD /iy mRNA 3k,

3.7 FHHE ORI E TSR EUFIE mTOR |
SREBP-1c \HSP60 MCAD .SCAD E [ #3AkMm 5
X HEZH AR L, 5 BB AR & 4 K BUBFE mTOR | SREBP-
le 8 A KK 2 TH , HSP60 MCAD SCAD #
FI AR 0 A SR, 5 s IR IR diAH tL, 2
Pt T AR | v ) AR AR T 4R U
mTOR 2 [R5 7K i Z R 2 #0217 o0 & 7 i
LU ANEARAB T 40K RUFFIE SREBP-1¢ 2 H 5 /KF
3 BEAIR, 5 #R AF Jo AR, s R i gL R R R
HSP60 MCAD & 1315 /K VT, 98 17 7 5 77
YK RUFAE SCAD 2 135 /K 7 B3 T & B
BG4 K U IE mTOR & 1 ik K
FRTEB R OGN A b iT 4, EHE
e AR 4 K BT IE SREBP-1c 5 4 ik K EAR
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Fl6 EHBAT IO R PRI E A T M K EUFAE mTOR SREBP-1c \(HSP60 \MCAD ,SCAD mRNA Fik M52 (x5, n=3)
Fig. 6 Effect of diosgenin on the mRNA levels of mTOR, SREBP-1c¢c, HSP60, MCAD, and SCAD in the liver of the rats fed with a

high-fat diet (x+s, n=3)

TEBEEECIGH R, 5T H M 2 500
Geito 50 HBUEH TR R AR FUIFIE HSP6O |

MCAD .SCAD 5 H R A/KF- B3 5 T EH R ool
F RN AR AT T2, UL 7,

B 7 BRI ION R IR A S K BUIFIE mTOR .SREBP-1c \HSP60 \MCAD ,SCAD & ARSI (k+s, n=3)
Fig. 7 Effect of diosgenin on the protein levels of mTOR, SREBP-1c, HSP60, MCAD, and SCAD in the liver of the rats fed with a

high-fat diet (x+s, n=3)

4 e
NAFLD UFRERR W SRR, € 05RO
AP PEIFRE S . NAFLD B &M T — & KA
FETI AR [a) R, AE a2 Y 20 AF B AR S B Y
LW 47% b T3 75% , 76 L BE N, NAFLD (1)
R FAE 57% ~ 98% Y £ W 5 % W
5310

NAFLD J&—#p RGBS , HAE F AR T
JHF I 95 95 A DG 14 9 22 R B3, B 25 R BU A&
JEHE A9 200 w , WUIE TR BB DR IR S | iU s
95 O LAY ] R 1 B I 20 38 s R A
& HHTME—A BIRTT 71 (H RS AR A PE R A
TR 25 AR ZA R, 5CT NAFLD JR97 i —ZH



MR a2 B R AF L8 18 mTOR/SREBP-1¢/HSP60/MCAD/SCAD 15538 % 22 i o B8 Ik B S 1 Bl NAFLD

Y NG PRIA YT SRS 208 1k AR 2 2597
W e BV ORI AR 2 R
SRR B TR YT NAFLD, it A 2
SR A AN AT 58 AR A BEUE B X S VAT A A
A B W

UL JLHAER o R 25967 NAFLD (fF5E 51 T
P IS TR KR 5 E B IA
1 NAFLD i B A6 FE, 50 B M ohae s )
AHDEH ) Hp B AR B BRI AR S, AR
% G T B ORI MBI T A, 42
PEUD A AF SRR TR PR S e 2 A e
FINE AL b v 02 VA Y7 I 58 T NAFLD (945 8005
WU IR —Fh R A AR PRk A B 2, B
A BEARAR A B 81 B R AE AT 0 B ILE 1) 1
LRI RSE b, B8 12 RTS8
AERERS AR 2w B R oo N EHUR
FEY A L2 B R SR A b 2 B KR
TG, AT AR BT R BUIE 55 2 Fh 2 1
TEPEROY X R P IR Y NAFLD BLA R AR
SPAER SR, AL Rt — 20 B

T 22T A S 50 3 e MR R B e e sk g T
O s I LR AR | e R 97 o 0 g IR o
MAERLAL K A AR LF (3697 B, & RE RSl s 4
] A R 7 T O [ R R AR 8 ot I 0 i 3 e L
R A HEI 27 i o IR B2 af i ™) X R,
P T ICRA YT B B ZE AL A AR K i
PRI F1 . NAFLD SR 45 A fF 78 Ik i) 2 BE
B &5 55 00037 TR IO e s AR 25 AL DDA G
BRIt , Ry 1 — 25 A 9 25 1 48 1 T NAFLD 19 5%
M), 225 5 30 3 MR R BRUBR I 5 B s 114 o8 R R}
BT NAFLD KRB AR E #7028
fift NAFLD ML, ABIF5E & B0 i R ik & 4 K B
W YA E S, JHEE b i ST A
JEEE LA, BB IR B ALK A R I D) e 58 Al
S 4 BT SG AE  X F 45 IF 4 A BkAk g A P A
JEERP A, THET O Yttt 7 v B K6 4 K RURF I A
TR X A BIE S R AR B R IR L
T NAFLD KRR, H Frpd e & S w2 1 oo
T E NSRS S A NAFLD K BUA B & AT | I3
TG . TC . AST ALT 7K-F-RIFAE TG\ TC 7K (5 Wi 5
ZHT LRSS AL, X — P UE S T H B 1T
TEZB fi R A I KL I A TP 488, IR AN, AR S8 A

o3 ¥ R W — D UE S T ] R A ] 5
15 R AR A 5 11 22 A 5k R R o3 35 i iy 2 o L 2 Ak
ite Mg iR B 4 1k 1T 22 /% K B NAFLD , iX hy 3
FUEH ICPT NAFLD 11 R i FH B AL 1R 2% 3k I A
IS EHE,

FNHFCA IR, BEATH R 2 — )z %
ZHIA HE R T NAFLD (495 R A& JR Y j8 Ik
A ZEEL S DR W RS D5 A8 P2 2 — AT . b i
(i BB NAFLD i 2R IG R R | IE IR R
i Z AR 2 A T 2 R BREE M I, A R B
FALN R AME P07 . FE NAFLD Bk 542
R AR e A5 AH G 1Y AR T i AR 285 B, 58 IR AT
i 5 BN M R A EE, DT G 0 2 R 1A I 1 AR
(mtROS) By 7= 1 | 3% 2 F B R AR DNA 1Y % 1k it
P, Wi Zekidk T hg BRI, S0l Rg iR &
JSL RT3 2 b A Ty e F A BT & — AN U IR T
UE 3

B eI B R 1 3 R R R M Sk AR
A FEA RN TR AR A 1 AR R A i =
BEACEAS R FIER) 5% , H7F NAFLD 35, &
HERH I =5 & Rt 269 BRI R,
JHFIE mTOR-SREBP1 155 1% 5 i 3 52 1w 4= 5 [iF 11k A
JEACI A 2 AE NAFLD v, 8 i i 16 BT 40
Jarp g FER R, X 5SRO SEA e
(SREBP-1c) FZRIRHE A OC , 3K J&— i 55 JH g
R DA S 5 G 1) S B 2 S TR 7, 6 Sk g 5 A
3 3% 5k, SREBP-1¢ 1 SREBP-1a /& SREBP-1 fi¥ 2
F Iz A SREBP-1a 76 T o & HE A%, PR 0k, P40 A
1 SREBP-1 & H 1228 n fEAC R SREBP-1c K1Y
2E . mTOR 28 45 A= 4 fE AR 5 A= A A
T CEE - FERR AR AR B S AR
mTOR A mTOR & & % 1 ( mTOR complex 1,
mTORC1) Al mTOR & &% 2 (mTOR complex 2,
mTORC2) 2 & & ¥ ¥ XA 7E, mTOR ™ 4% I8 2
SREBP-1c 33k, B T 45| SREBP-1c P (1955 5%
Ak, mTOR iAAEHE L if SREBP ( p-SREBP ) %4k I
BEN 20 SREBP ( m-SREBP ) |, il 35 #5: | SREBP-1c¢
[leik , mTOR A& % w35 2 08 i 0y R A& 1 Bk
AR R e R IR IR B SR R R, Ml mTOR
ek T LA S 3 e A I A B B S AR Y IR A
TR SREBP-1c 3 A @R /N B B 2 30 A i
BRIGASPEDY . ARSCg s et R R, EH ke

5311



2023 4F 10 H | 4548 55 19 1

uuuuuuuuuuuuu

wwwwwwwwwwwwwwwwwwwwww

Vol. 48, No. 19 | October, 2023

i I =35 400 1 = B kB MR B9 K BRUHEIE mTOR I
SREBP-1c i) mRNA FIZE 1%k, EHi a1 ol fE
LM H mTOR 1 SREBP-1c AU st FIAE [ #ak 40
il FFFAIE A 5 6 B, AT 2 8 K B NAFLD

LRRI IR D) BERR AT C B o IR Y IR
5 R4 0 2By TR A AR R A
FEA R T AR AN S AR IR R 2 0, BT i
T i T R 28 100 I U %ok i R 1) 8L Ak, M T S 3K
it Z BB E Y I ELRR I RE , 5 SR A 1) R
b, IF 7 A B 2 AR TR, R, 24
LERLRTCL P2 A RS 1 ATP e -5 1 5 10 I 40 g
e, NS Bols B MBS DA A
FAE P= I i S0 . ORI R D RE R AT & T I IIERG
RS IR (ROS) B I B, 2 11 S 25
LHZUrP I it Ak | ARE 20 b DR Rk 4 LR TR
FYEAL 3 23 hNEE NAFLD 1Y % &' | HSP60 &
YRR AR AR PR 1Y T2 BRSO AR PR 3 e L
RN R (B UR SR EES % TR N i = I S S A = R lb {2
i =, DA il SRR iR R e . ARl 5
LR AR 5 8 s o S A O, WF T R I, Bk = HSP60
NSk BAE T, I B A I R R AE/
B, B DR 0 R R AR T i IR B (DIO) 5
HSP60 [t 2 A 56 45l b, B 2 3E B HSP60
T FEUR S IR T RERaAE ) K,
HSP60 fi i /b 2% 5 B0 1 20 A P Y 25 7 14 2 i
B,

BEAb, 2k b HSP60 &3k 7K 1Y 2k I kg A8 T
JIig 7 2 Py 42 A R B AR 07, DT 30 S 2 A (1 2 14
JHT T I AU JINER T R R R
GKG P E AT TR L ARG, SR, W TR 2R
I, 4 A T 22 53 R AR SR 5 Bh LS R SR 42
NTHREZHEAFREA R, EN% ZEr St
S = AEZER ARG R A B & R, Bk RT BE
SN P e AR R OS2 A, 37T
ESH LS 7, B2 T REMIIEY,
I, 43T REAR A AR 2 YR 2 3T K A 3 8 1 e v
] B 8 AN IERAZ5 0, M I 5 2 25 B LU= R R A
Yy, AR R 0] E A 7 M 9T & . HSP60 ] LA
LG A BB AT & X AR T LU LA
iR, V5 22 1 A O i A A0t T IR LA e A B8 ST
£ MCAD F1 SCAD™ | Ze i B A4, Lok ik )y
AR AT T BUIR AN 52 2k, 5 R Hm =HE LR,

5312

T S 5T U i i 78 070 A S I A o 4% R
W fEm iRk 15 S T, K BUFIE HSP60 Y mRNA
MR ARB R ERIL, X RN S IRRE AR T

SRR TIRER AT, BLAk, 38 % B MCAD F1 SCAD 1Y

mRNA FIHE [ 325 i B A%, 3X 3R 7E NAFLD 119

R ELIRAS T IR TR B AL AT RE Az, AT, 2

B ICIRIT B E L T HSP60, MCAD 1 SCAD

1) mRNA FlE F Rk X R PIEHUE 1 o Al GE i ik

MR AR DI REFR IR B E AL LAGEf# NAFLD,,

FEAR SIS | BEHE A T0IR T K B RIE AR 15

AR B I R A P D0 AT e sk R R KRR

JHE mTOR \SREBP-1c B3k, 14 HSP60 ,MCAD

F1 SCAD Ry223K LA /D g ot 6 i L ol 38 4k b 1 1) fig

BERG AL AR TR B AL R 22 M NAFLD,, SR, 35

o1 b T C AR I AT DL oo 400 6] 1 0 48 A Ak | 0

il SERE SN | I8 L A QI A a2 i o o0l e Ak

IR A I AR A B i X AE — e R AT LAk

Uk T ARG NAFLD , 1% #6455 5 2 01 3 45 AT e R

FARH AT BEAS 2 25 2 11 sl 3 NAFLD 1y ifE—i&

7, BB S AT T AT Beik A B 2 M i b A R R IR

XA EHUE AT C A 2 A 2R T

PLIARIRR, SR, AS SEUFAAE — S0 PR S5 i

T IR RGBT A 5 e 2 4V E I 24k R T

XTAERE A A Ff iE— 20 I S IR B UE , 4 )5 S5 5%

P AR ST AR SIS 5 F 552 B8 357 1 1 o HEE AR A

R A o E R DR — PO U T

A g5 Ab

[ &% 30Hk]

[ 1] PARAMA D, BORUAH M, KUMARI Y, et al. Diosgenin, a
steroidal saponin, and its analogs: effective therapies against dif-
ferent chronic diseases[ J]. Life Sci, 2020, 260:118182.

[2] CHENCT, WANG Z H, CHENG-CHIN H, et al. In vivo pro-
tective effects of diosgenin against doxorubicin-induced cardiotoxi-
city[J]. Nutrients, 2015, 7(6) :4938.

[3] LIR, LIUY, SHIJ, et al. Diosgenin regulates cholesterol me-
tabolism in hypercholesterolemic rats by inhibiting NPC1L1 and
enhancing ABCG5 and ABCG8[ J]. Biochim Biophys Acta Mol
Cell Biol Lipids, 2019, 1864(8) :1124.

(4] ZRsliAs, T sPEEZGIATTARTORE LN D G 69 1F AL
FUR[I]. TP EEZS, 2019, 42(6) .3.

(5] BRART, HEAE, MREAE. FFANMH S AR R
BEWTIFLI]. HEAEY 55 FAEY ¥4, 2016,32(2):
10.

(6] BRET, fAFL AR P NS W5 TR 06T HERR 1]
PURS ERMR2E A, 2023, 46(1) ;5.



W2 a2 . B R4 L i mTOR/SREBP-1¢/HSP60/MCAD/SCAD 13553 % 22 25 A8 AR B S 1 K B NAFLD

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[21]

YOUNOSSI Z, ANSTEE Q M, MARIETTI M, et al. Global bur-
den of NAFLD and NASH: trends, predictions, risk factors and
prevention[ J]. Nat Rev Gastroenterol Hepatol, 2018, 15(1):
11.

ALBHAISI S, ISSA D, ALKHOURI N. Non-alcoholic fatty liver
disease: a pandemic disease with multisystem burden[ J]. Hepa-
tobiliary Surg Nutr, 2018,7(5) :389.

FRIEDMAN S L, NEUSCHWANDER-TETRI B A, MARY R, et
al. Mechanisms of NAFLD development and therapeutic strategies
[J]. Nat Med, 2018,24(7) :908.

WATT M J, MIOTTO P M, NARDO W D, et al. The liver as an
endocrine organ-linking NAFLD and insulin resistance[ J]. En-
docr Rev,2019,40(5) :1367.

TR, BEEEE, E R, SE. 2GR AR AR U T e
DRI T]. ASWIIE, 2022, 34(5) :44.

W, BN, WA, 2 R AMPK i B B iR
NAFLD R#fF5E dE e [ J]. v [ 50 50 77 50 2 Ak 3, 2023, 29
(4).11.

ZHANG Q, KONG X, YUAN H, et al. Mangiferin improved
palmitate-induced-insulin resistance by promoting free fatty acid
metabolism in HepG2 and C2CI2 cells via PPARa: mangiferin
improved insulin resistance[ J]. J Diabetes Res, 2019, 2019.1.
IPSEN D H, LYKKESFELDT J, TVEDENNYBORG P. Molecu-
lar mechanisms of hepatic lipid accumulation in non-alcoholic fat-
ty liver disease[ J]. Cell Mol Life Sci, 2018,75(18) :3313.
1. PEZIRYT AR R D M s A S B [T ].
A E2Y,2015,10(2) :149.

W, VPO B, TA L A IR AR T RIS M
WiATAE R R AP e (1], R 244K, 2017, 42
(6) :1109.

FRI, BT, TP, AR o B 25 i 1A B T T A
NE SN S E AR GBI I 5T [ )] 224, 2018,
43(16) :3235.

PINE. AP R X T AR P R M A P 1 12 2R ke B
RRFEIH PRI [ )] P EERFSE,2012,25(11) < 11

TRMERE, ERbG, w5 MBI IRYT IR AR 118 4]
[J]. iR EEZRE, 2013,32(2) ;2.

KIASALARI Z, RAHMANI T, MAHMOUDI N, et al. Diosgenin
ameliorates development of neuropathic pain in diabetic rats: in-
volvement of oxidative stress and inflammation[ J]. Biomed Phar-
macother, 2017,86:654.

CHENG S, LIANG S, LIU Q, et al. Diosgenin prevents high-fat
diet-induced rat non-alcoholic fatty liver disease through the
AMPK and LXR signaling pathways[ J]. Int J Mol Med, 2018,
41(2) :1089.

YU L, LU H, YANG X, et al. Diosgenin alleviates hypercholes-
terolemia via SRB1/CES-1/CYP7A1/FXR pathway in high-fat
diet-fed rats[ J]. Toxicol Appl Pharmacol, 2020, 412.:115388.
THELWALL P E, SMITH F E, LEAVITT M C, et al. Hepatic

cholesteryl ester accumulation in lysosomal acid lipase deficiency ;

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[35]

[36]

[37]

[38]

non-invasive identification and treatment monitoring by magnetic
resonance [ J]. J Hepatol, 2013, 59(3) :543.

X ERETT. BRI ERLAE ORI m rh A
MLI]. hERE: AR, 2017,47(5) 140,

BERLANGA A, GUIU-JURADO E, PORRAS J A, et al. Mole-
cular pathways in non-alcoholic fatty liver disease[ J]. Clin Exp
Gastroenterol , 2014, 7(1) :221.

SOFTIC S, COHEN D E, KAHN C R. Role of dietary fructose
and hepatic de novo lipogenesis in fatty liver disease[ J]. Dig Dis
Sci, 2016, 61(5) :1282.

JEONGJUN K, HAERIM L, JONGHOON L, et al. The angio-
genesis inhibitor ALS-L1023 from lemon-balm leaves attenuates
high-fat diet-induced nonalcoholic fatty liver disease through regu-
lating the visceral adipose-tissue function[J]. Int J Mol Seci,
2017, 18(4) .846.

LI T, WENG J, ZHANG Y, et al. mTOR direct crosstalk with
STATS promotes de novo lipid synthesis and induces hepatocellu-
lar carcinomal J]. Cell Death Dis, 2019, 10(8) :619.

XeH, thysve, PR, 4. .00 5 7l ad i Ak
mTOR/SREBP-1C 3l 2435 Apok ™~ /I BRI 05 4% 1 g 107 JiF 1)
SLHBIE[)]. RZGFSIGER, 2020,36(5) :149.

TANG K, DENG Y, ZHENG C, et al. Prevention of nonalcoho-
lic hepatic steatosis by shenling baizhu powder: involvement of
adiponectin-induced inhibition of hepatic SREBP-1c[J]. Oxid
Med Cell Longev, 2020,2020.:9701285.

YAO Q, LI S, CHENG X, et al. Yin Zhi Huang, a traditional
Chinese herbal formula, ameliorates diet-induced obesity and he-
patic steatosis by activating the AMPK/SREBP-1 and the
AMPK/ACC/CPTIA pathways[ J]. Ann Transl Med, 2020, 8
(5):231.

ZHANG Y Y, MENG T, ZUO L, et al. Xyloketal B attenuates
fatty acid-induced lipid accumulation via the SREBP-1c¢ pathway
in NAFLD models[ J]. Mar Drugs, 2017, 15(6) :163.

CARON A, RICHARD D, LAPLANTE M. The roles of mTOR
complexes in lipid metabolism[ J]. Annu Rev Nutr, 2015, 35
(1).321.

QUANHY, KIMD Y, KIM S ], et al. Betulinic acid alleviates
non-alcoholic fatty liver by inhibiting SREBP1 activity via the
AMPK-mTOR-SREBP signaling pathway[ J ].
col, 2013, 85(9) :1330.

By, e, B, 5. T B2 LORLAR DI RE B A AR RS
MR R BTt R[], hE 2 4, 2022, 47(19) .
5113.

RAFIEI H, OMIDIAN K, BANDY B. Dietary polyphenols pro-

Biochem Pharma-

tect against oleic acid-induced steatosis in an in vitro model of
NAFLD by modulating lipid metabolism and improving mitochon-
drial function[ J]. Nutrients, 2019, 11(3) ;541.
WA, WA, AEIRE TR DS R Th 2ok T R 2 AL R A
JrHEme[ )], HEBZ IR, 2021, 30(24) 8.
LIRB, XINT, LID D, et al. Therapeutic effect of sirtuin 3 on

5313



2023 410 H | 4548 B4 19

@ THTHAL

Vol. 48, No. 19 | October, 2023

CHINA JOURNAL OF CHINESE MATERIA MEDICA

[39]

[40]

[41]

[42]

[43]

ameliorating nonalcoholic fatty liver disease: the role of the ERK-
CREB pathway and Bnip3-mediated mitophagy[J]. Redox Biol,
2018,18:229.

MORALES M D C, CHANG CY, LE V L, et al. High-fructose/
high-fat diet downregulates the hepatic mitochondrial oxidative
phosphorylation pathway in mice compared with high-fat diet
alone[ J]. Cells, 2022, 11(21) :3425.

ZHANG Y P, DENG Y J, TANG K R, et al. Berberine amelio-
rates high-fat diet-induced non-alcoholic fatty liver disease in rats
via activation of SIRT3/AMPK/ACC pathway [ J]. Curr Med
Sei, 2019, 39(1) .7.

ZENG X, YANG J, HU O, et al. Dihydromyricetin ameliorates
nonalcoholic fatty liver disease by improving mitochondrial respi-
ratory capacity and redox homeostasis through modulation of
SIRT3 signaling[ J]. Antioxid Redox Signal, 2018,30(2) :163.
HAUFFE R, RATH M, SCHELL M, et al. HSP60 reduction
protects against diet-induced obesity by modulating energy metabo-
lism in adipose tissue[ J]. Mol Metab, 2021, 53.101276.
ZHANG Y P, DENG Y J, TANG K R, et al. Berberine amelio-
rates high-fat diet-induced non-alcoholic fatty liver disease in rats
via activation of SIRT3/AMPK/ACC pathway [ J]. Curr Med
Sci, 2019, 39(1) .7.

5314

[44]

[45]

[46]

[48]

[49]

WU L W, MO W H, FENG J. Astaxanthin attenuates hepatic
damages and mitochondrial dysfunction in nonalcoholic fatty liver
disease by regulating the FGF21/PGC-la pathway [ J]. Br J
Pharmacol, 2021, 23, 193.

Xz, PRI, R A A SR G AR TORS PEAR I PR
AR BAEIR AR pLH [J]. AP 2%, 2021, 36
(10):5.

WARDELMANN K, RATH M, SCHELL M, et al. Central ac-
ting Hsp10 regulates mitochondrial function, fatty acid metabo-
lism, and insulin sensitivity in the hypothalamus[ J]. Antioxida-
nts (Basel) ,2021,10(5) ;711.

HAN H, GUO Y, LI X, et al. Plant sterol ester of a-linolenic
acid attenuates nonalcoholic fatty liver disease by rescuing the
adaption to endoplasmic reticulum stress and enhancing mitochon-
drial biogenesis [ J]. Oxid Med Cell Longev, 2019, 2019.
8294141.

LIU M, XU L, YIN L, et al. Potent effects of dioscin against
obesity in mice[ J]. Sci Rep, 2015, 5.7973.

XINW A, JLB, ZI L C, et al. Effect of diosgenin on metabolic
dysfunction: role of ERB in the regulation of PPARy[J]. Toxicol
Appl Pharmacol, 2015, 289(2) :286.

[REHE FR]



