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Intervention Effect and Mechanism of Celastrol on NASH Induced by Methionine-choline Deficiency Diet
in Mice

RAO Hui', SHENG Lei', WU Danni', WU Yong', HU Junjie', ZHENG Guohua®, WANG Guihong' (1. College of
Pharmacy, Hubei University of TCM, Wuhan 430065, China; 2. Key Lab of TCM Resources and TCM
Compounds, Ministry of Education, Hubei University of TCM, Wuhan 430065, China)

ABSTRACT OBJECTIVE: To study the intervention effects and potential mechanism of celastrol on non-alcoholic steatohepatitis
(NASH) induced by methionine-choline deficiency (MCD) diet. METHODS: Male C57BL/6] mice were randomly divided into
normal control group, model group, celastrol low-dose and high-dose groups [0.5, 1 mg/(kg-d)], with 7 mice in each group. The
normal control group was given a methionine-choline sufficient diet, while the model group and administration groups were fed an
MCD diet to induce NASH model. At the same time, normal control group and model group were given polyoxyethylene castor oil
intragastrically; administration groups were given relevant drugs intragastrically; the volume of gavage was 0.1 mL/g, once a day,
for consecutive 4 weeks. The liver morphology was observed, and the pathological changes of liver tissue were observed by HE
staining and oil red O staining. The levels of serum liver enzymes (AST, ALT), and the levels of lipid indexes (TC, TG) in
serum and liver tissue were detected by enzyme method. The protein expression of NF-kB p65, TNF-a and IL-6 in liver tissue were
determined by Western blotting assay. RESULTS: Compared with normal control group, the volume of the liver was reduced and
the color was yellow, and the surface was rough in model group; inflammatory cell infiltration, fat vacuoles and lipid droplets
aggregation were found in the liver tissue; the serum levels of TC and TG were significantly decreased, the levels of serum liver
enzymes and protein expression of NF-kB p65, TNF-o, and IL-6 in liver tissue were significantly increased (P<<0.01). Compared
with model group, the liver surface of each administration group was ruddy and smooth without brown spots, the inflammatory
cells and fat vacuoles in liver tissue were reduced, and the coverage area of lipid droplets was reduced; the levels of serum TC and
TG were significantly increased, the levels of serum liver enzymes, the levels of TG and protein expression of NF-kB, TNF-a and
IL-6 (except for celastrol low-dose group) in liver tissue were significantly decreased (P<<0.05 or P<<0.01). CONCLUSIONS:
Celastrol can improve the liver injury of NASH model mice induced by MCD diet, which is related to the reduction of TG

A FEATHH « [H5 E AR E AR B0 H (No.81602424) accumulation in liver tissue and inhibition of the expression of
S LB A L BFSE T P2 R A Eomail: inflammatory related factors.
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1, 2 30% ~40% () NASH 5 % & 314 I 25 41k,
10% ~15% i) NASH 35 7] & & Jy e, 1 24 9% ~
26 % ) NASH & - A0 1 F 3 FE R T 1Y 4~ 10 4E K
T-; ILAh , NASH &ALl &2 4%, A% B0 T ) & J& k)i
J', HHT, NASH /9 B v6 5 8 o 2 0 o& fnin s iz
SO I IR ¥ JCST R B IR 259, A i Rk 2 KRk
RAEHGBIER, LG R R BR™, PR, 2T 45 4L
Biiifs NASH TR R ) 52 S i S = 2 e

TN PELL 2 (Celastrol) AR T 0 BHE Y T/
Tripterygium wilfordii Hook. f.1%)— i HH 35 — i 2 b &
Yy, HAPIR IS PRS2y FERY, IRk,
R R B, TR A ELT R Rl T IR A K
Ko S8 AR 0 K B A HepG2 41 i /P = 188 H il (TG) By 7K
Vs FEE B R A B R, TR A L K e
3 Ao R A S R oA ok 2 R IR IR A T D R
NAFLD", [A I, Z7A 40 R a5 i A i VE
S HEMZ A0 S W % NASH (Bl NAFLD #2814 [y
BO) B —E M BA 1R 5 R, 765 9 25 20 R - IR
= (MCD) k2175 319 NASH s oh A7 e85/
L1 EBIEITAE A AU AR WA RS . 2T ik, A
HF 5% 38 1k MCD 5 544 73 NASH /)y BUBE Y | 25 8¢ 15 5 1
T FH R TR 21 28 0] /N BRURH A8 A 1 5 M B mT REAILA] , LA
WAZAL B PP iG NASH $EAEERIS A4 , (e o o Y
HE— 2 J1 & FAIH

1 ##
L1 {48

VCXT750 B8 75 8 i 13 4L ( 32 [E Sonics 28 ] ) ;
CKX31 8 & B 1 %% ( H A Olympus 23 #] ) ; Trans-Blot
Turbo™ 7 4= GE U & 1 7% i {Y . Power Pac Basic 7 HL Jik
2 xMark % 4= K i AR {2 (3 [ Bio-Rad 23 ] ) ; Allegra
64R 1 =y TR 2 1% 55 .0 ML (35 [E Beckman Coulter 22 7] ) ;
XB220A F 43 H R - (Fii 1 Precisa 23 7)) ; GBOX HI i f%
3T R 46 (3£ [ Syngene 3 1)) 5 Vortex-Genie2 Ui 15 11
A4 (3E[E Scientific Industries 22 1) ) o
1.2 Zy@m5idH

TN THELT R R 2 (BUAR S8 AR PR e A A PR
A, 5 PS161108-01, 4613 : >98% ) ; 5 4R £ M B JFRIM
(- TREBTRL T A AR A FR A ] L 415 : C107105) 50.9%
AL E S W TR A RS A, S
C16091602-1, Hi4% : 500 mL: 4.5 g; fELEFRER K ) ; BLIE
VT - 3- B 1 i i (GAPDH ) B 52 B4 14 ( 3 [ Pro-

hEHERE 0 EEnEE1E

teintech 23 ] , 1t 5 : HRP-60004) ; L # [N T B p65
(NF-kB p65) F g BEHL A R o A AL PR ic i Ll =
Pt IgG —Hu(SEE CST A Al #5437 4 6959 .7074) 5
SRR R AE R F-o( TNF-a) 22 58 P IA  Aaii ( 4n i
% 6(IL-6) Z Fo P A 18 F A 20 20 11 5 i (L ZE kIR
R A BRA L #4543 5108 GB13188-1 .GB11117
G1101); BARERE(TC) TG . KA AR 2 (AST) N
AR A CALT) A7) 65 (P st R A= ) TR 5T
Br, #5209 A111-1-1,A110-1-1,C010-2,C009-2) ;
BCA % [1& fHid ] & . ECL M # ik 2% & 6k . M-PER™
7L sl 31057 (352 & Thermo Fisher Scientific 2
w509 23227 34580, 78501 ) 5 A& [ SN 1 75 (db
Rt AR R A BR A F] L HE S 1 40417) s ki
T TR B - 3R TN s Ik g B i FL K ( SDS-PAGE ) i 5 5 (3 [
EpiZyme Scientific 23 ] , fit5 : 18D250) ; P4 H 3 2, —Jig
(TEMED, % [#] Amresco /A ) , 1L : 110-18-9) ; F A -
FLr (HE) Y 3850 £ 40 O Ye ik (db st &3 5 RH%
HRRA T HES43 50 G121 .G1260) 5 HeAiakH) k2t
afi ol SCI0 A H A, AKCh R B TK
1.3

SPF 2% i 4= 1 C57BL/6J /N KR, e , 6 JEI % , A5 1
20~25 g, A LA SLEe S g ey, Pl R VRl
IES : SCXK (%) 2015-0018, 24 B2 - IH A% 78 /&£ (MCS)
FIMCD IR &34 1 V95 Bl R AR TR R A R /]
ft, AT /NE Y 95 T SPE R RS b, ASHIF ST A
PIFRFA AL o B 25 R S S B0 A AH R
2 FHik
2.1 o EESHKH

W28 HU/INEBENL Al 4 21, BIVIE 35 %) B4 A0 2
IR AL AR mR ], A 7 H L XA/ MRS T
MCS K&, HA &4/ 25T MCD I & DL & il NASH
MERL; 5 e, E AR B AK A AL/ R 0.5.01
mg/(kg-d) (ARE OB R, S &S5 A
TR ZH i 10 S 00 25 5L ) E T AH I 25 9, 1 X R A
RERI /NI B A O BRI . HE B A48 0.1
mL/g, B H 1K, iES:4 8.
2.2 HARE

KRGy, A H/NRIESE AEIK 12 h, i H—
MR BRI 1 FF F vk i E 0.5 hJ5 LA 2 000 r/min
250 5 min, 432 L L A5 o B #5058 B F Ak B8 /)N
S, BB SRR A P, AR BRER K Vi, IS0 T
WEESNIIERS o BEMLEEBUFA41400E 2, B T2 2 )
W E , ISR T —80 CUKFHIRATE, %5 .
2.3 BHALAREFEME

T 2 121 2 T Y P ) P A 2 o, 28 A
SR (BEY 4 um) , 435I FHHE 2L O e o )5
BT N S e AR A

China Phamacy 2021 Vel. 32 No. 1 + 25 -



24  MEFRFAEREL RGN

TR A ot FD R A O T 2 2R i 253 o, 4 BRI
BT (B ) AT AR ASORS: I 4541 /N B 375 H AST L ALT
IR LA % L3 FI AT 2H 2 TC TG K, A% Fie B AH 1
1= Wil kel R E P (e
2.5 BFLHZE th NF-xB p65.TNF-a . IL-6 B B R IEE R
apoml]

K ] Western blotting {45 . HUR A7 19 41 2158
S, IIAGE S A 1 R AR VRORI B 1 A AL RS (R
20 kHz, 15 . 750 W) 10 s WEHE , K 224#% 0.5 h, LA 1 000
r/min 50> 8 min, B G, F BCA 8 € 2 7] & )
FEE MG, BRI 95 CHn#AEM: 5 min, BUEM: 5
B2 I FES 120 ug 47 SDS-PAGE Ji7 , ##% % PVDF I |,
FH 5% NG 4 W3 44 141 1 h; 5351 Jin A NF-xB p65 , TNF-a.,
IL-6 —$i (FREES S 1:1000) , T 4CHEF L& H
TBST #IEPES minx3 K, A — Bt (FREE A 1:3 000)
F GAPDH /Ui (Fi B E R 1:8 000) , EIRAFH 1 h;
TBST % 3E 1E 8 minx3 K, 4 ECLAL2: KL B (),
T UGS R G0 AR I8 ] Image T 1.8.0 3K 44347
Pl HAREE 115 2 (GAPDH) %45 4 06 B8 1 FU (AR H
FREE R RIBAKT-. PR EREE R 3~5 1K,

=™

IE X AL M

2.6 FitEFIE

% Al GraphPad Prism 5.0 3% F X 50 98 17 5 11 40
Mro I BRI DL X + 5 F0R, 4L00) FL 4R FH AR BT ¢ 46
5. P<0.05FREFALGITFEX.
3 &R
3.1 EABRAEMNRFBESRIFARARESET

1EH U BRI BT e TR, B 21, A 6 HE
et w4 HES 3 55 HIR A IEH s 4l O Yefa ok
AN IR - SO i DA N W N A S s AN T
B, Bz B, JOOREE, 80 (B A HE e A g s,
iR A S W e 11 N s I i T AR 22 A Nis ) =1 s
WA BB NIAL ™ 8 5 2T O Ye o o, HoF g A K
AR R . SRR, & HE AR RS,
B2/ U R DB (200, T B A5 HE Y
B, H 2 205 40 I 12 i RN IR 7 2 T 38 T O,
BRI THEL O Yo R, 2 2 ep B v 7 5 1 AR
R4/ EDLE 1.
3.2 BTRBAEX/NRMBZAST ALT K FERIZIN

5 IR % BE A e g, BRI ZH /N BRI Y AST L ALT
FKFE 5 TR (P<<0.01) 5 SR LA, & 25 4 /)N

N N

HAHRLL R AL EE ARNTEl i

AL IS

X IR4L
B.HEJj:

R, L
<% ‘::‘v '_i‘, -
e N ® e e 2
R DA A VL BRI TR g g
A SR S A AT g5
TR X B FERIZH

v
o

- 26 - China Pharmacy 2021 Vol. 32 No. 1

LT FATA AL
02 A (< 100)

-g.\:} oy
. )

AL R
C. ML O Y . 3IA] (x200)

Bl FTARLRINNRIFREFSRIFEAREFZ TN
Fig 1 Effects of celastrol on morphology and pathological changes of liver tissue in mice
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LML ¥ H AST  ALT 7K A 2 I8 35 [ AIK (P<<0.05 B P<

0.01), 1,
XK1 ENEIEX/INRMBES AST ALT /K ERIS0E
(x£ts,n=7)

Tab 1 Effects of celastrol on serum levels of AST and
ALT in mice(x*s,n="7)

415 Al mg/ (kged) AST,U/L ALT,U/L
EERA 2079593 6284492
i (449511827 17428+41.99""
BABAERA 05 2690+434% 68.01£8.00°
N ARG | 2880+4.44% 69.11£7.13°

T 5 IR R YL L, < P<<0.01; SRR Hds ,"P<<0.05, #P<<
0.01

Note: vs. normal control group, ** P<<0.01; vs. model group, "P<<
0.05,”P<<0.01

33 BABLAEX/NRMFEMAFALS TC. TGKFE
pA)

51E %X B2 He s, BEAR ZH /N BRI A TC L TG /K
2 FEAR (P<<0.01) , PRI TG K V- B & T+
(P<<0.01); SHAAUL LA, & 254/ N Ui i o TC . TG
KX 82 T, L8 TG K3 8 35 BRI (P<
0.05 8% P<<0.01) , HH MM TC . TG /K FEFIFLHL TG /K
S A B e 8 o i v R AR A L 2,
x2 FRBAEXNRMFBMAFALAS TC. TG KFE

B (xts,n="T7)

Tab 2 Effects of celastrol on TC and TG levels in se-

rum and liver tissues of mice(x ts,n="7)

) Fit, 1137 , mmol/L s e . mol/g prot
mg/(kg+d) TC TG TC TG

IR R4 6241018 1541024 3751780 55751066

eaikil L13H0247F 053004 3L02+2.62 3391044937

BABAENEDL 05 3124038 085£0.17 30404695  85.19%963"
N AE G 433£057%  L07H0.19% 34243525 618041749
W S IE R IR He A, P<<0.01; SHEEI4 i, 'P<<0.05,P<

0.01
Note: vs. normal control group, “*P<<0.01; vs. model group, "P<<
0.05,%P<0.01

34 BTABAEI/NRAIFALF NF-xB p65 . TNF-a .
IL-6 EERIEH =M

5 1E H 6 BT He g, M A 41 /)N U 41 21 o NF«xB
p65. TNF-a | IL-6 (1) 25 [1 3 ik K - B 3 I+ & (P<
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BT 4 20 TL-6 1) 2 1 98 38 7K1 35 18 35 FAAIK (P<<0.05
B P<0.01), WK 2 %3,
4 g

NAFLD J& v UL o 18 M e , REA 1/3 1)
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S LT AT AN [R] , Az BRI BRASRAE tAH 22 B0 3 | (R 0 e St

hEHERE 0 EEnEE1E

NF-kB p65 65 kDa
TNF-o | 26 kDa
IL-6 24 kDa

B2 FTABRLEIN/NRAFHEL S NF-B p65. TNF-050
IL-6 | B R IEHMmAT Bk E
Fig 2 Electrophoretogram of the effects of celastrol
on the expression of NF-kxB p65, TNF-a and
IL-6 in liver tissues of mice
x3 FLBOEXN/NRIFHEZLF NF-kB p65, TNF-a,
IL-6 EARIEKFEHEZI (xts,n="T7)
Tab 3 Effects of celastrol on protein expression of
NF-kB p65, TNF-a and IL-6 in liver tissues of
mice(xts,n="7)

i Al mg/(kged)  NF-k B pS TNF-a IL-6
TR 02880004 033120023  0.119£0007
f 049150002 0.635£0.042°"  0361+0.003"
FARIZ A R4 05 0382£0003"  0.358£0.021°  0.343£0.005
BRI R 1 0.376+0.004% 041020033 0.286%0.006™

T 5 IR R ARG H AR, P<<0.01; SR H s, "P<<0.05,"P<
0.01

Note: vs. normal control group, * *P<<0.01; vs. model group, "P<<
0.05,”P<<0.01
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