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(alanine aminotransferase, ALT) F14+ 5L ¥4 % li§ (aspartate transaminase, AST) 7 & ; TUNEL %% & F1 7t 2040 i R s
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ATF6) 1955 [ 1k /K UL R S8 3 172 85 [ C/EBP [A) Y5 &5 [ (C/EBP homology protein, CHOP). B FR 1k [ c-Jun &
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Catalpol inhibits cell apoptosis through alleviating endoplasmic
reticulum stress in nonalcoholic fatty liver disease
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Abstract: This study was designed to explore the protective effect and underlying mechanism of catalpol on
hepatocyte apoptosis in nonalcoholic fatty liver disease (NAFLD). High fat diet (HFD) was used to establish
NAFLD model in the in vivo experiment, and the procedures of the experiments and animal care protocol were
approved by the Animal Care and Use Committee of Jianghan University. Human liver cancer cell line HepG2 was
treated with palmitate (PA) to establish a lipid toxicity model in the in vitro experiments. The results showed
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that catalpol significantly decreased the contents of serum total glyceride (TG), total cholesterol (TC), alanine
aminotransferase (ALT), and aspartate transaminase (AST) in HFD-fed mice. Results of TUNEL staining and flow
cytometry analyses revealed that catalpol significantly inhibited hepatocytes apoptosis in HFD-fed mice and
PA-treated HepG2 cells. Moreover, catalpol treatment significantly reduced the endoplasmic reticulum stress-related
protein expression levels of binding immunoglobulin protein (BiP), phosphorylated PKR-like endoplasmic reticulum
kinase (p-PERK), inositol-requiring kinase la (IREla), and transcriptional factor activating transcription factor 6
(ATF6), and apoptosis-related protein expression levels of C/EBP homology protein (CHOP), phosphorylated c-Jun
N-terminal kinase (p-JNK), and cleaved cysteinyl aspartate specific proteinases (caspases)-12, -9, and -3 in
HFD-fed mice and PA-treated HepG2 cells. Furthermore, endoplasmic reticulum stress agonist tunicamycin (TM)
significantly reversed the inhibitory effect of catalpol on protein expression levels of BiP, p-PERK, IREla, and
ATF6, subsequently the inhibitory effect of catalpol on expression levels of CHOP, p-JNK, Bcl-2, Bax, and cleaved
caspases (-12, -9, and -3) was also attenuated in PA-treated HepG2 cells. Taken together, these findings demonstrated
that catalpol could inhibit hepatocytes apoptosis and had a significant protective effect on liver injury, and its
mechanism might be related to the relief of endoplasmic reticulum stress.
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B RS M B 10 BT (nonalcoholic fatty liver disease,
NAFLD) 2 t 536 ] P f 5 ks 1) 0 4 JH 5 2 —, 521
5 At 5 25% (138 38 AR 85%~ 98% 173 A4 JIEL Jhk £
U2, NAFLD il & # A 0 Al 25 S 4E (B8 =4
P ME TR AR S R TLSRE ) PR U 2 300, 60,46 JHF I 07 748 e A
AE ¥ 5 4 B W5 M BT % (nonalcoholic steatohepatitis,
NASH)B4, NASH J& Jig 51 HE R JH- 28 B A6 1\ 4k A
A I S, A R R AL 20 S (hepato-
cellular carcinoma, HCC) Fl# 2% i %5 95 A1 R AL 1 /Y B2
EAER K B, K0k, NAFLD 7F tH 545 [ 4 i H 25358
A7 AR A I PR CFE ) . NAFLD (1 & 90 AL I BA S
N BRI 15 A2 P S S NASH FRIATL I i A 56 4 [ B .
H A 2 B 4T o "Bt & BUR 7« kAT o R e,
NAFLD I & S WL SAE AT AR IR A 2 AP AT R R,
AMEAEN AT 77 2 = IR R (high fat diet, HFD) P
SRS RE AL R ZR W R AR, 51 S i 15 4Bt T B,
JH- 20 1 oA B 7 e AR 2R 3 SO N B e 2
MG BEAR £ R A B A A RE 70, 55 P9 5 I R 38 S8 A
TBORTFFH 5 2081, Rk R 22 B ST R W, A J5R X N 3
25 7 NAFLD JI5 i 28 14 (1) & A= Fi gtk g -1, NAFLD
rh T P R AR B0 BRI i T MR PR L S e Y T X AR
A O Y 5T P LT, S B0 T A L A R I A I
T, AT 51 R B0 Jai] F & 28 AR BT A SE, 78 3 Lo 15 150
N, B4 T U AR AE TR 45021, NAFLD &
& R TG N, 5 P E AR A UM O, R,
TN & NAFLD #f & (1) — /> 5 2R & 04,

FERE (catalpol) A& — Fh == LM Hh B AR A 3 B9 34
I ks £ R, BAA V2 AEE T, B UEN BT
J8 FOPTUIE T2 2 A FHUS10 A5 20 JiT AT 70 R I,

Mt 38 o s IR E R US4k BR B BES (AMP-activated
protein kinase, AMPK) 15 5 i %, 41l 5 1l 2 M\ =k &
RO A, A 1 BE 7 R B AL, AT 0 1) NAFLD Y lig B2
HERRUT AN, 38 e BRI mT R o s U R o
AR 58 RE S N2 DA K #0461 B 40 B 0 1 B A HFD X/ R,
JH I B 453 A0S0 SR, AR A ) NAFLD R & T 48
AR T R /E AL R B A . A SCIE I HFD 5 1)
/B NAFLD 1A A 5 B AT ER R IR (palmitate, PA) 75 3
() N 8 40 i Hep G2 1R AMIR B¢ PEASE AL, AF 50 1 A B X6t
NAFLD IR 25~ 40 B 08 T 10 5 ) R 3L 38 78 (1 A H
B o

MREEE

SEIGENY  SPF 44 CSTBL/6J /IR [ b 5 4k i )
HSL B IR A 7] (FHAIES: 11400700213032),
TSR T UL R B R 5 S0 3 hol [Vl 95 SYXK
(5K) 2012-0042], P53 1 Il 7F 22~24 °C, LI B0
H R ROK . SRR IRISTLNUR 2 SEES B 46 B2
R

MpmAR A0 R HepG2, I 3K b [ B 27
Rt b 248 i 2 o

HIMERF]  FERE (DEE > 98%, FE AR Wik EY)
HARE R A A; B4 T 45 (atorvastatin calcium,
ATC, Fi[ 47 T ], B H M =8 (total glyceride, TG) &
77 &5 L 5L JH [# B (total cholesterol, TC) A5 & « 4 TH #%
% [} (alanine aminotransferase, ALT) 13 71| &5 Al 75 ¥ %
Z M (aspartate transaminase, AST) i 71 & (B &2 & &
A W) TAEBE FLHT); TUNEL 49 T2 A6 Rk 7 & (95
Promega 2 ); PA (3% [E Sigma-Aldrich 2 &); fifi 2 I
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¥& (fetal bovine serum, FBS) f1 DMEM (Dulbecco's
modified eagle medium) /& ¥¥ 55 7% 3 (3£ [E Gibco &
]); 0.25% AR (B PBS A TR AN B B R -HE B RN
W (3 E Hyclone A ®]); 4+ L& M & [ (bovine serum
albumin, BSA) % 577] (3 [ Equitech-Bio 2 & ); Annexin
V & Dead Cell Kit (2 [E Millipore 2 ); %f & HRP ¥
10/ —-HT.BCA (bicinchoninic acid) & [ 5 & #1ik 7
FLFIRIPA (radio immunoprecipitation assay) ZEf#ER (i
DU AR TREA PR A F]); ECLA A AR A (L
R RADHEARA IR 2 \]); RE R (tunicamycin, TM).
BiP (binding immunoglobulin protein, 3177S). PERK
(protein kinase RNA-like ER kinase, 3192S). IREla
(inositol-requiring enzyme-la, 3294P). CHOP (C/EBP-
homologous protein, 2895).JNK (c-Jun N-terminal kinase,
9252).p-JINK (4668).Bcl-2 (B-cell lymphoma 2, 2870S)-
Bax (Bcl-2-associated X, 2772)- cleaved caspase-12 (2202)
— i (2 [# Cell Signaling Technology /A #); p-PERK
(sc-32577) #1 ATF6 (activating transcription factor 6,
s¢-22799) —#i (35 [ Santa Cruz /A 7); cleaved caspase-9
(cleaved cysteinyl aspartate specific proteinase 9, abs131335)
F cleaved caspase-3 (abs132005) — ¥t [Z 15 (L)
EYBEA R A,

FE{LEE 1300 SERIES A2 4= ¥ % 4= 4 . 3308
CO, 1% 7% 4 Al MULTISKAN GO i #71% (35 E Thermo
/5 1]); ChemiDoc Touch 1k 2% & 5% 43 #1 4% (3% [ BIO-
RAD /A #]); MULTIFUGF X 1R i i /& 8 25 O ML (1
Heraeus /2 7 ); Muse 41l i 73 #7143 (3€ [ Millipore A 7);
BX51 IE & 5B (HZ Olympus A &]); DD5 & 3K #
FEGOL (I A P AR A 2 % A PR A 7))

A 548 SPF 4% C57TBL/6T /) R 48 1,
HEME, 6 A8, R E 2 18~22 g, HL 4> A 6 41, &4
8 W, 43l N IE 5 ) HRZH V HF D A% 28 20 | A R 77 i 4
(100 mg-kg")~ FEEE H 55 /= 41 (200 mg-kg™) FF BE = 77
41 (400 mg-kg ") Al BH 1 X I ATC 2H (30 mg-kg').
1E 9 o A PR Il A B 5 e BE (MD12031, Y95
SR AR AP B 25 IR A R, HoAt 4R g 2L Bl Ty
R (MD12032, L3 £l AR AV R A A R A A, FE
FE M ATC VA i TAEBEE K, B RBEB 425 1K, IEW
Xof HE AR HFD A AU 20 5 R 2 - 45 77 B AR AR K, i 48
%18

BEIEAREN SRS RS, LI
Gt — A AEEK 12 h, 1% [ EE 2 B8 I B0RR I /)N B
SR IR A5 S AR AR BRI 28 1.5 mL EP & 1, i &
2 hJi, 4 °C.3 000 r'min &0 10 min, 73 & L&, T
Il TG TCALT F1 AST & & .

TUNEL R &AM/ N FRAFEMBAT /b
AbBY S5, BRI 43 B H S AT, B /N GG B IR 4 T
AN T 4% 22 5 I T PR e, S sy
J£3E41T TUNEL 40, T BX51 1E B 8408 0 22 i1 41
JL 3 T A O

MpEtEF S oHE  ANE4H M HepG2 & FH
10% FBS 1 1% XUHt 1Y DMEM & K 1% 9%, 76 37 °C
5% ¥ CO, 85 7= 48 th b AT W M KG 77 . AFIEHH 1% BSA
) DMEM (= 4 3 77 5 I i) B 24 3R B 2 25 mmol- L (1)
REVR, 55 F B FH A 7] 35 772 000 8 21 AH B B2, B0 A 0
fic. HepG2 443 2H K b an F: @ IEH XA 1%
BSA ] DMEM & ¥ 55 2 M35 72 40 0 24 h; @ R
500 pmol-L™' PA AbFRAT A 24 h; G A1 2 A B b 2 2H -
100 pmol-L' % E% + 500 pmol-L- PA 3t [A] 4L B2 24 h;
@ FFIEAEEE AL 200 pmol-LFEEE + 500 pmol L
PA JLFIACEEANN24 h; © EflEraiE At #ZH: 400 umol-L!
FEEE + 500 pmol-L' PA 3t [F] 4L P40 24 h.

I LE A AR A 4B AR A T K o B AR KA
HepG2 40 i 78 1k - &, 2 Fh ) 6 LA+ (2x103 4~ 41
f/5L), TN F 37 °C 5% CO, B 776 R HEAT S 3%, #4052
BT A AL S, AR R FLAN M b5 ORI T AR R, BA
1 000 r'min B0 5 min; 504 K5, 7 1%, H PBS
S RS GRAE R 2 UK, B VR, K AR R,
B TCTRARFR B, SR 5 0N G2 by 8 4 i 25 i =2
T & A 1.0x100/> 21, B8 L 100 pL 40 B g, [5) I
BON 100 pL B, & il e 44 £ 20 min, L0450 )5,
EMLEAT R

Western blot 8| H I E HFRIAKFE AL
AR PR 5 PRI R DN RTPA 27, UK 24 30 min, 1
LRI, 4 °C 12 000 xg B0 15 min, L3590 BRI g2 EL
)24 L B T DRV, I R R . B30 pg AR PR R
14 SDS-PAGE (10% 4 B i, 5% i 4i i) Hiik 4> &5 H
R 1, B, 5% N 0k = iR 3 1 1 h, 4 BN —4t
BiP (1:1 000). PERK (1: 1 000). p-PERK (1: 1 000).
IREla (1:1 000).ATF6 (1:1 000).JNK (1:1 000).
p-JNK (1:1 000). CHOP (1: 1 000). Bcl-2 (1:1 000).
Bax (1:1 000). cleaved caspase-12 (1: 1 000) . cleaved
caspase-9 (1:1 000). cleaved caspase-3 (1.1 000) Kl
GAPDH (1:3 000) - 4 °CH¥ & i %, TBST 3% 3 ik,
A3 AN B HRP AR ic i = 4T (1:3 000) = 5% &
1 h, TBST ¥ 3 ¥k Ja, ECL & 1, fk 22 K 6 Bitg 7 by
RGIR G A%, I BandScan BU1E ) 5% 4% HEAT K
8 B AT .

Gt FE ST BT S U UL Excel #EAT 4L T
H, K FH SPSS 20.0 A #EAT Gi v 40 #, % 4 5 5
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BB+ briEZE (x £ 5) For, K GraphPad Prism 8.0 4%
fF AT 22 B, B4l K 5 R T7 %2 40 i (one-way
ANOVA), 20 [8] ¥ s 2 5 e k% H LSD, HH P < 0.05
NEREEHBASIHEERE L.

FER
1 FEEzxT HFD (X & /)5 I AS FR AT 4545 A9 520
ERANE 1 TR, 5 IR R AL/ AR L, AR 2
NEUILTE T TG TC ALT M AST & & 5.2 71, £ HFD
SECUNR BT BRI AL AR G B R, SRR T
N BT 451405 ; A R ATC S 4 E B 45 245 18 i ),
/NER ML H1 TG TCLALT #1 AST 4 8 2 2 R, S
RUE/NRATEL B B ER (P<0.058,P<0.01).
2 FEEEX HFD IR & /MR AT 4 RA T RS2
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K H TUNEL 4 o4 I A B 2 75 e 1% #0 i HFD X
BES/NEAF g T, B TWEHSA U A &
8T 0 4 MR R BR AR 1, 20 A% R IR B B 6,
Image J A 3EATSuit, 45 R a2 Frow, 1F 5 % 2 /)N
oL 4 20 B 5, R A IE I, R DL A L IR T 4 i
AR A /N BROK 2 A A A % A 1, 5 0 0k T 2E A
b, AR T 2 0 M T AR RE A ATC U5, 11
T 200 R A Y 2 /) BRI 5 PRI
3 HEEZXT HFD (R & /)RR A B R AR X | A Rk K
a0

I8 Western blot 75 v Wl 1 BE X HFD X & 5
(1) /I B 2L 23 P Joit I 82 38R 56 B 1 3Rk 7K P 1R B
SR WE 3 PR, 5 IEE A AL, HED &/ R
L4 A 5T L AR 55 22 B BiP. p-PERK/PERK .
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Effects of catalpol on serum lipid and liver damages in HFD-fed mice. A, B: Serum levels of TG and TC; C, D: Serum levels of

ALT and AST. n =8, x 5. “P < 0.01 vs control group; *P < 0.05, P < 0.01 vs HFD group. HFD: High fat diet; ATC: Atorvastatin calcium;
TG: Total glyceride; TC: Total cholesterol; ALT: Alanine aminotransferase; AST: Aspartate transaminase
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Figure 2 Effect of catalpol on hepatocytes apoptosis in HFD-fed mice (400x). A: Hepatocytes apoptosis was determined via TUNEL staining.
1: Control; 2: HFD; 3: HFD + Catalpol (100 mg-kg™"); 4: HFD + Catalpol (200 mg-kg"); 5: HFD + Catalpol (400 mg-kg"); 6: HFD + ATC
(30 mg'kg™"); B: Statistical results of TUNEL staining using Image J. “P < 0.01 vs control group; *P < 0.05, *P < 0.01 vs HFD group
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Figure 3 Effects of catalpol on hepatic endoplasmic reticulum stress-related protein expressions in HFD-fed mice. A: Representative blots
of BiP, p-PERK, PERK, IREla, and ATF6; B: Quantified expression of BiP; C: Quantified expression of p-PERK/PERK; D: Quantified
expression of IREle; E: Quantified expression of ATF6. n =3, x 5. P < 0.01 vs control group; *P < 0.05, *P < 0.01 vs HFD group. BiP:

Binding immunoglobulin protein; p-PERK: Phosphorylated PKR-like endoplasmic reticulum kinase; IREla: Inositol-requiring enzyme la;

ATF6: Activating transcription factor 6

IREla Fl ATF6 33k i 3% L (P < 0.01), £ Fl ATC
- TR 71 B R AR ARG P I SR o6 B IR R,
R A G228 L (P<0.058,P<0.01).
4 1Bz HFD X8/ R ATHXEARIEKERN
A

N T TR I RE TS 41 HFD X £ 155 5 () NAFLD
/N BROFE AH B U T, i — 2B A Wl T CHOP. p-JNK.
cleaved caspase (-12.-9 f1-3) & [ F A /KT, 45 H 40 &
4 iR, 5 IEE X IR E i, HED 106 P 5% 0/ BRI 4

A B
CHOPI

W - —— |27kD

p-JNK‘ T ——— ....’ 54 kD

Relative protein level
(fold of control)

INK‘-“---‘ 54 kD

Cleaved caspase-12 |v - Bl - o ﬁ 42 kD

Cleaved caspase-9 WS W a w ww| 37kD C 8
°
256
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S
HFD - + + + + + ~
Catalpol/mg-kg! 100 200 400 - 0

ATC30mgkg' - - - - o 4

CHOP

Cleaved
caspase-12

Z1 s CHOP. p-JNK . cleaved caspase (-12.-9 F1-3) ) &
H R IAKTE2Z FiF (P <0.01), FEEE R ATC 75 A] LA
7§ CHOP.p-JNK . cleaved caspase (-12.-9 Fl1-3) ) &
HRBKY, HEEMAMILAAF R ER (P<
0.058% P < 0.01).
5 RN N 4EEL XS PA %5 S0 HepG2 4 A
THIF

T W FURERE A 15 Re 85 H1 1) PA 5 5 1Y) HepG2 4f
IR T, SR FH R A0 R 73 i 1 % S 56 A 40 S ) T,

Control

HFD

HFD+Catalpol/100 mg*kg"
HFD+Catalpol/200 mg-kg™!
HFD+Catalpol/400 mg-kg™!
HFD+ATC/30 mg-kg™!

yoommoao

p-JNK/INK
Control

HFD
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NI I

Cleaved
caspase-3
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Figure 4 Effects of catalpol on apoptosis-related protein expressions in HFD-fed mice. A: Representative blots of CHOP, p-JNK, JNK, and
cleaved caspases (-12, -9, and -3); B: Quantified expression of CHOP and p-JNK/INK; C: Quantified expression of cleaved caspases (-12,
-9, and -3). n =3, x £ 5. P < 0.01 vs control group; *P < 0.05, P < 0.01 vs HFD group. CHOP: C/EBP homology protein; p-JNK: Phos-

phorylated c-Jun N-terminal kinase; Caspase: Cysteinyl aspartate specific proteinase



P A A I AR P T 000 L 0 ) =l A A 0 AT 00 L

1639 -

SERANPE 5 iR, PA S S HepG2 I -8 4 28.2%,
HIEFE G RAMt, BB EEER (P<0.01); 5PA
HE TR 2H A B, o T 5 A B 2L (7% £ M R 1 2 ) A R
BERK (P<0.058(P<0.01).
6 HFEEXT PAIES A HepG2 4R RE P 5 I B2 #E % &=
BRIEKFBIF

ZiRmE e, H5IEW M BAMLE, PAS S
HepG2 41 it ' BiP.p-PERK . IREla fIl ATF6 & 4 % i
HREEM, EZRBHAREAGRITFEX (P<0.01); 5PA
AR AR L, (R B I N AS B 50 & AR B T 24 h ),
HepG2 41 fitl ' BiP.p-PERK.IREla fIl ATF6 2K 4 # i
BEERIK (P<0.053 P <0.01), FHREEEINH T PA

APOPTOSIS PROFILE C

X HepG2 40 B 755 7 A5 1R P4 Joid 19 2380
7 HEEEX PAIBESH HepG2 AVATHAEHRIA
7K B9 F ]

gi LW E 7 B, 5 OE 6 R ZH A B, PA Ab B
HepG2 41l g 5 £ CHOP. p-JNK . cleaved caspase (-12.
-9 F1-3) 5 H FRIE K LA AR P4 T2 8 H Bax K1k 7K
EH, SUH TS E A Bel-2 RIEKF T, ZRAAES
TR S (P < 0.01); AIAAS [ 7 ) FE B 5 PA (7] It
AbEE HepG2 A il 24 h &, AU ZE N T PAE
HepG2 4l it + CHOP. p-JNK . cleaved caspase (-12+-9
H1-3) PA S AR T Bax ) £ R IE 7K, 1 H 22 B
THUAT Bel-2 (R FARIE (P<0.058( P <0.01), HE

A 4 APOPTOSIS PROFILE B APOPTOSIS PROFILE
Dead Late Apop./Dead Dead Late Apop./Dead Dead Late Apop./Dead
7.80% 7.10% 540 % 116.90 % 7.80% 11.90 %

34 34 34 :

S = z

2 5] = =

o o 27 o 24

< e -

> > =

14 14 14 S
0.50 % : 1.30% 68.90 %: 1.40%
0 B Early Apop. 0 Live : Early Apop. 0 Live i Early Apop.
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Live ANNEXIN V  Apoptotic Live ANNEXINV  Apoptotic Live ANNEXINV  Agoptotic
Control PA PA+Catalpol/100 pmol-L™!
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