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Activity and mechanism of palbinone against hepatic
fibrosis and inflammation
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Abstract: The study aims to investigate the anti-hepatic fibrosis and anti-inflammatory activities of palbinone,
and to explore the internal regulatory mechanism, so as to lay an active foundation for its development as an anti-
non-alcoholic steatohepatitis (NASH) candidate. First, sulforhodamine B (SRB) method was used to detect the
effect of palbinone on the proliferation of human hepatic stellate cells LX-2 and rat hepatic stellate cells HSC-T6.
Following, in the in vitro hepatic fibrosis cell model that activated by transforming growth factor beta 1 (TGF-41),
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quantitative real-time PCR (qRT-PCR) and Western blot were used to detect the inhibitory effect of different con-
centrations of palbinone on the transcription level and protein expression level of hepatic fibrosis markers. And the
regulating mechanism of palbinone on fibrosis-related genes was analyzed at the same time. In addition, in the
inflammatory cell model that induced by lipopolysaccharide (LPS) and nigericin, ELISA was used to detect the
effect of palbinone on the released interleukin-15 (IL-1f) level. At the same time, Western blot was used to detect
the effect of palbinone on the related proteins of inflammatory pathway. The results showed that palbinone could
significantly inhibit the proliferation activity of LX-2 and HSC-T6, and their half maximal inhibitory concentration
(IC,,) values were (375.11 + 55.45) and (260.27 + 36.81) nmol-L", respectively. In addition, palbinone showed a
dose-dependent inhibitory effect on the expression levels of TGF-f1-induced fibrosis-related genes, including colla-
gen type I o 1 (COL1A1), TGF-f1, a-smooth muscle actin (¢-SMA) and tissue inhibitor of metalloproteinase 1
(TIMP1). Mechanism study showed that palbinone may decrease the expression level of Yes-associated protein
(YAP), thereby weakening its activation effect on the downstream fibrosis pathway. In addition, palbinone also
exerted an anti-inflammatory effect by inhibiting the activity of nuclear factor kappa-B (NF-xB) signaling pathway
and reducing inflammatory factors cysteinyl aspartate specific proteinase-1 (caspase-1) and IL-1p release. In con-
clusion, palbinone can not only inhibit the proliferation and activation of hepatic stellate cells by inhibiting the
expression of YAP, but also inhibit the expression and release of inflammatory factors at the same time. All these
studies provide theoretical support for the development of palbinone as an anti-nonalcoholic steatohepatitis drug.
Key words: hepatic fibrosis; inflammation; palbinone; Yes-associated protein; nuclear factor kappa-B
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Figure 1 Chemical structure of palbinone (PB)

MRS 7%
M s EZRXH  AFFERAE LX-2 KB 2

RH N HSC-T6 M LR 41 i THP-1 30 5 b 5 A
(2 27 e o il 2 e 2000 L 93 050+ o5 AT 24 IR A A o )
Eig W MR A AR IR A 7], DMEM #5975
FVBEH 2 W H 22 B Hyclone 23 /)5 B2 13 14 H A6 5L
B A R B A ) 5 4 DY A A KR - B
(transforming growth factor beta 1, TGF-f1) # caspase-
1 PRI E EE R & DA A @EEES £ B (sulforho-
damine B, SRB) 14 H 3 [H Sigma /A 7 ; # 441X 7 lipo-
fectamine 2000 Fl Trizol & H 3% E Invitrogen A #] ;
Taqman R 41 4 H 3% [ Applied Biosystem 2> & ; i 4&
YAP.CYR61 . survivin. < J& & A B 41 2440 ] 5] 7 1
(tissue inhibitor of metalloproteinase 1, TIMP1).IL-1/5.
1 B 4K p65 (p-p65)~ NLRP3 1 3- 1 & H il % it &
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
4 F 3% [ Cell Signaling Technology /A @ ; 1A a-SMA .
COL1A1.TGF-B1 14 H 3 [H Abnova 2 7] ; BAR it 1k
YIg (HRP) dxic I 5008 5 AL 5 h A2 S A HOR
A PR 5 4625 R % HRP R A6 B 5% [ Millipore 24
Al A IL-18 ELISA 55 & B Qi L 4= 4 T4
BHIRAA .

MWAasET A ERIE R LX-2 & 10% fih 2k
1575 i) DMEM/GlutaM AX 15 3% 3 5 9%, K BT 2L IR 41
Ji8 % HSC-T6 Hl & 10% fif /- L35 ) DMEM 15 77 4 15
75, NEWESN A THP-1 FH & 10% fifi 4 137 ¥) RPMI1640
IR IR . P AN IR R NN 1% 5 5 R A
BB R, AT 37 °C.5% CO, I 7= Fa h 15 9%

WA EAME KA AT 96 FLak Y, 2
2x10° AN/, B R4 T 86 FE IR FE (251501100200,
400,800 nmol-L™") 111k & 4 PB 4b 2 24 h, 1 J5 24T
SRB Ge a3 #r. ] LI 77 0 #2014 g el o
50% =% LM (trichloroacetic acid, TCA) [l %€ id 7%, 2%
T K eI T S NN SRB (0.4%) Bt 15~30 min.
TR (1%) BT J5 N Tris (10 mmol-L™, pH 10.5)
TR, BEAR OO 5E 490 nm AL ROE FEAE (4). RIEZY
LA R, A BN HIE (half maximal inhibi-
tory concentration, IC,)-

SR % 3¢ & 2 PCR (quantitative real-time PCR,

qRT-PCR) K410 LAZ) 4x10°N/FLI % B RN T 6 5L
PR, 1 50K I B R B A TE L7 R IR AR LT 24 h,
FE4 T B KR (25.50100.200.400+ 800 nmol-L™")
4% & %0 PB 1E H 24 h, 25 25 1) [R] B n N\ TGF- g1
(2 ngmL") %55 . WS4, H Trizol 42 HU 4H i &
RNA, %X J& NucleoSpin RNA Clean-up i 7] & 8k 417 46
th o H¢ )i K H Taqman J5 1533847 SE 9% 6 52 & PCR, %%
1 4: 95 °CHiAE 1 5 min; 95 °C 155, 60 °C 30 s, 35354
G ¥ o Taqman $R &1 785 : COLIAI (Hs01076775 gl);
TGFBI (Hs00171257 ml); ACTA2 (Hs00909449 ml);
TIMPI (Hs01092512_gl); GAPDH (Hs99999905 m1).

Western blot 15 411 it LA £ 4x10° A~/ FL 0 %5 JiE #52
BT 6 FLAR P, 1B RE IR AR TC LG R 7R 3 111K 24 h,
T 45 T 86 B W FE (2545041004200 400+ 800 nmol-L™)
4k & % PB /E F 24 h, 45 25 (¥ [F) B in A\ TGF- g1
(2ngmL") FF. WHEL M, A RIPA & #E K, /£
4 °C%&1F K 4% 30 min, SR J5 4 °C.12 000 r-min™ 2.0
10 min. W4 FiE W, W€ & A & =, F k1T SDS-
PAGE Bt UK« #5756 H & B 3% #% 2] PVDF Jii
b, T SR BRAE 5% IR @k ) TBS-T & i 2 1 he
BEJE N —PL, 4 °CHF B, —hiE AljE T R0,

RERBFEMIL-1pFEENE AR
W FE A 50 ng-mL™" Yk i (phorbol 12-myristate 13-
acetate, PMA) | ¥ THP-1 40 it 24~48 h J5, it \ PB
(50 A1 100 nmol-L™") 4 ¥ 4 h, It A\ 1 pg-mL" fi§ % B
(lipopolysaccharide, LPS) &b 2 3 h J5, & 4 4 TG IfiL G 5%
FREE, FEINN S pmol L' JE HFJE 5 & (nigericin) &b 2
30 min. AL I 5 IR 20 43 PR 8 43, — 8o USCAR 4 i
| R R il 2 R W, Western blot £ 1) H Y 25 1 B 22
ik 5o AR B S A A BT, 10 000 xg 4 °C
B9.0 5 min, B I W% I8 ELISA 77 & U B 5k
17 (EK0392), Jf R 4 b 4 it 34¢ 5 AT G J5 2% 1) e v iy
25, AR o T E AR S P IL- 18 R

GitFEHZE WALKEDEE 3K, G HdE
K H SPSS22.0 4 Ak #, 25 LA EL + bRl iR (x +
SEM) 7w, 20 18] HL 35 R F 9 IR 3R 5 22 73 1T (one-way
ANOVA), % 5 FL 5 5% H Tukey £ 58, PA P < 0.05 %R

S AEBBEEG R

Z#HR
1 A ZEHSIRT 2K AR IE5ETE

AT I B S AT T A AW PB T AT £F 410 41 1%
BT P S0 1) 2% %2, E LX-2 1 HSC-T6 % Fh 2 1R 2 ity
W AT ARFEKE (25.50.100.200.400.800 nmol-L™)
AT 25 —TAE 24 he SIS 45 R 2R, PB7E B FP 41 i



- 374 - 2% % Acta Pharmaceutica Sinica 2023, 58(2): 371-376

Hh 35 R DL B S50 o A4 B 3 B T, 1G85 R
(375.11 + 55.45 nmol-L™") Fl (260.27 + 36.81 nmol-L")
(EI2AB). B 7e4s BEU0H, 2524 —Fd v] LA HSC /)
WHEE 71, BB A 4e1b i idk A .

of HSC-T6
o o o
L] £ N

The inhibition rate
The inhibition rate =

& o ¢
> S - §

(I) 2‘5 5'0 ](I)O 2(I)0 4(I)0 8(’)0
PB/nmol-L!

0 25 50 100 200 400 800
PB/nmol-1."
Figure 2 PB inhibited the proliferation activity of hepatic stellate
cells. Cells were treated with the indicated concentrations (25, 50,
100, 200, 400, 800 nmol-L™") of PB for 24 h, and cell proliferation
activity was measured using sulforhodamine B (SRB) assay. A:

LX-2;B: HSC-T6.n=3,x+SEM. "P<0.05, "P<0.01 vs 0 nmol-L"
PB group
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Figure 4 PB decreased the expression of Yes-associated protein
(YAP). Cells were starved without FBS for 24 h, followed by treat-
ment with or without the indicated concentrations of PB and TGF-f1
(2 ng'mL™") for another 24 h. Western blot analysis of YAP, cysteine-
rich protein 61 (CYR61), and survivin protein expressions, and

GAPDH served as the internal control. A: LX-2; B: HSC-T6
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Figure 3 PB inhibited the activation of hepatic stellate cells. LX-2 or HSC-T6 cells were starved without fetal bovine serum (FBS) for 24 h,
followed by treatment with or without the indicated concentrations of PB and transforming growth factor beta 1 (TGF-$1, 2 ng-mL") for
another 24 h. Western blot analysis of collagen type I a 1 (COL1A1), TGF-f1, a-smooth muscle actin («-SMA), and tissue inhibitor of
metalloproteinase 1 (TIMP1) protein expressions, where glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as the internal control.
A: LX-2; B: HSC-T6; C: Quantitative real-time PCR (qRT-PCR) analysis of COLIA1, TGFB1, ACTA2 (encode a-SMA), and TIMPI mRNA
levels in LX-2 cells, where the values were expressed as the mean = SEM and GAPDH served as the internal control. n = 3, x £ SEM. 'P <

0.05, "P < 0.01 vs control group; “P < 0.05, P < 0.01 vs TGF-f1 group
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Figure 5 The inhibitory effects of PB on inflammatory pathway.
Phorbol 12-myristate 13-acetate (PMA)-stimulated THP1 cells were
pre-treated with 50 or 100 nmol-L" PB for 4 h, then lipopolysac-
charide (LPS) (I pg'mL") was added for 3 h and the whole
medium was changed without FBS lastly. After that, nigericin
(5 pmol-L™") stimulation was put on for another 30 min. Following,
the cell supernant and whole cell lysis (WCL) were all collected.
A: Part of the cell supernant was precipitated by acetone and up
against SDS-PAGE for the analysis of pro-caspase-1, caspase-1,
pro-interleukin-14 (pro-IL-1p) and IL-15. The WCL was analyzed
for the expressions of pro-IL-15, p-p65, pro-caspase-1 and NOD-
like receptor thermal protein domain associated protein 3 (NLRP3),
and GAPDH served as the internal control; B: Another part of the
cell supernant was analyzed for the level of excretory IL-15 using
the detection kit. n = 3, x + SEM. “P < 0.01 vs control group;
*P < 0.05 vs (LPS+Nigericin) group
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REMIIGOL N, BER PRI B T DhRe . T KRERATZ
TR HE LIRS, A URAZE H AT B 7T R AR AR A A
AR A, D B A IR BEAR TS PR AL . (RARHRE SR
P23 100 nmol-L™ A7 24 i 5t v] AR & 1 4170 ] £F 44k
MR SE S A FE bR, A B AT 50 NASH G VEE 1S AR
KAk LR N HUBIF T

R, AR FCUESE T RIRF= AT 25 — i i 4k - 41
JH 48 A A FT 98 75 Y, D 4 4 4k BB 5 R NASH £ i
T il B it 7 — PR T T R . B ORAIR
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TRV A 0 i kT 245 — I R e A BILIR, K B PB
NG FYNHEAT RPN GG, DA DL P S A ki,
RG] R Je R R TURT 41 24 A B4 NASH ik ik
YhaR SR i diE, B H AT U 2T 44k & TN ASH 4t
L PR I BIR o

{EE TTK: 2= 5B 80 00 5T 58 RO S S IR F 7T 00 2 R A BT

B KA A F I B AR AT $ 500 A SR SE 36 BT IS
BT IR T SRER A 5T SE B S R S S B He S T
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