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Effects of Isodon ternifolius extract on TLR4/NF-kB/NLRP3 pathway in hepatic stellate cells and
hepatocytes
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ABSTRACT OBJECTIVE To investigate the effects of Isodon ternifolius extract on Toll-like receptor 4 (TLR4 )/nuclear factor-
kB (NF-kB)/NOD-like receptor protein 3 (NLRP3) pathway in hepatic stellate cells and hepatocytes. METHODS Using primary
hepatic stellate cells and primary hepatocytes of rats as subjects, inflammatory injury model was induced by lipopolysaccharide
(LPS, 100 ng/mL). Using colchicine (1 pmol/L) as positive control and TLR4 inhibitor (TAK-242, 1 pmol/L) as reference, the
contents of transforming growth factor-B, (TGF-B.), a-smooth muscle actin (a-SMA), type 1 collagen (COL-1 ), COL-II in the
supernatant of hepatic stellate cells, and the contents of alanine aminotransferase (ALT) , aspartate aminotransferase (AST) ,
interleukin-18  (IL-1B)
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hepatocytes were detected after intervention with I fernifolius
extract (1 mg/mL). The mRNA expressions of TLR4, inhibitor
of NF-kB (IkBa), NF-kB p65, NLRP3, Gasdermin D
(GSDMD) , apoptosis-associated speck-like protein containing
CARD (ASC) and TLR4,
phosphorylated IkBa (p-IkBa), NF-kB p65, NLRP3,

protein  expressions  of
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GSDMD, ASC in the above cells were determined. RESULTS Compared with LPS model group, the contents of TGF-B:, a-SMA,
COL- I and COL-1II in the supernatant of hepatic stellate cells and the contents of ALT, AST, IL-1f8 and IL-18 in the supernatant
of hepatocytes were significantly decreased; the mRNA expressions of TLR4, NF-kB p65, NLRP3, GSDMD, ASC and the
protein expressions of TLR4, p-IkBa, NF-kB p65, NLRP3, GSDMD, ASC in the two kinds of cells were significantly down-

regulated, and the mRNA expression of IkBa was significantly up-regulated in all administration groups (P<<0.05). Compared

with TLR4 inhibitor group, the improvement of most of above indexes was more significant in the TLR4 inhibitor+/. ternifolius
extract group (P<<0.05). CONCLUTIONS 1. fernifolius extract could inhibit the activation of TLR4/NF-«B/NLRP3 pathway,

reduce the release of fibrosis factors and inflammatory factors, alleviate the inflammatory injury of liver cells, and inhibit the

activation of hepatic stellate cells, so as to protect liver cells and resist liver fibrosis.

KEYWORDS Isodon ternifolius extract; hepatic stellate cells; hepatocytes; TLR4/NF-«kB/NLRP3 pathway; hepatic fibrosis;

inflammatory reaction

=M F A3 Isodon ternifolius (D.Don)Kudo H &
BHEY) , X4 20t 2835, W FH TR )7 e XU i i
& A J5 R AT Tl R IG T 248 IR At
TR, =35 QI B DR BRI , L
F LA R HOR R MR R R Y, AR K
W, =M FRERN ZROREEARRE R L5 Al b/ BB 5
20l RAW264.7 B S P04, FT BE SR H 25580 2 —s
S SEER R, = A A SRR IR U S AL B BOR BUF&F
44k (hepatic fibrosis, HF) F£E , T 1 Toll #5214 4 (Toll-
like receptor 4, TLR4) &K -F kB (nuclear factor-«B,
NF-«kB) | %% /2 £k # [ -7 «B 411 #ll #& F (phosphorylated
inhibitor of NF-«B, p-IkB) \NOD # % {& & [1 3 (NOD-
like receptor protein 3, NLRP3) (i &3ik , 1/ AL/~ K
1B (interleukin-18, IL-1B) .IL-18 . IL-6 . il J&i R 3E X 1 o
(tumor necrosis factor-a, TNF-a) 45 98 iE K T BB, 42
715 HEAT 38 3 40 5] TLR4/NF-kB/NLRP3 38 % 3 i 4% K B
R YE® G, NI ZHEPTHFAER" ", AFs4s i,
NLRP3 RAE/IMART 5 HF AN MEAE T, H T AE 40 M S i
AR MR, DT S I AR A, (175 1IL-18 .- F
W WLWLBh 2 H (-smooth muscle actin, a-SMA ) 43+ [
], R0 E HEF™, P25 JH- 2 R 40 B R 448 B T ) B 1Y)
SRS AE HF 1) & il B rh R4 T 2/, BT
W, AT 40 A P S 38 1 R il |, LA TLR4/NF-kB/
NLRP3 3 i AT S, 80 = 5 A3 SE U i 2R
S A2 0 20, 2E— 248 s Hobt HF /9 50F AL

1
1.1 FEE{ES

AHIFFE T AL B AL CC-170T-8 Bl = K5 9546
CGHrind ESCO /A ] ) | FilterMax F3 %4 £ W BEBHAR X [ 36
B TFALES (1) 2 T FC-1100 B R A% B A YL
(B E FE AR A BRAF]) L AriaMx B SEH R4 il
S i (real-time PCR) % %t ( 3% [& Agilent /A 7] ) . Tanon

TEZED 202245 33 5 20 1

5200 BUBEIE R R G0 (1 RBERHE A FRA 7D 45
12 FEHRBSIKA

SRS (1520190501, 77 4P ) T 2019
AE10 H I H T VIR 2R A BRA R, B )P R 2y
K22 MY F O = R T T B N BT RHE Y
=ML ternifolius(D.Don)Kudo B FHEARZE

TAK-242 % B8 i (TLR4 BHWr 7] , 41t 5 SML0832, 4l
FE =98%) kKAl Bt CBRAX B, #tE45- C3915, 41
i =95%) ¥ B 3 [ Sigma 2~ 7] 5 J§ £ 8% (LPS, #it 5
L8880) . MTT 4l fitd 34 5 J 7 4 & M 1t 77) & (it 5
M1020) ¥ [ Jb 5t 23 B RHE A IR A A ECL A2 &
FEIRY) (L5 BLE23A) W [ Jb o 22 AR RHEE A R 7 5
IL-18.IL-18, I BRI AR 1 (type 1 collagen, COL-1 ).
COL-1I . N & R % A (ALT) . K AR R 5% % I (AST)
it 5B S0, %8 W JMF I 2 (ELISA) i 7 & (Ht 5 2 5 ok
JYMO0419Ra, JYMO0650Ra, JYMO0413Ra, JYMO811Ra,
JYMO722Ra . JYMO0994Ra) ¥ 14 |7 2703 X 56 A W 4
A BR A A o -SMA | % 4k A= K H F B (transforming
growth factor-B:, TGF-B,) ELISA i 7 & (It 5 43 5 N
ml038078 ., ml1002856 ) ¥4I [ I Vi3 ik 2 My BB AT BR 2
T ; %l TLR4 . NF-kB p65 .NLRP3 . Gasdermin D(GSDMD) .
8 T FH A0 25 11 (apoptosis-associated speck-like pro-
tein containing CARD, ASC) .B- L34 H (B-actin) B 57
G B AR (HE 5 43 91 N abl13867 ., ab76302 . ab263899 .
ab219800,ab180799 ,ab8227 ) FI AR i E AL Wy b i 1Y
LW EHT A 1gG 40 (35 ab6721) B [ 3 [ Abcam 2>
Al U p-IkBo HL 3T BT (FiE-5 28598 ) I F 3£ [E] CST
OS] s HAR T E R S0 AR, K oK .
1.3 Esh¥ 54k

SPF itk SD KRR, M BT 4 180~200 g, 4 H i
TR SR I S A FRA B, s A eV SR
SCXK (i)2019-0004, Fr A s T v R 24
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2.1 EMEFXRFREMNH &

WU i = 25RO, I 10 £ 27K 32 94 30 min,
AW 60 min, HZ A L 08, AR IR W . AL EE R 4R 1 3
WA IFUEW, N 95% & B {2, st de ZAR TR B0k
T0%, B, #'E 24 h)5 , IR R WA IE R, a1k 2
AR E (1 gRBEHY TAELA20g) B, 1
8 HI DMEM (e 4 5% % B R, 2 DB BR 81 /o T4 g
2.2 KRERFERMAMNE FERFABNDE

Z: Bk 5 A I i , A 3 T ) G 2 kR
TEREALTE AL, B BERR R B 043 B, FRAE MR TR o
SMA 258 H e o Ik S, AR AR SRR BLIR 40 L
S BRHE ST v, MU ik A R DAL R AL T v
UG AR B0 43 88, DU A A 26 11 18 ek
2RISR AR IRAC AN . TR A0 M e o
FRHE[F 10% 54 07 75 557 2= ALY DMEM = i
FdE TR, 7E 37 °C 5% CO. 4 F R (R A .

2.3 =MELFIREU X BT 2 Ik 40 A R BT 40 B 18 5E 5
iy 46 0

B B2 DR 240 sk P 40 5 2, 942 6 X 10" 4~/mL
FEFRF 96 FLAR T, 23 FHAS [ o et v 1 — b A4
BT ORI HE . 0.2.0.4.1.2.4 mg/mL, T4 0.1,
0.5.1.1.5.2.5 mg/mL, ¥4 25 51+ (R [A]) , Joi vk
ZHE SIS R BCE T, IR A S A A
XFHRYL . 53R 24 hgE , BALINA 5 mg/mL ) MTT i 5
20 WL, 4kEE15535 4 he il FHERHR (T 570 nm i AR
AL RE , ST A ] AR (A R = (25 XS
HECZH WO B — S350 20 MR ) /23 1 R R A IO B X
100961 R BEMHIR BE (1Cs0) o 43 BRI % 3N R AL,
WS 3,

24 RS HES R

W T AR B2 0K A0 A A e A AR 3% 9% 2 Bk
KW G, 4828 EO0 R LPS A Y 2 Bk K il i ( 1
pmol/L) 41 | = -7 245 S 4R B (1 mg/mL, it i W i 2
% “2.37 W T 1Cs 1% B ) 41 . TLR4 FH W 7] (TAK-242,
1 pmol/L) £H i1 TLR4 BH Wi 38 + = it & 25 S 2 e (1
pmol/L+1 mg/mL) 4 , B 3 fL. 25 FX 2 41
FIANATC LPS By 58 424 95, 1557 24 h; LPS A AL ZH 41 ifg
JA T LPS (100 ng/mL) 1Y 58 @35 57 5L, 15 9% 24 h; & 24
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Py 2L 240 B 2 P 5 R L 245 40 8 L DRI 7] ) 8 4 B o R R R
24 hJ5 , P& LPS B9 58 2 15 R FE 15 9% 24 ho LPS,
TLR4 FROKANGR A S5 2 R 5 2 25 A DG SR i
2.5 FEARE
251 LFHEHETMRAERF & WS W
7, LA 2 000~3 000 r/min 5.0 20 min, Y55 7, K H
ELISA 3 LAGEFRAY T 570 num I8 K A0 4G T T B 0K 40 |
1 H a-SMA . TGF-B,.COL- I .COL- I & & A1 AT 41
it W ALT L AST IL-1B . IL-18 [ {54 .
2.5.2  TLR4/NF-«kB/NLRP3 ifi f A 56 3L Fe3k R
real-time PCR y&ZEAT R o ACHE 4% 2H 4 it - 42 HUCHS
RNA, FRE S 5, B 5 RNA 1955 5% i cDNA, Bifi i
AT PCRY M . PCR A& R AL4E : cDNABMR 1 pL.
SYBR Premix Ex Taq(Ti RNaseH plus)7.5 pL. I/ Fii#5|
Y45 0.6 wL.ddH:0 5.3 wL, PCR I &4 K - 95 °C T
P 30 5595 °CZEME5 5,60 °CiB & 105,72 °CHEH130 s,
FLHER 40K . W EE R G , LA B-actin E N N £, % H
27N HARSE I mRNA i 3k 8, 3 LA2s B0 IR
HAE NS I TR A2 H AR mRNA A AHX Rk 7t
SR HAE 3. A IR E A A TR () et
ABRA R B A BT S W 1,

#1 TLRAZEHHRERMSIMFEINR=IKE

FrH A -3 FEYH E fop

TLR4 |4 GAGGCAGCAGGTCGAATTGT 86
i : AGAAGATGTGCCTCCCCAGA

IkBa 4i#: AGACTCGTTCCTGCACTTGG 94
T GTTGAGGAAGGCCAGGTCTC

NF-kB p6S |44 TGAACTTGTGGGGAAGGACT 113
Fii#:GGTCTCGCTTCTTCACACACT

NLRP Fi##:CCTGGATTTCTGCTAACGCC 131
T TTCATCAGCACCTCTTGCGA

GSDMD |4##:CAGAACCAGTGTCTGGCAGT 76
Vil ATCTCCCAGGTCTGCTGAGT

ASC i#: GAGGCCTTGAGGCAAACACA il
i TAGCTGGAAAAGATACCTCAGCTC

Bractin [4i#: CGTAAAGACCTCTATGCCAACA 136

Vi TAGGAGCCAGGGCAGTAATC

2.5.3 TLR4/NF-«B/NLRP3 i fH G HE A #iE KA
Western blot 7 AT . WA 45 L 40t , 246 ) 212K
412 000 r/min #5.0> 5 min, B_EVEW . R BCA LA
MR BE S, I buffer & 5 JF T 100 °CF 224 10 min,
TBUZAE P B R AT T e R T M - R R s T e 5 Ak P Uk
I3 B I8 2 SR A 9 S R L, FH 5% IR W4 3 Pl
1 h, i A TLR4, p-IkBa ,NF-kB p65 ,NLRP3,GSDMD ,
ASC B-actin—Pi (FiBEEE R 1:1 000), T4 °)CFIFE
1% 5 JH TBST IS WE BE 15 min X 3K, AR —Hi (7
FEPE A 1:4 000), F 37 °C R 90 min, DL ECL fk2%
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RICIRY B AOJ5 , BT8R SR R G GG Il
JH Image J 1.53 e #4750 0r , L HAREE I S NS H
MK A L R BRI KRB K, LR E
3.
2.6 HitEFE

K HISPSS 26.0 BAF X B ST GE 53 Hr . £ di Y
PLx s, 240 R F SR R 07 25007, 40181 M
P L BCR NI LDS-e ka4 o A K i 0=0.05,
3 H#R
3.1 =MEZFFRIWXT 2 F4H S 5E A =20

BE A = A5 S PRI o vk B 3 o, B R 4
JHL 0 FEF 200 P 8 40 ) 23R 2 2R S B ALK, U X bk 2
TR ALY ICs0 73514 1.66 . 1.88 mg/mL, PRI, ZEAN S
20 LK HE O TR R ASBIFSE Y% | mg/mL (e i
WERETR  IZ AR U X 2 o 440 it ) 348 40 w500 ) 249 R
65% . 71% ) VE A i 22 5250 v = M 75 25 SE 3 B ) 1 T
32 =MEFXENW 2 EFERPFERTF
MRERFSER RN

525 {0 IR A, LPS B 4 B R i e [ V5 R
H1 TGF-B1.a-SMA .COL- I \COL- I % = F1 4 L3
Wt ALT., AST. IL-1B8. IL-18 & i ) W & F+ & (P<
0.05) ; 5 LPS BB LA, £ 25 W 24 ik Febn & i 4
FREAR(P<0.05) . 5 TLR4 BHWi 7140 o4, TLR4 BHWT
F+ = i 7 25 S48 B 40 40 D T WP TGE-B) . a-
SMA . COL- Il 11 ALT ,AST . IL-1B . IL-18 7t 2 i 3 [
IR (P<<0.05) ; T = M- F A HE U 4]k FE4r 5 TLR4
BELIT ) 20 LL 8%, 22 3 TR G it 24 5 L (P>0.05) . 4%

W22,
3.3 =MEFFIREYT 2 F 4 A - TLR4/NF-«B/
NLRP3 i B8 % B F &5 B

528 (O B2 H i, LPS AR AR 21 I LR 40 A0 40
Jiti F TLR4 . NF-kB p65,NLRP3, GSDMD , ASC mRNA
Bk 8% M (P<0.05),IkBa mRNA f)# ik E
FE T (P<0.05). 5 LPSHAIL LA, £ 254 2 Fha
Jiti fF TLR4 . NF-kB p65,NLRP3,GSDMD , ASC mRNA
B F k1 % R (P<0.05) , IkBa mRNA [ # ik i
# EiH(P<0.05) . 5 TLR4 BHWi#I4H Ho 4z, TLR4 BHWT
Fl+ = - T S SR B 40 2 Fh 40 M f TLR4 \NF-kB p65 .
NLRP3,GSDMD,ASC mRNA fit 3152 i & F# (P<
0.05) , IkBa mRNA B3R5 8 2 14 (P<<0.05) ; 1 —
WA A SRR U 4 1 iR 845 5 TLR4 BB 4 b, 22
S TG FE L (P>0.05), 48RS,
34 =MEFRFRIYS 2 # 4 A B TLR4/NF-«B/
NLRP3 & HHEXEQRIEWNZIN

525 PO IR AH LU, LPS AR 20 I B2 R 440 i A0 H- 4
Jiti 1 TLR4 . p-IkBa . NF-kB p65 . NLRP3 . GSDMD . ASC
M RBIKF 3 2 T8 (P<0.05) . 5 LPSHCAYZ
FLA, 25 2520 2 A b LR B i R IR KO B
FEAR(P<<0.05). 5 TLR4 BHWI4L HL4, TLR4 BELIB7I+
=M FELSCSEAR B A 2 Fh A0 R TLR4  p-IkBo (AT E2IR
A48 ) \NF-kB p65 . NLRP3 . GSDMD ., ASC %5 [1 1
FEIRIK -1 B3 AR (P<<0.05) 5 T = M- 45 S 4R B
4 LAY bR 5 TLRA BHIWT R 4L b, 2 R Lg% =
X(P>0.05), Z5HRIFK4 K1,

R2 ZHEZFRIY 2 MMM EERPFERFRRERFESENZE(x£s,n=3)
0 JERA i
. TGF-B,/(ng/mL) a-SMA/(pgmL)  COL-I/(ngmL)  COL-Il/(pgmL) ALT/(pg/mL) AST/(ng/mL) 1L-13/(pg/mL) IL-18/(pg/mL)
7 FIRTERAL 408051 638+142 1584025 266.88£37.12 635,89+ 126,58 1254028 681129 33471496
LPS fiERIZ BAIE4SY 68,18+ 14.11° 501098 671.71£93.79° 2306.14:+369.98° 526%0.89° 26204455 92,86+ 14.04*
okl 14382267 30641884 3461055 47675 64.00° 1553.16:+262.80° 346£061° 17.16+2.89° 0483931
=AU 12.02+188° 30651645 3.094044° 4349215682 1375394212.38" 305£051° 15.26+2.79° 57874853
TLRA[ITHI4 1119152 30041500 2831038 430,081 55.59° 132668+ 186.49° 2924045 1483£2.65° 57136£7.72
TLRAFRIT A+ =1 A4l 047105 14634311 2104022 208.57£4267 879,14+ 138.04* 1854032 8411185 3803617
a: 525 XTI A, P<<0.05;b: SLPSHEIAIL 4, P<<0.05;c: STLRAFHIEIAL L, P<<0.05
K3 =HEZFEIR 2 FZAR 5 TLR4/NF-«B/NLRP3 @ B EEF R EZHZM (x +5,n=3)
0 FFERANE T
b TLR4mRNA IkBa mRNA NF-kB p65 mRNA NLRP3 mRNA GSDMD mRNA ASCmRNA  TLR4mRNA IkBamRNA NF-kB p6SmRNA NLRP3RNA GSDMDmRNA ASC mRNA
7S AL 1014016 1012008 LOL£0.02  LOI£0M8  L02£018  LOL£0A5  LOL£0.3  101£014 10101 1012016 LOI£017  LO1£0.17
LPS R4 SAUE067 069009 4964053  S54x044  S3SE0T00 492072 54054 063E007 507059 A95H054  S66+056 514054
Hokligat 2971048 LITZ016 2694034 37240490 3661048 23120300 315:051° 097£016°  293£048  308%032 3770440 333067
BUED S 3008035 LISTOI7 24240300 3533063 3451048  239£034€  320£041° 099£017°  299£051  292£036  347+050° 327047
TLRATIL 3004038 LIZEOIT 2454031 340£042° 348043 236£035  333£049° L00£017  304£053 300045 3584043 311046
TLRAFUE =B REA 0972018 1784023 105:0.05  102£0.18%  LO7H016%  1.03£020% LIA0IT* 1902027  LOS0I7%  LI3EOAT™  104£015%  1.08+0.18*
a: 525 XTI b4, P<<0.05;b: SLPSHIAIL L4, P<<0.05;c: S TLRAFHIKIZL L, P<<0.05
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=4

EMELFEIYXT 2 F LA TLRA/NF-k B/NLRP3 B E O RIEMN MM (x +5,n=3)

i FFELRAE Ligtlic

TLR4 plkBa  NEkBpeS  NLRP3 GSDMD ASC TLR4 plkBa  NFkBp65  NLRP3 GSDMD ASC
7S R 0381006 0724010 0402008 096016  058+011  040£0.00  070£0.12  054£009 0252005  050£010  035£006  047£0.09
LPS fiAIZH 1374024 1512024 1534027 2191046 142026 L16£024 16310308 L1605  L02£018  122£028 0974019  LO3£0.10°
okl 0044017 LI2£019  096+0.13 13720200  087£0.17 071018 096+02%  076£0.10°  054+0.11° 078016  055£020° 068008
SRR 0921016 105101 0912013 1274027 084%018  073£016°  LI£026  080£0.10° 071£014°  080£0.05  0.68£0.18  072£0.11°
TLRAFLHIA 091£0.12°  098+015"  093£001° 1262029  083+016° 0631012  LIE0IS 07420000 0732016  078+0.12° 0642013  0.68£0.10°
TLRABIBTAH =HARFRIRAA 0542010 0754009  044£006% 0762012 0412008 0342005  061£012% 0532009 0291005  049£0.10%  034£005>  038£0.05

a: 545 (AN BRZH A, P<<0.05;b: SLPSHUZ A, P<<0.05;c: S5 TLRABHW AL F 4, P<<0.05

TLR4 [ »

e e EUSS
pIcBe [N [— e o o o | 10 kDa
W - | 65kDa
NF-kB 65 [ A ——— |-----‘-1118kDa

GSDMD | s - - [ | == o> o - [ 53 kD2

NLRPS [ e o v s = | |

ASC [ == e s o o | [ - - ——— | 22 kDa

Practin [ ————— ] [ - o - - | 2 D:

A B C D E F A B C D E F
UiRNt0) i yich

A 2SN IR s B LPS BRI 5 C RO s D - =M 25 341
IRV 5 E - TLRA BHWTI4H ; F : TLRA BT+ = -7 25 S e 41
1 =M EFFRIY AT 2 Fh 40 i f TLR4/NF-«B/
NLRP3 i #1055 & B R i& 22N FE ik E

4 g

AWFFEAERT I S ) S i Bl |, SR FH AT 2R
2 e R D A A L A T AR SR S, 9 = T SR AR
Y%t TLR4/NF-«B/NLRP3 38 # (1 520, LAt — 24578 L
PUHF (70 FHL o BFFERBT, FA AR 40 A 40 e e
A TSGR JHF FFE R P 458 B 5 Wil HLF ) 3 %, 400 L3
O ) b B b WS 38 5 5 M AR A A ] A AR
CRLAE & AE SN FIHEAE SO ) A 4 B 1B) 432 3T JH R
20, A2 325 410 it 4 35 5T (extracellular matrix, ECM) 194
J A3 TR AR SR P DA AR A i A A
JH 20 T AR PS5

ECM TR HF (19 F Z4FAE , 2200 1Y) F 220K 5
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