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by inhibiting TLR4/JNK/NF-kB signaling pathway
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[ Abstract] Objective To investigate the therapeutic effect of Liangxue-jiedu decoction on acute-on-chronic liver
failure ( ACLF) model mice and the Toll-like receptor 4 ( TLR4)/c-Jun amino terminal kinase ( JNK)/nuclear factor kB
(NF-kB) signaling pathway. Methods An ACLF mouse model was established using combined treatment of carbon
tetrachloride, lipopolysaccharide, and D-galactosamine. Biochemical analysis was performed to evaluate liver function

indicators, including alanine aminotransferase, aspartate aminotransferase, and total bilirubin. Histopathological
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examination was conducted to assess liver tissue morphological changes. Quantitative PCR was used to detect the mRNA
expression of tumor necrosis factor alpha (TNF-a) , interleukin (IL)-6, IL-1B, and TLR4 in liver tissues. A CCK8 assay
was used to evaluate the optimal interventional concentration of Liangxue-jiedu decoction on Raw 264.7 cells. Enzyme-
linked immunosorbent assay was used to detect the contents of TNF-a, IL-6, and IL-1B in the cell supernatant. Protein
immunoblotting was performed to measure the expression of TLR4/JNK/NF-kB signaling pathway-related proteins,
including TLR4, NF-kB, p-ERK1/2, ERK1/2, p-JNK, and JNK. Results Compared with the ACLF model group, the
Liangxue-jiedu decoction-treated group showed reduced cell necrosis, fibrosis, and inflammatory cell infiltration in liver
tissues; decreased serum levels of alanine aminotransferase, aspartate aminotransferase and total bilirubin; and lower
expression of TNF-a, 1L-6, IL-1B, and TLR4 mRNA. Liangxue-jiedu decoction reduced TLR4/JNK/NF-«kB signaling
pathway-related protein expression in liver tissues. The in vitro result also showed that Liangxue-jiedu decoction reduced
TNF-a, IL-6, and IL-1B secretion by macrophage cells and down-regulated the expression of TLR4/JNK/NF-kB signaling
pathway proteins. Conclusions Liangxue-jiedu decoction effectively improved liver function in ACLF mice in a manner
closely related to the downregulation of TLR4/JNK/NF-kB pathway proteins.

[ Keywords] Liangxue-jiedu decoction; acute-on-chronic liver failure; liver function; inflammation; TLR4
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18I & 4 BT 3 B 3 %% (acute-on-chronic liver
failure , ACLF ) J&— P 7612 PR JHF 98 5l A AL 24l |
JERT M) Py R B0 2 ME U B R AR EE IR R 25 &
fiE" ) ACLF MYSET- R & i, W F B 2% B T B
BT 2 A 0y R X B B iR T B 2
M AR RIE R FEpiih ACLF L HA
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PEU2RHESE L ACLF /N BUR A # M TLR4/
JNK/NF-kB 3 FgER L% 5 A58 7% ACLF /36
VR B A T,

1 #R57E%

1.1 ##
1.1.1 SEEEhY

30 H SPF 2tk BALB/c /NEL(5 ~ 6 JRIHS, 1A
B8 ~ 20 g) , W [ - i 3% 5 5L 5 3 W A7 R 97 4T
ZAHI[SCXK(971)2022-0004 ) , 1l 5% T AR A EE R K2
S B )ty SPF 9% F B S 8 % N [ SYXK (i)
2022-0003 ), H R BE L E 23 ~ 25 C M X EJE

40% LA SRR JEI/ B4 T A i gEE A
oK P SEERTT, ShaE PR SR 1R AR S S
AR A s Rk R 2 o IR 2% B 52 56 3 4 2 B8
HLLHTE (MCHH-AEC-2022-06)
112 29 Sl

DA EE AR T 46 2R~ 60 g, B kR | 4B &
B P2 AR HEE SRR 30 ¢, HHE 15 g, 1
T 9 g, IF AL TR A 24l A7 PR 2N B 4 1] £
R (200513012) o B 2l A5 2T 14.2 ¢ B9
W7, SO0 AT S A A B ER K R 1 g/ mL, %
PR 5/ BRAR R AR A BT 38 R 8 (R Y T I T o
19 12,3 45%) , US AR 70 kg R E /NN 25 25
FE2H 2.5 mg/kg,
1.1.3 4tk

Raw264. 7 FL G4 bk I B D05 345 78 4 4 B
FABRAE L FE R 10% 8548 L7 (fetal bovine serum ,
FBS) 1% X $LH) DMEM 353 3E i 5555
114 FEZEEF S5

I A TAEY) TR (i) R A BRA R &
i), TLR4 ( AF8187) . NF-kB ( AF0246) . p-ERK1/2
(AF5818) . ERK1/2 ( AF1051) | p-JNK ( AF1762) .
JNK ( AF1048 ) | B-actin i & ( AF0003 ), D-GalN
(ST1213) ,LPS(S1732) ,4% % R H [ (P0099) Iy A
A REYFEARFRRAF, CCL (10006464 ) Il A [
AR A Ak 2530 A B ] IL-6 (EKO0411) | IL-1B
(EK0391) \TNF-a ( EK0527 ) FigH S BE AR ( ELISA)
& AR A AR A R W] RNA $2 B0
& (19221ES50) ¥ % s 1070 & (11141ES) g A
BXAYRHL (L) B A BRA R,
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Y611 ( Thermo , 5 )

1.2 FHi&
1.2.1 a5

SR T 5% S0k sh s M AR 3R
185  FRRE RN/ 0 IE 41 ACLF BERIZL i
fRFEAL T B 10 2, BRIEF AR/ NRUE
gt 5 mL/kg 20% CCl,, B 2 Wk, iESE CCl, i
T8 A, It f BE A ARk EE CCl, S 1Y ]
BF, 257 2.5 mg/kg Bt I FRFE AL O HE 5 IE 4
ACLF BERUZH 45 7 S5 R R B AR K WE B s & L H
RN 1 IR ESAET 4 R HE ACLF BEAUZ i
fif B AR T AL s 25 T — PRI s T 4 10 pe/kg
LPS Ml 1 g/kg D-GalN, JfF TR T 3 d 7, bt
HEATIP T
1.2.2 AL #HriiiE ALT AST F1 TBIL &

YL 100 mg/kg G L Z BRI S, PEAT AR
HEE #f LI, XL %5 3 5 30 min J5, 4000 1/min
4 CEL 10 min, IR NG , I35 B E R AR =T
7 L o A B A A
1.2.3 JRIER A

JFHRE 4% 2 W € 24 h J5, #517 LBE
BREERK - F 2R E B R MR SRS AT A 0
YR R ARZR DL (HE) G 555 B i e 04 7
AR A 5 T
1.2.4 qPCR fF2H 4 1L-6 \ TNF-o \ IL-18 . TLR4
mRNA ik

FEMUIF L2058 RNA & & )5, B B ik )
BRHESEA  cDNA BSMS [9 (P HI L 1) ,qPCR
FLNE S AT R, qPCR 2 B 45 AR 42 IR 95 °C
155,60 °C 30 s, 70 °C 30 s,40 PRIV IEHRIEAT,
1.2.5 CCKS8 Kl 254 %t Raw264. 7 41 Jifd % 1 1)
Al

Raw264. 7 40ffiFi 10* 4~/ FLEEF T 96 fLHR
RN B BE S, 43 31N 0. 125.,0.25.0. 5.1 mg/mL
DA R AL T AT AL R 24 48 h, FIIF CCK8 £
B IR i Y Rt A B i & E i 187195 R Y At
XF R (£ 2R B ) LI 5 E 5 TR
1.2.6 ELISA 7 Mréffd b iF IL-6, TNF-a | IL-18
T

Raw264. 7 4 ffif% 10° A~/FL3EM T 6 FLARH,

Fz1 51YF5
Table 1 Primer sequence
5% FA(5°-3")
Primers Sequences (5’ =3")
116 F. GAGGATACCACTCCCAACAGACC
’ R: ACATACTTGTTGCTACTACGTGAA
TNF-a F: GGGACAGTGACCTGGACTGT
R: GGACTCAAGACGTTTCCCTC
118 F. CTCAACTGTGAAATGCCACC
i R: GAGTGATACTGC CTGCCTGA
TLR4 F: AATGAGGACTGGGTGAGAAATGAGC
R: TCCTGGATGATGTTGGCAGCAATG
CAPDH F. TCAACAGCAACTCCCACTCTTCCA

R: ACCCTGTTGCTGTAGCCGTATTCA

FRANMLING BE J5 | 43 AR I 0. 25 mg/mlLL B¢ I % 2 1L
AT 1 weg/mL LPS #EATILIEE 24 h, SR AR 4 il
3%, R ELISA Ko 437 40 i 3% 1L-6  TNF-a |
IL-1B8 &,
1.2.7 HH%PEENE (Western Blot) £ illl TLR4/
JNK/NF-kB il %A1 5¢ 85 1 58

W HE AT 21 20 o8 40 it 2 A v IR IR R L, &
BCA F V& i) , AT B A MR AL 3, e e, 28
-Ff SDS-PAGE FFHHLUK R B J5 |, B i B
H—¥%0 4 C %M H (TLR4 . NF-xB . p-ERK1/2
ERK1/2, p-JNK, JNK ¥ 4% 1 : 500; B-actin, 1 :
5000) , Z PRGN —Hi %/ B (1 5000) % iR 7
H 2 h, fJa MBS SR AT R F B,
1.3 SZit=HMHh

H GraphPad Prism 9.0 AT HAR AR, H
SPSS 20. 0 #f4F BRI R J7 2250 B \LSD J ik 74
TN, R ME + bRl (x 2 5) &
N,P < 0.05 G EE X,

2 &R

2.1 RIFRS AR TR A8 R 20T
HIEH A L, ACLF BRIZH Y ALT ,AST , TBIL
IR F R (P < 0.001) ;5 ACLF #ERIZH 4z,
WML EEAL )T 201 ALT AST TBIL /K5 B 2
T (P < 0.01), Ui B e I ff 25 4k 58 O W] ol 58
ACLF Iy Hohfg, W2,
2.2 RIBELFAIFARESFENE
ACLF #5574 4 () T 41 29 522 K o 20 RO SR B89 A2
T O AL AR 2 P Jr AL %) T 200 R 3R 361X 388 A S ik /0>
U B D I 25 A 3 0 PT8 2 ACLF 1) JiF 4 MU IR 38
WL,
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R2 HUMARFEF X ACLF /MU ALT AST Al TBIL &R M5 (2 + s,n = 10)
Table 2 Effect of Liangxue-jiedu decoction on serum levels of ALT, AST and TBIL in ACLF mice(x + s,n = 10)

4151

ALT/(U/L) AST/(U/L) TBIL/ ( pmol/L)
Groups
Y
LEwA 24.23 +2.18 56.22 +5.18 1.12 £ 0.25
Normal group
ACLF Fi#ig]
ACLF model group 3153.91 + 526.32 2859. 61 + 589. 31 17.23 £ 2. 59
WL B AR T 4

. . 845.26 = 185.36"
Liangxue-jiedu group

798.25 + 398. 22" 5.25 + 1.99%

T SIERHAMILEL, P < 0.001; 5 ACLF #RI4IM L, *P < 0.01, (TFXF)
Note. Compared with normal group, “* P < 0.001. Compared with ACLF model group, *P < 0.01. (The same in the following tables)

IR ACLFFZEEE
ACLF model group

Normal group

b AR i i

1 BRI T X R 2

HULFR BRI 4R
Liangxue-jiedu

Figure 1 Effect of Liangxue-jiedu decoction on hepatic histopathology ( HE staining)

23 FEmMBEBSEHEAIFALR IL-6, TNF-a,
IL-18.TLR4 mRNA i 80

HIE# A L, ACLF BRI 4] Y 1L-6, TNF-au |
IL-18 .TLR4 mRNA k(P < 0.001) ; 5 ACLF
B 20 Le#R, Bt i i BE A58 7 40 1Y IL-6, TNF-a
IL-18 ., TLR4 mRNA k> (P < 0.01) , U B i
fi AR AT I H] ACLF YR IE RN, W& 3,
2.4 RIMES R FXHFEEA TLR4/JNK/NF-
kB EBEHEXEARIENTM

e 2. % 4, 51E % A, ACLF BRI 2 1
TLR4 .NF-kB .p-ERK1/2 . ERK1/2 , p-JNK . JNK 75 [
FIRMEIN(P < 0.001) ;5 ACLF BERIZ Hd, it afil
fif FEALFE )T 40 19 TLR4 NF-kB . p-ERK1/2 ERK1/2
p-JNK JNK 2 123k (P < 0.01) , b B i £
FEAL 7 W] F I8 T 2H 41 TLR4/JNK/NF-kB 3 % &
FIRIL,
2.5 RINFRELRT TS LR iE A 2200

HIER A ,0.125.0. 25 mg/mL ¥k %}
M0 200 it 3 PR TG B S 52, T AE 0. 5.1 mg/mlL = iR
T, B REAN A i P> (P < 0.05.P < 0.01), K
IEHER 0. 25 mg/mL F T T HisEss, Wk S,
2.6 FNMBELRAXNEMKLMM EF IL-6,
TNF-o IL-18 & 287

SIEH 4 b #e, LPS 441 b3 1L-6  TNF-a

IL-1B S BIEM (P < 0.0001) , PiAH LPS A 3
B WA M & A RRE UV, 5 LPS 2H FA, Tt i
FEAL T A0 B3 TL-6  TNF-o  IL-1B 75 i /b
(P < 0.001) , 15 BH Bt il A 25 A5 nl 00 ) 2 v 4
43U IL-6 'TNF-a IL-1B. WL 6,
2.7 RMBHLR T E LA TLR4/ JNK/NF-
kB i@ HHH X E B FRILH RN

5OF ¥ 4H 1 %, LPS 41 9 TLR4 . NF-kB.

B2 JFLZ0 TLRA/INK/NF-kB 3l AR G 11 #k d ik
Figure 2 Electrophoresis of TLR4/JNK/NF-kB

pathway-related proteins in liver tissues
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R3 HUMARFEF I ACLF /NRF4 2N IL-6 TNF-a IL-18 il TLR4 mRNA AN (2 = 5,n = 10)
Table 3 Effect of Liangxue-jiedu decoction on mRNA levels of IL-6, TNF-a, IL-13 and TLR4 in ACLF mice(x + s,n = 10)

)

Group IL-6/GAPDH TNF-o/ GAPDH IL-1B/GAPDH TLR4/GAPDH
S
=y
IEH 4 1.00 = 0. 12 1.05 £ 0.25 1.03 + 0.36 1.03 = 0.06
Normal group
ACLF #i%14 . .
s 8.76 + 1.43* 17.26 + 3.26* 38.95 + 9.85 ™ 5.15 £ 1.25™
ACLF model group
s e e
LI AL 7 2L 4.12 + 0.55" 5.87 + 1.22" 10.28 = 1. 65™ 2.45 + 0.27*

Liangxue-jiedu group

R4 BUNMHSRTT X ACLE /UL TLR4/JNK/NF-«B 3 % FH 5 8 H R IA N (& + 5,0 = 5)
Table 4 Effect of Liangxue-jiedu decoction on TLR4/JNK/NF-kB pathway-related protein expression in ACLF mice(x + s,n = 5)

43

Groups TLR4/B-actin NF-kB/B-actin  p-ERK1/2/B-actin  ERK1/2/B-actin p-JNK/B-actin JNK/B-actin

IR
Normal group
ACLF BHI4]

ACLF model group
G TR AL 7 4

Liangxue-jiedu group

1.05 £ 0.12 1.01 £ 0. 11 1.02 £ 0. 18 1.00 = 0. 14 1.00 = 0. 10 1.04 £ 0.12

2.98 + 0.56 ™" 1.95 + 0.28 ™ 1.98 + 0.25™ 2.13 £0.22™ 2.88 £0.34™ 1.89 £ 0.12

1.56 + 0.23* 1.32 + 0.32% 1.28 + 0. 16" 1.85 + 0. 13* 1.75 + 0. 53* 1.31 + 0. 13*

x5 BUMMREAH X E ISR (2 £ 5,0 = 6)

. .. . g
Table 5 Effect of Liangxue-jiedu decoction on macrophage <j§§;é§9
e pere g = N9
cell viability(x = s,n = 6) B S o e
3y y @féo\%o Q%W' S \\5"\\
m HeJE/ (mg/mL) HES 2T A % & S ¢
2051 N . . § o &
Cr Concentration/ Relative cell <~ V) VY
oups (mg/mL) viability/ % TLR4 l.__ - | 120 kDa
IEH A 0 100. 25 + 2.36
Normal group NF-«B | — 1 65 kDa
0. 125 105.26 = 3.21
Li >-jied * -
iangxue-jiedu group 0.5 90.33 + 6.23 FRK1A = ——| 44kDa
1 80.52 + 4.33™

o- v (| 5 <0:

FSIERYME, " P <0.05," P <0.01, (FEIR)
Note. Compared with normal group, “P < 0.05, ™ P < 0.01. ( The

same in the following figures)

p-ERK1/2 ERK1/2 ., p-JNK . JNK #E 1 k3 (P <
0.01) ;5 LPS ZH b8, ot I fif% 2 A58 5 41 1) TLR4
NF-«B .p-ERK1/2  ERK1/2 p-JNK  JNK & [1 3% ik ik
(P < 0.05) , Uh BB i i Ay Al T A v 40 P
TLR4/JNK/NF-«B il #§ 45 %35, ULIE 3 F13k 7,

INK | s - e | s4kDa

ﬁ—actinl | — —— —| 42 kDa

B3 EW4iMp TLR4/JNK/NF-«B i# %
AR HE IR IR R

Figure 3 Electrophoresis of TLR4/JNK/NF-kB

pathway-related proteins in macrophage cells

R 6 UM AT 0 FOE A 17 1L-6 TNF-o 11 IL-18 F BEAGSEIA (x £ 5,n = 6)
Table 6 Effect of Liangxue-jiedu decoction on the content of IL-6, TNF-a and IL-1f in macrophage cell

supernatant (x = s,n = 6)

2151 Groups IL-6/ ( pg/mL) TNF-o/ ( pg/mlL) IL-1B/( pg/mL)
AL g
Ew4 29.56 = 2.51 28.50 + 4.30 3.59 £ 0.95
Normal group
Lps 41 . . i
828.76 £ 42. 107 3853.03 + 206. 28 116. 15 + 6.57
LPS group

U LA AL T 4L

Liangxue-jiedu group

274.52 + 49, 7884 1104.29 + 89. 75%%¢ 56.75 + 16.21%%¢

T G IER AL, ™ P < 0.0001; 5 LPS 44, %P < 0.001.,
Note. Compared with normal group, “** P < 0.0001. Compared with LPS group, P < 0.001.
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F 7 BUILAREE R 7% F AN TLRA/INK/NF-kB 3 AR CH (1 RE IR (2 £ s,n = 3)
Table 7 Effect of Liangxue-jiedu decoction onTLR4/JNK/NF-kB pathway-related protein expression in macrophage

cells(x +s,n = 3)

ikl
C:E)ZIL TLR4/B-actin NF-kB/B-actin  p-ERK1/2/B-actin  ERK1/2/B-actin p-JNK/B-actin JNK/B-actin
IEH A
1.00 = 0.10 1.01 = 0.32 1.00 £ 0. 15 1.0l £ 0.22 1.02 =+ 0.15 1.01 £ 0. 15
Normal group
LPS 2 . o o
. 2.62 +0.35 1.87 £ 0.14 3.26 + 0.85 3.13 + 0.26 2.12£0.10 1.99 + 0. 11
LPS group
Bl fRSEAY SR T4
DRI AR 4L 1.12 £ 0.36% 1.18 + 0.22% 1.35 + 0.20% 1.52 + 0.38% 1.56 + 0.26% 1.51 + 0.29%

Liangxue-jiedu group

a5 LPS 4L, S P < 0.05,
Note. Compared with LPS group, P < 0. 05.

3 iFie

ACLF H B 32 ZE A LU 3k BIE AL
TE A EIE Dy 3, Horp g A% B 0L 5 R
Z UL F, 5 W S 5, IE R 2 8, M E R
2 AR ERE R IR BN T ACLE (%
Do UEAE (BPRE HAE BEIE | SOR R IR ) | IF TR BN
AR A O T 1% L 5 T L i 25 TR 2 AR 25 <A 2 A e
WU o il A 2 ARy © B I AR 5T ) 2 UE
SCT T ME ACLEF T A K H W5 M7 Rk, (H 2
FHSCHLH] A BA . ABF 78 A ACLF /) Bl
R — 25 UF 52T 0 I i 25 A9 7 B3 ACLF iR 2
A IO 9 RE BN Ik AR B SR BE I P RE

Toll BE3Z A e A 0528 40 I TR 310906 S 26 0 1Y
FEZART AR K AR FAR AT G e vh ¥ A
HEMER™ , EalEERrER S LPS, SR 5 i i B
RS R F 88 (MyD88 ) K A = A4 i 9 A 15 45 4%
Sm AR A BIOE NF-kB # MAPK 923k 8]
JE TL-6 1 TNF-o %5 2 R 58 40 i DX 1 1) i
B FRIEGIE N, B 5HURRIE R iR A
W9 & B T Il £ 25 AL 8 O T F 98 JIF 41 40 TLR4/
INK/NF-kB i A G HE 1 B 3k, $2 78 Bl il i 4 1k
ST 3% ACLF JF D) 68 10 i 5 5 S 0 T Rk -5 1% 38
BEAHE

TLR4 J2& Toll #£3ZMArf f)—Ffr | 2 BLAF BAAZ AN fL
I W 40 i v 23520 AR IR 9 o s i — 2B i 5
ACLF /NRUFALZY TLR4 25 A i ek, 8 0 40 g 5
Bt — 25 B, DI B A S 7 RT O R A
TLR4/JNK/NF-«B 3 [ #H 5¢ & 1 1 3R 35, Ud B Bt 1
fi 27 AL 8 J5 P8 45 TLR4/JNK/NF-«B 3 % 7] fE 38 i
A ] 5 40 A S BRI e I T A 9 5 L 7
AR T % 5 s 4 e g T FA LA

25 LTRSS R AR5 5 T 2 ACLF /R
I RE | WD A L3R BE, oy FHLH 5 TLR4/
JNK/NF-kB {55 g B UIAHOC, ABESEE AR |
PRSI UESE T B i 2 AL 23 ACLF /) BUF
TIIRE I 2 B0 AR T, Sl R Rz P 3 16 ik 35
I ITIBST ACLF £ 7357 i S5l
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