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J% (non-alcoholic fatty liver disease, NAFLD) Fil 5 i 2, 1H FHAE AL 6 A BE A o AW F BRI 1 = 38 # I kE
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Y BEZE A 2 I 5E - 18I AR &R NI Bl = 1%} (methionine and choline deficient diet, MCDD) Tk X155 3 5 & # 3%
NAFLD /] R HY, v 97 21 M 5 MCDD ) [R]I 23 5303 B 45 7 EQG (16.25 g-kg'-d") FiIFE %4t 7T (atorvastatin, ATO,
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€ £ PCR (quantitative real-time PCR, qPCR) 7% 3% 41 2146 2% (immunocytochemistry, ICH) ¥4l Western blot i 46 I
JF4H 238% [Al ¥ -, B/Nod £ 52 R 25 1 3 (nuclear factor kappa B/Nod-like receptor protein 3, NF-xB/NLRP3) {5 5 iffl % 4
F mRNA FIEE A RIKF. 4558 B8, EQG % P K/ BRI iE o K & &R iR 5 & B (aspartate aminotransferase, AST).
W2 B2 4% 2% (alanine aminotransferase, ALT) ¥ &, $& = I % f& I 25 11 I [&] B (low-density lipoprotein cholesterol,
LDL-C) /Ko JRAF - 2L Gt 45 3L M EQG % /N BRI IE M IR BT AR« b4, EQG 2 35 BRI/ BT 4R 43k B
2% (interleukin, IL)-158-IL-6IL-18 MR IR FEIK F--a (tumor necrosis factor-a, TNF-a) [¥] & & I NF-xB.NLRP3.IL-13.
TNF-a ff] mRNA 7K T, ~ il F4/80.1xB 4/ # (IxB kinase #, IKKS).NLRP3.% 5 CARD H 5 T < B A AL R
1 (apoptosis-associated speck-like protein containing a CARD, ASC) 13k, 1 il NF-xB F1 - i 2 B K & 2 e o
fifi-1 (cysteinyl aspartate specific proteinase-1, caspase-1) &5 [ [i& L. PL BRI R T EQG G 7 NAFLD [#1E FH AL
il 7] e 5 H AW NF-«B/NLRP3 {5 Sl #% 5 0%, IX N EQG fE IR IR _ERE— I K SRR 4L T B ks .
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Therapeutic effect and mechanism of Erhuang quzhi granules on
non-alcoholic fatty liver disease in mice
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(Key Laboratory of Xinjiang Phytomedicine Resource and Utilization, Ministry of Education, School of Pharmacy,
Shihezi University, Shihezi 832000, China)

Abstract: Erhuang quzhi compounds is one of the protecting liver and inhibiting toxin prescriptions series
summarized by Jingi Yuan and other famous doctors of traditional Chinese medicine during the long-term clinical
practice. It is very effective for non-alcoholic fatty liver disease (NAFLD), but its mechanism is not clear. This
research investigated mechanism of Erhuang quzhi granules (EQQG) in the treatment of NAFLD. All the animal
welfare and experimental procedures are in accordance with the regulations of the Animal Ethics Committee of the
First Affiliated Hospital of Shihezi University. Mouse models of NAFLD were established by feeding with
methionine and choline deficient diet (MCDD) for five weeks. While feeding MCDD, the treatment groups were
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given EQG (16.25 g-kg'-d") and atorvastatin (ATO, 7.20 mg-kg'-d") by gavage. The effects of EQG on serum
biochemical indices, liver pathological changes, and inflammatory cytokines in mice of NAFLD were investigated.
Quantitative real-time PCR (qPCR), immunocytochemistry (ICH) and Western blot assays were used to detect the
levels of mRNA and protein associated with nuclear factor kappa B/Nod-like receptor protein 3 (NF-«B/NLRP3) in
liver. The results showed that EQG significantly reduced the levels of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), and improved the level of low-density lipoprotein cholesterol (LDL-C). The result
of hematoxylin-eosin (HE) staining showed that EQG reduced lipid deposition in livers of mice. Meanwhile, EQG
notably decreased the levels of interleukin (IL)-14, IL-6, IL-18 and tumor necrosis factor-a (TNF-a), and mRNA
levels of NF-xB, NLRP3, IL-1, TNF-a, down-regulated the expression of F4/80, IxB kinase f (IKKf), NLRP3
and apoptosis-associated speck-like protein containing a CARD (ASC) and inhibited the activation of NF-xB and
cysteinyl aspartate specific proteinase-1 (caspase-1). These findings announced that EQG could improve NAFLD
via NF-xkB/NLRP3 pathway possibly, which provides a theoretical basis for the further development and utilization
of EQG in clinic.
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A 9 K% 1 JIE 05 7 BF % (non-alcoholic fatty liver
disease, NAFLD) A& & B 1 K F1 H: Ath BH 6 453 7T 5] 2% 4b
JIT SR FH- 40 oA B 0 e O RR A = AR PR R g B
LEEAE, HORM R 5 NEREAE A 285 15 R 2 B2 0% R 9
i o A M. BT, BON A NE AT 7 U
F W, BT % RE 7 NAFLD [ & A2 Fl K J& v jid B B4
FI, NI 2 R AL A5 T ik 1 H AN, s
JR o DUAR T I 7= A= i B 2k, 490 35 JH- A L, 52 45 JH- 40
SR TBIE I 4 5% 73 5488 Q0 Kupffer 41 i, 755 410 g
W [ #% Rl F-xB (nuclear factor kappa B, NF-xB) 15 5
WEY, %45 5 (218 Nod Ff %2 /& 85 4 3 (Nod-like receptor
protein 3, NLRP3). % CARD H. 5 T 4 5< [ B s 4
5 [ (apoptosis-associated speck-like protein containing
a CARD, ASC) #1218 K 4 & e & H -1 /44
(pro-cysteinyl aspartate specific proteinase-1, pro-caspase
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NAFLD /& (1936 97 4E FH, JF % T NF-«B/NLRP3 {5 5
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Z Wl AR AF 78R & RO, R FEARAD YT (atorvastatin,
ATO, ¥ 5 il 25 4 B A ], k5 EP8454); 2 IR JH ik
1E % & =M%} (methionine and choline supplement diet,
MCSD).MCDD (£ [E Dyets 2 &]); & JH [ B (total cho-
lesterol, TC)~ H y#H = I (triglycerides, TG)~ N & & %
% B (alanine transaminase, ALT) . K 4 & & ¥ &
(aspartate transaminase, AST). &1 % J% g & 1 JH [ %
(high-density lipoprotein cholesterol, HDL-C). &k % J& i
5 A JHE B (low-density lipoprotein cholesterol, LDL-C)+
TEHRR AR R - A (HE) e 55 & (5T 2 Rk
A=) TRE T FEHT); IL-18.IL-18IL-6 il R SR AL K] 1--at
(tumor necrosis factor-a, TNF-o) B 5 G 25 W B I 52
(enzyme-linked immunosorbent assay, ELISA) i 77| &
(b By B A= R IR 2 \]); & RNA #2307 &
AL RIR BT IR A, fib5 Wo401); W5 ik
7l & (Thermo Fisher Scientific 24 &, #t 5 01118944);
QuantiNova SYBR®Green PCR Kit & 7] £ (Qiagen
GmbH 2 7], #t5 169031766); DAB & (0 (BZE %4t
Yy B F: A IR 2 7); NLRP3 (15101). cleaved-caspase 1
(89332). caspase-1 (24232). ASC (67824). NF-xB p65
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M It S A P B A A 1 1 S Pt fR TgG =it (Cell Signal-
ing Technology /A 7); phospho-NF-xB p65 ik (175
SREHEMIRT ST 0 A A A, LS AF2006); HiliE-3-
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nase, GAPDH) Hitf& (L P2 &M AW EARA IR A 7).
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(methionine and choline deficient, MCD) 4 . ATO 4
(7.20 mg-kg'-d") EQG 41 (16.25 g-kg'-d"), FF41 8 1.
MCS H /N4 T MCS X BRI, AR &A% T
MCD %kl . EQG 72 U5 2584 1 v AH 4 & 1 C J7 # il
WURL, N 80~100 °CHYZK, fill B & 42 24 5 1.625 g'mL™
M, BT 4 CIRAEA . ATO R 0.5% & T 4
AR AR, BT 4 CIRAF&H . MG
T4, ATO 41 AT EQG 41 B[ JT 45 JE i AH B2 254, MCS 41
HITMCD 4 ¥ ik 0.5% & FH R 40 4 s i, &8 H 1R,
A S A, o ATO F1 EQG ) 771 8 357 S AR 48 1 PR 4
LU FES IR G MRS R AT N5 N R
) 25 24 1) B AR BT B E 1
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12 h, {5 1% [ T B 22 5 BRI /0N BR, % B 5 3 47 47 PR
BRI, &=l 5 E O )5, B RIS T 0058 AH 5%
TR bR . KRB/ BRIEE N BRUFFIIE, BREE S, BYHGH
IR, THE T 10% H P H e v v b b A7 [ e, B
R LU -80 °CUKFR T RAF & o THE T R 4L
UFIE R 2 (%) = IR H & /AR < 100%)].

HEIEARAOMIE R B U B A I ) BRI
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FrEEREEFEEMNE POEEMHHRILR
ELISA {7 & i B P A BEFE ARG BRI H LS K, |0 )5
W B B3, W5 R A IL-1810-6 . IL-18 \TNF-a & & .

SCATPE S ZE & PCR (quantitative real-time PCR,
qPCR) I8 FRHUN R4 248 &, I Trizol 7,
BIK AR, SR GAEZR T E S min. £ RNA
42 7R G 1 B P R AR 4R U B RNA VAR, T7-80 °C
PRAF % o BN B RINA V70 42 FR 0 % R & 1 IR 15
A5 K cDNA, 13 2IIAE i 8 1 Q5000 B8 ol B 1% R iR
10 5 ASCASE I B 5% DN (single-stranded DNA, ssDNA)
TR, BHKRERES )G, T-80 )CIRIFAH .. 1%
QuantiNova SYBR" Green PCR Kit cDNA i 5| &5 i #H
4, % ¢cDNA 5 & &= ) SYBR® Green PCR Master Mix
RN G 3550 J5 BT 50 5O 8 & PCRACH BEA T4 3
KA o A 1G58 BT, MR AR VA A il 2 ) T 3 N 1
W . L GAPDH YN Z I, KM 22Tkt H
FREFR P RIS PRSI .

% & ¢H 48 4 F (immunohistochemistry, IHC) £
W AT A RS, BT DA E IR B R

Table 1 The primer sequence of quantitative real-time PCR
(qPCR). NF-xB: Nuclear factor kappa B; TNF-a: Tumor necrosis
factor-a; NLRP3: Nod-like receptor protein 3; /L-1f: Interleukin-15;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; F: Forward;

R: Reverse

Gene Sequence (5'-3")
GAPDH F: TCCTTGGAGGCCATGTGGGCCAT
R: TGATGACATCAAGAAGGTGGTGAAG
F: ATGGCAGACGATGATCCCTAC
R: TGTTGACAGTGGTATTTCTGGTG
TNF-o. F: CCCTCACACTCAGATCATCTTCT
R: GCTACGACGTGGGCTACAG
F: ATTACCCGCCCGAGAAAGG
R: TCGCAGCAAAGATCCACACAG
IL-18 F: GAAATGCCACCTTTTGACAGTG

R: TGGATGCTCTCATCAGGACAG

NF-kB

NLRP3
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o R RS B R AR A I, AR S 8 min, T
VKK H A E1 30 min, I 2RI /KIE T G TN 3% i Atk
UKW I E 10 min, 280 AKE G ED A BN
F4/80 —HUFi B (1:100), 4 CE B LR . R H, ¥ 1)
4 CCHUH, Pl 2 =5, 5 bR — DU RO A i R
2% 11 R VA W (phosphate buffer saline, PBS) i &, 7% 1
1~3 A N A BV, 37 °CH% & 30 min, PBS J& 1,
T I DAB 3, M2 Y] Fr B, £33 A 1) e g
FE )5, PBS i Ve, TR G JG 28 K BE, K
B, AT NS .

Western blot SL3& B IUE & /N BATIE4L 2R,
N T 20 RIPA 24 @ 7 [ & 1 mmol-L" ZE Y 3 fitf fif %
(PMSF) A1 1 mmol- L™ 1 i R 4 1) 71)], B UK E5)9%
Ji, €4 °C N & H 60 min, &0 (4 °C, 12 000 r-min™,
10 min), 52 25 AR, 0N AH R A B 6 B R
HaxEQ BRI, KBRS E AR E RN, T
100 °C/K AN 10 min, WA A, 435, F-80 °CL-7F
& o BUE B AR B o A R ) SR TR T A e P
HL 3K (SDS-PAGE) #t i k47 vk 70 & )5, % 2 R
9 4% (PVDF) i b, B T E AW E A1 h. H 1x
TBST (Tris buffered saline with Tween-20) JEi% )5 & T
FTHMEA PR BEZ R (FRBEE N 11 000) H
4°CH BT . WH, F1x TBST ¥ 3%, BT HMN
THEIRM A 60 min J5, H 1x TBST ¥, & &I
I, K H Tmage JE A€ B 104615 K A -

ZHF M K SPSS26.0 #5256 B ¥ it
AT M. Guil B B x + s 2R, B2 8] FL B8R F e i 5,
% 4 8] LE R H B IR 22 U7 22 73 T (one-way ANOVA),
P<0.05 AERHB SR L.

#ER
1 EQGX/MRIAEFMATIE R AR
W2 2 Fiis, 6 e 3% MCD 4L 5 2 5, MCD 4.

>

The index of liver to
body weight / %
S = W s

MCS MCD ATO EQG

/N BRI A B A B 25 KT MCS /R (P < 0.001), HLEF&E
EHESH . BT ATORIT 5, 5MCD A AL, /R
A E 52 R % (P < 0.05), EQG X MCD £ 51 i 1) /N
B E TSI T REL. WE AR, 5MCS
4L EE, MCD 4/ B I R 801 o i3 % 5+, 5 MCD
b, BAAAR/NRTFEERLEE ER. EhE
T 2% E, EQG 415 ATO LA EL I F I 35 £ 5 o

Table 2 The effect of Erhuang quzhi granules (EQG) on body
weight of mice. While feeding methionine and choline deficient
(MCD) diet for five weeks to establish mice of non-alcoholic fatty
liver disease (NAFLD) model, the treatment group was given ator-
vastatin (ATO, 7.20 mg-kg'-d") and EQG (16.25 g-kg'-d") by
gavage. MCS: Methionine and choline supplement. X + s, n = 8.
P <0.001, P <0.000 1 vs MCS group; *P < 0.05 vs MCD group

' Body weight/g
Time/week
MCS MCD ATO EQG
1 2138+ 1.56 21.86+1.43 20.93+1.01 21.87+1.20
2 2135+ 1.51 1839+1.29™ 17.95+0.82 17.85+1.85
3 22.17+1.63 1592+1217 14.93+0.73 1570+ 1.33
4 2275+ 1.71 15.03+1.04"" 13.90+0.56 14.18+1.14
5 23324157 1423+1.1077 13.05+0.46" 13.72+0.86

2 EQG¥/NRATAERIEF IS

MEZ /N AFHE R B (B 1B), MCS 21 /) B €35
S131, R OGH A ik, MCD 4/ BFF R AR AR G5,
e, A EUE . HE e85 R BoR (B11C), MCS 4 41
MR 2T, STIRAES, BOREEST, AR kAR
TC Mg W5 72 14 ; MCD 20 /) B3 40 23k A= W 2 1) g iy 2%
P, R84 JFE 4 i o I Vo i F R PR i s v, B 4%
JiE 40 IR s %% EQG 45 24 41T 41 P i 1 A% 1tk 2 i 2
Az
3 EQG ¥R INEE K IsFRAF2 T

Wi 2A fii s, MCD 44/ iU IfLiE TC TG HDL-C
LDL-C & & W] B X F MCS 41 (P < 0.01), 5 MCD 41
HH LG, ATOVEQG 45 %5 5 Jil J5, LDL-C % & & % T+ =

MCS MCD

MCS MCD

ATO EQG

Figure 1 The effect of EQG on livers of mice. A: The index of liver to body weight; B: Representative image of the liver. Scale bar: 5 mm;

C: Histological examination detected by hematoxylin-eosin (HE) staining. Scale bar: 50 um. x+s,n =8



%

Tordte: AR MR OREGE /) BR AR 8 3R 0 AT A6 97 4 R LR BT 7

- 2747 -

(P<0.01)c ALT F1AST 2 VFHIF 4407 B E e br . a0
K 2B i x, 5 MCS 44 A H, MCD 41/ & 1fi 37 H 1)
AST FIALT & & & # 7+ & (P < 0.000 1); 5 MCD 41 4H
Et, ATO 1 EQG fig . 2 F#AIC IfiL 3% ' AST #1 ALT 7K~
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IL-18TNF-a 7K F & & Ft & (P < 0.001); 5 MCD 4 4H
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Z R (P<0.01); EQG 415 ATO 4 A tb, FF 6 & 3%
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4 FL AR £ W) F4/80 & 208 25 38 (P < 0.000 1);
5 MCD 41k, ATO F1EQG £H /)N BT 2H 23 v F4/80 [ 2
ik E R (P < 0.000 1); EQG 415 ATO 4 L, FF 8
REER,
6 EQG %t/)\FFF4H 48 NF-xB/NLRP3 i 2§ 5 5= &
EppAL

K qPCRIEAS M /)N B 41 24 NF-xB/NLRP3 Ji i
AR FE I 1 A KT (B13C). 5 MCS 4 L, MCD
2H /N B AT 4 24U NF-xB \NLRP3.1L-14.TNF-a /) mRNA
K2 THE (P < 0.05); 5 MCD 4 AH L, EQG.ATO 41
f) NF-xBNLRP3.IL-18.TNF-a [l mRNA /K- ik .3
A% (P < 0.05); EQG 415 ATO 4L LL, 08 2 % 57 .
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Figure 2 The effect of EQG on serum biochemical indices and inflammatory cytokines in liver tissues of mice. The levels of inflammatory
cytokines in liver tissues were evaluated by enzyme-linked immunosorbent assay (ELISA). A: The levels of serum total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C); B: The levels of aspar-
tate transaminase (AST) and serum alanine transaminase (ALT); C: The levels of IL-14, IL-6 and IL-18; D: The level of TNF-a. x + 5, n = 8.
"P<0.01, 7P <0.001,""P<0.000 1
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Figure 3 The effect of EQG on inflammation in mice livers induced by MCD diet. A: representative imags of immunohistochemical (IHC)
staining of F4/80. Scale bar: 50 um; B: Quantitative result of IHC staining of F4/80; C: The expression levels of mRNA associated with nu-
clear factor kappa B/Nod-like receptor protein 3 (NF-xB/NLRP3) in liver tissues by qPCR assay. X =5, n = 5. "P < 0.05, "P < 0.01, ""P <
0.000 1
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7 EQG %t/NFRBF4E4 NF-«B/NLRP3 BB HXEH
=REA]

W 4 fiw, 5 MCS A L, MCD 21 /) BRFF4H 414
H IKKB.NLRP3.ASC 5 H &AM NF-«B p65.caspase-1
st E B, 4525 58 )5, 5 MCD 4HAHEE, EQG A
/N BRBT 4H 23 IKK 8. NLRP3 . ASC %5 [ % ik fil NF-«B
p65.caspase-1 354035 2% T i (P < 0.05), 5 ATO #H
tt, EQG fE&E & R IKKA & (P < 0.05).

it

N F% MCD fal R} a] PR3l 75 5t /) BR 6 2 T o A
045 N8 7 ARV LR Ak % 280 | T 4 P IR B8 D £ 44 5
NAFLD #H < T HIEZH 23995 L 22 A8, IX S G 62
NASH 535 0+ FAL, FLiZAs L i 5 2 v 4y, TR b
B H T 09 254076 77 NAFLD & 5 Ht % B 4F 4i k@
FEUST, MCD k) o ik = B S R AR, 5 350 2 pr
A B AR AL RIAR AR %5 2 B 25 1 (VLDL) & 2 B, TG &
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KB4y /& B VLDL A AR 5% A8 1 ok, EZE D) Re e ¥4
TCiz# 3|4 5 1%, VLDL & H % fH, MCD 4/ i
I3 H LDL-C & &t ff 2 T %, #f] 7 TC M IEiz
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MCD A} 5 J& AT 7 AT H U 58 21 K8 M g i A8 1, 3R
B MCD il R} i 2h 7% 5 H NAFLD A58, ke T H ik
PR S, I AR .

TEHP R 2 b ARTEORS 1 G 10 B < P o < B o
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Figure 4 The expression levels of 1xB kinase f (IKKpS, A), NLRP3 (C), apoptosis-associated speck-like protein containing a CARD (ASC,
D) and activation levels of NF-xB (B) and cysteinyl aspartate specific proteinase-1 (caspase-1, E) in liver tissues by Western blot. X £ s,

n=5."P<0.05,"P<0.01,"P<0.001, "™ P<0.000 1
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