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Background: Hepatic stellate cells (HSCs) play a vital role in hepatic fibrogenesis. Our recent clinical study indicated that the
Zi Qi decoction, a Traditional Chinese Medicine formula, exhibited good efficacy in alleviating liver fibrosis, but
the underlying mechanism remains elusive.

Material/Methods: Rats repeatedly injected with CCl, and cells stimulated with lipopolysaccharide were used as in vivo and in vi-
tro models for liver fibrosis, respectively. The viability of LX-2 cells was evaluated with MTT assay. Relative mes-
senger RNA (mRNA) expression of representative extracellular matrix (ECM) components was detected with re-
al-time quantitative polymerase chain reaction (RT-gPCR). Moreover, total and phosphorylation levels of ECM
proteins and pathway-related proteins were detected with western blotting. Immunofluorescent staining was
used to show the nuclear translocation of nuclear factor kappa b (NF-kB) p65. Hematoxylin & eosin (H&E) and
Masson trichrome staining and immunohistochemistry were performed to evaluate the extent of liver fibrosis.
The levels of alanine transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl transpeptidase (GGT),
Hyp, tumor necrosis factor-o. (TNF-o), and interleukin-6 (IL-6) were tested with an enzyme-linked immunosor-
bent assay. In addition, 7.0T micro-magnetic resonance imaging (micro-MRI) was used to evaluate the severi-
ty of hepatic damage.

Results: The Zi Qi decoction inhibited lipopolysaccharide-mediated upregulation of mRNA and protein levels of repre-
sentative ECM proteins both in vivo and in vitro. The Zi Qi decoction also suppressed activation of the Toll-like
receptor 4 (TLR4)-related NF-kB signaling pathway and subsequently inhibited the nuclear translocation of ac-
tivated NF-kB. Moreover, another TLR4 downstream pathway, mitogen-activated protein kinase (MAPK), was
simultaneously restrained. The results of liver pathology and MRI in rat models also suggested the efficacy of
the Zi Qi decoction in attenuating liver damage.

Conclusions: The Zi Qi decoction inhibited liver fibrosis by inhibiting the TLR4-related NF-xB and MAPK signaling pathways
and preventing activation of HSCs.
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Material and Methods

Liver fibrosis is a wound-healing response to numerous fac-
tors, such as alcohol abuse, hepatitis B or C virus infection, and
non-alcoholic fatty liver disease [1]. Fibrotic liver is character-
ized by excessive deposition of extracellular matrix (ECM) [2].
Types | and Il collagen and alpha-smooth muscle actin (o-SMA),
which act as hallmarks for HSC activation [3], are the most
abundant extracellular matrix components within the ECM [4].
Previous studies have shown that HSCs play a vital role in in-
flammatory modulation, liver immunology, and hepatic fibro-
genesis [5]. Quiescent HSCs are inactive and localized within
the space of Disse [6]. Once activated, HSCs lose intracellu-
lar lipid droplets, and turn a star-like phenotype into a fibro-
blast-like phenotype [1,7]. This process accelerates the pro-
gression of liver fibrosis. Based on this scenario, inhibition of
activation of HSCs has been considered a potential therapeu-
tic target for treatment of liver fibrosis [8].

Recently, overgrowth of intestinal bacteria has gained increasing
attention in the pathophysiology of liver fibrosis [9]. Bacterial
lipopolysaccharide (LPS), a cell wall component of gram-neg-
ative bacteria, acts as one of the strongest known inducers of
inflammation and has been found to be associated with he-
patic fibrogenesis through direct interaction with HSCs [10].
Because LPS is the specific ligand of Toll-like receptor 4 (TLR4)
on the HSC membrane, it can trigger multiple signaling path-
ways, including nuclear factor kappa B (NF-xB) and mitogen-
activated protein kinase (MAPK). These 2 pathways have been
well studied and play crucial roles in inflammatory process-
es [11] that influence the survival of hepatocytes, inflamma-
tion in Kupffer cells, and activation of HSCs [12]. As a result,
numerous pro-inflammatory cytokines are released [13], such
as tumor necrosis factor-alpha (TNF-o) and interleukin (IL)-1,
and IL-6 [14]. These important cytokines, in turn, can promote
activation of HSCs and then start a vicious cycle of continuous
aggravation of liver fibrosis.

All existing drugs for liver fibrosis have adverse effects.
Therefore, there is an urgent need to develop an effective
and safe way to treat liver fibrosis and prevent further devel-
opment of cirrhosis. For hundreds of years, Traditional Chinese
Medicine (TCM) has been well studied as a way of prevent-
ing and relieving hepatic fibrosis [15,16]. Zi Qi decoction is a
TCM, prescribed by TCM master Professor Zhou Zhongying,
which has shown a good effect on alleviating liver fibrosis [17].
However, the underlying mechanism of Zi Qi decoction needs
further exploration.

The aim of the present study was to clarify the key functional
target and specific molecular mechanism of Zi Qi decoction in
alleviating liver fibrosis as a way of furthering its use in therapy
to reverse liver fibrosis and prevent progression into cirrhosis.

Antibodies

Antibodies against Type | and Ill collagen, a-SMA, TLR4, and
Erk1/2 were produced by Proteintech Group (Rosemont, United
States). Antibodies against MyD88, phospho-NF-kB p65, NF-kB
p65, GAPDH, p38 MAPK, and c-Jun NH2-terminal kinase (JNK)
were purchased from Cell Signaling Technology (Danvers,
United States). The phospho-JNK antibody was acquired from
Abcam (Cambridge, United Kingdom). Antibodies against phos-
pho-Erk1/2 and phospho-p38 were obtained from Beijing
Biosynthesis Biotechnology (Beijing, China). The TRAF6 anti-
body was obtained from Boster Bio (Pleasanton, United States).

Animals

Fifty specific-pathogen-free, 6- to 8-week-old male Sprague
Dawley (SD) rats that weighed 220 to 250 g were purchased
from Zhejiang Academy of Medical Sciences (SCXK [Zhe] 2019-
0002). The current experimental protocols were approved by
the Committee on Laboratory Animal Care of Nanjing University
of Chinese Medicine and all the rats were given humane care
according to the guidelines of the National Institutes of Health
(United States).

The experiment was started after 1 week of adaptive feeding.
The rats were kept in standard conditions (12-h light/dark cy-
cle, humidity 55+5%, temperature 22+2°C) and provided with
free access to food and water. Fifty rats were randomly divid-
ed into 5 groups (control, vehicle group, ZQ-low, ZQ-middle,
and ZQ-high). According to the available reference [18], 15%
CCl4 diluted with olive oil 200 pL/100 g was injected into the
rats intraperitoneally twice a week for 3 months to success-
fully establish CCl4-induced rat models. Then, the rats in each
group were administered a different liquid intragastrically once
a day for 8 weeks: controls, normal saline; vehicle group, nor-
mal saline; ZQ-low, 0.5 mL/100 g Zi Qi decoction; ZQ-middle,
1 mL/100 g Zi Qi decoction; and ZQ-high, 1.5 mL/100 g Zi Qi
decoction. All the rats were anesthetized by intraperitoneal
injection of 10% chloral hydrate 24 h after the last treatment
and 1 mL of blood and the liver tissue was collected.

Zi Qi Decoction Preparation

The Zi Qi decoction contains 9 kinds of TCM materials: 10 g
Radix Arnebiae (19100061), 10 g Paeonia suffruticosa Andr
(19120331), 15 g Paeonia lactiflora Pall (20020241), 20 g
Rehmannia glutinosa Libosch (19122601), 5 g Panax notogin-
seng (20030971), 10 g Atractylodes Lancea (20030861), 10 g
Phellodendron amurense (20030371), 10 g Radix Sophorae
Fiavescentis (19110671), and 30 g Sedum sarmentosum Bunge
(19090241). The decoction for the present experiment was
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produced by the First Affiliated Hospital of Nanjing University
of Chinese Medicine. We used the isodose granules of TCM from
Jiangyin Tianjiang Pharmaceutical Co., all of which had previ-
ously passed quality control. The granules were diluted with
distilled water into the different concentrations of Zi Qi decoc-
tion and the liquid was stored at 4°C for gastric administration.

Preparation of Drug-Containing Serum

Twenty healthy SD male rats that weighed 220 to 250 g were
reared under normal conditions (12 h light/dark cycle, humid-
ity 55+5%, temperature 22+2°C). They were randomly divided
into control, vehicle, ZQ-low, ZQ-middle, and ZQ-high groups
(n=4 each) and kept fasting for 12 h before the experiment.
For the drug-containing serum group, 11 g/mL, 5.5 g/mL, and
2.75 g/mL of Zi Qi decoction were intragastrically administrat-
ed to the rats in the ZQ-high, ZQ-middle, and ZQ-low groups,
respectively (1 mL/100 g of body weight). The 0.9% normal
saline was administered intragastrically to the rats in the con-
trol and vehicle groups (1 mL/100 g of body weight) once dai-
ly at 9: 00 am for 8 days and they were fed a normal diet af-
ter 30 min. Based on our previous preliminary experiments,
anesthesia was performed 1 h after the eighth intragastric
administration, because the blood concentration was high-
est at that point, and 10 mL of blood was collected from the
cervical aorta under aseptic conditions. It was left standing
for 4 h at room temperature and a supernatant was extract-
ed after the blood was centrifuged at 3500 r/min for 20 min.
The RPMI-1640 medium drug-containing serum then was di-
luted, respectively into control, vehicle, ZQ-low (0.55 g/mL),
ZQ-middle (1.1 g/mL), and ZQ-high (2.2 g/mL) sera. Finally, all
of the serum was inactivated at 56°C for 30 min and bacteria
were filtered with 0.2-uym millipore filters and stored at -70°C.

High-Performance Liquid Chromatography Analysis

The drug-containing serum samples of Zi Qi decoction was dis-
solved in methanol and filtered through a 0.22-ym membrane
before loading into a high-performance liquid chromatogra-
phy (HPLC) system. The analysis was performed with a Water
E2695 high-performance liquid chromatograph from Waters
Corporation (Massachusetts, United States). Paeoniflorin, ver-
bascoside, paeonol, and catalpol were purchased from Ruifinsi
Biological Technology (Chengdu, China). Quercitin, matrine,
atractylotin, berberine hydrochloride, and shikonin were pro-
duced by Meilun Biotechnology (Dalian, China). These stan-
dard compounds were prepared as a control solution for the
high-performance liquid chromatography analyses after be-
ing precisely weighed and dissolved with methanol, as shown
in Supplementary Figure 1. The mobile phase consisted of A
(0.1% phosphoric acid water)-B (acetonitrile) binary gradient
elution with a flow rate of 1.0 mL/min.

ANIMAL STUDY

Cell Culture

The LX-2 cell line was acquired from the BeNa Culture Collection
(BNCC) (Beijing, China) and cultured in Dulbecco’s modified
Eagle’s medium (Gibco, New York, United States), contain-
ing 10% fetal bovine serum (Gibco, New York, United States),
100 units/mL of penicillin, and 100 pg/mL of streptomycin
(Gibco, New York, United States) under humidified air contain-
ing 5% CO, at 37°C. The LX-2 cells were stimulated with LPS
(100 ng/mL) (Sigma-Aldrich, St Louis, United States) for 6 h
according to the procedures used in the previous reports [19].

Cell Viability Assay

Approximately 1x10* LX-2 cells per well were cultured in 96-well
plates and then divided into 5 groups (control, vehicle, ZQ-low,
ZQ-middle, and ZQ-high) which were treated for 24 h with LPS
and different concentrations of the Zi Qi decoction. Then, 20 pL
of MTT (Solarbio, China) was added to each well and the cells
were incubated for 4 h. The cell culture medium was then dis-
carded and dimethyl sulfoxide (DMSO) was added to dissolve
crystal violet for 30 min. Finally, optical density values were
measured at 490 nm. Infrared value=(1-A __ /A )x100%.

control

Histological and Immunohistochemical Analysis

After being fixed in 10% formalin for 24 h, the excised liv-
ers were harvested and fixed in 4% paraformaldehyde
(Sigma-Aldrich). The samples then were cut into 5-mm tis-
sue sections and mounted onto slides (Sigma-Aldrich). The
slides were prepared for hematoxylin & eosin (H&E) staining,
Masson’s trichrome staining, and Type | collagen and a-SMA
immunohistochemistry to assess the degree of liver fibrosis.
All procedures were performed as previously described [20].

Immunofluorescence

Cells were grown on glass-bottomed cell culture dishes and all
the samples were blocked in 4% bovine serum albumin after
sufficient fixture. Then, the samples were incubated with rab-
bit-derived antibodies and fluorescein isothiocyanate (FITC)-
conjugated secondary antibodies. For DNA staining, 4,6-di-
amidino-2-phenylindole (DAPI) (SouthernBiotech, Birmingham,
Alabama, United States) was used. The slices were observed
with a confocal laser scanning microscope (Olympus, Tokyo,
Japan) under 40xmagnification.

Real-time quantitative polymerase chain reaction

Total RNA was obtained from the cultured cells according
to the manufacturer’s protocol. Real-time quantitative poly-
merase chain reaction was performed according to our previ-
ous protocol [21]. The expression level of GAPDH messenger
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Table 1. Primers for quantitative polymerase chain reaction.

Gene sequences (5’ to 3’)
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RNA (mRNA) was set as an internal control. Primers for Types |
and Il collagen, a-SMA, TLR4, MyD88, TRAF6, and GAPDH were
designed and used. Moreover, quantitative primers for ampli-

Forward TAAGGGTCCCCAATGGTGAGA fication were used as described below (Table 1).
Collagen | ooooremmmmrmr oo
Reverse GGGTCCCTCGACTCCTACAT . .
""""""""""""""""""""""""""""""""""""""""""""""" Enzyme-linked immunosorbent assay
Forward TTGGAGAATCTATGAATGG
Collagen [l ===
,,,,,,,,,,,,,,,,,,,,,,,, Reverse  GCAGTGGTATGTAATGTGIT Serum levels of alanine aminotransferase (ALT), aspartate trans-
Forward CCCAGACATCAGGGAGTAATGG aminase (AST), and gamma-glutamyl transferase (GGT) in rats
a-SMA R TCTATCGGATACTTCAGCGTCA were measured using enzyme-lined immunosorbent assay kits
Forward e e (R&D systems, Minneapolis, United Statfes) according to .the
TLRA  ooesmemmemmeoemnenene manufacturer’s protocol and an appropriate amount of liver
,,,,,,,,,,,,,,,,,,,,,,,, Reverse  CTTCTTGTTCTTCCTCTGA  was homogenized in 0.9% saline. The suspension was used
Forward TCATGTTCTCCATACCCTTGGT to detect the content of TNF-q, IL-6, and Hyp using standard
MyDBS - . A
Reverse AAACTGCGAGTGGGGTCAG commercial kits (R&D systems, Minneapolis, United States)
Forward CATCTTCAGTTACCGACAGCTCAG according to the manufacturer’s instructions.
TRAFGII e e
Reverse TGGTCGAGAATTGTAAGGCGTAT
A LPS B [ Control
[ Vehicle
T = ! [ 7Q-Low
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*xk N.S. LX-2 cells M 7Q-High
509 i 150 7 e o o
404 —= g
S
< ‘2 100
< 30+ g
s 2
— =
= 201 =
10- 2
0 T 0-
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S ¢ o &
S & S
Collagen| | ™= wmmwe wwwe = == | 130kDa
Collagen [| | ™= Sm— S *S— - |30 | ),
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Figure 1. Zi Qi decoction plays a role in preventing activation of hepatic stellate cells. (A) The effects of Zi Qi decoction on cell viability

at different concentrations. (B) The effects of Zi Qi decoction on the relative messenger RNA level of cellular Types | and IlI

collagen and a-SMA at different concentrations. (C) The effects of Zi Qi decoction on the protein level of cellular Types | and
Il collagen and a-SMA at different concentrations. * P<0.05, ** P<0.01, *** P<0.001, compared with the LPS group. Data were
presented as meanststandard deviations.
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Western Blotting

As was done in our previous study [22], after treatment with Zi
Qi decoction for 48 h, cell lysates were denatured and boiled
in loading buffer. Proteins were transferred to nitrocellulose
membranes (Bio-Rad, California, United States). The mem-
branes were incubated with rabbit-derived primary antibod-
ies overnight after being blocked in 5% skim milk for 1 h, and
then incubated with rabbit-derived primary secondary anti-
bodies. Finally, immunoreactive bands were revealed using
enhanced chemiluminescence (Bio-Rad).

Micro-Magnetic Resonance Instrumentation

A Bruker Pharma Scan with 7.0T superconducting magnet res-
onance was used to perform micro-magnetic resonance imag-
ing (MRI) of livers in rats from the Medical College of Southeast
University (Nanjing, China). Amira imaging PC-based software
and Para vision 5 software were used to analyze and process
the micro-MRI data.

ANIMAL STUDY

Statistical Analysis

The data were expressed as means + standard deviations. All
data were analyzed using 1-way analysis of variance in mul-
tiple comparisons to determinate significant differences. A
least significant difference test was performed to assess for
differences between groups. P<0.05 was considered statisti-
cally significant. SPSS version 22.0 and Graph Pad Prism v8.0
software were used for data analysis.

Results

Zi Qi Decoction Inhibited Activation of LX-2 Cells

To test the effect of Zi Qi decoction on activation of HSCs,
LPS-stimulated LX-2 cells were used as an experimental cell
model. According to the previous protocol [17], the MTT assay
showed that at 48 h after administration, activation of LX-2
cells was inhibited in both the ZQ-middle and ZQ-high groups

A L%-2 cells
1507 NS. N.S. NS.
*% # ,L‘ X%

[

100

50

Relative mRNA expression (%)

TRL4 MyD88 TRAF6
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@,\@ < e§\& o /\\:@&\' @\&,
TLRA | W - o g | 90 kDa
MyDSS | W WD wegee wS @ | 3302
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C Microfilament

Figure 2. Lipopolysaccharide (LPS)-mediated Toll-like receptor 4 (TLR4)-related nuclear factor kappa b (NF-kB) and mitogen-
activated protein kinase (MAPK) signaling pathways were inhibited by Zi Qi decoction in vitro. (A) The effects of Zi Qi
decoction on the relative messenger RNA level of cellular TLR4, MyD88, and TRAF6 in each group. (B) The effects of Zi Qi
decoction on the protein level of cellular TLR4, MyD88, TRAF6, and phospho-NF-kB p65 in each group. (C) Zi Qi decoction
significantly suppressed the nuclear transportation of activated NF-kB p65 in LPS-induced LX-2 cells, as determined by
immunofluorescence (n=3). Magnification x40. (D) The protein expressions of ERK, c-Jun NH2-terminal kinase, and p38 and
their relative phosphorylation levels in each group. # P<0.05, compared with the control group. * P<0.05, ** P<0.01, compared
with the LPS group. Data were presented as means+standard deviations.

(Figure 1A). The RT-qPCR results also revealed that there was
a dramatic decrease in the relative mRNA levels of Types | and
Il collagen and o-SMA in the ZQ-middle and ZQ-high groups
compared with the LPS group (Figure 1B). The cellular pro-
tein levels of these 3 markers were downregulated after ex-
posure to the Zi Qi decoction, especially in the ZQ-middle and
ZQ-high groups (Figure 1C). These data suggest that Zi Qi de-
coction can suppress the activation of LX-2 cells and the de-
position of ECM in a dose-dependent manner.

Zi Qi Decoction Inhibited TLR4-Related NF-xB and MAPK
Signaling Pathways in LX-2 Cells

To explore the pharmacological effect of Zi Qi decoction and
better characterize the effect of the Zi Qi decoction on cellular
signaling, we chose the high-dose Zi Qi decoction as a basic
stimulating concentration for the next experiments. As is shown
in Figure 2A, after stimulation with LPS, the LX-2 cells had

increased mRNA levels of TLR4, MyD88, and TRAF6. However,
the Zi Qi decoction inhibited these effects (Figure 2A). To iden-
tify the functional target of the Zi Qi decoction, TAK-242 and
pyrrolidine dithiocarbamate (PDTC), which inhibit TLR4 and
NF-kB, respectively, were applied. The results suggested that
TAK-242 could suppress TLR4 and downstream NF-kB signal-
ing but PDTC exhibited no significant effect on the recovery
of TLR4/NF-kB signaling (Figure 2A).

Western blot results also indicated that protein levels of TLR4,
MyD88, TRAF6, and phospho-NF-kB p65 decreased markedly in
both the ZQ and TAK-242 groups while the PDTC group showed
no similar effects (Figure 2B). Furthermore, because activation
of TLR4 on the cell surface can trigger translocation of NF-xB
into the nucleus and result in the transcription of genes en-
coding inflammation-associated molecules and cytokines [23],
an immunofluorescence assay was performed to evaluated the
cellular location of NF-xB p65. The results suggested that after
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treatment with LPS, activated NF-xB p65 in the LX-2 cells was
significantly translocated into the nucleus. However, when the
cells were simultaneously treated with Zi Qi decoction, this ef-
fect apparently was restrained (Figure 2C).

Taken together with previous reports, these results show that
TLR4 has another important downstream pathway, MAPK sig-
naling, which is associated with inflammatory processes [13]
and activation of HSCs [14]. Therefore, we further investigat-
ed whether Zi Qi decoction had a synergistic effect on the 2
TLR4-related signaling. The results indicated that compared
with the LPS group, the relative phosphorylation levels of ERK,
IJNK, and p38 were significantly downregulated after Zi Qi de-
coction treatment (Figure 2D). These data indicated that the

ANIMAL STUDY

cellular MAPK pathway could also be suppressed by Zi Qi de-
coction. Therefore, Zi Qi decoction could inhibit the NF-xB and
the MAPK signaling pathways simultaneously, both of which
share the same upstream pathway for TLR4.

Zi Qi Decoction Ameliorated CCl4-Induced Liver Injury and
Fibrosis in Vivo

Next, we performed some in vivo investigations to clarify the
impact of Zi Qi decoction on liver fibrosis. As is shown in the
results, long-term intraperitoneal injection of CCl4 obviously
increased ALT, AST, and GGT, serum levels of which are widely
used to evaluate the degree of liver damage. After 8 weeks of
intragastric administration of different concentrations of the Zi
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Figure 3. Representative indicators associated with liver fibrosis and Zi Qi decoction effects on macroscopic and microscopic hepatic
architecture in CCl,-induced rats. The content of (A) alanine aminotransferase, (B) aspartate aminotransferase, (C) gamma-
glutamyl transpeptidase, (D) Hyp, (E) tumor necrosis factor-a, and (F) interleukin-6 in each group were determined by
enzyme-linked immunosorbent assay. (G) 7.0T micro-magnetic resonance imaging (micro-MRI) was used to evaluate the
severity of hepatic damage of rats. (H) Apparent diffusion coefficient values of each slice of micro-MRI in each group when
b value=50 s/mm?>. (I) Representative images of macroscopic features (upper panel), hematoxylin & eosin staining (middle
panel), and Masson staining (lower panel) of liver tissue from rats with hepatic fibrosis. Magnification x200. ## P<0.001,

* P<0.05, ** P<0.01, *** P<0.001, for comparison with the vehicle group. Data were presented as means+standard deviations.

Qi decoction, serum levels of all 3 enzymes greatly decreased
regardless of the concentration of Zi Qi decoction that was
used (Figure 3A-3C). The content of Hyp also was decreased
after administration of the Zi Qi decoction (Figure 3D). In ad-
dition, because some pro-inflammatory cytokines, particular-
ly TNF-o and IL-6, can be induced in response to hepatocyte
injuries [24-26], we also tested the level of these 2 represen-
tative cytokines to evaluate the inflammatory state in fibrotic
rats. The results showed that the levels of these 2 cytokines
were obviously downregulated in the ZQ groups in a dose-de-
pendent manner (Figure 3E, 3F). Therefore, it can be inferred
that Zi Qi decoction can ameliorate liver injury and inflamma-
tion to some extent.

Furthermore, the 7.0T micro-MRI was used to evaluate the
severity of hepatic damage in rats in each group. Liver tissue
in the control group showed no changes and a tough appear-
ance, disordered blood vessels, reduced liver volume, and di-
lated portal veins were obvious in the vehicle group. However,
all the phenomena were improved across the different Zi Qi
groups (Figure 3G). The apparent diffusion coefficient (ADC)
values of the relative images were calculated using Para vi-
sion 5 software (Bruker) and ADC values were found to pro-
gressively decline with the severity of disease (Figure 3H).

The general appearance of rat liver was bright red and soft
with a sharp edge in the control group, whereas in the vehicle
group, the tissue was dark red, tough, and appeared to have
granular tubercles with a dulled edge. In the ZQ-middle and
ZQ-high groups, however, the liver was slightly softer than in
the vehicle group. Moreover, granular tubercles on the sur-
face in the ZQ-high group were not obvious compared with
those in the vehicle group and the color of the liver tissue was
brighter (Figure 31, upper panel). H&E staining also showed
that the control group had no changes in hepatic parenchyma
and the liver tissue in the vehicle group showed liver paren-
chymal damage, inflammatory cell infiltration, steatosis, liver
cell cord derangement, and hyperchromatic nucleus, consis-
tent with typical liver sections in chronic CCl4-induced liver in-
jury. However, fibrosis was alleviated by treatment with the Zi
Qi decoction, especially in the ZQ-high group (Figure 31, mid-
dle panel). Masson staining showed no alterations in the con-
trol group and large amounts of collagen deposition and obvi-
ous contorted liver parenchyma around the fibrotic nodules.
Treatment with the Zi Qi decoction prevented collagen depo-
sition and formation of regenerative nodules (Figure 31, low-
er panel). Thus, these results showed that the Zi Qi decoction
can reduce the severity of liver fibrosis in CCl4-induced rats.
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Figure 4. Effects of Zi Qi decoction on collagen deposition in liver tissue. (A) The effects of Zi Qi decoction on the relative messenger
RNA level of Types | and Ill collagen and a-SMA in liver tissue of hepatic fibrosis rats. (B) The effects of Zi Qi decoction
on the protein level of Types | and Ill collagen and a-SMA in liver tissue in each group. (C) Immunohistochemical staining
assay of a-SMA and Type | collagen. Magnification x200. ## P<0.001, compared with the control group. * P<0.05, ** P<0.01,
*** P<0.001, compared with the vehicle group. Data were presented as means+standard deviations.

Zi Qi Decoction Alleviated Collagen Deposition in Liver
Tissue in a Rat Model of CCl4-Induced Fibrosis

Because Zi Qi decoction had a significant effect on inhibition
of intracellular fibrosis, it was necessary to investigate its un-
derlying mechanism in vivo. RT-qPCR results suggested that all
concentrations of the Zi Qi decoction induced an obvious de-
crease in the relative mRNA expression of Types | and Il col-
lagen and o-SMA (Figure 4A). Western blotting also showed
that the Zi Qi decoction could significantly decrease protein
expression of Types | and Ill collagen and o-SMA in liver tis-
sue compared with the vehicle group (Figure 4B). Furthermore,
immunohistochemistry showed that the positive staining of
cells for o-SMA and Type | collagen appeared to increase sig-
nificantly along the collagen septa bridging the portal areas
and central vessels in the vehicle group. Moreover, expression

of a-SMA and Type | collagen were significantly reduced com-
pared with the vehicle group (Figure 4C). Taken together, Zi
Qi decoction can suppress collagen deposition in a dose-de-
pendent manner.

Zi Qi Decoction Regulated TLR4-Related NF-xB and MAPK
Signaling Pathways in Liver Tissue of Rats with Hepatic
Fibrosis

To elucidate the inhibitory effects of the Zi Qi decoction on ex-
tracellular signaling, RT-qPCR and western blotting were per-
formed. We found that the level of LPS increased in the ani-
mal models of hepatic fibrosis, in line with previous studies
[26,27]. mRNA expression of TLR4, MyD88, and TRAF6 in the
liver tissue decreased in the ZQ-middle and ZQ-high groups
compared with the vehicle group (Figure 5A) and the protein
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Figure 5. Toll-like receptor 4 (TLR4)-related nuclear factor kappa b (NF-kB) and mitogen-activated protein kinase (MAPK) signaling
pathways were inhibited by Zi Qi decoction in vivo. (A) Messenger RNA expression of TLR4, MyD88, and TRAF6 in liver
tissue in each group. (B) Protein expression of TLR4, MyD88, TRAF6, and phospho-NF-kB p65 in liver tissue in each group.
(€) Expression of MAPK pathway-related proteins and their relative phosphorylation levels in liver tissue in each group.

# P<0.05, compared with the control group. * P<0.05, *** P<0.001, compared with the vehicle group. Data were presented as

meansztstandard deviations.

expression of TLR4, MyD88, TRAF6, and phospho-NF-kB p65 in
the liver tissue was markedly decreased in the ZQ-high group
(Figure 5B). The relative phosphorylation levels of ERK, JNK,
and p38 were obviously decreased in all of the Zi Qi groups,
which indicated that the Zi Qi decoction can suppress either
MAPK pathway (Figure 5C). All these data suggest that the re-
sults of the animal experiments were consistent with those
from the cell experiments.

Discussion

Liver fibrosis is the early stage of cirrhosis and the annual inci-
dence in the adult population worldwide is 0.3% to 0.6% [28,29].

How to prevent liver fibrosis and slow the process of cirrhosis
has become an urgent problem for clinicians in modern soci-
ety. In ancient times, doctors of TCM put forward the impor-
tant principle of Superior Treatment Before Sickness, which in-
cludes prevention before disease and prevention after disease.
For liver fibrosis, prevention of progression after the disease is
diagnosed is the most important part of clinical practice. In the
present study, the severity of hepatic fibrosis was alleviated
or even reversed (Figure 3), which postponed the progression
into liver cirrhosis or even hepatocellular carcinoma to some
extent, embodying the theory of Superior Treatment Before
Sickness of TCM. Great progress has been made in the preven-
tion and treatment of liver fibrosis with TCM in recent years.
Our previous studies demonstrated that the Zi Qi decoction
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could reduce the inflammatory response and relieve liver fi-
brosis, delaying its progression into cirrhosis [17].

In the present study, serological indicators reflecting liver inju-
ry (ALT, AST, and GGT) and liver inflammation (IL-6 and TNF-a)
were significantly downregulated after Zi Qi decoction treat-
ment in rats with hepatic fibrosis (Figure 3A-31). We speculate
that the Zi Qi decoction has the potential to ameliorate liver
fibrosis by alleviating liver injury and inflammation. To bet-
ter manifest early morphological changes in a rat liver model,
advanced 7.0T micro-MRI was used in the present study. As
was shown in our data, the ADC value was negatively corre-
lated with the severity of hepatic fibrosis and the disordered
blood vessels in the liver, small gridded structure, and dilated
portal vein were alleviated in the liver sections after the inter-
vention with the Zi Qi decoction (Figure 3G, 3H). Because liv-
er MRI has been increasingly and widely used in the diagno-
sis of liver disease and quantitative MRI has the potential to
characterize liver fibrosis [30], a PD-T2 image was selected to
detect the degree of fibrosis and the ADC value was calculat-
ed based on a relative diffusion-weighted image. The patho-
logical findings (Figure 31) also were consistent with the pre-
viously described data from micro-MRI, which indicate that
this innovative technology is better suited for identification
of mild structural changes in rats.

Activation of HSCs is very important to the formation of liver
fibrosis, and LPS, the specific ligand of TLR4, is also associat-
ed with hepatic fibrogenesis through direct interactions with

ANIMAL STUDY

and immunoreactions — NF-kB and MAPK — were activated
and subsequently influences the activation of HSCs [11]. In
the present study, Zi Qi decoction suppressed collagen depo-
sition (Figures 1, 4) and inhibited the TLR4/NF-xB pathway
in vivo and in vitro. Moreover, TAK-242 suppressed TLR4 and
downstream NF-kB signaling but PDTC had no significant ef-
fect on the recovery of TLR4/NF-kB signaling (Figures 2A-2C,
5A, 5B). TLR4 downstream MAPK signaling also was downreg-
ulated by treatment with the Zi Qi decoction, in vivo and in vi-
tro (Figures 2D, 5C). These data suggest that the Zi Qi decoc-
tion has a TLR4-inhibitor-like effect on alleviating liver fibrosis.
More importantly, this kind of effect was characterized with
a multiple-target-selective feature, which reflects the unique
advantages of TCM in the treatment of liver fibrosis.

Conclusions

Taken together, our results demonstrated that the Zi Qi decoc-
tion alleviated hepatic fibrosis by suppressing the activation
of HSCs via inhibition of the TLR4-related NF-xB and MAPK
signaling pathways. The present study suggests that the Zi Qi
decoction may offer new insights into treatment of liver fibro-
sis, and in the near future, more detailed studies are needed
to explore the relationship between the Zi Qi decoction, the
intestinal tract, and liver fibrosis.
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Supplementary Figure 1. The quality control test for the drug-containing serum of Zi Qi decoction. (A) Paeoniflorin, verbascoside,
paeonol, catalpol, quercitin, matrine, atractylotin, berberine hydrochloride, and shikonin were separated from
drug-containing serum of the Zi Qi decoction at retention time. (B) High-performance liquid chromatography

of mixed reference substance.
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