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Anti-liver fibrosis effects of the total flavonoids of litchi semen on CCl4-induced
liver fibrosis in rats associated with the upregulation of retinol metabolism
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ABSTRACT
Context: The litchi semen are traditional medications for treating liver fibrosis (LF) in China. The mechan-
ism remains unclear.
Objective: This study investigates the anti-liver fibrotic mechanism of the total flavonoids of litchi
semen (TFL).
Materials and methods: Sprague-Dawley rats with carbon tetrachloride-induced LF were treated with
TFL (50 and 100mg/kg) for 4 weeks. The anti-liver fibrotic effects of TFL were evaluated and the underly-
ing mechanisms were investigated via histopathological analysis, proteomic analysis and molecular biol-
ogy technology.
Results: Significant anti-LF effects were observed in the high-TFL-dose group (TFL-H, p< 0.05). Five hun-
dred and eighty-five and 95 differentially expressed proteins (DEPs) were identified in the LF rat model
(M group) and TFL-H group, respectively. The DEPs were significantly enriched in the retinol metabolism
pathway (p< 0.0001). The content of 9-cis-retinoic acid (0.93±0.13 vs. 0.66±0.10, p< 0.05, vs. the M
group) increased significantly in the TFL-H group. The upregulation of RXRa (0.50±0.05 vs. 0.27±0.13
protein, p< 0.05), ALDH2 (1.24±0.09 vs. 1.04±0.08 protein, p< 0.05), MMP3 (0.89±0.02 vs. 0.61±0.12
protein, p< 0.05), Aldh1a7 (0.20±0.03 vs. 0.03±0.00 mRNA, p< 0.05) and Aox3 (0.72±0.14 vs. 0.05±0.01
mRNA, p< 0.05) after TFL treatment was verified.
Conclusions: TFL exhibited good anti-liver fibrotic effects, which may be related to the upregulation of
the retinol metabolism pathway. TFL may be promising anti-LF agents with potential clinical applica-
tion prospects.
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Introduction

Liver fibrosis (LF), a wound-healing reaction of the liver to liver
injury, is a necessary stage of chronic liver disease leading to cir-
rhosis, which is associated with excessive extracellular matrix
(ECM) deposition (Huang et al. 2017). As a worldwide health
problem, LF can develop into cirrhosis, liver cancer and liver
failure and is associated with significant morbidity and mortality
during liver injury (Zhang et al. 2019). Several studies have
shown that LF, and early cirrhosis, can be reversed by prompt
initiation of treatment (Sun and Kisseleva 2015; Chen et al. 2018;
Du et al. 2019). Therefore, it is particularly important to treat LF
before it develops into cirrhosis or liver cancer. At present, the
pathogenesis of LF remains unclear. Clinically, there is a lack of
specific and effective Western medications to treat LF, and
whose side effects are obvious (Shan et al. 2019). Therefore, it is
necessary to understand the pathogenesis of LF to identify more
effective drugs. Traditional Chinese medications have unique

advantages, such as synergistic effects, low toxicity and enhanced
safety, and demonstrate great potential for the treatment of LF.

Litchi is the mature fruit of Litchi chinensis Sonn.
(Sapindaceae), which is widely distributed in Southeast Asia,
especially in Southern China (Zhao et al. 2020). The seeds of lit-
chi are used as a traditional Chinese medication. In recent deca-
des, practitioners of traditional Chinese medicine have used the
tablet and powder forms of litchi semen to treat LF and cirrho-
sis. Modern pharmacological studies have demonstrated that lit-
chi semen possess various pharmacological activities, such as
liver protection (Dong et al. 2018), antioxidation (Wang et al.
2011), hypoglycaemic (Man et al. 2017; Tang et al. 2018), antitu-
mor and neuralgia-relieving activities (Chung et al. 2017; Guo
et al. 2017). Flavonoids are the main active components of litchi
semen. In our previous study, we isolated and purified the total
flavonoids of litchi semen (TFL) from litchi semen and verified
that they exerted good anti-LF effects and improved liver
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function using animal experiments (Huang et al. 2016).
However, the mechanisms underlying the anti-LF effects of TFL
remain unclear.

In recent years, proteomic technologies have emerged as
powerful tools to detect, analyse and determine changes in the
expression of disease-related proteins after drug treatment; there-
fore, they offer one of the most effective techniques to study the
molecular mechanisms of drug action. At present, the isobaric
tags for relative and absolute quantification (iTRAQ) technique
are used to study many chronic liver diseases, such as LF (Dong
et al. 2016), liver cirrhosis (Minghui et al. 2019) and liver cancer
(Goh et al. 2011; Buczak et al. 2018).

In this study, a rat model of CCl4-induced LF was established
to reveal the underlying mechanisms of TFL in the treatment of
LF at a large-scale protein level. After TFL treatment, iTRAQ
was used to detect differentially expressed proteins (DEPs) in rat
liver tissues, and the key targets and pathways were examined,
thus providing a new perspective on the pathogenesis of LF and
the therapeutic mechanism of TFL (Figure 1).

Materials and methods

Extraction, purification and chemoprofile of TFL

Litchi semen were collected from Yulin (Guangxi Autonomous
Region, China), in May 2018, and were taxonomically confirmed
by Professor Songji Wei of Guangxi University of Chinese
Medicine. The voucher specimen (20180510) was maintained in
Guangxi University of Chinese Medicine. Litchi semen were
crushed and refluxed thrice with an eight-fold volume of 60%
ethanol for 30min. After the ethanol extract was filtered, the fil-
trates were combined, concentrated and dried, and a reddish-
brown crude extract of TFL was obtained. Thereafter, the crude
extract was dissolved in 20% ethanol, separated and purified
using an AB-8 macroporous resin column to obtain TFL.

The components of TFL were analysed using UPLC-Q-
Exactive spectrometry (UPLC, Dionex UltiMate 3000, Dionex,
Sunnyvale, CA; MS, Q-Exactive, Thermo Fisher Scientific,
Waltham, MA). Chromatographic separation was achieved using

a Hypersil GOLD C18 column (2.1� 50mm, 1.9 mm; Thermo
Fisher Scientific, Waltham, MA, 25002-052130) at 30 �C. The
mobile phase consisted of a gradient mixture of methanol and
0.1% formic acid in water. Q-Exactive was operated in the Full
MS/dd-MS2 mode with a resolution of 70,000. The standard sub-
stances used for qualitative analysis of TFL included procyanidin,
procyanidin A1, procyanidin A2, procyanidin B2, procyanidin
B3, phlorizin, nobiletin, (þ)-catechin, gallic acid, kaempferol and
isoquercitrin.

The content of procyanidin A2 in TFL was determined using
HPLC (Shimadzu, Kyoto, Japan). Chromatographic separation
was achieved using an Ultimate AQ-C18 column (4.6mm �
250mm, 5 mm; Welch, Concord, MA, 00207-31043) at 30 �C.
The mobile phase consisted of methanol and 0.1% phosphoric
acid (20:80, v/v), and a flow rate of 1.0mL/min was used. The
sample injection volume was 10 lL.

The purity of TFL was determined using a UV–Vis spectro-
photometer (Shimadzu UV-2600, Kyoto, Japan). The purified
extract solution was sequentially reacted with 5% (w/v) vanillin
and concentrated hydrochloric acid (Taniguchi et al. 2007). The
optical density was measured at 510 nm on a UV–Vis spectro-
photometer, and procyanidin A2 was used as the reference
standard for the external standard calibration.

Establishment of a rat model of LF and treatment

Male Sprague-Dawley (SD) rats, weighing 220–230 g, were pro-
vided by the Hunan SJA Laboratory Animal Co., Ltd. (licence
no. SCXK [Xiang] 2016-0002). The rats were housed under con-
trolled conditions (25 ± 2 �C, 75 ± 5% humidity, on a 12-h light/
dark cycle) and had free access to rodent chow and water. All
experimental procedures and protocols used in this study were
approved by the Institutional Review Board of Guangxi
University of Chinese Medicine. All experimental animals were
raised in the Animal Experimental Centre of Guangxi University
of Chinese Medicine.

After acclimatization for three days, the rats were randomly
divided into the control (CK, n¼ 10) and model (M, n¼ 48)
groups. Rats in the M group were injected with 3mL/kg CCl4

Figure 1. Overall flowchart of the study.
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(2:3, mixed with soybean oil) twice a week, and those in the CK
group were injected with 3mL/kg soybean oil. From the sixth
week of modelling, six rats from the M group were sacrificed
every week. Masson’s staining was used to detect collagenous
fibres in liver tissues to ensure successful establishment of the LF
model. If the average LF score was >2.5, LF was considered to
be successfully induced. Thereafter, rats with LF were randomly
divided into the M, high-TFL-dose (TFL-H) and low-TFL-dose
(TFL-L) groups, with 10 rats in each group. All rats in the M
and TFL group were injected with CCl4 at a maintenance dose
of 3mL/kg once a week, whereas those in the CK group were
injected with 3-mL/kg soybean oil once a week. In addition, rats
in the M and CK groups were intragastrically administered 5-
mL/kg normal saline, and those in the TFL-L and TFL-H groups
were administered 50 and 100mg/kg TFL. All rats were treated
for 4 weeks.

Calculation of the liver index

Liver samples were rinsed with NS, wiped with filter paper and
weighed. The liver index was calculated using the following for-
mula:

Liver index ¼ ½liver weight ðgÞ=body weight ðgÞ� � 100%

Examination of pathological changes in liver samples

Liver tissues were fixed in the same position using 4% parafor-
maldehyde, processed using standard histological procedures,
embedded in paraffin blocks and cut into 4-mm-thick sections.
Some slices were stained with haematoxylin and eosin (H&E) to
observe pathological injuries, whereas other slices were stained
with Masson and Sirius red to observe the abundance of collagen
and its different types. Pathological changes in the liver samples
were observed using a microscopic camera. The scoring criteria
used for calculating the LF degree are shown in Table 1 (Wang
et al. 2015).

Protein preparation, iTRAQ labelling and LC–MS/MS analysis

As the pharmacological effects of the TFL-H group were better
than those of the TFL-L group, the TFL-H group was selected
for proteomic analysis. Nine liver tissues from the CK, TFL-H
and M groups were randomly divided into three replicates. First,
the liver tissues were ground to powder in liquid nitrogen, dis-
solved in a lysis buffer [8-M urea (Vetec, Rio de Janeiro, Brazil,
V900119], 2-mM ethylenedinitrilotetraacetic acid (Vetec, Rio de
Janeiro, Brazil, V900106) and 10-mM DL-dithiothreitol [Vetec,
Rio de Janeiro, Brazil, V900830)] and 1% protease inhibitor
cocktail (Amresco, Solon, OH, M222) for protein extraction and

centrifuged after ultrasonication to obtain the supernatant.
Thereafter, acetone (Sangon, A6854, Shanghai, China) at a vol-
ume three-times that of the supernatant was added to the super-
natant to precipitate the protein. After centrifugation and
removal of the supernatant, the protein precipitate was redis-
solved in urea buffer [8-M urea and 100-mM triethylammonium
bicarbonate (Thermo Fisher Scientific, Waltham, MA)], and pro-
tein concentration was determined using a Bradford Protein
Assay Kit (Beyotime, P0006, Shanghai, China).

For peptide isotope labelling, 100 mg of protein was reduced
and alkylated. Thereafter, sequencing-grade trypsin (Pierce, San
Jose, CA, 90057) was added at a protein:trypsin mass ratio of 50:1
and incubated at 37 �C overnight for protein digestion and subse-
quently at a ratio of 100:1 for 4 h for depth digestion. After enzy-
molysis, the peptides were desalted using a Strata X SPE column
(Phenomenex, Torrance, CA, 8B-S100-AAK) and dried under vac-
uum. Eventually, the peptides were labelled with iTRAQ Reagent-
8Plex (Applied Biosystems Sciex, Framingham, MA, 4381663)
according to the manufacturer’s protocol. The CK, M and TFL
groups were labelled with reagents 113, 114 and 121, respectively.
The peptide mixture was incubated at room temperature for 2 h,
collected in a tube and dried using vacuum centrifugation.

The iTRAQ-labelled peptide mixtures were redissolved in
solvent A (2% ACN, pH 10) of HPLC and directly loaded onto a
high-pH reverse-phase column (130 Å, 3.5 lm, 4.6� 250mm)
(Waters, Milford, MA, Bridge Peptide BEH C18). A total of 18
fractions were collected and desalted using Ziptip C18
(Millipore, Burlington, MA, ZTC18S096) according to the manu-
facturer’s instructions, dried under vacuum and analysed qualita-
tively and quantitatively using LC–MS/MS. First, the peptides
were separated on an EASY-nLC 1000 ultra-performance liquid-
phase system and analysed on a Thermo Q-Exactive mass
spectrometer. High-resolution Orbitrap was used to detect and
analyse the parent ion and secondary fractions. Data were
acquired using a data-dependent scanning (DDA) program.

The resulting MS/MS spectra were searched against the
UniProt proteome database of Rattus norvegicus (UP000002494,
downloaded on 15 December 2017, including 29,795 sequences)
by integrating SEQUEST data in the Proteome Discoverer soft-
ware (version 1.3, Thermo Fisher Scientific, Waltham, MA). The
database parameters were set as follows: the enzyme was set as
trypsin/P, and two missed cleavages were allowed.
Carbamidomethyl (C) was selected as a fixed modification, and
iTRAQ 8plex (N-term), iTRAQ 8plex (K, Y) and oxidation were
selected as variable modifications. For protein identification and
quantification, a peptide segment mass tolerance of 10 ppm and
a fragment ion tolerance of 0.05Da were permitted, and the false
discovery rate of peptide filtration was set to 0.05.

Annotation and functional classification

The target sites were identified using the SwissTargetPrediction
(http://www.swisstargetprediction.ch/) database. For bioinfor-
matic analyses of differential proteins and targets in the TFL
group, Gene Ontology (GO) analysis was performed using
Database for Annotation, Visualization and Integrated Discovery
(DAVID, v6.8) (http://david.abcc.ncifcrf.gov/), Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway annota-
tion was performed using KAAS (https://www.genome.jp/tools/
kaas/) and the KEGG Mapper tool was used for visualization. A
protein–protein interaction (PPI) network was constructed using
the STRING database and visualized using the Cytoscape soft-
ware (version 3.7.1).

Table 1. Scoring criteria used for Masson’s staining of the liver tissues of rats
with LF.

Scoring criteria Score

Normal 0
Fibrosis present (collagen fibres present that extend from the

portal triad or central vein to the peripheral region)
1

Mild fibrosis (mild collagen fibres present with extension
but without compartment formation)

2

Moderate fibrosis (moderate collagen fibres present with
some pseudo lobe formation)

3

Severe fibrosis (many collagen fibres present with thickening
of the partial compartments and frequent pseudo lobe formation)

4
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Western blot

Total protein was isolated from liver tissues using a tissue pro-
tein extraction kit (Solarbio, Beijing, China, BC3711) and centri-
fuged at 15,000�g for 30min at 4 �C. Protein concentration was
measured using a BCA Protein Assay Kit (Beyotime, P0010S,
Shanghai, China). Furthermore, proteins (30 mg) were separated
using sodium dodecyl sulphate-polyacrylamide gel electrophor-
esis (SDS-PAGE), with a 10% gel, and subsequently transferred
onto a polyvinylidene fluoride (PVDF) membrane. Thereafter,
the membrane was blocked with 5% dried skim milk for 2 h at
4 �C. The blot was washed with TBST and incubated overnight
at 4 �C with the polyclonal primary antibodies MMP3 (1:20,000;
Abcam, Cambridge, UK), Aldh2 (1:10,000; Abcam, Cambridge,
UK), GAPDH (1:10,000; Thermo Fisher Scientific, Waltham,
MA) and Rxra (1:10,000; Abcam, Cambridge, UK) diluted in
TBST, followed by incubation with the horseradish peroxidase-
conjugated secondary antibody goat anti-rabbit IgG (1:5000) at
4 �C for 2 h. Protein expression was detected using an ultra-sen-
sitive ECL chemiluminescence kit, and images were captured
using a gel imaging system (Bio-Rad, Hercules, CA). Band inten-
sity was analysed using the ImageJ software (Bethesda, MD), and
the results were normalized to those of GAPDH, which was used
as the internal control.

qRT-PCR

Total RNA was extracted from liver tissues using an RNAprep
Pure Tissue kit (Tiangen, Beijing, China, DP431) and reverse
transcribed to cDNA using a qRT-PCR kit (Vazyme, Nanjing,
China, R223-01). The relative mRNA levels were determined
using quantitative PCR. The PCR parameters were as follows:
95 �C for 3min, followed by 45 denaturation cycles at 95 �C for
10 s, annealing at 57 �C for 10 s (GAPDH, 55 �C) and extension
at 72 �C for 20 s. The target mRNA levels were adjusted to those
of GAPDH, which was used as the endogenous control. The fold
change values relative to the control values were obtained and
used to represent the changes in gene expression. The PCR pri-
mers designed using Primer 5.0 are shown in Table 2.

Determination of the content of retinol and 9-cis-retinoic
acid in liver samples

Retinol (2mg) and 9-cis-retinoic acid (2mg) were respectively
dissolved in 2mL methanol to prepare reference solution. Liver
tissue (0.1 g) was collected, added to an appropriate amount of
methanol and homogenized. The homogenate was ultrasonicated
for 20min and centrifuged at 13,000�g for 10min at 4 �C. The
supernatant was filtered using a 0.22-mm microporous mem-
brane, and relative quantitative analysis was performed using
HPLC–MS/MS. Chromatographic separation was achieved using
a Hypersil GOLD C18 column (2.1� 50mm, 1.9 mm; Thermo
Fisher Scientific, Waltham, MA, 25002-052130) at 30 �C. The

mobile phase consisted of a gradient mixture of methanol and
0.1% formic acid in water. The Q-Exactive spectrometer was
operated in the Full MS/dd-MS2 mode with a resolution
of 70,000.

Statistical analyses

Data were expressed as mean± standard deviation of the mean.
Statistical analyses were performed using the Statistical Package
for the Social Sciences software (SPSS, Chicago, IL), version 13.0.
Statistical analysis of the histological scores was performed using
Student’s t-test. A p value <0.05 was considered statistically sig-
nificant, and proteins with a threshold of >1.3-fold or <1/1.3-
fold and a p value <0.05 were classified as DEPs.

Results

Chemoprofile of TFL

A total of 11 components of TFL were identified via UPLC (as
shown in Table S1). Most components belonged to the proantho-
cyanidin class of flavonoids, such as procyanidin A1, A2, B2 and
B3. The content and purity of procyanidin A2 (determined using
procyanidin A2 equivalents) in TFL were 0.923mg/g and 65%,
respectively.

Histopathological changes in liver tissues

The liver index is usually used to indicate the extent of liver dam-
age. The liver index of the M group was significantly higher than
that of the CK group (p< 0.01); however, after TFL treatment, the
liver index of the TFL-H group was remarkably lower than that of
the M group (p< 0.01). The results revealed that TFL alleviated
CCl4-induced hepatic intumescence in rats (Figure 2(E)).

Furthermore, to investigate the protective effects of TFL
against LF, histological changes in the liver tissues of rats were
detected using H&E and Masson’s staining. The results obtained
using H&E staining in the CK group showed a normal hepatic
lobular architecture and no inflammatory cells. In addition,
inflammatory cell infiltration and the number of fat vacuoles
around hepatocytes were significantly increased in the M group
after 12 weeks of CCl4 stimulation. After TFL treatment, patho-
logical changes in liver tissues, especially the number of fat
vacuoles, were significantly reduced in the TFL-H group but not
in the TFL-L group (p< 0.05) (Figure 2(A,B)). Based on the
results of Masson’s staining, there was no fibrosis in the liver tis-
sues of the CK group; however, the structure of the hepatic lob-
ule was destroyed in liver tissues of the M group, accompanied
by proliferative fibrous tissue, a large fibrous septum and a pseu-
dolobule. However, in the TFL-H and TFL-L groups, fewer
fibrous septa were observed in the liver tissues, and the degree of
LF was decreased (p< 0.05) (Figure 2(A,C)).

During the development of LF, the composition of the liver
ECM changes from type IV collagen to type I and III collagen
(Chen et al. 2019). Therefore, to distinguish between the micro-
scopic types of collagens, Sirius red staining was performed. The
results of Sirius red staining were similar to those of Masson’s
staining (Figure 2(A,D)). Under a polarized light microscope,
type I collagen showed strong birefringence and yellow or red
fibres, whereas type III collagen showed weak birefringence and
green fibres. The expression of collagen in the M group was sig-
nificantly higher than that in the CK group (p< 0.0001); how-
ever, it was significantly reduced after TFL treatment (p< 0.01).

Table 2. Primer sequences used for gene expression.

Target gene Primer sequence

GAPDH (F) GACATGCCGCCTGGAGAAAC
(R) AGCCCAGGATGCCCTTTAGT

Timp1 (F) TGGCATCCTCTTGTTGCTATCA
(R) AACGCTGGTATAAGGTGGTCTC

Aldh1a7 (F) GGCAGCCATCTCTTCTCACAT
(R) ACAGCACTATCCAAGTCAGCAT

Aox3 (F) TAACCAGCAGCAAGCCACAT
(R) GCGAGCATACGAGTCAGCA
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Figure 2. Effects of TFL on the histological changes of liver tissues in rats with CCl4-induced LF. (A) H&E staining (�100), Masson’s staining (�100), and Sirius red
staining (�200) of the rat liver tissues (type I collagen is represented in yellow or red, and type III collagen is represented in green). (B) Fat vacuole area analysis
using H&E staining. (C) Masson’s staining score. (D) Average Sirius red staining intensity. (E) Liver index of different groups.
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Figure 3. Overview of the DEPs identified using iTRAQ and PPI network analysis. (A) Venn diagram of overlapping regulatory proteins in the TFL-H versus M groups
and the M versus CK groups. (B) Volcano map of DEPs in the TFL-H versus M groups. The names of proteins with a threshold of >2-fold or <0.5-fold are shown. (C)
The component–target network.
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Identification of DEPs and PPI network analysis

To identify DEPs and the targets of TFL in LF rat models, pro-
teins extracted from the rat liver samples were assessed using
LC–MS/MS, followed by isotope labelling using iTRAQ. A total
of 6004 proteins were identified, and DEPs were designated at a
threshold of >1.3-fold (upregulated) or <1/1.3-fold (downregu-
lated) with a p value <0.05. Based on these cut-off values, we
found that the expression of 585 and 95 proteins was signifi-
cantly different in the CK and TFL-H groups, respectively, when
compared with the M group. The Venn diagram demonstrated
that 316 proteins were downregulated in the M group compared
with the CK group; of which, 16 were upregulated after TFL
treatment (Figure 3(A)), whereas 269 proteins were upregulated
in the M group compared with the CK group; of which, 28 were
downregulated after TFL treatment. The names of proteins with
a threshold of >2-fold or <0.5-fold and a p value <0.05 are
shown in the volcano map demonstrating DEPs in the TFL-H
and M groups (Figure 3(B)).

To analyse the possible multi-component and multi-target
mechanisms of TFL in the treatment of LF, the TCMSP and
SwissTargetPrediction databases were used to screen for the tar-
gets of the above-mentioned 11 TFL components, and the pos-
sible interactions between the components and targets were

analysed and visualized using Cytoscape (version 3.7.1)
(Shannon et al. 2003). A total of 109 potential targets of TFL
components (blue) were screened and analysed based on the
DEPs of the TFL-H and M (red and green) groups to establish a
component–target interaction network (Figure 3(C)). Different
components of the network interacted with the same or different
targets. Kaempferol and nobiletin interacted with the largest
number of targets.

Clustering and functional analysis of DEPs

The KEGG pathway analysis was performed to assess the
involvement of DEPs in metabolic or signalling pathways. The
DEPs of the TFL-H and M groups were mainly enriched in ret-
inol metabolism, pentose and glucuronate interconversion, drug
metabolism (cytochrome P450), steroid hormone biosynthesis
and other pathways (Figure 4(A)). Among these pathways, ret-
inol metabolism was the most enriched pathway. Therefore, we
speculated that the anti-fibrotic effects of TFL were closely
related to retinol metabolism.

Furthermore, GO functional annotations of the DEPs were
classified as biological processes, cellular components and
molecular functions. GO enrichment analysis showed that TFL

Figure 3. Continued.
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Figure 4. Clustering and functional analysis of DEPs. (A) KEGG analysis of DEPs in the TFL-H versus M groups. (B) GO biological process analysis of DEPs in the TFL-H
versus M groups. (C) GO cellular component analysis of DEPs in the TFL-H versus M groups. (D) GO molecular function analysis of DEPs in the TFL-H versus M groups.
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treatment mainly affected the immune response, negative regula-
tion of cytokine production and a-amino acid catabolism (Figure
4(B)). In addition, significant changes were observed in the
expression of ECM proteins, extracellular domain and organelle

binding membrane (Figure 4(C)). Moreover, molecular functions,
such as fatty acid-binding, coenzyme-binding and oxidoreductase
activities, changed significantly (Figure 4(D)). These results indi-
cated that the anti-fibrotic effects of TFL might be related to

Figure 4. Continued.
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ECM deposition and lipid metabolism, which are regulated by
the retinol metabolism pathway.

Validation of proteins, genes and metabolites related to the
retinol metabolism pathway

Retinol metabolism refers to the oxidative metabolism of retinol
in the body to produce retinoids, such as retinol, retinoic acid
and other analogues, and is closely related to physiological func-
tions of the liver. It not only controls the storage and metabol-
ism of retinol but is also an important target of many retinoids
(Shao et al. 2005). In addition, retinol and its metabolites retinal-
dehyde and retinoic acid are closely related to the occurrence
and development of liver diseases. In this study, the content of
retinol was lower in the M group than in the CK group; how-
ever, the difference was not significant, whereas the content of 9-
cis-retinoic acid was significantly lower in the M group than in
the CK group. After TFL treatment, the content of retinol was
slightly increased, whereas that of 9-cis-retinoic acid was signifi-
cantly increased and was equivalent to that in the CK group
(Figure 5(A)).

Alterations in retinoic acid metabolism in the liver and
abnormalities in the retinoic acid signalling pathway are closely
related to liver diseases (Shirakami et al. 2012). A proteomic
study found that retinol metabolism-related proteins and various
types of collagens were abnormally expressed in rats with LF
(Figure 5(B)). In this study, Western blot and qRT-PCR were
used to validate the expression of proteins or their corresponding
genes screened via proteomic analysis. The expression of Aldh2
protein, Aldh1a7 mRNA and Aox3 mRNA related to retinol
metabolism was significantly increased after TFL treatment
(p< 0.05) (Figure 5(C–E)). Aldh2, Aldh1a7 and Aox3 are the
enzymes involved in the conversion of 9-cis-retinal to 9-cis-retin-
oic acid, and their increased expression can promote the synthe-
sis of retinoic acid. These results suggested that an increase in
the content of 9-cis-retinoic acid after TFL treatment was posi-
tively correlated with the expression of these enzymes.

In addition, 9-cis-retinoic acid interacts with retinoid X recep-
tors (RXRs), such as retinoid X receptor alpha (Rxra), to regulate
the expression of many genes involved in liver metabolism. In
this study, the expression of Rxra increased significantly after
TFL treatment, which was consistent with the increased content
of 9-cis-retinoic acid.

Furthermore, collagen is one of the main constituents of
ECM, which is deposited on the liver during LF. Abnormal
activity of liver matrix metalloproteinases (Mmps) or tissue
inhibitors of Mmps (Timps) leads to an imbalance in ECM deg-
radation (Duarte et al. 2015; Lachowski et al. 2019). In this
study, the Mmp3 protein was significantly downregulated, the
Timp1 protein was significantly upregulated and the Mmp3/
Timp1 ratio was significantly decreased in the M group com-
pared with the CK group. After TFL treatment, although the
expression of Timp1 was not significantly decreased, the expres-
sion of Mmp3 and the Mmp3/Timp1 ratio were significantly
increased (Figure 5(D,E)). In addition, based on the results of
Masson’s staining, ECM deposition was significantly reduced
(Figure 2(A)).

Discussion

Although LF is considered a reversible pathological process,
effective drugs are still lacking. Therefore, it is of great signifi-
cance to understand the pathogenesis of LF for developing more

effective drugs for its prevention and treatment. Previous studies
have shown that flavonoids are one of the main active compo-
nents of litchi semen, which have anti-inflammatory, antioxidant
and anti-LF effects; however, their specific mechanism and tar-
gets of action remain unknown (Cheng et al. 2020). In this
study, we investigated the mechanism of action of TFL in CCl4-
induced LF using proteomic techniques. As shown in Figure
2(A,C,E), the pathological analysis verified that TFL effectively
reduced CCl4-induced liver injury, inflammation, fat accumula-
tion and fibrosis. Subsequently, the iTRAQ technique was used
to analyse and identify DEPs in rat liver tissue. A total of 585
DEPs were identified in the M and CK groups, which were
mainly enriched in metabolic pathways, including valine, leucine
and isoleucine degradation and retinol metabolism. Retinol
metabolism refers to the oxidative metabolism of vitamin A (i.e.,
retinol) in the body to produce retinoids, such as retinal, retinoic
acid and other analogues. It has been demonstrated that abnor-
malities in retinol metabolism can lead to non-alcoholic fatty
liver disease (NAFLD), non-alcoholic steatohepatitis (NASH) and
advanced liver disease (Blaner 2019). In this study, after TFL
treatment, the retinol metabolism pathway changed significantly,
which was the most enriched pathway of DEPs. These results
suggest that retinol metabolism is involved in the occurrence and
progression of LF, and the therapeutic effects of TFL on LF in
rats may be related to the regulation of retinol metabolism.

Furthermore, we detected the content of retinol and its
metabolite, 9-cis-retinoic acid. The results revealed no significant
differences in the content of retinol in rat liver tissue between
the M and CK groups; however, the content of 9-cis retinoic
acid was significantly lower in the M group (Figure 5(A)).
Retinol and its metabolites participate in the development of
vision (Belyaeva et al. 2018); the differentiation, proliferation and
apoptosis of cells in vivo (Doldo et al. 2015; Zhou et al. 2016;
Khalil et al. 2017) and the regulation of the immune system
(Bono et al. 2016). On the one hand, retinol and its metabolites
play an anti-steatotic role by increasing the oxidation of fatty
acids and inhibiting the synthesis of fatty acids in the liver. On
the other hand, retinoic acid is a key regulator of glucose and
lipid metabolism in the liver and adipose tissue (Saeed et al.
2017), which can inhibit the expression of type I collagen in
HSCs. Some regulatory factors of retinol metabolism and storage
overlap with those of lipid metabolism (related to cholesterol
and triglyceride metabolism). When these factors are imbalanced,
they lead to disease progression (Blaner 2019). For example, the
content of retinol is low in patients with liver cirrhosis (Ukleja
et al. 2002) and those with morbid obesity with NAFLD
(Botella-Carretero et al. 2010). Moderate administration of vita-
min A, synthetic retinoic acid or retinoic acid RARb2 receptor
agonists are beneficial in the treatment of liver diseases (Wang
et al. 2007; Trasino et al. 2016; Yeh et al. 2018; Blaner 2019).
Therefore, maintaining high levels of retinol and retinoic acid is
one of the available methods to prevent and treat liver diseases,
including LF. However, it is noteworthy that a diet with an
excess of vitamin A or excessive vitamin A doses and alcohol
consumption can accelerate the formation of liver normalized
(Okuno et al. 2002). In this study, the content of retinoic acid in
the rat liver tissue was significantly increased after TFL treat-
ment, which suggested that the therapeutic effects of TFL on LF
were related to an increase in the retinoic acid level, which was
consistent with the analysis results of the above scholars.

In the retinol metabolism pathway, retinol is converted to ret-
inaldehyde by alcohol dehydrogenase (ADH) in cells, and retinal-
dehyde is subsequently converted to retinoic acid by
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acetaldehyde dehydrogenase (ALDH) and Aox3 (Zakhari 2006;
Kawai et al. 2016). As shown in Figure 4(C–E), TFL group com-
pared with the M group, the expression levels of Aldh2, Aldh1a7
and Aox3 in rat liver tissue were significantly increased after
TFL treatment. Therefore, the significant increase in the content
of retinol and retinoic acid in rat liver tissue after TFL treatment

was associated with the increased expression of Aldh2, Aldh1a7
and Aox3, which promote retinol metabolism.

Moreover, abnormal retinol metabolism is related to abnor-
mal lipid metabolism in LF. Retinoic acids activate the transcrip-
tional networks controlled by retinoic acid receptors (RARs) and
RXRs (Huang et al. 2014; Saeed et al. 2017). Animal studies have

Figure 5. Validation of proteins, genes, and metabolites related to retinol metabolism. (A) The relative content of retinol and 9-cis retinoic acid in liver samples. (B)
The relative content of Col1a1, Col1a2, Col3a1, and Col14a1 proteins detected via proteomic analysis. (C) Semi-quantitative analysis based on the relative density of
the validated proteins. Data were normalized to the results of GADPH, which was used as the internal reference. (D) The expression of Aldh2, Rxra, and Mmp3 pro-
teins. (E) Relative mRNA expression of Timp1, Aldh1a7, and Aox3.
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shown an association between transcription factors (Ppar-a, Rxr-
a, Ucp-2 and Srebp-1c) and enzymes involved in lipid metabol-
ism (liver CPT-1 and fatty acid synthase) after retinoid treatment
(Pettinelli et al. 2018). Rxra, the receptor of 9-cis retinoic acid
downstream of the retinol metabolism pathway, is one of the
members of the LXR/RXR signalling cascade, which controls the
cholesterol levels in tissues. The LXR/RXR signalling axis influ-
ences lipid homeostasis by regulating the expression of related
genes (Chi et al. 2019). In vitro experiments have revealed that
the mRNA levels of Rxra are significantly decreased during HSC
activation (Mezaki et al. 2009). In this study, we observed that
the expression of Rxra was downregulated, fat accumulation was
increased in the liver tissue and the fatty liver condition was
very serious. After TFL treatment, the expression of Rxra was
upregulated, and the number of fat vacuoles was significantly
reduced. These results suggest that the mechanism of action of
TFL in the treatment of LF is related to the Rxra-mediated lipid
metabolism pathway, which regulated steatosis and deposition.
However, the effects of TFL on lipid metabolism require further
investigation.

Benign steatosis can easily develop into hepatic inflammation,
which further leads to chronic liver injury, such as NAFLD.
Under long-term inflammatory stimulation, such as fatty acid
oxidation in the adipose tissue, immune responses and healing
continuously occur in hepatocytes, leading to an imbalance
between Mmps and Timps, which affects ECM degradation and
leads to the development of fibrosis (Saeed et al. 2017).
Furthermore, during LF development, the mediators released by
damaged liver cells promote the activation of HSCs and their dif-
ferentiation into myofibroblasts and further produce large

amounts of ECM proteins. Collagen I and III, which are the
main components of ECM, are synthesized by fibroblasts, and
their excessive secretion and accumulation are pathological fea-
tures of LF (Mahmoud et al. 2019). As shown in Figures 5(B)
and 2(A), after TFL treatment, the expression of Col1a1, Col1a2,
Col3a1 and Col14a1 proteins and the total expression of collagen
I and collagen III were significantly reduced (p< 0.01). As shown
in Figure 5(D,E), after TFL treatment, although the expression of
Timp1 was not significantly decreased, the expression of Mmp3
and the Mmp3/Timps ratio was significantly increased. These
results suggested that TFL inhibited the proliferation of fibro-
blasts as well as the production and deposition of ECM proteins,
which further inhibits LF progression. The potential therapeutic
mechanisms of TFL in rats with LF are shown in Figure 6.

This study helps to further elucidate the underlying mecha-
nisms of TFL in ameliorating changes in overall protein levels in
rat models of LF. Furthermore, identification of various DEPs is
beneficial for the discovery and selection of novel drug targets
for LF. However, owing to limited time and financial support,
multiple targets and pathways of TFL against LF could not be
experimentally validated.

Conclusions

TFL effectively alleviated CCl4-induced LF in rats. The mechan-
ism of action is related to the upregulation of retinol metabol-
ism, which consequently affects lipid metabolism and ECM
degradation. These results suggest that TFL is a promising anti-
LF agent with potential clinical applications.

Figure 6. Potential therapeutic mechanisms of TFL in rats with LF.
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