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Abstract: Blackberry is widely used in diets for its rich biological phytochemicals and health benefits.
However, the relationship between the effect of blackberry extract (BBE) on ameliorating alcoholic
liver disease (ALD) and the PXR-Cytochrome P450s axis in vivo and in vitro is unknown. In this
study, 50% and 30% ethanol by gavage were used to establish acute and subacute ALD. Male mice
were intragastrically administered BBE with 25, 50, and 100 mg/kg BW in the treatment groups.
In the experiment, samples were collected, and related indices and histopathological observation
were measured. In addition, the potential mechanism was predicted by network and docking
studies, which were verified by qRT-PCR analysis, the detection of apoptosis, the measurement
of mitochondrial membrane potential, the detection of ROS levels, and Western blotting in liver
tissues and HepG2 cells. The acute and subacute ALD experiments indicated BBE ameliorated liver
indices, AST, ALT, SOD, and MDA in serum, and the histopathology changed, as observed via H&E,
Sirius red, and oil red O staining. The potential mechanism was predicted by network and docking
studies, which were verified by experiments. Western blotting suggested BBE reduced the protein
expression of NF-κB, TGF-β, IL-6, and α-SMA, and enhanced PXR and CAR in livers. In addition,
qRT-PCR showed BBE significantly elevated the mRNA levels of PXR, CAR, CYP3A25, CYP3A11,
and CYP2B10. In the experiment of the ethanol-induced apoptosis of HepG2 cells, BBE reduced the
apoptosis of HepG2 cells by boosting mitochondrial membrane potential, reducing the apoptotic
rate and ROS content, lessening the expression of Bax, and inducing the expression of PXR. For the
first time, this study demonstrated BBE’s preventive effects on ALD, which are associated with the
antioxidation and stimulation of the PXR-Cytochrome P450s axis. In addition, BBE is available as a
nutritional agent.

Keywords: blackberry; PXR-Cytochrome P450s; alcoholic liver disease; mechanism; nutritional agent

1. Introduction

Alcohol is regarded as a primary carcinogen by the international agency for research on
cancer (IARC). According to the reports, more than 740,000 new cancer cases are associated
with alcohol consumption in 2020, and it is critical to heightening public health intervention,
which is crucial to mitigate the negative effect of alcohol [1].

The liver is the major organ of heterologous metabolism, and a multitude of toxic
chemicals, and drugs could give rise to liver damage [2]. Alcoholic liver disease (ALD) is
the main cause of the incidence rate and mortality of liver diseases. It results in fatty degen-
eration, hepatitis, progressive fibrosis, cirrhosis, liver cancer, and psychiatric illnesses [3,4].
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Alcohol abuse and alcoholism have triggered a worldwide public health issue worldwide,
and the burden of ALD accounts for 33% of all chronic liver diseases [5]. Many factors, such
as nutrition, gene, heredity, and environment, are involved in the process of ALD degener-
ating into other serious diseases [6]. The forms of treatments, including nutritional therapy,
drug therapy, psychotherapy, and liver transplantation depend on the different stages of
liver disease. Abstinence is effective and essential to prevent ALD [7]. Corticosteroids have
been used for the treatment of alcohol-associated hepatitis, which is the most extensive
manifestation of ALD, for many decades [8]. The condition of macronutrient and micronu-
trient malnutrition is widespread in patients with ALD. Thus, the intake of supplemental
protein and energy and some micronutrients is used as nutritional therapy [9]. Some anti-
inflammatory agents and attractive targets have been studied in ALD therapies because
of inflammation in liver injury associated with alcohol use [10]. Therapies for stimulating
liver regeneration and a few agents with antioxidant properties have been considered as
alternative options [3,11]. Unfortunately, these therapies for ALD have limited applicability
and efficacy.

Pregnane X receptor (PXR), a member of metabolic NRs, plays a vital role in xenobiotic
and endobiotic metabolism in mammals [12]. It is highly expressed in the liver and gastroin-
testinal tract. PXR could be activated by various ingredients, such as derivatives, pregnane
steroids, and some herbal extracts. The ligand of PXR in active state is combined with
retinoid X receptor alpha (RXRα) to form a heterodimer, which controls the transcription of
various proteins encoding detoxification, such as phase I enzymes cytochrome P450, phase
II enzymes sulfotransferases, glutathione transferases, and the transporters of metabolite
elimination [13]. However, the physiological and pathophysiological roles of PXR on ALD
remain unknown.

Berries have positive effects originating from their health-promoting benefits [14].
The World Health Organization (WHO) declares the natural anthocyanins from berries
as excellent antioxidants. Blackberry (Rubus fruticosus Pollich), belonging to the family
Rosaceae, is listed as a third-generation fruit and praised as the “black diamond” and
“fruit of life” [15,16]. Moreover, it is one of the earliest fruits used for medicinal purposes
due to its various nutritional ingredients. Blackberry is also a great source of multifarious
active phytochemical constituents, especially anthocyanins and polyphenols, which have
potential health benefits, such as anticancer, antioxidant, anti-inflammatory, antianxiety,
antibacterial, hypoglycemic, hypolipidemic, liver protection, neuroprotection, and vascular
protection [17–19]. The fruit of blackberry could be processed into foods, juice, wine, and
syrup. Blackberry anthocyanins have been reported to impose obvious inhibitory effects
on hepatic steatosis induced by oleic acid [20].

The activity of anthocyanins from black raspberry (Rubus occidentalis L.) against ALD
has been studied by the authors in vivo and in vitro [21], However, the ameliorative effect
of blackberry, which is a different plant species with different chemical constituents, on
ALD has never been reported. In the present study, the PXR-Cytochrome P450s axis was
activated for ameliorating ALD with blackberry extract (BBE). Furthermore, the network
pharmacology of cyanidin-3-O-glucoside was analyzed by molecular docking and network-
ing. This study was the first to investigate BBE in terms of preventing ALD in vivo and
in vitro.

2. Materials and Methods
2.1. Materials and Reagents

Blackberry was purchased from Youguowei organic blackberry and blueberry plant-
ing base, Nanjing, China. The voucher specimens (No. 202006) have been displayed in
the herbarium of Guizhou Medical University. Cyanidin-3-O-glucoside, gallic acid, and
catechin (the purity all higher than 95%) were purchased from Chengdu Purifa Technology
Development Co., Ltd., Chengdu, China. The 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-
azino-bis (3-ethyl- benzothiazoline-6-sulfonic acid) (ABTS), 2,4,6-tris(2-pyridyl)-s-triazine
(TPTZ), and Folin–Ciocalteu reagent were purchased from Sigma-Aldrich (St. Louis, MO,
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USA). Ascorbic acid (VC) was purchased from Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China. Fetal bovine serum, Dulbecco’s Modified Eagle’s medium (DMEM), and
penicillin-streptomycin were purchased from Thermo Fisher Scientific Co., Ltd. (St. Wyman,
Grand Island, MA, USA). MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) reagent was acquired from Guangzhou Solarbio Life Sciences Co., Ltd., Guangzhou,
China. An Annexin V-FITC Kit (Cat. No.: 40302ES60) was purchased from Shanghai
Yisheng Biotechnology Co., Ltd., Shanghai, China. JC-1 (Cat. No.: C2005) and a DCFH-DA
(Cat. No.: S0033S) Kit were purchased from Beyotime Biotechnology Co., Ltd., Shanghai,
China. Glyceraldehyde-3-phosphate dehydrogenase antibody (GAPDH, Cat. No.: 56t2759),
nuclear factor-kappa b antibody (NF-κB, Cat. No.: BF8005), transforming growth factor-β
antibody (TGF-β, Cat. No.: AF1027), interleukin-6 antibody (IL-6, Cat. No.: DF6087),
constitutive androstane receptor antibody (CAR, Cat. No.: DF6725) were purchased from
Affinity Biosciences (USA), Shanghai, China, and pregnane x receptor antibody (PXR,
Cat. No.: 118336, Abcame Biosciences (UK), Shanghai, China, Anti-alpha smooth muscle
actin antibody (α-SMA, Cat. No.: ab7817) from Abcam Biosciences (UK), Shanghai, China.
Ethanol and HCl of analytical purity were purchased from Merck Chemical Technology
(Shanghai) Co., Ltd., Shanghai, China.

2.2. Preparation of the Blackberry Extract

We refer to our previous research and the stability of anthocyanins under acidic
conditions [22]. Blackberry fresh fruits were washed and vacuum freeze-dried, and then
powdered. A total of 300 g powder was extracted by ultrasonic with ethanol-water (75:25,
v/v, containing 0.1% HCl ) at 35 ◦C 3 times, each time lasting for 1 h to obtain 70 g of
blackberry extract (BBE), which was rich in crude anthocyanins, and then filtered with a
Buchner funnel. BBE was obtained after the solvents were removed under vacuum using a
rotary evaporation device, and the BBEs were stored at −20 ◦C before use. All processes
are dark operations with black film and tin foil wrapping and stored away from light.

2.3. Polyphenol, Flavonoids, and Anthocyanin Contents

The experiments were implemented according to our previous research [22]. The
Folin–ciocalteu method was used to detect the total phenolic content (TPC) of BBE, which
was expressed as mg GAE/g DW according to the gallic acid calibration curve. The content
of total flavonoids (TFC) in the BBE was determined by colorimetry, and the results were
expressed as the average of milligrams catechin equivalents (CE)/g dry weight (DW). The
anthocyanin content (TMA) was determined by the pH differential method [23], and the
results were calculated as mg of cyanidin-3-O-glucoside equivalents/g dry weight (DW).

2.4. Antioxidant Activities

We refer to the method reported previously [22]. The antioxidant capacity of BBE was
conducted with DPPH and ABTS radical scavenging assays and ferric reducing antioxidant
power (FRAP) assays. Vitamin C was the antioxidant standard.

2.5. Animals and Treatment
2.5.1. Animals

Male Kunming mice weighing 18.0–22.0 g were purchased from the experimental
animal center of Guizhou Medical University. The animals were subjected to a cycle of
12 h light/dark with conditions of 22 ◦C in an animal room free of specific pathogens
with a humidity of 60% ± 5%. They were allowed free access to water and food. All
animal operating procedures obey the regulations on animal experiments issued by the
National Science and Technology Commission of the People’s Republic of China and the
guidelines for the care and use of laboratory animals issued by the National Institutes of
Health (Experimental facility certification No.: SYXK (Guizhou) 2018-0001).
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2.5.2. Experimental Design

The mice were adaptively fed for one week and randomly assigned to 10 groups with
10 mice per group. During the experiment, records of the food and water intake of mice
once a day were processed. In acute and subacute ALD mice, these groups included a
control group, a model group, and three treatment groups (25, 50, and 100 mg BBE/kg BW;
suspension was prepared with 0.5% carboxymethyl cellulose CMC). The experiment lasted
for one month, carried out as reported previously [21] (Figure 1). The control group was
intragastrically administered an equal volume of saline during the experiment. In the acute
experiment, the low, medium, and high dose groups were intragastrically administered
with corresponding doses of BBE once, and the model group was administered with an
equal volume of saline. Four hours after the last administration, the model and treatment
groups were given 50% ethanol by gavage (12 mL/kg BW). All groups fasted for 16 h,
and the mice were anesthetized by an intraperitoneal injection of pentobarbital sodium
60 mg/kg BW.
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Figure 1. Experimental protocol for the establishment of ALD and the treatment schedule.

In the subacute experiment, the model group was given the same dose of saline for
15 days once a day, and the next with 30% ethanol (10 mL/kg BW) for 15 days. The low-,
medium-, and high-dose groups were given BBE for 30 days and then treated with 30%
ethanol once a day for the last 15 days. The interval between the two administrations
was 4 h. Then, all groups fasted for 4 h, and all mice were anesthetized with pentobarbi-
tal sodium.

2.5.3. Measurement of Related Indices

The percentage of liver weight/body weight was used to calculate liver indexes.
Blood was collected from the retroorbital venous plexus and the levels of aspartate amino-
transferase (AST), Alanine aminotransferase (ALT), superoxide dismutase (SOD), and
malondialdehyde (MDA) were measured. After coagulation, AST, ALT, SOD, and MDA in
serum were detected by an automatic biochemical analyzer (Chemray 800, Shenzhen redu
Life Technology, Shenzhen, China)

2.5.4. Histopathological Observation

All mouse livers were fixed in 4% paraformaldehyde for 48 h with paraffin-embedded
tissues and cut into sections 5–6 µm thick. They were then placed on microscope slides for
H&E staining and Sirius red staining and then observed under a microscope (Mshot MF53,
Mingmei Photoelectric Technology Co., Ltd., Guangzhou, China).

In addition, oil red O staining with a 10 µm frozen section of liver tissue was applied
to evaluate steatosis under a microscope.

2.5.5. Network Pharmacological Analysis of Cyanidin-3-O-glucoside

We searched the SMILES number of cyanidin-3-O-glucoside in the PubChem database
(the main component of BBE) and then entered the Swiss Target Prediction Database
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(http://www.swisstargetprediction.Ch/) (accessed on 1 September 2020). The species
was defined as “Homo sapiens”, and the targets related to cyanidin-3-O-glucoside were
acquired. The keyword “ALD” was used in the GeneCards Database (https://www.
Genecards.org/) (accessed on 15 September 2020), and the condition was “score > 20”; the
targets related to ALD were selected. Then, the screened component targets and disease
targets of cyanidin-3-O-glucoside and ALD were located to obtain the cross targets with
Venn diagrams (http://bioinformatics.psb.ugent.be/webtools/Venn/) (accessed on 30
September 2020).

2.5.6. Establishment of PPI Network

The cross-targets of active components and disease were inputted into the STRING
Database (https://string-db.org/) (accessed on 5 October 2020). The species was “H. sapi-
ens”, and the selected condition was the comprehensive score of protein interaction > 0.4.
Then, the relationship between the target interaction network and PPI was established.
Then, the Cytoscape 3.7.2 software was used for network data analysis with the TSV format
exported from the network.

2.5.7. Analysis of Target Pathways

R × 64 (4.0.2) was used for the analysis of the intersection targets for the enrichment
analysis of the GO and KEGG pathways. The top 20 channels were collected, and a visual
analysis of the histograms was displayed.

2.5.8. Construction of Regulatory Network for
Cyanidin-3-O-glucoside-Targets-Pathways-Disease

From the enrichment analysis of the KEGG results, the construction of 18 low p-value
target pathways related to ALD was carried out, and the Cytoscape 3.7.2 software was pro-
cessed to construct the “components-target pathway-disease” network with the common
targeting. In the established network, the putative targets of cyanidin-3-O-glucoside on
ALD were marked green, while the pathways related to ALD were marked red. The inter-
actions between cyanidin-3-O-glucoside, targets, pathways, and disease were represented
by black edges.

2.5.9. Analysis of Gene Ontology and KEGG

The molecular function (MF), biological process (BP), and cellular component (CC)
were collected from the Gene Ontology (GO) Database (http://geneontology.org/) (ac-
cessed on 25 October 2020), which can be used to predict the biological mechanisms analysis
of high-throughput genomic or transcriptome data. The compound was cyanidin-3-O-
glucoside and targeted ALD. The function and biological correlation of candidate targets
can be selected in the KEGG database (https://www.kegg.jp/) (accessed on 25 October
2020) [24]. In the study, the analysis of the GO and KEGG pathways was carried out with
the “ClusterProfiler” package in R. In these enrichment analysis results, the name of the
pathway was located on the Y-axis, and the X-axis was the enrichment factor. The bubble
size represented the number of genes belonging to this pathway in the target genes, and
the bubble color was the degree of enrichment, i.e., the value of p.adjust. The threshold was
set to p-value < 0.01.

2.5.10. In Silico Molecular Docking Study

The top one of the KEGG pathways in the drug-target network was selected for
molecular docking. In order to evaluate the efficacy of the main anthocyanins (cyanidin-
3-O-glucoside) in BBE as inhibitors of PXR [25], Cyt P450 1B1, Bcl-2, Caspase 9, and an
activator of Cytochrome c, the analysis of molecular docking was processed to predict the
ligand within the restriction of receptor binding sites. The crystal structures of PXR, Cyt
P450 1B1, Bcl-2, Caspase 9, and Cytochrome c were downloaded with IDs 1NRL, 3PM0,
IDs, 4LVT, 4RHW, 2BC5 from PDB. ChemBioDraw (PerkinElmer) and AutoDock Tools

http://www.swisstargetprediction.Ch/
https://www.Genecards.org/
https://www.Genecards.org/
http://bioinformatics.psb.ugent.be/webtools/Venn/
https://string-db.org/
http://geneontology.org/
https://www.kegg.jp/
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(ADT, version: 1.5.6) were used for the docking process, and the structure exhibition was
displayed by Discovery Studio 2016 Client. Genetic Algorithm was used for Blind docking,
and the conformations of the most favorable binding energy were used to investigate the
resultant complex structures.

2.5.11. qRT-PCR Analysis

The total RNA of liver tissue was extracted and isolated with a total RNA kit (Wuhan
Servicebio Technology Co., Ltd., Wuhan, China) for qRT-PCR under the guidance of the
instructions, and then the cDNA was synthesized. RT-PCR amplification scheme was as
follows: initial denaturation at 95 ◦C for 10 min, denaturation at 95 ◦C for 15 s, annealing
at 60 ◦C for 30 s, melting curve at 65 ◦C to 95 ◦C, temperature rise 0.3 ◦C every 15 s, and
cycle 40 times. The transcription level was related to the GAPDH mRNA level, and the
transcription levels were calculated by the 2−∆∆CT method. All the above primers were
synthesized by Wuhan Servicebio Technology Co., Ltd., (Wuhan, China). The primers are
listed in Table 1.

Table 1. Quantitative real-time PCR primers.

Gene Forward (5′-3′) Reverse (5′-3′)

PXR AGACGGCAGCATCTGGAACTAC GTTTCTGGAAGCCACCATTAGG
CAR CCACAGGCTATCATTTCCACG CCTTCCAGCAAACGGACAGAT

CYP3A25 GGAGGCCTGAACTGCTAAAG GTAGTTGAAAATGGTGCCAAGTAAC
CYP3A11 GGTGCTCCTAGCAATCAGCTT AAGGAGAGGCGTTTGACCATC
CYP2B10 TCTGCCCTTCTCAACAGGAAAG AAGGAGAGGCGTTTGACCATC
GAPDH TTGGAGCCCTGGAGATTTGGA TGAGGTCAATGAAGGGGTCGT

2.6. Potential Mechanisms of BBE against HepG2 Cells
2.6.1. Cell Viability Assay

The cytotoxicity of HepG2 cells induced by 200 mM ethanol was measured with
an MTT assay. Cells (5000 cells/well) were inoculated into 96-well plates and cultured
overnight. Then, the cells were treated with a mixture of 200 mM ethanol and different
concentrations of BBE (150, 250, and 450 µg/mL, dissolved in PBS) for 24 h. After the
treatments, formazan crystals were then formed after 0.5 mg/mL MTT was added to each
well and cultured for 4 h. After removing the supernatant, 150 mL DMSO was added to
dissolve the crystals. The absorbance of formazan crystals formed was quantified at 490 nm
using a microplate reader (Bio-Rad iMARK, Berkeley, CA, USA). The data were calculated
as a percentage of survival compared with untreated control cells.

2.6.2. Detection of Apoptosis by Flow Cytometry in HepG2 Cells

Referring to the manufacturer’s instructions (ACEA Bioscience, Inc., Hangzhou,
China), the Annexin V-FITC apoptosis kit was used to determine the apoptotic effect
induced by the mixture of 200 mM ethanol and different concentrations of BBE. In short,
HepG2 cells were spread evenly on a six-well plate (2 × 105/well) and incubated for 24 h.
After the treatment of 200 mM ethanol and different concentrations of BBE for 24 h, the
cells were collected by centrifugation and washed with PBS. Thereafter, 100 µL binding
buffer was added to resuspend cells and Annexin V-FITC and propidium iodide were used
to stain for 15 min in the dark at room temperature. At last, the cells were evaluated by
flow cytometry after staining within 1 h, and the data were analyzed using NovoExpress
software (version 1.2.5) (ACEA Bioscience, Inc., Hangzhou, China).

2.6.3. Measurement of Mitochondrial Membrane Potential in HepG2 Cells

JC-1 kit was used to measure the loss of mitochondrial membrane potential by fluores-
cent probe under the guidance of instructions. The cultured cells were incubated with a
2.0 mg/mL JC-1 fluorescent probe for 30 min at 37 ◦C. After washing with ice-cold PBS,
HepG2 cells were observed on a Leica DM4B inverted microscope (100×magnification).
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The loss of mitochondrial membrane potential drives the formation of red fluorescing
JC-1 dimers.

2.6.4. Detection of ROS Levels in HepG2 Cells

HepG2 cells were treated with 200 mM ethanol, and DCFH-DA fluorescent probe
was used to detect intracellular reactive oxygen species (ROS). In brief, HepG2 cells were
diluted into approximately 2 × 105 cells/well on 6-well plates (JET BIOFIL, Guangzhou,
China) in DMEM medium (Gibco, Grand Island, NY, USA) using a DCFH-DA fluorescent
probe for 10 min, and luminescence was detected by flow cytometry at the excitation
wavelength of 488 nm and emission wavelength of 525 nm, and the data were analyzed
using NovoExpress software.

2.7. Western Blotting

After treatment, the mice livers or cells were obtained, and the total proteins were
collected from the tissue or cells using RIPA lysis buffer, and a BCA assay was used to
measure the concentration. Briefly, 10% SDS-PAGE was used to separate equal amounts
of proteins, then proteins were transferred to polyvinylidene fluoride membranes. Addi-
tionally, membranes were incubated with NF-κB (1:2000), TGF-β (1:2000), PXR (1:3000),
IL-6 (1:1000), CAR (1:1000), and α-SMA (1:2000) antibodies and Bax (1:2000) antibodies
overnight at 4 ◦C. Membranes and the appropriate secondary antibodies were incubated
together for 1 h at room temperature. Then, ECL reagents (Beyotime Institute of Biotechnol-
ogy, Shanghai, China) were used to display positive bands with the ChemiDoc MP Imaging
System (Bio-Rad, Hercules, CA, USA). The protein blot intensities were quantified using
Image J Software (1.48 v) and normalized to the housekeeping protein (GAPDH) levels.

2.8. Data and Statistical Analysis

All data were repeated three times, and the values are expressed as mean ± SD. One-
way analysis of variance (ANOVA) was used to test differences between groups, and LSD
was used for average separation (p ≤ 0.05) using the GraphPad Prism program (Version
6.01) for statistical analysis.

3. Results
3.1. The Contents of Polyphenols, Flavonoids, and Anthocyanins

In BBE, the total polyphenols and flavonoids of blackberry were 5.70 ± 1.34 and
105.70 ± 12.11 mg/g DW, respectively (Table 2). Polyphenols and flavonols, which are
almost completely glycosylated, are rich in berries [26]. For instance, the highest content
of ellagic acid in blackberry of the Boysen variety was 13.67% [27]. The total monomeric
anthocyanin content of blackberry was 24.50 ± 3.49 mg/g DW. Cyanidin, the main antho-
cyanin in blackberry fruits, especially cyanidin-3-O-glucoside, accounts for more than 80%
of total anthocyanins [25].

Table 2. The total phenolic contents, total flavonoid, total monomeric anthocyanin, and the antioxi-
dant activities of DPPH, ABTS, and FRAP assays of blackberry.

Species TP a TF b TMA c DPPH d ABTS d FRAP e

Blackberry 5.70 ± 1.34 105.70 ± 12.11 24.50 ± 3.49 22.08 ± 7.13 51.69 ± 7.84 2.93
Vc 4.76 ± 1.15 36.23 ± 5.78 1

Values with the different superscript in the same column indicate significant statistical differences (p < 0.05); n = 3.
a The total phenolic (TP) content of species is expressed as mg gallic acid equivalents (GAE)/g dry weight (DW).
b The total flavonoid (TF) content of species is expressed as mg catechin equivalents (CE)/g dry weight (DW).
c The total monomeric anthocyanin (TMA) is expressed as mg cyanidin-3-O-glucoside equivalents/g dry weight
(DW). d The DPPH and ABTS activities are expressed as EC50 and IC50 in µg/mL for extracts. e In FRAP activities,
the value “1” of Vc was defined as the quantity of Vc generating 100 µM Fe2+, and the value of species is expressed
as the times of the ability of Vc.
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3.2. Antioxidant Activities

The results of the DPPH assay confirmed that the radical scavenging activities of
BBE were lower than that of the positive control (VC, 4.76 ± 1.15 µg/mL), with EC50 of
22.08 ± 7.13 µg/mL. Similar conclusions were found in the ABTS assay with an EC50 of
51.69 ± 7.84 µg/mL of BBE, which was weaker than the Vc (36.23 ± 5.78 µg/mL) for free
radical scavenging capacity. The results indicated that BBE has good free radical scavenging
ability. In the FRAP assay, the FRAP value was expressed as a µM FeSO4/µM sample under
the same absorbance. The FRAP value of BBE was 2.93, indicating that it is a powerful
ferric-reducing antioxidant compared with vitamin C. The results suggested that BBE
possesses excellent electron-transfer capacity and total antioxidant activity (Table 2) [22,28].

3.3. Measurement of Related Indices

The effects of BBE on growth performance and liver indices were displayed in Table 2.
The liver weight and index of the BBE-treated groups decreased with no significant differ-
ence compared with those of the model group. Meanwhile, no difference was observed
in the liver weight among the low-, medium-, and high-dose BBE groups in the acute and
subacute ALD experiments.

In the acute and subacute ALD experiments, the levels of ALT, AST, and MDA in the
model groups increased, whereas the SOD level decreased. In the treatment groups (low-,
medium-, and high-dose groups), these markers shifted distinctly to normal levels in a
dose-dependent manner. The results (Table 3) indicated that administering BBE enormously
suppressed liver injury, lessened the release of these markers into blood, and promoted
the antioxidant capacity of liver tissues. In the subacute ALD experiments, the treatment
groups showed extensive enhancement compared to the model group (p < 0.001). The
reason may be related to the inhibitory effects of anthocyanins with strong antioxidant
activity in oxidative stress, which resulted in ALD [29]. This study is the first investigation
of blackberry on the inhibitory effect on ALD in vivo.

Table 3. Effect of BBE on the activity of biochemical parameters.

Treatment Group Final Weight (g) Liver Index (%) AST (U/L) ALT (U/L) SOD (U/mL) MDA (U/mL)

(a) Subacute ALD mice
Control 41.45 ± 2.78 4.23 ± 0.24 135.60 ± 8.75 55.07 ± 7.03 260.13 ± 17.52 5.76 ± 0.24
Model 34.48 ± 3.45 3.76 ± 0.31 189.92 ± 15.87 *** 94.08 ± 1.55 *** 177.88 ± 3.24 *** 11.37 ± 0.14

Low-dose BBE 36.69 ± 4.05 3.81 ± 0.55 169.60 ± 11.35 ### 82.01 ± 1.09 ### 191.01 ± 2.89 ### 8.79 ± 0.24 ###

Medium-dose BBE 35.87 ± 3.61 3.71 ± 0.39 163.73 ± 10.24 ### 72.28 ± 2.23 ### 229.02 ± 6.96 ### 8.19 ± 0.65 ###

High-dose BBE 36.12 ± 3.34 3.69 ± 0.25 151.18 ± 5.27 ### 61.57 ± 3.97 ### 235.07 ± 3.15 ### 8.03 ± 0.42 ###

(b) Acute ALD mice
Control 40.90 ± 0.45 3.29 ± 0.30 121.14 ± 9.95 44.71 ± 7.13 306.80 ± 17.14 6.37 ± 0.42
Model 41.00 ± 0.31 4.30 ± 0.21 210.14 ± 22.60 72.65 ± 0.55 231.62 ± 4.29 8.94 ± 0.21

Low-dose BBE 41.31 ± 0.62 4.04 ± 0.57 176.69 ± 14.77 70.82 ± 1.19 245.44 ± 3.58 8.49 ± 0.08
Medium-dose BBE 41.58 ± 0.45 3.33 ± 0.22 158.99 ± 10.16 60.01 ± 1.23 253.22 ± 7.68 7.28 ± 0.16

High-dose BBE 41.69 ± 0.56 3.10 ± 1.27 151.37 ± 3.76 53.94 ± 4.97 266.19 ± 2.55 7.12 ± 0.21

Values are the mean ± standard deviation of 10 determinations. Compared with control: ***, p < 0.001. Compared
with model: ###, p < 0.001.

3.4. Histopathological Observation

Histological evaluation is applied to assess the severity of ALD. In this study, it was
used to estimate the amelioration of BBE on hepatic steatosis, hepatic fibrosis, and liver
pathological changes on the basis of liver sections. Representative micrographs of the
liver histology were elucidated in Figure 2. In the acute or subacute ALD experiments,
the control groups exhibited normality in appearance, color, and liver status (Figure 2A).
On the contrary, the livers of the model groups were pale, hard, large, and rough. The
pathological state of the liver treated with BBE was modified in a dose-dependent manner,
coinciding with the results of the pathological sections. In the H&E staining (Figure 2B),
the subjects in the acute or subacute ALD experiments exhibited a large amount of fat
accumulation and a process into steatohepatitis and fibrosis, which were characterized
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by hepatocyte expansion, scattered lobular inflammatory cell infiltration, inflammatory
lesions, and some severe cellular fibrosis. After Sirius red staining was applied in the
model group (Figure 2C), collagen fibers extended outward along the vascular wall of the
portal area, and the amount of product was significantly higher than that in the control
group. Obvious changes in the morphology of hepatocytes, such as cell cavities, uneven
arrangement, and cell shrinkage, were observed. The accumulation of fat, steatohepatitis,
and fibrosis were eased when the animals were administered BBE. In addition, a large
area of fat deposition and a large, dark halo of fat droplets were detected in the model
group after oil red O staining (Figure 2D). These results indicated that BBE relieved hepatic
steatosis, necroinflammation, and hepatic fibrosis.
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Figure 2. The histopathological observation of BBE on subacute and acute alcohol-induced liver
damage (liver appearance, (A); analysis of BBE with H&E staining ((B), ×400), Sirius red staining
((C),×400), and oil red O staining ((D),×400) ((a), subacute control group; (b), subacute model group;
(c), subacute low-dose BBE group; (d), subacute medium-dose BBE group; (e), subacute high-dose
BBE group; (f), acute control group; (g), acute model group; (h), acute low-dose BBE group; (i), acute
medium-dose BBE group; (j), acute high-dose BBE group)).

3.5. Network Pharmacological Analysis of Cyanidin-3-O-glucoside

The SMILES number of cyanidin-3-O-glucoside retrieved on the PubChem database was
C1=CC(=C(C=C1C2=[O+]C3=CC(=CC(=C3C=C2OC4C(C(C(C(O4)CO)O)O)O)O)O)O)O. A
total of 100 related targets of cyanidin-3-O-glucoside were searched on the Swiss Target
Prediction database (Figure S1A). A total of 5389 ALD-related targets were screened on
the GeneCards database to reveal a Venn diagram (Figure S1B). These two kinds of targets
were mapped to each other to collect 82 shared targets (Table S1).

3.6. Establishment of PPI Network

The shared targets between cyanidin-3-O-glucoside and ALD were inputted into
the STRING database, and the protein interaction network was conducted on Cytoscape
3.7.2 (Figure S2). A total of 82 nodes and 112 edges were surveyed in the network. The
average degree of nodes and the local clustering coefficient were 10.6 and 0.519, respectively.
Refined with degree value, the degrees of AKT1, TNF, SRC, EGFR, PTGS2, and PIK3R were
greater than the average node degree.

3.7. Analysis of Target Pathways

As a key technology in systems biology, network pharmacology attaches great impor-
tance to the molecular mechanism of complex diseases [30]. As shown in Figure S3A–C, the
top five PPI network targets involved in the metabolic process were the response to oxida-
tive stress, the cellular response to chemical stress, the cellular response to oxidative stress,
peptidyl-tyrosine phosphorylation, and peptidyl-tyrosine modification. The analysis of CC
demonstrated that these targets are related to the membrane raft, membrane microdomain,
cell projection membrane, membrane region, and apical part of the cell, which are ranked
as the top five. According to the analysis of MF, the top five targets were connected with
protein serine/threonine kinase activity, protein tyrosine kinase activity, transmembrane
receptor protein tyrosine kinase activity, transmembrane receptor protein kinase activity,
and lyase activity.
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As shown in Figure S4, enrichment analysis of the KEGG pathway showed that these
targets involved signal pathways including EGFR tyrosine kinase inhibitor resistance,
proteoglycans in cancer, nitrogen metabolism, endocrine resistance, and PI3K-Akt, which
were in the top five. These results certified that the targets of cyanidin-3-O-glucoside were
distributed in different metabolic pathways. The mechanism of ALD treatment is possible
“multi-targets, and multi-pathways” mutual regulation.

3.8. Construction of Regulatory Network for Cyanidin-3-O-glucoside-Targets-Pathways-Disease

An interaction network was conducted on Cytoscape 3.7.2 to clarify the mechanism of
cyanidin-3-O-glucoside on ALD. The pathway diagram of “component-target-pathway-
disease” was shown in Figure S5. The network consisted of 224 nodes and 434 edges.
Among the nodes, 82 nodes were green, indicating these targets were common, and
29 nodes were red, which suggested these were related to KEGG pathways. The pink
and yellow nodes were cyanidin-3-O-glucoside and ALD, respectively. According to the
degree of the pathway, the mechanisms involved were EGFR tyrosine kinase inhibitor
resistance, proteoglycans in cancer, nitrogen metabolism, endocrine resistance, and the
PI3K-Akt signaling pathway and other pathways. In this study, the PI3K-Akt signaling
pathway was selected for mechanism verification.

3.9. In Silico Molecular Docking Study

As an important tool of computer-aided molecular design, molecular docking predicts
biological experiments that were conducted by simulating the interaction between small
molecules and biological macromolecules.

The binding energy and binding mode of cyanidin-3-O-glucoside with PXR, Cyt P450
1B1, Bcl-2, Caspase 9, and as Cytochrome c activator were shown in Table 4 and Figure 3.
The lower the binding energy is, the easier it is to bind to proteins. Cyanidin-3-O-glucoside
was transplanted compatibly into the binding domain of Cyt P450 1B1, Bcl-2, Caspase 9,
and Cytochrome c, and binding energies were −8.7, −8.2, −7.3, −7.2, and −7.6 kcal/mol,
respectively. Furthermore, cyanidin-3-O-glucoside bound to PXR easily and it was matched
with the PXR-Cytochrome P450s axis appropriately.

Table 4. Molecular docking mode for Cyanidin-3-O-glucoside with PXR, Bcl-2, Caspase 9, and
Cytochrome c.

Targets Binding Free Energy (kcal/mol) Numbers of Bonds

PXR −8.7 10
Cyt P450 1B1 −8.2 14

Bcl-2 −7.3 6
Caspase 9 −7.2 5

Cytochrome c −7.6 4

3.10. qRT-PCR Analysis

The mRNA level of liver tissues was detected by qRT-PCR to determine the expression
of the PXR-Cytochrome P450s axis in ALD. In the acute and subacute experiments, PXR
decreased significantly in the model groups (p < 0.05). It increased significantly in the
low-dose BBE group of the acute model (p < 0.001), and the medium- and high-dose BBE
groups (p < 0.001) of the subacute model (Figure 4A).
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The mRNA expression of CAR in the model group decreased in the acute ALD mice
and increased in the low-, and medium-dose BBE groups. Meanwhile, no significant
difference was found between the model group and the control group, and between the
BBE groups and the model group. In the subacute ALD mice, CAR increased significantly
(p < 0.05) in the high-dose BBE groups (Figure 4B).

Similarly, the mRNA expression of CYP3A25 (Figure 4C), CYP3A11 (Figure 4D), and
CYP2B10 (Figure 4E) were reduced in the model groups of acute and subacute experiments
and increased in all BBE groups. A notable detail is that CYP2B10 decreased significantly
(p < 0.01) in the model group, and increased significantly (p < 0.05) in the high-dose BBE
group of the acute experiment. Meanwhile, CYP3A25, CYP3A11, and CYP2B10 enhanced
significantly in the high-dose BBE group of the subacute experiment. The results indicated
that the benefits of BBE in subacute ALD are superior to that in acute ALD.
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3.11. Detection of Apoptosis by Flow Cytometry in HepG2 Cells

The injury of HepG2 cells induced by 200 mM ethanol was used to simulate the effect
of ALD in vitro and explore the effect of BBE on ALD. An Annexin V-FITC assay was
carried out to determine the effects of BBE on the apoptosis of HepG2 cells.

BBE upgraded the cell viability in a dose-dependent manner in HepG2 cells (Figure 5A,B).
Late and early apoptotic cells appeared in Q2 and Q4, respectively. The results suggested
that BBE (150, 250, and 450 µg/mL) ameliorated ethanol-induced apoptosis compared
with the model group. The apoptotic rates of the control group, the model group, and the
low-, medium-, and high-dose groups were 6.48 ± 1.48%, 9.60 ± 2.15%, and 9.42 ± 2.07%,
7.21 ± 1.58%, and 6.98 ± 1.23%, respectively. The middle- (p < 0.05) and high-dose BBE
groups (p < 0.01) showed a significant protective effect on the ethanol-induced apoptosis of
HepG2 cells.

3.12. Measurement of Mitochondrial Membrane Potential in HepG2 Cells

Changes in the mitochondrial membrane potential of HepG2 cells were studied to
examine whether the improvement of this event is consistent with the antiapoptotic effect
of BBE. With the depolarization of the mitochondria, the cell fluorescence changed from
red to green with the help of membrane-permeant JC-1 dye (Figure 6). The results revealed
that the intensity of red fluorescence decreased in the model group, suggesting progressive
depolarization in the mitochondria. The intensity of red fluorescence increased with
the pretreatment of BBE and 200 mM ethanol. The results were consistent with those
of the Annexin V-FITC analysis pretreated with BBE previously. Overall, these results
indicated that BBE prevents mitochondrial membrane depolarization induced by ethanol,
and anthocyanins, especially cyanidin-3-O-glucoside, may be the active components.
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Figure 6. Measurement of mitochondrial membrane potential in HepG2 cells. Cells were stained with
JC-1 and visualized on an inverted fluorescence microscope (200×magnification). Red fluorescence
of JC-1 dimers was present in the cell areas with high mitochondrial membrane potential, while
the green fluorescence of JC-1 monomers was prevalent in the cell areas with low mitochondrial
membrane potential.

3.13. Detection of ROS Levels in HepG2 cells

Most polyphenols, flavonoids, and anthocyanins in berries are natural antioxidants.
The capacity of blackberry to reduce ethanol-induced oxidative stress was investigated
(Figure 7A,B). In HepG2 cells, three BBE treatment groups showed a significant decrease
in the production of intracellular ROS initiated by ethanol injury (p < 0.001). The strong
free radical scavenging activity of BBE could be attributed to its high content of natural
antioxidants [22,28]. In this study, after being pre-incubated with BBE, the cells showed
significantly relieved ALD-induced oxidative damage and reduced apoptosis. This finding
suggested that ROS plays a vital role in ethanol-induced apoptosis and free radical scav-
enging activity, and BBE could restrain or ease the process. The results coincided with the
mitochondrial membrane potential of HepG2 cells.
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3.14. Western Blotting

Western blotting was used to evaluate the protein expression of NF-κB, TGF-β, α-SMA,
PXR, CAR, and IL-6 in each group to research the effect of BBE on the PXR/PI3K/Akt
signaling pathway in the liver (Figure 8A–H). In acute ALD, the expression of NF-κB,
TGF-β, IL-6, and α-SMA (p < 0.001) in the model group was higher than those in the
control group, whereas the expression of PXR and CAR protein was lower. After BBE
was intragastrically administered, the expression of NF-κB (p < 0.05), TGF-β (p < 0.001),
IL-6 (p < 0.001), and α-SMA (p < 0.01) in the livers significantly decreased compared with
that in the model group, whereas that of PXR (p < 0.01, p < 0.001) and CAR (p < 0.001)
significantly increased. In subacute ALD, the trend of protein expression was more obvious
than that in acute ALD. The expression of NF-κB (p < 0.05), TGF-β (p < 0.05), IL-6 (p < 0.05),
and α-SMA (p < 0.001) in the model group was higher than that in the control group,
whereas the expression of PXR (p < 0.001) and CAR (p < 0.05) protein was lower. After
BBE was administered, the expression of NF-κB (p < 0.05, p < 0.001, p < 0.001), TGF-β
(p < 0.05, p < 0.001, p < 0.001), IL-6 (p < 0.05, p < 0.001, p < 0.001), and α-SMA (p < 0.001,
p < 0.001, p < 0.001) in the livers significantly decreased compared with that in the model
group, whereas the expression of PXR (p < 0.05) and CAR (p < 0.05, p < 0.01, p < 0.001)
significantly increased. These results suggested that BBE has a good regulatory effect
on hepatic metabolic disorder, inflammation, and fibrosis through the PXR-Cytochrome
P450s axis.

In HepG2 cells, the expression of Bax, a pro-apoptosis protein, decreased (p < 0.01,
p < 0.001), whereas that of PXR (p < 0.05, p < 0.01) was increased after BBE treatment on
ethanol-induced cells. These results indicated that blackberry may prevent cell apoptosis
induced by ethanol and elevate the metabolism of alcohol in cells (Figure 8I,J). BBE mani-
fested excellent efficacy in inhibiting liver cell apoptosis through improving the metabolism
in liver cells.
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Figure 8. Effects of BBE on the expression of PXR/PI3K/Akt pathways in liver and HepG2 cells
(A–J). Western blotting analysis of NF-κB, TGF-β, PXR, IL-6, α-SMA in livers, and the datas were
normalized to that of GAPDH (A–H), Western blotting analysis of Bax, and PXR in HepG2 cells,
and the datas were normalized to that of GAPDH (H,I). Values are the mean ± standard deviation.
Compared with control: *, p < 0.05, **, p < 0.01, ***, p < 0.001. Compared with model: #, p < 0.05,
##, p < 0.01. ###, p < 0.001.
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4. Discussion

Polyphenols are widely distributed in organisms as secondary metabolites. Flavonoids
are recognized as natural antioxidants in the diet. Anthocyanins, which are water-soluble
pigments, are rich in colored berries, fruits, and vegetables. They prevent high glucose-
induced hepatocytes from oxidative damage by improving antioxidant status and inhibiting
mitochondrial apoptosis. The mechanism is involved in preventing hyperglycemia-induced
mitochondrial depolarization and maintaining its function [31]. In our study, BBE is rich
in polyphenols, flavonoids, and anthocyanins. The six main anthocyanins glycosides
in nature are cyanidin, followed by delphinidin, peonidin, petunidin, pelargonidin, and
malvidin [32]. According to the reports, cyanidin, the main anthocyanin in blackberry fruits,
especially cyanidin-3-O-glucoside, accounts for more than 80% of total anthocyanins [25].

An increasing number of polyphenols, as natural antioxidants, have attracted the
attention of scientists due to their favorable influences on human health. Reactive oxygen
and nitrogen species may lead to disastrous consequences, including cancer, cardiovascular
disease, diabetes, and neurodegeneration. Polyphenols, which are rich in berries, could
eliminate reactive oxygen and nitrogen species and be absorbed from the daily diet or
dietary supplementation [33]. BBE is a good natural antioxidant in our study. Several
methods, such as DPPH, ABTS, and FRAP, have been frequently utilized to measure the
antioxidant capacities of extracts from fresh fruits and vegetables. These assays are simple
and practicable, without the need for expensive equipment. However, their principles are
different. DPPH and ABTS assays are used to evaluate the free radical scavenging ability of
extracts, while the FRAP is used to estimate the electron transfer capacity [34].

Liver injury accounts for liver enlargement, growth retardation, and cirrhosis, and the
liver index is an indicator of liver damage [35]. Alcohol retains macromolecules in cells
that constitutively secrete protein, triggering increases in liver weights and index in the
model group, and finally leading to liver swelling or “balloon”, which is a feature of ALD.
Long-term excessive alcohol consumption provokes the decline of appetite and absorption
function in mice [36], which apparently results in malnutrition and weight loss [37].

Cellular enzymes, as vital catalysts, play a considerable role in human metabolism [38].
Disorders in lipid metabolism and changes in transaminase activity will occur in ALD.
Intemperance severely damages the permeability of cell membranes, and cellular enzymes
stored in the liver leak into plasma [39]. ALT, AST, SOD, and MDA levels are essential
diagnostic indices of liver function. They are closely related to hepatocyte membrane
injury, metabolic syndrome, and hepatic lipid metabolism [40]. The measurement of related
indices confirmed these results.

Briefly, 80% alcohol is oxidized and decomposed in the liver after absorption. Heavy
drinking causes an imbalance of the antioxidant system and oxidative stress in vivo. Persis-
tent oxidative stress could result in liver steatosis, hepatitis, liver fibrosis, liver cirrhosis,
and liver cancer [40]. However, ALD usually begins with fatty liver [41]. In our study, the
pathological state of the liver treated with BBE was modified in a dose-dependent manner
with the observation of H&E staining, Sirius red staining, and oil red O staining.

PXR plays a critical role in the process of exogenous drug metabolism and endogenous
lipid and bile acid metabolism [42]. As a nuclear receptor, PXR forms a heterodimer
with CAR, enters the nucleus, identifies its corresponding response elements, and finally
activates the transcription and expression of its target genes [43]. PXR and CAR regulate
the target genes with phase I and phase II drug-metabolizing enzymes and some drug
members of the transporter family [44]. CYP3A and CYP2B are phase I-related enzymes of
chemical metabolism in vivo. CYP3A11, CYP3A25, and CYP2B10 are the main metabolic
enzyme genes expressed in mouse hepatocytes.

CYP3A involves the metabolism of more than 50% of clinical drugs, including a large
number of hepatotoxic drugs [45,46]. CYP3A4 and CYP3A11 are the most significant
subtypes in humans and mice, respectively [47]. Inhibiting these metabolic enzymes could
ameliorate ALD. The results of the qRT-PCR analysis indicated that the benefits of BBE
in subacute ALD are superior to that in acute ALD. Maybe the reason is that ALD caused
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by high-dose ethanol intake may have a devastating effect on liver pathophysiology and
lead to multiple organ and system failures [48]. Recovery is also difficult to achieve in a
short time. However, the liver damage caused by low-dose ethanol intake is not as severe
as that caused by high-dose ethanol. A report revealed that low-dose alcohol intake has a
protective effect on the liver to some extent [49].

The development of the reproductive system is significantly affected by the imbalance
between cell proliferation and death, such as during folliculogenesis and spermatogene-
sis [50]. BBE showed a significant protective effect on the ethanol-induced apoptosis of
HepG2 cells in our study.

In the reproductive system, oxidative stress is the key pathological basis of liver injury
and the major cause of the progression from simple steatosis to steatohepatitis [51]. The
imbalance between excessive oxidants and antioxidants gives rise to oxidative stress. In
addition, ROS mainly originates from the mitochondria, and antioxidants prevent the
organelles from producing ROS to avoid oxidative injury. A large amount of polyphenolic
compounds not only directly obliterates reactive species but also indirectly controls the
redox environment. Furthermore, multiple cell models showed that polyphenols have the
ability to regulate mitochondrial biogenesis and control mitochondrial membrane potential
and oxidative phosphorylation [52]. Mitochondrial dysfunction and cellular apoptosis
correlate closely with mitochondrial membrane depolarization [53]. In our study, the results
indicated that BBE prevents mitochondrial membrane depolarization induced by ethanol.
Additionally, BBE, as a natural antioxidant, showed significantly relieved ALD-induced
oxidative damage and reduced apoptosis (Figure 9).
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PXR is a ligand-activated transcription factor highly expressed in the liver and gas-
trointestinal tract [54]. It has the dual identity of xenobiotic sensor and endobiotic receptor
for its key role in homeostasis [55], and it plays a vital role in physiological processes,
including glucose and lipid metabolism, steroid hormone homeostasis, cholic acid and
bilirubin detoxification, bone mineral balance, and immune inflammatory response. The
activation of PXR regulates the PI3K/Akt signaling pathway [56], which involves protein
synthesis, metabolism, cell cycle regulation, proliferation, and apoptosis [21,57]. This
pathway regulates the proliferation and survival of tumor cells and plays a strong part
in the process of apoptosis. By inhibiting the PI3K/Akt signaling pathway, many active
components of medicinal herbs could mediate cancer cell apoptosis [58].

The pro-apoptotic protein Bax belongs to the Bcl-2 family. It balances the change in
∆Ψm, which regulates the intrinsic apoptotic pathway by the mitochondrial apoptotic
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pathway [59]. Most drug interaction mechanisms are related to drug metabolism, especially
CYP450. The content of the CYP3A4 sub-enzyme is higher than 50% in the liver, which plays
an important role in drug metabolism. Recent studies have found that the PXR receptor
is the key regulator of CYP3A4 gene transcription, thereby revealing the mechanism of
PXR protective effects from exogenous substances at the molecular level. As the “main
foreign body receptor”, PXR plays a crucial role in heterologous substances (such as
food, drugs, and other components). Alcohol metabolism activates the NF-κB signaling
pathway in the liver and other inflammatory pathways, which lead to the release of a
large number of chemokines and inflammatory mediators from damaged hepatocytes and
promote the progress of ALD [60]. Additionally, TGF-β is a crucial element involved in
liver fibrogenesis [61]. In addition, IL-6 can activate the signal transducer and activator of
transcription 3 (STAT3), thereby regulating liver fibrosis and inflammation [62]. α-SMA
is a pathological marker of liver fibrosis, for its expression can promote the secretion of
ECM in HSC and the progression of liver fibrosis [63,64]. The present study demonstrated
that BBE has a good regulatory effect on hepatic metabolic disorder, inflammation, and
fibrosis through the PXR-Cytochrome P450s axis, and BBE manifested excellent efficacy in
inhibiting liver cell apoptosis through improving the metabolism in liver cells (Figure 9).

5. Conclusions

Alcohol abuse provokes a sharp increase in oxidative stress markers, nutritional
disorders, inflammatory response, and histological changes in liver tissue. Heavy drinking
is an addictive disease that accounts for hepatitis, fibrosis, cirrhosis, and cancers. As
a natural product, blackberry plays an indispensable role in health supplements due
to its potential beneficial pharmacological effects. PXR, which could be activated by
various compounds, is highly expressed in the liver. Ligand-activated PXR regulates the
transcription of a group of genes encoding detoxification-related proteins and transporters
involved in metabolite elimination. Therefore, the activation of the PXR-Cytochrome P450s
axis is significantly essential for enhancing and accelerating ALD.

In this study, DPPH, ABTS, and FRAP assays showed that BBE has excellent an-
tioxidant activity. The administration of BBE could extensively decrease the biochemical
parameters of ALT, AST, MDA, and SOD in vivo. These results suggested the protective
effect of BBE on ALD, as confirmed by liver indices and histopathological observation,
including H&E staining, oil red O staining, and Sirius red staining. Network analysis
and docking studies revealed that BBE improved apoptosis via the PI3K-Akt signaling
pathway, which has a preventive effect on ALD. Furthermore, Western blot and qRT-PCR
results proved that BBE regulated liver metabolic disorder, inflammation, and fibrosis in
ALD models. This study demonstrated the protective effect of BBE on ALD for the first
time. The protective mechanisms may be attributed to the strong antioxidant activities
of its anthocyanins. In addition, ethanol-induced HepG2 cells as a model of ALD in vitro
showed that BBE improved apoptosis in a dose-dependent manner, which was consistent
with the mitochondrial membrane potential of HepG2 cells. BBE also significantly reduced
ALD-induced oxidative damage and apoptosis by down-regulating the ROS content and
Bax protein expression and up-regulating the PXR level. The amelioration of ALD by
blackberry is in connection with activating the PXR-Cytochrome P450s axis (Figure 9).
This study provides a new and promising natural product for the treatment of alcoholic
liver injury.
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and red polygons respectively represented cyanidin-3-O-glucoside -targeted genes and cyanidin-
3-O-glucoside. (B) Venn map of cyanidin-3-O-glucoside target and ALD target; Table S1: Shared
target information of cyanidin-3-O-glucoside; Figure S2: PPI network of the intersection target of
cyanidin-3-O-glucoside for ALD; Figure S3: Histogram of Go analysis of cyanidin-3-O-glucoside
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cyanidin-3-O-glucoside; Figure S5: “Component-target-pathway-disease” network diagram.

Author Contributions: T.X.: Conceptualization, Methodology, Investigation, Project administration,
Validation, Visualization, Writing—original draft. Z.G.: Formal analysis, Resources, investigation,
Writing—review and editing. M.F.: Resources, Data curation. J.H. and X.W.: Resources, fund-
ing acquisition. Y.Z. and L.T.: Resources. X.S.: Methodology, Visualization, Resources, Supervi-
sion, Writing—review and editing. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by a grant from the Basic Scientific Research Project of
Guizhou Province (grant number [2021] 535), the Doctoral Fund of Guizhou Medical University
(grant number [2018] 013), the Fund of Science and Technology Project of Guizhou provincial health
commission (gzwjkj 2019-1-181), the Guizhou Medical University Breeding programs of National
Natural Science Foundation of China (grant number 19NSP074).

Institutional Review Board Statement: The experiments were conducted according to the guidelines
of the Declaration of Helsinki and were approved by the Institutional Review Board (or Ethics
Committee) of Guizhou Medical University. All animal operating procedures obey the regulations
on animal experiments issued by the National Science and Technology Commission of the People’s
Republic of China and the guidelines for the care and use of laboratory animals issued by the National
Institutes of Health (Experimental facility certification No.: SYXK (Guizhou) 2018-0001).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the manuscript and Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
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aldehyde; BBE, extract of blackberry; NF-κB, nuclear factor kappa-B; TGF-β, transforming growth
factor-β; IL-6, interleukin- 6; CAR, constitutive androstane receptor; CYP3A25, cytocherome P450-
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