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Alcoholic liver disease (ALD) has become a heavy burden on health worldwide. Ginsenoside Rb1 (GRb1), extracted from Panax quinquefolium L., has protective effects on many diseases, but the effect and mechanisms of GRb1 on ALD remain unknown. This study aimed to investigate the protective effects of GRb1 on ALD and to discover the potential mechanisms. Zebrafish larvae were exposed to 350 mM ethanol for 32 h to establish a model of acute alcoholic liver injury, and the larvae were then treated with 6.25, 12.5, or 25 μM GRb1 for 48 h. The human hepatocyte cell line was stimulated by 100 mM ethanol and meanwhile incubated with 6.25, 12.5, and 25 μM GRb1 for 24 h. The lipid changes were detected by Oil Red O staining, Nile Red staining, and triglyceride determination. The antioxidant capacity was assessed by fluorescent probes in vivo, and the expression levels of inflammatory cytokines were detected by immunohistochemistry, immunofluorescence, and quantitative real-time PCR. The results showed that GRb1 alleviated lipid deposition in hepatocytes at an optimal concentration of 12.5 μM in vivo. GRb1 reversed the reactive oxygen species accumulation caused by alcohol consumption and partially restored the level of glutathione. Furthermore, GRb1 ameliorated liver inflammation by inhibiting neutrophil infiltration in the liver parenchyma and downregulating the expression of nuclear factor-kappa B pathway-associated proinflammatory cytokines, including tumor necrosis factor-α and interleukin-1β. This study revealed that GRb1 has a protective effect on alcohol-induced liver injury due to its resistance to lipid deposition as well as antioxidant and anti-inflammatory actions. These findings suggest that GRb1 may be a promising candidate against ALD.
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INTRODUCTION
Alcoholic liver disease (ALD) is induced by excessive alcohol consumption and has become the main liver disease worldwide. ALD includes alcoholic fatty liver, alcoholic steatohepatitis, fibrosis, and cirrhosis, and it can result in hepatocellular cancer (Seitz et al., 2018). Chronic alcohol consumption or binge drinking raises the blood alcohol concentration, increases exposure of the liver to alcohol, and activates alcohol metabolic enzymes, leading to the accumulation of acetaldehyde, an alcohol oxidative metabolite. Excessive acetaldehyde and ethanol levels in the liver cause DNA lesions, DNA adducts, and protein adducts, and they activate cytochrome p450 family 2 subfamily E member 1 to generate a large number of reactive oxygen species (ROS), resulting in oxidative stress, inflammation, and cell injury (Setshedi et al., 2010). In brief, the pathogenesis of ALD is related to acetaldehyde-mediated toxicity, oxidative stress, and lipid peroxidation as well as cytokine and chemokine-induced inflammation (Das and Vasudevan, 2007; Wu and Cederbaum, 2009; Dunn and Shah, 2016). In the past, numerous studies on ALD have used chronic models of long-term alcohol feeding, but less attention has been given to liver injury due to acute alcohol exposure. In addition, a few therapies are now being used as therapeutic guidelines for ALD, including alcohol withdrawal, corticosteroids, pentoxifylline usage to block the transcription of tumor necrosis factor-α (TNF-α), and liver transplantation (Ohashi et al., 2018; Kong et al., 2019). New treatment strategies need to be identified and verified to treat ALD. Recently, the application of natural agents in ALD treatment has attracted much attention (Kim et al., 2016).
Ginsenosides are the main bioactive compounds in ginseng roots and have antioxidant, anti-inflammatory, and lipid-decreasing effects (Kitts et al., 2000; López et al., 2007; Kim et al., 2017). Ginsenoside Rb1 (GRb1), the most abundant ginsenoside in Panax quinquefolium L. (Lim et al., 2005), has been proven to alleviate acute lung injury, myocardial infarction, colitis, osteoarthritis, and cerebral ischemic reperfusion injury (Li et al., 2014; Chen et al., 2016; Zheng et al., 2017; Liu et al., 2018; Shaukat et al., 2019). However, the role and molecular mechanism of GRb1 in ALD have not been reported. Consequently, the GRb1 pharmacological agent in ALD needs to be explored and elucidated to provide scientific evidence for its clinical application.
In the past 20 years, due to the high degree of genetic similarity to humans and the high conservation of liver cell types, zebrafish have become a superior laboratory model with the attraction of large spawning, rapid development, and transparent young fish (Goessling and Sadler, 2015; Cassar et al., 2020). Additionally, zebrafish have become more effective tools for basic research and drug discovery as several methods have been developed and applied to zebrafish to alter gene transcription and function (Cornet et al., 2018). Thus, zebrafish are an appropriate model to explore the therapeutic effects of natural drugs on ALD based on high-throughput ability.
MATERIALS AND METHODS
Antibodies and Reagents
The GRb1 analytical standard (CAS No: 41753-43-9; C54H92O23) with ≥98.0% purity (HPLC) was purchased from Chengdu Must Biotechnology Co., Ltd. (Chengdu, China). The chemical structure of GRb1 is presented in Figure 1A. Antibodies against NF-κB (ET1603-12) were obtained from HuaAn Biotechnology Co., Ltd. (Hangzhou, China), and anti-TNF-α (ab1793) antibodies were acquired from Abcam (Cambridge, United Kingdom). Horseradish peroxidase-labeled goat anti-mouse/rabbit IgG (GK500710) was procured from Gene Tech (Shanghai, China). Alexa Fluor594-conjugated goat anti-rabbit IgG (#8889) and Alexa Fluor594-conjugated goat anti-mouse IgG (#8890) were obtained from Cell Signaling Technology (United States).
[image: Figure 1]FIGURE 1 | Study design. (A) The chemical structure of GRb1. (B) Experimental process in zebrafish larvae. (C) Experimental procedure in L-O2 cells.
Zebrafish Experiment
The zebrafish strain used in this study were the wild-type, the hepatocyte-specific enhanced green fluorescent protein (EGFP) expression line [Tg (lfabp10α: EGFP)] and the transgenic line with neutrophil-specific EGFP expression [Tg (MPO: EGFP)]. Adults and larvae were raised at 28.5°C and with a 14 h light/10 h dark period. Egg water (0.5 mg/L methylene blue) was provided for embryos. All zebrafish maintenance and experiments were approved by the Institutional Animal Care and Use Committee of Southern Medical University.
Zebrafish larvae at 4 days post fertilization were divided into the following five groups at random: the control group was raised in fish water; the ethanol group was exposed to 350 mM ethanol for 32 h and then transferred to fish water; three groups of GRb1 treatment were treated with 350 mM alcohol for 32 h followed by the intervention of 6.25, 12.5, or 25 μM GRb1 for 48 h. The experimental process is shown in Figure 1B. After the treatment, larvae were fixed in 4% paraformaldehyde (for paraffin and frozen sections).
Cell Treatment
Human fetal hepatocyte cell line (L-O2) was obtained from the Key Laboratory of Molecular Biology, School of Traditional Chinese Medicine of Southern Medical University. Cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) containing 10% fetal bovine serum, 100 IU/ml penicillin, and 100 mg/ml streptomycin (Gibco, Carlsbad, CA, United States) in a humidified atmosphere with 5% CO2 at 37°C. Cells were stochastically separated into the following five groups: the control group, the model group, and three GRb1 treatment groups. An in vitro ALD model was established by using 100 mM ethanol to stimulate cells for 24 h. Cells in three GRb1 intervention groups were incubated with 100 mM ethanol and GRb1 (6.25, 12.5, and 25 μM) for 24 h. The procedure is shown in Figure 1C. Cells were fixed in 4% paraformaldehyde or lyzed 24 h later.
Hematoxylin and Eosin Staining
After being fixed in 4% paraformaldehyde at 4°C overnight, zebrafish larvae were embedded in paraffin and cut into 4 μM sections. Specimens were dewaxed, rehydrated, stained with H&E, dehydrated, cleared, and sealed for routine histology. Finally, H&E sections were captured by a Nikon Eclipse Ni-U light microscope (Nikon, Tokyo, Japan).
Whole-Mount Staining of Oil Red O
Fixed zebrafish larvae were washed with phosphate-buffered saline (PBS) and then permeated successively with 20, 40, 80, and 100% 1,2-propylene glycol (Sigma, United States) for 15 min each. Larvae were then stained with 0.5% Oil Red O (Sigma, United States) for 1 h at 65°C in the dark. The samples were then incubated in 100% 1,2-propylene glycol for 60 min and rinsed with 80, 40, and 20% 1,2-propylene glycol for approximately 30 min. Finally, larvae were imaged by an Olympus U-HGLGPS microscope (Tokyo, Japan) under a bright field.
Oil Red O Staining of Cryosections and Cells
Fixed zebrafish larvae were dehydrated in 30% sucrose at 4°C for 3 days, embedded in optimal cutting tissue (OCT) compound (Leica, Germany), and sliced into 14 μM sections. Cryosections were washed with water to remove OCT, incubated in 100% 1,2-propylene glycol for 5 min, and stained with 0.7% Oil Red O at 60°C for 10 min in the dark. Excess dye was rinsed off with 85% 1,2-propylene glycol and PBS to keep the background clean. Sections were imaged using a Nikon Eclipse Ni-U light microscope (Nikon, Tokyo, Japan).
The Oil Red O staining procedure for cells was the same as that of cryosections. The fixed cells were washed with PBS, incubated with 100% 1,2-propylene glycol, stained with 0.7% Oil Red O, and decontaminated in 85% 1,2-propylene glycol and PBS. The staining results were imaged using a Nikon Eclipse Ni-U optical microscope (Nikon, Tokyo, Japan).
Nile Red Staining
Before staining with Nile Red dye (Sigma, United States), zebrafish larvae cryosections were washed with water to remove OCT, while fixed cells were washed with PBS. Both cells and zebrafish slides were then incubated with Nile Red solution for 10 min (at a concentration of 0.5 μg Nile Red dissolved in 1 ml of acetone), washed with PBS, and stained with DAPI (Solarbio Life Science, China) for 5 min protected from light. Samples were imaged using a Nikon Eclipse Ni-U fluorescence microscope (Nikon, Tokyo, Japan).
Triglyceride Detection
Triglycerides in cells were measured using the Triglyceride Assay Kit (Nanjing Jiancheng Bioengineering Institute, China) following the manufacturer’s instructions and were normalized to the total protein concentration as determined by the BCA Protein Assay Kit (Beyotime, Shanghai, China).
Superoxide and Glutathione Probe Detection
Dihydroethidium (DHE, Beyotime, Shanghai, China) for ROS detection and a naphthylamide-sulfoxide-based fluorogenic probe (Na-8, Future-Chase Biotechnology Co., Ltd.; FYRK-FP-01-003KY) for GSH determination were used in zebrafish larvae. After treatment, the live larvae were incubated with a 10 μM solution for 10 min at 28°C in the dark. The larvae were then moved to fish water and narcotized with 0.2% tricaine (Sigma, United States). The distribution and intensity of DHE and NA-8 fluorescence were visualized with a Nikon Eclipse Ni-U fluorescence microscope (Nikon, Tokyo, Japan).
The ROS probe (Beyotime; S0033) and Na-8 probe were used in L-O2 cells. Cells were seeded in 96-well plates (1 × 104 cells/well) for 24 h and then subjected to the above treatments. Finally, the cells were incubated with the ROS probe (10 μM) or Na-8 probe (10 μM), respectively, for 30 min in the dark. The cellular fluorescence intensity was collected by a fluorescence microplate reader (BioTek Epoch, America) with excitation and emission wavelengths of 488 nm and 525 nm for the ROS probe and 350 nm and 450 nm for the Na-8 probe. Cells were photographed under a fluorescence microscope (Nikon, Tokyo, Japan).
Malondialdehyde Detection
Cells were lysed in RIPA cell lysis buffer (Beyotime, Shanghai, China), and the supernatant was collected to detect MDA levels by applying an MDA Assay Kit (Beyotime, Shanghai, China) according to the manufacturers’ instructions. MDA levels were normalized to the total protein concentration as determined by the BCA Protein Assay Kit.
GSH Detection
Before determination, different groups of cells were counted. The GSH levels in cells were detected by applying a GSH and GSSG Assay Kit (Beyotime, Shanghai, China) according to the manufacturers’ protocol and were normalized to the number of cells.
Immunochemistry Assay
After deparaffinization in xylene and rehydration in descending ethanol concentrations, paraffin sections were boiled in sodium citrate for 10 min to repair antigen and incubated with 3% H2O2 in methanol for 10 min to inactivate endogenous peroxidase enzyme in tissues after cooling to room temperature. The sections were washed with PBS, sealed with blocking buffer (5% normal goat serum and 0.1% Triton-X in PBS) for 2 h at room temperature, and incubated with rabbit anti-NF-κB antibody (1:200 dilution) or mouse anti-TNF-α antibody (1:150 dilution) at 4°C overnight. On the second day, samples were rinsed with PBS and then incubated in a horseradish peroxidase-labeled goat anti-mouse/rabbit secondary antibody for 1 h at room temperature. Slides were then washed with PBS, stained with DAB for 10 min, and counterstained with hematoxylin. Finally, the samples were dehydrated, cleared, and sealed with neutral gum. The stained sections were observed and imaged with a Nikon Eclipse Ni-U optical microscope (Nikon, Tokyo, Japan).
Immunofluorescence Assay
Fixed cells were washed with PBS, sealed in flesh blocking buffer (PBS containing 5% normal goat serum and 0.1% Triton-X) for 2 h at room temperature, and incubated with a rabbit anti-NF-κB antibody (1:200 dilution) or mouse anti-TNF-α antibody (1:150 dilution) at 4°C overnight. On the second day, cells were rinsed with PBS and incubated with Alexa Fluor594-conjugated goat anti-rabbit IgG or goat anti-mouse IgG secondary antibody (1:1,000 dilution) for 2 h at room temperature. After being washed with PBS, the samples were stained with DAPI for 5 min in the dark. The results were recorded by a Nikon Eclipse Ni-U fluorescence microscope (Nikon, Tokyo, Japan).
Quantitative Real-Time PCR
Total RNA was extracted from 10 larvae using TRIzol reagent (15596018, Ambion™) following the manufacture’s protocol. RNA was reverse-transcribed into cDNA using a commercial kit (Evo M-MLV RT Kit with gDNA Clean for qPCR II, Accurate Biotechnology (Hunan) Co., Ltd.) according to the manufacturer’s protocol. qPCR was performed using a SYBR Green Premix Pro Taq HS qPCR Kit (Accurate Biotechnology (Hunan) Co., Ltd.) on a StepOnePlus™ System (Applied Biosystems). The reaction parameters of qPCR were as follows: predenaturation for 30 s at 95°C; 40 cycles of denaturation for 5 s at 95°C; and annealing and extending for 30 s at 60°C. The primers for each gene were purchased from BGI Tech Solutions (Beijing Liuhe) Co., Ltd. and are listed in Table 1. The β-actin gene was used as a reference, and the relative change was normalized to β-actin mRNA using the following formula: 2−ΔΔCt.
TABLE 1 | Primers used to quantify mRNA levels.
[image: Table 1]Statistical Analysis
Statistical analyses were performed by one-way ANOVA followed by Tukey’s multiple comparison test, using SPSS 20.0. Data are represented as the means ± SEM. Statistical significance was recognized at a p value of less than 0.05. Graphs were created using GraphPad Prism version 5.01 software.
RESULTS
GRb1 Alleviates Acute Alcohol-Induced Hepatic Steatosis in Zebrafish
Previous studies have shown that zebrafish larvae continuously stimulated with 350 mM ethanol for 32 h exhibit behavioral abnormalities, hepatomegaly, and steatosis of parenchymal hepatic cells (Passeri et al., 2009). Therefore, we exposed zebrafish larvae of 4 days post fertilization to 350 mM ethanol for 32 h to establish an acute alcoholic liver injury model. Based on this model, the protective effects of GRb1 on ALD were evaluated. H&E, Nile Red, and Oil Red O staining were applied to assess the fat accumulation level in hepatocytes, which is the earliest reaction of the liver to alcohol addiction. The H&E staining results showed that zebrafish larvae exposed to alcohol had severe lipid vacuoles within hepatocytes, while GRb1-treated groups had less vacuolization of the liver parenchyma (Figure 2A). The results of the whole-mount staining of Oil Red O agreed with H&E staining, which showed that the area and the number of lipid drops in the liver were significantly decreased after the treatment of GRb1 compared to those in the model group (Figures 2B,C). Although the results showed that 25μM GRb1 did not alleviate lipid deposition induced by alcohol, toxicological results (Supplementary Figure S1) indicated that 25μM GRb1 had no effect on survival rate, heart rate and body length of zebrafish. In other words, 25μM GRb1 had no toxic effect on zebrafish. Based on the pathological results and Oil Red O staining, we found that 12.5 μM was the optimum concentration of GRb1 to ameliorate hepatic steatosis. Based on the above result, we selected the 12.5 μM GRb1 group for further verification and intensive study. Nile Red staining (Figures 3A,B) and Oil Red O (Figures 3C,D) staining in cryosections provided further scientific evidence to confirm that 12.5 μM GRb1 effectively alleviated lipid deposition in the liver after ethanol exposure. These data revealed that GRb1 prevents hepatocytes from fatty degeneration induced by acute alcohol consumption.
[image: Figure 2]FIGURE 2 | GRb1 alleviates alcohol-induced hepatic steatosis in zebrafish larvae. (A) H&E staining of zebrafish larvae. Figures are magnified as 400ⅹ. (B) Whole-mount staining with Oil Red O. Figures are magnified as 50ⅹ. (C) Quantitative analysis of the liver gray value of Oil Red O using ImageJ software. Data are shown as the mean ± SEM (n = 10 per group from two experiments). p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared with the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 350 mM EtOH group.
[image: Figure 3]FIGURE 3 | GRb1 significantly ameliorates hepatic steatosis caused by alcohol. (A) Nile Red staining of frozen liver sections from zebrafish larvae with liver-specific EGFP expression. Figures are magnified as 400ⅹ. (B) Quantitative analysis of the mean fluorescence intensity of Nile Red using ImageJ software. (C) Oil Red O staining of cryosections from zebrafish larvae. Figures are magnified as 400ⅹ. (D) Quantitative analysis of the area of lipid droplets in the liver based on Oil Red O staining using ImageJ software. Data are expressed as the mean ± SEM (n = 8–10 per group). p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 350 mM EtOH group.
GRb1 Lowers Lipid Accumulation Caused by Alcohol in L-O2 Cells
We also verified the effect of GRb1 on lipid deposition in vitro. A considerable body of research has reported that exposing L-O2 cells to 100 mM ethanol for 24 h establishes an in vitro model of alcohol-induced liver damage (Lu et al., 2017; Jin et al., 2018). Therefore, this in vitro model was used to investigate the protective effect of GRb1 on fatty degeneration of hepatocytes. Consistent with the above results, both Oil Red O (Figures 4A,B) staining and Nile Red staining (Figures 4C,D) indicated that 100 mM ethanol stimulation for 24 h significantly induced intracellular lipid accumulation, but it was eliminated by GRb1. Triglyceride accumulation contributes greatly to steatosis. We found that intracellular triglyceride levels increased nearly 5 times with alcohol stimulation but decreased by nearly half in the GRb1 treatment group compared with the model group (Figure 4E). These results demonstrated that GRb1 is equally effective in reducing lipid accumulation induced by alcohol in vitro.
[image: Figure 4]FIGURE 4 | GRb1 reduces lipid accumulation stimulated by alcohol in L-O2 cells. (A) Oil Red O staining of L-O2 cells. Figures are magnified as 400ⅹ. (B) Quantitative analysis of the area of lipid droplets in L-O2 cells based on Oil Red O staining using ImageJ software. (C) Nile Red staining of L-O2 cells. Figures are magnified as 200ⅹ. (D) Quantitative analysis of the mean fluorescence intensity of Nile Red using ImageJ software. (E) Triglyceride levels in L-O2 cells. The data are displayed as the means ± SEM. p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 100 mM EtOH group.
GRb1 Protects Zebrafish Larvae and L-O2 Cells Against Oxidative Stress After Alcohol Exposure
ROS play a preeminent role in the clinical and pathological spectrum of ALD (Ceni et al., 2014). ROS are toxic to cells, causing DNA damage, lipid peroxidation, and even cell death (Cederbaum et al., 2009). Mitochondrial GSH deficiency has been regarded as a contributor to ALD development as GSH functions in pathways responsible for ROS detoxification (Mantena et al., 2008). Therefore, DHE and NA-8 fluorescence probes, which track the distribution and levels of ROS and GSH, were used to evaluate ethanol-induced oxidative stress injury in the livers of zebrafish larvae and the protectiveness ability of GRb1. The results revealed that 12.5 μM GRb1 reversed ROS accumulation induced by alcohol consumption as indicated by intense red fluorescence appearing after alcohol exposure, and the fluorescence intensity decreased after treatment with 12.5 μM GRb1 (Figures 5A,B). In vitro experiments also confirmed this effect. The ROS probe in L-O2 cells showed higher ROS levels in the model group and decreased ROS levels in the GRb1 groups (Figures 6A,C). MDA detection in cells also supported this conclusion (Figure 6E).
[image: Figure 5]FIGURE 5 | GRb1 protects zebrafish larvae against oxidative stress induced by alcohol exposure. (A) Fluorescence micrographs of DHE. Figures are magnified as 100ⅹ. (B) ROS quantification according to the mean intensity of red fluorescence using ImageJ software (n = 6–8 per group). (C) Fluorescence micrographs of NA-8. Figures are magnified as 100ⅹ. (D) GSH quantification according to the mean intensity of blue fluorescence using ImageJ software (n = 6–8 per group). Data are presented as the mean ± SEM. p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 350 mM EtOH group.
[image: Figure 6]FIGURE 6 | GRB1 reduces the oxidative stress caused by alcohol in L-O2 cells. (A) Fluorescence micrographs of ROS in L-O2 cells. Figures are magnified as 200ⅹ. (B) Fluorescence micrographs of NA-8 in L-O2 cells. Figures are magnified as 200ⅹ. (C) Cellular fluorescence intensity of ROS as measured using a fluorescence microplate reader. (D) Cellular fluorescence intensity of GSH as measured using a fluorescence microplate reader. (E) MDA levels in L-O2 cells. (F) GSH levels in L-O2 cells. The data are displayed as the means ± SEM. p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 100 mM EtOH group.
In addition, the increased glutathione level in the livers of larvae after GRb1 administration also strongly supports the protective role of GRb1 against oxidative stress. The blue fluorescence emitted by the NA-8 probe weakened due to GSH depletion caused by ethanol. However, glutathione increased in the liver after intervention with 12.5 μM GRb1 (Figures 5C,D). The NA-8 probe in L-O2 cells showed the lowest GSH levels after alcohol stimulation and increased GSH levels in the GRb1 groups (Figures 6B,D). The GSH detection data in cells were consistent with the above results (Figure 6F). These outcomes suggested that GRb1 ameliorates ethanol-induced oxidative stress injury.
GRb1 Ameliorates Liver Inflammation During Acute Alcoholic Injury, Including Neutrophil Infiltration and Proinflammatory Cytokines
Infiltration of the liver parenchyma by neutrophils is a striking feature of alcoholic steatohepatitis and plays pivotal roles in the development and progression of ALD (Jaeschke, 2002; Gao and Bataller, 2011). Studies on liver injury have indicated that neutrophils migrating to the liver parenchyma kill hepatocytes by releasing ROS and proteases (Ramaiah and Jaeschke, 2007a), possibly causing alcoholic liver damage. In our study, zebrafish with neutrophil-specific EGFP expression allowed instant observations. We found that alcohol exposure led to neutrophil infiltration in the liver. However, 12.5 μM GRb1 alleviated the migration of neutrophils into the liver parenchyma (Figure 7).
[image: Figure 7]FIGURE 7 | GRb1 alleviates neutrophil infiltration of the liver during acute alcohol injury. Neutrophil fluorescence micrographs and quantification of the number of neutrophils in the liver (within the cycle). After alcohol modeling and GRb1 administration, zebrafish larvae with neutrophil-specific EGFP expression were observed and imaged using an Olympus U-HGLGPS fluorescence microscope (Tokyo, Japan). Figures are magnified as 20 and 50ⅹ. The number of neutrophils in the liver was counted using particle analysis in ImageJ software. Data are presented as the mean ± SEM (n = 6–8 per group). p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 350 mM EtOH group.
Nuclear factor-kappa B (NF-κB), an essential regulatory factor of inflammatory genes, immune cell proliferation, and oxidative stress (Janssen-Heininger et al., 2000), is required for the expression of several proinflammatory genes, including TNF-α and IL-1β (Liu et al., 2017). In zebrafish and L-O2 cells experiments, the alcohol-treated group showed increased NF-κB protein expression, while the GRb1 treatment groups expressed less NF-κB protein (Figures 8A,C,G,I). Subsequently, the level of the TNF-α cytokine increased after alcohol exposure but decreased after GRb1 treatment (Figures 8B,D,H,J). qPCR revealed that the mRNA expression levels of TNF-α and IL-1β were elevated in the ethanol exposure group but decreased after treatment with 12.5 μM GRb1 (Figures 8E,F). In conclusion, GRb1 reduced the expression of NF-κB and its downstream inflammatory factors, namely, TNF-α and IL-1β, thus reducing inflammatory damage in ALD.
[image: Figure 8]FIGURE 8 | GRb1 downregulates the expression of proinflammatory cytokines. (A) NF-κB immunohistochemical staining of zebrafish larvae. Figures are magnified as 400ⅹ. (B) TNF-α immunohistochemical staining of zebrafish larvae. Figures are magnified as 400ⅹ. (C) Statistical analysis of the area of NF-κB expression in the liver of zebrafish larvae using ImageJ software (n = 6–8 per group). (D) Statistical analysis of the area of TNF-α expression in the liver of zebrafish larvae using ImageJ software (n = 6–8 per group). (E) and (F) Real-time PCR analysis of the mRNA levels of TNF-α and NF-κB in zebrafish larvae. The mRNA levels were normalized to β-actin mRNA levels and presented as fold change compared with the control group (n = 3 per group). (G) NF-κB immunofluorescence staining of L-O2 cells slides. Figures are magnified as 200ⅹ. (H) TNF-α immunofluorescence staining of L-O2 cell slides. Figures are magnified as 200ⅹ. (I) Quantitative analysis of NF-κB levels in L-O2 cells according to mean fluorescence intensity using ImageJ software. (J) Quantitative analysis of TNF-α levels in L-O2 cell according to mean fluorescence intensity using ImageJ software. Data are presented as the mean ± SEM. p < 0.05 (#), p < 0.01 (##), and p < 0.001 (###) compared with the control group; p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) compared with the 350 mM EtOH group or 100 mM EtOH group.
DISCUSSION
The increasing incidence of ALD has become a significant public health burden. Because there are few treatments for ALD, the identification of new drugs effective for ALD is extremely urgent. A recent paper has shown that GRg1 protects hepatocytes against alcohol-induced injury by inhibiting inflammation, oxidative stress, and apoptosis (Li et al., 2018). GRb1, an abundant ginsenoside in ginseng, was demonstrated to play a protective role in acute ALD by inhibiting steatosis, oxidative stress, and inflammation in our study. Similar to GRg1, GRb1 also decreased the production of proinflammatory cytokines, such as TNF-α and IL-1β. Furthermore, our study provided preliminary information on the regulatory effect of GRb1 on neutrophil behavior in alcoholic liver injury. At the same time, both GRg1 and GRb1 have their own advantages in resisting alcohol injury. GRb1 acts distinctly on alleviating liver steatosis caused by alcohol, which can significantly alleviate lipid deposition in the liver and reduce triglyceride levels. However, GRb1 does not affect apoptosis like GRg1, for which no data were obtained in our study. Steatosis is the first stage of ALD, which is histologically defined as lipid accumulation in hepatocytes (Orman et al., 2013). In the present study, we observed apparent hepatic lipid deposition in alcohol-treated zebrafish larvae. This result was consistent with previous studies, in which 350 mM alcohol exposure causes hepatic lipid accumulation (Zhou et al., 2019). Next, we assessed the protective effect of GRb1 on acute alcohol-induced hepatic lipid deposition. Surprisingly, lipid droplets in the liver were significantly reduced after GRb1 administration. Correspondingly, the impact of GRb1 on lipid deposition was also verified in L-O2 cells.
However, alcoholic fatty liver can develop into alcoholic steatohepatitis with heavy alcohol intake. Alcoholic steatohepatitis is pathologically characterized by neutrophil infiltration and hepatocellular damage along with steatosis. Oxidative stress causes steatosis, lipid peroxidation, and inflammation, playing a crucial role in ALD (Li et al., 2015; Zhang et al., 2019). Studies have demonstrated that the metabolism of alcohol results in increased levels of cytochrome P450 family 2 subfamily E member 1 in hepatocytes and increased levels of nicotinamide adenine dinucleotide phosphate oxidase in hepatocytes, hepatic Kupffer cells, and infiltrated inflammatory cells, mainly contributing to the generation of ROS (De Minicis and Brenner, 2008; Abdelmegeed et al., 2017). GSH is a crucial factor in the endogenous protective system for eliminating ROS, and the lack of GSH in hepatocytes may disturb the antioxidant defense system, leading to ROS accumulation (Pan et al., 2020). In this study, we used DHE and NA-8 probes to visualize the level and distribution of ROS and GSH in the livers of live larvae. After stimulation by ethanol, ROS levels in the liver significantly increased, and GSH was heavily depleted. Dramatically, GRb1 reversed this condition, indicating that GRb1 reduced ROS accumulation and partially restored GSH, lowering MDA level and resisting oxidative damage.
Transmigration of neutrophils into the liver parenchyma has been considered a key driver of liver injury (Ramaiah and Jaeschke, 2007b) and to play a prominent role in ALD (Ramaiah and Jaeschke, 2007a). We used neutrophil-labeled zebrafish to intuitively and timely observe that GRb1 reduced neutrophil recruitment in the liver induced by alcohol. Of note, ROS from neutrophils have been deemed crucial in tissue damage (Ramaiah and Jaeschke, 2007a). Overall, GRb1 alleviates neutrophil infiltration in the liver during alcohol consumption, thus inhibiting possible further damage by the release of protease and oxidative stress.
NF-κB, an essential inflammatory transcription factor, is of great significance in regulating the signaling pathways related to pathological liver changes (Huang et al., 2019). Alcohol consumption increases gut permeability, causing translocation of bacterial products, such as lipopolysaccharide (Gao et al., 2019), and finally activating NF-κB to motivate the production of proinflammatory cytokines, such as TNF-α, IL-1β, and IL-6 (Neuman et al., 2015). In addition, oxidative stress enhances the activation of NF-κB via nicotinamide adenine dinucleotide phosphate oxidase, amplifying Kupffer cell production of TNF-α in turn (Kawaratani et al., 2013). TNF-α, an inflammatory cytokine, has been reported to be a hinge in alcoholic liver injury (Kitazawa et al., 2003), and the circulating level of TNF-α correlates with the severity of alcoholic hepatitis and alcoholic hepatitis mortality (Neuman et al., 2015). IL-1β is also a potent proinflammatory cytokine that is markedly increased in animal models and patients with ALD (Kawaratani et al., 2013). In this study, GRb1 was shown to lower the level of NF-κB increased by alcohol and reduce the expression of TNF-α and IL-1β. Decreased expression of these two effective inflammation-related factors and inhibition of neutrophil infiltration suggested that GRb1 prevents further inflammation damage to the liver caused by alcohol.
Taken together, the results of our study suggest that GRb1 has a protective effect on ALD by lowering lipid accumulation, alleviating oxidative stress, and ameliorating inflammation induced by proinflammatory chemokines and neutrophil infiltration (Figure 9). However, further research is needed to elucidate how GRb1 regulates lipid metabolism and interferes with oxidative stress. In conclusion, our experimental study revealed the definite efficacy and possible mechanism of GRb1 in alcoholic liver injury treatment, providing scientific evidence for the clinical application of GRb1 against ALD.
[image: Figure 9]FIGURE 9 | Diagram of the protective mechanisms of GRb1 against alcohol-induced liver injury.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The animal study was reviewed and approved by the Institutional Animal Care and Use Committee of Southern Medical University.
AUTHOR CONTRIBUTIONS
ZL, LG, and CZ designed the study theme and obtained funding. YL performed major experiments. QT and SX participated in some experiments and revision of the manuscript. SH, YW, YL, TZ, and CM participated in part of the experiment and collected and analyzed data. SH and YC provided support for experimental methods.
ACKNOWLEDGMENTS
This study was supported by the National Natural Science Foundation of China (81774170, 82074131, 82000595, and 81673774), the Natural Science Foundation of Guangdong Province (2018B030306012), the Scientific Research Initiative Program of Southern Medical University (CX2017N001), and the Scientific Research Project in Hygienism of Shenzhen Guangming District Science and Technology Innovation Bureau (2020R01126).
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.616409/full#supplementary-material.
ABBREVIATIONS
ALD, alcoholic liver disease; DHE, dihydroethidium; DMEM, Dulbecco’s Modified Eagle Medium; EGFP, enhanced green fluorescent protein; EtOH, ethanol; GRb1, ginsenoside rb1; GSH, glutathione; H&E, hematoxylin and eosin; L-O2, human hepatocyte cell line; MDA, malondialdehyde; NF-κB, nuclear factor-kappa B; OCT, optimal cutting tissue; PBS, phosphate-buffered saline; ROS, reactive oxygen species; TNF-α, tumor necrosis factor α.
REFERENCES
 Abdelmegeed, M. A., Ha, S. K., Choi, Y., Akbar, M., and Song, B. J. (2017). Role of CYP2E1 in mitochondrial dysfunction and hepatic injury by alcohol and non-alcoholic substances. Curr. Mol. Pharmacol. 10, 207–225. doi:10.2174/1874467208666150817111114 
 Cassar, S., Adatto, I., Freeman, J. L., Gamse, J. T., Iturria, I., Lawrence, C., et al. (2020). Use of zebrafish in drug discovery toxicology. Chem. Res. Toxicol. 33, 95–118. doi:10.1021/acs.chemrestox.9b00335 
 Cederbaum, A. I., Lu, Y., and Wu, D. (2009). Role of oxidative stress in alcohol-induced liver injury. Arch. Toxicol. 83, 519–548. doi:10.1007/s00204-009-0432-0 
 Ceni, E., Mello, T., and Galli, A. (2014). Pathogenesis of alcoholic liver disease: role of oxidative metabolism. World J. Gastroenterol. 20, 17756–17772. doi:10.3748/wjg.v20.i47.17756 
 Chen, Y., Lin, S., Sun, Y., Pan, X., Xiao, L., Zou, L., et al. (2016). Translational potential of ginsenoside Rb1 in managing progression of osteoarthritis. J. Orthop. Translat. 6, 27–33. doi:10.1016/j.jot.2016.03.001 
 Cornet, C., Di Donato, V., and Terriente, J. (2018). Combining zebrafish and CRISPR/Cas9: toward a more efficient drug discovery pipeline. Front. Pharmacol. 9, 703. doi:10.3389/fphar.2018.00703 
 Das, S. K., and Vasudevan, D. M. (2007). Alcohol-induced oxidative stress. Life Sci. 81, 177–187. doi:10.1016/j.lfs.2007.05.005 
 De Minicis, S., and Brenner, D. A. (2008). Oxidative stress in alcoholic liver disease: role of NADPH oxidase complex. J. Gastroenterol. Hepatol. 23 (Suppl. 1), S98–S103. doi:10.1111/j.1440-1746.2007.05277.x 
 Dunn, W., and Shah, V. H. (2016). Pathogenesis of alcoholic liver disease. Clin. Liver Dis. 20, 445–456. doi:10.1016/j.cld.2016.02.004 
 Gao, B., Ahmad, M. F., Nagy, L. E., and Tsukamoto, H. (2019). Inflammatory pathways in alcoholic steatohepatitis. J. Hepatol. 70, 249–259. doi:10.1016/j.jhep.2018.10.023 
 Gao, B., and Bataller, R. (2011). Alcoholic liver disease: pathogenesis and new therapeutic targets. Gastroenterology 141, 1572–1585. doi:10.1053/j.gastro.2011.09.002 
 Goessling, W., and Sadler, K. C. (2015). Zebrafish: an important tool for liver disease research. Gastroenterology 149, 1361–1377. doi:10.1053/j.gastro.2015.08.034 
 Huang, S., Zhou, C., Zeng, T., Li, Y., Lai, Y., Mo, C., et al. (2019). P-hydroxyacetophenone ameliorates alcohol-induced steatosis and oxidative stress via the NF-κB signaling pathway in zebrafish and hepatocytes. Front. Pharmacol. 10, 1594. doi:10.3389/fphar.2019.01594 
 Jaeschke, H. (2002). Neutrophil-mediated tissue injury in alcoholic hepatitis. Alcohol 27, 23–27. doi:10.1016/s0741-8329(02)00200-8 
 Janssen-Heininger, Y. M., Poynter, M. E., and Baeuerle, P. A. (2000). Recent advances towards understanding redox mechanisms in the activation of nuclear factor kappaB. Free Radic Biol. Med. 28, 1317–27. doi:10.1016/s0891-5849(00)00218-5
 Jin, H., Lian, N., Bian, M., Zhang, C., Chen, X., Shao, J., et al. (2018). Oroxylin A inhibits ethanol-induced hepatocyte senescence via YAP pathway. Cell Prolif. 51, e12431. doi:10.1111/cpr.12431
 Kawaratani, H., Tsujimoto, T., Douhara, A., Takaya, H., Moriya, K., Namisaki, T., et al. (2013). The effect of inflammatory cytokines in alcoholic liver disease. Mediat. Inflamm. , 2013, 495156. doi:10.1155/2013/495156
 Kim, J. H., Yi, Y. S., Kim, M. Y., and Cho, J. Y. (2017). Role of ginsenosides, the main active components of Panax ginseng, in inflammatory responses and diseases. J. Ginseng Res. 41, 435–443. doi:10.1016/j.jgr.2016.08.004 
 Kim, M. S., Ong, M., and Qu, X. (2016). Optimal management for alcoholic liver disease: conventional medications, natural therapy or combination?World J. Gastroenterol. 22, 8–23. doi:10.3748/wjg.v22.i1.8 
 Kitazawa, T., Nakatani, Y., Fujimoto, M., Tamura, N., Uemura, M., and Fukui, H. (2003). The production of tumor necrosis factor-alpha by macrophages in rats with acute alcohol loading. Alcohol Clin. Exp. Res. 27, 72S–75S. doi:10.1097/01.ALC.0000078611.55696.F0 
 Kitts, D. D., Wijewickreme, A. N., and Hu, C. (2000). Antioxidant properties of a North American ginseng extract. Mol. Cell. Biochem. 203, 1–10. doi:10.1023/a:1007078414639 
 Kong, L. Z., Chandimali, N., Han, Y. H., Lee, D. H., Kim, J. S., Kim, S. U., et al. (2019). Pathogenesis, early diagnosis, and therapeutic management of alcoholic liver disease. Int. J. Mol. Sci. 20. doi:10.3390/ijms20112712
 López, M. V., Cuadrado, M. P., Ruiz-Poveda, O. M., Del, F. A., and Accame, M. E. (2007). Neuroprotective effect of individual ginsenosides on astrocytes primary culture. Biochim. Biophys. Acta 1770, 1308–1316. doi:10.1016/j.bbagen.2007.06.008 
 Li, J., Yang, C., Zhang, S., Liu, S., Zhao, L., Luo, H., et al. (2018). Ginsenoside Rg1 inhibits inflammatory responses via modulation of the nuclear factor‑κB pathway and inhibition of inflammasome activation in alcoholic hepatitis. Int. J. Mol. Med. 41, 899–907. doi:10.3892/ijmm.2017.3297 
 Li, J., Zhong, W., Wang, W., Hu, S., Yuan, J., Zhang, B., et al. (2014). Ginsenoside metabolite compound K promotes recovery of dextran sulfate sodium-induced colitis and inhibits inflammatory responses by suppressing NF-κB activation. PloS One 9, e87810. doi:10.1371/journal.pone.0087810 
 Li, S., Tan, H. Y., Wang, N., Zhang, Z. J., Lao, L., Wong, C. W., et al. (2015). The role of oxidative stress and antioxidants in liver diseases. Int. J. Mol. Sci. 16, 26087–26124. doi:10.3390/ijms161125942 
 Lim, W., Mudge, K. W., and Vermeylen, F. (2005). Effects of population, age, and cultivation methods on ginsenoside content of wild American ginseng (Panax quinquefolium). J. Agric. Food Chem. 53, 8498–8505. doi:10.1021/jf051070y 
 Liu, A., Zhu, W., Sun, L., Han, G., Liu, H., Chen, Z., et al. (2018). Ginsenoside Rb1 administration attenuates focal cerebral ischemic reperfusion injury through inhibition of HMGB1 and inflammation signals. Exp. Ther. Med. 16, 3020–3026. doi:10.3892/etm.2018.6523 
 Liu, T., Zhang, L., Joo, D., and Sun, S. C. (2017). NF-κB signaling in inflammation. Signal Transduct Target Ther . 2, 17023–. doi:10.1038/sigtrans.2017.23
 Lu, C., Xu, W., Shao, J., Zhang, F., Chen, A., and Zheng, S. (2017). Blockade of hedgehog pathway is required for the protective effects of magnesium isoglycyrrhizinate against ethanol-induced hepatocyte steatosis and apoptosis. IUBMB Life 69, 540–552. doi:10.1002/iub.1639 
 Mantena, S. K., King, A. L., Andringa, K. K., Eccleston, H. B., and Bailey, S. M. (2008). Mitochondrial dysfunction and oxidative stress in the pathogenesis of alcohol- and obesity-induced fatty liver diseases. Free Radic. Biol. Med. 44, 1259–1272. doi:10.1016/j.freeradbiomed.2007.12.029 
 Neuman, M. G., Maor, Y., Nanau, R. M., Melzer, E., Mell, H., Opris, M., et al. (2015). Alcoholic liver disease: role of cytokines. Biomolecules 5, 2023–2034. doi:10.3390/biom5032023 
 Ohashi, K., Pimienta, M., and Seki, E. (2018). Alcoholic liver disease: a current molecular and clinical perspective. Liver Res. 2, 161–172. doi:10.1016/j.livres.2018.11.002 
 Orman, E. S., Odena, G., and Bataller, R. (2013). Alcoholic liver disease: pathogenesis, management, and novel targets for therapy. J. Gastroenterol. Hepatol. 28 (Suppl. 1), 77–84. doi:10.1111/jgh.12030 
 Pan, X., Shao, Y., Wang, F., Cai, Z., Liu, S., Xi, J., et al. (2020). Protective effect of apigenin magnesium complex on H2O2-induced oxidative stress and inflammatory responses in rat hepatic stellate cells. Pharm. Biol. 58, 553–560. doi:10.1080/13880209.2020.1772840 
 Passeri, M. J., Cinaroglu, A., Gao, C., and Sadler, K. C. (2009). Hepatic steatosis in response to acute alcohol exposure in zebrafish requires sterol regulatory element binding protein activation. Hepatology 49, 443–452. doi:10.1002/hep.22667 
 Ramaiah, S. K., and Jaeschke, H. (2007a). Hepatic neutrophil infiltration in the pathogenesis of alcohol-induced liver injury. Toxicol. Mech. Methods 17, 431–440. doi:10.1080/00952990701407702 
 Ramaiah, S. K., and Jaeschke, H. (2007b). Role of neutrophils in the pathogenesis of acute inflammatory liver injury. Toxicol. Pathol. 35, 757–766. doi:10.1080/01926230701584163
 Seitz, H. K., Bataller, R., Cortez-Pinto, H., Gao, B., Gual, A., Lackner, C., et al. (2018). Alcoholic liver disease. Nat. Rev. Dis. Primers. 4, 16. doi:10.1038/s41572-018-0014-7 
 Setshedi, M., Wands, J. R., and Monte, S. M. (2010). Acetaldehyde adducts in alcoholic liver disease. Oxid. Med. Cell. Longev. 3, 178–185. doi:10.4161/oxim.3.3.12288 
 Shaukat, A., Guo, Y. F., Jiang, K., Zhao, G., Wu, H., Zhang, T., et al. (2019). Ginsenoside Rb1 ameliorates Staphylococcus aureus-induced Acute Lung Injury through attenuating NF-κB and MAPK activation. Microb. Pathog. 132, 302–312. doi:10.1016/j.micpath.2019.05.003 
 Wu, D., and Cederbaum, A. I. (2009). Oxidative stress and alcoholic liver disease. Semin. Liver Dis. 29, 141–154. doi:10.1055/s-0029-1214370 
 Zhang, B., Li, M., Zou, Y., Guo, H., Zhang, B., Xia, C., et al. (2019). NFκB/Orai1 facilitates endoplasmic reticulum stress by oxidative stress in the pathogenesis of non-alcoholic fatty liver disease. Front. Cell Dev. Biol. 7, 202. doi:10.3389/fcell.2019.00202 
 Zheng, Q., Bao, X. Y., Zhu, P. C., Tong, Q., Zheng, G. Q., and Wang, Y. (2017). Ginsenoside Rb1 for myocardial ischemia/reperfusion injury: preclinical evidence and possible mechanisms. Oxid. Med. Cell. Longev. 2017, 6313625. doi:10.1155/2017/6313625 
 Zhou, C., Lai, Y., Huang, P., Xie, L., Lin, H., Zhou, Z., et al. (2019). Naringin attenuates alcoholic liver injury by reducing lipid accumulation and oxidative stress. Life Sci. 216, 305–312. doi:10.1016/j.lfs.2018.07.031 
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Lai, Tan, Xv, Huang, Wang, Li, Zeng, Mo, Chen, Huang, Zhou, Gao and Lv. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-616409-g005.gif





OPS/images/fphar-12-616409-g006.gif
A gpSStel SO BION _S.26 GRYY . 125 GRbY

B _Coniol _ I00mMEOH. 626y GRb1 izeM RO 25,1 GRut

IO ONM

FEEEEE]






OPS/images/fphar-12-616409-g003.gif





OPS/images/fphar-12-616409-g004.gif
B e e e et Uetd  TREORET S Ol

8 o €

1]

M

los






OPS/images/fphar-12-616409-g009.gif





OPS/images/fphar-12-616409-g007.gif





OPS/images/fphar-12-616409-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Ginsenoside Rb1 Alleviates Alcohol-Induced Liver Injury by Inhibiting Steatosis, Oxidative Stress, and Inflammation		Introduction

		Materials and Methods		Antibodies and Reagents

		Zebrafish Experiment

		Cell Treatment

		Hematoxylin and Eosin Staining

		Whole-Mount Staining of Oil Red O

		Oil Red O Staining of Cryosections and Cells

		Nile Red Staining

		Triglyceride Detection

		Superoxide and Glutathione Probe Detection

		Malondialdehyde Detection

		GSH Detection

		Immunochemistry Assay

		Immunofluorescence Assay

		Quantitative Real-Time PCR

		Statistical Analysis





		Results		GRb1 Alleviates Acute Alcohol-Induced Hepatic Steatosis in Zebrafish

		GRb1 Lowers Lipid Accumulation Caused by Alcohol in L-O2 Cells

		GRb1 Protects Zebrafish Larvae and L-O2 Cells Against Oxidative Stress After Alcohol Exposure

		GRb1 Ameliorates Liver Inflammation During Acute Alcoholic Injury, Including Neutrophil Infiltration and Proinflammatory Cytokines





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Acknowledgments

		Supplementary Material

		Abbreviations

		References









OPS/images/cover.jpg
‘ frontiers
in Pharmacology

Ginsenoside Rb1 Alleviates
Alcohol-Induced Liver Injury by
Inhibiting Steatosis, Oxidative
Stress, and Inflammation





OPS/images/fphar-12-616409-g001.gif





OPS/images/fphar-12-616409-g002.gif





OPS/images/fphar-12-616409-t001.jpg
Gene FP sequence (5'-3') RP sequence (5'-3')

p-Actin  ATGGATGAGGAAATCGCTGCC ~ CTCCCTGATGTCTGGGTCGTC
TNF-a ACCAGGCC CTTCAGGT TGCCCAGTCTGTCTCCTTCT
IL-18 TGGACTTCGCAGCACAAAATG CACTTCACGCTCTTGGATGA









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Materials





