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Background and aim
Alcoholic liver disease (ALD), caused by consumption of alcohol, with high morbidity and mortality, whose effective interventions is essential. Chinese medicine has a long history of detoxification, and Chaige anti-alcoholic granules (CAG) is an accepted formula including 13 Chinese herbs with definite detoxifying and liver-protecting effects in clinical for acute alcohol intoxication. However, the underlying mechanism is unclear.
Methods
In this study, mice were selected for acute toxicity experiments with the increasing drug concentration to 0.78 mg⋅mL-1. Body weight changes, organ indices, liver and kidney histological observations were performed after 2 weeks. ALT, AST, BUN, and creatinine in mice serum were detected by the kits. A rat model of alcoholic liver injury (ALI) was established by gavage of Chinese wine with 56% alcohol, which was intragastrically received with CAG at 1575, 3150 and 6300 mg⋅kg⋅day-1 for 2 weeks, respectively, while positive group 100 mg⋅kg⋅day-1 metadoxine. The organ indices were measured, and the protective effect of CAG on ALI was determined using kits, ELISA, histopathology, and western blotting.
Results
The results of the acute toxicity experiment showed that the mice were alive normally and the organ index, liver and kidney histopathology, and serum biochemical indicators showed no significant difference between the control group and the CAG-treated groups. The results of hepatoprotective effect of CAG in rat showed that compared with the control group, the liver index, ALT, AST, ADH, TC, TG, GSH-Px, SOD, and CYP450 2E1 levels were all increased in the model group (P < 0.01), while ALDH and MDA were decreased (P < 0.01). Compared with the model group, the detection indicators in the different dose CAG treatment groups could be reversed, and there was a certain dose-effect relationship, that is, the reversal effect of the high and med-dose groups was better (P < 0.01). Liver histological observation showed that CAG could alleviate the infiltration of inflammatory cells.
Conclusion
These indicated that CAG had no acute toxicity and exhibited a large safety range, and was first identified to protect against hepatotoxicity through anti-oxidative stress and anti-inflammation, providing a scientific basis for further research into its clinical applications.
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1 INTRODUCTION
Alcoholic liver disease (ALD) is one of the most serious and irreversible form of liver damage associated with alcohol consumption and is the leading cause of liver-related morbidity and mortality worldwide (Qi et al., 2022; Dukić et al., 2023). ALD imposes a substantial global public health burden and is often associated with high rates of hospitalization and mortality, especially in individuals with long-term alcohol abuse (Åberg et al., 2024). Despite intensive research efforts, effective clinical interventions for ALD are still limited, making it an urgent target for therapeutic innovation.
The pathogenesis of ALD is complex and multifactorial. While no single pathway fully explains alcohol-induced liver injury (Obad et al., 2018; Wang et al., 2021), oxidative stress has been identified as a central contributor, particularly in the early stages of the disease progression (Shuai et al., 2021). The liver, responsible for metabolizing approximately 90% of ingested ethanol, relies primarily on the alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) pathways. Ethanol is first oxidized by ADH into acetaldehyde and subsequently converted to acetic acid by ALDH, ultimately yielding CO2 and H2O (Osna et al., 2022; Contreras-Zentella et al., 2022). However, when large amounts of alcohol are consumed over a long period of time, the high concentration of ethanol in the blood activates the microsomal ethanol oxidizing system (MEOS), notably increasing cytochrome P450 2E1 (CYP2E1) activity. This pathway produces a large amount of reactive oxygen species (ROS) and the toxin acetaldehyde during the metabolism of ethanol, causing severe damage to the liver (Liu et al., 2025). In addition to oxidative stress, inflammation plays a key role in the pathogenesis of ALD. Chronic alcohol consumption triggers the release of pro-inflammatory cytokines, including tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-1β (IL-1β). These cytokines contribute to liver injury by activating immune cells and further enhancing oxidative stress. TNF-α, for example, has been shown to induce hepatocyte apoptosis and promote inflammatory responses, while IL-6 and IL-1β mediate the activation of NF-κB signal, which exacerbates liver inflammation and fibrosis (Zhang X. et al., 2023). These inflammatory pathways, in combination with oxidative stress, create a vicious cycle that accelerates liver damage and progression to cirrhosis. Although synthetic drugs such as tiopronin and bifendatatum have been used to prevent or treat ALD (Nass et al., 2017; Ma et al., 2020), their effectiveness in restoring liver function remains unsatisfactory. Consequently, there is an increasing interest in identifying safer and more effective therapeutic alternatives, particularly from natural or traditional sources.
Traditional Chinese Medicine (TCM) has a long-standing history of preventing and treating alcoholism. Modern medical studies have reported that combinations of TCM and Western medicine may offer enhanced efficacy, particularly in acute alcohol intoxication (Fang J. et al., 2022; Chen Y. et al., 2024). The current development of TCM for relieving alcoholism mainly focuses on two aspects. Firstly, it strengthens the first pass metabolism of ethanol in the gastrointestinal tract, inhibits its gastrointestinal absorption, and reduces the concentration of ethanol in the blood. The second is for the drugs to directly act on the enzyme system involved in ethanol metabolism to improve the elimination rate of ethanol and its metabolites to reduce its damage to liver and other tissues. Several herbal formulas and compounds including Ge Bai Jie Jiu Ye, Song Hua Ge Gen Pian, and Qinggan Huoxue Recipe, have demonstrated efficacy in lowering serum ethanol levels or mitigating alcohol-induced liver injury (Bi et al., 2005; Wang et al., 2014; Lu et al., 2022). For example, LanGui tea, comprising of Gynostemma pentaphyllum, Cinnamomum cassia and Ampelopsis grossedentata may ameliorate acute ALD by activating AMPK and inhibiting NLRP3 signal pathways (Gu et al., 2024). Similarly, acidic polysaccharide from Schisandra chinensis may be via inhibiting the expression of CYP2E1 protein and then alleviating oxidative stress injury induced by ethanol (Yuan et al., 2018).
Among these remedies, Chaige anti-alcoholic granules (CAG) represent a modern TCM formula developed based on ancient antidotal prescriptions, clinical expertise, and the TCM principle of internal-external coordination (Hu et al., 2016). Zhang et al. (2018) reviewed historical records and identified 384 single herbs and 429 traditional formulas used for alcoholism. The formula, clinically applied at the Wuhu Hospital of Traditional Chinese Medicine, consists of 13 Chinese medicinal ingredients, including Bupleuri Radix, Puerariae Lobatae Radix, Puerariae Lobatae Flos, Hoveniae Semen, Perillae Caulis, Citri Reticulatae Pericarpium, Phyllostachydis Henonis Folium, Rhei Radix et Rhizoma, Plantaginis Herba, Vignae Radiatae Testa, Amomi Semen, Coptidis Rhizoma, and Alismatis Rhizoma. Each medicine in this formula reduces alcohol consumption and protects the liver (Du J et al., 2010; Han et al., 2021; Qu et al., 2022; Zhao et al., 2022). The combination of multiple traditional Chinese medicines often has a synergistic effect. Declinol, a complex containing Kudzu, bitter Herbs (Gentian and Tangerine Peel), and Bupleurum, was found to significantly reduce alcohol use disorder identification test scores of moderate to heavy drinkers in a naturalistic setting. The inclusion of bitters such as Gentian and Tangerine Peel in Declinol provides stimulation of gut TAS2R receptors which is potentially synergistic with the effects of Kudzu (Kushner et al., 2013). The formula was composed of Dregeasinensis Hemsl and Pueraria montana var. lobata (Willd.) Maesen, can prevent acute alcoholic liver injury (ALI) and repair the intestinal mucosal barrier, the effect is better than Biphenyl bisphenol (Bai et al., 2024). In addition, clinical use discovery that CAG can significantly improve nausea, vomiting, headache, and irritability in patients with acute alcohol intoxication in the non-comatose state and reduce the time of waking up.
Despite promising clinical outcomes, the pharmacological mechanisms and hepatoprotective effects of CAG remain insufficiently characterized. Therefore, this study was conducted to investigate the safety profile and therapeutic potential of CAG in the treatment of ALI. Acute toxicity experiments were firstly conducted in mice, a widely accepted model for preclinical drug safety evaluation (Chen D. H. et al., 2024). Subsequently, an animal model of ALI was established in rats, and the structural changes of liver tissue were observed histologically. The measurement of key biochemical markers, including alanine transaminase (ALT), aspartate transaminase (AST), alcohol dehydrogenase (ADH), Acetaldehyde dehydrogenase (ALDH), triglyceride (TG), total cholesterol (TC), superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione peroxidase (GSH-Px) were performed after the rats were exposed to different CAG treatment conditions. In addition, the protein expression of hepatic cytochrome P450 2E1 (CYP2E1) was determined using Western blotting. The levels of TNF-α, IL-6, and IL-1β were detected in rats using ELISA. Through these investigations, the study aims to elucidate the mechanism of CAG in mitigating alcohol-induced liver injury and to provide a scientific basis for its clinical application in emergency TCM interventions for acute alcoholism.
2 MATERIALS AND METHODS
2.1 Animals
Male Kunming mice (six-week-old), weighing 18–22 g, were purchased from the SCBS Bio-technology Co. (SCXK 2020-0005, Henan, China). Male Sprague–Dawley (SD) rats (180–220 g) were purchased from Hangzhou Medical College Laboratory Animal Center (SCXK 2019-0002, Zhejiang, China). These animals were maintained under a controlled environment at a room temperature of 25°C ± 1°C and 50% ± 10% humidity on a 12 h light-dark cycle with free access to water and food. The animal experiments were performed in accordance with the Guidelines for Animal Experimentation, with the approval of the Institutional Animal Care and Use Committee of Wannan Medical College (approval number LLSC-2021–192 for mice, approval number LLSC-2022–042 for rats).
2.2 Animal treatment
2.2.1 Acute toxicity experiments of CAG
Experiments were conducted after 1 week of acclimatization of the mice to the environment. The experimental animals were randomly divided into two groups (n = 10/group). The same volume of distilled water was administered by gavage as the control group. We administered the CAG to the mice for 2 weeks at the clinical dose, without observing any significant adverse reactions. Based on the literature (Wang, 2020; Song, 2023), the concentration of the maximum dosage group (CAG group) was set to the highest concentration at which CAG could dissolve in water to be administrated through the gavage needle, which is 0.78 g mL-1, with a maximum volume of 0.4 mL per 10 g of body weight. The mice were administered for 14 days, and their body weights were recorded and their behaviour activities were observed during this period.
2.2.2 CAG hepatoprotective effect
In clinical practice, metadoxine is the main drug used to treat acute alcohol intoxication. It accelerates the elimination of ethanol from the blood, leads to faster recovery from intoxication, and improves behaviour toxic symptomatology (Shpilenya et al., 2002). Based on clinically used doses, 100 mg kg-1 of metadoxine was used in the animal studies.
After 1 week of acclimation, the rats were randomly divided into the following groups (n = 6): control, model, positive, CAG low-, medium-, high-dose groups. The control and model groups were administered distilled water via gavage, and the other groups were administered metadoxine (100 mg kg-1 for the positive group) or CAG (1,575, 3,150, or 6,300 mg kg-1 for the low-, medium-, and high-dose groups, respectively) via gavage. A model of ALI was established via the administration of Chinese wine with 56% alcohol (Beijing Red Star Co., Beijing, China) by gavage, as previously reported (Zhang et al., 2023a). Except for the control group, rats were intragastrically administered Chinese wine at a dose of 15 mL kg-1 once daily for 14 days. Rats in the control group received distilled water.
2.2.3 Sample collection and liver index determination
The mice and rats were fasted for 12 h at the final stage of the experiment before being anesthetized. The mice were anesthetized with 1.25% ready-to-use tribromoethanol at a dose of 0.2 mL·10 g-1. The rats were anesthetized with 2.5% ready-to-use tribromoethanol at a dose of 0.6 mL·100 g-1. Blood was collected from the abdominal aorta and centrifuged for 15 min at 3,500 rpm prior to storage at −80°C. The livers of the rats were quickly harvested, rinsed with cold normal saline, and weighed. Parts of the washed livers were fixed in 4% paraformaldehyde (Beijing Lanjieke Technology Co., Beijing, China) for histopathological examination, and the remaining specimens were frozen at −80°C for additional molecular biology analyses.
The organ index was calculated using Equation 1.
Organ index g/g=organ weight g / body weight g(1)
2.3 Serum biochemical analyses
The ALT, AST, blood urea nitrogen (BUN), creatinine, SOD, GSH-Px, MDA, TC, and TG levels were determined in the serum using the appropriate test kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China). In brief, the indicated concentration of rat serum was added into the enzyme-labelled plates and incubated at 37°C for 120 min. Then, the supernatant in the plates was discarded, 100 μL biotinylated antibody was added, and the incubation was continued for 60 min. The plates were washed with the buffer solution thrice. Subsequently, 100 μL streptavidin-HRP working solution was added and incubated at 37°C for 30 min. Following these, the TMB substrate were put into plates and incubated at 37°C for 15 min in dark. Finally, 50 μL stop solution was added, and the OD values were measured by using a microplate reader (1,510, Thermo Fisher Scientific, MA, United States) at 450 nm.
2.4 Liver biochemical analyses
Rat liver tissues were homogenized and centrifuged, and the supernatant was collected. The activities of SOD and GSH-Px and the MDA concentration in the liver tissue were determined using assays. Proinflammatory cytokines, including TNF-α, IL-6, and IL-1β, were measured in the liver using ELISA kits (ABclonal Biotechnology Co., Ltd., Wuhan, Hubei, China) according to the manufacturer’s instructions.
2.5 Histopathological examination
Liver and kidney tissues were collected from the mice and rats, fixed with 4% paraformaldehyde (Beijing Lanjieke Technology Co., Beijing, China), dehydrated using a graded alcohol series, made transparent using xylene (Wuxi Jingke Chemical Co., Wuxi, Jiangsu, China), and embedded in paraffin (Shanghai Huayong Paraffin Co., Shanghai, China). The paraffinized tissues were cut into 5 μm thick sections, dewaxed using xylene and rehydrated with gradient alcohol. The sections were then stained with hematoxylin (BKMAM Biotechnology Co., Ltd., Changsha, Hunan, China) for 6 min. After differentiation with hydrochloric alcohol, the sections were stained with eosin (BKMAM Biotechnology Co., Ltd.) for 5 min. Thereafter, the stained sections were sealed using neutral balsam (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) and dried at 37°C for 4 h. Then, the pathological sections were photographed using a light microscope (magnification: ×400) (BX53, Olympus, Tokyo, Japan).
2.6 Western blot
Total protein in the liver tissue was extracted from the homogenized liver tissues using ice-cold RIPA buffer (Beyotime Biotechnology, Shanghai, China). SDS-PAGE was performed to separate identical quantities of protein samples, which were then transferred onto PVDF membranes (Millipore, United States). The membranes were blocked with 5% skim milk and incubated overnight at 4°C with the following primary antibodies: rabbit anti-cytochrome P450 2E1 (1:1,000, Abcam, Cambridge, United Kingdom) and GAPDH (37 kDa, 1:5,000, Abcam, Cambridge, United Kingdom). The membranes were respectively incubated with HRP-labeled anti-rabbit IgG (Thermo Fisher Scientific, United States) and HRP-labeled anti-mouse IgG (Thermo Fisher Scientific, United States) for 2 h at 22°C following TBST washing. After incubation with the secondary antibodies, the protein bands were visualized using an ImageQuant™ 800 instrument (Cytiva, Washington D.C., United States), and the protein expression levels were quantified by densitometry using ImageJ software (National Institutes of Health, Bethesda, MD, United States).
2.7 Statistical analysis
The data are represented as the mean ± standard deviation. All statistical analyses were performed using SPSS software (version 26.0; IBM Corporation, United States), and images were created using GraphPad Prism 9.0 (GraphPad Software, San Diego, United States). Comparisons between the two groups were performed using Student’s t-test. Multiple groups were compared using a one-way analysis of variance. Statistical significance was set at P < 0.05.
3 RESULTS
3.1 Acute toxicity experiments of CAG
3.1.1 Changes in body weight of mice
As shown in Figure 1, the body weights of mice in both the CAG group and the control group increased slowly within 14 days, and there was no significant difference in body weights between the two groups (P > 0.05), which indicated CAG had no significant effect on the growth status of the mice.
[image: Bar graph showing weight comparison in grams over 14 days between Control and CAG groups. Both groups start at approximately 33 grams and show consistent weight increase, reaching about 39 grams. Control bars are black, CAG bars are gray. Error bars indicate variability.]FIGURE 1 | The effects of CAG administration on the body weight of mice in the control group and the CAG group within 14 days (compared the control group, P > 0.05, n = 10).3.1.2 Organ index
As shown in Figure 2, the organs in both groups showed normal appearance without congestion. By measurement and calculation, there was no significant difference between both groups about the organ index of heart, liver, spleen, lungs, kidneys, of mice (P > 0.05) (Figure 3).
[image: Panel A and B show rows of dissected organs labeled from one to ten, including hearts, kidneys, lungs, spleens, and livers, placed next to rulers for scale on white backgrounds.]FIGURE 2 | Organs of each group of mice after 14 days of administration of CAG (n = 10; (A) Organs of control group; (B) Organs of the CAG group).[image: Bar graphs labeled A to E comparing organ indices as percentages between Control and CAG groups. Graph A shows heart index, B shows liver, C shows spleen, D shows lung, and E shows kidney. Slight variations are visible, but indices are generally similar for both groups across all organs.]FIGURE 3 | The effect of CAG on the organ index of mice in each group after 14 days of administration (compared with the control group, P > 0.05, n = 10). ((A) Heart index %; (B) Liver index %; (C) Spleen index %; (D) Lung index %; (E) Kidney index %).3.1.3 The effect of CAG on blood biochemical parameters in mice
Serum ALT and AST levels are important markers of hepatocellular damage (Xu et al., 2018), while BUN and creatinine reflect whether kidney function is normal (An et al., 2020; Ding et al., 2021). Figure 4 shows that there was no significant difference in the levels of ALT, AST, BUN and creatinine in the mice between the CAG group and control group (P > 0.05). This indicates that CAG had no damage to the liver and kidney functions of the mice.
[image: Bar graphs comparing control and CAG groups across four panels: A shows ALT levels; B shows AST levels; C shows BUN levels; D shows creatinine levels. Each panel displays control in black and CAG in gray.]FIGURE 4 | Effects of CAG on blood biochemical indexes of mice after 14 days of administration (compared with the control group, P > 0.05, n = 10). (A) ALT (U/L); (B) AST (U/L); (C) BUN (mmol/L); (D) creatinine (μmol/L).3.1.4 Liver and kidney histopathology
Figure 5 HE staining results showed that the hepatic cords of the liver tissues of the control group and the CAG group were arranged in an orderly manner, and no obvious pathological changes were observed. In the renal tissues, the size and structure of glomeruli remained normal, and the renal tubules and collecting ducts were arranged in an orderly manner, and no significant pathological changes.
[image: Histological images labeled A, B, C, and D show variations in cardiac muscle tissue under a microscope, stained in shades of pink and purple. Each panel depicts distinct cellular structures and staining intensity, with scale bars indicating 50 micrometers.]FIGURE 5 | Histopathological changes of liver and kidney of mice after 14 days of administration of CAG (×400) ((A) Liver tissue of control group; (B) Liver tissue of CAG group; (C) Kidney tissue of control group; (D) Kidney tissue of CAG group).3.2 CAG hepatoprotective effect
3.2.1 Effect of CAG on liver index in rats with ALI
Excessive alcohol intake resulted in swelling of the liver due to lipid accumulation and inflammatory responses. As depicted in the anatomical diagram of the rat liver in Figure 6, the model group rats showed liver enlargement and a relatively pale appearance compared to the control group, likely due to fat accumulation or bilirubin deposition following liver cell injury. In contrast, no notable liver abnormalities were observed in the metadoxine and CAG group rats.
[image: Twelve images of livers are shown under different conditions marked by rulers for scale. Top row includes Control, Model, Metadoxine, Low dose CAG, Medium dose CAG, and High dose CAG. The bottom row repeats the same sequence. Each liver appears in varied sizes and shapes depending on the condition.]FIGURE 6 | The anatomical diagrams of rat livers.The liver index of the model group was significantly increased compared to that to the control group (P < 0.01, Figure 7), verifying that hepatomegaly occurred in the ALI rat model. The high-, medium-, and low-dose groups had significantly lower liver indices than the model group (all P < 0.01, Figure 7). The liver index of the high-dose CAG group was lower than that of the metadoxine group (Figure 7), indicating that CAG not only has a protective effect on alcoholic liver injury, but may also have a superior effect than the current drug of choice in clinical settings.
[image: Bar chart showing liver index percentages for six groups: Control, Model, Metadoxine, Low dose CAG, Medium dose CAG, and High dose CAG. The Model group has the highest index, marked with asterisks, while other treatment groups show lower indices, marked with hashtags. A legend to the right indicates the group names and their corresponding bar colors. Error bars are shown on each bar.]FIGURE 7 | The effect of CAG on liver index in rats with ALI. n = 6. **P < 0.01 compared with the control group; ##P < 0.01 compared with the model group.3.2.2 Effect of CAG on ADH and ALDH levels
Alcohol enters the liver through the bloodstream, where it is initially metabolized by ADH into acetaldehyde. Acetaldehyde is then converted into non-toxic acetic acid by aldehyde dehydrogenase ALDH before entering final metabolism. The quantity and activity of these enzymes are innate, so excessive alcohol consumption may require exogenous substances to enhance enzyme activity, accelerate ethanol metabolism, and minimize body damage. As shown in Figure 8, compared to the model group, serum ADH activity in the CAG treatment groups were significantly reduced (P < 0.01), while liver ADH activity was significantly increased (P < 0.01), suggesting that CAG promote ethanol metabolism by enhancing ADH activity in liver tissue. Additionally, ALDH activity in both serum and liver tissue was significantly increased (P < 0.05) in the CAG treatment groups, indicating that the CAG enhances ALDH activity, promote alcohol metabolism, and reduce liver damage. Although metadoxine exhibited slightly greater efficacy compared to CAG, the observed effects of CAG were still notable, indicating its potential as a promising candidate for clinical application.
[image: Bar graphs depicting enzyme activity across different treatments. A: ADH in serum shows increased activity in the Metadoxine group compared to Control. B: ADH in liver increases with low, medium, and high doses of CAG. C: ALDH in serum decreases in the Model group, with improvements in those receiving CAG. D: ALDH in liver is lowest in the Model group, with improvement in CAG groups. Statistical significance indicated by asterisks and hash symbols.]FIGURE 8 | The effect of CAG on the activity of ADH and ALDH in rat serum and liver tissue. (A) The content levels of ADH in serum; (B) The content levels of ADH in liver; (C) The content levels of ALDH in serum; (D) The content levels of ALDH in liver). Data were expressed as mean ± SD, n=6. **P < 0.01 compared with the control group; ##P < 0.01 compared with the model group.3.2.3 Effect of CAG on serum enzyme levels
Clinically, AST and ALT are commonly used to reflect liver function. As summarized in Figure 9, serum ALT and AST were significantly higher in the model group than in the control group (P < 0.01, P < 0.01), indicating the successful establishment of a rat model of liver injury. Serum ALT and AST were decreased in a dose-dependent manner in the CAG treatment groups, suggesting that CAG displays a protective effect against chronic alcoholic liver injury. The high-dose CAG group exhibited effects comparable to those of the metadoxine group. These results suggest that CAG may serve as an effective alternative to metadoxine in the treatment of alcoholic liver disease.
[image: Bar charts showing levels of ALT and AST enzymes in various groups. Chart A illustrates ALT levels, with the Model group showing the highest level. High and medium doses of CAG show reduced levels compared to the Model. Chart B shows a similar pattern for AST, with the Model group having the highest level, and CAG doses lowering the enzyme levels. Significant differences are marked with asterisks and hash signs.]FIGURE 9 | Effects of CAG on ALT and AST in serum of rats with ALI. ((A) The content levels of ALT in serum; (B) The content levels of AST in serum). Data were expressed as mean ± SD, n = 6. **P < 0.01 compared with the control group; ##P < 0.01 compared with the model group.3.2.4 Effect of CAG on serum lipid parameters
Lipid metabolism disorder is also a sign of alcohol-induced liver injury in animal models. We detected lipid levels in serum (Figure 10). Serum TC and TG levels were significantly increased in the model group. Serum TC levels were significantly lower in the CAG treatment groups than in the model group (high and medium dose CAG groups, P < 0.01). Serum TG levels were significantly lower in the CAG treatment groups than in the model group (high and medium dose CAG groups, P < 0.05). TC and TG levels were not significantly different between the low-dose CAG group and the model group. These results suggest that CAG could effectively improve alcohol-induced liver injury in rats. Notably, the high-dose CAG group showed a greater reduction in serum TG levels compared to the metadoxine group, indicating a potentially superior effect in regulating triglyceride metabolism. In contrast, the reduction in TC levels in the high-dose CAG group was comparable to that observed in the metadoxine group.
[image: Bar graphs showing the effects of different treatments on total cholesterol (TC) and triglycerides (TG) levels. A: TC levels with bars for Control, Model, Metadoxine, Low, Medium, and High doses of CAG. Significant changes are indicated by symbols (**, ##). B: TG levels with the same groupings, showing significant changes (**, #). Error bars indicate variability.]FIGURE 10 | Effects of CAG on TC and TG in rats with ALI. ((A): The content levels of TC in serum; (B) The content levels of TG in serum). Data were expressed as mean ± SD, n = 6. **P < 0.01 compared with the control group; #P < 0.05, ##P < 0.01 compared with the model group.3.2.5 Effect of CAG on oxidation indices
Alcohol induced liver injury can disrupt the homeostasis of the oxidative system in the body. In this study, serum and hepatic MDA levels were significantly higher in the model group than in the control group (all P < 0.01). The activities of SOD and GSH-Px were significantly reduced in the model group compared to those in the control group (all P < 0.01). However, the activities of SOD and GSH-Px were significantly higher in the high-, medium-, and low-dose CAG groups than in the model group (P < 0.01, P < 0.05). Serum and liver MDA levels decreased in a dose-dependent manner in the high-, medium-, and low-dose CAG groups (Figure 11). Interestingly, the high-dose CAG group demonstrated superior efficacy in enhancing antioxidant enzyme activities and reducing MDA levels compared to the metadoxine group. These findings suggest that CAG may provide stronger antioxidant protection against alcohol-induced oxidative stress than the currently used positive control.
[image: Bar graphs displaying antioxidant enzyme activity and MDA levels in serum and liver under different treatments. Group A shows serum levels of SOD, GSH-Px, and MDA. Group B shows liver levels of SOD, GSH, and MDA. Control shows the highest activities, while model has reduced levels. CAG treatment at various doses increases enzyme activity and decreases MDA compared to model and Metadoxine, with significance indicated by symbols.]FIGURE 11 | Effects of CAG on the serum and liver oxidation index of rats with ALI. ((A): The levels of SOD, GSH-Px and MDA in serum; (B) The levels of SOD, GSH-Px and MDA in liver homogenate). Data were expressed as mean ± SD, n = 6. **P < 0.01 compared with the control group; #P < 0.05, ##P < 0.01 compared with the model group.3.2.6 Effects of CAG on liver levels of TNF-α, IL-6, and IL-1β
Alcoholic liver injury may cause inflammation and destruction of liver cells are destroyed (Sun et al., 2020). In addition, necrosis of liver cells may occur (Mehanna et al., 2021). Therefore, the concentrations of inflammatory cytokines in liver were measured. In Figure 12, liver TNF-α, IL-6, and IL-1β were increased significantly in the model group compared to the levels in the control group (all P < 0.01). Liver TNF-α, IL-6, and IL-1β were significantly lower in the CAG treatment groups than in the model group (P < 0.01, P < 0.05). Although the anti-inflammatory effects of the CAG groups were lower than those of the metadoxine group, the results still indicate that CAG exerts a beneficial regulatory effect on inflammatory responses.
[image: Bar graphs A, B, and C show levels of TNF-α, IL-6, and IL-1β respectively, in pg/mL, measured across control, model, metadoxine, and varying doses of CAG groups. Model group shows significantly higher values in all graphs. Treatments reduce cytokine levels compared to the model, with CAG doses displaying varying effects. Significant differences are indicated with asterisks and hashes.]FIGURE 12 | Effects of CAG on liver concentrations of TNF-α, IL-6, and IL-1β in rats with ALI. ((A): The levels of TNF-α in liver; (B) The levels of IL-6 in liver; (C) The levels of IL-1β in liver). **P < 0.01 compared with the control group; n = 6. #P < 0.05, ##P < 0.01 compared with the model group.3.2.7 Histopathologic changes in the livers of rats with ALI
Representative photomicrographs of liver tissues are presented in Figure 13. In the control group, hepatocytes were arranged in double rows, forming liver plates around the central vein. The hepatocytes were irregularly polygonal with large, round nuclei, and adjacent cords were irregularly connected, forming a network of hepatic sinusoids without significant dilation. Slight dilation of hepatic sinusoids was observed. In the model group, hepatic sinusoids showed significant dilation, accompanied by extensive hepatocyte vacuolization and scattered inflammatory cells. In the CAG treatment group, low-dose group showed mild hepatic sinusoidal dilation and inflammatory cell foci, while hepatocyte vacuolization decreased in the medium-high group. Hepatocyte increase was observed in the high-dose group, indicating a post-injury repair response. In the metadoxine group, hepatocyte vacuolization and diffuse distribution of inflammatory cells in the hepatic interstitium were still evident. Compared to the metadoxine group, the high-dose CAG group showed less vacuolization and more organized hepatic architecture, indicating a potentially greater capacity for hepatic tissue repair and inflammation attenuation.
[image: Microscopic images of liver tissue sections labeled A to F. Each section shows variations in cellular structures with color-coded arrows indicating specific features: black for structural elements, green for possible abnormalities, and yellow for tissue density variations. The scale bar is 50 micrometers.]FIGURE 13 | H&E staining of liver sections. Pathological changes of liver tissue from different groups (Note: Black arrow, hepatic sinusoidal dilation; Green arrow, Inflammatory cells; Yellow arrow, Hepatocyte vacuolization; White arrow, Cell proliferation. Magnification: ×200, scale: 50 μm, (A) Control group, (B) Model group, (C) Metadoxine group, (D) High dose CAG group, (E) Medium dose CAG group, (F) Low dose CAG group).3.2.8 Histopathologic changes in the other tissues of rats with ALI
Alcohol not only damages the liver but also induces harm to other organs through mechanisms such as inflammation, metabolic dysregulation, and oxidative stress. Therefore, we examined tissue alterations in the kidneys, spleen, lungs, and heart using H&E staining. In Figure 14, the renal tubular epithelial cells in the control group were round, full, and arranged in a neat and regular pattern, with no obvious abnormalities observed in the medulla. There was no noticeable proliferation in the mesenchyme, and no significant inflammatory changes were present. In the model group, tubular epithelial cell necrosis, diffuse infiltration of inflammatory cells into the tubular mesenchyme, and sclerotic glomeruli were observed. In the CAG group, necrosis of tubular epithelial cells was noted, with a few inflammatory cells scattered throughout the mesenchyme. In the medium-dose group, mild fibrous exudation was detected in the mesenchyme, while the high-dose group exhibited only a small number of inflammatory cells, along with the presence of neonatal epithelial cells at the base of necrotic and detached tubular epithelial cells. Compared to the metadoxine group, the CAG group exhibited less severe tubular damage, with a lower degree of inflammatory cell infiltration and fewer proliferating neonatal epithelial cells. The medium and high-dose groups demonstrated significantly less renal tissue damage than the metadoxine group, particularly in terms of reduced inflammatory response and enhanced tubular repair.
[image: Microscopic images of kidney tissue sections labeled A to F, stained pink and purple. Different panels highlight various structures, with colored arrows indicating areas of interest. Each image is accompanied by a scale bar measuring fifty micrometers.]FIGURE 14 | H&E staining of kidney sections. Pathological changes of kidney tissue from different groups (Note: Green arrow, cell necrosis; Blue arrow: inflammatory cells; Orange arrow: glomerulosclerosis; Red arrow: mesenchymal fiber exudation; White arrow: proliferation of tubular epithelial cells. Magnification: ×200, scale: 50 μm, (A) Control group, (B) Model group, (C) Metadoxine group, (D) Low dose CAG group, (E) Medium dose CAG group, (F) High dose CAG group).There was no obvious abnormality in the spleen tissue of the control group (Figure 15). In the model group, infiltration of inflammatory cells was noted in the spleen, with necrotic cells present in the white pulp and a substantial accumulation of erythrocytes in the splenic sinusoids. The low-dose CAG group showed an increased presence of inflammatory cells in the spleen, along with a marked concentration of erythrocytes in the splenic sinusoids. In the medium- and high-dose groups, the distribution of inflammatory cells gradually diminished, and the number of erythrocytes in the splenic sinusoids was reduced compared to both the model and low-dose CAG groups. In the metadoxine group, extensive cytoplasmic vacuolization was observed, accompanied by a decrease in lymphocytes within the spleen and the presence of necrotic cells. Compared to the metadoxine group, the CAG groups exhibited fewer vacuolated cells and a relatively lesser degree of lymphocyte depletion, indicating a less severe effect on splenic tissue.
[image: Microscopic images display tissue samples labeled A through F. Each sample shows varying degrees of cellular density and structure in shades of purple and pink, typical of hematoxylin and eosin staining. Arrows of different colors point to specific areas, possibly indicating features of interest or variation in cell types. Scale bars denote 50 micrometers for size reference.]FIGURE 15 | H&E staining of spleen sections. Pathological changes of spleen tissue from different groups (Note: Blue arrow, inflammatory cells; Black arrow, erythrocytes in the splenic sinus; Green arrow: cell necrosis; Yellow arrow: cellular vacuolation. Magnification: ×200, scale: 50 μm, (A) Control group, (B) Model group, (C) Metadoxine group, (D) Low dose CAG group, (E) Medium dose CAG group, (F) High dose CAG group).Figure 16 showed that no significant abnormalities or inflammatory changes were observed in the normal lung tissue. In the model group, there was thickening of the pulmonary interstitium, dilation of the pulmonary vessels, fibrous exudation within the interstitial space, and infiltration of interstitial inflammatory cells. These changes were ameliorated following treatment and the CAG group exhibited less severe lung interstitial damage, fewer inflammatory cell infiltrations, and lighter fibrous exudation, indicating a better protective effect than the metadoxine group.
[image: Histological images of lung tissues labeled A to F. Panel A shows normal alveolar structure. Panels B to D display increased cellular infiltration and disrupted alveoli with black, green, blue, and red arrows indicating specific features. Panels E and F exhibit less cellular infiltration with more distinct alveolar spaces. Each panel includes a scale bar indicating 50 micrometers.]FIGURE 16 | H&E staining of lung sections. Pathological changes of lung tissue from different groups (Note: Green arrow: inflammatory cells; Red arrow: interstitial fiber exudation; Black arrow: interstitial vasodilation; Blue arrow: luminal cell fragments. Magnification: ×200, scale: 50 μm, (A) Control group, (B) Model group, (C) Metadoxine group, (D) Low dose CAG group, (E) Medium dose CAG group, (F) High dose CAG group).As shown in Figure 17, no significant differences were observed in cardiac tissue among the groups. Compared to the metadoxine group, the CAG groups exhibited less severe cardiac tissue damage, with lower levels of cell vacuolization and milder vascular dilation, indicating a better protective effect.
[image: Histology micrographs of heart tissue from six panels labeled A to F. Each panel shows varying degrees of pink-stained cardiac muscle fibers. Black and yellow arrows indicate different structures or changes in the tissue. The scale in each image is 50 micrometers.]FIGURE 17 | H&E staining of lung sections. Pathological changes of lung tissue from different groups (Note: Black arrow: blood vessel dilation; Yellow arrow: cellular vacuolation. Magnification: ×200, scale: 50 μm, (A) Control group, (B) Model group, (C) Metadoxine group, (D) Low dose CAG group, (E) Medium dose CAG group, (F) High dose CAG group).3.2.9 Effects of CAG on the activation of cytochrome P450 2E1 (CYP2E1)
Cytochrome P450 2E1 is an ethanol-inducible enzyme, and as the amount and activity of the enzyme increase, ethanol is converted to acetaldehyde, while oxygen free radicals are produced, inducing oxidative stress, and contributing to the formation of alcoholic liver disease. Therefore, it is believed that the higher the activity of CYP2E1 in liver tissue, the greater the liver tissue damage (Jiang et al., 2020). In this study, compared with the control group, the expression of CYP2E1 in the model group increased. The expression of CYP2E1 in the CAG treatment group decreased (Figure 18).
[image: Western blot image showing protein expression levels of CYP2E1 and GAPDH across different treatments: Control, Model, Metadoxine, Low dose CAG, Medium dose CAG, and High dose CAG. CYP2E1 bands appear at 55 kDa, and GAPDH bands at 37 kDa.]FIGURE 18 | Effects of CAG on the expression of CYP2E1.4 DISCUSSION
In the preliminary toxicological evaluation, mice were continuously administered twice the clinical dosage of CAG for 14 days, during which no abnormal clinical signs or mortality were observed. To further assess the safety profile of CAG, this study adopts the maximum dosage experiment to evaluate the toxicity of CAG. The results demonstrated that even at the maximum dose administered over 14 days, no significant changes were observed in organ morphology, liver indices, serum biochemical parameters, or histopathological examinations. These findings suggest that CAG exhibits a favorable safety profile and provides a scientific basis for its clinical application. The hepatoprotective effects of CAG were investigated in a rat model of ALI. The model of ALI was established via the administration of wine by gavage (Lamas-Paz et al., 2018), which closely mimics human drinking behavior and causes stable and reproducible liver damage, making it more physiologically relevant than intraperitoneal injection (Fang C. et al., 2022; Brandon-Warner et al., 2012). Following CAG administration, we observed improvements in biochemical markers, liver histopathology, and other organ tissues, supporting its protective role.
Alcohol-induced hepatic injury is typically associated with an elevated liver index (Bai et al., 2020). In this experiment, the liver indices of the high-, medium-, and low-dose CAG groups were significantly lower than that of the model group, indicating that CAG may alleviate hepatic enlargement and swelling. ALT and AST are widely recognized biomarkers for evaluating liver injury, with elevated levels indicative of hepatocellular damage and necrosis (Zhang et al., 2023b; Fang L. et al., 2022). Treatment with CAG significantly reduced AST and ALT levels, further demonstrating its protective effect against hepatocellular injury. Long-term, excessive alcohol consumption may cause an abnormal increase in the hepatic TC and TG levels, resulting in liver metabolic dysfunction (Kashiwagi et al., 2020; Yuan et al., 2020). CAG administration significantly reduced serum TG and TC levels, implying a hepatoprotective effect potentially mediated through the improvement of lipid metabolic disorders. These findings are consistent with previous reports on the hepatoprotective and lipid-lowering properties of Puerariae Lobatae Radix, Puerariae Lobatae Flos, and Hoveniae Semen.
These metabolic improvements suggest that beyond regulating lipid levels, CAG may also exert protective effects by modulating oxidative stress, a key contributor to alcoholic liver injury (Kirpich et al., 2016). Chronic excessive alcohol consumption activates the MEOS, leading to excessive ROS production, which induces lipid peroxidation, elevates MDA levels, and disrupts the balance of antioxidant enzymes such as SOD and GSH-Px, ultimately compromising hepatocyte membrane integrity and resulting in liver cell injury (Yuan et al., 2023; Wang and Mu, 2021; Hua et al., 2023). Although initial alcohol exposure has a major impact on the hepatic redox state due to ethanol metabolism by ADH, repeated exposure to ethanol requires ethanol metabolism via CYP2E1 (Harjumäki et al., 2021). To this end, CYP2E1 has been used as the main index in various animal models of hepatotoxicity, and excessive CYP2E1 expression can increase ROS levels, which may lead to hepatic injury (Lee et al., 2020). CAG exhibited significant antioxidant effects in alcoholic liver injury by reducing MDA levels and enhancing SOD and GSH-Px activities, suggesting its ability to mitigate ROS-induced lipid peroxidation and hepatocellular damage. The observed downregulation of CYP2E1 expression in CAG-treated rats further supports its hepatoprotective mechanism. These findings indicate that CAG may alleviate alcohol-induced oxidative liver damage by enhancing antioxidant defenses and inhibiting CYP2E1-mediated ROS production.
To further elucidate the hepatoprotective mechanisms of CAG, its effects on alcohol-induced inflammation, which is closely linked to oxidative stress, were examined. ROS-induced oxidative stress activates key inflammatory signaling pathways such as the NF-κB and MAPK, leading to the release of pro-inflammatory cytokines (TNF-α, IL-6, and IL-1β), which exacerbate liver damage (Li et al., 2016; Huang et al., 2017; Li et al., 2021). TNF-α, produced by activated macrophages, is an important cytokine in the process of liver inflammation and is a key mediator of liver damage (Jing et al., 2019; Sun et al., 2021). IL-6 activates neutrophils and lymphocytes at the site of inflammation, enhancing self-destructive inflammation (Karatayli et al., 2019; Hu et al., 2021). IL-1β activates macrophages to generate a full range of inflammatory responses including neutrophil infiltration, and its activation promotes liver inflammation (Ambade et al., 2019; Zhou et al., 2021). In this study, treatment with CAG decreased the levels of TNF-α, IL-6, and IL-1β, suppressing inflammatory response and alleviating alcohol-induced liver injury. These results were consistent with the histopathological results. Furthermore, CAG exhibited potential to mitigate alcohol-induced damage in other organs, suggesting a broader protective effect. Histopathological analysis of various organ tissues suggests that, compared with metadoxine, CAG may exert superior protective effects on multiple organs during the progression of ALI. This is consistent with the holistic concept and the multi-target, system-regulating therapeutic characteristics of TCM. Accordingly, CAG may improve multi-organ functions through multiple pathways while exerting anti-inflammatory and antioxidant effects, thus demonstrating a systemic therapeutic advantage over single-target drugs in the treatment of ALI.
Notably, in our previous study, an HPLC method was successfully established to rapidly and efficiently detect six major active components in CAG (Zhao, et al., 2024). Analysis of 20 randomly selected clinical batches demonstrated that the contents of these compounds were consistent, indicating reliable quality control. However, more comprehensive detection methods targeting a broader spectrum of chemical constituents should be developed to ensure the long-term stability and safety of CAG for clinical use.
Despite these encouraging results, this study has several limitations. First, the sample size was relatively small, which may affect the statistical power of the findings. Second, although we evaluated multiple doses of CAG, a clear dose–response relationship was not fully explored. Third, only acute toxicity was assessed, and long-term safety and chronic toxicity studies are still needed. Moreover, pharmacokinetic parameters such as absorption, metabolism, and bioavailability of the active components of CAG were not evaluated and should be investigated in future studies to support its clinical translation.
5 CONCLUSION
CAG demonstrated minimal toxicity in mice and significantly improved the liver function and pathological characteristics in rat model of ALI. The mechanisms were identified to be related to the reduction in oxidative stress, attenuation of alcohol-induced hepatic injury, downregulation of CYP2E1 expression, and inhibition of multiple inflammatory mediators. These findings confirm that CAG effectively protects against the occurrence and development of alcohol-induced liver injury. These results provide a strong foundation for its further development in preclinical and clinical studies targeting ALD. However, challenges such as variability in individual responses and the need for optimized treatment protocols remain as limitations for broader clinical application.
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