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Abstract

AIM: To explore the mechanism of Liuweiwuling tablet protect acetaminophen-induced acute liver injury.
METHODS: Acetaminophen (250mg/kg) intraperitoneal injection were used to induce acute liver injury in male C57BL/6 mice. A total of 24 healthy mice were randomly assigned to two groups, acute liver injury group (control group) and Liuweiwuling tablet group. Mice were orally administered Liuweiwuling tablet or vehicle (PBS) before acetaminophen administration respectively. Serum alanine aminotransferase (ALT) and aspartate aminotransaminase (AST) levels was detected by at different time point within one week and liver tissue pathological examination were performed after 36 h of acute liver injury induction. Serum inflammatory cytokine, such as high mobility group box protein B1 (HMGB1), tumor necrosis factor (TNF)-α and interleukin (IL)-1β were detected by ELISA method according to the manufacturer’s instructions. Hepatic morphological changes at 36h of were assessed by hematoxylin and eosin staining. Expression of PCNA in liver tissue was analyzed by Western blot. The mRNA level of hepatocyte proliferation markers (PCNA, CyclinD1 and p21) were detected by real time quantitative reverse transcription-polymerase chain reaction. 
RESULTS: The level of ALT/AST of the Liuweiwuling tablet group was decreased significantly at 6 h, 12 h and 24 h than that of the control group (654.38 ± 120.87 vs 1566.17 ± 421.64, 1154.18 ± 477.72 vs 4654.84 ± 913.71, 935.13 ± 252.34 vs 4553.75 ± 727.37,P < 0.01). Serum HMGB1 level at the time point of 6h and 12h of Liuweiwuling tablet group were significantly lower than that of the control group (23.49 ± 3.89 vs 58.6 ± 3.65, 61.62 ± 13.07 vs 27.32 ± 5.97,P < 0.01).What’s more ,serum TNF-α and IL-1β level at the time point of 12h in Liuweiwuling tablet group were also significantly lower than that of the control group (299.35 ± 50.61 vs 439.03 ± 63.59, 57.42 ± 12.98 vs 160.07 ± 49.87, P < 0.01). Centrilobular necrosis was evident in liver tissue of acetaminophen-induced acute liver injury, but almost abolished in Liuweiwuling tablet group. The expression of PCNA, CyclinD1 were up-regulated in liver tissue of Liuweiwuling tablet group (321.08 ± 32.87 vs 157.91 ± 21.52, 196.37 ± 25.39 vs 68.72 ± 11.27, P < 0.01), however, expression of p21 in liver tissue were down-regulated than that of the control group (40.26 ± 9.97 vs 138.24 ± 13.66, P < 0.01).
CONCLUSION: Liuweiwuling tablet can attenuate acute liver injury by decreasing inflammatory cytokins (HMGB1, TNF-α and IL-1β) level and promotes liver regeneration.
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Core tip: Clinical studies have shown that Liuweiwuling tablet is efficacy to against a variety of liver injury. However, the mechanism for the treatment of liver injury has not been known enough, especially for drug-induced liver injury. In this study we found that Liuweiwuling tablet can attenuate acetaminophen-induced acute liver injury by decreasing inflammatory cytokine level and promotes liver regeneration. Our results provide direct evidence for the therapy of liver damage with Liuweiwuling tablet and have important clinical application value. Moreover, this is the first report showing that Liuweiwuling tablet can promote liver regeneration.
Lei YC, Li W, Luo P. Liuweiwuling tablet attenuates acetaminophen-induced acute liver injury and promotes liver regeneration in mice. World J Gastroenterol 2015; In press 
INTRODUCTION

As China's ageing population is growing and the medical demand is increasing, and the irrational use of medicines and health products (including traditional Chinese medicine), drug induced liver injury is increasing gradually too. So, it’s necessary to find a way to against the disease. Some clinical studies have shown that: Liuweiwuling tablet is efficacy to against a variety of acute or chronic liver injury which is caused by drugs, virus, and alcohol and so on. What’s more, it is also efficacy to prevent the progression of hepatic fibrosis and cirrhosis and when combined with antiviral, it will win better clinical effect[1-4]. However, the mechanism for the treatment of liver injury with Liuweiwuling tablet has not been known enough, especially for drug-induced liver injury. Existing research shows that Liuweiwuling tablet can decrease the alkaline phosphatase level of acetaminophen-induced liver injury in mice. The purpose of this study was to have a deeper knowledge for the mechanism of Liuweiwuling tablet on protecting hepatocyte from liver injury. By using the acetaminophen-induced liver injury mouse model, we know that Liuweiwuling tablet can protect hepatocyte from liver injury by decreasing the release of inflammatory cytokines such as igh mobility group box protein B1 (HMGB1), tumor necrosis factor (TNF)-α and interleukin (IL)-1β level and promote liver regeneration. 
MATERIALS AND METHODS
Materials 
Six to eight weeks old of male C57BL/6 mice, weight (20 ± 0.5) g, were purchased from Hunan slack king of laboratory animal Co. Ltd (Changsha, China). The mice were maintained in a specific pathogen-free facility with laboratory conditions (23°C, 12-h-light /12-h-dark cycle, 50% humidity, adlibitum access to food and water) for two weeks prior to experiment and were treated humanely. All animal-related procedures were finished in the animal experiment center of Nanchang university and approved by the animal care and use committee of Zhejiang Hospital. Animal breeding and processing were all in strict accordance with the laboratory animal breeding and user guide issued by the national institutes of health (NIH). Intragastric gavage administration was carried out with conscious animals, using straight gavage needles appropriate for the animal size (20 g body weight: 22 gauge, 1 inch length, 1.25 mm ball diameter). Main Reagent: Acetaminophen (Sigma company, United States), Trizol reagent (Invitrogen company, U.S.), rabbit anti- mice PCNA Polyclonal Antibody(ABGENT company, United States). 
Animal models and grouping
A total of 24 cases male C57BL/6 mice were all implemented a 12 hours’ fasting but allowed to drink water before the trail. And then, all the mice were randomly assigned to two groups, the acute liver injury group (control group) and Liuweiwuling tablet group. Each group was 12 mice. The acute liver injury group was given acetaminophen (APAP) 250 mg/kg intraperitoneal injection, while the Liuweiwuling tablet group was given Liuweiwuling tablet 10.0 g/kg (twice a day, lavage) three days before APAP intraperitoneal injection. And the acute liver injury group was given equivalent PBS by lavage in the corresponding time. 

Specimen collection
Anesthetized with ether thoroughly, orbital blood was picked at the point of 6 h, 12 h, 24 h, 48 h and a week after APAP intraperitoneal injection; and then, separates the serum and save it in -80 ℃. Kill some animals and take their liver tissues for reverse transcription-polymerase chain reaction (RT-PCR) detection and immunoblotting assays at the point of 36 h and 48 h; the specimens which were fixed by neutral buffered 10% formalin were observed with hematoxylin and eosin (HE) staining and immunohistochemical detection. All animals were euthanized by barbiturate overdose (intravenous injection, 150 mg/kg pentobarbital sodium) for tissue collection.
Serum biochemical and cytokine detection
Alanine aminotransferase (ALT) and aspartate aminotransaminase (AST) levels were detected by the automatic biochemical analyzer, while HMGB1, TNF-α, IL-1β were detected by ELISA, and the detection method was in accordance with the manufacturer’s instructions. And then, calculate the results according to the standard curve. 

RNA extraction and quantitative RT-PCR 
The hepatic tissue mRNA expression level was detected by quantitative RT-PCR among those mice with acute liver failure at the point of 36 h. The total RNA extraction was using Trizol reagent (Invitrogen company, United States), and the operation was carried out in accordance with the illustrations of the reagent. RT-PCR primers sequence was as follows: PCNA: FP, 5’-AGCCACATTGGAGATGCTGTAGCCGTATTCA-3’, XP, 5’-AAGTTCCCATTGCCAAGCTCTCC-3’; CyclinD1: FC, 5’-GCTGCAA ATGGAACTGCT TCTG GT-3’, XC, 5’-TACCATG GAGGGTGGGTTGGAAAT-3’;GAPDH,FG,’-GTTGTCTCCTGCGACTTCA-3’, XG, 5’-GG T GGTCCAGGGTTTCTTA-3’. Use the real time quantitative PCR detection system (produced by Roche) to draw standard curve, and standardize the results through the GAPDH, and then, calculate the relative amount according to the 2ΔΔCT method[5].
Western blot analysis
0.5 g hepatic tissue was grinded to 1 mL homogenate (including protease inhibitor cocktail), and then use the RIPA efficient cracking liquid dilute for 20 times; then, move it to the nitrocellulose membrane after polyacrylamide gel electrophoresis; And then close it with 10% BSA (4 ℃) for the night and incubate it with the primary antibodies for 2 h (37 ℃); Use the sheep anti-rabbit IgG antibody which was marked by the Horseradish Peroxidase to incubate for 0.5 h (37 ℃). At last, detect the target protein levels with chemiluminescence method and analysis the grey level through the Quantity one software. 
Statistical analysis 
All data were statistical analyzed by the SPSS 18.0 software. Measurement data were expressed as mean ± standard deviation, and the comparison between the two groups were carried out by independent-sample t-test. When the value of P was less than 0.05, it was considered to have significant statistical difference.
RESULTS
Liuweiwuling tablet can decrease the serum ALT/AST level of acetaminophen-induced acute liver injury in mice
The serum ALT/AST level of acetaminophen-induced acute liver injury in mice began to increase at the point of 6 h, and reached the peak at 12 h, and then recover gradually at 48 h. The level of ALT/AST of the Liuweiwuling tablet group was decreased significantly at 6h,12h and 24 h than that of the control group (P < 0.01) (Figure 1A and 1B).
Liuweiwuling tablet can decrease the central necrosis of hepatic lobule of acetaminophen-induced acute liver injury in mice

Compared to the normal mice, the degree of the central necrosis of hepatic lobule in the acute liver injury group was heavier as there was amount of necrosis can be found (Figure 2A and 2B), while there was only few necrosis in the liver tissue of Liuweiwuling tablet group (Figure 2C). 
Liuweiwuling tablet can decrease the level of HMGB1, TNF-α and IL-1β in acetaminophen-induced acute liver injury in mice
In recent years, HMGB1 has been found playing an important role in the acute inflammation of liver. The serum HMGB1 level of acetaminophen-induced acute liver injury in mice began to increase at the point of 6 h, and reached the peak at 12 h, and then declined at 24 h. And the serum HMGB1 level at the time point of 6 h and 12 h of Liuweiwuling tablet group were all significantly lower than that of the control group (P < 0.01) (Figure 3A). What’s more, the level of TNF-α and IL-1β at the time point of 12h in Liuweiwuling tablet group were also significantly lower than that of the control group (P < 0.01) (Figure 3B).
Liuweiwuling tablet can accelerate the liver regeneration of acetaminophen-induced acute liver injury in mice

To observe the influence of Liuweiwuling tablet on the liver regeneration of acetaminophen-induced acute liver injury, immunoblotting assays had been used to detect the expression of PCNA. The results show that the expression of PCNA of the Liuweiwuling tablet group is normal at 36h, while increased in the control group (Figure 4A). The real-time quantitative RT-PCR detection of liver tissue mRNA expression level shows that the level of PCNA and CyclinD1 which promotes liver cell regeneration of the Liuweiwuling tablet group were up-regulated by 3.4 and 2.1 times respectively, while the level of p21 which inhibits liver cell regeneration were down-regulated by 2.9 times, and the difference were significant when compared with the control group (P < 0.01) (Figure 4B).
DISCUSSION

The acute liver injury model of APAP intraperitoneal injection in mice is a good simulation for drug-induced liver injury and has been more mature at present[6-8]. This study shows that male mice (C57BL/6) at the age of 6-8 weeks and weight (20 ± 0.5) g is more ideal compared with the female mice (C57BL/6 and BALβ/c). Under the experimental conditions of this study, the serum ALT/AST level of acetaminophen-induced acute liver injury in mice began to increase at the point of 6h, and reached the peak at 12-24 h, and then recovers gradually at 48 h. HE staining at the point of 36 h shows that there was amount of necrosis in the central of hepatic lobule of acute liver injury group, which is in accordance with domestic and foreign research[9-11]. 
Recent study indicates that HMGB1 plays an very important role on the inflammatory response of acute liver injury[12-16]. In this study, the serum HMGB1 level of acetaminophen-induced acute liver injury in mice began to increase at the point of 6h, and reached the peak at 12 h, and then declined at 24 h. And the serum HMGB1 level at the point of 6 h and 12 h of Liuweiwuling tablet group were all significantly lower than that of the control group. In accordance with the HMGB1, the level of TNF-α, IL-1β and IL-6 of Liuweiwuling tablet group were all significantly lower than that of the control group, too. The inflammatory factor HMGB1 can be initiatively released via the activated monocyte or macrophage, neutrophils and endothelial cells, and it even can be passively released by necrotic cells[17-20]. HMGB1 can directly promote the release of inflammation factors such as TNF-α and IL-1β, further more, it can also promote the producing of chemotactic factor which is released by the peripheral blood mononuclear cells[21-23], and then, raise more inflammatory cells and amplify inflammatory response to aggravate liver damage. Recent study indicates that TNF-α and IL-1β play an impotent role in APAP induced acute liver injury[24-27].The therapy of Liuweiwuling tablet is efficient on inhibiting the inflammatory response and liver tissue damage by decreasing the level of HMGB1 and inflammatory factor (TNF-α and IL-1β), with the performance of decline of ALT/AST level and alleviation of liver inflammatory necrosis. 
Modern pharmacological studies have shown that the Schisandra chinensis which is one ingredient of the Liuweiwuling tablet is effective on reducing enzyme and protecting liver from chronic liver injury; Fructus ligustri lucidi, forsythia, and endives have a good effect on clearing heat and removing toxicity for the liver; Rhizoma zedoariae can desilt the extravasated blood and promote microcirculation; ganoderma lucidum spore powder is benefit to enhance immunity and promote tissue repair. Therefore, we speculate that Liuweiwuling tablet can promote the regeneration of liver cells of acute liver injury. Previous study indicated that PCNA and CyclinD1 play an impotent role in liver cell regeneration; however, p21 inhibits liver cell regeneration[28-31]. This study shows that the expression of PCNA of the Liuweiwuling tablet group was normal at 36h, while increased in the control group; the level of PCNA and CyclinD1 which promotes liver cell regeneration of the Liuweiwuling tablet group were up-regulated by 3.4 and 2.1 times respectively, while the level of p21 which inhibits liver cell regeneration were down-regulated by 2.9 times. All above hint that Liuweiwuling tablet is benefit to accelerate the regeneration of liver cell.

In conclusion, Liuweiwuling tablet can decrease the level of ALT/AST and the inflammatory factors (such as HMGB1, TNF-α and IL-1β) and promotes liver regeneration. This may be one of the mechanism of the treatment of acute liver damage. Above results for the therapy of Liuweiwuling tablet on liver damage provide a new theoretical basis and have important theoretical and application value. 
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Figure 1 Liuweiwuling tablet can significantly decrease the serum alanine aminotransferase/aspartate aminotransaminase level of acetaminophen-induced acute liver injury in mice. A: The level of alanine aminotransferase (ALT) of the Liuweiwuling tablet group was decreased significantly at 6 h, 12 h and 24 h compared with the control group (t = 8.20, 15.89, 16.76, respectively; bP < 0.01 vs control); B: The level of aspartate aminotransaminase (AST) of the Liuweiwuling tablet group was also decreased significantly at 6 h, 12 h and 24 h compared with the control group (t = 7.09, 11.75, 16.28, respectively; bP < 0.01 vs control). Above experiment were repeated more than 3 times.
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Figure 2 The influence of Liuweiwuling tablet on the central necrosis of hepatic lobule for the acute liver injury in mice (magnification × 10 and × 100, respectively). A: Normal mice; B: There was amount of necrosis in the central of hepatic lobule of acute liver injury group; C: There was only a bit of necrosis can be found in the liver tissue of Liuweiwuling tablet group.
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Figure 3 Liuweiwuling tablet can decrease the level of high mobility group box protein B1, tumor necrosis factor-α and interleukin-1β of acetaminophen-induced acute liver injury in mice. A: There was significantly difference between Liuweiwuling tablet group and the control group in the aspect of HMGB1 level at the point of 6 h and 12 h (t = 22.82, 8.29, respectively; bP < 0.01 vs control); B: The level of TNF-α and IL-1β between the two groups was also significant differently at the point of 12 h (t = 5.99, 6.88, respectively; aP < 0.01 vs control). Above experiment were repeated more than 3 times.
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Figure 4 Liuweiwuling tablet can accelerate the liver regeneration of acetaminophen-induced acute liver injury in mice. A: Immunoblotting assays had been used to detect the expression of PCNA in different processing; B: The real-time quantitative reverse transcription-polymerase chain reaction detection had been used to detect the mRNA expression, the level of PCNA, CyclinD1 and p21 between the two groups was significant differently at the point of 36 h (t = 14.37, 15.91, 20.04, respectively; bP < 0.01 vs control). Above experiment were repeated more than 3 times and the results were expressed in percentage compared with the normal group. 
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