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Abstract 

AIM: To evaluate effects of artesunate (AS) supplementation on bacterial translocation and the gut microbiota in a rat model of liver cirrhosis. 

METHODS: Fifty-four male SD rats were randomly divided into normal control groups (N), liver cirrhosis group (M) and liver cirrhosis group intervened with AS (MA). Each group was sampled at 4, 6 and 8 wk time points. The liver cirrhosis was induced by injection of carbon tetrachloride (CCl4), intragastric administration of 10% ethanol, and feeding with a high fat diet. Rats in the MA group were intragastrically administered with AS (25 mg/kg body weight, once daily). Injuries of liver and intestinal mucosa were assessed with HE or masson’s trichrome staining. Liver index was calculated as a ratio of the organ weight (g) to body weight (g). The gut microbiota was examined with automated ribosomal intergenic-spacer analysis on fecal DNA. The bacterial translocation was assessed with standard microbiological techniques on blood, mesenteric lymph nodes (MLN), liver, spleen, and kidney. 

RESULTS: Compared to group N, the body weight was reduced significantly in group M and MA due to the development of liver cirrhosis over the period of 8 weeks. The body weight was higher in group MA than in group M. The liver indices were significantly elevated at 4, 6 and 8 wk respectively in group M and MA compared to group N. AS supplement partially decreased the liver indices in group MA. Marked histopathologic changes in the liver and small intestinal mucosa in group M were observed, which were alleviated in group MA. Levels of pro-inflammatory IL-6 and TNF-( were significantly elevated at 8 wk in ileal homogenates in group M compared to group N, which were decreased with AS supplement in group MA. The dysbiosis of gut microbiota indicated by the mean diversity (Shannon index) and mean similarity (Sorenson index) was severe as the liver cirrhosis developed, and AS supplement had an apparent intervention effect on the dysbiosis of gut microbiota at 4 wk. The occurrence of bacterial translocation (BT) was increased in the liver of group M compared to that of group N. AS supplement reduced BT in group MA at 8 wk. BT also occurred in MLN, spleen, and kidney, which were reduced by AS supplement respectively. BT was not detected in the blood in any group.

CONCLUSION: Dysbiosis of gut microbiota, injury of intestinal mucosal barrier and BT occurred as liver cirrhosis progressed, which might enhance inflammation and aggravate liver injury. Artesunate may have other non-antimalaria effects that modulate gut microbiota, inhibit BT and alleviate inflammation, resulting in a reduction in CCl4, alcohol and high fat-caused damages to the liver and intestine.
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Core tip: Artesunate (AS) is anti-malaria yet potentially anti-inflammatory. We evaluated effects of AS supplementation on bacterial translocation and the gut microbiota in a rat model of liver cirrhosis. Dysbiosis of gut microbiota, injury of intestinal mucosal barrier and bacterial translocation (BT) occurred as liver cirrhosis progressed, which might enhance inflammation and aggravate liver injury. Artesunate may have other non-antimalaria effects that modulate gut microbiota, inhibit BT and alleviate inflammation, leading to a reduction in carbon tetrachloride, alcohol and high fat-caused damages to the liver and intestine.
Chen YX, Lai LN, Zhang HY, Bi YH, Meng L, Li XJ, Tian XX, Wang LM, Fan YM, Zhao ZF, Han DW, Ji C. Intervention of artesunate supplementation on bacterial translocation and dysbiosis of the gut microbiota in rats with liver cirrhosis. World J Gastroenterol 2015; In press
INTRODUCTION

There are a wide variety of micro-organisms in the human gut, which are harmless and have an important role in human nutrition and health, promoting nutrient supply, preventing pathogen colonization, and shaping and maintaining normal mucosa immunity[1]. Under certain circumstances, these normally harmless bacteria pose an imminent threat when intestinal bacteria translocate to extra-intestinal organs[2-5], that is, bacterial translocation (BT). BT is defined as the migration of intestinal flora and/or their toxins into mesenteric lymph nodes (MLN) and/or other extra-intestinal organs, which can lead to the development of many diseases, such as sepsis, multiple organ dysfunctions and even multiple organ failure[6]. In patients with cirrhosis, BT is the main cause of spontaneous infection, its incidence is up to 30% in patients with decompensated cirrhosis, but also cause high mortality[7]. Antibacterial prophylaxis is effective in preventing infectious complications. But increasing antimicrobial resistance makes the patients at high risk, thus non-antibiotic pathways are desperately needed to decrease the risk of bacterial infections by reducing pathological BT as we enter the post-antibiotic era[8]. 

Phytomedicines, such as artesunate (AS), are one of several non-antibiotic approaches to the treatment and prevention of infection[9]. AS, water-soluble hemisuccinate derivative of artemisinin extracted from the Chinese herb artemisia annua, is a safe and effective antimalarial drug[10]. It has been reported AS could also decrease serum endotoxin level in sepsis mice[11], and have a significant effect on endotoxin-induced uveitis in rats[12]. AS exerts an anti-inflammatory role, for example, decreasing the expression and secretion of TNF-α, IL-1β, IL-6, and IL-8[13].

However, it is uncertain whether AS is effective in preventing BT. In this report, we investigated effects of AS on BT and composition of intestinal bacteria in rats with liver cirrhosis.

MATERIALS AND METHODS

Animal experiments and sampling

Sprague Dawley rats (specific pathogen-free grade), weighing 180-220g obtained from the Laboratory Animal Center of Academy of Military Medical Sciences (Peking, China), were used. All animals were cared carefully during the entire period of this study, under a protocol that was in accordance with institutional guidelines for animal research and was approved by the Ethical and Research Committee of Changzhi Medical College (Changzhi, China). 

After two weeks of acclimatization, 54 male SD rats were randomly divided into liver cirrhosis model group (M), normal control group (N) and group (MA) of cirrhosis plus artesunate (JK Scientific, China) intervention. Each group was divided into three subgroups (n = 6) of 4, 6 and 8 wk, which reflected different stages of hepatic cirrhosis development. The liver cirrhosis (M and MA) was induced by multiple pathogenic factors (including subcutaneously injection with carbon tetrachloride oil solution, intragastric administration with 10% ethanol and feeding with a mixture of maize flour, lard, cholesterol) as described previously[14]. Animals in group MA were intragastrically administered with AS (25 mg/kg body weight, once daily). The animals of group N were fed with standard diet, subcutaneously injected with equal volume of oil solution, and intragastrically administered with water. Animals were sacrificed and sampled at 4, 6 and 8 wk respectively.

At every stages of cirrhosis, animal anatomy was performed after 12 h of food deprivation. Animals were weighed and then anesthetized with 3％ sodium pentobarbital (0.1 mL/100g·w), skin was disinfected with alcohol. Blood was collected from abdominal aortic, the whole liver was removed and weighed. Tissue samples of MLN, liver, spleen, kidney and ileal were dissected and removed. The cecal content was collected and stored at -80 oC for microbiota analysis. All operations were performed under strict sterile conditions. 

Assessment of bacterial translocation
MLN, liver, spleen and kidney specimen were homogenized (1 mL per 0.1 g) in sterile saline using a glass homogenizer, and 100 μL of suspension or blood were cultured on agar plates for 24 h under aerobic condition and for 72 h under anaerobic conditions, both at 37 oC. Growth of bacteria was considered as evidence of BT. The translocation ratio (TR) was calculated as a ratio of the total cultured positive numbers of blood, MLN and organs to total cultured numbers of blood, MLN and organs tested in each rat group. Bacteria were identified based on colony characteristics, morphological features, and biochemical reactions[15]. 

Histological examination

Samples from the ileal tissue and the liver were fixed in 10% formalin and embedded in paraffin. Thereafter, 5 μm thick sections were prepared and stained with hematoxylin and eosin (HE), masson’s trichrome staining was performed in the liver sections, and all sections were studied under light microscopy in a blind fashion. 

Liver index

Liver index was calculated as a ratio (%) of the organ weight (g) to body weight (g). 

Cytokine levels

The tissue homogenates of liver and ileal were prepared using sonication. The concentrations of proteins were quantified using a BCA protein assay kit (Beyond, China). The levels of IL-6 and TNF-( were determined using enzyme-linked immunosorbent assay (ELISA) kits (RD, United States). The levels of IL-6 and TNF-( were expressed as ng/g protein.

Gut microbiota census with ARISA
Bacterial genomic DNA was extracted from the cecal using a QIAamp DNA Stool Mini Kit (QIAGEN, Germany), according to the manufacturer’s instructions. The extracted DNA was stored at -20 ℃ for further analyses.

The ribosomal intergenic DNA was amplified by PCR using a primer set of ITS-F (5’-GTCGTAACAAGGTAGCCGTA-3’) and ITS-R (5’-GCCAAGGCATCCAC-3’) as described[16]. A fraction (5 μL) of the 50 μL reaction mixture was analyzed with the ABI PRISM 3100 Genetic Analyzer. To identify the DNA amplicons, the rest of the PCR products were separated in agarose gels, and the major DNA bands were excised and cloned into pMD-19T (Takara, China) and sequenced. Identification of the resulting DNA sequences was conducted with BLAST (http://www.ncbi.nlm.nih.gov/). ARISA was performed by Beijing Protein Innovation.

Statistical analysis

For ARISA data, the electropherograms were digitized, and the results were exported to Microsoft Excel for further analysis. For diversity analysis, the Shannon indices were calculated in every cecal sample, which takes into account the number of species present and the relative content. The similarity values were calculated as the normalized similarity between group pairs using the Sorenson index. Data were presented as means ± SD, and evaluated using analysis of variance and multiple comparisons between groups with SPSS19.0 software. Differences were considered significant when P values were less than 0.05.

Animal care and use statement

All animals were cared and used carefully during the study, under a protocol that was in accordance with institutional guidelines for animal research and was approved by the Ethical and Research Committee of Changzhi Medical College (Changzhi, China). 

RESULTS

Characteristics of animals and AS-mediated prevention of progressive liver injury

The rats in group N grew well, covered with supple and shiny fur. In group M, the rats had significant less food intake and activity, and were covered with dried and messy fur. The ill manifestation of rats in group M improved obviously in the rats in group MA. No obvious increase in the body weight was seen in the rats of group M, but in the rats of group MA there was a sustained body weight increase similar to that of the rats in group N. However, due to the development of liver cirrhosis, the body weight improvement by the AS supplement was partial as the average body weight in group MA was still lower than that in group N (Figure 1A). Compared to the rats in group N, the liver indices of rats in group M were significantly elevated at 4, 6 and 8 wk. And the liver indices of the rats in group MA were decreased at 4, 6 and 8 wk compared with the indices of the rats in group M (Figure 1B). 

The liver architecture of group N is normal with lobule structure of integrity and with sinusoids and cord located in order around central veins (Figures 2 and 3A). Derangement of hepatic cord and central lobular necrosis with infiltration of inflammatory cells, cytoplasm rarefaction in liver cells with balloon-like alteration and steatosis, and increased fiber amount in interlobular area were found in the rats of group M at 4 wk (Figures 2 and 3B). Furthermore, more typical balloon-like alteration and steatosis, fiber network formation, further aggravated infiltration of inflammatory cells were observed in the rats of group M at 6 wk (Figures 2 and 3D). False lobule formation, secondary degeneration and necrosis in liver cells with infiltration of inflammatory cells were observed in the rats of group M at 8 wk (Figures 2 and 3F). Compared with group M, the hepatic steatosis and fibrosis were obviously reduced in group MA at 4 wk (Figure 2 and Figure 3C), 6 wk (Figure 2 and Figure 3E) and 8 wk (Figure 2 and Figure 3G). AS appeared to have a protective effect on liver injury induced by the multiple pathogenic factors. 

Effect of AS on ileal injury during development of cirrhosis 

The villi height was homogenously distributed, and the intestinal gland was in order in the rats of group N (Figure 4A). In the rats of group M, ileal histopathological changes were consistent with the hepatic histopathological changes. As the liver injury progressed in the rats of group M, the villi became progressively sparse, short and irregular, the lamina propria in villi roots was gradually thinning, the gland luminal was more enlarged, and the gland cells were much shorter compared to those of the rats in group N (Figure 4B, C, D). Compared with those of the rats in group M, the intestinal villi of the rats in group MA were more uniform and lengthier, and injuries of glands were less at 4 wk (Figure 4E), 6 wk (Figure 4F) and 8 wk (Figure 4G).   

Compared to the rats in group N, levels of pro-inflammatory IL-6 and TNF-( in the ileal homogenates of the rats in group M were significantly elevated at 8 wk. In the liver homogenates of the rats in group M, the levels of IL-6 and TNF-( were elevated at 4 and 6 wk but not at 8 wk. Compared to group M, the AS supplement decreased the levels of IL-6 and TNF-α in the liver homogenates of rats in group MA at 4 and 6 wk. Also compared to group M, the levels of IL-6 and TNF-( in the ileal homogenates of the rats in group MA were significantly decreased by the AS supplement at 8 wk (Figure 5A and B). 

Effect of AS on microbiota dysbiosis in rats with liver cirrhosis

Table 1 shows the mean diversity (Shannon index) of each group and the mean similarity (Sorenson index) between two groups in microbiota composition. In group N, the diversity was significantly lower at 8 wk than at 4 wk and 6 wk, although the characteristics of liver and ileal of the animals were normal. The similarity between 8 wk and 6 wk was lower than that between 6 wk and 4 wk.  

Compared with group N, the microbiota diversity of group M was significantly reduced at 4 and 6 wk, but increased at 8 wk. The similarity was lower in group M than group N which implied that the dysbiosis of gut microbiota became much severe during the development of cirrhosis. The PCR products of gut bacteria that were prominent in group N and dramatically diminished in group M, were sequenced and identified as Lactobacillus, Eubacterium and Desulfotomaculum. The PCR products of gut bacteria that were prominent in group M but diminished in group N were also sequenced and identified as Clostridium or Desulfosporosinus.

Compared to that in group M, the diversity in group MA was significantly increased at 4 wk while the similarity was reduced at 6 and 8 wk. There was no obvious change in diversity between group MA and group M at 6 and 8 wk. The PCR products of gut bacteria, which were diminished in group M and dramatically reappeared in group MA at 4 wk, were also sequenced and identified as Lactobacillus, indicating that AS had some intervention effect on the dysbiosis of gut microbiota at early stage of cirrhosis development.
Effect of AS on bacterial translocation during cirrhosis

No bacterium was detected in the blood of the rats in all groups. A few of bacteria translocated to MLN in rats of group N. However, the occurrence of BT and the numbers of translocated bacteria were increased in MLN, liver, spleen and kidney of the rats in group M compared to those in group N. Translocation ratio (TR) was significantly higher in group M than in group N at 6 and 8 wk. The AS supplement decreased the occurrence of BT during the development of liver cirrhosis, and TR in group MA was significantly lower than that of group M at 8 wk (Table 2).  
A few of Escherichia coli and Proteu was found in MLN culture in group N. At 4 wk, Enterococcus faecalis, Escherichia coli, coagulase negative staphylococci and Pseudomonas aeruginosa, mainly Enterococcus faecalis, were found in groups M and MA, and one or two types of bacterium in the positive cultured plates. At 6 wk, Enterococcus faecalis, Escherichia coli, and coagulase negative staphylococci were found in groups M and MA; three species of bacterium in most of positive cultured plates of MLN and kidney were found simultaneously, and one or two species in other organs. More bacterial species of BT were found at 8 wk than at 4 and 6 wk, which included Escherichia coli, Enterococcus faecalis, coagulase negative staphylococci, Candida albicans, and Clostridium difficile in groups of M and MA. In addition, there were 2-5 species of BT in MLN and 1-3 species in other organs in group M, however, there were 2-3 species in MLN and 1-2 species in other organs in group MA at 8 wk.

DISCUSSION

In patients with advanced liver cirrhosis, intestinal bacteria overgrowth and bacterial translocation often exist, causing spontaneous bacterial peritonitis and endotoxemia[17-19]. It has been reported that the multiple pathogenic factors-induced advanced liver disease such as cirrhosis is associated with gastrointestinal function disorder, intestinal bacteria overgrow, intestinal mucosal barrier injuried, suppressed immune function, bacterial translocation and intestinal endotoxemia (IETM). The BT and IETM further exert harmful biologic effects that aggravate liver injury and promote liver failure[20]. BT in MLN is closely related to the overgrowth of intestinal bacteria and the enhanced permeability of enteric mucosa during development of liver cirrhosis[21-25]. In this study, multiple pathogenic factors-induced liver injury in the rats was associated with gastrointestinal microbiota dysbiosis, at which Lactobacillus, Eubacterium and Desulfotomaculum dramatically diminished, Clostridium or Desulfosporosinus appeared which was not detected in the normal rats. This is significant because Lactobacillus and Eubacterium belong to the genera that produce short chain fatty acids (SCFA), are dominant in the healthy people[26]. As an important energy source for intestinal epithelial cells, SCFAs improve gut barrier function by promoting cell differentiation, producing mucin and antimicrobial peptide, and upregulating expression of tight junction proteins[27,28]. Furthermore, SCFAs have anti-inflammatory effects that inhibit activation of the transcription factor NF-κB, and consequent reduced formation of pro-inflammatory cytokines[29,30]. Clostridium are enriched in patients with liver cirrhosis and have been reported to cause opportunistic infection[26]. Clostridium difficile was among the species of translocated bacterium in our results. Increased numbers of bacterial flora with diminished diversity in a susceptible genotype has been shown in animal models to contribute to the pathogenesis of Crohn’s disease[31,32]. Lactobacillus, Eubacterium and Clostridium are the bacteria known to have bile salt hydrolase activity or 7α-dehydroxylation ability, changes of these bacteria would impair bile acid metabolism causing liver damages[33]. Desulfotomaculum and Desulfosporosinus are sulfate-reducing bacteria, which may play a role in gut function.

In rats with liver cirrhosis induced by the multiple pathogenic factors, dysbiosis of gut microbiota occurred, Lactobacillus and Eubacterium were reduced, enteric mucosa was damaged, levels of pro-inflammatory IL-6 and TNF-α were elevated, and numbers of BT were increased from intestine to MLN, liver, spleen and kidney. All these events could produce massive biologic effects, aggravating liver injury and promoting liver failure.

It has been reported that among the intestinal microbiota, Gram-negative enteric bacilli, such as Escherichia coli, Proteus and Enterobacter, translocate at high levels to the MLN in gnotobiotic mice, whereas Gram-positive bacteria translocate at intermediate levels and obligatory anaerobe at only very low levels[34]. In Peyer’ patches- and MLN-competent mice, BT in MLN was 100% of tested mice, but BT in extra-intestinal organs was rare (25%); on the other hand, in Peyer’ patches- and MLN-deficient mice, BT in extra-intestinal organs was 91% of tested mice[35], further demonstrating MLN exerts an important barrier in intestine through inhibiting BT. In the present study, BT occurred mainly in MLN at 4 wk, the occurrence of BT in MLN and kidney were significantly increased at 6 wk, the incidences of BT in MLN, liver and kidney were also significantly increased at 8 wk. The bacteria species of translocation were identified as Escherichia coli, Enterococcus faecalis, coagulase negative staphylococci, Proteu, Pseudomonas aeruginosa, Candida albicans, and Clostridium difficile, which are common spontaneous pathogens in patients with cirrhosis. But there were no bacteria in cultured blood detected in this study. However, this observation dose not exclude the possibility of blood BT. Teltschik et al[36] reported no bacterial grows in blood culture in the model of CCl4-induced liver cirrhosis, however, bacterial DNA is present in blood in the model of cirrhosis[37], implying BT may occur in blood of the patients with liver cirrhosis.
It has been shown that artesunate could effectively suppress liver fibrosis in rats induced by CCl4[38] or by immune agents (bovine serum albumin)[39], and there were no remarkable effect of AS on normal rats[40]. In the present study, the body weight of rats intervened with AS in group MA increased gradually, and this increase was more apparent as the experimental time extended. And the liver indices of rats in group MA were lower than in group M to some extent. Meanwhile, the reduced liver histopathological changes indicate that AS may have an effective intervention on the development of cirrhosis.

Previously, it has been reported that AS can increase the susceptibility of β-lactam antibiotics[41]. Here, the results showed that the numbers and species of translocated bacteria declined, and the translocation ratio in group MA was significantly lower than that of group M at 8 wk. And the damage of intestinal mucosa caused by liver injury was partially improved, the levels of pro-inflammatory IL-6 and TNF-( in group MA rats were decreased in the ileal homogenates. In group MA, the diversity of gut microbiota was significantly increased, and Lactobacillus that were diminished in group M reappeared at 4 wk. All these results suggest that artesunate could reduce BT occurrence and have some effects on the dysbiosis of gut microbiota during the early development of cirrhosis. We hypothesize that artesunate may play a role in maintaining the normal intestinal flora, through antagonizing function of inflammatory factors from liver damage and preventing BT. The underlying molecular events need to be investigated further. 

In summary, BT, dysbiosis of gut microbiota and injury of intestinal mucosal barrier may occur and become much severe as the liver cirrhosis progresses. The key role of BT and dysbiosis of gut microbiota in liver cirrhosis might be to promote infection-caused inflammation that further aggravate liver injury. Some non-antimalaria effects of artesunate could intervene on dysbiosis of gut microbiota, alleviate inflammation and inhibit BT, which collectively reduce the multiple pathogenic factors (e.g., CCl4, alcohol and high fat) induced liver cirrhosis.

COMMENTS

Background

In patients with advanced liver cirrhosis, intestinal bacteria overgrowth and bacterial translocation (BT) often exist, causing spontaneous bacterial peritonitis and endotoxemia. Antibacterial prophylaxis is effective in preventing infectious complications. But increasing antimicrobial resistance makes the patients at high risk, thus non-antibiotic pathways are desperately needed to decrease the risk of bacterial infections by reducing pathological BT as we enter the post-antibiotic era. 

Research frontiers

Artesunate (AS), extracted from the Chinese herb artemisia annua, is a safe and effective antimalarial drug. It has been reported AS could also decrease serum endotoxin level in sepsis mice, and have an anti-inflammatory role. However, it is uncertain whether AS is effective in preventing BT. 
Innovations and breakthroughs

This is the first study investigating effects of AS on BT and composition of intestinal bacteria in rats with liver cirrhosis. 

Applications

BT, dysbiosis of gut microbiota and injury of intestinal mucosal barrier may occur and become much severe as the liver cirrhosis progressed. The key role of BT and dysbiosis of gut microbiota in liver cirrhosis may be to interfere with a number of biological process that further aggravate liver injury. AS could intervene on dysbiosis of gut microbiota, alleviate inflammation and inhibit BT which reduce the multiple pathogenic factors induced liver cirrhosis.

Terminology

Gut microbiota, a wide variety of micro-organisms in the human gut, are harmless and have an important role in human nutrition and health, promoting nutrient supply, preventing pathogen colonization, and shaping and maintaining normal mucosa immunity. BT is defined as the migration of intestinal flora and/or their toxins into mesenteric lymph nodes and/or other extra-intestinal organs.
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The authors employ a model of cirrhosis in rats receiving both carbon tetrachloride and alcohol. This is a well-tested model. They describe the rational for the investigation of the effect of arsenate and show a beneficial effect both on body weight, histopathology, dysbiosis and bacterial translocation. 
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Figure 1 Body weight and organ indices in rats. A: body weight, aP = 0.000, aP < 0.05 vs 4w N group; bP = 0.000, bP < 0.05 vs 6w N group; cP = 0.005, cP < 0.05 vs 6w M group; dP = 0.000, dP < 0.05 vs 8w N group; eP = 0.000, eP < 0.05 vs 8w M group. B: liver index, fP = 0.000, fP < 0.05 vs 4w N group; gP = 0.000, gP < 0.05 vs 6w N group; hP = 0.001, hP < 0.05 vs 8w N group.  
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F                                   G
Figure 2 Histopathological changes of hepatic tissues with HE staining (n = 6, × 200). A: N; B: 4WM; C: 4WMA; D: 6WM; E: 6WMA; F: 8WM; G: 8WMA.
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F                          G
Figure 3 Histopathological changes of hepatic tissues with masson’ trichrome staining (n = 6, × 200). A: N; B: 4WM; C: 4WMA; D: 6WM; E: 6WMA; F: 8WM; G: 8WMA.
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A              B                  C                   D
                    E                 F                    G  
Figure 4 Histopathological change of small intestinal mucosa with HE staining (n = 6, × 200). A: N; B: 4WM; C: 6WM; D: 8WM; E: 4WMA; F: 6WMA; G: 6WMA.
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Figure 5 Levels of TNF-α and IL-6 in the tissue homogenate of liver and ileal (n = 6). A: The levels of TNF-(, aP = 0.0119, aP < 0.05 vs N group; bP = 0.0362, bP < 0.05 vs M group. B: The levels of IL-6, cP = 0.0013, cP < 0.05 vs N group; dP = 0.0197, dP < 0.05 vs M group. 

Table 1 Effect of artesunate on gut microbiota in rats with cirrhosis (n = 6)
	Time points
	N
	M
	MA

	
	Shannon index
	 Sorenson index
	Shannon index
	 Sorenson index
	Shannon index
	Sorenson index

	4w
	2.98 ( 0.00608
	
	2.44 ( 0.0606c
	0.571 vs 4w N
	2.59 ( 0.0566f
	0.600 vs 4w M

	6w
	2.94 ( 0.0284
	0.686 vs 4w N
	2.44 ( 0.0103d
	0.686 vs 6w N
	2.39 ( 0.0417
	0.615 vs 6w M

	8w
	2.32 ( 0.103ab
	0.581 vs 6w N 
	2.63 ( 0.123e
	0.462 vs 8w N
	2.66 ( 0.119
	0.875 vs 8w M


The diversity of each group was obtained using Shannon index. The normalized similarity between different groups was obtained using Sorenson index, and the values closer to 0 indicate a lower similarity, meaning high degree of difference in bacterial composition between the two groups, while the values closer to 1 indicate a higher similarity, implying that a little change occurred between the two groups. aP = 0.0004, aP < 0.05 vs 4w N group; bP = 0.0006, aP < 0.05 vs 6w N group;  cP = 0.0001, cP < 0.05 vs 4w N group; dP = 0.0000, dP < 0.05 vs 6w N group;  eP = 0.0287, eP < 0.05 vs 8w N group; fP = 0.0351, fP < 0.05 vs 4w M group.

Table 2 Effect of artesunate on bacterial translocation in rats with liver cirrhosis (n = 6)
	Groups
	Blood
	MLN
	Liver
	Spleen
	Kidney
	TR 

	4w
	N
	0
	2
	0
	0
	0
	6.67%

	
	M
	0
	4
	1
	0
	1
	20.00%

	
	MA
	0
	2
	0
	0
	0
	6.67%

	6w
	N
	0
	0
	0
	0
	0
	0

	
	M
	0
	6a
	2
	1
	5b
	46.67%c

	
	MA
	0
	3
	2
	1
	3
	30.00%

	8w
	N
	0
	1
	0
	0
	0
	3.33%

	
	M
	0
	6d
	5e
	3
	6f
	66.67%g

	
	MA
	0
	5
	3
	2
	2
	40.00%h


The numbers in the table represented the cultured positive number of various organs and TR in all groups. aP = 0.004, P < 0.05 vs 6w N group; bP = 0.019, bP < 0.05 vs 6w N group; cP = 0.000, cP < 0.05 vs 6w N group; dP = 0.019, dP < 0.05 vs 8w N group; eP = 0.019, eP < 0.05 vs 8w N group; fP = 0.004, fP < 0.05 vs 8w N group; gP = 0.000, gP < 0.05 vs 8w N group; hP = 0.038, hP < 0.05 vs 8w M group.
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