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	Objective  To study the biotransformation regulation and pharmacological effect of swertiamarin and its metabolite in incubated system of human intestinal flora. Methods  Incubated system of human intestinal flora was utilized to research the intestinal metabolism of swertiamarin. Furthermore, mutagenic test and anti-mutagenic test were carried out to research the activity relationship of swertiamarin and its metabolite. Results  Gentianine was found in the metabolites of swertiamarin. The pharmacological experiment indicated that swertiamarin and its metabolite both had good anti- mutagenic effect. Conclusion  Swertiamarin is partly metabolized to gentianine after oral administration. They show similar anti-mutagenicity effects.
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1.  Introduction

Swertia mussotii Franch, known as “di-da”, is one of the most important Tibetan medicines in China, and has been used in the treatment of hepatobiliary diseases for many years in China, Indian, and Nipeal (Liu, 1995; Rafatullah et al, 1983; Zeng et al, 2004). Recent studies have demonstrated that there were several groups of components in S. mussotii, including iridoids, xanthones, and triterpenes (Zhang et al, 2009; Gao et al, 2011). Swertiamarin is one of the important components, which has many pharmacological activities, such as hepatoprotective, anti-inflammatory, and anti-oxidant activities (Tian et al, 2014; Han et al, 2005; Li et al, 2005; Luo et al, 2008). 

Due to the high polarity, absorption capability and bioavailability of swertiamarin are very low after oral administration in our preliminary studies. (Tang, 2009; Li et al, 2012). Most glycosides medicine will undergo biotransformation by intestinal bacteria, which is good to promote absorption and exert therapeutic effect. Therefore, it
*Correspondence author: Zhang TJ  Tel: +86-22-2300 6848  Fax: +86-22-2300 6843  E-mail: tiezheng4@sina.com
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is necessary to research the metabolism of swertiamarin after oral administration.
Many research data indicated that intestinal metabolism was one of the most important processes after oral administration. The reason lies that there are rich florae in the small intestine where occurs oxidation, reduction, hydrolysis, isomerization, and other many important chemical reactions (Yang et al, 2003; He et al, 2014). At present, there are many methods in the research of intestinal metabolism, including in vivo and in vitro methods. Because of these advantages, such as high reproducibility, good uniformity, and relatively simple sample preparation, in vitro method has become more and more popular applied. In this article, we focus on the variation regularity in chemical structure and bioactive relationship of swertiamarin and its metabolite in incubated system of human intestinal flora.

2.  Materials and methods
2.1  Chemicals, reagents, and microorganisms

Swertiamarin was isolated and purified from ethanol extract of Swertia mussotii Franch, purity > 98% (Liu, 2011). 

Tryptone, beef extract, beef liver extract powder, digestibility serum powder, soyapeptone, and proteose peptone were purchased from Beijing Shuangxuan Microorganism Medium Product Factory (China). Sodium thioglycolate, L-cysteinehydrochloride, and glucose were purchased from Sigma Chemical Co. (Germany). Yeast extract was obtained from Unipath Ltd. (Basingstoke, UK). All chemicals and solvents used were of analytical grade. Human intestinal florae were kindly provided by Chinese Healthy Man Subjects (Tianjin State Key Laboratory of Drug Delivery Technology and Pharmacokinetics, China).

Histidine auxotroph Salmonella typhimurium TA97, TA98, TA100, and TA102 strains and rat liver microsomal enzymes (S9) were purchased from Shanghai Baolu Biotechnology Ltd., Co. (Moltox Company’s product). 9-Aminoacridine (9-AA), furylfuramide (AF-2), 2-amino fluorine (2-AAn), cyclo- phosphamide (CP), and mitomycin C (MMC) were purchased from Sigma Company (USA).
2.2  Preparation of human intestinal flora 

Fresh feces obtained from the Chinese healthy men were immediately transferred into plastic bag filled with oxygen-free nitrogen gas. Then, the bag was pressed by hand to uniformly mix the contents. The feces (2 g) were suspended in GAM (19 mL) solution.

The suspension under anaerobic condition was filtered with gauze and the filtrate was used as bacterial flora.
2.3  Biotransformation of swertiamarin by bacterial flora from human feces

An activated bacterial flora (10 mL) by established method (Yang, 2003) was added to GAM solution (900 mL) containing swertiamarin (800 mg), and the flora was incubated at 37 oC for 8 h in an anaerobic incubator. The reaction mixture was extracted with three times of EtOAc. The EtOAc extract was combined and then evaporated to dryness in vacuum at 60 oC. The residue was dissolved in EtOAc and subjected to a silica gel column chromatography eluting with CHCl3-MeOH mixture solution (20:1) to yield a yellow powder (320 mg), which was identified by IR, NMR, and MS spectroscopy technology.

2.4  Mutagenic test of swertiamarin and its metabolite

2.4.1  Pre-experiment of mutagenic test

Adding 5 mL of nutrient broth medium to sterile test tube, the frozen bacteria cultures were inoculated in nutrient broth medium, and cultured at 37 oC for 10 h with oscillation (100 r/min). There were at least 1−2 × 109 living bacteria in 1 mL of strain cultures.

Using dilution method, the water solution of swertiamarin and its metabolite (gentianine) with the concentration of 25, 12.5, 6.25, and 3.12 mmol/mL was prepared respectively. Top agar (2.0 mL) containing 0.5 mmol/L histidine biotin and 0.5 mmol/L solution medium, was packed in 10 test tubes. All the test tubes were placed in water bath at 45 oC. After 20 min, the mixture of 0.1 mL TA100 strain broth, 0.1 mL sample solution and 0.5 mL S9 mixed solution (metabolic activation needed) were added to each tube. Then all the mixtures were quickly poured into a flat plate containing bottom agar and rotated for 2 min. After solidified, the mixture was cultured in incubator at 37 oC for 48 h with inversion manner. After counting revertant colonies of each dish, the results indicated that swertiamarin and gentianine had no obvious inhibitory phenomenon at the doses of 1.25mg/dish. Therefore, the highest dose of swertiamarin and gentianine in formal experiment was referred to 1.25 mg /dish.
2.4.2  Formal experiment of mutagenic test
Four kinds of strains (TA97, TA98, TA100, and TA102) and the dish incorporation method were utilized in this test. Every strain was randomly divided into the following groups with three dishes per group, blank group (administered with physiological saline), solvent model group (administered with dimethyl sulfoxide), three swertiamarin treatment groups (312, 625, and 1250 μmol/dish), three gentianine treatment groups (312, 625, and 1250 μmol/dish), the control group (9-AA → TA97, AF-2 → TA98, MMC → TA100 and 2-AAn → TA102). In the condition of activation (+S9) and non-activation (−S9), all the dishes were cultivated at 37 oC for 48 h. After counting the number of revertant colonies of every dish, the mean value, standard deviation of each group was calculated. The mutation ratio (referred to MR) is calculated as the following equation.
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2.5  Anti-mutagenic test of swertiamarin and its metabolite

TA100 strain, ±S9 solution, and positive agent CP were mixed evenly. Then the mixtures were placed in the culture box with oscillating water bath, and cultured at 37 oC for 30 min. The cultivated strains were divided into the following groups with three dishes per group, the blank group (administered with physiological saline), three swertiamarin treatment groups (312, 625, and 1250 μmol/dish), three gentianine treatment groups (312, 625, and 1250 μmol/dish). In the condition of activation (+S9) and non-activation (−S9), all the dishes were cultivated at 37 oC for 48 h. After counting the number of revertant colonies of every dish, the mean value and standard deviation of each group and MR were calculated.

Similarly, replacing the TA100 strain with TA102 strain, and replacing the positive agent CP with MMC, all the tests were achieved respectively.

3.  Results and discussion

3.1  Chemical identification of metabolite

The metabolite of swertiamarin prepared above (yellow powder) was detected with IR, NMR, and MS methods. Spectral data of the compound were as follows: colorless needle crystal, 1H-NMR (400MHz, methol-d4) δ: 3.17 (2H, t, J = 6.0 Hz, 4-H2), 4.58 (2H, t, J = 6.0 Hz, 3-H2), 5.59 (1H, dd, J = 11.2 Hz, J = 0.4 Hz,12-H), 5.89 (1H, dd, J = 17.6 Hz, J = 0.4Hz, 12-H), 6.94 (1H, dd, J = 17.6 Hz, J = 11.2 Hz, 11-H), 8.82 (1H, s, 6-H), 8.97 (1H, s, 8-H); 13C-NMR 

(methol-d4, 400 MHz) δ: 24.2 (C-6), 64.4 (C-7), 120.9 (C-10), 122.9 (C-4), 131.0 (C-8), 133.0 (C-9), 147.9 (C-5), 150.4 (C=O), 151.4 (C-2), 165.6 (C-11). Contrasting these data to the literature (Adell et al, 2003), the metabolite was determined to be gentianine.
Chemical structure of swertiamarin and its metabolite were shown in Figure 1. 
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Figure 1  Chemical structures of swertiamarin and its metabolite (gentianine)
3.2  Mutagenic activity of swertimarin and its metabolite

From the data in Figure 2, at the condition of +S9 or –S9, the MR of each strain in the positive control group was all more than 2, which indicated that the blank control group showed obvious mutagenic effect. Correspondingly, the MR of swertiamarin and its metabolite group with each dose were all below 2. What is more, compared with the spontaneous return variables, there was no significant increase. It indicated that swertiamarin and gentianine had no mutagenic effect on Salmonella typhimurium.
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Figure 2  Results of Ames Test of swertiamarin and gentianine in TA97 (A), TA98 (B), TA100 (C), and TA102 (D)
3.3  Anti-mutagenic activity of swertiamarin and its metabolite

From the data in Figure 3, after the action of two kinds of mutagens (cyclophosphamide and mitomycin), the revertant colonies of TA100 and TA102 strain were increased significantly (MR > 2). In the range of 312−1250 µmol/dish, swertiamarin and gentianine can both significantly reduce the levels of TA100 and TA102 strain revertant colonies (P ＜ 0.05). At the same time, gentianine can reduce strain colony number a little better than swertiamarin (P ＞ 0.05). Thus, results showed that swertiamarin and gentianine both had significant anti-mutagenic activities to Ames strains induced by positive mutagens. 
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Figure 3  Inhibitory effects of swertiamarin and gentianine on Ames test in TA100 and TA102
*P < 0.05  **P < 0.01 vs negative control
4.  Conclusion

After oral administration of swertiamarin, gentianine is detected in different organs (including liver and kidney) and excretion (including urine, bile, and feces) of rat (Li et al, 2012). In this article, swertiamarin can be metabolized to gentianine by intestinal flora, which is consistent with the former research result.

As shown in the above tests, swertiamarin and its metabolite gentianine both have anti-mutagenic effects to Ames strains. Furthermore, the results indicated that swertiamarin and its metabolite have good correlation in the efficacy, which confirms gentianine is one of the main active substances of swertiamarin after oral administration. The metabolism rule of these two compounds will be carried out in the following experiments.
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