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Abstract

:

Berberine is a phytogenic isoquinoline alkaloid which demonstrates several pharmacological effects, including a hypoglycemic effect. Its medical use is limited by its very low bioavailability. Synthesizing new berberine derivatives might help in overcoming this problem. In this work, we report on the synthesis and biological evaluation of a novel berberine 9-O-derivative. At an oral dose of 25 mg/kg, the compound demonstrated hypoglycemic activity in an oral glucose tolerance test performed using C57BL/6 mice.
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1. Introduction


Berberine 1a (Figure 1) is an isoquinoline alkaloid found in several plants such as Berberis aristata, Coptis chinensis, etc. This compound has found applications in medicine as an antibacterial, hypolipidemic and hypoglycemic agent. However, its use is limited by a very low bioavailability (the clinical dosage of berberine is 380 mg/kg) [1]. Currently, one of the promising areas of research is the synthesis of new, berberine-based derivatives as potential hypoglycemic agents. It was previously noted that the introduction of alkyl and acyl substituents at position 9 of the berberine backbone contributes to an increase in hypoglycemic activity. However, the therapeutic doses of these derivatives, 1b and 1c (Figure 1), are still high and vary in the range of 100–200 mg/kg [2,3,4]. The lowest effective hypoglycemic doses (30 mg/kg or less) of berberine derivatives found in the literature were described for the series of 9-N-substituted derivatives 2 (Figure 1) [5,6,7].



In this work, we have synthesized a new 9-O-derivative of berberine with a substituent containing a fragment of a tertiary aromatic amide of acetic acid. The resulting compound was tested for hypoglycemic activity in an oral glucose tolerance test (OGTT) in mice.




2. Results


2.1. Chemistry


A new 9-O-derivative of berberine with a substituent containing a fragment of a tertiary aromatic acetic amide was synthesized according to Scheme 1.



The first stage was the synthesis of imine 3 from 4-fluorobenzaldehyde and 4-bromoaniline. The second stage was the reduction of imine 3 to the corresponding secondary amine 4 by the action of cyanoborohydride. The third stage was an interaction with bromoacetic acid bromide, obtained by the action of PBr3 and Br2 on acetic acid, according to the Hell–Volgard–Zelinsky reaction. Compound 5 was purified by column chromatography.



Thermal demethylation of berberine 1 was carried out under reduced pressure at 180–200 °C. This was followed by treatment with hydrobromic acid, which led to the formation of berberrubine hydrobromide 6 in an 89% yield. The reaction of berberrubine hydrobromide 9 with bromoacetic acid amide 5 in acetonitrile in the presence of triethylamine gave the target 9-O-substituted berberine derivative 7 in a 75% yield.




2.2. Biology


In order to assess the hypoglycemic activity of the synthesized compound 7, an OGTT was performed using C57BL/6 mice. The resulting data showed that compound 7 promoted a statistically significant reduction in blood glucose levels compared to the control group 60, 90, and 120 min after the glucose administration (Figure 2). Additionally, despite the fact that its activity was initially not as pronounced as that of the reference drug vildagliptin (VLD), the intensities of their hypoglycemic effects were almost identical in the second half of the experiment. The area under the glycemic curve (AUC) was also significantly lower in the mice treated by 7 compared to the control group and higher than in the VLD group, proving the above-mentioned observations (Figure 3). At a dose of 30 mg/kg, berberine itself, which was studied in our group earlier (not published data) in a similar experiment, did not demonstrate any hypoglycemic action, and its glycemic curve was similar to the control group. In summary, it can be concluded that, at an oral dose of 25 mg/kg, compound 7 possesses a mild hypoglycemic activity. Since the mechanism of the hypoglycemic action of berberine itself may involve a wide range of targets [1,3,6,8], it can be assumed that compound 7 also exerts its action through one or more similar mechanisms of action. However, further studies are needed for a more precise statement.





3. Materials and Methods


Synthetic starting materials and reagents were acquired from Acros Organics. Berberine chloride hydrate was purchased from TCI Co. (Tokyo, Japan) and was used after drying in an oven at 95 °C for 5 h.



1H and 13C NMR spectra were acquired using a Bruker spectrometer AV-400 (Bruker Corporation, Bremen, Germany) at 400.13 MHz (1H) and 100.61 MHz (13C). Spectra were recorded in deuterated chloroform (CDCl3); residual CDCl3 was used as a standard [δ(CDCl3) 7.24, δ(CDCl3) 77.0 ppm] for measuring chemical shifts, δ, in parts per million (ppm), and J was measured in Hertz. The infrared spectra (IR) were measured on a Vector 22 FTIR spectrometer in potassium bromide (KBr) pellets. The structures of the product and intermediate compounds were determined by means of 1H and 13C NMR spectra (Figures S1–S3). For the column chromatography, silica gel (60–200 mesh, Macherey-Nagel) was used.



3.1. Synthesis


Berberrubine hydrobromide 6 was synthesized according to the procedure described in [9].



Additionally, 2-bromoacetyl bromide was synthesized according the procedure described in [10]. Compound 3 was synthesized according to the procedure described in [11].



Synthesis of 2-Bromoacetic acid N-(4a-fluorobenzyl)-N-(4a-bromophenyl)amide 5 was achieved.



Sodium cyanoborohydride (1.2 mmol) was added to a solution of 4.82 mmol of imine 3 in 16 mL of methanol with cooling (0 °C) and stirring. The mixture was left to stir at room temperature for 2.5 h. The reaction mixture was evaporated. Chloroform (2 mL) was added to the evaporated residue. A supernatant solution in chloroform was separated by column chromatography (eluent chloroform). The yield of compound 4 was 53%.



4-Bromo-N-(4-fluorobenzyl)aniline 4.



NMR 1H (CDCl3): 4.05 (1H, s, NH), 4.25 (2H, s, NCH2), 6.47 (2H, d, J = 8.7 Hz,), 7.01 (2H, t, J = 8.6 Hz,), 7.23 (2H, d, J = 8.9 Hz,), 7.29 (2H, dd, J1 = 5.5 Hz, J2 = 8.3 Hz).



NMR 13C (CDCl3): 47.40, 109.18, 114.31, 115.40 (d, J = 21.3 Hz), 128.79 (d, J = 8.0 Hz), 131.83, 134.39 (d, J = 3.3 Hz), 146.7, 161.97 (d, J = 245.5 Hz).



An amount of 3.43 mmol of triethylamine was added to a solution of 3.43 mmol of compound 4 in 6 mL of methylene chloride. While cooling (0 °C) and stirring, 3.43 mmol of bromoacetic acid, bromide 2 dissolved in 3 mL of methylene chloride, was added dropwise. The reaction was left to stir at room temperature for 2.5 h. At the end of the reaction, 10 mL of ethyl acetate was added. The formed precipitate was filtered off. The mother liquor was evaporated, and compound 5 was isolated by chromatography (eluent methylene chloride). The yield was 53%. Mp 72.4–75.0 °C. IR (KBr), ν/см−1: 1670, 1508, 1389, 1308, 1228, 1008, 835, 698. Anal. Calcd. for C15H12Br2FNO (401.07): C, 44.92; H, 3.02; N, 3.49; F, 4.74; Br, 39.85 %. Br, 13.65%. Found: C, 39.45; H, 3.45; N, 3.62; F, 4.79; Br, 39.98%.



2-Bromoacetic acid N-(4-fluorobenzyl)-N-(4-bromophenyl)amide 5.



NMR 1H (CDCl3): 3.61 (2H, s, CH2Br), 4.79 (2H, s, NCH2), 6.93 (4H, m), 7.12 (2H, m), 7.47 (2H, d, J = 8.5 Hz).



NMR 13C (CDCl3): 26.37, 52.40, 115.12 (d, J = 21.3 Hz), 122.45, 129.51, 130.35 (d, J = 8.0 Hz), 131.69 (d, J = 3.3 Hz), 132.73, 139.47, 161.94 (d, J = 246.6 Hz), 165.81.



Synthesis of compound 7.



First, 3.5 mmol of triethylamine was added to a suspension of 1 mmol of berberrubine hydrobromide 6 in acetonitrile (10 mL), followed by a solution of 1 mmol amide 5 dissolved in acetonitrile. The mixture was refluxed for 4 h. The reaction mixture was cooled, and the precipitate (compound 7) was filtered off and recrystallized from acetonitrile. The yield was 75%.



9-O-(N-(4-bromophenyl)-N-(4-fluorobenzyl)-acetamide-2,3-methylenedioxy-10-methoxyprotoberberine bromide 7.



Mp 244.2 °C (decomposition). IR (KBr), ν/см−1: 3554, 3417, 3031, 2942, 1674, 1508, 1394, 1275, 1230, 1101, 829. Anal. Calcd. for C34H27Br2FN2O (722.40): C, 53.47; H, 4.07; N, 3.55; Br, 21.82; F, 2.89%. Found:C, 56.53; H, 3.77; N, 3.88; Br, 22.12; F, 2.63%.



NMR 1H (DMSO-d6): 3.22 (2H, t, J = 6.0 Hz, H-5), 3.94 (3H, s, OCH3), 4.84 (2H, s, OCH2CO), 4.93 (4H, m), 6.17 (2H, s, OCH2O), 7.10 (3H, m), 7.19 (4H, m), 7.63 (2H, d, J = 8.3 Hz), 7.80 (1H, s), 7.95 (1H, d, J = 9.1 Hz), 8.15 (1H, d, J = 9.1 Hz), 8.93 (1H, s), 9.96 (1H, s).



NMR 13C (DMSO-d6): 26.73, 51.49, 55.86, 57.45, 70.12, 102.41, 105.79), 108.79, 115.57 (d, J = 21.3 Hz), 120.31, 120.69, 121.60, 121.91, 123.56, 126.91, 130.54 (d, J = 6.4 Hz), 130.97, 133.09 (d, J = 3.3 Hz), 133.14, 133.32, 137.80, 139.28, 142.12, 146.20, 148.02, 149.31, 150.20, 161.75 (d, J = 243.2 Hz), 167.62.




3.2. Animals


In the present study, male C57BL/6 mice, weighing 22–25 g, from the SPF vivarium of the Institute of Cytology and Genetics SB RAS were used. The animals were housed in polycarbonate cages in the vivarium room, in which the humidity, temperature, and the 12/12 h light-and-dark cycle were controlled. The mice had ad libitum access to water and pelleted feed. All manipulations with animals were conducted in strict accordance with the laws of the Russian Federation, the decree of the Ministry of Health of the Russian Federation no. 199n of 4 January 2016, and Directive 2010/63/EU of the European Parliament and of the Council of the European Union of 22 September 2010 on the protection of animals used for scientific purposes.




3.3. OGTT


The hypoglycemic effect of the tested compound was studied using an oral glucose tolerance test on C57BL/6 mice. There were six animals in each experimental group. The studied substance 7 (25 mg/kg) was dissolved in water with a drop of Tween 80. Vildagliptin (Galvus, Novartis Farmaceutica SA, Barcelona, Spain) was used as a reference drug at a dose of 10 mg/kg. The control group was treated only with the vehicle (water with a drop of Tween 80). All substances were administered by oral gavage after a 12 h fast. Then, 30 min later, all animals received glucose at a dose of 2.5 g/kg by the same method. Blood was collected by a tail snip before the experiment (0 time point) and then every 30 min for 2 h after drug administration. The glucose concentration in the collected blood was measured using a ONE TOUCH Select glucometer (LIFESCAN Inc., Milpitas, CA, USA). The AUC was calculated for each group using Tai’s model [12].




3.4. Statistical Analysis


A statistical analysis was performed using the Mann–Whitney U test. Data are shown as mean ± SEM. Data with p < 0.05 were considered statistically significant.





4. Conclusions


Based on previously published data on the hypoglycemic activity of berberine derivatives, we reported the synthesis of a novel berberine 9-O derivative with a substituent containing a tertiary aromatic acetic amide moiety. The biological assessment showed that, at an oral dose of 25 mg/kg, compound 7 possesses a mild hypoglycemic activity.
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The following supporting information can be downloaded, Figures S1–S3. 1H, 13C NMR, IR spectra of compound 7.
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Figure 1. Structures of berberine and its derivatives with hypoglycemic activity. 
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Scheme 1. Synthesis of compound 7. Reagents and conditions: (a) MeOH, 83%; (b) NaBH3CN, MeOH, 53%; (c) BrC(O)CH2Br, CH2Cl2, NEt3, 53%; (d) 180–200 °C, 20–30 mm Hg; HBr, 89%; and (e) bromide 5, AcCN, NEt3, 75%. 
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Figure 2. Results of the OGTT (mice n = 6 in each group). * p < 0.05 compared to the control, # p < 0.05 as compared to the VLD 10 mg/kg. VLD—vildagliptin. 
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Figure 3. Area under the glycemic curve calculated according to the OGTT data. * p < 0.05 as compared to the control, # p < 0.05 as compared to the VLD. VLD—vildagliptin. 
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