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            Abstract
          
        

        
          Alzheimer’s disease (AD) is the most common age-related neurodegenerative disease in industrialized countries. It is estimated that about 47 million people living with dementia and the number of cases will be tripled by 2050. However, the exact mechanism of AD is not known, and full therapy has still not been found. Various tryptophan-derived alkaloids have been reported as promising agents for the treatment of AD. In the present study, a series of tryptophan-derived alkaloids were isolated and characterized from the methanol extract of Hedera rhombea fruit. Based on the analysis of their observed and reported spectroscopic data, their structures were identified as N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan (1), N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan (2), N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (3), and N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (4). These compounds were screened for anti-Alzheimer activity via their inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes in vitro. As a result, compounds 3 and 4 showed moderate BChE inhibition with IC50 values of 86.9 and 78.4 μM, respectively, compared to those of the positive control [berberine (IC50 = 11.5 μM)]. However, all four compounds did not show significant inhibition of the AChE enzyme. This is the first time, the AChE and BChE inhibitory activities of these tryptophan-derived alkaloids were investigated and reported.

        

      

      
        Keywords: 
Hedera rhombea, Araliaceae, tryptophan-derived alkaloids, AChE, BChE, Alzheimer

      

    

    

  
    
      Introduction
      Alzheimer’s disease (AD) is a chronic neurological disorder characterized by memory impairment, confusion, impaired judgment, personality change, disorientation, and loss of language skills.1,2 AD affects about 40% of people over 80 and produces devastating problems for the AD patients themselves and a very high economic burden for their families and society.3 It is estimated that about 47 million people living with dementia and the number of cases will be tripled by 2050, especially in developing countries.4 Unfortunately, the exact mechanism of AD is not known, and full therapy has still not been found.5 To date, there are about 20 hypotheses referring to this disease, where tau-protein aggregation, β-amyloid deposition, oxidative stress, and cholinergic dysfunction are the common ones.4 Actually, most of the anti-AD drugs in clinical trials failed to demonstrate the disease-modifying ability to eliminate the accumulation of β-amyloid or tauproteins in the brain.6 According to the cholinergic hypothesis, low levels of acetylcholine (ACh) resulting from neuronal death are associated with cognitive and memory deterioration.4 ACh is considered to play a role in the pathology of AD and is a neurotransmitter inhibited primarily by two types of cholinesterases (ChEs) including acetylcholinesterase (AChE) and butyrylcholinesterase (BChE).2 To date, the cholinergic hypothesis has been widely accepted, of which ChEs inhibitors increase the availability of acetylcholine in central cholinergic synapses and are considered the most effective Alzheimer’s disease treatment agent.7 However, four approved drugs for the management of AD symptoms include three AChE inhibitors (rivastigmine, donepezil, and galantamine) and N–methyl-D-aspartate receptor antagonist (memantine) that only provide palliative care and are of limited and temporal efficacy.2

      Hedera rhombea Bean, an evergreen vine, belongs to the Araliaceae family, which is widely distributed in Korea, China, and Japan.8 H. rhombea has traditionally been used to treat hemorrhage, chronic catarrh, jaundice, lithiasis, and convulsion.9 The previous phytochemical investigations of H. rhombea revealed that this plant contained megastigmane glucosides, neolignanes, saponins, polyacetylenes, quinic acid derivatives, triterpenoids, fatty acids, flavonoids, tryptophan-derived alkaloids, and phenolic compounds.8,10 Our recent study demonstrated that the polyacetylene (falcarindiol) and tryptophan-derived alkaloids isolated from H. rhombea fruit act as potent dual α-glucosidase and PTP1B inhibitors.10 In addition, tryptophan-derived alkaloids have been reported as promising agents for the treatment of AD. Various tryptophan metabolites modulate several metalloproteinases regulating brain β-amyloid peptide levels under normal and pathological conditions such as AD via interacting with the aryl hydrocarbon receptor.3 Chalupova et al. reported that a combination of tacrine and tryptophan led to the development of a new family of heterodimers as multitarget agents with the potential to treat AD. Recently, a family of huprineY-tryptophan heterodimers displayed a potential inhibition of cholinesterase and neuronal nitric oxide synthase enzymes, with effect against β-amyloid and potential ability to cross the blood-brain barrier.2 Therefore, in this study, with the series of tryptophan-derived alkaloids isolated from H. rhombea fruit, we set out to investigate their anti-AD activity via inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). In addition, the structure-activity relationships in the AChE and BChE inhibitory assays were observed and discussed.

    

    

  
    
      Experimental
      General experimental procedures - Jasco P-1020 polarimeter was used to measure optical rotations. The NMR spectra were recorded using a Varian Unity Inova 400 MHz spectrometer and a Bruker 500 MHz spectrometer using TMS as the internal standard. The packing material for the molecular sieve column chromatography (CC) was Sephadex LH-20 (Pharmacia Company). Silica gel 60 (Merck, 230-400 mesh) and reversed-phase RP C-18 silica gel (Merck, 75 mesh) were used for CC. Thin-layer chromatography (TLC) was performed using Merck precoated silica gel F254 plates and RP C-18 F254s plates, and compounds were visualized by spraying with aqueous 10% H2SO4 and heating for 3-5 minutes.

      Plant material - The fruits of Hedera rhombea Bean (Araliaceae) were collected from the Seogwipo-si of Jeju-do, Republic of Korea, and authenticated by Prof. Byung Sun Min, College of Pharmacy, Daegu Catholic University, Republic of Korea. The voucher specimen (CUD-2285-1) was deposited at the Herbarium of the College of Pharmacy, Daegu Catholic University, Republic of Korea.

      Extraction and isolation - The dried powder of H. rhombea fruits (11 kg) was extracted with methanol (15 L× 4) under reflux and then filtered. The combined extracts were concentrated under reduced pressure to obtain a crude extract (4kg), which was dissolved in water (3L) and then successively partitioned with CH2Cl2, EtOAc, and n-butanol to give CH2Cl2, EtOAc, and n-butanol fractions, respectively. The EtOAc fraction (85 g) was chromatographed on a silica gel column using a stepwise gradient of CH2Cl2–MeOH (100:1 to 0:1, v/v) to yield 17 fractions (E1–E17). Fraction E11 (12.5 g) was further fractionated by column chromatography (CC) on silica gel eluted with a mixture of CH2Cl2–MeOH (10:1, v/v) to yield 12 fractions (E11.1–E11.12). Fraction E11.4 (2.5 g) was subjected to Sephadex LH-20 CC eluted with a mixture of MeOH–H2O (1:1, v/v) to yield eight fractions E11.4.1–E11.4.8. Fraction E11.4.6 (450 mg) was separated using an RP C-18 silica gel column eluted with a mixture of MeOH–H2O (1:1, v/v) to yield compounds 1 (18.5 mg) and 2 (5.0 mg). Fraction E5 (1.3 g) was subjected to silica gel CC eluted with a mixture of CH2Cl2–MeOH (20:1, v/v) to yield nine fractions E5.1–E5.9. Fraction F5.3 (523 mg) was separated using a silica gel column with CH2Cl2–acetone (8:1, v/v) as the mobile phase to yield compound 3 (5.5 mg). Fraction E5.6 (0.6 g) was purified using an RP C-18 silica gel column and eluted with a mixture of MeOH–H2O (1.5:1, v/v) to give compound 4 (7.0 mg).

      N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan (1) - Yellow powder; αD20 –17.5 (c 0.05, MeOH); IR (KBr) νmax 3380, 3100, 1710, 1646, 1580, 1510, 1430, 1280, 1206 cm–1; UV (MeOH) λmax (log ε) 290 (3.05), 310 (2.92) nm. 1H NMR (500 MHz in methanol-d4) δ (ppm): 7.57 (1H, d, J = 8.0 Hz, H-4), 7.42 (1H, d, J = 15.5 Hz, H-7ʹ), 7.36 (2H, d, J = 8.0 Hz, H-2ʹ, 6ʹ), 7.30 (1H, d, J = 8.0 Hz, H-7), 7.08 (1H, s, H-2), 7.05 (1H, t, J = 8.0 Hz, H-5), 6.97 (1H, t, J = 8.0 Hz, H-6), 6.76 (2H, d, J = 8.0 Hz, H-3ʹ, 5ʹ), 6.44 (1H, d, J = 15.5 Hz, H-8ʹ), 4.86 (1H, overlap, H-9), 3.40 (1H, dd, J = 14.5, 5.0 Hz, H-8a), 3.23 (1H, dd, J = 14.5, 8.0 Hz, H-8b); 13C NMR (500 MHz in methanol-d4) δ (ppm): 175.4 (C-10), 169.1 (C-9ʹ), 160.7 (C-4ʹ), 142.5 (C-7ʹ), 138.1 (C-7a), 130.8 (C-2ʹ, 6ʹ), 129.0 (C-3a), 127.8 (C-1ʹ), 124.5 (C-2), 122.5 (C-5), 119.9 (C-6), 119.4 (C-4), 116.8 (C-3ʹ, 5ʹ), 112.3 (C-7), 118.2 (C-8ʹ), 111.2 (C-3), 55.0 (C-9), 28.8 (C-8).

      N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan (2) - Yellow powder; αD20 –18.3 (c 0.01, MeOH); IR (KBr) νmax 3370, 3110, 1710, 1650, 1586, 1520, 1418, 1280, 1210 cm–1; UV (MeOH) λmax (log ε) 290 (2.85), 318 (2.70) nm. 1H NMR (500 MHz in methanol-d4) δ (ppm): 7.61 (1H, d, J = 8.0 Hz, H-4), 7.40 (1H, d, J = 15.5 Hz, H-7ʹ), 7.35 (1H, d, J = 8.0 Hz, H-7), 7.12 (1H, s, H-2), 7.10 (1H, t, J = 8.0 Hz, H-5), 7.03 (1H, t, J = 8.0 Hz, H-6), 7.00 (1H, d, J = 2.0 Hz, H-2ʹ), 6.92 (1H, dd, J = 8.0, 2.0 Hz, H-6ʹ), 6.78 (1H, d, J = 8.0 Hz, H-5ʹ), 6.44 (1H, d, J = 15.5 Hz, H-8ʹ), 4.87 (1H, overlap, H-9), 3.44 (1H, dd, J = 14.5, 5.0 Hz, H-8a), 3.26 (1H, dd, J = 14.5, 8.0 Hz, H-8b); 13C NMR (125 MHz in methanol-d4) δ (ppm): 175.4 (C-10), 169.2 (C-9ʹ), 148.9 (C-4ʹ), 146.8 (C-3ʹ), 142.9 (C-7ʹ), 138.1 (C-7a), 129.0 (C-3a), 128.4 (C-1ʹ), 124.5 (C-2), 122.5 (C-5), 122.3 (C-6ʹ), 119.9 (C-6), 119.5 (C-4), 118.2 (C-8ʹ), 116.6 (C-5ʹ), 115.3 (C-2ʹ), 112.3 (C-4), 111.2 (C-3), 55.0 (C-9), 28.8 (C-8).

      N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (3) - Yellow powder; αD20 –19 (c 0.06, MeOH); IR (KBr) νmax 3386, 3110, 1714, 1650, 1586, 1510, 1420, 1270, 1210 cm–1; UV (MeOH) λmax (log ε) 290 (2.65), 320 (2.55) nm 1H NMR (400 MHz in methanol-d4) δ (ppm); 7.51 (1H, d, J = 8.0 Hz, H-4), 7.44 (1H, d, J = 15.5 Hz, H-7ʹ), 7.33 (2H, d, J = 8.0 Hz, H-2ʹ, 6ʹ), 7.32 (1H, d, J = 8.0 Hz, H-7), 7.05 (1H, s, H-2), 7.07 (1H, t, J = 8.0 Hz, H-5), 6.99 (1H, t, J = 8.0 Hz, H-6), 6.76 (2H, d, J = 8.0 Hz, H-3ʹ, 5ʹ), 6.45 (1H, d, J = 15.5 Hz, H-8ʹ), 4.87 (1H, overlap, H-9), 3.60 (3H, s, -OCH3-10), 3.34 (1H, dd, J = 14.5, 5.0 Hz, H-8a), 3.23 (1H, dd, J = 14.5, 8.0 Hz, H-8b); 13C NMR (100 MHz in methanol-d4) δ (ppm): 174.0 (C-10), 168.9 (C-9ʹ), 160.5 (C-4ʹ), 142.5 (C-7ʹ), 138.7 (C-7a), 130.6 (C-2ʹ, 6ʹ), 128.6 (C-3a), 127.5 (C-1ʹ), 124.3 (C-2), 122.4 (C-5), 119.8 (C-6), 119.1 (C-4), 116.6 (C-3ʹ, 5ʹ), 112.3 (C-7), 117.7 (C-8ʹ), 110.6 (C-3), 55.0 (C-9), 52.6 (-OCH3-10), 28.6 (C-8).

      N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (4) - Yellow powder; αD20 –21.5 (c 0.05, MeOH); IR (KBr) νmax 3380, 3100, 1710, 1646, 1580, 1520, 1420, 1274, 1200 cm–1; UV (MeOH) λmax (log ε) 292 (2.80), 308 (2.68) nm 1H NMR (400 MHz in methanol-d4) δ (ppm): 7.52 (1H, d, J = 8.0 Hz, H-4 ), 7.38 (1H, d, J = 15.5 Hz, H-7ʹ), 7.30 (1H, d, J = 8.0 Hz, H-7), 7.07 (1H, t, J = 8.0 Hz, H-5), 7.06 (1H, s, H-2), 6.99 (1H, t, J = 8.0 Hz, H-6), 6.99 (1H, d, J = 2.0 Hz, H-2ʹ), 6.88 (1H, dd, J = 8.0, 2.0 Hz, H-6ʹ), 6.75 (1H, d, J = 8.0 Hz, H-5ʹ), 6.42 (1H, d, J = 15.5 Hz, H-8ʹ), 4.87 (1H, overlap, H-9), 3.64 (3H, s, -OCH3-10), 3.34 (1H, dd, J = 14.5, 5.0 Hz, H-8a), 3.24 (1H, dd, J = 14.5, 8.0 Hz, H-8b); 13C NMR (100 MHz in methanol-d4) δ (ppm): 174.1 (C-10), 169.0 (C-9ʹ), 148.8 (C-4ʹ), 146.6 (C-3ʹ), 142.9 (C-7ʹ), 138.0 (C-7a), 128.7 (C-3a), 128.1 (C-1ʹ), 124.3 (C-2), 122.4 (C-5), 122.2 (C-6ʹ), 119.8 (C-6), 119.1 (C-4), 117.7 (C-8ʹ), 116.9 (C-5ʹ), 115.1 (C-2ʹ), 112.3 (C-4), 110.7 (C-3), 55.0 (C-9), 52.7 (-OCH3-10), 28.6 (C-8).

      AChE and BChE inhibition assays - The AChE and BChE inhibition assays were performed as described previously.12 ACh and BCh were used as substrates to examine the inhibition of AChE and BChE, respectively. All tested samples and the positive control (berberine) were dissolved in 10% analytical grade dimethyl sulfoxide (DMSO). The solution added with 100 mM sodium phosphate buffer (pH 8.0) 140 μL, each sample 20 μL, and AChE (0.36 U) or BChE (0.36 U) 20 μL, respectively, in 96 well plates, was incubated for 15 min at room temperature, and then the reaction mixture was adjusted to 200 μL adding 10 μL DTNB [5,5'-dithiobis(2- nitrobenzoic acid)] and the substrate, 10 μL of ACh or BCh, in 96-well plate. After 15 min, the yellow 5-thio-2-nitrobenzoate anion formed by the reaction between DTNB and thiocholine resulting from the hydrolysis of ACh or BCh was measured at 412 nm. The reaction was performed in triplicate and recorded in 96-well microplates using a microplate reader [VERSA max (Molecular Devices, Sunnyvale, CA, USA)]. The cholinesterase inhibition activity was expressed as the IC50 value (μg/mL) which is the concentration inhibiting the hydrolysis of ACh and BCh by 50%. The cholinesterase inhibition rate (%) was calculated by the following equation: % ChE inhibition = (1 ‒ S / E) × 100, where E and S were the enzyme activities with and without the tested samples, respectively.

      Statistics - All results are expressed as the mean ± standard error of the mean (SEM) of at least four independent experiments. Statistical significance was analyzed using one-way ANOVA and Duncan’s test (Systat Inc., Evanston, IL, USA), and was noted at p < 0.05.

    

    

  
    
      Results and discussion
      The dried powder of H. rhombea fruit was extracted using MeOH to obtain a crude extract, which was suspended in distilled water and then partitioned successively with CH2Cl2, EtOAc, and n-butanol. The EtOAc fraction was separated over repeated CC (silica gel, RP C-18, and Sephadex LH-20) to give four tryptophan-derived alkaloids (1–4) (Fig. 1).

      
        
        

        Fig. 1. 
				
        

        
          Chemical structures of tryptophan-derived alkaloids 1–4, and key HMBC correlations of 1.
        
        

        

      

      N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan (1) was obtained as a yellow powder with a negative optical rotation. The UV spectrum of 1 showed absorption maxima at 290 and 310 nm. The IR spectrum of 1 exhibited typical absorption bands at 3380 (OH), 3100 (NH), 1710 (C=O), 1650 and 1580 (amido), 1510 (CH in benzene), and 1430 (CN in indole ring) cm−1. The 1H and 13C NMR spectra of 1 revealed the presence of one tryptophan moiety including signals of one 1,2-disubstituted benzene ring [δH/δC 7.57 (1H, d, J = 8.0 Hz, H-4)/119.4, 7.30 (1H, d, J = 8.0 Hz, H-7)/112.3, 7.05 (1H, t, J = 8.0 Hz, H-5)/122.5, 6.97 (1H, t, J = 8.0 Hz, H-6)/119.9], one sp3 methine [δH/δC 4.86 (1H, overlap, H-9)/55.0], one sp2 methine [δH/δC 7.08 (1H, s, H-2)/124.5], one methylene group [δH/δC 3.40 (1H, dd, J = 14.5, 5.0 Hz, H-8a), and 3.23 (1H, dd, J = 14.5, 8.0 Hz, H-8b)/28.8], one carbonyl group [δC 175.4 (C-10)], and three quaternary carbons [138.1 (C-7a), 129.0 (C-3a), and 111.2 (C-3)].13 This observation was confirmed by the HMBC correlations from H-2 (δH 7.08) to C-3a (δC 129.0)/C-7a (δC 138.1), from H2-8 (δH 3.40 and 3.23) to C-3a (δC 129.0)/C-3 (δC 111.2)/ C-2 (δC 125.2), and from H-9 (δH 4.87) to C-10 (δC 175.4)/C-3 (δC 111.2) (Fig.1). In addition, typical 1H and 13C NMR signals of one p-coumaroyl group at δH 7.42 (1H, d, J = 15.5 Hz, H-7ʹ), 7.36 (2H, d, J = 8.0 Hz, H-2ʹ, 6ʹ), 6.76 (2H, d, J = 8.0 Hz, H-3ʹ, 5ʹ), and 6.44 (1H, d, J = 15.5 Hz, H-8ʹ) and δC 169.1 (C-9ʹ), 160.7 (C-4ʹ), 142.5 (C-7ʹ), 130.8 (C-2ʹ, 6ʹ), 127.8 (C-1ʹ), 116.8 (C-3ʹ, 5ʹ), and 118.2 (C-8ʹ) were observed in the 1H and 13C NMR spectra of 1. The key HMBC cross-peak from H-9 (δH 4.87) to C-9ʹ (δC 169.1) indicated that one amide moiety was formed between the p-coumaric acid and the tryptophan. Based on the above analysis and the comparison with literature data,13 the structure of 1 was determined as N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan (1).

      N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan (2) was obtained as a yellow powder. The 1H and 13C NMR spectra of 2 were similar to those of 1, except for the replacement of the p-coumaroyl group in 1 by one caffeoyl group at δH 7.40 (1H, d, J = 15.5 Hz, H-7ʹ), 7.00 (1H, d, J = 2.0 Hz, H-2ʹ), 6.92 (1H, dd, J = 8.0, 2.0 Hz, H-6ʹ), 6.78 (1H, d, J = 8.0 Hz, H-5ʹ), and 6.44 (1H, d, J = 15.5 Hz, H-8ʹ); δC 169.2 (C-9ʹ), 148.9 (C-4ʹ), 146.8 (C-3ʹ), 142.9 (C-7ʹ), 128.4 (C-1ʹ), 122.3 (C-6ʹ), 118.2 (C-8ʹ), 116.6 (C-5ʹ), and 115.3 (C-2ʹ). Thus, The intensive analysis of the 1D and 2D NMR data of 2 including COSY, HMQC, and HMBC analyses led to the elucidation of the structure of 2 was determined to be N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan (2, caffeoyltryptophan).14

      N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (3) was obtained as a yellow powder. The 1H and 13C NMR spectra of 3 closely resembled those of 1, except for the additional signals of one methoxy group at δH/δC 3.60 (3H, s, -OCH3-10)/52.6. The HMBC correlation from OCH3-10 (δH 3.60) to C-10 (δC 174.0) indicated that the methoxy group was attached at C-10. The intensive analysis of the 1D and 2D NMR data of 3 including COSY, HMQC, and HMBC analyses led to the elucidation of the structure of 3 as N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (3).15 Similar like that, the structure of compound 4 [N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester] was similar to that of 2 except for the additional methoxy group at C-10.15

      The anti-AD potential of the isolated tryptophan-derived alkaloids (1-4) was evaluated by their inhibition of AChE and BChE using ACh and BCh as substrates, respectively, and the results are expressed as IC50 values (Table 1). As a result, compounds 3 and 4 showed moderate BChE inhibition with IC50 values of 86.9 and 78.4 μM, respectively, compared to those of the positive control [berberine (IC50 = 11.5 μM)]. However, all four compounds (1-4) did not show significant inhibition of AChE enzyme. Similar structure-activity relationships were observed in the BChE assay for compounds 1-4. The structures of compounds 3 and 4 were significantly different from compounds 1 and 2 in the ester group (R2OOC) at position 10 (Fig. 1). Compounds 3 and 4 showed BChE inhibition while compounds 1 and 2 did not. This observation suggested that the presence of the ester group (R2OOC) was needed for the BChE inhibition of the tryptophan-derived alkaloids 1-4.

      
        Table 1. 
				
        

        
          Cholinesterase inhibitory activities of the tryptophan-derived alkaloids 1-4 isolated from H. rhombea fruit
        
        

      

      
        
          
            	Compounds
            	AChEa
            	BChEa
          

          
            	IC50 (μM ± SEM)
            	IC50 (μM ± SEM)
          

        
        
          	
            1
          
          	> 100
          	> 100
        

        
          	
            2
          
          	> 100
          	> 100
        

        
          	
            3
          
          	> 100
          	86.91 ± 1.70
        

        
          	
            4
          
          	> 100
          	78.47 ± 1.86
        

        
          	Berberinea
          	0.60 ± 0.01
          	11.50 ± 0.37
        

      

      
        
          aPositive control.
        

      

      

      In the previous reports, some plant extracts or compounds showed potent and selective inhibitory activity of BChE.1,5 AChE inhibition currently is the most used therapeutic treatment for the symptoms of AD.5 However, not only AChE participates in the cholinergic regulation of the central nervous system in humans, but also BChE, which can hydrolyze Ach. In severe AD, levels of AChE and choline acetyltransferase are decreased by as much as 90% compared with normal, while the level of BChE increases.16 This fact has suggested that BChE may be a new approach to affecting the progression of AD.17 Based on our study as well as the previously reported anti-AD activity of tryptophan-derived alkaloids,3,11 the synthesis of novel tryptophan-derived alkaloids with dual inhibitory effects on AChE and BChE is an attractive and necessary research direction.

      In conclusion, four tryptophan-derived alkaloids including N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan (1), N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan (2), N-[4′-hydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (3), and N-[3′,4′-dihydroxy-(E)-cinnamoyl]-L-tryptophan methyl ester (4) were isolation from H. rhombea fruit. Their anti-AD potential was investigated via inhibiting of AChE and BChE. Compounds 3 and 4 showed moderate BChE inhibition, while all these tryptophan-derived alkaloids did not show significant inhibition of AChE enzyme. To the best of our knowledge, this is the first investigation of the AChE and BChE inhibitory activities of tryptophan-derived alkaloids isolated from H. rhombea fruit.
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