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Abstract: In an effort to find potent inhibitors of the protein kinases DYRK1A and 

CDK1/Cyclin B, a systematic in vitro evaluation of 2,500 plant extracts from New 

Caledonia and French Guyana was performed. Some extracts were found to strongly 

inhibit the activity of these kinases. Four aristolactams and one lignan were purified from 

the ethyl acetate extracts of Oxandra asbeckii and Goniothalamus dumontetii, and eleven 

aporphine alkaloids were isolated from the alkaloid extracts of Siparuna pachyantha,  

S. decipiens, S. guianensis and S. poeppigii. Among these compounds, velutinam, aristolactam 

AIIIA and medioresinol showed submicromolar IC50 values on DYRK1A. 

Keywords: Oxandra asbeckii; Goniothalamus dumontetii; Siparuna spp.; aporphinoids 

and aristolactams; kinases inhibitors 
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1. Introduction 

Dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A) and cyclin-dependent 

kinases (CDKs) play an important role in the regulation of various cellular processes by 

phosphorylating serine, threonine and/or tyrosine residues [1]. However, they also can be involved in 

several human diseases such as cancer and neurodegenerative disorders [1–5]. DYRK1A is a protein 

kinase with diverse functions, and it is implicated in neuronal development and adult brain physiology. 

High levels of DYRK1A are associated with neurodegenerative diseases and are also believed to be 

involved in the neurobiological abnormalities observed in Down-Syndrome, such as mental retardation [5]. 

The cyclin-dependent kinases (CDKs) are implicated in viral infections, cancer and neurodegenerative 

pathologies (e.g., Alzheimer’s and Parkinson’s diseases) [6–8]. Cyclin-dependent kinases, which are 

composed of a catalytic subunit (such as CDK1) and a regulatory subunit (such as Cyclin B), play an 

important role in the regulation of cell cycle progression. For example, the CDK1/Cyclin B complex is 

known to govern the entry into M-phase [9,10]. For the discussed reasons, these two families of 

kinases have been extensively used as targets to identify new pharmacological inhibitors of potential 

therapeutic interest [11]. In this context, and in continuation of our screening program [12] of plant 

extracts from French Guiana and New Caledonia for the discovery of bioactive natural products, 2,500 

extracts (New Caledonian species) were screened against CDK1/Cyclin B, and 720 extracts (French 

Guiana species) were screened against DYRK1A. The EtOAc extract obtained from Goniothalamus 

dumontetii (R.M.K. Sauders and Munzinger) [13] was selected for its ability to significantly inhibit the 

activity of CDK1/Cyclin B, while the EtOAc and alkaloid extracts obtained from Oxandra asbeckii 

Pulle (R.E. Fries) and Siparuna pachyantha (A.C.Sm.), respectively, were selected for their ability to 

significantly inhibit the activity of DYRK1A. The selection was then extended to other species of the 

genus Siparuna: S. decipiens (A. DC.), S guianensis (Aubl.) and S. poeppigii (A. DC.). The present 

paper reports the isolation of 16 compounds, including four aristolactams 1–4, one lignan 5, and 11 

aporphines 6–16, as well as their ability to act as kinase inhibitors. 

2. Results and Discussion 

The chemical investigation of O. asbeckii afforded aristolactams AII (1) [14] and BII (2) [14,15] 

and velutinam (3) (Figure S1) [15,16]. Compounds 1 and 3, aristolactam AIIIA (4) [17] and  

(−)-medioresinol (5) (Figure S2 and S3) [18,19] were isolated from G. dumontetii. (+)-Corydine (6) [20], 

(−)-roemerine (7) [21,22] and liriodenine (8) (Figure S4) [23] were isolated from S. pachyantha.  

(+)-bulbocapnine (9) [24,25], (+)-N-methyllindcarpine (10) [26,27], (+)-actinodaphnine (11) [28], 

liriodenine (8) and (+)-11-methoxynornoelistine (12) (Figure S5) [29] were obtained from S. guianensis, 

and the chemical investigation of S. poeppigii alkaloid extract yielded lysicamine (13) [30],  

(−)-O-methylisopiline (14) [31], (+)-N-nornuciferine (15) [21,32] and liriodenine (8). Finally,  

(+)-boldine (16) [33,34] and (+)-N-nornuciferine (15) were purified from S. decipiens. All compounds 

were identified by comprehensive analysis of spectroscopic and spectrometric data and were compared 

with data reported in the literature (Figures S1–S5; Tables 1 and S1) [14–34]. 
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Table 1. Biological activities of the compounds isolated from the Annonaceae and 

Monimiaceae plant families. 

 

Compounds R0 R1 R2 R3 R4 R5 R6 R7 

DYRK1A 

(IC50 in μM) a 

CDK1/Cyclin B 

(IC50 in μM) a 

Aristolactams           

aristolactam AII (1) H OH OCH3 H H H H H >30 >30 

aristolactam BII (2) H OCH3 OCH3 H H H H H >30 >30 

velutinam (3) H OCH3 OCH3 H H H OH H 0.6 1.5 

aristolactam AIIIA (4) H OH OCH3 H OH H H H 0.08 0.2 

N-Methylaporphines           

(+)-corydine (6) H OCH3 OH OCH3 OCH3 H H CH3 >30 >30 

(−)-roemerine (7) H O-CH2-O H H H H CH3 15.0 >30 

(+)-bulbocapnine (9) H O-CH2-O OH OCH3 H H CH3 >30 >30 

(+)-N-methyllindcarpine (10) H OH OCH3 OH OCH3 H H CH3 >30 >30 

(+)-boldine (16) H OH OCH3 H OCH3 OH H CH3 >30 >30 

Aporphines           

(+)-actinodaphnine (11) H O-CH2-O H OCH3 OH H H >30 >30 

(+)-11-methoxynorneolistine (12) H O-CH2-O OCH3 O-CH2-O H H 2.5 >30 

(−)-O-methylisopiline (14) OCH3 OCH3 OCH3 H H H H H >30 >30 

(+)-N-nornuciferine (15) H OCH3 OCH3 H H H H H 4.2 >30 

Oxo-aporphines           

liriodenine (8) H O-CH2-O H H H H - 3.1 >30 

lysicamine (13) H OCH3 OCH3 H H H H - 2.4 >30 

Other           

(−)-medioresinol (5)         0.1 1.3 

6-bromoindirubin-3'-monoxime b         0.52 0.32 

a IC50 are mean values from triplicates (the variation is a maximum of 20%); b positive control; IC50 = 3 µg/mL on CDK1-CyclinB for  

G. dumontetii EtOAc extract, and IC50 = 3.6 and 1.0 μg/mL on DYRK1A for O. asbeckii EtOAc extract and S. pachyantha total alkaloid 

extract, respectively. 

Several aporphinoid alkaloids have been previously isolated from Siparuna spp. [35–38], but this is 

the first time that compounds 6, 7 and 10–16 were described in this genus. In addition, this is only the 

second time that 11-methoxynornoelistine (12) is isolated from Nature [29]. Aristolactams are often 

found in the species of the genus Aristolochia and Goniothalamus [39,40], but this is the first time that 

this type of alkaloid is isolated from an Oxandra species [16]. 

Compounds 1–16 were subjected to the CDK1/Cyclin B and DYRK1A kinase inhibition assays 

(Table 1). Velutinam (3), aristolactam AIIIA (4) and (−)-medioresinol (5) showed the strongest 
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inhibition of CDK1/cyclin B activity, with IC50 values of 1.5, 0.2 and 1.3 μM, respectively. The IC50 

values for inhibition of DYRK1A activity of 3, 4 and 5 were 0.6, 0.08 and 0.1 μM, respectively. In the 

aporphine series, (−)-roemerine (7), (+)-11-methoxynorneolistine (12), (+)-N-nornuciferine (15), 

liriodenine (8) and lysicamine (13) were able to moderately inhibit DYRK1A activity, with IC50 values 

of 15.0, 2.5, 4.2, 3.1 and 2.4 μM, respectively, but these compounds were unable to inhibit CDK1/Cyclin 

B activity at 30 µM. All other compounds, the aristolactams 1 and 2, the N-methylaporphines 6, 7, 9, 

10 and 16; and the aporphines 11 and 14, were found inactive at a concentration of 30 µM. 

Some very interesting observations can be summarised from these results. In the first series 

(compounds 1–4), it can be deduced that the presence of a hydroxy group at the C-6 (cf. 4 and 1) or  

C-8 (cf. 3 and 2) positions is critical for achieving inhibition of both CDK1/Cyclin B and DYRK1A 

activities. In contrast, the presence of a hydroxy group at the C-3 position (cf. 1 and 2) is not required 

to inhibit either kinase. Aristolactams, which possess a phenanthrene chromophore, constitute an 

important alkaloid family due to their potent biological effects [41,42], including anti-inflammatory, 

anti-platelet, anti-mycobacterial and neuroprotective effects [39]. In particular, aristolactam BII (2) 

exhibited potent cytotoxic activity against human cancer cells [43,44]. In our study, aristolactam AIIIA 

(4) was found to be the most potent compound of the series. This result confirms previous studies in 

which compound 4 strongly inhibited various kinases such as CDK2, CDK4, and Aurora 2 kinase, 

with IC50 values of 0.14, 1.42 and 2.14 μM, respectively [17,45]. 

Furthermore, aristolactam AIIIA (4) was identified as a new ligand targeting the polo-box domain 

of Polo-like kinase 1. Bioassays indicated that this natural product could inhibit cancer cell 

proliferation and induce mitotic arrest at G2/M phase with spindle abnormalities and promote 

apoptosis [46]. Hedge et al. [45] also demonstrated that some lactam derivatives of aristolochic acid 

were inhibitors of CDK2 activity and that the presence of hydroxy groups at the C-6 and/or C-8 

positions results in the enhanced ability to inhibit CDK. 

In the second series of compounds (6–15), only alkaloids 8, 12, 13 and 15 were shown to inhibit 

DYRK1A, but not CDK1/Cyclin B activity, with IC50 values in the micromolar range. From these 

results, it can be deduced that the presence of an N-methyl group is detrimental for the interaction with 

DYRK1A; with the exception of (−)-roemerine, which showed a weak inhibitory activity, all  

N-methylated alkaloids were inactive at 30 µM. Finally, the presence of a methoxy group at the C-3 

position (cf. 14 and 15) abolished DYRK1A inhibition. Liriodenine (8), lysicamine (13) and  

N-nornuciferine (15) are known to possess many biological activities, including anti-microbial,  

anti-leishmanicidal, and cytotoxic effects on various cancer cells lines [32,47,48]. In addition,  

Chang et al. [49] have shown that liriodenine (8) at a concentration of 20 μM induced apoptosis by 

inhibiting the kinase activity of the CDK1/Cyclin B complex, resulting in G2/M cell cycle arrest. More 

recently, Chen et al. showed that this compound also inhibited the growth of human colon cancer cells 

and induced G1/S cell cycle arrest [50]. 

In addition to aristolactams and aporphinoids, the lignan, (−)-medioresinol (5), was a strong 

inhibitor of both kinases. Lignans are known to be cytotoxic and can induce G2/M cell cycle arrest and 

apoptosis [18,51,52]. 
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3. Experimental 

3.1. General 

The NMR spectra were recorded with a Bruker 500 MHz (Avance 500) spectrometer with CDCl3 or 

DMSO-d6 as a solvent. ESIMS were obtained on a Navigator mass Thermoquest. HRESIMS were run 

on a MALDI-TOF spectrometer (Voyager-De STR; Perspective Biosystems). IR spectra were obtained 

on a Nicolet FTIR 205 spectrophotometer. The UV spectra were recorded on a Perkin-Elmer Lambda 

5 spectrophotometer. Specific rotations were obtained in CHCl3 with a JASCO P-1010 polarimeter. 

The fractionation was performed in a Harrisson Research® Chromatotron using a rotating disk at 

800 rpm. The Kromasil analytic and preparative C18 columns (250 × 4.6 mm and 250 × 21.2 mm, 5 μm 

Thermo, with solvent elution at 1 and 15 mL/min) and the SymmetryShield RP18 preparative column 

(150 × 19.0 mm, 5 μm Waters®, with solvent elution at 17 mL/min) were used for HPLC separation 

using a Waters autopurification system equipped with a binary pump (Waters 2525), a UV-vis diode 

array detector (190–600 nm, Waters 2996) and a Polymer Laboratory PL-ELS 1000 ELS detector. 

Silica gel 60 (35–70 μm) and analytical and preparative TLC plates (Si gel 60 F 254) were purchased 

from SDS (Peypin, France). All other chemicals and solvents were of analytical grade and purchased 

from SDS. 

3.2. Plant Material 

Bark of O. asbeckii was collected in 2007 by one of us (V.E.) in the dense forest of French Guiana 

(under the reference CAY-VE-128). The herbarium specimen was deposited at the IRD Center 

(Cayenne French Guiana) under the reference CAY-VE-110. Bark of G. dumontetii was collected in 

2006 by one of us (V.D.) in New Caledonia, under the reference DUM-0558 [13]. Leaves of  

S. pachyantha, S. decipiens, S. guianensis, and S. poeppigii, were collected in 2005 in the dense forest 

of French Guiana. The herbarium specimens were deposited at the IRD Center (Cayenne French 

Guiana) under the references CAY: SD-4410, MP-1997, MFP-4517 and MP-1991. 

3.3. Extraction and Isolation Procedures 

Barks of O. asbeckii (2.0 Kg) and G. dumontetii (650 g) were dried in dry room for a week at 20% 

humidity. The samples were then crushed. Bark of O. asbeckii was extracted by maceration in EtOAc 

(3 × 2 L) at room temperature to yield 19.3 g. The bark of G. dumontetii was extracted using the 

Dionex ASE 300 automatic extractor with EtOAc (3 × 100 mL) at 40 °C and 100 bar. The combined 

extracts were concentrated in vacuo at 35 °C to yield 11.7 g. 

Leaves of S. pachyantha (3.1 Kg), S. decipiens (2.1 Kg), S. guianensis (6.5 Kg) and S. poeppigii 

(1.5 Kg), were dried in a dry room for a week at 20% humidity. The samples were then crushed. The 

dried and powdered plants materials were soaked separately in an alkaline solution of 25% NH4OH 

and subjected to ethyl acetate extraction (1.5 L) for 12 h before filtration. The resulting alkaline 

extracts were then partitioned three times with 2% H2SO4 (250 mL). The aqueous layers were made 

alkaline (pH 10) with 25% NH4OH and partitioned with CHCl3 (1.5 L, at room temperature, 30 min) 

The chloroformic extracts were then washed three times with distilled water (250 mL) and dried with 
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sodium sulphate. The resulting solutions were evaporated to dryness to yield total alkaloids of S. 

pachyantha (1.6 g), S. decipiens (3.3 g), S. guianensis (12.5 g) and S. poeppigii (3.3 g). 

The EtOAc extract of G. dumontetii (1.3 g) was subjected to flash chromatography using a gradient 

of CH2Cl2/MeOH (100:0 to 50:50) as the eluent and a flux rate of 20 mL/min. Twelve fractions were 

obtained. Fractions 2 and 3 were shown to inhibit CDK1 with IC50 values of 0.24 and 0.70 μg/mL. 

Fraction 2 (202.1 mg) was purified by preparative HPLC using a Kromasil column with an isocratic 

mobile phase (MeCN/H2O 30:70) to yield compounds 4 (6.8 mg, w/w 0.0094%) and 5 (3.3 mg, w/w 

0.0045%). Fraction 3 was purified twice. First, 120 mg was subjected to a Kromasil C-18 column with 

isocratic MeCN/H2O (35:65 + 0.1% formic acid) for 30 min followed by 100% MeCN + 0.1% formic 

acid for 10 min to yield compound 3 (3.5 mg, w/w 0.0048%). Then, 185 mg was separated on a Symmetry 

Shield RP18 column with isocratic MeCN/H2O (35:65 + 0.1% formic acid) for 25 min followed by 

100% MeCN + 0.1% formic acid for 10 min to generate compound 2 (21.2 mg, w/w 0.0293%). 

The EtOAc extract of the O. asbeckii bark (14.1 g) was subjected to flash chromatography using  

n-heptane/CH2Cl2 (100:0 to 0:100) followed by elution with CH2Cl2/MeOH (100:0–50:50) at a flux rate 

of 20 mL/min. Twenty fractions were obtained. Fractions 16 and 17 were shown to inhibit DYRK1A 

activity with IC50 values of 2.0 and 1.3 μg/mL. Fraction 16 was fractionated by flash chromatography 

using n-heptane/CH2Cl2 (100:0 to 0:100) followed by elution with CH2Cl2/MeOH (100:0–50:50) at a 

flux rate of 20 mL/min to give 25 fractions. The active fraction obtained was purified by TLC by using 

CH2Cl2/MeOH (97:3) as the eluent to give compound 2 (3.0 mg, w/w 0.0002%). Fraction 17 was 

purified twice. First, 1.2 g was fractionated by flash chromatography using petrol ether/CH2Cl2  

(100:0 to 0:100) followed by CH2Cl2/MeOH (100:0–50:50). Then, 30.4 mg of the active fraction was 

separated on a Kromasil C-18 preparative column with isocratic MeCN/H2O 35:65 + 0.1% formic acid 

for 30 min to give compounds 1 (1.7 mg, w/w 0.00012%) and 3 (1.0 mg, w/w 0.00007%). 

The total alkaloid extracts of Siparuna spp. were fractionated on silica using centrifuge 

chromatography (ChromatotronTM, Harrison Research). A solvent gradient from 100% CHCl3 to 

CHCl3/MeOH (90/10) was used as the first fractionation step. Alkaloids were isolated by preparative 

TLC using diverse mixtures (EtOAc/cyclohexane 50:50, CHCl3/MeOH 30:70 and CHCl3/MeOH 95:5 

+ NH4). (+)-Corydine (6) (3.0 mg, w/w 0.00009%), (−)-roemerine (7) (2.5 mg, w/w 0.00008%)  

and liriodenine (8) (5.4 mg, 0.00017%) were isolated from S. pachyantha. From S. guianensis,  

(+)-bulbocapnine (9) (5.7 mg, w/w 0.00027%), (+)-N-methyllindcarpine (10) (3.5 mg, w/w 0.00016%), 

(+)-actinodaphnine (11) (15.2 mg, w/w 0.00072%), liriodenine (8) (20.8 mg, 0.00098%) and (+)-11-

methoxynornoelistine (13) (3.2 mg, w/w 0.00015%) were isolated. Lysicamine (13) (8.0 mg, w/w 

0.00012%), (−)-O-methylisopiline (14) (22.0 mg, w/w 0.00033%), (+)-N-nornuciferine (15) (11.3 mg, 

w/w 0.00017%) and liriodenine (8) (1.4 mg, w/w 0.00002%) were purified from S. poeppigii, and  

N-nornuciferine (15) (11.1 mg, w/w 0.00069%) and (+)-boldine (16) (5.6 mg, w/w 0.00035%) were 

purified from S. decipiens. The compounds were identified by spectroscopic analysis and compared to 

data reported in the literature (see supplementary material) [14–34]. 

3.4. Preparation and Assay of Protein Kinases 

Kinase activities were assayed in buffer A or C (unless otherwise stated), at 30 °C, at a final ATP 

concentration of 15 µM. Values were background subtracted, and activities were calculated as pmoles 
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of phosphate incorporated during a 10 min incubation. The activities are usually expressed as % of the 

maximal activity, that is, in the absence of inhibitors. Controls were performed with appropriate 

dilutions of DMSO. 

DYRK1A (rat, recombinant, expressed in E. coli as a GST fusion protein) was purified by affinity 

chromatography on glutathione-agarose and assayed as described [53]. 

CDK1/Cyclin B was extracted in homogenisation buffer from M phase starfish (Marthasterias 

glacialis) oocytes and purified by affinity chromatography on p9CKShs1-Sepharose beads, from which it 

was eluted with free p9CKShs1 as previously described [53]. The kinase activity was assayed in buffer C, 

with 1 mg of histone H1/mL, in the presence of 15 µM -33P-ATP (3000 Ci/mmol; 1 mCi/mL) in a 

final volume of 30 µL. After a 10 min incubation at 30 °C, 25 µL aliquots of supernatant were spotted 

onto P81 phosphocellulose paper and treated as described above. 

4. Conclusions 

The search for inhibitors of DYRK1A and CDK1 led us to identify some active plants extracts.  

Afterward, the chemical investigations of O. asbeckii and G. dumontetii afforded a series of 

aristolactams of which the aristolactam AIIIA (4) was the strongest inhibitor of both CDK1/Cyclin B 

and DYRK1A activities. Eleven aporphinoid alkaloids were isolated from various Siparuna species, 

most of them for the first time in this genus. Liriodenine (8), 11-methoxynorneolistine (12), lysicamine 

(13) and N-nornuciferine (15) were moderate inhibitors of DYRK1A activity, but at a concentration of 

30 µM, they did not inhibit CDK1/Cyclin B activity. 

Supplementary Materials 

Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/18/3/3018/s1. 

Acknowledgments 

The authors are very grateful to North and South provinces of New Caledonia who facilitated our 

field investigation. We express our thanks to J. Munzinger of the Botany Plant Ecology Department, 

IRD (Institut de Recherche pour le Développement) Nouméa and to the late M.-F. Prévot, French 

Guiana Herbarium, IRD Guyane, for their assistance in identifying the plants. We also thank  

C. Moretti of “Centre Polynésien de Recherche et de Biodiversité Insulaire”, UMR7138 Systématique, 

adaptation, evolution, IRD Papeete, French Polynesia and V. Bultel MNHN, Paris, French, for their 

participation in this work. This work has also benefited from an “Investissement d’Avenir” grant 

managed by Agence Nationale de la Recherche (CEBA, ref. ANR-10-LABX-0025). This research was 

also supported by grants from the “Fonds Unique Interministériel” (FUI) PHARMASEA Project (L.M.). 

References and Notes 

1. Hunter, T. Protein kinases and phosphatases: The yin and yang of protein phosphorylation and 

signaling. Cell 1995, 80, 225–236. 

2. Ferrer, I.; Barrachina, M.; Puig, B.; Martinez de Lagran, M.; Marti, E.; Avila, J.; Dierssen, M. 

Constitutive Dyrk1A is abnormally expressed in Alzheimer disease, Down syndrome, Pick 

disease, and related transgenic models. Neurobiol. Dis. 2005, 20, 392–400. 



Molecules 2013, 18 3025 

 

 

3. Becker, W.; Sippl, W. Activation, Regulation and Inhibition of DYRK1A. FEBS J. 2011, 278, 

246–256. 

4. Wegiel, J.; Gong, C.-X.; Hwang, Y-W. The role of DYRK1A in neurodegenerative diseases. 

FEBS J. 2011, 278, 236–245. 

5. Harper, J.W.; Adams, P.D. Cyclin-dependent kinases. Chem. Rev. 2001, 101, 2511–2526. 

6. Knockaert, M.; Greengard, P.; Meijer, L. Pharmacological inhibitors of cyclin-dependent kinases. 

Trends Pharmacol. Sci. 2002, 23, 417–425. 

7. Shapiro, G.I. Cyclin-Dependent Kinase Pathways as Targets for Cancer Treatment. J. Clin. Oncol. 

2006, 24, 1770–1783. 

8. Malumbres, M.; Barbacid, M. Mammalian cyclin-dependent kinases. Trends Biochem. Sci. 2005, 

30, 630–641. 

9. Kamb, A. Cyclin-dependent kinase inhibitors and human cancer. Curr. Top. Microbiol. Immunol. 

1998, 227, 139–148. 

10. Pines, J. Cyclins and cyclin-dependent kinases: Take your partners. Trends Biochem. Sci. 1993, 

18, 195–197. 

11. Savage, M.J.; Gingrich, D.E. Advances in the development of kinase inhibitor therapeutics for 

Alzheimer’s disease. Drug Dev. Res. 2009, 70, 125–144. 

12. Apel, C.; Dumontet, V.; Lozach, O.; Meijer, L.; Guéritte, F.; Litaudon, M. Phenanthrene 

derivatives from Appendicula reflexa as new CDK1/cyclin B inhibitors Phytochem. Lett. 2012, 5, 

814–818. 

13. The species G. dumontetii, which was the first representative of the genus Goniothalamus in New 

Caledonia was discovered in October 1997 by one of us (M.L.) in the “Special Reserve of Nodela 

Flora” (South Province), and was named in 2007 by R.M.K. Sauders and Munzinger (Bot. J. Linn. 

Soc. 2007, 155, 497–503), following the chemical and biological studies carried out. 

14. Crohare, R.; Priestap, H.A.; Farina, M.; Cedola, M.; Ruveda, E.A. Aristololactams of Aristolochia 

argentina. Phytochemistry 1974, 13, 1957–1962. 

15. Wang, E.-C.; Shih, M.-H.; Liu, M.-C.; Chen, M.-T.; Lee, G.-H. Studies on constituents of 

Saururus chinensis. Heterocycle 1996, 43, 969–976. 

16. Omar, S.; Chee, C.L.; Ahmad, F.; Ni, J.X.; Jaber, H.; Huang, J.; Nakatsu, T. Phenanthrene 

lactams from Goniothalamus velutinus. Phytochemistry 1992, 31, 4395–4397. 

17. Hedge, V.R.; Borges, S.; Patel, M.; Das, P.R.; Wu, B.; Gullo, V.P.; Chan, T.-Z. New potential 

antitumor compounds from the plant Aristolochia manshuriensis as inhibitors of the CDK2 

enzyme. Bioorg. Med. Chem. 2010, 20, 1344–1346. 

18. Li, N.; Wu, J.-L.; Hasegawa, T.; Sakai, J.-I.; Bai, L.-M.; Wang, L.-Y.; Kakuta, S.; Furuya, Y.; 

Ogura, H.; Kataoka, T.; et al. Bioactive lignans from Peperomia duclouxii. J. Nat. Prod. 2007, 70, 

544–548. 

19. Xiong, L.; Zhu, C.; Li, Y.; Tian, Y.; Lin, S.; Yuan, S.; Hu, J.; Hou, Q.; Chen, N.; Yang, Y.; Shi, J. 

Lignans and Neolignans from Sinocalamus affinis and Their Absolute Configurations. J. Nat. Prod. 

2011, 74, 1188–1200. 

20. Ferreira, M.L.R.; de Pascoli, I.C.; Nascimento, I.R.; Lopes, L.M.X.; Zukerman-Schpector, J. 

Aporphine and bisaporphine alkaloids from Aristolochia lagesiana var. intermedia. Phytochemistry 

2010, 71, 469–478. 



Molecules 2013, 18 3026 

 

 

21. Guinaudeau, H.; Leboeuf, M.; Debray, M.; Cave, A.; Paris, R.R. Alkaloids of Colubrina 

faralaotra ssp. faralaotra Planta Med. 1975, 27, 304–316. 

22. Bhakuni, D.S.; Tewari, S.; Dhar, M.M. Aporphine alkaloids of annona squamosa. Phytochemistry 

1972, 11, 1819–1822. 

23. Simas, N.K.; Ferrari, S.F.; Pereira, S.N.; Leitao, G.G. Chemicalecological characteristics of 

herbivory of Siparuna guianensis seeds by buffy-headed marmosets (Callithrix flaviceps) in the 

Atlantic forest of southeastern Brazil. J. Chem. Ecol. 2001, 27, 93–108. 

24. Chen, K.-S.; Wu, Y.-C.; Teng, C.-M.; Ko, F.-N.; Wu, T.-S. Bioactive alkaloids from Illigera 

luzonensis. J. Nat. Prod. 1997, 60, 645–647. 

25. Denisenko, O.N.; Israilov, I.A.; Chelombitko, V.A.; Yunusov, M.S. Alkaloids of Corydalis 

marschalliana. Chem. Nat. Compd. 1993, 29, 690–691. 

26. Kamenati, T.; Sugahara, T.; Fukumoto, K. Studies on total photolytic synthesis of alkaloids—III: 

The products of photo-pschorr reaction—Total synthesis of isocorydine. Tetrahedron 1971, 27, 

5367–5374. 

27. Johns, S.R.; Lamberton, J.A. Alkaloids of Phoebe clemensii Allen (family Lauraceae). Aust. J. Chem. 

1967, 20, 1277–1281. 

28. Stévigny, C.; Block, S.; Pauw-Gillet, M.C.; de Hoffmann, E.; de Llabres, G.; Adjakidje, V.; 

Quetin-Leclercq, J. Cytotoxic aporphine alkaloids from Cassytha filiformis. Planta Med. 2002, 

68, 1042–1044. 

29. Buchanan, M.S.; Carroll, A.R.; Pass, D.; Quinn, R.J. Aporphine Alkaloids from the Chinese Tree 

Neolitsea aurata var. paraciculata. Nat. Prod. Com. 2007, 2, 255–259. 

30. Orito, K.; Uchiito, S.; Satoh, Y.; Tatsuzawa, T.; Harada, R.; Tokuda, M. Aryl Radical 

Cyclizations of 1-(2'-Bromobenzyl)isoquinolines with AIBN-Bu3SnH: Formation of Aporphines 

and Indolo[2,1-a]isoquinolines. Org. Lett. 2000, 2, 307–310. 

31. Hocquemiller, R.; Rasamizafy, S.; Cavé, A.; Moretti, C. Alcaloïdes des Annonacees XXXVII: 

Alcaloïdes du Guatteria scandens. J. Nat. Prod. 1983, 46, 335–341. 

32. Montenegro, H.; Gutierrrez, M.; Romero, L.I.; Ortega-Barria, E.; Capson, T.L.; Cubilla Rios, L. 

Aporphine alkaloids from Guatteria spp. with leishmanicidal activity. Planta Med. 2003, 69,  

677–679. 

33. Gunawardana, Y.A.; Geewanda, P.; Huck-Meng, L.; Bick, I.; Ralph, C. Alkaloids of Hedycarya 

angustifolia. Heterocycles 1987, 26, 447–456. 

34. Sobarzo-Sanchez, E.; Cassels, B.K.; Saitz-Barria, C.; Jullian, C. Oxazine- and oxazole-fused 

derivatives of the alkaloid boldine and their complete structural and spectral assignments by 

HMQC and HMBC experiments. Magn. Reson. Chem. 2001, 39, 361–368. 

35. Braz-F, R.; Gabriel, S.J.; Gomes, C.M.R.; Gottlieb, O.R.; Bichara, M.D.G.A.; Maia J.G.S. 

Oxoaporphine alkaloids from Fusea longifolia and Siparuna guianensis. Phytochemistry 1976, 

15, 1187–1188. 

36. Guinaudeau, H.; Leboeuf, M.; Cavé, A. Aporphine Alkaloids. II. .J. Nat. Prod. 1979, 42, 325–360. 

37. Guinaudeau, H.; Leboeuf, M.; Cavé, A. Aporphinoid Alkaloids, III. J. Nat. Prod. 1983, 46, 761–835. 

38. Guinaudeau, H.; Leboeuf, M.; Cavé, A. Aporphinoid alkaloids. J. Nat. Prod. 1994, 57, 1033–1135. 

39. Castedo, L.; Tojo, G. Phenantrene Alkaloids. In The Alkaloid; Brossi, A., Ed.; Academic:  

New York, NY, USA, 1990; Volume 39, pp. 99–138. 



Molecules 2013, 18 3027 

 

 

40. Chen, Z.-L.; Zhu, D.-Y. Aristolochia Alkaloids. In The Alkaloids: Chemistry and Pharmacology; 

Brossi, A., Ed.; New York, NY, USA, 1987; Volume 31, pp. 29–65. 

41. Kumar, V.; Poonam, P.A.K.; Parmar, V.S. Naturally occurring aristolactams, aristolochic acids 

and dioxoaporphines and their biological activities. Nat. Prod. Rep. 2003, 20, 565–583. 

42. Bentley, K.W. β-Phenylethylamines and the isoquinoline alkaloids. Nat. Prod. Rep. 2006, 23, 

444–463. 

43. Zhang, Y.-N.; Zhong, X.-G.; Zheng, Z.-P.; Hu, X.-D.; Zuo, J.-P.; Hu, L.-H. Discovery and 

synthesis of new immunosuppressive alkaloids from the stem of Fissistigma oldhamii (Hemsl.) Merr. 

Bioorg. Med. Chem. 2007, 15, 988–996. 

44. Choi, Y.L.; Kim, J.K.; Choi, S.-U.; Min, Y.-K.; Bae, M.-A.; Kim, B.T.; Heo, J.-N. Synthesis of 

aristolactam analogues and evaluation of their antitumor activity. Bioorg. Med. Chem. Lett. 2009, 

19, 3036–3040. 

45. Hedge, V.R.; Borges, S.; Pu, H.; Patel, M.; Gullo, V.P.; Wu, B.; Kirchmeier, P.; William, M.J.; 

Madison, V.; Fischmann, T.; Chan, T.-Z. Semi-synthetic aristolactams—inhibitors of CDK2 

enzyme. Bioorg. Med. Chem. Lett. 2010, 20, 1384–1387. 

46. Li, L.; Wang, X.; Chen, J.; Ding, H.; Zhang, Y.; Hu, T.-C. Hu, L.-H.; Jiang, H.-L.; Shen, X. The 

natural product Aristolactam AIIIa as a new ligand targeting the polo-box domain of polo-like 

kinase 1 potently inhibits cancer cell proliferation. Acta Pharm. Sin. 2009, 30, 1443–1453. 

47. Swaffar, D.S.; Holley, C.J.; Fitch, R.W.; Elkin, K.R.; Zhang, C.; Sturgill, J.P.; Menachery, M.D. 

Phytochemical investigation and in vitro cytotoxic evaluation of alkaloids from Abuta rufescens. 

Planta Med. 2012, 78, 230–232. 

48. Costa, E.V.; Pinheiro, M.L.B.; Barison, A.; Maia, B.H.L.N.S.; Campos, F.R.; Salvador, M.J.; 

Cabral, E.C.; Eberlin, M.N. Alkaloids from the bark of Guatteria hispida and their evaluation as 

antioxidant and antimicrobial agents. J. Nat. Prod. 2010, 73, 1180–1183. 

49. Chang, H.-C.; Chang, F.-R.; Wu, Y.-C.; Lai, Y.-H. Anti-cancer effect of liriodenine on human 

lung cancer cells. Kaohsiung J. Med. Sci. 2004, 20, 365–371. 

50. Chen, C.-Y.; Chen, S.-Y.; Chen, C.-H. Liriodenine induces G1/S cell cycle arrest in human colon 

cancer cells via nitric oxide- and p53-mediated pathway. Process Biochem. 2012, 47, 1460–1468. 

51. Kim, K.H.; Moon, E.; Choi, S.U.; Kim, S.Y.; Lee, K.R. Biological evaluation of phenolic 

constituents from the trunk of Berberis koreana. Bioorg. Med. Chem. Lett. 2011, 21, 2270–2273. 

52. Li, F.; Awale, S.; Tezuka, Y.; Kadota, S. Cytotoxic constituents from Brazilian red propolis and 

their structure-activity relationship. Bioorg. Med. Chem. 2008, 16, 5434–5440. 

53. Beauchard, A.; Ferandin, Y.; Frère, S.; Lozach, O.; Blairvacq, M.; Meijer, L.; Thiéry, V.; Besson, T. 

Synthesis of novel 5-substituted indirubins as potential inhibitor of protein kinases. Bioorg. Med. 

Chem. 2006, 14, 6434–6443. 

Sample Availability: Samples of the compounds 1–15 are available from the authors. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


