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Abstract:  Chemical investigation of the aerial part of Illigera aromatic S.Z. Huang & S.L. Mo has resulted in 

the isolation and characterization of one new aporphine alkaloid, illigerine B (1), along with three known 

analogues laurodionine B (2), N-formyl-laurolitsine (3) and illigerine A (4). Their structures were established by 

spectrometric means and physico-chemical properties. The in vitro cytotoxic activities of compound 1 against 

Hela, SMMC7721, and Bcap37 cell lines were evaluated. Compound 1 exhibited moderate cytotoxic activity 

against the three tumor cell types, with IC50 values of 12.40 ± 0.78, 32.61 ± 2.05, and 28.69 ± 1.80 μg/mL. This 

work shown that aporphine alkaloids might be useful as characteristic markers in chemotaxonomic research of 

the genus Illigera. 
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1. Introduction 

Aporphines derivatives are widely distributed in plants of the family Hernandiaceae. Many of 

these isolates exhibit diversified biological activities, including cytotoxic, vasorelaxing, anti-platelet 

aggregation, antioxidant, and antiplasmodial properties [1-7]. Illigera aromatica S. Z. Huang & S. L. 

Mo (Hernandiaceae) is a small liana distributed mainly in Guangxi and Yunnan provinces, P. R. 

China. The stems are used medicinally to treat coughs, rheumatic arthralgia, indigestion, and injuries 

from falls [8]. Previous chemical research on this plant led to the isolation of some aporphines and 

oxoaporphines [6, 7]. In this study, we reinvestigated the aerial part of the plant I. aromatica, which 

was collected in Nanning, Guangxi Province, P. R. China. One new compound aporphine alkaloid, 

illigerine B (1) (Figure 1), along with three known compounds laurodionine B (2), N-formyl-

laurolitsine (3) and illigerine A (4) were isolated from this species. The in vitro cytotoxic activities of 

the new compound against Hela, SMMC7721, and Bcap37 cell lines were also reported.  
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Figure 1. The chemical structures of compounds 1-4. 

 

2. Materials and Methods 

 
2.1. Plant Material  

 

The aerial part of the plant Illigera aromatica S.Z. Huang & S.L. Mo was collected on Oct. 2015 

in Nanning, Guangxi Province, P. R. China. A voucher specimen (IA-20151001) was identified by 

Prof. Bin Wu of Zhejiang University, and maintained in the School of Food Science and 

Biotechnology, Zhejiang Gongshang University, Hangzhou, P. R. China.  

 

2.2. General Experimental Procedures 

 

Melting point (uncorrected), BUCHI M565 instrument; IR spectrum (KBr), NicoletAvatar-360 FT-

IR spectrometer; 1D, 2D NMR, Bruker AVANCE DMX 500 NMR spectrometer (1H NMR (500 

MHz) and 13C NMR (125 MHz)  with TMS as internal standard, 25oC); HR-ESI-MS, Agilent 6210 

TOF-MS spectrometer equipped with an ESI source; ESI-MS, Thermo LCQ Fleet ion trap mass 

spectrometer. TLC was performed using Merck pre-coated plates (Si gel 60 F254) of 0.25 mm 

thickness. 

 

2.3. Extraction and Isolation 

 

     The shade-dried, powdered aerial part of the plant Illigera aromatica (25 kg) were extracted at 

room temperature three times with methanol (3 × 50 L). The extracts were evaporated in vacuo to 

afford a gummy residue (1200 g). This residue was partitioned in H2O and extracted with EtOAc (3 × 

10 L) and n-butanol (3 × 10 L), successively. The EtOAc extract (293 g) was adsorbed onto silica gel 

(300 g) and subjected to chromatography over silica gel (80 × 1000 mm, 100-200 mesh), eluting with 

petroleum ether (PE)/EtOAc gradient mixtures. Eleven main fractions (Fr. 1 ~ Fr. 11) were obtained 

by checking with TLC and combined. Small samples of the fractions were detected by Dragendorff's 

reagent, with gum obtained from the Fr. 7 and Fr. 8 showing positive reaction. Fr. 8 was subjected to 
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chromatography over silica gel (40 ×300 mm, 300 g, 200-300 mesh), eluting with CH2Cl2/MeOH 

gradient mixtures to afford 14 subfractions (S-Fr. 8-1 ~ S-Fr. 8-14). S-Fr. 8-14 was subjected to 

Sephadex LH-20 (20 × 1000 mm, Amersham) column and eluted with MeOH to yield 1 (4.7 mg). Fr. 

7 was further-separated on a silica gel column (45 × 600 mm, 200-300 mesh), eluted with PE-EtOAc 

(1:1) to give 3 sub-fractions (S-Fr. 7-1 ~  S-Fr. 7-3). S-Fr. 7-1 and S-Fr. 7-2 were re-purified to obtain 

compounds laurodionine B (2, 5.8 mg) and N-formyl-laurolitsine (3, 4.5 mg). S-Fr. 7-3 was re-

purified on silica gel column (25 × 500 mm, 200-300 mesh), eluted with PE-EtOAc (5:1-1:1) to give 

compound illigerine A (4, 1.8 mg). 

 

2.4. Spectroscopic Data  

 

Illigerine B (1): Yellowish-orange powder. MP: 246-250 °C. UV (MeOH): λmax (log є): 241 (4.38), 

285 (3.31), 312 (4.25) nm. IR (KBr): KBr

maxυ  3431, 3176, 2926, 1664, 1502, 1460, 1400, 1246, 1061, 

1039, 941, 852, 569 cm–1. 1H and 13C NMR (DMSO-d6): Table 1. ESI-MS: m/z  = 362 [M + Na]+, 338 

[M - H]-, 320 [M-H-H2O]- (MS2), 290 [M-H-H2O-CH2O]- (MS3), 260 [M-H-H2O-CH2O-CH2O]- (MS4), 

232 [M-H-H2O-CH2O-CH2O-CO]- (MS5). HR-ESI-MS: m/z [M + Na]+ calcd for C18H13NO6 + Na+, 

362.0635; found: 362.0627. Yield: 0.002 %.  

 
2.5. Cytotoxic Assay 

 

The in vitro bioactivity of compounds 1-4 against three tumor cell lines: human cervical 

carcinoma cells (Hela), human hepatic carcinoma cells (SMMC7721), and human breast cancer cells 

(Bcap37) were assayed by the MTT method, and cisplatin was used as a positive control (Table 2). 

The tumor cells were cultured at 37°C under a humidified atmosphere of 5% CO2 in RPMI-1640 

medium supplemented with 10% fetal calf serum, and dispersed in replicate 96-well plates (1×104 

cells/well) for 48 h. Compounds 1-4 (10-200 μM), or cisplatin (DDP positive control), were then 

added. After 72 h of exposure to the testing agents, the cell viability was determined by the MTT by 

recording the absorbance at λmax 570 nm with an ELISA reader. Each test was performed in triplicate 

(n = 3). The dose resulting in 50% inhibition of cell growth, IC50, was calculated by NDST software. 

The data were expressed as mean ± standard deviation (S.D.) [10, 11]. 

 

3.  Results and Discussion  

 
3.1. Structure Elucidation 

 
Compound 1 was obtained as a yellowish-orange powder and its molecular formula was deduced 

to be C18H13NO6 by HR-ESI-MS at m/z 362.0627 [M + Na]+ (calcd. for C18H13NO6 + Na+, 362.0635), 

with an unsaturation degree of thirteen. The IR absorption band at 3424, 3176, 1664, and 1400 cm-1 

suggested the presence of hydroxyl and amide groups. The UV spectrum showed absorption maxima 

at 241, 285 and 312 nm. The 1H, 13C NMR and HSQC spectra of 1 (Table 1) displayed the 

characteristic NMR features for an aporphine alkaloid bearing two benzene rings (δH 7.52 (s), 6.97 (s), 

and 6.85 (s); δC 143.5 (s), 115.3 (s), 147.8 (s), 107.7 (d), 129.0 (s), 126.0 (s), 128.7 (s), 109.5 (d), 

147.2 (s), 146.9 (s), 107.0 (d) and 124.0 (s)), two -OCH2O- units (δH 6.19 (s), 6.06 (s) corresponding 

to δC 101.7 (t); δH 6.05 (s), 6.04 (s) corresponding to δC 101.8 (t)), an amide group (δH 8.35 (s, NH); δC 

170.2 (s)), an methylene (δH 2.56 (dd, J = 14.15, 14.55 Hz), 3.04 (dd, J = 5.20, 14.55 Hz); δC 36.3 (t)), 

an methine (δH 4.50 (dd, J = 5.20, 14.15 Hz); δC 50.1 (d)), and an oxysubstituted methine (δH 4.61 (d, J 

= 5.90 Hz); δC 68.3 (d)). Thus, 1 was deduced to have an aporphine skeleton [7, 9], with two 

methylenedioxy and one hydroxyl substituent groups. The low resolution negative electrospray 

ionization tandem mass spectrometry spectra (S3-S7) of compound 1 showed m/z 338 [M-H]- and 

fragment ions at m/z 320 [M-H-H2O]- (MS2), 290 [M-H-H2O-CH2O]- (MS3), 260 [M-H-H2O-CH2O-

CH2O]- (MS4), 232 [M-H-H2O-CH2O-CH2O-CO]- (MS5), confirming these substituent groups.  

The HMBC spectrum of 1 showed correlations (Figure 2A) from H 4.61 (H-4) to δC 107.7 (C-3), 

129.0 (C-3a), 170.2 (C-5), and 126.0 (C-6a), from H 8.35 (NH) to δC 68.3 (C-4), 170.2 (C-5), 50.1 (C-

6), 126.0 (C-6a), and 36.3 (C-7), suggested the hydroxyl group was linked to C-4 and the amine unit at 
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C-5. The HMBC correlations from H 6.19, 6.06 to C 143.5 (C-1), 147.8 (C-2), from H 6.05, 6.04 to 

C 147.2 (C-9), 146.9 (C-10) determined that the two methylenedioxy groups link at C-1/C-2 and C-

8/C-9, respectively. Furthermore, in the NOESY experiment (Figure 2B), the NOE correlations 

between H-4 (H 4.61) and O-H (H 5.90), between H-6 (H 4.50) and NH (H 8.35) were observed, but 

no correlation was observed between H-4 and H-6 (α-configuration) [2, 4, 5], suggesting that H-4 was 

β-configuration and 4-OH was α-configuration. Therefore, the chemical structure of compound 1 is 

elucidated as shown in Figure 1, a new natural aporphine alkaloid and named illigerine B.  

Furthermore, the three known compounds were isolated and identified as laurodionine B (2), N-

formyl-laurolitsine (3) and illigerine A (4) [6] base on the NMR and MS data and corresponding with 

those from literatures. 

    

 

 
       A                                                        B 

Figure 2. The selective key HMBC (A) and NOESY (B) correlations of compound 1 

 

Table 1. NMR data of compound 1 (at 600 MHz in DMSO-d6,  in ppm, J in Hz) 

Position C (ppm)ab H (ppm)c HMBCd 

1 143.5 (C) - - 

1a 115.3 (C) - - 

2 147.8 (C) - - 

3 107.7 (CH) 6.85 (s) 2, 4, 6a 

3a 129.0 (C) - - 

4 68.3 (CH) 4.61 (d, J = 5.90) 3, 3a, 5, 6a 

5 170.2 (C) - - 

6 50.1 (CH) 4.50 (dd, J = 5.20, 14.15) 6a, 7 

6a 126.0 (C) - - 

7 36.3 (CH2) 
2.56 (dd, J = 14.15, 14.55) 

3.04 (dd, J = 5.20, 14.55) 
6, 6a, 7a, 8, 11a 

7a 128.7 (C) - - 

8 109.5 (CH) 6.97 (s) 7, 11a, 9, 10 

9 147.2 (C) - - 

10 146.9 (C) -  

11 107.0 (CH) 7.52 (s) 1a, 7a, 9, 10 

11a 124.0 (C) - - 

-OCH2O- 101.7 (CH2) 6.19 (s), 6.06 (s) 1, 2 

-OCH2O- 101.8 (CH2) 6.04 (s), 6.05 (s) 9, 10 

-NH - 8.35 (s) 4, 5, 6, 6a,7 

-OH - 5.90 (d, J = 5.90) 3a, 4, 5 
a Recorded at 125 MHz; b Multiplicities inferred from DEPT and HSQC experiments; 
c Recorded at 500 MHz; d Proton showing long range correlation with indicated carbons. 
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3.2. Cytotoxicity Activity 

 
Compound 1 exhibited moderate cytotoxic activity against the three tumor cell types, with IC50 

values of 12.40 ± 0.78, 32.61 ± 2.05, and 28.69 ± 1.80 μg/mL. Compounds 2 and 4 also shown 

moderate activity against these three tumor cell lines. Compound 3 had activity against Hela and 

SMMC7721 with IC50 values of 21.45 ± 1.56 and 18.31 ± 2.11 μg/mL, but no inhibit activity against 

Bcap37 (IC50 > 40 μg/mL). 

 
Table 2. Cytotoxic effects of compounds 1-4 against tumor cell lines (72h)         

Compound 
IC50  (μg/mL) ± SD 

Hela SMMC7721 Bcap37 

Illigerine B (1) 12.40 ± 0.78 32.61 ± 2.05 28.69 ± 1.80 

Laurodionine B (2) 11.77 ± 1.02 20.83 ± 1.80 32.89 ± 2.84 

N-formyl-laurolitsine (3) 21.45 ± 1.56 18.31 ± 2.11 > 40 

Illigerine A (4) 18.39 ± 2.06 15.62 ± 1.75 38.21 ± 4.27 

DDP (Positive control) 5.70 ± 0.37 6.40 ± 0.41 8.90 ± 0.57 

 

We reported the isolation, chemical structure characterization and cytotoxic activity of the new 

aporphine alkaloid, illigerine B (1). This work demonstrated that aporphine alkaloids are typical 

bioactive compounds of the genus Illigera, and might be useful as characteristic markers in 

chemotaxonomic research. 
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