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Abstract:  Phytochemical studies on the leaves of the Philippine endemic Annonaceae plant, Goniothalamus 
gitingensis enabled the isolation and identification of four secondary metabolites corresponding to three 
styryllactones, isoaltholactone (1), altholactone (2) and goniopypyrone (3), and the alkaloid liriodenine (4). 
Structure identification was facilitated through various spectroscopic experiments such as NMR (1H, 13C, COSY, 
HSQC, HMBC and NOESY), LR-EIMS, X-ray and through comparison with literature values. Our study 
accounts the first report of all compounds in this plant species. The extracts together with the isolated 
compounds (1-4) were tested for antituberculosis activity using MABA and cytotoxic activity using the 
CellTiter-Blue1 assay. The majority of the samples tested indicated good inhibitory activity against 
Mycobacterium tuberculosis H37Rv (MIC up to 16 µg/mL). Liriodenine (4) showed the most excellent 
antimycobacterial activity (MIC=16 µg/mL) followed by 1 and the 5:4 mixture of 1 and 2. Their cytotoxicity 
against three human cancer cell lines, human umbilical vein endothelial cell line (HUVEC), human leukemia cell 
line (K-562) and HeLa cells were also assessed. The crude extract, alkaloid extract, petroleum ether sub-extract 
and EtOAc sub-extract showed moderate cytotoxicity against the cancer cell-lines. In addition, the results 
showed that compounds 1, 4 and the mixture of 1 and 2 exhibited highest cytotoxicity against HUVEC, K-562 
and HeLa cell lines with GI50 values up to 4 µg/mL (vs. HUVEC and/or K-562) and CC50 values up to 25.1 
µg/mL (vs. HeLa). 
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1. Plant Source 
 

The Annonaceous genus Goniothalamus Hook.f. & Thomas is comprised of about 160 species 
of shrubs and small to large trees. These species are widely distributed in lowland and tropical forests 
in Southeast Asia [1-3]. Only six species of Goniothalamus have been used as ethnomedicines in Asia. 
As part of our continuing efforts to investigate the bioactive compounds of Philippine endemic plants 
[4-12], we explored the leaves of Goniothalamus gitingensis Elmer for its antituberculosis and 
cytotoxic constituents. In this paper, the identification of three styryllactones (1-3) and an alkaloid (4), 
and their activity against Mycobacterium tuberculosis H37Rv and cancer cell lines are reported.  

The leaves of G. gitingensis were collected in Mt. Guiting-Guiting in the province of Sibuyan 
Islands, Romblon, Philippines in May 2011 and were identified by one of the authors (G. J. D. 
Alejandro). A voucher specimen (No. USTH11-013) was deposited at the UST Herbarium of the 
Research Center for the Natural and Applied Sciences (Manila, Philippines). 
 
2. Previous Studies 
 
 No previous phytochemical investigations have been reported for Goniothalamus gitingensis. 
 
3. Present Study 
 

The ground, air-dried leaves of G. gitingensis (2.1 kg) were extracted with MeOH-CH2Cl2 (1:1, 
16.5 L). The crude extract (Gs, 150.0 g) obtained after concentration in vacuo was subjected to 
conventional acid-base extraction to yield the alkaloid extract (GsA, 9.3 g). The non-alkaloid extract 
(EtOAc, 20.0 g) was further fractionated by solvent partitioning to yield three sub-extracts namely the 
petroleum ether sub-extract (GsPE, 2.4 g), EtOAc sub-extract (GsE, 10.1 g) and n-butanol sub-extract 
(GsB, 2.1 g). Chromatographic purification of extracts GsA and GsE yielded compounds 1-4 (Figure 
1). Detailed isolation procedures for compounds 1-4 are shown in the supplementary material. 
Structure characterization was aided by various spectroscopic experiments such as EIMS, 1H and 13C 
NMR. The structure elucidation and stereochemistry of 3 was also facilitated by X-ray experiments 
(see supporting data). Furthermore, their identity was verified through comparison with literature 
spectral data [13-16].  
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Figure 1. Secondary metabolites isolated from G. gitingensis. 
 

The compounds were spectroscopically identified as isoaltholactone (1), a mixture of 1 and its 
diastereomer altholactone (2), goniopypyrone (3) and liriodenine (4). All compounds are reported for 
the first time in this Goniothalamus species. While the presence of highly oxidized styrene derivatives 
has been indicated in previous studies, the report of oxoaphorphine alkaloids is less documented in the 
genus Goniothalamus [17]. Phytochemical literature survey indicates that this is the second reported 
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isolation of liriodenine (4) from this genus, which presence has been previously reported in G. amuyon 
[18].  

Microplate Alamar Blue assay (MABA): The method given in reference [19] was used for 
testing Mycobacterium tuberculosis H37Rv susceptibility. For reference purposes, the standard TB 
drugs rifampin (RMP), isoniazid (INH) and streptomycin (SM) were used as positive drug controls. 
The MIC was defined as the minimum concentration inhibiting fluorescence by 90% relative to 
bacteria-only controls. Results of the antitubercular assay are reflected in Table 1. 

CellTiter-Blue1 Assay. The method indicated in reference [20] was used for the determination 
of inhibition of cell proliferation specifically against leukemia (K-562), human umbilical vein 
endothelial cord (HUVEC) and HeLa cell lines. The GI50 and CC50 values were defined as the value at 
the intersection of the dose curve with the 50% line, compared to untreated control. For comparison, 
the standard anticancer drugs imatinib and doxorubicin were used as positive drug compounds.  

The crude extract (Gs) indicated moderately strong inhibitory activity against Mycobacterium 
tuberculosis H37Rv (MIC= 47 µg/mL) (Table 1). Among the sub-extracts, the petroleum ether (GsP) 
and EtOAc (GsE) sub-extracts showed strong antimycobacterial activity with MIC’s of 17 and 64 
µg/mL, respectively, along with the alkaloid extract showing appreciable inhibitory activity (MIC=128 
µg/mL). While strong activity was observed for the GsP sub-extract, further efforts to isolate the 
bioactive compounds were discontinued due to low extract yields. Interestingly, the styrylpyrone 
isoaltholactone (1) exhibited moderately strong antitubercular activity (MIC=32 µg/mL) while a 
synergy with its diastereomer, altholactone (2), resulted in depressed MIC value (128 µg/mL). 
Meanwhile, the oxoaphorphine alkaloid liriodenine (4) showed the most potent inhibitory activity 
against the TB organism (MIC=16 µg/mL). The pyranyl-annulated lactone goniopypyrone (3) did not 
exhibit antitubercular activity.  With reference to other tested antimicrobial drugs against M. tb H37Rv 
[19], sub-extract GsP and compound 4 show comparable inhibitory activity with fusidic acid (MIC=12 
µg/mL) and clarithromycin (MIC=10 µg/mL), and better inhibition compared to bacitracin (MIC=256 
µg/mL), piperacillin/tazobactam (MIC=18.5 µg/mL), ampicillin/sulbactam (MIC=128 µg/mL), 
cloxacillin (MIC=256 µg/mL), cepotaxime (MIC=192 µg/mL), cycloserine (MIC=28.1 µg/mL), 
lincomycin HCl (MIC=>256 µg/mL) and azithromycin (MIC=>128 µg/mL). With activity comparable 
to isoaltholactone (1), extracts GsE and GS have better antimycobacterial activity than bacitracin, 
piperacillin/tazobactam, ampicillin/sulbactam, cloxacillin, cepotaxime, cycloserine, lincomycin HCl 
and azithromycin. Moreover, goniopypyrone (3) and sub-extracts GsA and GsB showed comparable 
inhibitory effects with ampicillin/sulbactam, cepotaxime, and azithromycin. 

 
Table 1. MIC values of extracts, 1-4 and TB drug compounds in MABA 

Extract/Fraction MABA MIC ( µg/mL) vs. M. tb. H37Rv 

Gs 47 
GsA 128 
GsP 17 
GsE 64 
GsB >128 

1 32 
1&2 128 

3 >128 
4 16 

RMP 0.15 
INH 0.68 
SM 0.83 

  
As shown in Table 2, the extracts and compounds 1-4 were evaluated for their cytotoxicity against 
three human cancer cell lines, human leukemia cell line (K-562), human umbilical vein endothelial 
cell line (HUVEC) and HeLa cells. The results showed the petroleum ether sub-extract to be most 
cytotoxic followed by the crude extract (Gs) and EtOAc sub-extract while no activity was observed for 
the alkaloid extract (GsA) and n-butanol crude sub-extract (GsB). Against HUVEC cells, alkaloid 4 
(GI50=8.2 µg/mL) exhibited the most antiproliferative effect followed by compounds 1 (GI50=15.4 
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µg/mL) and the mixture of 1 and 2 (GI50=20.5 µg/mL). Against K-562 cells, isoaltholactone 1 
(GI50=4.3 µg/mL) exhibited the most antiproliferative activity followed by compounds 4 (GI50=6.1 
µg/mL) and the mixture of 1 and 2 (GI50=10.2 µg/mL). Cytotoxicity against HeLa cells revealed 
liriodenine 4 to be the most cytotoxic (CC50=24.8 µg/mL) followed by 1 (GI50=34.3 µg/mL) and the 
mixture of 1 and 2 (CC50=35.2 µg/mL).  
 
Table 2. Cytotoxicity of extracts, 1-4 and anti-cancer drug controls. 

 
Test Samples                                                                                                                 

Antiproliferative Effect Cytotoxicity 
HUVEC 

 GI50  [µg/mL] 
K-562  

GI50  [µg/mL] 
HeLa   

CC50  [µg/mL]  
GsD 38.7 (±0.7) 22.4 (±1.1) 36.1 (±0.1) 
GsP 22.1 (±0.7) 10.2 (±0.3) 38.0 (±0.2) 
GsE 44.7 (±2.0) 19.8 (±2.3) 37.8 (±1.7) 
GsB >50 >50 >50 
GsA >50 >50 >50 

1 15.4 (±0.8) 4.3 (±0.2) 34.3 (±2.4) 
1&2 20.5 (±0.8) 10.2 (±0.3) 35.2 (±1.4) 

3 >50 >50 >50 
4 8.2 (±0.3) 6.1 (±0.8) 24.8 (±1.8) 

imatinib 10.9 (±1.2) 0.1 (±6.7x10-3) 38.8 (±1.4) 
doxorubicin 0.1 1.0±0.6 2.0±0.8 

*Cytotoxicity runs per sample concentration were done in four replicate measurements. 
 

This study reported the antituberculosis and cytotoxic activities of G. gitingensis on the basis of 
its extracts and isolated constituents for the first time. The results of biological activities observed 
further indicate the phytomedicinal impact of this Philippine endemic medicinal plant as potential 
source of anti-TB and anti-cancer agents. 
 

References 

[1]  C. Wiart (2007). Goniothalamus species: a source of drugs for the treatment of cancers and bacterial 
infections? Evid. Complem. Altern. Med. 4, 299–311. 

[2]  R. M. K. Saunders (2002). The genus Goniothalamus (Annonaceae) in Sumatra, Bot. J. Linn. Soc. 139, 
225–254. 

[3]  R. M. K. Saunders and P. Chalermglin (2008). A synopsis of Goniothalamus species (Annonaceae) in 
Thailand, with descriptions of three new species. Bot. J. Linn. Soc. 156, 355–384. 

[4]  A. P. G. Macabeo, K. Krohn, D. Gehle, R. W. Read, J. J. Brophy, G. A. Cordell, S. G. Franzblau and G. 
A. Cordell (2005). Indole alkaloids from the leaves of Philippine Alstonia scholaris, Phytochemistry  
66,  1158-1162. 

[5]  A. P. G. Macabeo, L. T. Byrne, S. G. Franzblau and A. M. Aguinaldo (2006). 19E-Akummidine from 
the antimycobacterial alkaloid fraction from the leaves of Alstonia scholaris. ACGC Chem. Res. Comm. 
20, 11-13.  

[6]  K. S. Mandap, R. V. Marcelo, A. P. G. Macabeo, T. Yamauchi, F. Abe, S. G. Franzblau and A. M. 
Aguinaldo (2007). Antitubercular phenyldecanoids from the Philippine ginger (Zingiber officinale),   
ACGC Chem. Res. Comm. 21, 20-22. 

[7]   A. M. Aguinaldo, V. M. Dalangin-Mallari, A. P. G. Macabeo, L. T. Byrne, F. Abe, T. Yamauchi and S. 
G. Franzblau (2007). Quinoline alkaloids from Lunasia amara inhibit Mycobacterium tuberculosis 
H37Rv in vitro, Int. J. Antimicrob. Agents 29, 744-746. 

[8]      O. B. Villaflores, A. P. G. Macabeo, D. Gehle, K. Krohn, S. G. Franzblau and A. M. Aguinaldo (2010). 
Phytoconstituents from Alpinia purpurata and their in vitro inhibitory activity against Mycobacterium 
tuberculosis,    Pharmacog. Mag.  6, 339-344. 

[9]   A. P. G. Macabeo, W. S. Vidar, B. Wan, S. G. Franzblau, X. Chen, M. Decker, J. Heilmann, E. Galvez, 
A. M. Aguinaldo and G. A. Cordell (2011). Mycobacterium tuberculosis H37Rv and cholinesterase 
inhibitors from Voacanga globosa,  Eur. J. Med. Chem. 46, 3118-31223. 

[10]  A. P. G. Macabeo, M. C. Villafranca, A. M. Aguinaldo, K. Krohn and H. Hussain (2008). Clerosterols 
from Clerodendrum quadriloculare, Biochem. Syst. Ecol. 36, 659-660. 



Macabeo et al., Rec. Nat. Prod. (2013) 8:1 41-45  
 

 

45

[11]  A. P. G. Macabeo, J. A. Avila, G. J. D. Alejandro, S. G. Franzblau, S. F. Kouam, H. Hussain and K. 
Krohn (2012). Villarinol, a new alkenoyloxyalkenol derivative from the endemic Philippine Rubiaceae 
species Villaria odorata, Nat. Prod. Comm. 7, 779-780. 

[12] A. P. G. Macabeo, F. A. Tudla, K. Krohn and S. G. Franzblau (2012). Antitubercular activity of the 
semi-polar extractives of Uvaria rufa, Asian Pacific J. Trop. Med. 5, 777-780.  

[13] J. S. Yadav, G. Rajaiah and A. Krishnam Raju (2003). A concise and stereoselective synthesis of both 
enantiomers of altholactone and isoaltholactone, Tetrahedron Lett. 44, 5831–5833. 

[14]  P. Somfai (1994). An enantioselective total synthesis of (+)-altholactone from diethyl L-tartrate. 
Tetrahedron 50 (38), 11315-11320. 

[15] X. P. Fang, J. E. Anderson, C. J. Chang, P. E. Fanwick and J. L. McLaughlin (1990). Novel bioactive 
styryl-lactones: Goniofufurone, goniopypyrone, and 8-acetylgoniotriol from Goniothalamus giganteus 
(Annonaceae). X-Ray molecular structure of goniofufurone and of goniopypyrone, J. Chem. Soc. Perkin 
Trans. 1, 1655-1661. 

[16]  F. C. Ohiri, R. Verpoorte and A. B. Svendsen (1983). 1H NMR chemical shift values for aromatic 
protons in 2,3,9,10- and 2,3,10,11-tetrasubstituted tetrahydroprotoberberine alkaloids, Planta Med. 49, 
162–164. 

[17]  M. Leboeuf, A. Cave, P. K. Bhaumik, B. Mukherjee and R. Mukherjee (1982).The phytochemistry of 
the Annonaceae, Phytochemistry, 21(12), 2783-2813. 

[18]  R. Y. Kuo, F. R. Chang and Y. C. Wu (2002). Chemical constituents and their pharmacological 
activities from Formosan Annonaceous plants, Chin. Pharm. J. 54(3),155-173. 

[19] L. A. Collins and S. G. Franzblau (1997). Microplate Alamar Blue Assay versus BACTEC 460 System 
for high-throughput screening of compounds against Mycobacterium tuberculosis and Mycobacterium 
avium, Antimicrob. Agents Chemother. 41, 1004-1009. 

[20]  F. Krauth, H. M. Dahse, H. H. Rüttinger and P. Frohberg (2010). Synthesis and characterization of 
novel 1,2,4-triazine derivatives with antiproliferative activity,Bioorg. Med. Chem. 18(5), 1816-1821. 

 
 

 
© 2014 ACG Publications.  

 


