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The influence of plant growth regulators (PGR) on the essential oil composition and in vitro development of A. alba shoot cultures was studied. Two types of 
oils were determined, based on their terpenoid content.  Close relations between the morphogenetic effects of PGR and the essential oil profile of the species 
were observed. Predominance of root over shoot development was connected with a drop in the amounts of sesquiterpenoids and the direction of biosynthesis 
towards oxygenated monoterpenoids in the PGR-free control medium, as well in those with 1.0 mg L-1 indole-3-butyric acid (IBA) supplementation. On the 
contrary, lack of root formation and stimulated callusogenesis caused by the addition of 0.2 mg L-1 6-benzyladenine (BA), irrespectively of the presence of 
IBA (either 0.5 mg L-1 or 1.0 mg L-1), resulted in the strong prevalence of sesquiterpenoids in the oils. These results are indicative that the morphological 
development of A. alba shoot cultures affects the terpenoid biosynthetic pathway bringing out the hypothesis for a possible root to shoot signaling.   
 
Keywords:  Artemisia alba, Shoot cultures, Essential oil profile, Irregular monoterpenoids, Plant growth regulators, Morphological characteristics. 

 
 
 
The aerial parts of Artemisia alba Turra have been traditionally 
utilized as a stomach digestive and tonic in the form of a decoction 
[1a]. Essential oil of the species has been shown to possess strong 
spasmolytic and antimicrobial activities [1b,c]. The literature survey 
revealed a great variability in the essential oil composition [2a-c].  
In vitro culture is a controlled model system, suitable to study the 
biosynthesis of target secondary metabolites independently of 
environmental factors. However, to the best of the authors’ 
knowledge, there is only scarce information on tissue culture of A. 
alba so far. Available data concern comparison of the essential oils 
obtained from ex vitro and in situ samples of A. alba [1b]. In this 
work we report the occurrence of two types of essential oils 
differing in the monoterpenoids/sesquiterpenoids ratios, determined 
by the morphogenetic effect of plant growth regulators (PGR) in 
shoot cultures of A. alba. Five media variants were compared: 
GAIP_0 (PGR-lacking control), GAIP_1 (0.5 mg L-1 IBA-
supplemented), GAIP_2 (1.0 mg L-1 IBA), GAIP_3 (0.2 mg L-1 BA 
+ 0.5 mg L-1 IBA) and GAIP_4 (0.2 mg L1 BA + 1.0 mg L-1 IBA). 
 
Effect of IBA and BA on essential oil composition of A. alba 
shoots: Five essential oils obtained from A. alba shoots were 
analyzed by GC and GC/MS. Comparison of the oil composition 
was based on up to 34 components (Table 1) in concentrations 
exceeding 0.5% in at least one of the samples, comprising: 85.9% in 
GAIP_0; 85.1% in GAIP_1; 84.4% in GAIP_2; 84.7% in GAIP_3 
and 79.2% in GAIP_4 media. Oxygenated monoterpenoids (MO) 
dominated over sesquiterpenoids (S) in the control (GAIP_0) and in 
media lacking cytokinin supplementation (GAIP_1 and GAIP_2). 
Significant levels of irregular monoterpenoids (IMO) were found in 
the control and in plants with high (1.0 mg L-1) IBA 
supplementation (GAIP_2) (Table 1). The addition of 0.2 mg L-1 
BA to the culture medium (GAIP_3 and GAIP_4) resulted in a drop 
of MO, depletion of IMO and prevalence of sesquiterpenoids in the 
oils (Table 1). Thus, the results from the conducted experiments 
showed the occurrence of two essential oil types based on the 

presence of IMO and variation of the MO/(S + SO) ratio. The first 
oil type (isolated from GAIP_3 and GAIP_4) was characterized by a 
higher concentration of sesquiterpenoids (S+SO), of which 
germacrene D and bicyclogermacrene were dominant, while IMO 
were either only negligible (GAIP-4) or lacking (GAIP-3). The 
second oil type (GAIP_0 and GAIP_2) was characterized by an 
increase in oxygenated monoterpenes (MO), of which IMO were in 
a significant percentage (Table 1), and a low amount of germacrene 
D and bicyclogermacrene. It was interesting that similar to GAIP_0 

and GAIP_2, MO were also dominant in the essential oil of 
GAIP_1, but IMO were absent in the latter medium variant. 
Furthermore, S, especially the amounts of germacrene D and 
bicyclogermacrene, were significantly higher in GAIP_1, as in 
GAIP_3 and GAIP_4. So, the GAIP_1 essential oil exhibited 
features characteristic for both oil types described above.  
 
Morphogenetic effect of PGR: Supplementation with 0.5 mg L-1 
IBA led to only slight increase in primary shoot length in 
comparison with the control (Table 2). Increase of IBA 
concentration to 1.0 mg L-1 resulted in further rise in shoot number 
and compactness (IC). Addition of 0.2 mg L-1 BA led to the 
formation of a higher number of axillary shoots with compressed 
length (Table 2). The used PGR also stimulated secondary axillary 
shoots formation, which were absent in the control (Table 2). Their 
length and number were higher in the BA supplemented media, 
while their compactness was highest in the 1.0 mg L-1 IBA 
supplemented GAIP_2 (Table 2). Supplementation with IBA 
stimulated root formation in GAIP_1 and GAIP_2, as induced roots 
were characterized by higher number and thickness, but lower 
length in comparison with the control (Table 3). Increased IBA 
concentration also stimulated the formation of root branches, thus 
markedly enhancing the overall area of the root system. 
Furthermore, 1.0 mg L-1 IBA also stimulated aerial parts 
development, thus raising the shoot/root length when compared 
with GAIP_0 and GAIP_1 (Table 3). 
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Table 1: Essential oil composition of A. alba shoot cultures in the five media. 
 

RI Compounds Type GAIP_0 GAIP_1 GAIP_2 GAIP_3 GAIP_4 
984 β – Pinene  M - 0.8 0.5 0.5 0.4
1000 Yomogi alcohol IMO 28.8 - 9.1 - 0.7 
1037 1,8-Cineole MO 0.3 12.3 8.5 7.1 8.4 
1064 γ-Terpinene M - 0.4 0.3 0.4 0.4 
1071 cis-Sabinene hydrate MO 0.4 2.3 2.3 1.3 2.1 
1085 Artemisia alcohol IMO 11.5 - 4.7 - - 
1106 trans-Sabinene hydrate MO 0.6 1.8 1.6 1.1 1.4 
1129 cis-p-Menth-2-en-1-ol MO 0.2 0.7 0.4 0.2 0.5 
1133 Unidentified MO 0.6 - 0.5 - - 
1156 Camphor MO 1.8 18.3 12.5 14.1 15.4 
1169 cis-Chrysanthenol MO 0.9 1.2 0.4 0.5 0.7 
1171 Pinocarvone MO 1.1 1.8 0.7 1.1 1.2 
1173 Artemisyl acetate IMO 8.4 - 7.1 - - 
1174 Borneol MO 0.7 1.8 1.2 1.5 1.7 
1180 cis-Linalooloxide MO - 0.6 0.5 + 0.4 
1185 Terpinen-4-ol MO - 0.9 0.6 0.5 0.6 
1197 α-Terpineol MO 0.9 - 0.4 - - 
1287 Unidentified MO 1.1 - 0.7 - - 
1326 Unidentified MO 0.9 - 0.8 - - 
1349 δ-Elemene S 1.6 5.1 3.4 3.9 4.5 
1403 β-Elemene S 0.5 3.6 1.6 7.9 4.1 
1433 β-Caryophyllene S 0.4 0.7 0.6 1.1 0.9 
1460 trans-β-Farnesene S 2.8 + 1.1 2.6 1.2 
1492 Germacrene D S 11.4 24 15.9 30.2 26.2 
1505 Bicyclogermacrene S 0.9 2.2 1.5 2.6 2.4 
1532 δ-Cadinene S 0.4 0.3 0.3 0.5 0.5 
1560 Elemol SO 3.2 2.7 3.3 3 2.4 
1575 E-Nerolidol SO  - 0.4 0.2 1.8 0.7 
1621 Caryophyllene oxide SO 2.1 0.5 0.6 - + 
1636 epi-α-Cadinol SO 0.6 0.3 0.5 + + 
1688 Elemol acetate SO 1.6 - 0.6 - - 
1696 α-Bisabolol SO - 2.4 1.6 2.8 2.4 
1775 Unidentified SO 2.2 + 0.4 + + 
 Total  85.9 85.1 84.4 84.7 79.2 

M – monoterpene hydrocarbons; MO – oxygenated monoterpenes; IMO  irregular oxygenated 
monoterpenes; S – sesquiterpene hydrocarbons; SO – oxygenated sesquiterpenes. 
 
Table 2: Morphoregulatory effect of PGR supplementation to formation of aerial parts 
of A. alba. 

Medium 
Primary axillary shoots Secondary axillary shoots 
Number Length [cm] IC Number Length [cm] IC 

GAIP_0 3.9 ±0.3 3.4 ±0.2 4.1 ±0.3 - - - 
GAIP_1 4.1±0.2 4.4 ±0.3 3.8 ±0.2 3.4 ±0.5 0.6 ±0.1 6.5 ±0.5 
GAIP_2 5.1 ±0.5 3.9 ±0.5 4.6 ±0.3 3.3 ±0.4 0.6 ±0.1 8.4 ±0.7 
GAIP_3 10.6 ±0.9 2.8 ±0.2 4.8 ±0.2 8.8 ±0.8 1.04 ±0.2 7.4 ±0.5 
GAIP_4 6.7 ±0.1 3.2 ±0.1 4.5 ±0.1 8.8 ±0.4 0.98 ±0.1 7.5 ±0.3 

The values are represented as means ±SE. 
 

Root formation was suppressed in 0.2 mg L-1 BA containing media 
in spite of the exogenously supplied auxin, even at its high (1.0 mg 
L-1) concentration in GAIP_4. The results demonstrate a close 
relationship between the terpenoid profile of the oils and the 
morphological development modified by PGR in A. alba shoots. 
Extensive root development was shown to be connected to the 
prevalence of MO with significant quantities of IMO in the oils. On 
the other hand, inhibited rooting (with the formation of only callus 
in the shoot base) and stimulated aerial parts development led to 
depletion of IMO and raising of sesquiterpenoids levels in the 
samples. The obtained two types of essential oil in the present work 
correlate with the reported data [2c] for A. alba in situ. Noteworthy,  

 

Table 3: Morphoregulatory effect of PGR supplementation to root formation and 
root/shoot development in A. alba. 
 

Medium  
Primary roots Root branches 

Root/shoot 
ratios 

Number Length [cm] Number 
Length 
[cm] 

Number Length [cm] 

GAIP_0 5.9 ±0.3 8.3 ±0.5 6.2 ±2.1 1.3 ±0.6 0.7 ±0.1 0.5 ±0.0 
GAIP_1 9.6 ±0.8 5.1 ±0.3 4.7 ±2.0 1.4 ±0.5 0.7 ±0.1 0.9 ±0.1 
GAIP_2 17.7 ±1.9 2.9 ±0.3 7.5 ±2.0 0.5 ±0.1 0.6 ±0.1 1.6 ±0.2 

Root formation absent in media GAIP_3 and GAIP_4. The values are represented as means ±SE. 

 
in the present work, the two oil types were obtained under 
principally different conditions of modification of PGR 
supplementation in vitro. It could be expected that the decisive 
factors for terpenoid biosynthesis might be identical in these cases.   
 
Experimental 
 

In vitro culture of A. alba: Shoot cultures were initiated from 0.1% 
HgCl2 surface sterilized stem segments of the aerial parts of a field 
grown commercial cultivar of A. alba (SOM – 167 590) in culture 
medium containing the basic Murashige and Skoog (MS) [3] salts, 
Gamborg’s [4a] vitamin supplementation, 15 g L-1 sucrose, 6.5 g L-1 
agar and 0.5 mg L-1 benzyl adenine (BA). Multiple axillary shoots 
were induced and further maintained on MS salts and G5 vitamins 
PGR-free medium, supplemented with 30 g L-1 sucrose, at 25ºC and 
a 16/8 h photoperiod and a 45 days period of regular subculture. 
Five media variants were compared: the control medium (GAIP_0); 
0.5 mg L-1 IBA supplemented control (GAIP_1); 1.0 mg L-1 IBA 
supplemented control (GAIP_2); supplementation of 0.2 mg L-1 BA 
+ 0.5 mg L-1 IBA (GAIP_3) and 0.2 mg L-1 BA +  1.0 mg L-1 IBA 
(GAIP_4). At least 15 stem explants (with 3 nodes per explant) of 
in vitro cultured A. alba shoots were grown in each medium variant 
for 8 weeks under the conditions described above. Length [cm] and 
number of primary and secondary axillary shoots, as well as of roots 
and root branches were estimated for at least 15 separately growing 
plants. Index of compactness (IC) was calculated as the number of 
nodes per cm of shoot length.  
 

Essential oil preparation and GC and GC/MS analyses: The 
essential oil was prepared by micro steam distillation-extraction of 
the fresh shoots of the in vitro grown plants in a modified Lickens-
Nickerson apparatus for 2.5 h [4b] using diethyl ether as a solvent. 
GC analysis was performed under the experimental conditions 
reported earlier [5a]. The individual components were identified by 
their RI, referring to known compounds from the literature [5b,c], 
and also by co-comparison of their MS, with those of NIST 98, as 
well as home-made MS databases.  
 

Acknowledgments - The authors are thankful to 7 FP, Marie Curie 
Actions, People, International Research Staff Exchange Scheme, 
PIRSES-GA-2009-247548.

References 

[1] (a) Rigat M, Bonet MA, Garcia S, Garnatje T, Vallès J. (2007) Studies on pharmaceutical ethnobotany in the high river Ter valley (Pyrenees, 
Catalonia, Iberian Peninsula). Journal of Ethnopharmacology, 113, 267–277; (b) Ronse A, De Pooter HL. (1990) Essential oil production by Belgian 
Artemisia alba (Turra) before and after micropropagation. Journal of Essential Oil Research, 2, 237-242; (c) Stojanovic G, Palic R, Mitrovic J. 
(2000) Chemical composition and antimicrobial activity of the essential oil of Artemisia lobelii All. Journal of Essential Oil Research, 12, 621-624. 

[2] (a) Coassini LL, Maurich V, Mellerio G, Moneghini M, Poldini L. (1987) Variation in terpene composition of Artemisia alba in relation to 
environmental conditions. Biochemical Systematics and Ecology, 15, 327-333; (b) Perfumi M, Valentini G, Bellomaria B. (1999) Chemical 
constituents and spasmolytic activity in Guinea-pig ileum of essential oil of Artemisia alba from geographically and ecologically different 
localities. Journal of Essential Oil Research, 11, 223-228; (c) Radulović N, Blagojević P. (2010) Volatile profiles of Artemisia alba Turra from 
contrasting serpentine and calcareous habitats. Natural Product Communications, 5, 1117-1122. 

[3] Murashige T, Skoog F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiologia Plantarum, 15, 473-497. 
[4] (a) Gamborg OL, Miller RA, Ojima K. (1968) Nutrient requirements of suspension culture of soybean root cells. Experimental Cell Research, 50, 

151-158; (b) Sandra P, Bicchi C. (1987) Microtechniques in essential oil analysis. In Capillary Gas Chromatography in Essential Oil Analysis, 
Sandra P, Bicchi C. (Eds.). Huethig, New York, 85-122.  

[5] (a) Trendafilova A, Todorova M, Vitkova A. (2010) Essential oil composition of Achillea clusiana from Bulgaria. Natural Product 
Communications, 5, 129-132; (b) Adams RP. (2009) Identification of essential oil components by gas chromatography/mass spectrometry, 4th ed. 
Allured Busin. Med., Illinois; (c) Tkachev AV. (2008) Issledovanie letuchih veshtestv rastenij. Offset, Novosibirsk. 



 

 

Natural Product Communications Vol. 7 (8) 2012 
Published online (www.naturalproduct.us) 

 
 
Muscone Exerts Neuroprotection in an Experimental Model of Stroke via Inhibition of the Fas Pathway  
Gang Wei, Dong-Feng Chen, Xiao-Ping Lai, Dong-Hui Liu, Ru-Dong Deng, Jian-Hong Zhou, Sai-Xia Zhang, Yi-Wei Li, Hui Li and  
Qiong-Dan Zhang            1069 
 

Cytokinin and Auxin Effect on the Terpenoid Profile of the Essential Oil and Morphological Characteristics of Shoot Cultures of  
Artemisia alba  
Kalina Danova, Milka Todorova, Antoaneta Trendafilova and Ljuba Evstatieva      1075 

 

Variation in the Volatile Constituents of Different Plant Parts of Ligusticopsis wallichiana from Western Himalaya, India 
Rajendra C. Padalia, Ram S. Verma, Amit Chauhan, Chandan S. Chanotiya and Anju Yadav     1077 

 

Determination of Chemical Constituents of Leaf and Stem Essential Oils of Artemisia monosperma from Central Saudi Arabia 
Merajuddin Khan, Ahmad A. Mousa, Kodakandla V. Syamasundar and Hamad Z. Alkhathlan     1079 

 

Chemical Composition of the Essential Oils of Centaurea formanekii and C. orphanidea ssp. thessala, Growing Wild in Greece 
Mariem Ben Jemia, Carmen Formisano, Svetlana Bancheva, Maurizio Bruno and Felice Senatore     1083 

 

Phytochemical Profiles of Volatile Constituents from Centaurea ragusina Leaves and Flowers and their Antimicrobial Effects 
Olivera Politeo, Mirjana Skocibusic, Ivana Carev, Franko Burcul, Igor Jerkovic, Mladenka Sarolic and Mladen Milos   1087 
 

Chemical Composition and Antimicrobial Activity of Essential Oil of Different Parts of Seseli rigidum 
Mirjana Marčetić, Dragana Božić, Marina Milenković, Branislava Lakušić and Nada Kovačević     1091 
 

Chemical Composition, Olfactory Analysis and Antibacterial Activity of Thymus vulgaris Chemotypes Geraniol,  
4-Thujanol/Terpinen-4-ol, Thymol and Linalool Cultivated in Southern France 
Erich Schmidt, Jürgen Wanner, Martina Höferl, Leopold Jirovetz, Gerhard Buchbauer, Velizar Gochev, Tania Girova,  
Albena Stoyanova and Margit Geissler          1095 
 

Chemical Composition, Antimicrobial, Antioxidant and Cytotoxic Activity of Essential Oils of Plectranthus cylindraceus and  
Meriandra benghalensis from Yemen 
Nasser A. Awadh Ali, Martina Wurster, Annika Denkert, Norbert Arnold, Iman Fadail, Gamal Al-Didamony, Ulrike Lindequist,  
LudgerWessjohann and William N. Setzer          1099 

 

Electrophysiological Responses of the Naupactus bipes Beetle to Essential Oils from Piperaceae Species 
Clécio S. Ramos, Marisi G. Soares, Adalberto M. da Silva, Luciane G. Batista-Pereira, Arlene G. Corrêa and Massuo J. Kato  1103 
 

Inhibition of Essential Bacterial Peptidyl-tRNA Hydrolase Activity by Tropical Plant Extracts 
Hana McFeeters, Morgan J. Gilbert, Rachel M. Thompson, William N. Setzer, Luis R. Cruz-Vera, and Robert L. McFeeters  1107 

 
Review/Account  
 
Analytical Profiling of Bioactive Constituents from Herbal Products, using Metabolomics - A Review 
Nanjappan Satheeshkumar, Narayanan Nisha, Nirmal Sonali, Jayabalan Nirmal, Gaurav K. Jain, and Vudataneni Spandana   1111 
 



 

 

Natural Product Communications 
2012 

Volume 7, Number 8 
 

Contents 
 

Original Paper            Page 
 

Terpenoids from Cichorium intybus 
Chang-Xin Zhou, Li Zou, Zong-Zheng Zhao, Hong Zhu, Qiao-Jun He, Bo Yang and Li-She Gan     971 
 

(6R,9S)-6′′-(4′′-Hydroxybenzoyl)-Roseoside, a New Megastigmane Derivative from Ouratea polyantha and its Effect on  
Hepatic Glucose-6-phosphatase 
Jairo Bermúdez, María Rodríguez, Masahisa Hasegawa, Freddy González-Mujica, Sandra Duque and Yoichiro Ito   973 

 

The Cytotoxic Activity of Diterpenoids from Isodon species 
Ayumi Ohsaki, Masaaki Ozawa, Kanki Komiyama, Akio Kishida and Takahiko Isobe      977 

 

Anti-proliferative Activity and Apoptotic Potential of Britannin, a Sesquiterpene Lactone from Inula aucheriana 
Maryam Hamzeloo Moghadam, Homa Hajimehdipoor, Soodabeh Saeidnia, Azadeh Atoofi, Roxana Shahrestani, Roger W. Read and  
Mahmoud Mosaddegh           979 

 

Betulin as an Antitumor Agent Tested in vitro on A431, HeLa and MCF7, and as an Angiogenic Inhibitor in vivo in the CAM Assay 
Cristina Adriana Dehelean, Stefana Feflea, Judit Molnár, Istvan Zupko and Codruta Soica      981 

 

Constituents of Twig Bark of Pear Cultivars (Pyrus species) 
Hideyuki Tomosaka, Hideaki Tamimoto, Yuki Tsukagoshi, Yasutsugu Suzuki, Hisako Ooka and Michiya Ota    987 

 

Bio-assay Guided Isolation of α-Glucosidase Inhibitory Constituents from Eclipta alba  
Deepak Kumar, Raghuvir H. Gaonkar, Rina Ghosh and Bikas C. Pal       989 

 

Chromolithic Method Development, Validation and System Suitability Analysis of Ultra-Sound Assisted Extraction of  
Glycyrrhizic Acid and Glycyrrhetinic Acid from Glycyrrhiza glabra  
Suphla Gupta, Rajni Sharma, Pankaj Pandotra, Sundeep Jaglan and Ajai Prakash Gupta      991 

 

Furostanol Saponin and Diphenylpentendiol from the Roots of Asparagus racemosus  
Upendra Sharma, Neeraj Kumar and Bikram Singh         995 
 

Quinolizidine Alkaloids from Sophora velutina subsp. zimbabweensis (Fabaceae: Sophoreae) 
Erick Korir, Joyce J. Kiplimo, Neil R. Crouch, Nivan Moodley and Neil. A. Koorbanally      999 
 

Flavonoids from the Japanese Monotypic Genus, Nipponanthemum 
Ayumi Uehara and Tsukasa Iwashina          1005 
 

The Inhibitory Effects of Representative Chalcones Contained in Angelica keiskei on Melanin Biosynthesis in B16 Melanoma Cells 
Enos Tangke Arung, Shoko Furuta, Kazuhiro Sugamoto, Kuniyoshi Shimizu, Hiroya Ishikawa, Yoh-ichi Matsushita and Ryuichiro Kondo 1007 
 

Flavonoid Constituents of Pistacia integerrima 
Zia Ullah, Rashad Mehmood, Muhammad Imran, Abdul Malik and Rehana A. Afzal      1011 
 

Antioxidant and Anti-cholinesterase Activity of Globularia meridionalis Extracts and Isolated Constituents 
Rosa Tundis, Marco Bonesi, Federica Menichini, Monica R. Loizzo, Filomena Conforti, Giancarlo Statti, Filippo M. Pirisi and  
Francesco Menichini            1015 
 

Antioxidant Activities and Total Phenolic and Flavonoid Contents in Three Indigenous Medicinal Vegetables of North-east India 
Jyotirekha G. Handique, Manas Pratim Boruah and Dipika Kalita        1021 

 

In Vitro Antiviral Activity of Heterophyllaea pustulata Extracts 
Brenda S. Konigheim, Mauricio Beranek, Laura R. Comini, Javier J. Aguilar, Juliana Marioni, José L. Cabrera, Marta S. Contigiani and  
Susana C. Núñez Montoya           1025 

 

Re-investigation of the Anthraquinone Pool of Rhamnus spp.: Madagascin from the Fruits of Rhamnus cathartica and R. intermedia 
Francesco Epifano, Salvatore Genovese, Dario Kremer, Marco Randic, Giuseppe Carlucci and Marcello Locatelli   1029 

 

Two New Phloroglucinol Derivatives and Five Photosensitizing Pheophorbides from Syzygium polyanthum Leaves (Salam) 
Lee Wei Har, Khozirah Shaari, Lee Hong Boon, Fadzly A. Kamarulzaman and Intan S. Ismail     1033 
 

Production of Curcuminoids in Different in vitro Organs of Curcuma longa 
Laura Pistelli, Alessandra Bertoli, Federica Gelli, Laura Bedini, Barbara Ruffoni and Luisa Pistelli     1037 
 

Two New Alkylresorcinols from Homalomena wendlandii and Their Cytotoxic Activity 
Luis A. Sánchez, Dionisio Olmedo, José Luis López-Pérez, Todd D. Williams and Mahabir P. Gupta     1043 
 

Amides and an Alkaloid from Portulaca oleracea 
Tetsuo Kokubun, Geoffrey C. Kite, Nigel C. Veitch and Monique S. J. Simmonds      1047 
 

Synthesis and Biological Evaluation of Combretastatin A-4 and Three Combretastatin-Based Hybrids 
Miguel A. González, David Pérez-Guaita, Lee S. Agudelo-Goméz, Verónica Tangarife-Castaño, Bibiana Zapata and Liliana Betancur-Galvis 1051 
 

Two New p-Terphenyl Derivatives from the Marine Fungal Strain Aspergillus sp. AF119 
Shao-Song Liu, Bao-Bing Zhao, Chun-Hua Lu, Jing-Jing Huang and Yue-Mao Shen      1057 
 

Quantitative Analysis of Fructo-oligosaccharides in Gynura divaricata subsp. formosana by High Performance Anion Exchange 
Chromatography−Pulsed Amperometric Detection  
Shen-Chieh Chou and Shoei-Sheng Lee          1063 

 

Polyketide Metabolites from the Endophytic Fungus Microdiplodia sp. KS 75-1 
Yoshihito Shiono, Taiji Hatakeyama, Tetsuya Murayama and Takuya Koseki       1065 
 
 

Continued inside backcover 


