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Essential oils extracted from leaves of Aloysia polystachya and A. citriodora (Verbenaceae) and from leaves and fruits of 
Schinus molle var. areira (Anacardiaceae) were tested for their repellent and toxic activities against adults of Rhizopertha 
dominica (Coleoptera: Bostrichidae). Topical application and filter paper assays were employed for contact toxicity studies; 
filter paper impregnation was also used for fumigant and repellent assays. In topical tests A. polystachya was as effective as S. 
molle leaves. In the case of repellent assays, A. citriodora was the most effective oil based on the class scale. A.polystachya 
was the most toxic plant on contact toxicity by filter paper assay (LC50 26.6 mg/cm2). Fumigant toxicity was only evaluated 
with fruits and leaves of S. molle, and no significant differences were found between them. Published data are included to 
compare the fumigant toxicity of S. molle with that of A. citridora and A. polystachya. 
 
Keywords:  Aloysia polystachya, Aloysia citriodora, Schinus molle, lesser grain borer, fumigant toxicity, contact toxicity, 
repellency. 
 
 
 
Chemical control has been used for a long time 
against stored grain pests, but this has had serious 
drawbacks. The indiscriminate use of chemical 
pesticides has given rise to many serious problems, 
including genetic resistance of pest species, toxic 
residues, increasing costs of application, and 
environmental pollution [1a]. There is an urgent need 
for safe but effective, biodegradable pesticides. 
Higher plants may provide new sources of natural 
pesticides, safe to apply, easily processed, potentially 
less expensive and of broad spectrum [1b]. 
 
The genus Aloysia includes approximately 200 
species of herbs, shrubs and small trees [1c]. They 
are distributed throughout South and Central America 
and tropical Africa. Most are traditionally used as 
gastrointestinal and respiratory remedies, and as 
insect control agents [2a-2e]. A. polystachya is a 
shrub with aromatic leaves, native of Argentina.  The 
infusions have tonic, carminative and digestive 
properties, indicated for stomach aches and slow 

digestion [2a]. A. citriodora is a shrub used as an 
analgesic, anti-inflammatory, sedative, diuretic and 
antispasmodic. It is distributed in North Carolina, 
California, Central and South America, Spain, India 
and China [1c]. Schinus molle, an evergreen tree, 
native in tropical and sub-tropical America, is 
cultivated as an ornamental and for its antipyretic, 
anti-inflamatory and diuretic properties [3a].   
 
The lesser grain borer, R. dominica, is arguably the 
most important insect pest of stored grains 
worldwide, causing large economic looses [3b]. This 
pest has displaced Sitophilus oryzae in wheat, due to 
the fact that it is able to develop in drier 
environments. 
 
The present study is part of a research program on 
bioactive compounds and their use as insect control 
agents. Here we report the composition of the 
essential oils of A. polystachya, A. citriodora and     
S. molle; the contact toxicity and repellence of the 
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Table 1: Major identified constituents of A. polystachya, A. citriodora 
and S. molle essential oils and their relative proportions in the oils. 

 
leaf essential oils of  A. polystachya and A. citrio-
dora; of the leaf and fruit oils of S. molle against R. 
dominica; and the fumigant toxicity of S. molle. 
 
Gas chromatography-mass spectrometry revealed that 
the essential oil from leaves of A. polystachya contain 
mainly monoterpenoids as limonene (16.5%) and 
carvone (83.5%). A. citriodora is characterized by the 
presence of citronellal (51.3%) and sabinene (22.9%) 
as the major components; and the fruit and leaf oils 
of S. molle contain limonene and α-phellandrene, but 
in different concentrations (Table 1). 
 

In contact toxicity bioassays, the essential oils from  
leaves of S. molle and A. polystachya showed the 
highest effect against adults of R. dominica, with 
LD50 values of 0.88 and 0.61 mg cm-2, respectively 
(Table 2). Similar data were obtained earlier with the 
essential oil of Curcuma longa against R. dominica 
[4a], and with the major components of the essential 
oils of Ocimum kilimandscharicum and O. kenyense 
against the lesser grain borer [4b].  
 

Table 3 shows the average repellency values for each 
of the tested oils. The essential oil of A. citriodora   
at 120 and 314 μg/cm2 showed the highest repellent 
activity against R. dominica, based on class scale.  
On the other hand, the essential oils from fruits and 
leaves of S. molle significantly differed (p < 0.05)    
in their repellent effect at hours two and four        
after treatment, respectively.  We found a moderate  

Table 2: Contact toxicity of A. polystachya, A. citriodora and S. molle 
essential oils determined by topical application to R. dominica. 

Numbers in the same column followed by the same letters do not differ 
significantly. 
LD50: Lethal Dose 50 (mg/cm2); LD95: Lethal Dose 95 (mg/cm2); CI 95%: 
Confidence Interval of 95%; SE: Standard error. EO: essential oils, PP: 
plant part used. (1) A. polystachya (2) A.citriodora (3) S. molle. 
 
Table 3: Average repellency of A. polystachya, A. citriodora and S. molle 
essential oils to adults of R. dominica. 
 

Average repellency rate (PR)1 
Plant C Hours after treatment MR RC 
  1 2 3 4 5   

 90 33a 33a 40a 47a 20a 34,6  II 
A. polystachya 120 33a 40a 60a 27a 73a 46,6  III 
 314 33a 13a 53a 40a 53a 38,4  II 
 90 80a 50a 40a 50a 20a 48  III 
A. citriodora 120 87a 80a 70a 70a 53a 72  IV 
 314 80a 80a 80a 80a 80a 80  IV 
 90 53a 60a 53a 67 b 40a 54,6  III 
S. molle (l) 120 67a 40a 47a 13a 27a 38,8  II 
 314 60a -20a -27a 0a 20a 6,6  I 
 90 53a 60a 53a 67 b 40a 54,6  III 
S. molle (f) 120 67a 40a  47a 13a 27a 38,8  II 

 314 60a -20a -27a 0a 20a 6,6  I 
Numbers in the same column of each plant followed by the same letters 
do not differ significantly in ANOVA test. 
1 PR%: [(Nc-Nt)/(Nc+Nt)] x 100 
C: concentration  (μg/cm2); RC: repellency class; MR: Mean repellence. 
 
repellent effect for A. polystachya and S. molle      
(PR ≤ 60); something similar was found with           
A. polystachya against S. oryzae [5], and with S. 
molle against T. confusum [3a]. A. polystachya 
showed the highest toxicity against R. dominica in 
impregnated filter paper contact bioassays (Table 4).  
 

Essential oils from fruits and leaves of S. molle had 
fumigant toxicity adequate to kill 50% of the insects 
at concentrations between 0.6 and 0.8 mg/cm2. Based 
on LC50 values, there were no significant differences 
between them. However, the essential oils of A. 
polystachya and A. citriodora significantly differed 
from those of S. molle [6a] (Table 5). More studies 
must be undertaken to elucidate the differences 
found. These results are in agreement with those 
obtained with essential oils of Ocimum basilicus, 
Carum carvii and Coriandrum sativum against adults 
of R. dominica [6b], and using the essential oil of     
S. molle against Nezara viridula [6c].  On the basis of 
our bioassay results it can be concluded that: (1) the 
essential oils of A.polystachya, A. citriodora and      
S. molle had insecticidal and repellent effects against 
R. dominica; (2) these essential oils were toxic by 
penetrating the insect body through the spiracles and 

A. citriodora A. polystachya 
Constituents corr.% Constituents  corr.% 
Citronellal 51.3 Carvone 83.5 
Sabinene 22.9 Limonene 16.5 
α-Curcumene 9.6   
Limonene 7.4   
Caryophyllene 2.4   
α-Pinene 2.3   
γ-Cedrene 2.3   
p-Cymene 1.8   

S. molle 

Leaves Fruits 
Constituents corr.% Constituents  corr.% 
Limonene 15.7 Limonene 40.3 
α-Phellandrene 13.8 α-Phellandrene 24.5 
Elemol 9.0 β- Myrcene 16.3 
β- Cubebene 7.3 1-Terpinen-4-ol 3.3 
Camphene 5.3 α-Pinene 3.0 
δ-Cadinene 5.3 β-Phellandrene 2.4 
γ-Eudesmol 3.6 Caryophyllene 1.6 
α-Pinene 3.6 3-Carene 1.3 
β-Eudesmol 2.8 Methyl octanoate 1.3 
β- Pinene 2.1 Camphene 1.2 
β-Myrcene 1.7 β-Pinene 0.6 
Sabinene 1.5 2-Carene 0.5 
Caryophyllene 1.4 α-Humulene 0.2 
Triciclene 0.8 Copaene 0.1 
Bornyl acetate 0.8   

EO PP LD50 95% CI LD95  95% CI Slope
± SE 

X2 

(1)  leaves 0.61 
a 

(0.02-1.6) 78.7 (25.2-
4893) 

0.7±0.
2 

6.2 

(2) leaves 3.57 
b 

(2.2-4.2) 7.1 (5.9-
11.9) 

5.4±1.
5 

0.06 

(3) leaves 0.88 
a 

(0.1-1.6) 36.1 (12.2-
2342) 

1.02±0
.3 

0.9 

 fruits 8.88 
c 

(5.3-14.4) 115 (39.1-
37472) 

1.4±0.
5 

0.3 
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Table 4: Contact toxicity to R. dominica of A. polystachya, A. citriodora 
and S. molle essential oils, determined by impregnated filter paper assay.  

Numbers in the same column followed by the same letters do not differ 
significantly. 
LD50: Lethal Concentration 50 (mg/cm2) ; LD95: Lethal Concentration 95 
(mg/cm2); CI 95%: Confidence Interval of 95%; SE: Standard error. EO: 
essential oils, MP: material plant. (1) A. polystachya (2) A.citriodora (3) 
S. molle. 
 
Table 5: Fumigant toxicity to adults of R. dominica of A. polystachya, A. 
citriodora and S. molle essential oils.* 

Numbers in the same column followed by the same letters do not differ 
significantly. 
LC50: Lethal Concentration 50 (mg/cm2); LC95: Lethal Concentration 95 
(mg/cm2); CI 95%: Confidence Interval of 95%; SE: Standard error.  
EO: essential oil, MP: material plant. (1) A. polystachya (2) A.citriodora 
(3) S. molle. 
*data published in the Boletín Latinoamericano y del Caribe de Plantas 
Medicinales y Aromáticas. 
 
the integument; (3) of the plant species tested, A. 
polystachya showed the highest toxicity against R. 
dominica. 
 
Experimental 
 

Insects: R. dominica (F.), an insecticide normal-
susceptible strain, was maintained in glass flasks at 
28±1°C and 70–80% r.h. in the dark, and reared on 
whole wheat. Adults of both sexes and 3- 4 days old, 
were used in toxicity and repellent assays.  
 
Plant material: Aloysia polystachya (Griseb.) 
Moldenke was collected during the summer period at 
Lamarque city (39º 24' lat. 65º 42' long.), Río Negro 
Province, Argentina (Herbarium Voucher Number, 
BBB MGM 452). A. citriodora Palau was collected 
in Bahía Blanca (38º 44' lat. 62º 16' long.), Buenos 
Aires province, Argentina (Herbarium Voucher 
Number, BBB MGM 480), and leaves and fruits of 
Schinus molle L. var. areira (L.) DC. were collected 
in Bahía Blanca (38º 44' lat. 62º 16' long.), Buenos 
Aires province, Argentina (Herbarium Voucher 
Number, BBB CV 10444). Essential oils were 
extracted from fresh samples using a Clevenger-type 
apparatus by hydro-distillation for 4 h.  Essential oils 

were dried over anhydrous sodium sulfate and stored 
in the dark at 4ºC in nitrogen. Plant oil yields were 
0.54% (w/w) for A. polystachya, 0.22% (w/w) and 
0.42% (w/w) for leaves and fruits of S. molle, 
respectively, and 0.34% (w/w) for A. citriodora.  
 
Essential oils: Chemical composition of the essential 
oils was determined by gas chromatography-mass 
spectrometry (GC-MS). GC analysis was performed 
with a Hewlett-Packard 5890 Series II gas 
chromatograph, equipped with a HP-5972 (EI-70eV) 
mass selective detector and capillary column HP-
5MS (25 m × 0.25 mm i.d., 0.25 μm film thickness). 
The temperature of the injection block was 250°C. 
The GC oven temperature was held at 50ºC for          
2 min, programmed at 5ºC min−1 to 200ºC and then 
held at this temperature for 10 min. The FID detector 
temperature was set at 300°C. Helium was used as 
carrier gas with a flow rate of 1 mL min−1. Aliquots 
of the essential oils were dissolved in diethyl ether 
for the analysis. Oil components were identified by 
comparison of their retention indices (Kovats 
Indices) with those of known compounds and also by 
comparison of their mass spectra with those stored in 
the MS data base (NBS75K.LMS DATA).  
 
Bioassay: The repellency test was conduced 
according to [7a]. Papers (Whatman No 1, diameter 9 
cm) were divided into two halves. One was 
impregnated with 0.5 mL of either the essential oil in 
n-hexane (treated) or n-hexane (control). The 
concentrations evaluated were 90, 120 and 314 
μg/cm2. Paper disks were air dried for 1 h and then 
placed inside a glass Petri dish (diameter 9 cm). In 
different replicates, the orientation of the Petri dish 
was changed to avoid the effects of any external 
directional stimulus affecting the distribution of the 
insects. Ten adult insects were released in the middle 
of each filter paper disk and then covered with a 
plastic tape with some holes to prevent the insects 
from escaping. Five independent replicates were set 
up. All the experiment was performed at 28±1°C and 
70–80% r.h., in the dark. The number of insects on 
each half of the paper was counted at hourly intervals 
for 5 h. The percentage of repellency (PR) was 
calculated using the formula of [7a], PR= [(Nc-
Nt)/(Nc+Nt)] x 100, where Nc is the number of insects 
found on the control zone and Nt is the number of 
insects found on the treated zone. Positive values 
expressed repellency and negative values attractancy.  
Data (PR) were analyzed using ANOVA and DMS. 
The average values were then categorized according 
to the following scale [7b]: 
 

EO MP LC50 95% CI LC95  95% CI Slope± 
SE 

X2 

(1)  leaves 26.5
a 

(24.1-
28.8) 

43.8 (38.7-
54.09) 

7.55±1.
1 

0.7 

(2) leaves 216b  (181-
249) 

447 (369-
620) 

5.2±0.8 4.7 

(3) leaves 41.2 
c 

(16.18-
68.65) 

888 (309.9-
36961) 

1.23±0.
36 

0.7 

 fruits 236.
4 d 

(191-
275) 

464 (386-
639) 

5.61±1.
02 

0.7 

EO MP LC50  95% CI LC95  95% CI Slope ± 
SE 

(1) leaves 0.2a (0.2-0.3) 1,6 (0.8-
31.1) 

2.15± 0.6 

(2) leaves 0,2a (0.1-0.2) 1.3 (0.6-
30.1) 

2.11±0.7 

(3) leaves 0.6b (0.4-1.3) 8.3 (2.7-
744) 

1.48±0.4 

 fruits 0.8b (0.5-4.6) 4.1 (1.5-
1535) 

2.34±0.8 
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class Repellency rate (%)  Repellency rate (%) 
0 
I 
II 

>0.01 to <0.1 
 0.1 to 20 
20.1 to 40 

III 
IV 
V 

40.1 to 60 
60.1 to 80 

  80.1 to 100 

 
The contact activity of the essential oils of A. 
polystachya, A. citriodora and S. molle against adults 
of R. dominica were determined in an impregnated- 
paper assay and by topical application. To determine 
toxicity using the filter paper assay, aliquots of       
0.7 mL of the essential oils were applied to filter 
papers (Whatman Nº 1.9 cm diameter).  The solvent 
(n-hexane) was allowed to evaporate for 10 mins. 
Each filter paper was then placed inside a glass Petri 
dish with 10 adults per concentration. The insects 
were covered with a plastic tape with some holes to 
prevent them from escaping and kept at 29ºC, 70% 
r.h and in darkness. Five independent replicates per 
concentration and control treatments were performed. 
Mortality was recorded after 24, 48 and 72 h. For 
topical application, aliquots of 0.2 µL per insect were 
applied ventrally to the thorax of adults using a micro 
applicator. Controls were determined using n-hexane. 
Ten  insects  were  used  for  each  concentration  and 

control. Five independent replicates were conducted. 
Both treated and control insects were then transferred 
to glass vials (10 insects per vial) and kept in 
incubators at 29 ± 1ºC, 70% r. h. and in darkness 
Mortality was observed after 24 h.  Probit analysis 
was used to estimate LD50 and LD95 values by Micro 
Probit 3.0. To determine the fumigant toxicity of 
essential oils, filter papers (5 cm2 area) were 
impregnated with 0.16, 0.24, 0.32, 0.48 and 0.64 
mg/cm2 of n-hexane solutions. Then each filter paper 
was attached to a glass vial (0.8 cm diameter and  2.8 
cm length). Each vial was introduced inside a glass 
flask of 40 mL with a top. Ten adults of R. dominica 
were placed inside the flask. Mortality was evaluated 
at 24, 48 and 72 h [6b]. Probit analysis was used to 
estimate LC50 and LC95 values by Micro Probit 3.0. 
 
Acknowledgments - Financial assistance was 
provide by SECYT-UNS and ANPCYT (PICTO BID 
1728/OC-AR-PICT nº925). CONICET is thanked for 
a research fellowship to V.B.  A.P.M. is a Research 
Member of CONICET. 

 
References 
[1]  (a) Gullan PJ, Cranston PS. (2005) The insects. An outline of entomology, 3rd ed . California, USA. (Ed). Blackwell Publishing Ltd. 

400-403; (b) Regnault-Roger C., Philogène BJR, Vincent C. (2004) Biopesticides d’ origine végétale. París, Francia. (Ed). 
Tec&Doc-Lavoisier. 1-16; (c) Pascual ME, Slowing K, Carretero E, Sánchez Mata D, Villar A. (2001) Lippia: traditional uses, 
chemistry and pharmacology: a review. Journal of Ethnopharmacology, 76, 201-214. 

[2]  (a) Martínez Crovetto R. (1981) Plantas utilizadas en medicina popular en el Noroeste de Corrientes. Ministerio de Cultura y 
Educación. Fundación Miguel Lillo. 89, 113-139; (b) Oladimeji FA, Orafidiya OO, Ogunniyi TA, Adewunmi TA. (2000) 
Pediculicidal and scarabicidal properties of Lippia multiflora essential oil. Journal of Ethnopharmacology, 72, 305-311; (c) Omolo 
MO, Okinyo D, Ndiege IO, Lwande W, Hassanali A. (2004) Repellency of essential oils of some Kenyan plants against Anopheles 
gambiae. Phytochemistry, 65, 2797-2802; (d) Pungitore CR, García M, Gianello JC, Sosa ME, Tonn CE. (2005) Insecticidal and 
antifeedant effects of Junellia aspera (Verbanaceae) triterpenes and derivatives on Sitophilus oryzae (Coleoptera: Curculionidae). 
Journal of Stored Products Research, 41, 433-443; (e) Sengottayan SN, Kandaswamy K, Kadarkarai M. (2006). Behavioral 
responses and changes in biology of rice leaf folder following treatment with a combination of bacterial toxins and botanical 
insecticides. Chemosfere, 64, 1650-1658. 

[3] (a) Steinbauer MJ. (1995) The insecticidal and repellent activity of Schinus molle L. (Anacardiaceae) against Drosophila 
melanogaster Meigen (Diptera: Drosophilidae) and Tribolium confusum Jaquelin Du Val (Coleoptera: Tenebrionidae). General & 
Applied Entomology, 26, 13-18; (b) Longstaff B. (1999) An experimental and modeling study of the demographic performance of 
Rhyzopertha dominica (F.) I. Development rate. Jounal of Stored Products Research, 35, 89-98. 

[4] (a) Tripathi AK, Prajapati V, Verma N, Bahl JR, Bansal RP, Khanuja SPS, Kumar S. (2002) Bioactivities of the leaf essential oil of 
Curcuma longa (Var. Ch-66) on three species of stored- product beetles (Coleoptera). Journal of Economic Entomology, 95,     
183-189; (b) Bekele J, Hassanali A. (2001) Blend effects in the toxicity of the essential oil constituents of Ocimum 
kilimandscharicum and Ocimum kenyense (Labiateae) on two post- harvest insect pests. Phytochemistry, 57, 385- 391. 

[5] Viglianco AI, Novo RJ, Cragnolini CI, Nassetta M, Cavallo A. (2008) Antifeedant and repellent effects of extracts of three plants 
from Córdoba (Argentina) against Sitophilus oryzae (L.) (Coleoptera: Curculionidae). Bioassay 3:4, 1-6. Available online at: 
www.bioassay.org.br/articles/3.4. 

[6] (a) Benzi V, Sánchez Chopa C, Ferrero AA. (2009) Comparación del efecto insecticida de dos especies de Aloysia (Verbenaceae) 
sobre Rhizopertha dominica (Insecta, Coleoptera, Bostrichidae). Boletín Latinoamericano y del Caribe de Plantas Medicinales y 
Aromáticas, 8, 151-153; (b) Pascual-Villalobos MJ, Ballesta-Acosta MC, Soler A. (2004) Toxicidad y repelencia de aceites 
esenciales en plagas de almacén de arroz. Boletín de Sanidad Vegetal, 30, 279- 286; (c) Werdin JO, Murray AP, Ferrero AA. 
(2008) Bioactividad de aceites esenciales de Schinus molle var. areira (Anacardiaceae) en ninfas II de Nezara viridula ( Hemiptera: 
Pentatomidae).  Boletín de Sanidad Vegetal, 34, 367-375.  

[7] (a) Talukder FA, Howse PE. (1993) Deterrent and insecticidal effects of extracts of pithraj, Aphanamixis polystachya (Meliaceae), 
against Tribolium castaneum in storage. Journal of Chemical Ecology, 19, 2463-2471; (b) Tapondjou AL, Adler C, Fontem DA, 
Bouda H, Reichmuth C. (2005) Bioactivities of cymol and essential oils of Cupressus sempervirens and Eucalyptus saligana 
against Sitophilus zeamais Motschulsky and Tribolium confusum du Val. Journal of Stored Products Research, 41, 91-102. 



 

 
 
Ultraviolet Light Absorption of an Ophthalmic Formulation with Aloe Extracts 
Yimei Jia and Jicheng Jia            1231 
 

Composition of the Essential Oil of Chaerophyllum aromaticum (Apiaceae) Growing  
Wild in Austria  
Remigius Chizzola           1235 
 

Jasminum flexile Flower Absolute from India – a Detailed Comparison with Three Other  
Jasmine Absolutes 
Norbert A. Braun, Birgit Kohlenberg, Sherina Sim, Manfred Meier and Franz-Josef Hammerschmidt  1239 
 

Thymus ciliatus – The Highest Thymol Containing Essential Oil of the Genus 
Ahmed Kabouche, Alireza Ghannadi and Zahia Kabouche       1251 

 

Kanokonyl Acetate-Rich Indian Valerian from Northwestern Himalaya 
Chandra S. Mathela, Rajendra C. Padalia and Chandan S. Chanotiya      1253 
 

Chemical Composition of Hydrodistilled and Solvent Volatiles Extracted from Woodchips of  
Himalayan Cedrus: Cedrus deodara (Roxb.) Loud 
Abha Chaudhary, Pushpinder Kaur, Bikram Singh and Vijaylata Pathania     1257 
 

Composition and Antimicrobial Activity of the Essential Oil of Artemisia kulbadica from Iran 
Zahra Aghajani, Masoud Kazemi, Mohammad Dakhili  and Abdolhossein Rustaiyan     1261 
 

In vitro Study of Antibacterial Activity on Multi-Resistant Bacteria and Chemical Composition  
of the Chloroform Extract of Endemic Centaurea drabifolia subsp. cappadocica 
Aysel Ugur, Nurdan Sarac, M. Emin Duru and Yavuz Beyatli       1267 

 

GC-MS Analysis of the Antioxidant Active Fractions of Micromeria juliana with  
Anticholinesterase Activity 
Mehmet Öztürk, Ufuk Kolak, Mehmet Emin Duru and Mansur Harmandar     1271 
 

Composition and Antioxidant Properties of the Essential Oil of the Endemic Cape Verdean  
Satureja forbesii  
Risoleta Ortet, Erik L. Regalado, Olivier P. Thomas, Jorge A. Pino, Miguel D. Fernández and  
Jean-Jacques Filippi           1277 
 

Essential Oil Composition and Antioxidant Capacity of Lippia schomburgkiana 
Nathalie A. da Silva, Joyce Kelly R. da Silva, Eloisa Helena A. Andrade, Lea Maria M. Carreira,  
Pergentino José C. Sousa and José Guilherme S. Maia       1281 
 

Insecticidal and Insect-repellent Activities of Essential Oils from Verbenaceae and Anacardiaceae  
Against Rhizopertha dominica  
Verónica S. Benzi, Ana P. Murray and Adriana A. Ferrero       1287 
 

 
Review/Account  

 
Phytotoxins, Elicitors and Other Secondary Metabolites from Phytopathogenic “Blackleg” 
Fungi: Structure, Phytotoxicity and Biosynthesis 
M. Soledade C. Pedras and Yang Yu         1291 
 

Essential Oils and Anxiolytic Aromatherapy 
William N. Setzer 1305 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Natural Product Communications 
2009 

Volume 4, Number 9 
 

Contents 
 

Original Paper           Page 
 

Sesquiterpenes from the Rhizomes of Curcuma ochrorhiza 
Hasnah M. Sirat, Shajarahtunnur Jamil and Ahmad A. Rahman       1171 
 

Anti-HIV Diterpenes from Coleus forskohlii 
Hardik S. Bodiwala, Sudeep Sabde, Debashis Mitra, Kamlesh Kumar Bhutani and  
Inder Pal Singh            1173 
 

Bioactivities of Plectranthus ecklonii Constituents 
Monde A. Nyila, Carmen M. Leonard Ahmed A. Hussein and Namrita Lall 1177 
 

Antifungal Activity of Eugenia umbelliflora Against Dermatophytes 
Karina E. Machado, Valdir Cechinel Filho, Rosana C. B. Cruz, Christiane Meyre-Silva and  
Alexandre Bella Cruz           1181 
 

Chemical Constituents of Nauclea latifolia and their Anti-GST and Anti-Fungal Activities 
Athar Ata, Chibuike C. Udenigwe, Wadim Matochko, Paul Holloway, Michael O. Eze 

and Peter N. Uzoegwu           1185 
 

Hydrophobic Metabolites from Rhododendron formosanum and their Allelopathic Activities 
Shen-Chieh Chou, Vivek Krishna and Chang-Hung Chou       1189 
 

Additional New Tetracyclic Tetraterpenoid: Methyl Tortuoate D from Soft Coral  
Sarcophyton tortuosum 
Wen-Jian Lan, Shou-Liang Wang and Hou-Jin Li         1193 
 

Unusual 22S-Spirostane Steroids from Dracaena cambodiana 
Chau Van Minh, Nguyen Tien Dat, Nguyen Hai Dang, Nguyen Hoai Nam, Ninh Khac Ban, 
Nguyen Van Tuyen, Le Mai Huong, Tran Thu Huong and Phan Van Kiem     1197 
 

New Compounds from Leaves of Smallanthus sonchifolius 
Xiang Zheng, Gai Kuo, Dou De-Qiang, Kang Ting-Guo, Shi Yu-Yuan and Dong Feng    1201 
 

Synthesis of Novel Vanillin Derivatives Containing Isothiazole Moieties and its Synergistic 
Effect in Mixtures with Insecticides 
Vladimir Potkin , Yuri Zubenko, Anatoly Bykhovetz, Romualda Zolotar and  
Violetta Goncharuk           1205 
 

Design, Synthesis and Fungicidal Activity of Novel Strobilurin Analogues Containing Substituted  
N-phenylpyrimidin-2-amines 
Hui-Chao Li, Chang-Ling Liu, Bao-Shan Chai, Miao Li, Zhi-Nian Li and Ji-Chun Yang    1209 
 

Design, Synthesis and Biological Activity of New Strobilurin Derivatives with a 
1H-Pyrazol-5-oxy Side Chain 
Miao Li, Chang-Ling Liu, Ji-Chun Yang, Lin Li, Zhi-Nian Li, Hong Zhang and Zheng-Ming Li   1215 
 

Properties of Honey from Ten Species of Peruvian Stingless Bees 
Antonio J. Rodríguez-Malaver, Claus Rasmussen, María G. Gutiérrez, Florimar Gil,  
Beatriz Nieves and Patricia Vit           1221 
 

Toxicological Study of a Chinese Herbal Medicine, Wikstroemia indica 
Weihuan Huang, Yaolan Li, Hui Wang, Miaoxian Su, Zhenyou Jiang, Vincent E. C. Ooi and  
Hau Yin Chung             1227 
 
 
 

Continued inside back cover 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




