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The chemical composition, and antimicrobial and anti-wood-decay fungal activities of the essential oils isolated from the leaves and twigs of
Litsea acutivena of Taiwan were investigated. The essential oils from the fresh leaves and twigs were isolated using hydrodistillation in a
Clevenger-type apparatus, and characterized by GC—FID and GC-MS. Ninety-five and fifty-two compounds were identified in the leaf and
twig oils, respectively. The main components of the leaf oil were y-patchoulene (11.0%), §-cadinene (6.3%), trans-muurola-3,5-diene (5.9%),
and B-selinene (5.3%), whereas the main components of the twig oil were t-cadinol (13.1%), B-selinene (9.6%), trans-B-ocimene (6.2%) and
a-cadinol (7.7%). Bioactivity studies demonstrated that twig oil had excellent antimicrobial and anti-wood-decay fungal activities, superior
to those of the leaf oil. For the antimicrobial and anti-wood-decay fungal activities of the twig oil, the active compounds were determined to

be t-cadinol and a-cadinol.
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The Litsea genus (family Lauraceae) is comprised of about
400 species, which are widely distributed geographically.
In total, 12 species are found in Taiwan [1]. We previously
reported that the fruit oil of L. cubeba had anticancer
activity [2], and the leaf oils of L. coreana [3a], L.
kostermansii [3b], L nakaii [3c] and L. mushaensis [3d]
have antimicrobial activity. L. acutivena Hayata is an
evergreen tree, distributed in southern China, Hainan
Island, Indochina, and Taiwan [1]. Previous reports have
suggested that the extractive exhibited cytotoxicity [3e,3f].
However, there are no literature reports on the chemical
composition and biological activities of the essential oil
from this species, and therefore we used hydrodistillation
to collect the leaf and twig oils, and analyzed them by
GC/FID and GC/MS. The essential oil was also
investigated for its antimicrobial activity against a selected
ten microbial strains and for its application to prevent
wood decay. We also applied the essential oil to four strains
of commonly found white and brown rot fungi in Taiwan.

Based on the dry weight of leaves and twigs,
hydrodistillation of L. acutivena produced yellow-colored
oils with yields of 2.81 £ 0.02 and 2.06 + 0.04 mL/100g,
respectively. All compounds are listed in order of
their elution from the DB-5 column (Table 1). A total of
95 compounds were identified from the hydrodistilled
leaf oil of L. acutivena. Sesquiterpene hydrocarbons
were predominant (69.8%), followed by oxygenated
sesquiterpenes  (24.6%), monoterpene hydrocarbons

(4.6%), non-terpenoids  (0.7%), and oxygenated
monoterpenes  (0.4%). Among the sesquiterpene
hydrocarbons, y-patchoulene (11.0%) and &-cadinene
(6.3%) were the major compounds.

Fifty-two components were identified from the twig oil.
Oxygenated sesquiterpenes were the most dominant
(37.5%), followed by sesquiterpene hydrocarbons
(25.3%), monoterpene hydrocarbons (23.4%), oxygenated
monoterpenes (12.7%), and non-terpenoids (1.1%). -
Cadinol (13.1%) and a-cadinol (5.1%) were the major
oxygenated sesquiterpenes.

From the results presented above, the leaf oil constituents
of L. acutivena were primarily sesquiterpenoids. Intra-
genus leaf oil comparisons indicated that many Litsea
trees, such as L. coreana [3a], L. kostermansii [3b], L
nakaii [3¢], L. mushaensis [3d], L. linii [3d], L. resinosa,
L. rasilipes, and L. paludosa [4], all have predominately
sesquiterpenoids as their main constituents. However, the
main components of the individual species differed. The
leaf oils of L. guatemalensis [5a), L. laevigata [5b] and L.
akoensis  [6] were predominantly comprised of
monoterpenoids and, therefore, differed from the leaf oil of
L. acutivena.

Leaf and twig oils of L. acutivena were tested against three
Gram-positive and five Gram-negative bacteria, as well as
two fungi. The results demonstrated clearly that the twig
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Table 1: Chemical composition of the leaf and twig oils of L. acutivena.

Compound ID RI® Conc. (%) Identification ®
leaf twig

a-Pinene 939 0.2 4.6 KI, MS, ST
Camphene 954 0.3 2.6 KI, MS, ST
B-Pinene 979 t¢ 1.0 KI, MS, ST
B-Myrcene 991 0.1 0.3 KI, MS, ST
o-Phellandrene 1003 0.1 0.4 KI, MS, ST
a-Terpinene 1017 0.1 K K1, MS, ST
p-Cymene 1025 0.1 1.0 KI, MS, ST
Limonene 1029 0.1 39 KI, MS, ST
B-Phellandrene 1030 t - KI, MS, ST
1,8-Cineole 1031 t 0.8 KI, MS, ST
cis-B-Ocimene 1037 0.6 2.5 KI, MS, ST
trans-B-Ocimene 1050 3.0 6.2 KI, MS, ST
Terpinolene 1089 0.1 0.8 KI, MS, ST
endo-Fenchol 1117 - 2.0 KI, MS, ST
Camphene hydrate 1150 t 0.4 KI, MS, ST
Borneol 1169 - 2.0 KI, MS
4-Terpineol 1177 t 0.3 KI, MS, ST
Cryptone 1186 - - KI, MS
a-Terpineol 1189 0.1 5.8 KI, MS, ST
n-Decanal 1202 0.5 1.1 KI, MS, ST
Bornyl acetate 1289 0.2 1.4 KI, MS, ST
cis-Piperitol acetate 1335 0.1 - KI, MS
8-Elemene 1338 0.3 - KI, MS, ST
a-Ylangene 1375 0.7 - KI, MS, ST
a-Copaene 1377 0.6 1.0 KI, MS, ST
Daucene 1382 0.1 - KI, MS
B-Bourbonene 1388 0.1 - KI, MS
a-Isocomene 1388 0.1 - KI, MS
iso-Longifolene 1390 0.1 - KI, MS
B-Elemene 1391 0.7 - KI, MS
a-Gurjunene 1410 0.3 - KI, MS
B-Caryophyllene 1419 0.7 3.7 KI, MS, ST
B-Cedrene 1421 0.4 - KI, MS, ST
B-Copaene 1432 0.1 - KI, MS, ST
B-Gurjunene 1434 0.1 - KI, MS, ST
v-Elemene 1437 t - KI, MS, ST
o-Guaiene 1440 3.1 - KI, MS, ST
Aromadendrene 1441 0.4 0.6 KI, MS, ST
cis-Muurola-3,5-diene 1450 1.0 - KI, MS
trans-Muurola-3,5-diene 1454 59 0.4 KI, MS
o-Humulene 1455 1.0 0.8 KI, MS, ST
allo-Aromadendrene 1460 0.2 - KI, MS, ST
cis-Cadina-1(6),4-diene 1463 0.3 - KI, MS
trans-Cadina-1(6),4-diene 1477 1.0 - KI, MS
-Chamigrene 1478 1.1 - KI, MS
y-Muurolene 1480 29 0.4 KI, MS
o-Amorphene 1485 1.9 - KI, MS, ST
Germacrene D 1485 0.3 - KI, MS, ST
cis-Eudesma-6,11-diene 1490 0.5 - KI, MS
B-Selinene 1490 53 9.6 KI, MS
Viridiflorene 1497 2.1 2.5 KI, MS
o-Selinene 1498 2.7 0.9 KI, MS
o-Muurolene 1500 2.5 0.6 KI, MS
y-Patchoulene 1502 11.0 - KI, MS
trans-p-Guaiene 1503 3.1 - KI, MS
v-Cadinene 1514 2.1 - KI, MS
8-Cadinene 1523 6.3 1.7 KI, MS
trans-Calamenene 1529 1.5 1.0 KI, MS
trans-y-Bisabolene 1531 0.2 - KI, MS
trans-Cadina-1(2),4-diene 1535 2.7 0.3 KI, MS
o-Cadinene 1539 2.7 0.2 KI, MS
Selina-3,7(11)-diene 1547 3.0 0.4 KI, MS
Elemol 1550 0.3 - KI, MS, ST
trans-Nerolidol 1563 0.7 - KI, MS, ST
B-Calacorene 1565 0.3 1.1 KI, MS, ST
Palustrol 1568 0.4 0.4 KI, MS
Dendrolasin 1571 0.1 - KI, MS
Caryophyllenyl alcohol 1572 0.9 3.0 KI, MS
Caryophyllene oxide 1583 0.5 1.1 KI, MS, ST
Globulol 1585 0.8 3.6 KIL, MS, ST
Viridiflorol 1593 0.8 1.7 KI, MS, ST
Salvial-4(14)-en-1-one 1595 0.2 - KI, MS
Guaiol 1601 1.0 0.9 KI, MS, ST
5-epi-7- epi-a-Eudesmol 1608 0.4 1.8 KI, MS
Humulene epoxide I 1608 1.1 - KI, MS
1,10-di-epi-Cubenol 1619 0.3 0.9 KI, MS
Junenol 1619 1.5 0.4 KI, MS
10-¢pi-y-Eudesmol 1624 0.9 - KI, MS
1-epi-Cubenol 1629 2.7 - KI, MS
v-Eudesmol 1632 0.4 - KI, MS
cis-Cadin-4-en-7-ol 1637 0.5 0.6 KI, MS
t-Cadinol 1640 1.9 13.1 KI, MS, ST
t-Muurolol 1642 0.8 1.2 KI, MS
§-Cadinol 1646 1.1 1.2 KI, MS
oa-Eudesmol 1654 0.6 - KI, MS, ST
a-Cadinol 1654 1.0 5.1 KI, MS, ST
Selin-11-en-4-a-ol 1660 2.7 - KI, MS
trans-Calamenen-10-ol 1669 - 0.4 KI, MS
Bulnesol 1672 0.6 - KI, MS
3Z-Butylidene phthalide 1673 0.1 - KI, MS
Cadalene 1677 0.4 - KI, MS
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Mustakone 1677 0.3 - KI, MS
Z-Nerolidol acetate 1678 - 1.0 KI, MS
Eudesm-7(11)-en-4-ol 1700 1.1 - KI, MS
14-hydroxy-a-Humulene 1714 0.1 - KI, MS
Nootkatol 1715 0.3 0.8 KI, MS
27,6Z-Farnesol 1718 0.3 - KI, MS
B-Davanone-2-ol 1719 0.1 - KI, MS
2E,6E-Farnesol 1725 0.1 0.2 KI, MS
epi-Cyclocolorenone 1775 0.2 - KI, MS
Guaiazulene 1780 0.2 - KI, MS
Compounds identified
Monoterpene hydrocarbons (%) 4.6 234
Oxygenated monoterpenes (%) 0.4 12.7
Sesquiterpene hydrocarbons (%) 69.8 253
Oxygenated sesquiterpenes (%) 24.6 375
Non-terpenoids (%) 0.7 1.1

0il Yield (mL/100 &) 2.810.02  2.06%0.04

 Retention index on a DB-5 column with reference to n-alkanes [7].
° MS, NIST and Wiley library spectra and the literature; RI, Retention index;
ST, authentic standard compounds.  t: trace < 0.1%. ® not detected.

oil had antibacterial activities that were superior to those of
the leaf oil (Table 2). The twig oil showed moderate to
strong growth suppression against all ten microbes studied.
The most sensitive microorganisms were Bacillus cereus,
Staphylococcus aureus, S. epidermidis and Candida
albicans, with inhibition zones of 42 ~ 50 mm and
minimum inhibitory concentration (MIC) values of 62.5
pg/mL. The twig oil showed superior suppressive activity
against Gram-positive bacteria compared with Gram-
negative bacteria. The probable cause of the susceptibility
of Gram-positive bacteria and the relative tolerance of
Gram-negative bacteria to essential oils has been
correlated with the presence of a hydrophilic outer layer
[8]. It is presumed that penetration of the hydrophobic
components in Gram-negative micro-organisms is more
difficult due to the presence of a second physical barrier
formed by the outer membrane [9,10a]. Comparing the
antimicrobial activities of the leaf and twig oils with those
extracted from L. kostermansii [3b], L. nakaii [3c], L. linii
[3d] and L. mushaensis [3d] showed that the twig oil of L.
acutivena was superior (Table 3). The results verify that L.
acutivena twig oil has excellent antimicrobial activity.

However, to ascertain the source compounds of the
antimicrobial activity of L. acutivena twig oil, the main
components were individually tested for antimicrobial
activities. The results indicated that the active source
compounds were t-cadinol and o-cadinol. These results
were similar to those of Ho et al. [3a-3c]. Various studies
support the argument that these compounds are highly
active in suppressing microbial growth [8,11].

Leaf and twig oils of L. acutivena were tested against two
white rot fungi (Trametes versicolor, Phanerochaete
chrysosporium) and two brown rot fungi (Phaeolus
schweinitzii, Lenzites sulphureu). The anti-wood-decay
fungal indices presented in Table 4 clearly demonstrate the
excellent anti-wood-decay fungal activity of the twig oil of
L. acutivena. The growth of T. versicolor, Phane.
chrysosporium, Phaeo. schweintizii, and L. sulphureu was
completely inhibited at concentrations of 25, 50, 12.5, 12.5
pg/mL, respectively. Comparing the anti-wood-decay
fungal activities of the essential oils from Litsea spp. such
as L. linii, L. mushaensis and L. coreana [3b], the twig oil



Essential oil of Litsea acutivena

Table 2: Antimicrobial activity of the leaf and twig oils of L. acutivena.
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L. acutivena Compounds® Antibiotics
Microbial species Leaf Twig 1 2 4 5 Tetracyclin _Gentamicin _ Nystatin
1z’ MIC® 1Z MIC MIC MIC MIC MIC MIC I 1Z 1Z
Bacillus cereus 28+0.8 375 42+0.8 62.5 >1000 >1000 750 62.5 125 22+0.8 - nt
Staphylococcus aureus 32+0.8 250 50+£0.8 62.5 >1000 >1000 500 62.5 62.5 21+0.4 - nt
Staphylococcus  epidermidis 30 + 0.4 250 48 £0.8 62.5 >1000 >1000 750 62.5 62.5 34+0.4 - nt
Escherichia coli 19+0.8 1000 33+0.8 250 >1000 >1000 1000 500 750 - 22+0.8 nt
Enterobacter aerogenes 18+0.8 1000 28+0.8 375 >1000 >1000 >1000 125 250 10+ 0.4 - nt
Klebsiella pneumoniae 16 +0.8 >1000 30+04 250 >1000 >1000 >1000 125 250 - 21£0.8 nt
Pseudomonas aeruginosa 18+0.8 1000 30+0.8 250 >1000 >1000 >1000 500 750 - 12+0.8 nt
Vibrio parahaemolyticus 15£04 >1000 26+0.8 375 >1000 >1000 >1000 1000 1000 - 13+0.8 nt
Aspergillus niger 1204 >1000 28+0.4 375 >1000 >1000 >1000 750 >1000 nt nt 17+0.8
Candida albicans 28+0.8 250 42+0.4 62.5 >1000 >1000 >1000 62.5 125 nt nt 19+0.8

* Inhibition zone diameter (mm), including diameter of sterile disk (6 mm); values are given as mean + SD.” Minimum inhibitory concentration values as pg/mL. © 1. trans-B-ocimene
(> 98.5%), 2. a-terpineol (> 98.5%), 3. B-selinene (> 98%), 4. t-cadinol (> 98.5%), 5. a-cadinol (100%). Compounds 1, 2 and 4 were purchased from Fluka Co. (Milwaukee, USA),
and compound 3 from Chemos Gmbh Co. (Regenstauf, German). Compound 5 was from an isolate of Ho ez al’s study on Machilus philippinenesis essential oil [10b]. Essential oil
tested at 15 pL/disc for bacteria and 30 pL/disc for fungi. (-) Inactive; (7-14) moderately active; (>14) highly active; nt not tested.

Table 3: Comparison of the MIC values (ug/mL) of the leaf and twig oils of L. acutivena
and those of L. kostermansi, L. nakaii, L. linii, Machilus kusanoi, M. pseudolongifolia, and
L. mushaensis against microbial species.

Microbial species*
E.a Kp P.a

Essential oil

Leaf
L. acutivena
L. kostermansii

Ref.

B.c. S.a Se E.c V.p. A.n._ C.a.

375 250 250 1000 1000 >1000 1000 >1000>1000 250 This study
375 250 125 750 500 375 750 1000 >1000 1000  [3b]

L. nakaii 250 375 125 500 500 375 500 750 1000 500 [3¢]
L. linii 500 500 500 750 750 >1000>1000>1000>1000 750 [3d]
Twig

L. acutivena
L. mushaensis

62.5 62.5 62.5 250 375 250 250 375 375 62.5 This study
1000 750 750 >1000 >1000 >1000 >1000 >1000 >1000 >1000 _[3d]

* B. c.: Bacillus cereus; S. a.: Staphylococcus aureus; S. e.: Staphylococcus
epidermidis; E. c.: Escherichia coli; E. a.: Enterobacter aerogenes; K. p.: Klebsiella
pneumoniae; P. a.: Pseudomonas aeruginosa; V. p.: Vibrio parahaemolyticus; A. n.:
Aspergillus niger; C. a.: Candida albicans

Table 4: Anti-wood-decay fungal indices of leaf and twig oils from L. acutivena.

Antifungal index (%)
Essential oil Dosage (ug/mL) Trametes Phaneochaete Phaeolus Lenzites
versicolor  chrysosporium —schweintizii ~ sulphureu
Leaf oil 12.5 0+0 0+0 0+0 0+0
25 0+0 0+0 0+0 0+0
50 0+0 0+0 0+0 25433
75 0+0 0+0 38+3.3 65+3.3
100 48+3.3 38+33 66 £ 6.6 83+6.6
Twig oil 12.5 89+33 68+ 6.6 100£0 100+ 0
25 100+0 86+3.3 100+ 0 100+0
50 100+ 0 100+0 100+ 0 100+ 0
75 100+ 0 100+ 0 100+ 0 100+ 0
100 100 + 0 100+ 0 100+ 0 100 + 0

Table 5: Comparison of the MIC values (ug/mL) of the leaf and twig oils of L. acutivena
and those of L. linii, L. mushaensis and L. coreana against the wood-decay fungi.

Fungi

Essential 0il  Trametes Phaneochaete ~ Phaeolus — Lenzites Ref.
versicolor chrysosporium schweintizii sulphureu

Leaf
L. acutivena >100 >100 >100 >100 This study
L. linii >100 >100 >100 >100 [3d]
L. mushaensis 25 50 25 12.5 [3d]
L. coreana 75 75 50 25 [3c]
Twig
L. acutivena 25 50 12.5 12.5 This study
L. linii 50 50 25 25 [3d]
L. mushaensis >100 >100 >100 >100 [3d]

of L. acutivena was superior (Table 5). The results verified
that L. acutivena twig oil has excellent anti-wood-decay
fungal activities. We also tested the anti-wood-decay
fungal activity of the major components of L. acutivena
twig oil to ascertain the source compounds (Figure 1).
Results indicated that the sources of the anti-wood-decay
fungal activity were t-cadinol and o-cadinol. At a
concentration of 50 pg/ml, o-cadinol and t-cadinol
inhibited growth of all the white-rot and brown-rot fungi
tested. The results correlated with those of Kondo and
Imamura [11a], and Mori et al. [12]. The presence of
t-cadinol and a-cadinol significantly contributed to the
wood-decay fungal suppression activity of L. acutivena
twig oil.

-

a-terpineol iia
L B Trametes versicolor

O Phaneochaete chrysosporium
trans-B-ocimene ¥ (1 Phaeolus schweintizii

# Lengites sulphuren

DDAC {

o 10 20 30 40 50 60 70 80 20 100
Anti-wood-decay Tungal index (%)

Figure 1: Anti-wood-decay fungal indices of the five main compounds (50 pg/mL)
of the twig essential oil of L. acutivena.

Experimental

Plant materials: Fresh leaves and twigs of L. acutivena
were collected in July 2010 from Li-Long mountain
(Pintung county, Taiwan, elevation 1050 m, N 22° 23" 08",
E 120° 76" 38"). The samples were compared with
specimen no. TAIF 58826 from the Herbarium of the
Taiwan Forestry Research Institute and identified by Prof.
Yen-Hsueh Tseng of the National Chung Hsing University.
The voucher specimen (CLH-015) was deposited in the
NCHU herbarium. The leaves were air dried at room
temperature and protected from the light for one week.

Isolation of the leaf and twig essential oil: The essential
oils of the dry leaves and twigs (200 g) were separately
extracted in a Clevenger-type apparatus using a
hydrodistillation technique and kept refrigerated at §°C
until used. The oil yields and all test data are the average
of triplicate analyses.

Essential oil analysis and component identification: A
Hewlett-Packard HP 6890 gas chromatograph equipped
with a DB-5 fused silica capillary column and a FID
detector were used for determining the oil components
under the experimental conditions, as reported earlier [6].
Identification of essential oil constituents was based on
comparisons of RI [7], RTs, and MS [7,13].

Antimicrobial assays [14a]: The in vitro antibacterial and
antimicrobial activities of the oil were evaluated by the
disc diffusion method, as reported earlier [6]. The
microbial strains included 5 Gram-negative bacteria:
Escherichia coli (IFO 3301), Enterobacter aerogenes
(ATCC 13048), Klebsiella pneumoniae (ATCC 4352),
Pseudomonas aeruginosa (IFO 3080), and Vibrio
parahaemolyticus (ATCC 17803); 3 Gram-positive



1758 Natural Product Communications Vol. 6 (11) 2011

bacteria: B. cereus (ATCC 11778), S. aureus (ATCC
6538P), and S. epidermidis (ATCC 12228); 1 fungal
species: Aspergillus niger (ATCC 16404) and 1 yeast: C.
albicans  (ATCC  10231). Minimum inhibitory
concentration (MIC) values were measured by the micro-
dilution broth susceptibility assay recommended by
NCCLS [14b]. Stock solutions of the oil were prepared in
DMSO. Dilution series were prepared from 1000 pg/mL to
50 pg/mL in sterile distilled water in micro-test tubes, from
where they were transferred to 96-well microtiter plates.
Bacteria grown in double-strength Mueller-Hinton broth
and fungi grown in double-strength Sabouraud dextrose
broth were standardized to 10° CFU/mL. The last row,
containing only the serial dilutions of sample without
microorganisms, was used as a negative control. Sterile
distilled water and medium served as a positive control.
After incubation at 37°C for 24 h and 24°C for 48 h, the
MIC values were determined. All experiments were

Ho et al.

Burdsall (BCRC 36200), Phaeo. schweinitzii (Fries)
Paterson (BCRC 35365) and L. sulphureu (B. ex Fr.)
Bond. (BCRC 35305). Cultures of each fungus were
maintained on potato dextrose agar (PDA) medium and
were stored at 4°C. Microbial strains were obtained from
the Culture Collection and Research Center of the Food
Industry Research and Development Institute, Hsinchu
City, Taiwan. Anti-wood-decay fungal assays were
performed in triplicate and the data averaged. Briefly,
100.0, 75.0, 50.0, 25.0 and 12.5 pg/mL of essential oils
were added to sterilized PDA in 9 cm Petri dishes. After
transfer of the mycelium of 4 fungal strains, the test dishes
were incubated in the dark at 26 + 2°C and 70% relative
humidity. When the mycelium had reached the edges of
the control Petri dishes (those without essential oils), the
antifungal indices were calculated:

Anti-wood-decay fungal index (%) = (1-Da/Db) X 100,
where Da is the diameter of the growth zone in the

performed in triplicate.

Anti-wood-decay fungal assays: The method of Cheng et
al. [15] was adopted. The fungi used were T. versicolor
(L. ex Fr.) Quel. (BCRC 35253), Phane. chrysosporium

experimental dish (cm), and Db is the diameter of the
growth zone in the control dish (cm). DDAC (didecyl
dimethyl ammonium chloride), a preservative for wood
decay fungi, was used as a positive control.

References

(1]
(2]

(3]

[11]
[12]
[13]

[14]

[15]

Yang YP, Liu HY. (1999) Manual of Taiwan vascular plants. Council of Agriculture, Executive Yuan, Taipei.

Ho CL, Ou JP, Liu YC, Hung CP, Tsai MC, Liao PC, Wang EIC, Chen YL, Su YC. (2010) Compositions and in vitro anticancer
activities of the leaf and fruit oils of Litsea cubeba from Taiwan. Natural Product Communications, 5, 617-620.

(a) Ho CL, Wang EIC, Lee PY, Su YC. (2010) Composition and antifungal activities of the leaf essential oil of Litsea coreana from
Taiwan. Natural Product Communications, 5, 1677-1680; (b) Ho CL, Wang EIC, Hsu KP, Lee PY, Su YC. (2009) Composition and
antimicrobial activities of the leaf essential oil of Litsea kostermansii from Taiwan. Natural Product Communications, 4, 1123-
1126; (c) Ho CL, Wang EIC, Lee PY, Su YC. (2009) Composition and antimicrobial activities of the leaf essential oil of Litsea
nakaii from Taiwan. Natural Product Communications, 4, 865-868; (d) Ho CL, Liao PC, Tseng YH, Wang EIC, Su YC. (2009)
Composition and antimicrobial activity of the leaf and twig oils of Litsea mushaensis and L. linii from Taiwan. Natural Product
Communications, 5, 1783-1788; (¢) Cheng HI, Lin WY, Duh CY, Lee KH, Tsai IL, Chen IS. (2001) New cytotoxic butanolides
from Litsea acutivena. Journal of Natural Products, 64, 1502-1505; (f) Tsai IL, Cheng MJ, Hung HW, Cheng HI, Chen IS. (2007)
Chemical constituents from the leaves of Litsea acutivena. Journal of the Chinese Chemical Society, 54, 503-506.

bin Ahmad F, bin Jantan I, Abu Bakar B, bin Ahmad AS. (2005) A comparative study of the composition of the leaf oils of three
Litsea species from Borneo. Journal of Essential Oil Research, 17, 323-326.

(a) Vallverdu C, Vila R, Caceres A, Caiiigueral S. (2005) Composition of the essential oil from leaves of Litsea guatemalensis.
Flavour and Fragrance Journal, 20, 415-418; (b) Muhammed AM, Subbu RM, Leopold J, Mohamed SP. (2008) Composition and
antimicrobial analysis of the essential oil of Litsea laevigata Nees. (Lauraceae). Natural Product Communications, 3, 1069-1072.
Ho CL, Lin CY, Wang EIC, Su YC. (2011) Composition, antioxidant and antimicrobial activities of leaf and twig essential oils of
Litsea akoensis from Taiwan. Natural Product Communications, 6, 901-904.

Adams RP. (2001) Identification of Essential Oil Components by Gas Chromatography/Quadruple Mass Spectroscopy, Allured,
Carol Stream, IL.

Kalemba D, Kunicka A. (2003) Antibacterial and antifungal properties of essential oils. Current Medical Chemistry, 10, 813-829.
Mann CM, Cox SD, Markham JL. (2000) The outer membrane of Pseudomonas aeruginosa NCTC6749 contributes to its tolerance
to the essential oil of Melaleuca alternifolia (tea tree oil). Letters in Applied Microbiology, 30, 294-297.

(a) Dufty CF, Power RF. (2001) Antioxidant and antimicrobial properties of some Chinese plant extracts. International Journal of
Antimicrobial Agents, 17, 527-529; (b) Ho CL, Hsu KP, Wang EIC, Lin CY, Su YC. (2010) Composition and anti-wood-decay
fungal activities of the leaf essential oil of Machilus philippinensis from Taiwan. Natural Product Communications, 5, 337-340.

(a) Kondo R, Imamura H. (1986) Antifungal compounds in heartwood extractives of hinoki (Chamaecyparis obtusa Endl.). Journal
of the Japan Wood Research Society, 32, 213-217; (b) Kusuma IW, Ogawa T, Itoh K, Tachibana S. (2004) Isolation and
identification of an antifungal sesquiterpene alcohol from Amboyna wood. Pakistan Journal of Biological Sciences, 7, 1735-1740.
Mori M, Aoyama M, Doi S. (2000) Antifungal constituents in the bark of Magnolia obovata Thunb. Journal of Hokkaido Forest
Product Research Institute, 14, 1-5.

Massada Y. (1976) Analysis of Essential Oil by Gas Chromatography and Spectrometry, Wiley, New York.

(a) Baron EJ, Finegold SM. (1990) Methods for testing antimicrobial effectiveness. In Diagnostic Microbiology. Stephanie M
(Ed.). Baltimore, Mosby, 171-194; (b) NCCLS (1999) National Committee for Clinical Laboratory Standards. Performance
standards for antimicrobial susceptibility testing, 9th International Supplement, Wayne PA., M100-S9.

Cheng SS, Lin HY, Chang ST. (2005) Chemical composition and antifungal activity of essential oils from different tissues of
Japanese cedar (Cyptomeria japonica). Journal of Agricultural and Food Chemistry, 53, 614-619.



Natural Product Communications Vol. 6 (11) 2011
Published online (www.naturalproduct.us)

Effects of pH, Sample Size, and Solvent Partitioning on Recovery of Soluble Phenolic Acids and Isoflavonoids in
Leaves and Stems of Red Clover (Trifolium pratense cv. Kenland)

Isabelle A. Kagan 1657
Arbutin Derivatives from the Seeds of Madhuca latifolia

Shazia Khan, M. Nadeem Kardar and Bina S. Siddiqui 1661
Quinic Acids from Aster caucasicus and from Transgenic Callus Expressing a f-Amyrin Synthase

Paola Pecchia, Maria Cammareri, Nicola Malafronte, M. Federica Consiglio, Maria Josefina Gualtieri and Clara Conicella 1665
Cytotoxic Activity and Cell Cycle Analysis of Hexahydro-curcumin on SW 480 Human Colorectal Cancer Cells

Chung-Yi Chen, Woei-Ling Yang and Soong-Yu Kuo 1671
Does the Combination of Resveratrol with Al (III) and Zn (II) Improve its Antioxidant Activity?

Karina Dias and Sofia Nikolaou 1673
Photosensitization Mechanisms of Triplet Excited Statep-Lapachone. A Density Functional Theory Study

Liang Shen 1677
AFLP Marking and Polymorphism among Progenies of Gymnema sylvestre: an Important Medicinal Plant of India

Magda Abbaker Osman, Sunita Singh Dhawan, Janak Raj Bahl, Mahendra P Darokar and Suman P S Khanuja 1679

Antioxidant Activity of Protein Hydrolysates from Aqueous Extract of Velvet Antler (Cervus elaphus) as

Influenced by Molecular Weight and Enzymes

Lei Zhao, Yang-Chao Luo, Cheng-Tao Wang and Bao-Ping Ji 1683
Effects of Sideritis euboea (Lamiaceae) Aqueous Extract on IL-6, OPG and RANKL Secretion by Osteoblasts

Eva Kassi, Anna Paliogianni, Ismene Dontas, Nektarios Aligiannis, Maria Halabalaki, Zoi Papoutsi,

Alexios-Leandros Skaltsounis and Paraskevi Moutsatsou 1689
In vitro Antiprotozoal Activity of Extracts of five Turkish Lamiaceae Species

Hasan Kirmizibekmez, Irem Atay, Marcel Kaiser, Erdem Yesilada and Deniz Tasdemir 1697
Antimicrobial Investigation of Linum usitatissimum for the Treatment of Acne

Pratibha Nand, Sushma Drabu and Rajinder K Gupta 1701
Chemical and Biological Diversity in Fourteen Selections of Four Ocimum Species

Bhaskaruni R. Rajeswara Rao, Sushil K. Kothari, Dharmendra K. Rajput, Rajendra P. Patel and Mahendra P. Darokar 1705
Environmental Effect on Essential Oil Composition of Aloysia citriodora from Corrientes (Argentina)

Gabriela Ricciardi, Ana Maria Torres, Ana Laura Bubenik, Armando Ricciardi, Daniel Lorenzo and Eduardo Dellacassa 1711
Essential Qil of Three Uvaria species from Ivory Coast

Koffi A. Muriel, Tonzibo Z. Félix, Gilles Figueredo, Pierre Chalard and Yao T. N’guessan 1715
Composition of the Essential Oil of Origanum tyttanthum from Tajikistan

Farukh S. Sharopov, Muhamadsho A. Kukaniev and William N. Setzer 1719
Volatiles of French Ferns and “fougére” Scent in Perfumery

Didier Froissard, Frangoise Fons, Jean-Marie Bessiére, Bruno Buatois and Sylvie Rapior 1723

Volatile Constituents of Two Species of Protium from the Atlantic Rainforest in the State of Pernambuco, Brazil
José Gildo Rufino de Freitas, Claudio Augusto Gomes da Camara, Marcilio Martins de Moraes and

Henrique Costa Hermenegildo da Silva 1727
Volatile Constituents of Two Hypericum Species from Tunisia

Karim Hosni, Kamel Msadda, Mouna Ben taarit, Thouraya Chahed and Brahim Marzouk 1731
Chemical Composition and Possible in vitro Antigermination Activity of Three Hypericum Essential Oils

Aurelio Marandino, Laura De Martino, Emilia Mancini, Luigi Milella and Vincenzo De Feo 1735

Antioxidant, Antimicrobial Activities and Fatty Acid Components of Flower, Leaf, Stem and Seed of
Hypericum scabrum
Ali Shafaghat 1739

Composition of Three Essential Oils, and their Mammalian Cell Toxicity and Antimycobacterial Activity
against Drug Resistant-Tuberculosis and Nontuberculous Mycobacteria Strains

Juan Bueno, Patricia Escobar, Jairo René Martinez, Sandra Milena Leal and Elena E. Stashenko 1743
Antimicrobial and Antioxidant Activities of the Flower Essential Oil of Halimodendron halodendron
Jihua Wang, Hao Liu, Haifeng Gao, Jianglin Zhao, Ligang Zhou, Jianguo Han, Zhu Yu and Fuyu Yang 1749
Composition and Antimicrobial Activity of the Leaf and Twig Oils of Litsea acutivena from Taiwan
Chen-Lung Ho, Pei-Chun Liao, Eugene [-Chen Wang and Yu-Chang Su 1755

Chemical Composition and Antimicrobial Activity of the Volatile Oil from Fusarium tricinctum, the Endophytic
Fungus in Paris polyphylla var. yunnanensis

Ying Zhang, Jianglin Zhao, Jihua Wang, Tijiang Shan, Yan Mou, Ligang Zhou and Jingguo Wang 1759
Antifungal Activity of Essential Qil from Asteriscus graveolens against Postharvest Phytopathogenic Fungi in Apples
Mohamed Znini, Gregory Cristofari, Lhou Majidi, Hamid Mazouz, Pierre Tomi, Julien Paolini and Jean Costa 1763

Interspecies Comparison of Chemical Composition and Anxiolytic-like Effects of Lavender Oils upon Inhalation

Mizuho Takahashi, Tadaaki Satou, Mai Ohashi, Shinichiro Hayashi, Kiyomi Sadamoto and Kazuo Koike 1769
Essential Oils from the Hyptis genus- A Review (1909-2009)

Megil McNeil, Petrea Facey and Roy Porter 1775



Natural Product Communications

2011
Volume 6, Number 11

Contents

Original Paper

Antifungal Activity of Plumericin and Isoplumericin
Dharmendra Singh, Umakant Sharma, Parveen Kumar, Yogesh K. Gupta, M. P. Dobhal and Sarman Singh

A New Diacylated Labdane Diterpenoid from Andrographis wightiana
Jalli Madhu Sudhana, Rachakunta Munikishore , Mopuru Vijayabhaskar Reddy, Duvvuru Gunasekar, Alain Blond
and Bernard Bodo

Triterpenoid Acids and Lactones from the Leaves of Fadogia tetraquetra var. tetraquetra (Rubiaceae)
Dulcie A. Mulholland, Abdelhafeez M.A. Mohammed, Philip H. Coombes, Shafiul Haque, Leena L. Pohjala,
Pdivi S.M. Tammela and Neil R. Crouch

Isolation of Friedelin from Black Condensate of Cork
Ricardo A. Pires, Ivo Aroso, Susana P. Silva, Jodo F. Mano and Rui L. Reis

Novel Microbial Transformation of Resibufogenin by Absidia coerules

Jian Zheng, Dong-hai Su, Dong-sheng Zhang, Xiu-Lan Xin, Jun-ying Liu, Yan Tian, Qing Wei and Xun Cui
Antidiabetic Activity of Terminalia sericea Constituents

Nolitha Nkobole, Peter James Houghton, Ahmed Hussein and Namrita Lall

X-ray Crystallographic Study of Ranaconitine
Yang Li, Jun-hui Zhou, Gui-jun Han, Min-juan Wang, Wen-ji Sun and Ye Zhao

Obscurine: a New Cyclostachine Acid Derivative from Beilschmiedia obscura
Bruno Ndjakou Lenta, Jean Rodolphe Chouna, Pepin Alango Nkeng-Efouet, Samuel Fon Kimbu, Etienne Tsamo
and Norbert Sewald

Alkaloids from Papaver coreanum
Dong-Ung Lee, Jong Hee Park, Ludger Wessjohann and Jiirgen Schmidt

Isolation, Structure Elucidation, and Biological Activity of a New Alkaloid from Zanthoxylum rhetsa
Karsten Krohn, Stephan Cludius-Brandt, Barbara Schulz, Mambatta Sreelekha and Pottachola Mohamed Shafi

Amplexicine, an Antioxidant Flavan-3-ol from Polygonum amplexicaule
Mudasir A. Tantry and Aziz A. Rahman

A New Flavonoid Glycoside from Vaccaria hispanica
Haijiang Zhang, Kuiwu Wang, Jie Wu, Yao Chen and Peipei He

Flavonoids from Algerian Endemic Centaurea microcarpa and their Chemotaxonomical Significance
Souheila Louaar, Amel Achouri, Mostefa Lefahal, Hocine Laouer, Kamel Medjroubi, Helmut Duddeck and Salah Akkal

On-line (HPLC-NMR) and Off-line Phytochemical Profiling of the Australian Plant, Lasiopetalum macrophyllum
Michael Timmers and Sylvia Urban

Chemical Fingerprint Analysis of Phenolics of Albiziachinensis Based on Ultra-Performance LC-Electrospray
Ionization-Quadrupole Time-of-Flight Mass Spectrometry and Antioxidant Activity
Abha Chaudhary, Pushpinder Kaur, Neeraj Kumar, Bikram Singh, Shiv Awasthi and Brij Lal

Application to Classification of Mulberry Leaves using Multivariate Analysis of Proton NMR Metabolomic Data
Eriko Fukuda, Motoyuki Yoshida, Masaki Baba, Yoshihiro Uesawa, Ryuichiro Suzuki, Osamu Kamo, Koji Tsubono,
Kazunori Arifuku, Kazuhisa Yatsunami and Yoshihito Okada

Phenolic Constituents of Knautia arvensis Aerial Parts
Jaroslaw Moldoch, Barbara Szajwaj, Milena Masullo, Lukasz Pecio, Wieslaw Oleszek, Sonia Piacente and Anna Stochmal

New Acylated Anthocyanins and Other Flavonoids from the Red Flowers of Clematis Cultivars
Masanori Hashimoto, Toshisada Suzuki and Tsukasa Iwashina

Prenylated Isoflavonoids from Rhynchosia edulis

Ifedayo V. Ogungbe, Gabrielle M. Hill, Rebecca A. Crouch, Bernhard Vogler, Meenakshi Nagarkoti, William A. Haber
and William N. Setzer

Antiparasitic and Antimicrobial Isoflavanquinones from Abrus schimperi

Aziz A. Rahman, Volodymyr Samoylenko, Surendra K. Jain, Babu L. Tekwani, Shabana I. Khan, Melissa R. Jacob,
Jacob O. Midiwo, John P. Hester, Larry A. Walker and Ilias Muhammad

Two New Rotenoids from Boerhavia repens

Mamona Nazir, Muhammad Saleem, Naheed Riaz, Maria Hafeez, Misbah Sultan, Abdul Jabbar and

Muhammad Shaiq Ali

A Comparison of the Diastereoisomers, Silybin A and Silybin B, on the Induction of Apoptosis in K562 cells
Jiyong Zhang, Qiuying Luan, Yanze Liu, David Y-W Lee and Zhao Wang

(Continued inside back cover)

1569

1573

1577

1581

1585

1589

1591

1593

1595

1597

1599

1603

1605

1617

1621

1627

1631

1637

1645

1651

1653



