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y-Aminobutyric acid (GABA), an important bioactive component of tea, acts as a major inhibitory neurotransmitter and is considered to influence other
physiological processes in human as well as in planta. In the hereby presented study, the content of this valuable metabolite was investigated in two novel
types of Ceylon Tea, explicitly “Silver Tips” and “White Tea”, originating from minimally processed buds of the unique cultivar, “TRI 2043”. The samples
were subjected to hot water infusion, equivalent to the traditional beverage preparation procedure, and analyzed by means of hydrophilic interaction ultra
performance liquid chromatography coupled to tandem mass spectrometry (HILIC LC-MS/MS). The registered GABA levels were compared with those
obtained for the classic “Black Tea” and “Green Tea” samples from Sri Lanka. A high variation of GABA content was observed among the different tea types,
especially in the case of “Silver Tips” and “White Tea”, indicating the crucial influence of the manufacturing procedure (processing extent) on the final
abundance of the bioactive component of interest. Furthermore, “White Tea” samples boasted the highest GABA concentration reported for this type of tea so
far, reaching up to 50% of that characteristic of the high-priced “GABA Tea”. Therefore, “White Tea” and “Silver Tips” were proved to be high quality teas
with amounts of y-aminobutyric acid comparable with those described for similar types before. To our knowledge, this is the first report on HILIC LC-MS/MS

application for the quantification of GABA and for in-depth characterization of teas from Sri Lanka.

Keywords: Sri Lanka Tea, White Tea, GABA, HILIC LC-MS/MS, Theanine degradation.

Tea is one of the most popular beverages worldwide, consumed in
amounts second only to water and comparable with those of coffee.
Sri Lanka is the third largest producer of Camellia sinensis L.,
grown mainly in tropical and subtropical regions. Depending on the
distinct post-harvest treatment of leaves, the consumable tea types
are classified as “Green Tea” (GT, unfermented), “Black Tea” (BT,
fully fermented), “Oolong Tea” (partially fermented), and “PuErh
Tea” (post fermented) [1-3]. Beside the well-known “Ceylon Black
Tea”, highly priced special teas, such as “Silver Tips” (ST) and
“White Tea” (WT), are nowadays produced through unique and
exclusive processing of apical buds, and buds together with the first
leaf, respectively. In Sri Lanka, these teas are being manufactured
solely from a special cultivar, “TRI 2043”, bred and improved by
the Tea Research Institute. Due to the presence of bioactive
compounds, such as polyphenols, vitamins, carbohydrates, caffeine
and purine alkaloids, and amino acids, consumption of tea is
associated with important physiological reactions and potential
health benefits [1,4-6]. The latter, especially, depends upon the
taste, aroma, and quality of tea [3, 7], with y-aminobutyric acid and
L-theanine representing the most abundant amino acids in tea leaves
and tea beverages, respectively [2].

GABA is a ubiquitous, non-proteinaceous amino acid that has been
linked to stress, signaling, and storage processes in plants [8]. It is
abundant in all protein foods, while its richest sources are fish and
wheat bran [9]. It is derived from L-glutamate, a breakdown product

of L-theanine [10,11]; the two reactions involved are catalyzed
consecutively by theanine hydrolase (TH, EC 3.5.1.65) and a
cytosolic glutamic acid decarboxylase (GAD, EC 4.1.1.15). GABA
can be further metabolized by two mitochondrial enzymes, GABA
transaminase (GABA-T, EC 2.6.1.19) and succinic semialdehyde
dehydrogenase (SSADH, EC 1.2.1.24), to succinate semi aldehyde
and succinate, respectively [10].

In mammals, GABA is an important neurotransmitter, exhibiting
inhibitory activity in the central nervous system and playing a
crucial role in neuronal excitability regulation [12,13]. Furthermore,
GABA stimulates overall brain activity and has anti-anxiety,
antihypertensive, and anti-convulsive effects [14,15]. Several
GABA-enriched foods, such as "GABA Tea" [7,16,17], rice germ
[18], brown rice [19], dairy products [20], soft drinks, and black
raspberry juice [21], were proved beneficial in treatment of
sleeplessness, depression, and autonomic disorders [22]. In recent
years, teas enriched in GABA by repeated treatment of fresh leaves
with anaerobic and aerobic fermentation have become popular
among consumers in Taiwan and Japan [16].

Due to the biological and pharmacological importance of GABA,
determining its concentration in different classes of processed tea is
important for the definition of the quality and potential health
effects of the beverage varieties. Confronted with but scarce recent
reports on GABA content in BT and other tea types [3,7,23-25], as
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well as utter lack of relevant data for the selected teas (ST and WT)
from Sri Lanka, an appropriate quantification of the metabolite of
interest was performed. In the present study, fresh tea shoots from
plants grown in different locations were harvested and subsequently
processed according to the appropriate manufacturing method
(Suppl. Tab. 1). GT and BT are well-known standard beverages
favored in oriental and western countries, respectively, while the
production of WT and ST is rather limited. Unlike the former tea
types, ST and WT were processed only minimally, with no heat or
steam applied during the procedure. Six different samples of GT,
BT, and ST, and 10 samples of WT were analyzed in terms of
GABA content. All tea types and samples were prepared as water
infusions, comparable with those made traditionally by consumers.
The initial profiling of GABA content was performed by means of
LC-MS, without any derivatization or further extraction, to
determine the concentration most relevant to human consumption.

Hydrophilic interaction ultra performance liquid chromatography
(HILIC) coupled to mass spectrometry (MS) enables the separation
and analysis of amino acids and other polar metabolites, and has
been successfully applied for GABA determination in other
matrices [26]. The presence of GABA in the hereby investigated tea
samples was proven, as based on the mass spectral characteristics
(presence of the molecular ion, [M+H]", at m/z 104.1 and the two
fragment ions, at m/z 69.0 and 87.0), and co-elution with an
authentic standard. While the metabolite of interest was detected in
all the analyzed samples, the variation of its content was already
evident, as the peak area values were significantly divergent (GT,
lowest vs. other samples). Analysis of the replicate samples further
confirmed the implied contrasts between the investigated tea types,
with the lowest GABA amounts found in GT and the highest, in
WT (Figure 1). Furthermore, while the concentration values were
highly variable in WT and ST samples, this was not the case for the
remaining tea varieties.

More specifically, GABA content in GT samples was the lowest,
amounting to 13-48 mg/kg (Suppl. Tab. 2). In contrast, a previous
report investigating GT from Taiwan, applying similar processing
(infusion), but an alternative analytical approach (Beckman amino
acid analyzer), recounted higher GABA levels, of 169.4 +/- 84.6
mg/kg [7]. Moreover, GT samples originating from China and
Japan were found to contain higher amounts of the amino acid of
interest (19-105 and 138-204 mg/kg, respectively), with 2 to 4 times
higher maximum concentrations than the ones detected herein [3,
25]. As for the fully fermented tea type, the 6 different BT samples
analyzed in this study contained between 81 and 129 mg/kg GABA,
which is more than twice the amount found in the Chinese (34-55
mg/kg), but only one fourth of that characteristic of the Japanese
(311-415 mg/kg) "Black Tea" [3,25].

The two special Sri Lankan teas, WT and ST, showed not only the
highest average GABA content, but also the highest variation in the
investigated parameter between the samples: 91-803 and 63-444
mg/kg, respectively. While the average concentration value
calculated for the ST samples was only slightly higher than the one
recorded for BT, the maximum values obtained for individual
samples exceeded their BT equivalents by 4 to 8 times. Comparing
the aforementioned values with those reported for “GABA Tea”
from Taiwan [7] resulted in the conclusion that the maximum
concentration detected herein constituted but 50% of the average
value representative of the high-priced beverage (1809+/-514
mg/kg). However, GABA levels of only around 200 mg/kg were
described for a commercially available “GABA Tea” [3]. Thus, the
hereby obtained WT data represent the highest GABA content
reported so far in this tea category (e.g., Chinese WT, max. 457+/-
77 mg/kg [25]).

Carvalho et al.
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Figure 1: Quantities of GABA in different tea samples in mg/kg of fresh weight. Each
point represents the average of 2-4 replicates of each tea sample analyzed; the error
bars depict the standard deviation.

The wide variation thus observed led to the assumption that, not
only the origin of the crude material but, to an even higher extent,
the mode of its processing, influence the final content of GABA in
tea. This is in accordance with a previous report investigating amino
acid levels (including GABA) in four different tea types from
Taiwan [3]. However, the authors used longer infusion times
(implying higher extraction rates), probably failing to correspond to
the realistic tea preparation procedure, as performed by the
consumer.

While the final step of BT processing involves drying with hot air,
GT manufacture entails the use of steam or pan firing [26]. In
contrast, the Sri Lankan ST and WT were produced with minimal
processing, which could account for the high amounts of GABA
detected in both teas. In addition, the slow (14 days) air drying
process, being part of the ST and WT manufacturing procedure,
might prove a contributing factor. As the increase in free amino acid
and caffeine levels due to the activity of appropriate hydrolytic
enzymes during the withering stage has been well documented for
BT [27-29], it could be similarly proposed that the boost in GABA
content in the investigated Sri Lankan tea types was an outcome of
the enzymatic breakdown of free L-theanine found in leaves to L-
glutamic acid and ethylamine, and subsequently to GABA [16,17,
30], catalyzed by TH and GAD. Previous reports, stating that
commercial “GABA Tea” usually contained less L-theanine but
more GABA, as compared with GT [3], further support the
aforementioned claim.

To our knowledge, this is an unprecedented report on the bioactive
y-aminobutyric acid concentration in teas of Sri Lankan origin, as
determined by LC/MS-MS. We observed high variability of GABA
content, not only between the different tea classes but also between
individual samples of the same class, indicating the influence of the
sample source and the post-harvest treatment on the investigated
parameter. The sample variation was most significant in the case of
WT, with some boasting around 50% of the GABA content reported
for the high-priced “GABA Teas”. Further studies on the origins of
the observed variability could help determine optimal conditions for
the improvement of GABA abundance in Sri Lankan tea.

In addition, we hereby established the feasibility of HILIC LC-
MS/MS as an alternative technique for successful identification and
quantification of GABA in tea extracts, avoiding the use of
chromophoric labeling reagents, such as the commonly used dabsyl
chloride [3]. Further studies on the activity of enzymes involved in
GABA metabolism, together with the identification of L-theanine
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and L-glutamic acid during the processing of Sri Lankan ST and
WT, are under way and will shed more light on the possibilities of
efficient augmentation of the valuable amino acid levels in the
introduced novel types of speciality teas.

Experimental

Plant material: Six independently collected “Black Tea” (BT),
“Green Tea” (GT), and “Silver Tips” (ST) as well as 10 “White
Tea” (WT) samples of Sri Lankan origin, processed according to
the general rules immediately after harvest, were selected for the
study (29; see Suppl. Tab. 1).

Reagents: Standard GABA and L-norvaline, as well as the solvents
(acetonitrile, formic acid, and ammonia of LC-MS grade) were
purchased from Sigma-Aldrich (St. Louis, MO). MilliQ water was
used for chromatography and sample preparation.

Sample preparation and analysis: One g of each tea sample was
mixed with 50 mL of water at 95°C. L-norvaline (25.4 ng) was
added to the mixture (internal standard). After 6 min, the samples
were quickly cooled in an ice bath, filtered through filter paper into
50 mL volumetric flasks, and the volume adjusted to the mark with
MilliQ water. Each sample was re-filtered through a 0.2 pm PTFE
membrane and diluted 4-fold with acetonitrile. Two to 4 repetitions
per sample were performed. Standard curves were plotted using
GABA concentrations of 0.05, 0.10, 0.15, 0.20, 0.25, 0.50, 1.00,
1.51, 2.01, 4.02, and 6.28 pg/mL, each dilution containing the same
amount of internal standard.

Analysis of moisture content: Moisture content of all tea samples
was determined by the ISO 1573:1980 method [31]. The data were
used to express the results on a dry weight basis.

Chromatography and mass spectrometry: Chromatographic
conditions were adapted from methods developed in house for the
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analysis of amino acids and other polar metabolites [32]. In detail,
the analysis was performed on an Applied Biosystems ABSciex
5500 triplequad mass spectrometer via an electrospray interface
(ESI), controlled by Analyst Software, Version 1.5.1. The mass
spectrometer was coupled to a 1290 Agilent UPLC, equipped with
an ACQUITY UPLC 1.7 um, 2.1 x 150 mm BEH amide column
(Waters) at 60°C. The samples were eluted in a gradient, starting
from 90% A (95% acetonitrile, 5% water, 0.1% formic acid, 0.1%
ammonium hydroxide) and increasing linearly over 8 min to 25% B
(40% acetonitrile, 60% water, 0.1% formic acid, 0.15 % ammonium
hydroxide), followed by 2 min washing with 90% B and
reconditioning of the column for 6 min under initial conditions,
with a 0.4 mL/min flow rate. The injection volume was 1 uL and
the samples were kept at 4°C throughout the analysis. GABA and L-
norvaline were detected by collecting MS/MS spectra in positive
ESI mode. The following parameters were applied: dwell time, 100
ms; curtain gas, 20 psi; collision gas, 9 psi; ion spray voltage, 5000
V; source temperature, 400°C; ion source gas 1 and 2, 55 and 60
psi, respectively. The compound parameters set for GABA analysis
were: collision cell exit potential, 8; declustering potential, 160;
collision energy, 22; entrance potential, 10. For L-norvaline, the
corresponding values where: 12, 60, 16, and 10, respectively. Two
transitions were monitored for GABA, the positively charged
molecular ion, m/z 104.1, and 2 fragment ions, m/z 69.0 and 87.0,
but only the first transition was used for quantification. For the
internal standard, L-norvaline, only one transition was monitored
(m/z 118.1/72.1).

Supplementary data: Suppl. Table 1: Sample list. Suppl. Table 2:
GABA concentration in the investigated tea samples. BT, "Black
Tea"; GT, "Green Tea"; ST, "Silver Tips"; WT, "White Tea".

Acknowledgments - The research was supported by the ADP 2011-
2013 project, funded by the Autonomous Province of Trento.

References

[1] Alcazar A, Ballesteros O, Jurado JM, Pablos F, Martin MJ, Vilches JL,Navalon A. (2007) Differentiation of green, white, black, Oolong, and Pu-
erh teas according to their free amino acids content. Journal of Agriculture and Food Chemistry, 55, 5960-5965.

[2] Hsieh MM, Chen SM. (2007) Determination of amino acids in tea leaves and beverages using capillary electrophoresis with light-emitting diode-
induced fluorescence detection. Talanta, 73, 326-331.

[3] Syu KY, Lin CL, Huang HC, Lin JK. (2008) Determination of theanine, GABA and other amino acids in Green, Oolong, Black and Pu-erh teas
with dabsylation and high performance liquid chromatography. Journal of Agriculture and Food Chemistry, 56, 7637-7643.

[4] Adhikary A, Mohanty S, Lahiry L, Hossain DM, Chakraborty S, Das T. (2010) Theaflavins retard human breast cancer cell migration by inhibiting
NF-kappaB via p53-ROS cross-talk. FEBS Letters, 584, 7-14.

[5] Friedman M. (2007) Overview of antibacterial, antitoxin, antiviral, and antifungal activities of tea flavonoids and teas. Molecular Nutrition and
Food Research, 51, 116—-134.

[6] Kanwar J, Taskeen M, Mohammad I, Huo C, Chan TH, Dou QP. (2012) Recent advances on tea polyphenols. Frontiers in Bioscience, 4, 111-131.

[7] Wang HF, Tsai YS, Lin ML, Ou ASM. (2006) Comparison of bioactive components in GABA tea and green tea produced in Taiwan. Food
Chemistry, 96, 648—653.

[8] Bouche N, Fromm H. (2004) GABA in plants: just a metabolite? Trends in Plant Science, 9, 110-115.

[9] Osiecki H, Meeke F. (2004) The Encyclopaedia of Clinical Nutrition - Volume I: The Nervous System. Smith J. (Ed.). BioConcepts Publishing,
Queensland, Australia.

[10] Fait A, Fromm H, Walter D, Galili G, Fernie AR. (2008) Highway or byway: the metabolic role of the GABA shunt in plants. Trends in Plant
Science, 13, 14-19.

[11] Bedner M, Sander LC, Sharpless KE. (2010) A LC-ESI/MS method for determining theanine in green tea dietary supplements. Analytical and
Bioanalytical Chemistry, 397, 1773-1777.

[12] Watanabe M, Maemura K, Kanbara K, Tamayama T, Hayasaki H. (2002) GABA and GABA receptors in the central nervous system and other
organs. International Review of Cytology, 213, 1-47.

[13] Abou AM, Higashiguchi S, Horie K, Kim M, Hatta H, Yokogoshi H. (2006) Relaxation and immunity enhancement effects of y-aminobutyric acid
(GABA) administration in humans. Biofactors, 26,201-208.

[14] Krystal J, Sanacora G, Blumberg H, Anand A, Charney DS, Marek G, Epperson CN, Goddard A, Mason GF. (2002) Glutamate and GABA systems
as targets for novel antidepressant and mood-stabilizing treatments. Molecular Psychiatry, 7, 457-465.

[15] Foster AC, Kemp JA. (2006) Glutamate and GABA-based CNS therapeutics. Current Opinion in Pharmacology, 6, 7-17.

[16] Sawai Y, Yamaguchi Y, Miyana D. (2001) Cycling treatment of anaerobic and aerobic incubation increases the content of gamma-butyric acid in

tea leaves. Amino Acids, 20, 331-334.

[17] Tsushida T, Murai T. (1987) Conversion of glutamic acid to gamma-aminobutyric acid in leaves under anaerobic conditions. Agricultural and

Biological Chemistry, 51, 2865-2871.



528 Natural Product Communications Vol. 9 (4) 2014 Carvalho et al.

[18]
[19]
[20]
[21]

[22]

(23]
[24]
[25]
[26]
[27]

(28]

Saikusa T, Horino T, Mori Y. (1994) Accumulation of gamma-amino butyric acid in the rice germ during water soaking. Bioscience,
Biotechnology, and Biochemistry, 58, 2291-2292.

Kinefuchi M, Sekiya M, Yamazaki A, Yamamoto K. (1999) Accumulation of GABA in brown rice by high pressure treatment. Journal — Japanese
Society of Food Science and Technology, 46, 329-333.

Nomura M, Kimoto H, Someya Y, Furukawa S, Suzuki L. (1998) Production of gamma-amino butyric acid by cheese starters during cheese
ripening. Journal of Dairy Science, 81, 1486—1491.

Kim JY, Lee MY, Ji GE, Lee YS, Hwang KT. (2009) Production of gamma-aminobutyric acid in black raspberry juice during fermentation by
Lactobacillus brevis GABA100. International Journal of Food Microbiology, 130, 12—16.

Okada T, Sugishita T, Murakami T, Murai H, Saikusa T, Horino T, Onoda A, Kajimoto O, Takahashi R, Takahashi T. (2000) Effect of the defatted
rice germ enriched with GABA for sleeplessness, depression, autonomic disorder by oral administration. Journal — Japanese Society of Food
Science and Technology, 47, 596—603.

Chien WH. (2011) Pu-Erh tea and GABA attenuates oxidative stress in kainic acid-induced status epilepticus. Journal of Biomedical Science, 18,
75.

Hilal Y, Engelhardt U. (2007) Characterization of white tea - comparison to green and black tea. Journal fiir Verbraucherschutz und
Lebensmittelsicherheit, 2, 414-421.

Zhao M, Ma Y, Wei ZZ, Yuan WX, Li YL, Zhang CH, Xue XX, Zhou HJ. (2011) Determination and comparison of y-aminobutyric acid (GABA)
content in Pu-Erh and other types of Chinese tea. Journal of Agriculture and Food Chemistry, 59, 3641-3648.

Buck K, Voehringer P, Ferger B. (2009) Rapid analysis of GABA and glutamate in microdialysis samples using high performance liquid
chromatography and tandem mass spectrometry. Journal of Neuroscience Methods, 182, 78-84.

Engelhardt UH. (2010) Chemistry of tea. In Comprehensive Natural Products Chemistry II. Mander L, Liu HW. (Eds), Elsevier Ltd., Oxford, 999—
1032.

Jeng KC, Chen CS, Fang YP, Hou RC, Chen, YS. (2007) Effect of microbial fermentation on content of statin, GABA, and polyphenols in Pu-Erh
tea. Journal of Agriculture and Food Chemistry, 55, 8787-8792.

Millin DJ, Rustige DW. (1967) Tea manufacture process. Biochemistry, 6, 9—13.

Tsushida T, Takeo T. (1985) An enzyme hydrolyzing L-theanine in tea leaves. Agricultural and Biological Chemistry, 49,2913-2917.

ISO 1572. (1980) Tea - determination of moisture content in leaf tea.

Gika H, Theodoridis G, Mattivi F, Vrhovsek U, Pappa-Louisi A. (2012) Hydrophilic interaction ultra performance liquid chromatography retention
prediction under gradient elution. Analytical and Bioanalytical Chemistry. 404, 701-709.



Natural Product Communications Vol. 9 (4) 2014
Published online (www.naturalproduct.us)

Quantification of y-Aminobutyric Acid in Sri Lankan Tea by Means of Ultra Performance Tandem Mass Spectrometry

Elisabete Carvalho, P.A. Nimal Punyasiri, H.P.P Sudarshana Somasiri, I. Sarath B. Abeysinghe and Stefan Martens 525
5-(Hydroxymethyl)-2-furaldehyde Inhibits Adipogenic and Enhances Osteogenic Differentiation of Rat Bone

Mesenchymal Stem Cells

Xiang-ling Tan, Yan-Hong Zhang, Jian-Ping Cai, Li-Hua Zhu, Wen-Jie Ge and Xian Zhang 529

Variation of Glucosinolate Accumulation and Gene Expression of Transcription Factors at Different Stages of Chinese
Cabbage Seedlings under Light and Dark Conditions

Yeon Bok Kim, Jin-Hyuk Chun, Hye Ran Kim, Sun-Ju Kim, Yong Pyo Lim and Sang Un Park 533
Identification of the Hydroxamate Siderophore Ferricrocin in Cladosporium cladosporioides

Nina Pourhassan, René Gagnon, Thomas Wichard and Jean-Philippe Bellenger 539
Structure Characterization and Adhesive Ability of a Polysaccharide from Tendrils of Parthenocissus heterophylla

Li Zhang and Wenli Deng 541
Two Peptides, Cycloaspeptide A and Nazumamide A from a Sponge Associated Marine Actinobacterium Salinispora sp.

Utpal Bose, Mark P. Hodson, P. Nicholas Shaw, John A. Fuerst and Amitha K. Hewavitharana 545
Full Assignments of the 'H, *C and "N Magnetic Resonance Spectra of Two Porphyrin Compounds

Qi-Feng Chen, Yao-Nan Wang, Ling Wang, Xi-Xian Jian, Dong-Lin Chen, Ming Zhao and Feng-Peng Wang 547

The Effects of Salacia reticulata on Anti-Cellular Oxidants and Melanogenesis Inhibition in a-MSH-stimulated and
UV Irradiated B16 Melanoma Cells
Prasit Suwannalert, Ryusho Kariya, Ikuko Suzu and Seiji Okada 551

Korean Propolis Suppresses Angiogenesis through Inhibition of Tube Formation and Endothelial Cell Proliferation
Seon-Il Park, Toshiro Ohta, Shigenori Kumazawa, Mira Jun and Mok-Ryeon Ahn 555

ETAS, an Enzyme-treated Asparagus Extract, Attenuates Amyloid p-Induced Cellular Disorder in PC12 Cells
Junetsu Ogasawara, Tomohiro Ito, Koji Wakame, Kentaro Kitadate, Takuya Sakurai, Shogo Sato, Yoshinaga Ishibashi,
Tetsuya Izawa, Kazuto Takahashi, Hitoshi Ishida, Ichiro Takabatake, Takako Kizaki and Hideki Ohno 561

An Integrated Approach to the Evaluation of a Metabolomic Fingerprint for a Phytocomplex. Focus on Artichoke

[Cynara cardunculus subsp. scolymus] Leaf

Giada Fodaroni, Michela Burico, Anna Gaetano, Anna Maidecchi, Rita Pagiotti, Luisa Mattoli, Pietro Traldi and Eugenio Ragazzi 565
Cytotoxicity and Antimicrobial Activity of the Essential Oil from Satureja montana subsp. pisidica (Lamiceae)

Tatjana Kundakovi¢, Tatjana Stanojkovi¢, Branka Kolundzija, Stevan Markovi¢, Branka Sukilovi¢, Marina Milenkovi¢ and

Branislava Lakusi¢ 569
Chemical Composition of Essential Oils of Grindelia squarrosa and G. hirsutula

Katalin Veres, Orsolya Roza, Eszter Laczko-Z61d and Judit Hohmann 573
Seasonal Influence on the Essential Oil of Eucalyptus microcorys

Flavia N. M. Oliveira, Gilmara A. C. Fortes, José R. Paula, Pedro H. Ferri and Suzana C. Santos 575
Composition of the Essential Oil of Wild Grown Caraway in Meadows of the Vienna Region (Austria)

Remigius Chizzola 581

Volatile Compounds from Roots, Stems and Leaves of Angelica acutiloba growing in Taiwan
Hsin-Chun Chen, Yi-Jr Tsai, Li-Yun Lin, Chin-Sheng Wu, Shan-Pao Tai, Yu-Chang Chen and Hsiu-Mei Chiang 583

Anti-oxidant, Anti-inflammatory and Anti-proliferative Activities of Moroccan Commercial Essential Oils
Smail Aazza, Badiaa Lyoussi, Cristina Megias, Isabel Cortés-Giraldo, Javier Vioque, A. Cristina Figueiredo and Maria G. Miguel 587



Natural Product Communications

2014
Volume 9, Number 4

Contents

Original Paper

Activation of Cell-mediated Immunity by Morinda citrifolia Fruit Extract and Its Constituents
Kazuya Murata, Yumi Abe, Megumi Futamura-Masuda, Akemi Uwaya, Fumiyuki Isami, and Hideaki Matsuda

A New Pyrrolosesquiterpene from the Terrestrial Streptomyces sp. Hd7-21
Dong-Ze Liu and Bo-Wen Liang

Structure-Activity Relationships of Tanshinones in Activating Nrf2. A DFT Study and Implications for Multifunctional
Antioxidant Discovery
You-Min Sun, Zheng-Tao Xiao and Hong-Yu Zhang

Chemical Modifications of Cinchona Alkaloids Lead to Enhanced Inhibition of Human Butyrylcholinesterase
Daniela Karlsson, Adyary Fallarero, Pravin Shinde, Anju CP, Igor Busygin, Reko Leino, C. Gopi Mohan and Pia Vuorela

Alkaloids from Marine Sponges as Stimulators of Initial Stages of Development of Agricultural Plants
Mikhail M. Anisimov, Elena L. Chaikina and Natalia K. Utkina

Crinane Alkaloids of the Amaryllidaceae with Cytotoxic Effects in Human Cervical Adenocarcinoma (HeLa) Cells
Jerald J. Nair, Lucie Rarova, Miroslav Strnad, Jaume Bastida, Lee Cheesman and Johannes van Staden

Alkaloids from Xylariaceae sp., a Marine-derived Fungus
Xu-Hua Nong, Xiao-Yong Zhang, Xin-Ya Xu, Yun-Lin Sun and Shu-Hua Qi

Occurrence of a Taurine Derivative in an Antarctic Glass Sponge
Marianna Carbone, Laura Nufiez-Pons, M. Letizia Ciavatta, Francesco Castelluccio, Conxita Avila and Margherita Gavagnin

Two New Thyminenol Derivatives from the Marine Sponge Haliclona sp.
Bin Wang, Yaocai Lin, Yinning Chen and Riming Huang

Decorosides A and B, Cytotoxic Flavonoid Glycosides from the Leaves of Rhododendron decorum
Mostafa E. Rateb, Hossam M. Hassan, El-Shaimaa A. Arafa, Marcel Jaspars and Rainer Ebel

In vitro Cultures of Bituminaria bituminosa: Pterocarpan, Furanocoumarin and Isoflavone Production and Cytotoxic
Activity Evaluation
Francesca D’ Angiolillo, Laura Pistelli, Cecilia Noccioli, Barbara Ruffoni, Simona Piaggi, Roberto Scarpato and Luisa Pistelli

In Vitro Antioxidant Activity and Phenolic Content of Cedrus brevifolia Bark
Elena Cretu, Juha-Pekka Salminen, Maarit Karonen, Anca Miron, Christiana Charalambous, Andreas I. Constantinou and
Ana Clara Aprotosoaie

Evaluation of Bioactive Components and Antioxidant and Anticancer Properties of Citrus Wastes Generated During
Bioethanol Production

Soon Jae Im, Jae-Hoon Kim and Min Young Kim

A New Coumarin and Cytotoxic Activities of Constituents from Cinnamomum cassia

Tran Minh Ngoc, Nguyen Xuan Nhiem, Nguyen Minh Khoi, Doan Cao Son, Tran Viet Hung and Phan Van Kiem

Coumarin Compounds in Coronilla scorpioides Callus Cultures

Anna Piovan, Raffaella Filippini and Gabbriella Innocenti

A New Isocoumarin from Cajanus cajan (Fabaceae)

Virginia F. Rodrigues, Rodrigo R. Oliveira and Maria Raquel G. Vega

Styryllactones and Acetogenins from the Fruits of Goniothalamus macrocalyx
Quy Hung Trieu, Huong Doan Thi Mai, Van CuongPham, Marc Litaudon, Frangoise Gueritte, Pascal Retailleau,
Isabelle Schmitz-Afonso, Olinda Gimello, Van Hung Nguyen and Van Minh Chau

Potent Acetylcholinesterase Inhibitory Compounds from Myristica fragrans
To Dao Cuong, Tran Manh Hung, Hyoung Yun Han, Hang Sik Roh, Ji-Hyeon Seok, Jong Kwon Lee, Ja Young Jeong,
Jae Sue Choi, Jeong Ah Kim and Byung Sun Min

Clastogenic Effect of Atranorin, Evernic acid, and Usnic Acid on Human Lymphocytes
Gordana S. Stojanovi¢, Miroslava Stankovié, Igor Z. Stojanovié, Ivan Pali¢, Vesna Milovanovi¢ and Sofija Ranci¢

MAO-A Inhibition Profiles of Some Benzophenone Glucosides from Gentiana verna subsp. pontica
Duygu Kaya, Anna K. Jager, Funda N. Yal¢in and Tayfun Ers6z

Phytochemical Investigations of Lonchocarpus Bark Extracts from Monteverde, Costa Rica
Caitlin E. Deskins, Bernhard Vogler, Noura S. Dosoky, Bhuwan K. Chhetri, William A. Haber and William N. Setzer

Immune Enhancing Effects of Echinacea purpurea Root Extract by Reducing Regulatory T Cell Number and Function
Hyung-Ran Kim, Sei-Kwan Oh, Woosung Lim, Hyeon Kook Lee, Byung-In Moon and Ju Young Seoh

Isocorilagin, a Cholinesterase Inhibitor from Phyllanthus niruri
Yee-Hui Koay, Alireza Basiri, Vikneswaran Murugaiyah and Kit-Lam Chan

Antioxidant Activity and Phenolic Content of Bergenia crassifolia, B. x ornata and B. ciliata
Helena Hendrychova, Anna Vildova, Nina Koc¢evar-Glavaé, Lenka Timova, Elnura Abdykerimova Kanybekovna and Jifi Tima

Antioxidant Activity and Total Phenolic Contents of Three Bupleurum Taxa
Hyeusoo Kim, Sea Hyun Kim and Kyeong Won Yun

Continued inside backcover

445

451

453

455

459

461

467

469

471

473

477

481

483

487

489

493

495

499

503

505

507

511

515

519

523



