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The distribution patterns of flavonoids and cyclohexenyl chalcone derivatives in conventional propagated (CP) and in vitro-derived
(CPA) field-grown plants of an important medicinal ginger, Boesenbergia rotunda, are described. A total of eight compounds were
extracted from six organs (rootlet, rhizome, shoot base, maroon stem, stalk, and leaf) of the CP and CPA plants. Five major
chromatographic peaks, namely, alpinetin, pinocembrin, pinostrobin, 4-hydroxypanduratin A, and panduratin A, were consistently
observed by high performance liquid chromatography. Nonaerial organs had higher levels of flavonoids than the aerial ones for
all types of samples. Among the compounds detected, pinostrobin and 4-hydroxypanduratin A were the most abundant flavonoid
and cyclohexenyl chalcone derivative, respectively. The distribution and abundance of the bioactive compounds suggested that the
shoot base could be more potentially useful for medicinal application than other organs of the plant and may be the site of storage

or occurrence of biosynthetic enzymatic activities.

1. Introduction

Boesenbergia rotunda (L.) Manst. (syn. B. pandurata (Roxb.)
Schltr.), known as fingerroot ginger, is an important member
of the Zingiberaceae family due to its medicinal properties. It
is extensively used in Asia both in traditional medicine and as
a spice or condiment in cooking. Its tubers are widely applied
locally to tumors, swellings, and wounds and as a treatment
for colic disorders such as diarrhoea [1].

Boesenbergia rotunda contains numerous beneficial com-
pounds that have great potential for pharmaceutical appli-
cations. Bioactive compounds from rhizome extracts have
been identified [2, 3] and classified mainly into two major
groups, flavanones (e.g., alpinetin, pinostrobin, and pinocem-
brin) and chalcones (e.g., boesenbergin, cardamonin, pan-
duratin A, and 4-hydroxypanduratin A) [4]. These com-
pounds have antioxidant, antibacterial, antifungal, anti-
inflammatory, antitumour, or antituberculosis activities [5].

For example, cyclohexenyl chalcone derivatives (CCDs), such
as panduratin A and hydroxypanduratin A, exhibit anti-
inflammatory activity that inhibits the production of both
nitric oxide and prostaglandin through the suppression of
NF-xf3 activation [6]. These compounds also significantly
reduce the expression of matrix metalloproteinase-1 and
induce the expression of type 1 procollagen to a much greater
extent than epigallocatechin 3-O-gallate, suggesting that
panduratin A could be a potential candidate for preventing
or treating skin aging induced by UV radiation [7]. Previous
studies have also suggested that panduratin A may serve as
an effective preventative or therapeutic chemical agent for
cancer [8, 9] and may inhibit TNF-a and aminopeptidase
N activities [10]. Win et al. [11, 12] reported that panduratin
D was cytotoxic against pancreatic cancer cells. Interest-
ingly, cyclohexenyl chalcones derived from B. rotunda have
been reported to possess antidengue properties, which were



mainly attributed to their inhibitory action against the NS3
protease of the DEN-2 virus [13].

Flavonoids are a group of heterocyclic organic com-
pounds [14] that have many diverse functions in plants,
including defense, pollination, protection from UV radia-
tion, inhibition of auxin transport, and flower coloring [15].
Pinostrobin has been reported to elevate the activity of an
antioxidant enzyme and quinone reductase [16], mediate
inflammation, and reduce estrogen-induced cell proliferation
[3]. Trakoontivakorn et al. [17] reported that pinostrobin,
cardamonin, panduratin A, and 4-hydroxypanduratin A pos-
sessed antimutagenic activities. Cardamonin is also able to
inhibit HIV-1 protease [18] and has analgesic and antipyretic
activities [19].

Flavonoids have a great potential for industrial applica-
tions due to their bioactive properties. Despite the potential of
these compounds, the limited availability in nature continues
to be a significant challenge. Although chemical synthesis is
available for some flavonoid compounds, the use of harsh
or toxic chemical solvents has limited the synthesis of these
high value compounds [20]. Therefore, it is vital to ensure
continuous supply of plant source in order to meet the
commercial demand. B. rotunda is traditionally propagated
by vegetative techniques using a rhizome segment [21].
However, this method is slow, time-consuming, and not
economically viable as the collection of rhizome for industrial
applications could limit the starting material for propagation.
Thus, it is essential to develop in vitro propagation method
for obtaining sustainable, optimized sources of plant-derived
bioactive compounds [22]. The morphogenic potential and
regenerative capacity of B. rotunda from in vitro cell cultures
have been reported [23], but a detailed analysis of the pro-
ductive competency and biosynthetic pathway of flavonoids
has remained elusive. We have thus examined and compared
the production of various flavonoids and chalcones produced
in conventional propagated (CP) and in vitro-derived (CPA)
field-grown plants of B. rotunda. The highest yields of
bioactive compounds obtained from different organs of B.
rotunda can thus be identified and exploited for medicinal
use.

2. Materials and Methods

2.1. Plant Materials. Fresh yellow rhizomes of B. rotunda
obtained from a local farm near Kuala Lumpur, Malaysia,
were thoroughly cleaned by rinsing with tap water. The
cleaned rhizomes were air-dried before being placed on a
layer of clean cotton to allow shoots to sprout to at least 1-
2 cmin length. The shoots were surface-sterilized and used as
explants to initiate shoots according to the protocol of Tan et
al. [23]. To analyze the metabolic profiles in different tissues
of B. rotunda, CPA of 2-3 cm in height and CP plants were
cleaned and separated into six organs: rootlets, rhizomes,
shoot-base rhizomes, maroon stems, leaf stalks, and leaves
(Figure 1). All organs were thinly sliced, air-dried, and ground
into a fine powder using a blender. This powder was stored at
—80°C until use.
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FIGURE 2: Compounds isolated from Boesenbergia rotunda.

2.2. Extraction and Purification of Bioactive Compounds.
Bioactive compounds were extracted by soaking the powders
in methanol overnight. The methanolic extracts obtained
by filtration were evaporated in vacuum at 35°C, and the
resultant slurry was partitioned with equal volumes of ethyl
acetate (EA) and water. Partitioning was necessary to remove
excessive polar compounds in the extracts. The EA fraction
was vacuum-dried, and the mass of the crude extract was
recorded. The crude extract was dissolved in methanol at a
ratio of 1 mg to 30-60 uL methanol and subsequently filtered
through a 0.45um PTFE filter (German Acrodisc 13 CR)
prior to analysis by high performance liquid chromatography
(HPLC).

2.3. HPLC Analysis. An injection volume of 50 uL was
applied for each sample, and the eluent was monitored at
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(I) Chalcone
(1) Pinocembrin chalcone: R = OH, R’ = OH
(2) Pinostrobin chalcone: R = OMe, R’ = OH
(3) Cardamonin: R = OH, R’ = OMe
(a)

(IT) Flavanone

(4) Pinocembrin: R = OH, R’ = OH

(5) Pinostrobin: R = OMe, R’ = OH

(6) Alpinetin: R = OH, R’ = OMe
(b)

"
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(IIT) Cyclohexenyl chalcone
(7) Panduratin A: R = OMe

(8) 4-Hydroxypanduratin A: R = OH

FIGURE 3: HPLC chromatogram of extract from the shoot base of Boesenbergia rotunda.

285 and 330 nm in an HPLC system (Perkin Elmer) equipped
with a semipreparative column (Chromolith SemiPrep RP-
18 endcapped 100-10 mm column, pore size 2 ym to 13 nm
(Merck, Germany), flow rate: 1.5mL/min), Perkin Elmer
Series 200 Pump, diode array detector, and Rheodyne 77251
manual sampler controlled by TotalChrom Navigator Series
200 Workstation software. The solvent system was 80% water-
phosphoric acid and 20% acetonitrile for 0.5 min, which was
subsequently mixed using a linear gradient starting with 80%
phosphoric acid. The gradient was gradually decreasing to
70% (over 5min) and held for 7 min and then to 50% over
20 min and held for 4 min and finally to 20% over 14 min.
Each run was 50.5min. A total of five runs were conducted
for each sample, and peak areas with less than 5% standard
deviation were recorded. The compounds were quantified
by comparing the absorbance to our previously identified

external standards [13]. Naringenin was added to the samples
as an internal standard.

2.4. Statistical Analysis. The experiments were conducted
with five independent replicates and expressed as percent-
ages. The data were analyzed statistically by analysis of
variance (ANOVA) followed by Duncan’s multiple-range test
at a significance level of P < 0.05.

3. Results and Discussion

The distribution of selected bioactive compounds in CP and
CPA field-grown plants was investigated in order to evaluate
selected biochemical contents and to understand their site of
biosynthesis with the aim of producing higher accumulation
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FIGURE 4: Biosynthetic pathway suggested for the analyzed flavonoids and chalcones.

of the targeted compounds through genetic manipulation in
the future. In this study, rootlets, rhizomes, and shoot bases
were considered as nonaerial organs of CP and CPA field-
grown plants, whereas leaves, stalk, and maroon stem were
classified as aerial organs (Figure 1).

Eight compounds, namely, alpinetin, pinocembrin chal-
cone, pinostrobin chalcone, pinostrobin, pinocembrin, car-
damonin, 4-hydroxypanduratin A, and panduratin A, were
tracked using HPLC throughout retention times between 10
and 46 min (Figures 2 and 3). Of these, alpinetin, pinocem-
brin, pinostrobin, 4-hydroxypanduratin A, and panduratin
A were consistently observed in extracts from nonaerial and
aerial organs throughout the analysis.

The nonaerial organs of B. rotunda were richer in
flavonoids than the aerial organs in both CP and CPA
plants (Table 1). Pinostrobin was predominantly present in
the nonaerial organs of CP and CPA plants, followed by

pinocembrin and alpinetin. We also found considerable
differences in pinostrobin levels in different organs of the CP
and CPA plants. The pinostrobin contents were about 12%
higher in the nonaerial organs of the CPA plants compared
to CP plants. The quantity of pinocembrin in the nonaerial
organs, except rhizome, varied significantly between the CP
and CPA plants. Pinocembrin levels detected in the nonaerial
organs were 3% higher in the CPA than in the CP plants.
The highest concentration of pinocembrin was detected in the
rhizome of CPA plants and shoot bases of CP plants.

In addition, levels of alpinetin in the CP and CPA plants
were significantly higher (P < 0.05) in the nonaerial organs
compared to the aerial organs. Only low levels of cyclo-
hexenyl chalcone derivatives were detected for both types
of samples. These derivatives included 4-hydroxypanduratin
A, panduratin A, cardamonin, pinostrobin chalcone, and
pinocembrin chalcone. 4-Hydroxypanduratin A was more
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abundant than panduratin A in the CP and CPA plants,
whereas minimal amounts of pinocembrin chalcone were
detected in either type of sample.

The aerial organs generally had higher levels of the
eight selected compounds in the CP plants than in the
CPA (Table 1). In general, the aerial organs contained much
less pinostrobin than the nonaerial organs, yet considerable
amounts of pinostrobin were detected in these organs, with
the highest amount (2020.1 ug g™") in the maroon stem of CP
plants. In contrast, less pinostrobin than pinocembrin and
alpinetin was detected in the CPA. Only a small amount of
pinocembrin chalcone (0.8-3.3 ugg™") was detected in the
stalks of CP and CPA plants and none in the leaves, similar
to the nonaerial organs.

Based on our findings, we suggest the biosynthesis of
selected flavonoids in B. rotunda by referring to the previ-
ously established pathways (Figure 4) [24-26]. Phenylalanine
would be converted to pinocembrin chalcone, a precursor for
subsequent flavonoid formation, via a series of deaminations
(steps 1,2, and 3). Thus, the probability of detecting pinocem-
brin chalcone in regions other than the sites of its biosynthesis
would be small. This observation is substantiated by its
absence in the rootlets and leaves of CP plants propagated
through rhizome and tissue culture methods. In addition, low
amounts of pinocembrin chalcone were detected in the other
plant organs tested. Higher concentrations of pinostrobin
chalcone and its products were found in the shoot base
compared to other organs. The conversion of pinocembrin
chalcone to cardamonin through methylation was low as
cardamonin may have been converted to alpinetin (steps
6 and 10). In contrast, high accumulation of pinocembrin
and pinostrobin was detected, indicating the isomerisation
and cyclisation of pinocembrin chalcone to pinocembrin is
more favorable than to alpinetin. The presence of pinostrobin
chalcone was scarce, suggesting its intermediate role in the
conversion of pinocembrin chalcone to pinostrobin (steps
5 and 9). The highest amounts of pinostrobin in all organs
of the CP and CPA plants suggested its probability as an
end product of the biosynthetic pathway. Unlike pinostrobin,
pinocembrin is an intermediate compound that could be
methylated to form pinostrobin and alpinetin (steps 7 and 8).
In comparison, the amount of CCDs (hydroxypanduratin A
and panduratin A) was lower than the other end products
(pinostrobin and alpinetin), implying that biosynthesis of
pinostrobin is the major process in B. rotunda.

In this study, the distribution of the flavonoids and
chalcones in organs of B. rotunda CP and CPA field-grown
plants was profiled, which led to a better understanding of
the biosynthetic sites and the possible route of formation of
the compounds from their respective precursor molecules.
Our study could also be useful as a guide for selecting the
best plant tissues for extracting compounds for medicinal
uses. Nevertheless, further research is required to confirm or
amend the proposed biosynthetic pathway.
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