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ABSTRACT: Derris indica, a Thai medicinal plant, contains biologically active substances such as flavone, flavanone,
chalcone, and rotenoid compounds. Many compounds from this plant show antitumour, antihyperglycaemic, and
anti-inflammatory activities. In this study, eleven compounds including six flavonoid and five chalcone compounds
were isolated from the seed of D. indica. Their structures were established on the basis of NMR spectroscopic
data. Desmethoxykanugin showed 100% inhibition to acetylcholinesterase, being about two fold stronger than the
standard, tacrine, but cytotoxic against normal cells. Fortunately, pongaflavone and (2R,3R)-3-hydroxy-5-methoxy-
2′′,2′′-dimethylpyrano[7,8:5′′,6′′]-flavanone displayed around 50% inhibition to AChE as compared to the standard
and they were inactive against normal cells. Thus these compounds could be developed to treat Alzheimer’s disease.
In addition, candidone, pongamol, obovatachalcone, derrischalcone, and tunicatachalcone showed cytotoxic activity
against KB cell line with IC50 values ranging from 8–18 µg/ml.
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INTRODUCTION

Alzheimer’s disease is a neurodegenerative disease
which causes loss of memory, language skills, atten-
tion, and depression. This disease affects millions
of elderly people1. Although the aetiology is not
well understood, it is believed that the deposition
of β-amyloid plaques, a low level of acetylcholine
(ACh), formation of neurofibrillary tangles contain-
ing tau protein, and oxidative stress may cause
this disease2. Acetylcholinesterase (AChE) is an
enzyme that hydrolizes the ester bond of ACh. The
inhibition of AChE results in a rising ACh level in
the brain3. Thus an AChE inhibitor is one of the
strategies that is used to treat Alzheimer’s disease.
Nowadays the AChE inhibitors which are usually
used with patients are tacrine, serine, donepezil,
rivastigamine, and galantamine. However, these
agents show side effects such as diarrhoea, nausea,
and vomiting4. For this reason the search for AChE
inhibitors from natural sources is still necessary.

Derris indica, belonging to the Fabaceae family,
is known as ‘yi-nam’ in Thai and as ‘karanj’ or
‘karanja’ in Hindi5. This plant is a mangrove tree
and grows widely throughout Southeast Asia and

the Pacific Islands. The leaves have five or seven
leaflets, pinkish-white flowers and thin grey bark.
This medicinal plant has been used for bronchitis,
whooping cough, rheumatic arthritis, ulcers, and
diabetes6. It has been reported that this plant con-
tains biologically active substances such as flavone,
flavanone, chalcone, and rotenoid compounds7.
The seed and seed oil have been used to treat in-
flammatory and infectious diseases and for tanning
leather and making soap. Nowadays the seed oil is
used as a fuel in diesel engines and shows a good
thermal efficiency8. In the present study, we focus
on the evaluation of AChE inhibition and cytotoxic
activities of all compounds found in the seed of
D. indica.

MATERIALS AND METHODS

General experimental procedures

Melting points were determined on an SANYO Gal-
lenkamp (UK) melting point apparatus and are un-
corrected. UV spectra were measured on an Agi-
lent 8453 UV-Vis spectrophotometer (Germany). IR
spectra were recorded as KBr disks or thin films, us-
ing a Perkin Elmer Spectrum One FT-IR spectropho-
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tometer (UK). The NMR spectra were recorded on a
Varian Mercury plus spectrometer (UK) operating at
400 MHz (1H) and at 100 MHz (13C). Mass spectra
were determined on a Micromass Q-TOF 2 hybrid
quadrupole time-of-flight mass spectrometer with
a Z-spray ES source (Micromass, Manchester, UK).
Optical rotation was obtained using a JASCO DIP-
1000 digital polarimeter. Thin layer chromatogra-
phy (TLC) was carried out on MERCK silica gel 60
F254 TLC aluminium sheets. Column chromatog-
raphy was done with silica gel 0.063–0.200 mm or
less than 0.063 mm. Preparative layer chromatog-
raphy was carried out on glass supported silica gel
plates using silica gel 60 PF254. All solvents were
routinely distilled prior to use.

Plant material

The seed of D. indica was collected in August 2012
from Krabi Province, Thailand. The plant was
identified by Pranom Chantaranothai, Faculty of Sci-
ence, Khon Kaen University. A botanically identified
voucher specimen (KKU0042012) was deposited at
the herbarium of the Department of Chemistry, Fac-
ulty of Science, Khon Kaen University, Thailand.

Extraction and isolation

Air-dried seed (5.8 kg) of D. indica was ground and
then extracted successively at room temperature
with hexane (2×12 l), EtOAc (2×12 l), and MeOH
(2×12 l). The filtered samples were combined, and
the solvents were evaporated in vacuo to yield crude
hexane (336 g), EtOAc (150 g), and MeOH (220 g)
extracts. The crude hexane extract (336 g) was
subjected to silica gel flash column chromatography
(FCC) and eluted with a gradient system of three
solvents (hexane, EtOAc, and MeOH) by gradually
increasing the polarity of the elution solvents to give
nine fractions, F1 to F9. F1 was identified as the
natural oil (262.4 g, 5% yield). Purification of F2
was carried out on silica gel FCC and eluted with
the three gradient system above to give compound 8
(72.4 mg, 0.0012%). The solid in fraction F5 was re-
crystallized from CH2Cl2:EtOAc to give a colourless
solid of compound 2 (5.02 g, 0.0866%). The filtrate
of F5 was evaporated to yield a viscous yellow oil,
which was subjected to silica gel FCC using gradi-
ent elution of hexane:EtOAc mixtures to give six
subfractions, F5.1–F5.6. Crystallization of subfrac-
tion F5.3 from EtOAc:CH2Cl2 gave a white solid of
compound 4 (147 mg, 0.0025%). Subfraction F5.5
was rechromatographed on silica gel FCC and eluted
with an isocratic system of 10% EtOAc:hexane to
give four subfractions, F5.5.1–F5.5.4. Subfraction

F5.5.2 was purified by reversed-phase silica gel
FCC using 25% water:MeOH as eluting solvent to
give compound 10 (121.6 mg, 0.0021%). Crystal-
lization of subfraction F5.5.3 using EtOAc:CH2Cl2
yielded a colourless solid of compound 1 (47.8 mg,
0.0008%). The filtrate of F5.5.3 was purified by
reverse-phase silica gel CC using 20% water:MeOH
as eluting solvent to give compound 9 (25.9 mg,
0.0004%) and compound 5 (4.3 mg, 0.0013%).
The purification of F8 by silica gel FCC and elution
with hexane:EtOAc mixtures of increasing polarity
gave six subfractions, F8.1–F8.6. Subfraction F8.1
was further purified by preparative TLC using 2%
EtOAc:hexane as an eluting solvent to give com-
pound 7 (35.3 mg, 0.0006%). Subfraction F8.4
was rechromatographed on silica gel FCC and eluted
with an isocratic system of 75% CH2Cl2:hexane to
give compound 3 (11.4 mg, 0.0002%). Subfraction
F8.5 was subjected to silica gel FCC with 10%
acetone:hexane to give seven subfractions, F8.5.1–
F8.5.7. Subfraction F8.5.1 was further purified by
silica gel FCC using 10% EtOAc:hexane as eluting
solvent to give compound 11 (40.9 mg, 0.0007%)
and compound 6 (90.6 mg, 0.0016%).

Biological study

AChE activity was evaluated by using the modified
Ellman’s spectrophotometric method. Tacrine was
used as a reference standard. The assay was per-
formed in 96-well plate by adding 25 µl of 1 mM
acetylthiocholine iodide used as the substrate in the
assay, 125 µl of 1 mM 5, 5′-dithiobis-(2-nitrobenzoic
acid) (DTNB), 25 µl of 0.1 M phosphate buffer
pH 7.4, 25 µl of testing substance in various con-
centrations and 50 µl of 0.2 Units/ml AChE from
an electric eel (type VI-S). At least five concentra-
tions of the test compounds were assayed. The
absorbance changes at 405 nm were detected every
30 s over a period of 5 min with a microplate reader.
The enzyme activity and the percentage inhibition
were determined9.

Cytotoxicity assays against human epidermoid
carcinoma (KB) cell line was performed using the
Resazurin Microplate Assay (REMA)10, and a cy-
totoxicity assay against Vero cells (African green
monkey kidney) was performed using a Green Flu-
orescent Protein-(GFP-) based assay11. Ellipticine
was included as a reference substance.

RESULTS AND DISCUSSION

Dry seed of D. indica (5.8 kg) was ground into
powder and then extracted at room temperature
with hexane, EtOAc, and MeOH. The hexane
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Fig. 1 The structure of isolated compounds 1–11 from D. indica.

extracts were subjected to repeated column chro-
matography over silica gel, RP-18, preparative
TLC to obtain 11 compounds. All isolated com-
pounds were six flavonoids, desmethoxykanugin
(compound 1)5, karanjin (compound 2)5, kan-
jone (compound 3)12, pongaflavone (compound
4)13, (2R,3R)-3-hydroxy-5-methoxy-2′′,2′′-dimeth-
ylpyrano [7,8:5′′,6′′]-flavanone (compound 5)14,
and candidone (compound 6)15; and five chalcones,
pongamol (compound 7)16, obovatachalcone (com-
pound 8)17, derrischalcone (compound 9)18, tuni-
catachalcone (compound 10)19, and ovalichalcone
(compound 11)20 (Fig. 1). The structures were
elucidated by comparing their spectroscopic data
with those reported in the literature. All compounds
were evaluated for the inhibition of AChE using the
modified Ellman’s method and tested for cytotoxic-
ity. The results are shown in Table 1.

Among the tested compounds, desmethoxy-
kanugin (compound 1) showed the strongest inhibi-
tion to AChE (100% inhibition) which is about two
fold stronger than tacrine. However, this compound
showed cytotoxic activity to normal cell (Vero cells)
with IC50 value of 17.6 µg/ml. Flavone compound
4 exhibited 56% inhibition to AChE which was the
same level as the standard tacrine while the flavones
compound 2 and compound 3 showed weak activity.

It may be suggested that the pyran ring may play an
important role in this activity. It was found that the
flavanones compound 5 and compound 6 displayed
about 50% inhibition which were the same level as
tacrine. Fortunately, compound 4 and compound 5
showed inactive cytotoxic activity against Vero cells.
This interesting information implied convincingly
that the flavonoids compound 4 and compound 5
are useful lead compounds for the development of
AChE inhibitors.

Table 1 AChE inhibitory and cytotoxicity of compounds
from D. indica.

Compound AChE inhibitory action Cytotoxicity IC50 (µg/ml)a

(% inhibition)a,b
KB Vero cells

1 100.0±4.3 inactive 17.6±0.8
2 1.9±0.7 inactive inactive
3 3.1±1.8 inactive inactive
4 55.9±3.2 inactive inactive
5 58.3±6.7 inactive inactive
6 55.9±5.5 11.8±0.1 6.4±0.2
7 58.8±3.2 8.9±0.5 4.2±0.1
8 60.3±4.4 14.7±1.1 5.2±0.6
9 2.6±1.2 12.7±0.9 4.3±0.9
10 1.5±1.0 18.3±1.3 7.3±0.4
11 4.6±1.1 inactive inactive
tacrine 54.7±3.4
ellipticine – 1.23±0.31 1.27±0.28

a Data shown are from triplicate experiments.
b at 100 µM.
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Among chalcones, compound 7 and compound
8 showed stronger activity against AChE (around
60% inhibition) than compounds 9–11. It seems
that the presence of a furan or pyran group corre-
lates with an increase in the activity. Unfortunately,
compounds 7 and 8 exhibited cytotoxicity against
Vero cells. In addition, compounds 6–10 showed
weak cytotoxicity against KB cell line.

There are many reports on the medicinal role of
various plants for their neuroprotective properties
by the active chemical constituents including alka-
loids, steroids, terpenoids, saponins, phenolics, and
flavonoids21. Phenolic compounds usually showed
preventing the onset and progression of Alzheimer’s
disease22. In this study, six compounds including
compounds 1 and 4–8 were found to be potent
inhibitors against AChE activity. However, most of
them (compounds 1, 4–6) are flavonoids, two of
them (compounds 7 and 8) are chalcones, and only
one (compound 8) is a phenolic compound. These
results showed that they are potent AChE inhibitors
of flavonoids and chalcones groups as well.

In conclusion, the isolation and purification of
compounds from the seed of D. indica led to six
flavonoids and five chalcones. Among the isolated
compounds, compound 1 displayed the strongest
inhibition against AChE but it was not suitable to be
used as AChE inhibitor due to strong cytotoxicity.
Fortunately, compounds 4 and 5 inhibited AChE
activity equally compared to the standard tacrine
and showed no cytotoxicity.
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