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The present review describes the morphological, traditional, phytochemical and pharmacological
aspects of Clausena excavata (Burm. ., Rutaceae). The plant grows wild in the tropical and subtropical
parts of Asia and represents one of the richest sources of medicinal natural products. It is intensively
used currently in traditional medicine for treatment of different illnesses. One part or a mixture of two or
more parts of the plant in the form of powder or liquid doze is usually given to the patient.
Phytochemically, many pure compounds from several secondary metabolite groups of C. excavata have
been isolated from different parts of the plant including leaves, stems, stem barks, roots, root barks,
rhizomes and flowers. Their chemical structures however, have been elucidated using several
spectroscopic techniques. Pharmacologically, many secondary metabolites including alkaloids and
coumarins have been tested for their biological activities. Anticancer, immunomodulatory, anti-HIV-1,
antioxidant, antibacterialial, insecticidal, antifungal, antinociceptive, anti-malarial and antiplatelet
activities of this plant have been detailed here. This paper enumerates an overview of its phytochemical
and pharmacological properties, which may provide assistance to researchers to determine further, the
efficacy and potency of C. excavata as medicinal plant.
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INTRODUCTION

The discovery and identification of biologically active
secondary metabolites from new promising sources,
particularly of plant origin, is one of the most effective
ways in which the study in medicinal plants had
progressed clearly (Lewis and Elvin-Lewis, 1995). In this
aspect, Clausena excavate (Figure 1 a,b) has since
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been able to provide natural products of interest in the
field of pharmacology (Blumenthal et al., 2000). C.
excavata Burm. f. (Rutaceae) is a wild shrub, belonging
to the Rutaceae family (Burkill, 1935). Clausena is a
genus of about fourteen species of evergreen trees,
occurring mostly in India and tropical Asia (Shier, 1983).
One of the most interesting features of C. excavata
species is its availability in several parts of Asia. The
plant is easy to grow, free of pests and diseases as well
as withstanding heavy pruning (Swarbrick, 1997). The
focus of this review is to report the traditional uses,
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Figure 1. Clausena excavata Burm. f. (Rutaceae). (a) Appearance of the overall plant, (b) appearance of leaves
and fruits. Source: http://www.google.com.my/search?q=images+of+clausena+excavata.

chemical constituents and biological activities of C.
excavata. The present review paper includes
phytochemistry and pharmacology of most chemical
compounds (secondary metabolites) known to the plant.
This report provides essential guidance for future
research of the plant particularly in plants chemistry and
ethnopharmacology, which could provide accessible
information in its benefits for treatment.

Occurrence

C. excavata is a shrub with strong and rather
objectionable smell, found from the Himalayas and China
to and throughout Peninsula Malaysia (Manosroi et al.,
2005). It exists as a bush growing wild and cultivated in
India, South China and Southeast Asia (Blasco, 1983). In
Malaysia it's locally known as “Cherek hitam”,
“Chemama” and “Kemantu hitam” (Descola and
PAjlsson, 1996). In Thailand it is known as “San Soak”
(Khare, 2007).

Morphology

It is a slender tree of 10 m height. The leaves are
pinnate, 60 cm long, with 10 to 15 pairs of dark green
narrowly oval oblique leaflets, 3.5 to 7 cm long with
pointed tips. The leaflets have a characteristic curry-like
smell when crushed. Small white flowers occur in
terminal clusters, followed by translucent pink berries 7 to
10 mm across, each containing 1 to 2 seeds (Santisuk,
1988). C. excavata has striking hourglass-shaped
gynophores, which is completely glabrous. The flower
composes of four membranes and they are shortly

pedicel, 1/6 inches (4 mm) diameter. The fruits are 3/4
inches and the twigs are finely hairy (Swarbrick, 1997).

Traditional uses

For its traditional uses, Tamils introduced it as a potherb
(Ali et al., 2000); and amongst the Malays, it's a plant of
some medicinal importance (Ridley, 1925). This plant is
used traditionally in the treatment of abdominal pain,
snakebite and as a detoxification agent (Ridley, 1922).
The pounded root is used as a poultice for sores
including ulceration of the nose and the leaves also used
as a poultice. A decoction of the roots is drunk for bowel-
complaints, chiefly colic (Ali et al., 2000).

The plant is found to be useful in the State of Kelantan
Malaysia for yaws (Gimlette and Thomson, 1939). The
flowers and leaves may be boiled and the decoction
taken for colic and a decoction of leaves is also given
after child birth (Grieve and Scora, 1980). The leaves of
this plant are used to cure cold, abdominal pain, malaria
and dysentery (Wiart et al., 2004). Decayed teeth can be
treated using the drayed and powdered rootstock,
whereas its stem is given in colic with or without diarrhea
(Yoshida, 1996). The expressed juice of the plant is used
in Java for coughs, as vermifuge (Sharma, 1998) and
timber is used for handles of axes.

PHYTOCHEMISTRY OF CLAUSENA EXCAVATA

Relatively, considerable work has been done on the
phytochemistry of C. excavata in recent years, with many
previously unidentified secondary metabolites now
currently being reported by group of phytochemists



(Kongkathip et al., 2010). A large number of secondary
metabolites, mainly alkaloids, coumarins and few
limonoids have been isolated from different parts of this
plant, using different techniques of extraction and
purification during the last 20 years (Zhi, 2006). The
structures of these compounds have also been
elucidated using different spectroscopic methods. Details
are provided here, as reported in this review.

Alkaloids

C. excavata is especially rich in carbazole alkaloids,
which have been extracted from its different parts (Peh,
2001). An investigation on the acetone extract of the root
bark of this plant yielded ten new carbazole alkaloids,
namely clausine-M, -N, -O, -P, -Q, -R, -S, -U, -V and
clausenatine-A, together with 39 known compounds (Xin
et al., 2008). Work by (Zhang and Lin, 2000) on the stem
and root bark of C. excavata afforded a new biscarbazole
alkaloid known as Clausemine-A (Taufig et al., 2007).
Singh and Bodiwala (2010) undertook the investigation
on the ethyl acetate extract of the stem bark of the
Malaysian C. excavata, which gave a new carbazole
alkaloid, 3-carbomethoxy-2-hydroxy-7-methoxycarbazole,
commonly known as Clausine-TY, together with two
known carbazole alkaloids, Clausine-H and Clausine-B,
while studies by Sunthitikawinsakul et al. (2003) on the
rhizomes and roots of C. excavata provided six known
carbazole derivatives, 3-formylcarbazole, mukonal, 3-
methoxycarbonylcarbazole, murrayanine, 2-hydroxy-3-
formyl-7-methoxycarbazole and clauszoline J. In addition,
extraction process on the stems of C. excavata led to the
isolation of a new carbazole alkaloid, sansoakamine,
together with 11 known compounds (Sripisut and
Laphookhieo, 2007).

Further work by Potterat et al. (2005) on the stems and
leaves of C. excavata has yielded a new carbazole
alkaloid, named clausine Z. In addition, investigations on
C. excavata have produced 2 new carbazole alkaloids,
clausenol and clausenine (lto et al., 1996), whilst a new
alkaloid (Cui et al., 2002) and 4 new carbazole alkaloids,
clausenamine D, E, F, and G with a highly potential
inhibitory effect against an antitumor promoting activity
have been identified by Ito et al. (2000). Phytochemical
studies on the stem bark of C. excavata initiated by Wu et
al. (1993) have resulted in the isolation of two new 4-
prenylcarbazole alkaloids, clausene-D and -F. In
addition, Puatanachokchai et al. (1998) reported seven
more carbazole alkaloids, named clauszoline-A, B, C, D,
E, F, and -G, isolated from the stem bark of C. excavata
collected from Singapore. Further work done by Toyota
and lhara (1998) on the stem bark and root bark of C.
excavata has yielded a binary alkaloid, clausenamine-A
and carbazole-pyranocoumarin dimmer, clauzomarine-A,
respectively. Otherwise, another investigation again by
Kumar et al. (2008) on the roots, the stem bark and the
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leaves of C. excavata grown in a greenhouse at Fruit
Tree Research Station, Shizuoka, Japan afforded six
new carbazole alkaloids named clauszoline-H, -I and —J
from the roots; and clauszoline-K and —L from the stem
bark and clauszoline-M from the leaves were isolated
together with several known carbazoles. A new carbazole
alkaloid, sansoakamine, together with 11 known
compounds, was isolated from the stems of C. excavata.
All structures were elucidated by spectroscopic methods.
Compound 7 showed moderate anti-malarial activity
against Plasmodium falciparum with a MIC value of 6.74
pg/ml (Sripisut and Laphookhieo, 2010).

Coumarins

The plant is also rich of coumarins and a lot of
phytochemical screening has been done concerning the
isolation of several coumarins (Phuwapraisirisan et al.,
2006). He et al. (2000) reported that a new O-terpenoidal
coumarin named excavacoumarin A and a known one
were isolated from the leaves of C. excavata Burm. f.
(Rutaceae) collected in Xishuangbanna, Yunnan. The
structure of 1 was elucidated by spectroscopic analysis.
Chemical investigation on the fruits and stems of C.
excavata led to the isolation and identification of a new
coumarin, namely clausenaexcavin (Laphookhieo et al.,
2009). A new dimeric coumarin, diseselin B, and three
new phenylpropanoids, lenisin A-C, together with eight
known O-terpenoidal coumarins, were isolated from the
aerial part of Clausena lenis. Lenisin A was also isolated
from the aerial part of C. excavata. The structures were
elucidated on the basis of 1D- and 2D-NMR experiments
(HMQC, HMBC, and 'H,'H-COSY) (He et al., 2006).
Moreover, a study of the chemical constituents of the
leaves of C. excavata cultivated in a greenhouse led to
the isolation and identification of 10 new furanone-
coumarins named clauslactones A, B, C, D, E, F, G, H, |,
and J , together with a known carbazole, clauszoline M,
and a coumarin, umbelliferone (Wu and Furukawa,
1982). (Takemura et al., 2004) reported a new dimeric
coumarin, diseselin B, and 3 new phenylpropanoids,
lenisin A-C, together with 8 known O-terpenoidal
coumarins, isolated from the aerial part of C. excavata. It
is also reported that Clausenidin, O-methylmukonal, 3-
formyl-2,7-dimethoxycarbazole, and clauszoline-J, were
isolated from the rhizomes and roots of C. excavata
(Kongkathip et al., 2010).

In another study by Hong et al. (2000) two new O-
terpenoidal coumarins named excavacoumarin A, B, and
a known one were isolated from the leaves of C.
excavata collected in Xishuangbanna, Yunnan.
Phytochemical investigation on the aerial part of C.
excavata collected in Xishuangbanna, Yunnan by
Hongping et al. (2000) led to the isolation of six new O-
terpenoidal coumarins, named excavacoumarins B, C, D,
E, F and G. Xin et al. (2008) reported three new
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coumarins containing a Cy, terpenoid side chain,
clauslactones R, S and T, together with 14 known
coumarins, were isolated from the leaves and stems of C.
excavata. In addition to a known alkaloid, some limonoids
and coumarins, the new coumarins, excavatins A-M have
been isolated from C. excavate (Thuy et al, 1999).
Moreover, four new furanone-coumarins, clauslactones-
N, -O, -P and -Q were isolated from the leaves and twigs
of C. excavata (Takemura et al., 2000). Furthermore,
investigation carried out by Wu and Furukawa (1982)
yielded a new carbazole alkaloid, clausine-L together with
11 known compounds from the leaves of the plant
species. A study of the chemical constituents of the
leaves of C. excavata cultivated in a greenhouse by Ito et
al. (2000) led to the isolation and identification of 10 new
furanone-coumarins named clauslactones A, B, C, D, E,
F, G, H, I, and J, together with a known carbazole,
clauszoline M, and a coumarin, umbelliferone. The new
coumarins contain a Cy terpenoid side chain with a
furanone (y-lactone) moiety. Further, in clauslactones
A-D, the terpenoid side chain was shown to be linked to
the 7,8-dioxygenated coumarin skeleton through a 1,4-
dioxane ring system. This is the first example of
coumarins with these structural characteristics in nature
(Wan, 2005).

Limonoids

Few limonoids have been isolated from this plant
compared to the numbers of alkaloids and coumarins
(Yamamoto and Gaynor, 2001). Sunthitikawinsakul et al.
(2003) have reported for the first time a limonoid, named,
clausenolide-1-ethylether isolated from the crude ethanol
extract of the rhizomes and the roots C. excavata. The
stem bark of C. excavata collected from Jabi, Kedah,
Malaysia yielded a limonoid, named clausenarin (Sharif
and Waznah, 2009). The stem bark of C. excavata
collected from Jabi and Pendang, Kedah, Malaysia in
December 2006 yielded a new limonoid, clausenolide-1-
metylether (Cordell et al., 1991). This was obtained from
the methanol extract together with a known limonoid,
clausenarin. In addition to the known alkaloid, few other
limonoids and coumarins, particularly the new coumarins
excavatins A—M have been isolated from C. excavata
(Vlietinck and Vanden Berghe, 1991).

PHARMACOLOGICAL ASPECTS

Phytochemical studies on C. excavata have led to the
isolation of a large number of secondary metabolites of
different chemical groups. It was found that most of the
identified compounds have exerted different biological
activities  (Kongkathip and Kongkathip, 2009). C.
excavata showed diverse therapeutic activities which
included anticancer, insecticidal, antifungal, antiplatelet,

antiplasmodial,  antinociceptive, = immunomodulatory,
antimycobacterial, and anti-HIV-1 activities (Balandrin et
al., 1993).

Anticancers

Cancer remains as one of the most leading cause of
death worldwide. For the past decade, there have been a
tremendous number of studies and investigations
conducted in drug development for cancer treatment
(Yamamoto and Gaynor, 2001). Interesting background
on the cancer cell killing properties of the stem barks,
roots and leaves of C. excavata could provide avenues to
investigate extensively on the basic mechanistic actions
of cell death (Chinsembu and Hedimbi, 2006). Hence,
further studies are required to investigate the anticancer
activities of the extracts and chemical constituents
isolated towards various cancer cell lines (Malek et al.,
2011).

In one pharmacological study, Clausine-B was found to
be active (IC50<30 pg/ml) against four cancer cell lines
tested (Zain, 2009). The ICsq values for these four lines
were determined to be 21.50 ug/ml (MDA-MB-231), 22.90
pug/ml (HelLa), 27.00 pg/ml (CAOV3) and 28.94 ug/mi
(HepG?2) respectively. Clausine-B was found to inhibit the
MCF-7 cancer cell line at 52.90 pg/ml, but no I1Csy value
was obtained against Chang liver (Brunner et al., 2009).
A new carbazole alkaloid, 3-carbomethoxy-2-hydroxy-7-
methoxycarbazole, Clausine-TY, was isolated from the
ethyl acetate extract of the stem bark of the Malaysian C.
excavata. This new carbazole alkaloid showed significant
cytotoxicity against CEM-SS cell line with 1Cs, value of
44.80 yg/ml (Taufig-Yap et al., 2007). Four other natural
pyranocoumarins which included clausenidin,
nordentatin, clausarin, and xanthoxyletin were isolated
from the Malaysian medicinal plant C. excavata (Chin et
al.,, 2006). The first three compounds showed cytotoxic
activity against four human cancer cell lines (A549,
MCF7, KB, and KB-VIN) (Su et al., 2009). In a study
conducted by Patil et al. (1995) to determine the major
flavonoid compounds and the composition of essential
oils predominant in C. excavata, and also to examine its
antioxidant and anticancer activities, the flavonoids of
crude extracts of the leaves and fruit of the plant were
investigated. The study concluded that the antioxidant
activity of flavonoids was associated with anticancer
properties (Look et al., 1991). The MTT assay, however,
showed fruit oil having better cytotoxic activity than that in
methanol crude leaf extract against MCF-7 cells. This
implied that C. excavata fruit oil might be a good source
for breast cancer treatment due to the presence of
possible active anticancer agents (Lewis and Elvin-Lewis,
1995). This result could partly explain the popularity of
this plant in folk medicine as a remedy for cancer and
HIV patients in the eastern part of Thailand as well as in
Malaysia (Nakamura et al., 1998).



Antibacterial activity

It was reported that, four known coumarins, dentatin, nor-
dentatin, clausenidin and xanthoxyletin, and six known
carbazole derivatives, 3-formylcarbazole, mukonal, 3-
methoxycarbonylcarbazole, murrayanine, 2-hydroxy-3-
formyl-7-methoxycarbazole and clauszoline J were
isolated from C. excavata. All compounds showed
antimycobacterial activity at a minimum inhibitory
concentration (MIC) of 50, 100, 200, 100, 200, 50, 100,
200, 50 and 100 pg/ml, respectively. O-Methylated
clausenidin, prepared from 3, exhibited antimycobacterial
activity at MIC 50 pg/ml (Sunthitikawinsakul et al., 2003)

Antifungal activity

Few studies have been conducted concerning the
antifungal activity of phytochemicals of C. excavata.
Three compounds from the aforementioned compounds
in antibacterial activity section, namely 3-formylcarbazole,
mukonal and 3-methoxycarbonylcarbazole showed
antifungal activities with 1G5, values of 13.6, 29.3, 9.5 and
2.8 pg/ml, respectively (Sunthitikawinsakul et al., 2003).

Anti-HIV-1 activity

A limonoid, clausenolide-1-ethyl ether and two
coumarins, dentatin and nor-dentatin, were isolated from
C. excavata. Coumarins, dentain and nor-dentain, with
their structures related to an anti-HIV-1 substance, (+)-
calanolide A, were obtained from the crude chloroform
extract of the rhizomes (DiLella et al., 1986). Both
induced toxicity to cells used in a syncytium assay for
anti-HIV-1 activity (Hughes, 2003). In addition, three
carbazole derivatives, O-methylmukonal, 3-formyl-2,7-
dimethoxycarbazole and clauszoline J, and a
pyranocoumarin, clausenidin, were isolated from the
rhizomes and roots of C. excavata (Singh and Bodiwala,
2010). O-methylmukonal, isolated from this plant for the
first time, has been reported currently to have anti-HIV-1
activity (Ravi et al., 2006). All compounds displayed anti-
HIV-1 activity in the syncytial assay with ECsg) values of
12, 29.1, 34.2 and 5.3 ym, respectively, thus, exhibited
potential therapeutic index (PTI) values of 56.7, 8.0, 1.6
and 7.0, respectively (Kongkathip et al., 2005).

Immunomodulatory activity

The term "immunomodulation" denotes a change or/and
strengthening of the suppression of cellular indicators,
and humoral immunity and nonspecific defense factors.
The essence of immunomodulation is that a
pharmacological agent acting under various doses and
time regimens displaying an immunomodulating effect
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(Manosroi et al., 2004). In vitro immunomodulatory
activities of aqueous extract, acetone extract and the
Thai folklore extract of C. excavata Burm. f. on mouse
immune system were investigated. The phagocytic
activity of macrophages and splenocyte proliferation in
the absence and presence of mitogens
(lipopolysaccharide, LPS) or pokeweed mitogen, PWM)
were assayed. The results indicated that the aqueous
extract exhibited maximum effect on both respiratory
burst response and lysosomal enzyme activity more than
the acetone extract and the Thai folklore extract;
indicating effective phagocytic activation. For splenocyte
proliferation assay, the Thai folklore extract with LPS
gave maximum activity, higher than that with PWM,
suggesting specificity towards B cell proliferation through
T cell independent pathway similarly as LPS. Previous
study had revealed the immunomodulating activity, which
could explain the traditional use of this plant in Thailand
as anti-malarial and anti-dysentery (Manosroi et al,
2003).

The effects of fractions from hot aqueous extract,
acetone extract and the folklore preparation of C.
excavata were studied on mouse splenocyte proliferation
(Wang et al., 2008). The fractions of hot aqueous and
acetone extracts were found to be the most active (Knio
et al., 2008). On the contrary, the fractions from the crude
folklore preparation resulted less active. This result could
partly explain the popularity of this plant in folk medicine
as a remedy for cancer and HIV patients in the eastern
part of Thailand (Manosroi et al., 2004).
Immunomodulating effects of the aqueous extract and the
Thai folklore preparation (CEHF) of C. excavata Burm. f.
in Balb/C mice (CEHW) were investigated.

Haemagglutinating antibody (HA) titers at day 0, 7, 14,
21, 28 and 35 from the serum of animals fed or injected
intraperitoneally with the extracts for 5 days were
compared and evaluated for humoral mediated immunity
(HMI). Both extracts given orally reached maximum
antibody titer at day 7, which was 2 weeks faster than by
intraperitoneal administration (Manosroi et al., 2005). In a
study conducted by Lin and Tang (2007) the effects of
fractions isolated from hot aqueous extract, acetone
extract and folklore preparations of C. excavata were
studied on mouse splenocyte proliferation. The fractions
of hot aqueous and acetone extracts were found to be
the most active (Cazacu et al., 2003). On the contrary,
the fractions from the crude folklore preparation resulted
less active.

Antinociceptive activity

No antinociceptive activity has been reported except an
investigation on an ethanolic extract of C. excavata
leaves given orally at doses of 125.25 and 500 mg/kg
body weight. The study showed significant
antinociceptive activity on acetic acid induced writhing in
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Table 1. Summary of the most biologically active compounds of Clausena excavate.

Common hame Chemical class Plant Part Bioactivity Reference
Clausine-B Carbazole alkaloid Stem bark Anticancer (Wan, 2009)
Clausine-TY Carbazole alkaloid Stem bark Anticancer (Taufig, 2007)
Clausenidin, nordentatin, Pyranocoumarins, Root bark Anticancer, antibactrialial (Wu, 1994; Ali, 2000)
clausarin, dentatin coumarin (David PJ, 1991)
Dentatin Coumarin Roots

Xanthoxyletin, murrayanine  Carbazole derivatives Leaves Antibactrialial (Sunthitikawinsakul, 2003)
Mukonal Limonoid Stem bark Antifungal (Takemura, 2002)
Dentatin Coumarin Rhizomes Anti-HIV-1 (Ali, 2000)
Clausene-D Alkaloid Leaves Antiplatelet (Wu, 1994)
Sansoakamine Carbazole alkaloid Stems Anti-malarial (Lastra, 2005)

mice (Rahman et al., 2002).

Antiplatelet activity

Clausine-D that was isolated from C. excavata exhibited
an antiplatelet effect, which was mediated by inhibition of
thromboxine A, formation. A higher concentration of
Clausine-D (150 pm) was required to produce almost
complete inhibition of collagen induced platelet
aggregation (Wu et al., 1994).

Anti-malarial activity

Malaria continues to be a major infectious disease of the
developing world and the problem is compounded not
only by the emergence of drug resistant strains but also
from a lack of a vaccine. Malaria is a disease caused by
protozoans in the genus Plasmodium (Isaka et al., 2002).
There are only 4 species of the Plasmodium that can
infect humans; the remainder infects other mammals, as
well as birds and reptiles. Among the 4 species,
Plasmodium falciparum, Plasmodium vivax, Plasmodium
ovale and Plasmodium malariae infect humans. P.
falciparum to a lesser extent and P. vivax account for the
majority of 300 to 500 million clinical attacks per year,
resulting in an annual death toll of 1 to 2 million. Most of
these cases occur in African countries, especially among
children younger than 5 years (Jaturapat et al., 2001).
Few investigations have been done by the phytochemists
concerning the anti-malarial activity of C. excavata (David
and Wright, 1991). A new carbazole alkaloid,
sansoakamine, which has been isolated from the stems
of C. excavata showed moderate anti-malarial activity
against P. falciparum with a MIC value of 6.74 ug/ml
(Lastra-Gonzalez et al., 2005).

Insecticidal activity

Insecticidal activity is one of the interested biological

activities considered by researchers in the field of
pharmacology (Knio et al., 2008). Few investigations also
have been conducted based on the isolated pure
compounds as well as crude extracts of C. excavata
(Ravi et al., 2006). In one study, Fourth-instar larvae of
Aedes aegypti and Aedes albopictus served as test
organisms (Pitasawat et al., 2007). The larva colonies of
the mosquito collected from the Kaoshiung strain were
reared in the Department of Parasitology, Chang-Gung
University, at 27°C with a 12:12 h light : dark photoperiod
in 80 £ 10% relative humidity. A 10% yeast suspension
was used as food source (Cheng et al., 2009). In
summary, Table 1 shows the most important biologically
active compounds isolated from C. excavata and their
pharmacological properties. In fact, most of the isolated
chemical compounds from different parts of this plant are
proved to be biologically active.

CONCLUSION

In broad terms, herbal drugs used in traditional medicine
require further detailed investigation pertaining to ethno-
pharmacological approach. The present review explores
the details of C. excavata, its botany, habitat, traditional
uses, phytochemistry and pharmacology. Numerous
studies have been conducted on different parts of this
plant, but till today, the plant has not been developed or
commercialized as suitable drugs by pharmaceutical
industries. Therefore, a detailed and systematic study is
required for identification, cataloguing and documentation
of this plant, which may provide a meaningful way for
promoting traditional knowledge of herbal medicinal
plants. The present review revealed that the plant is used
in treating various ailments. C. excavata contains
different bioactive compounds from different chemical
classes. Several parts of the plant have interesting
anticancer, antimicrobial, antioxidant, anti-inflammatory,
immunomodulatory and  anti-malarial  properties.
Consequently, further studies on this plant should be



considered by researchers in phytochemistry and
pharmacology in discovering newer and potential
bioactive compounds as antioxidants and anticancers.

ACKNOWLEDGEMENTS

The authors wish to thank MAKNA and FRGS Grant
(Ministry of Higher Learning, Malaysia), as this work was
supported by them. Also thanks and appreciations are
extended to the Staff of UPM Library, Management and
Information Division for their kind assistance.

REFERENCES

Ali AM, Ismail NH, Mackeen MM, Yazan LS, Mohamed SM, Ho ASH,
Lajis NH (2000). Antiviral, cyototoxic and antimicrobial activities of
anthraquinones isolated from the roots of Morinda elliptica. Pharm.
Boil., 38: 298-301.

Balandrin MF, Kinghorn AD, Farnsworth NR (1993). Plant-derived
natural products in drug discovery and development, ACS
Publications, pp. 1-12.

Blasco F (1983). The transition from open forest to savanna in
continental southeast Asia. Trop. Savannas Ecosyst. World 13: 167-
181.

Blumenthal RD, Lew W, Reising A, Soyne D, Osorio L, Ying Z,
Goldenberg DM (2000). Anti-oxidant vitamins reduce normal tissue
toxicity induced by radi-oimmunotherapy. Int. J. Cancer, 86: 276-280.

Brunner AL, Johnson DS, Kim SW, Valouev A, Reddy TE, Neff NF,
Anton E, Medina C, Nguyen L, Chiao E (2009). Distinct DNA
methylation patterns characterize differentiated human embryonic
stem cells and developing human fetal liver. Genome Res., 19: 1044.

Cazacu M, Oniu T, Lungoci C, Mihailov A, Cipak A, Klinger R, Weiss T,
Zarkovic N (2003). The influence of Isorel on the advanced colorectal
cancer. Cancer Biother. Radiopharm., 18: 27-34.

Cheng SS, Chang HT, Lin CY, Chen PS, Huang CG, Chen WJ, Chang
ST (2009). Insecticidal activities of leaf and twig essential oils from
Clausena excavata against Aedes aegypti and Aedes albopictus
larvae. Pest Manage. Sci., 65: 339-343.

Chin YW, Balunas MJ, Chai HB, Kinghorn AD (2006). Drug discovery
from natural sources. A.A.P.S J., 8: 239-253.

Chinsembu KC, Hedimbi M (2006). Ethnomedicinal plants and
othernatural products with anti-HIV active compounds and their
putativemodes of action.Int. J. Biotechnol. Mole. Biol. Res., 6: 74-91.

Cordell GA, Beecher CWW, Pezzuto JM (1991). Can
ethnopharmacology contribute to the development of new anticancer
drugs? J. Ethnopharmacol., 32: 117-133.

Cui CB, Yan SY, Cai B, Yao XS (2002). Carbazole alkaloids as new cell
cycle inhibitor and apopTosis inducers from Clausena dunniana Levl.
J. Asian Nat. Prod. Res., 4: 233-241.

David PJ, Wright CW (1991). Can ethnopharmacology contribute to the
development of antimalarial agents? J. Ethnopharmacol., 32: 155-
165.

Descola P, PAjlsson G (1996). Nature and society: anthropological
perspectives. Psychology Press. _

DiLella AG, Marvit J, Lidsky AS, GAF, Woo SLC (1986). Tight linkage
between a splicing mutation and a specific DNA haplotype in
phenylketonuria. J. Nat., 65: 799-8083.

Gimlette JD, Thomson HW (1939). A Dictionary of Malayan Med., pp.
72-78.

Grieve CM, Scora RW (1980). Flavonoid distribution in the
Aurantioideae (Rutaceae). Syst. Bot., pp. 39-53.

He H, Shen Y, He Y, Yang X, Zhu W, Hao X (2000). O-Terpenoidal
coumarins from Clausena excavata. Heterocycles, 53: 1807-1810.

He HP, Shen YM, Chen ST, He YN, Hao XJ (2006). Dimeric coumarin
and phenylpropanoids from Clausena lenis. Helv. Chim. Acta, 89:
2836-2840.

Arbab et al. 7183

Hong PHE, Yue MS, Guo YZUO, Wei MZHU, Xiao SY, Xiao JHAO
(2000). Two New O-terpenoidal Coumarins, Excavacoumarin A and
B from Clausena excavata. Chin. Chem. Lett., p. 11.

Hongping H, Yuemao S, Yineng H (2000). Six new O-terpenoidal
coumarins, excavacoumarins B-G from Clausena excavata.
Heterocycles, 53: 2067.

Hughes D (2003). Exploiting genomics, genetics and chemistry to
combat antibiotic resistance. Nat. Rev. Genet., 4: 432-441.

Isaka M, Suyarnsestakorn C, Tanticharoen M, Kongsaeree P,
Thebtaranonth Y (2002). Aigialomycins AE, New Resorcylic
Macrolides from the Marine Mangrove Fungus Aigialus p arvus. J.
Organ. Chem., 67: 1561-1566.

lto C, ltoigawa M, Katsuno S, Omura M, Tokuda H, Nishino H,
Furukawa H (2000). Chemical Constituents of Clausena excavata:
Isolation and Structure Elucidation of Novel Furanone-Coumarins
with Inhibitory Effects for Tumor-Promotion 1. J. Nat. Prod., 63: 1218-
1224.

Ito C, Ohta H, Tan HTW, Furukawa H (1996). Constituents of Clausena
excavata. Isolation and structural elucidation of seven new carbazole
alkaloids and a new coumarin. Chem. Pharm. Bull., 44: 2231-2235.

Jaturapat A, Isaka M, Hywel-Jones NL, Lertwerawat Y,
Kamchonwongpaisan S, Kirtikara K, Tanticharoen M, Thebtaranonth
Y (2001). Bioxanthracenes from the insect pathogenic fungus.
Cordyceps pseudomilitaris BCC 1620. |. Taxonomy, fermentation,
isolation and antimalarial activity. J. Antibiot., 54: 29.

Khare CP (2007). Indian medicinal plants: an illustrated dictionary.
Springer Verlag, pp. 98-102.

Knio KM, Usta J, Dagher S, Zournajian H, Kreydiyyeh S (2008).
Larvicidal activity of essential oils extracted from commonly used
herbs in Lebanon against the seaside mosquito, Ochlerotatus
caspius. Bioresour. Technol., 99: 763-768.

Kongkathip B, Kongkathip N, Sunthitikawinsakul A, Napaswat C,
Yoosook, C. (2005). Anti-HIV-1 constituents from Clausena excavata:
Part Il. carbazoles and a pyranocoumarin. Phytother. Res., 19: 728-
731.

Kongkathip B, Sutthiprabha S, Yoosook C, Mongkolsook Y, Kongkathip
N (2010). Determination of a Pyranocoumarin and Three Carbazole
Compounds in Clausena excavata by RP-HPLC. J. Chromatogr. Sci.,
48: 445-449.

Kongkathip N, Kongkathip B (2009). Constituents and bioactivities of
Clausena excavata. Heterocycles, 79: 121-144.

Kumar V, Reisch J, Wickramasinghe A (2008). Glycomaurin and
Glycomaurrol, New Carbazole Alkaloids From< I> Glycosmis
mauritiana</I>(Rutaceae) Bark. Austr. J. Chem., 42: 1375-1379.

Laphookhieo S, Sripisut T, Prawat U, Karalai C (2009). A new coumarin
from Clausena excavata. Heterocycles, 78: 2115-2119.

Lastra-Gonzalez G, Manrique CM, Govindarajan G, Whaley-Connell A,
Sowers JR (2005). Insights into the emerging cardiometabolic
prevention and management of diabetes mellitus, pp. 115-119.

Lewis WH, Elvin-Lewis MP (1995). Medicinal plants as sources of new
therapeutics. Ann. Missouri Bot. Gard., pp. 16-24.

Lin JY, Tang CY (2007). Determination of total phenolic and flavonoid
contents in selected fruits and vegetables, as well as their stimulatory
effects on mouse splenocyte proliferation. Food Chem., 101: 140-
147.

Look AT, Hayes FA, Shuster JJ, Douglass EC, Castleberry RP,
Bowman LC, Smith El, Brodeur G,M (1991). Clinical relevance of
tumor cell ploidy and N-myc gene amplification in childhood
neuroblastoma: a Pediatric Oncology Group study. J. Clin. Oncaol., 9:
581.

Malek SNA, Phang CW, Ibrahim H, Abdul WN, Sim KS (2011).
Phytochemical and Cytotoxic Investigations of Alpinia mutica
Rhizomes. Molecules, 16: 583-589.

Manosroi A, Saraphanchotiwithaya A, Manosroi J (2003).
Immunomodulatory activities of Clausena excavata Burm. f. wood
extracts. J. Ethnopharmacol., 89: 155-160.

Manosroi A, Saraphanchotiwitthaya A, Manosroi J (2004).
Immunomodulatory activities of fractions from hot aqueous extract of
wood from Clausena excavata. Fitoterapia, 75: 302-308.

Manosroi A, Saraphanchotiwitthaya A, Manosroi J (2005). In vivo
immunomodulating activity of wood extracts from Clausena excavata
Burm. f. J. Ethnopharmacol., 102: 5-9.



7184 J. Med. Plants Res.

Nakamura K, Takemura Y, Ju-ichi M, Ito C, Furukawa H (1998). Three
new coumarins from Clausena excavata. Heterocycles, 48: 549-553.
Patil N, Cox DR, Bhat D, Faham M, Myers RM, Peterson AS (1995). A
potassium channel mutation in weaver mice implicates membrane

excitability in granule cell differentiation. Nat. Genet., 11: 126-129.

Peh TH (2001). Chemical constituents and biological activities of
Clausena excavata and some citrus species (Rutaceae). J.
Ethnopharmacol., 103: 12-16.

Phuwapraisirisan P, Surapinit S, Sombund S, Siripong P, Tip-pyang S
(2006). Feroniellins AC, novel cytotoxic furanocoumarins with highly
oxygenated C10 moieties from Feroniella lucida. Tetrahedron Lett.,
47:3685-3688.

Pitasawat B, Champakaew D, Choochote W, Jitpakdi A, Chaithong U,
Kanjanapothi D, Rattanachanpichai E, Tippawangkosol P, Riyong D,
Tuetun B (2007). Aromatic plant-derived essential oil: an alternative
larvicide for mosquito control. Fitoterapia, 78: 205-210.

Potterat O, Puder C, Bolek W, Wagner K, Ke C, Ye Y, Gillardon F
(2005). Clausine Z, a new carbazole alkaloid from Clausena excavata
with inhibitory activity on CDK5. Pharm. Int. Pharm. Sci., 60: 637-639.

Puatanachokchai R, Manosroi J, Manosroi A, Aritajat S,
Vinitketkumnuen U (1998). Antimutagenicity and anticarcinogenic
enzyme inducing activity of San-Soke (Clausena excavata) and Nom-
Nang (Pouteria cambodiana). J. Asian Nat. Prod. Res., 15: 433-437.

Rahman MT, Alimuzzaman M, Shilpi JA, Hossain MF (2002).
Antinociceptive activity of Clausena excavata leaves. Fitoterapia, 73:
701-703.

Ravi KS, Bhavani K, Sita DP, Rajeswara RBR, Janardhan RK (2006).
Composition and larvicidal activity of leaves and stem essential oils of
Chloroxylon swietenia DC against Aedes aegypti and Anopheles
stephensi. Bioresour. Technol., 97: 2481-2484.

Ridley HN (1922). The Flora of the Malay Peninsula: Apetalae. L.
Reeve and co., Itd.

Ridley HN (1925). The Flora of the Malay Peninsula, Vol. V. The Flora
of the Malay Peninsula, Vol. V.

Santisuk T (1988). An account of the vegetation of northern Thailand.
Geol. Res., 5: 101.

Sharif M, Waznah N (2009). Chemical Constituents And Bioactivities Of
Clausena Excavata.

Sharma KP (1998). Garhwal and Kumaon: A guide for trekkers and
tourists. Cicerone Press Limited.

Shier WT (1983). An Undergraduate Experiment to Demonstrate the
Use of Cytotoxic Drugs in Cancer Chemotherapy. Am. J. Pharm.
Educ., 47: 216-220.

Singh IP, Bodiwala HS (2010). Recent advances in anti-HIV natural
products. Nat. Prod. Rep., 27: 1781-1800.

Sripisut T, Laphookhieo S (2010). Carbazole alkaloids from the stems of
Clausena excavata. J. Asian Nat. Prod. Res., 12: 614.

Sunthitikawinsakul A, Kongkathip N, Kongkathip B, Phonnakhu S, Daly
JW, Spande TF, Nimit Y. Rochanaruangrai S (2003). Coumarins and
carbazoles from Clausena excavata exhibited antimycobacterial and
antifungal activities. Planta Med., 69: 155-157.

Swarbrick JT (1997). Environmental weeds and exotic plants on
Christmas Island. Indian Ocean: a report to Parks Australia.

Takemura Y, Kanao K, Konoshima A, Ju-ichi M, lto C, Furukawa H,
Tokuda H, Nishino H (2004). NOTES-Two New Bicoumarins from
Clausena excavata. Heterocycles-Sendai Instit. Heterocyclic Chem.,
63: 115-122.

Takemura Y, Nakamura K, Hirusawa T, Ju M, Ito C, Furukawa H
(2000). Four New Furanone-Coumarins from Clausena excavate 1).
Notes, 48: 582-584.

Taufig-Yap YH, Peh TH, Ee GCL, Rahmani M, Sukari MA, Ali AM, Muse
R (2007). A new cytotoxic carbazole alkaloid from Clausena
excavata. Nat. Prod. Res., 21: 810-813.

Thuy TT, Ripperger H, Porzel A, Sung TV, Adam G (1999). Counlarins,
limonoids and an alkaloid from Clausena excavata. Phytochemistry,
52:511-516.

Toyota M, lhara M (1998). Recent progress in the chemistry of non-
monoterpenoid indole alkaloids. Nat. Prod. Rep., 15: 327-340.

Vlietinck AJ, Vanden BDA (1991). Can ethnopharmacology contribute to
the development of antiviral drugs? J. Ethnopharmacol., 32: 141-153.

Wan MZWN (2005). Nutrient ~ Composition, Antioxidant
Andantiproliferative Properties Of Clausena excavata Andmurraya
Koenigii. Pharm. Boil., 46: 277-282.

Wang YS, He HP, Yang JH, Di YT, Hao XJ (2008). New Monoterpenoid
Coumarins from Clausena anisum-olens. Molecules, 13: 931-937.
Wiart C, Mogana S, Khalifah S, Mahan M, Ismail S, Buckle M,
Narayana AK, Sulaiman M (2004). Antimicrobial screening of plants
used for traditional medicine in the state of Perak, Peninsular

Malaysia. Fitoterapia, 75: 68-73.

Wu CC, Ko FN, Wu TS, Teng CM (1994). Antiplatelet effects of
clausine-D isolated from Clausena excavata. Biochim. Biophys. Acta
(BBA)-Gen. Subjects, 1201: 1-6.

Wu TS, Furukawa H (1982). Biological and phytochemical investigation
of Clausena excavata. J. Nat. Prod., 45: 718-720.

Wu TS, Huang SC, Lai JS, Teng CHEM, Ko FN, Kuoh CS (1993).
Chemical and antiplatelet aggregative investigation of the leaves of
Clausena excavata. Phytochemistry, 32: 449-451.

Xin ZQ, Lu JJ, Ke CQ, Hu CX, Lin LP, Ye Y (2008). Constituents from
Clausena excavata. Chem. Pharm. Bull., 56: 827-830.

Yamamoto Y, Gaynor RB (2001). Therapeutic potential of inhibition of
the NF-kappaB pathway in the treatment of inflammation and cancer.
J. Clin. Investig., 107: 135-142.

Yoshida T (1996). Graft compatibility of Citrus with plants in the
Aurantioideae and their susceptibility to Citrus tristeza virus. Plant
Dis., 80: 414-417.

Zain WN (2009). Antiproliferative Properties of Clausine-B against
Cancer Cell Lines. Malays. J. Med. Sci., 16: 31-36.

Zhang A, Lin G (2000). The first synthesis of clausenamine-A and
cytotoxic activities of three biscarbazole analogues against cancer
cells. Bioorg. Med. Chem. Lett., 10: 1021-1023.

Zhi NA (2006). Chemical Constituents of Essential Oil from Leaves of
Three Species of Clausena [J]. Biomass Chem. Eng., p. 2.



