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Abstract

	 Background:	Clausine	B,	a	carbazole	alkaloid	isolated	from	the	stem	bark	of	Clausena	excavata,	
was	investigated	for	its	antiproliferative	activities	against	five	human	cancer	cell	lines:	HepG2	(hepatic	
cancer),	MCF-7	(hormone-dependent	breast	cancer),	MDA-MB-231	(non-hormone-dependent	breast	
cancer),	HeLa	(cervical	cancer),	and	CAOV3	(ovarian	cancer).	
	 Methods:	Chang	liver	(normal	cells)	was	used	as	a	control.		The	effect	of	clausine-B	was	measured	
using	the	MTT	(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium	bromide)	assay.		
	 Results:	Clausine-B	was	found	to	be	active	(IC50<30	μg/mL)	against	four	of	the	cancer	cell	lines	
tested.	 	The	 IC50	 values	 for	 these	 four	 lines	were:	21.50	μg/mL	(MDA-MB-231),	22.90	g/ml	 (HeLa),	
27.00	μg/mL	(CAOV3)	and	28.94	μg/mL	(HepG2).		Clausine-B	inhibited	the	MCF-7	cancer	cell	line	at	
52.90	μg/mL,	and	no	IC50	value	was	obtained	against	Chang	liver.
	 Conclusion:	It	is	possible	that	the	phenolic	group	in	clausine-B	responsible	for	the	antiprolifera-
tive	activities	found	in	this	study.
	
Keywords:	Clausine-B, Clausena excavata, ethnopharmacology, cell survival, medical sciences

Introduction

	 Natural	sources	of	 foods	that	are	believed	to	
have	 a	 high	 antiproliferative	 activity	 on	 tumour	
cells	have	become	an	important	element	of	cancer	
prevention	 and	 treatment	 strategies.	 For	 this	
reason,	the	potential	of	naturally-occurring	dietary	
substances	 to	 prevent	 disease	 has	 become	 an	
important	area	of	scientific	interest.		Several	years	
ago,	researchers	began	to	consider	whether	a	drug-
resistant	cell	line	could	be	used	to	screen	samples	
for	 such	 agents	 and,	 in	 particular,	 to	 evaluate	
whether	non-toxic	extracts	and	compounds	could	
be	found	that	would	possess	this	selective	activity.	
Furthermore,	 with	 a	 number	 of	 compounds	
available,	it	was	also	regarded	as	an	opportunity	to	
evaluate	a	broad	range	of	natural	product	structure	
types	 (1).	 Plants	 have	 many	 phytochemicals	 that	
possess	various	bioactivities,	including	antioxidant	

and	 anticancer	 properties.	 For	 example,	 some	
studies	 have	 reported	 that	 extracts	 from	 natural	
products,	such	as	fruits,	vegetables	and	medicinal	
herbs,	have	positive	effects	against	cancer	that	are	
comparable	 to	 those	 of	 chemotherapy	 or	 recent	
hormonal	 treatments	 (2–3).	 Many	 plants	 have	
therefore	been	examined	in	an	attempt	to	identify	
new	 and	 effective	 antioxidant	 and	 anticancer	
compounds	(4–6).		
 Clausena excavata	 is	 commonly	 known	 as	
Chemama	among	Malays.	This	species	is	also	known	
as	Kemantu hitam,	Pokok cherek	(diarrhoea	tree),	
Cherek hitam	 and	Secherek	 in	Malaysia;	Tikusan	
and	Bagal tikus	(in	Java);	Bajetah	and	Ki bechetah	
(in	Sundanese);	Sicherek	(in	Sumatra);	and	as	Fia 
fan	(in	Thailand)	(7).	It	is	a	strong-smelling	shrub,	
found	 from	 the	 Himalayas	 and	 China	 to	 (and	
throughout)	Malaysia,	especially	in	the	Peninsula.	
The	 leaflets	 have	 a	 characteristic	 curry-like	 smell	
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when	 crushed.	 The	 decoction	 of	 the	 roots	 can	
be	 used	 for	 bowel-complaints,	 chiefly	 colic.	 The	
pounded	root	and	leaves	are	used	as	a	poultice	for	
sores,	including	ulceration	of	the	nose.		It	has	been	
recorded	that	pounded	leaves	have	been	applied	to	
the	head	for	headaches.	Ulceration	of	the	nose	may	
be	 treated	by	 fumigation	 from	burning	 the	 leaves	
and	bark	(8).	The	flowers	and	leaves	may	be	boiled	
and	the	decoction	taken	for	colic;	and	a	decoction	
of	leaves	has	been	given	after	childbirth.		The	juice	
of	the	plant	was	used	in	Java	for	coughs	and	as	a	
vermifuge	 and	 cold	 treatment	 (9).	 The	 leaves	 of	
this	plant	are	used	as	a	traditional	medicine	to	cure	
colds,	abdominal	pain,	malaria	and	dysentery	(10).	
The	principal	active	constituents	of	 this	plant	are	
carbazole	 alkaloids	 and	 coumarins	 (11–17).	 Some	
coumarins	that	have	been	isolated	from	the	leaves	
have	been	found	to	inhibit	tumour	promotion	(17).
	 Limited	 data	 is	 available	 on	 the	
antiproliferative	 properties	 of	 clausine-B,	 one	 of	
the	carbazole	alkaloids	that	have	been	isolated	from	
the	 stem	 bark	 of	Clausena excavata.	 	 Therefore,	
we	 developed	 this	 study	 to	 determine	 whether	
clausine-B	 has	 antiproliferative	 activity	 against	
several	 human	 cancer	 cell	 lines,	 including	 breast	
and	liver.		

Materials and Methods

Human cancer cell lines and reagents
	 HepG2	 (hepatic	 cancer),	 MCF-7	 (hormone-
dependent	 breast	 cancer),	 MDA-MB-231	 (non-
hormone-dependent	 breast	 cancer),	 HeLa	
(cervical	 cancer),	 CAOV3	 (ovarian	 cancer)	 and	
Chang	 (normal	 liver)	 cell	 lines	 were	 obtained	
from	 the	 American	 Type	 Culture	 Collection	
(ATCC),	 USA.	 	 The	 normal	 cell	 line,	 Chang,	 was	
used	 for	 comparison.	 	 The	 growth	media:	RPMI-
1640,	 Minimum	 Essential	 Medium	 (MEM)	 and	
Dulbecco’s	Modified	Eagle	Medium	(DMEM)	with	
high	glucose	and	 low	glucose	concentrations,	and	
the	 phosphate	 buffer	 solution	 (PBS)	 tablets	were	
obtained	from	Sigma	Chemical	Co.,	St	Louis,	USA.
	 Foetal	 calf	 serum,	 penicillin-streptomycin	
and	 trypsin	were	 from	PAA	Laboratories,	GmbH,	
Austria.	The	MTT	kit,	which	 consists	of	 the	MTT	
labelling	 reagent	 and	 the	 solubilisation	 solution,	
was	 supplied	 by	 Roche	 Diagnostics	 GmbH,	
USA.	 Clausine-B	 (Figure	 1),	 a	 carbazole	 alkaloid	
isolated	 from	 the	 stem	 bark	 of	C. excavata,	 was	
obtained	from	Professor	Taufiq	Yap	Yun	Hin,	from	
the	 Department	 of	 Chemistry,	 Universiti	 Putra	
Malaysia.	It	was	dissolved	(1	mg/mL)	in	dimethyl	
sulphoxide	(DMSO)	(Sigma	Chemical	Co).	

Cell culture
	 HepG2,	 MCF-7	 and	 HeLa	 were	 grown	 in	
RPMI-1640.	 	MDA-MB-231	was	grown	in	DMEM	
with	low	glucose,	and	CAOV3	was	grown	in	DMEM	
with	high	glucose.		MEM	was	used	to	grow	Chang.	
The	cells	were	cultured	in	the	appropriate	medium,	
supplemented	 with	 5–10%	 foetal	 calf	 serum	 and	
1%	penicillin-streptomycin,	using	25	cm2	flasks	in	
a	37oC	incubator	with	5%	CO2.

Cell subculture
	 To	subculture	the	cells,	the	cells	were	divided	
and	 the	 culture	medium	was	 replaced	with	 fresh	
medium	 as	 follows:	 First,	 the	 old	 medium	 was	
removed,	and	then	the	cells	were	rinsed	briefly	with	
PBS	to	wash	the	cells.	1–2	mL	of	trypsin	was	then	
added,	and	the	flask	was	incubated	at	37oC	and	5%	
CO2	 for	 5	minutes.	 	 After	 the	 cells	 had	 detached	
from	the	lower	part	of	the	flask,	20	mL	of	medium	
was	added	to	the	flask	and	the	culture	was	divided	
in	 two	parts.	 	One	part	was	 then	 transferred	 to	a	
new	flask.		

Cellular behaviour
	 The	 cells	 were	 grown	 until	 they	 were	
confluent.	 Then,	 the	 cells	 were	 trypsinised	 and	
the	 number	 of	 viable	 cells	 was	 counted	 with	 a	
hemocytometer	to	prepare	a	cell	suspension.		One	
hundred	 microlitres	 of	 suspension	 containing	
1	 x	 105	 cells	was	 seeded	 in	each	well	 of	 a	96-well	
microtiter	plate	(Nunc,	Denmark).	 	The	plate	was	
then	incubated	overnight	at	37oC	with	5%	CO2.		The	
following	day,	the	medium	was	replaced	(18).
 
Cell proliferation assay
	 Each	cancer	cell	 line	was	grown	in	a	96-well	
microtiter	plate	(Nunc,	Denmark)	in	a	final	volume	
of	100	μL	culture	medium	per	well.	The	cells	were	
then	treated	with	clausine-B	at	a	dose	of	10,	20,	30,	
40,	60,	80	or	100	μg/mL	and	maintained	at	37oC	
with	 CO2	 for	 24–72	 hours.	 After	 the	 incubation	
period,	 10	 μL	 of	 MTT	 labelling	 reagent	 (Roche	
Diagnostics,	 USA)	 was	 added	 to	 each	 well.	 The	
microtiter	 plate	 was	 then	 incubated	 again	 for	 4	
hours	 at	 37oC	with	 5%	CO2.	 Then,	 100	 μL	 of	 the	

Figure	1: The	chemical	structure	of	clausine-B
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Table	1: The	IC50	values	of	clausine-B																																																										

Cancer	cell	lines	 IC50	(μg/mL)	
a

HeLa 22.90	±	0.45
MCF-7 52.90	±	8.49
HepG-2 28.94	±	0.00
MDA-MB-231 21.50	±	0.04
CAOV3 27.00	±	0.29
Chang None

aValues	 are	 expressed	 as	 the	 mean	 ±	 standard	 deviation	 of	
six	 replicate	measurements.	 	 The	 IC50	 value	 is	 defined	 as	 the	
concentration	of	sample	necessary	to	inhibit	50%	of	the	cancer	
cells	from	proliferating.

solubilisation	 solution	 (Roche	 Diagnostics,	 USA)	
was	added	 into	each	well.	 	The	plate	was	allowed	
to	stand	overnight	in	the	incubator	at	37oC	and	5%	
CO2.	The	cell	viability	was	measured	using	an	ELISA	
reader	(ELx	800)	at	550	nm.	The	experiment	was	
carried	out	in	six	replicates.

Measurement of the growth inhibitory effect
	 Cells	 were	 grown	 in	 6-well	 plates	 (Nunc,	
Denmark)	 in	 a	 final	 volume	 of	 1	 mL	 of	 culture	
medium	 per	 well.	 	 Each	 well	 contained	 1	 x	 105	
cell/mL	 and	was	 incubated	 for	 24	 hours	 in	 a	 5%	
CO2	 incubator	 at	 37

oC.	 The	method	 used	 for	 cell	
culture	 was	 similar	 to	 that	 described	 above.	 The	
HeLa	 cell	 line	was	 used	 as	 it	 has	 the	 lowest	 IC50	
value	(the	concentration	of	sample	that	can	inhibit	
50%	 of	 the	 cancer	 cells	 from	 proliferating)	 for	
clausine-B,	 which	 had	 been	 screened	 using	 the	
MTT	assay.	The	cells	were	treated	with	the	sample	
at	 a	 concentration	 that	 was	 similar	 to	 the	 IC50	
value.	 	The	plate	was	then	incubated	again	 in	the	
5%	CO2	incubator	at	37

oC	for	24,	48	and	72	hours.	
The	untreated	 cells	 (control)	were	 also	 incubated	
for	24,	48	and	72	hours.	The	growth	of	the	cells	was	
photographed	 using	 a	 phase	 contrast	microscope	
(Olympus,	USA).

Results

Cell proliferation assay
	 Table	1	presents	the	IC50	values	of	clausine-B.	
Clausine-B	 was	 found	 to	 inhibit	 50%	 of	 the	
proliferation	of	HeLa	cancer	cells	at	22.90	μg/mL,	
MDA-MB-231	 at	 21.50	 μg/mL,	 CAOV3	 at	 27.00	
μg/mL	 and	 HepG2	 at	 28.94	 μg/mL.	 Clausine-B	
inhibited	 the	 MCF-7	 cancer	 cell	 line	 at	 52.90	
μg/mL.	 There	 was	 no	 IC50	 value	 obtained	 from	
clausine-B	against	the	Chang	liver	cell	line.

Growth inhibitory effect
	 The	ability	of	clausine-B	to	inhibit	proliferation	
of	the	HeLa	cell	line	at	22.90	μg/mL	was	estimated	
by	 analysing	 its	 effect	 on	 the	 growth	 of	 the	 cells	
(Figure	2).	The	growth	of	 the	untreated	 (control)	
and	treated	HeLa	cell	line	after	incubation	for	24,	
48	and	72	hours	was	photographed	using	a	phase	
contrast	microscope.	Figure	2	(A,	C	and	E)	shows	
the	untreated	cells	after	24	to	72	hours	incubation.	
It	can	be	seen	that	the	cells	are	growing	normally	
and	 that	 they	 are	 attached	 to	 each	 other.	 The	
observation	 of	 HeLa	 cells	 showed	 that	 after	 24	
hours	of	treatment,	most	of	the	cells	were	attached	
in	the	culture	containing	22.90	μg/mL	of	clausine-B	
(Figure	 2	 B).	 They	 were	 viable	 and	 adhered	 to	
the	 lower	 surface	 of	 the	 well	 after	 48	 hours	 of	
treatment,	although	a	large	proportion	of	the	cells	
were	 poorly	 attached	 (Figure	 2	 D).	 However,	 all	
of	 the	 cells	were	 shrunken	and	detached	 after	 72	
hours	of	incubation	(Figure	2	F).			

Discussion

	 The	 Micro-culture	 Tetrazolium	 Salt	 (MTT)	
assay	was	used	in	this	study	to	measure	the	amount	
of	 cell	 viability.	 The	 effect	 of	 clausine-B	 on	 the	
proliferation	of	human	cancer	cells	was	determined.	
The	 percentage	 of	 cell	 viability	was	measured	 by	
comparing	 the	 optical	 density	 (OD)	 against	 the	
control.	The	antiproliferative	activity	of	clausine-B	is	
presented	as	a	percentage	of	the	cell	viability	versus	
concentration	(Figure	3).	Cells	grown	in	a	96-well	
tissue	culture	plate	were	incubated	with	the	yellow	
MTT	solution	for	approximately	4	hours.	After	this	
incubation	 period,	 purple	 formazan	 salt	 crystals	
were	 formed.	 These	 salt	 crystals	 are	 insoluble	
in	 aqueous	 solution,	 but	 may	 be	 solubilised	 by	
adding	 the	 solubilisation	 solution	 and	 incubating	
the	 plates	 overnight	 in	 a	 humidified	 atmosphere	
(37oC,	5%	CO2).		The	solubilised	formazan	product	
was	 quantified	 spectrophotometrically	 using	 an	
ELISA	reader.	An	increase	in	the	number	of	living	
cells	resulted	in	an	increase	in	the	total	metabolic	
activity	 in	 the	 clausine-B	 sample.	 This	 increase	
directly	 correlated	with	 the	amount	of	 the	purple	
formazan	 crystals	 formed,	 as	 monitored	 by	 the	
absorbance.		
	 Clausine-B,	the	pure	compound	isolated	from	
C. excavata,	 causes	 50%	 cell	 death	 in	 all	 human	
cancer	 cell	 lines	 tested	 (MCF-7,	 MDA-MB-231,	
HepG-2,	HeLa	and	CAOV3).	The	best	 IC50	 values	
obtained	 were	 21.50	 and	 22.90	 μg/mL,	 causing	
50%	 of	 the	 MDA-MB-231	 and	 HeLa	 cancer	 cell	
lines	to	die,	respectively.	In	this	study,	clausine-B	
has	been	proven	to	inhibit	the	proliferation	of	four	
cancer	cell	lines	out	of	five	that	were	tested	
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Figure	2: Phase	contrast	micrographs	(x4	magnification)	of	the	antiproliferative	activity	
of	clausine-B	on	the	HeLa	cell	line	after	24,	48	and	72	hours	of	incubation	(IC50	=	22.90	μg/
ml).		A.		The	untreated	HeLa	cell	line	(control)	after	24	hours	incubation.		B.		The	treated	
HeLa	cell	line	after	24	hours	incubation.		C.	 	The	untreated	HeLa	cell	line	(control)	after	
48	hours	 incubation.	 	D.	 	The	treated	HeLa	cell	 line	after	48	hours	 incubation.	 	E.	 	The	
untreated	HeLa	cell	line	(control)	after	72	hours	incubation.		F.		The	treated	HeLa	cell	line	
after	72	hours	incubation.																	
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studied	to	prove	the	effect	of	clausine-B	on	the	cell	
growth.	Our	observations	showed	that	the	growth	
of	the	cells	was	inhibited.	However,	further	study	is	
needed	to	determine	whether	the	inhibitory	effect	
of	 clausine-B	on	 the	growth	of	 the	 cells	 is	due	 to	
the	 inhibition	 of	 the	 proliferation	 of	 the	 cells	 or	
the	 induction	 of	 cell	 death.	 Clausine-B	 proved	 to	
possess	antiproliferative	properties	against	all	the	
cancer	 cell	 lines	 tested.	 	 Therefore,	 it	 may	 have	
potential	 as	 an	 anticancer	 agent.	 	 However,	 the	
mechanism	behind	 the	antiproliferative	 effects	of	
clausine-B	need	 to	be	 studied	 to	determine	 if	 the	
effect	 is	due	 to	an	 increase	 in	apoptosis.	 	Further	
investigations	will	yield	clearer	answers.
																	It	has	also	been	suggested	that	an	in	vivo	study	
should	 be	 carried	 out	 in	 conjunction	 with	 the	 in	
vitro	study,	so	that	the	results	can	be	compared	and	
more	 information	 regarding	 the	 antiproliferative	
properties	 of	 clausine-B	 will	 become	 clear.	 	 This	
is	 important,	 because	 there	may	be	many	 factors	
that	 affect	 the	 antiproliferative	 activity	 in	 the	 in	
vivo	study.		Furthermore,	in	vitro	studies	may	not	
produce	the	same	results	as	in	vivo	experiments.	

at	 a	 strong	 IC50	 value	 (<30	 μg/mL).	 Clausine-B	
was	 not	 active	 (IC50>30	 μg/ml)	 against	 MCF-7.	
It	 was	 shown	 that	 clausine-B	 exhibited	 no	 effect	
on	Chang,	the	normal	cell	 line	that	was	used	as	a	
comparison.		
	 Phenolic	 compounds	 such	 as	 furanocou-
marins,	 flavonoids	 and	 carbazole	 alkaloids	 are	
the	main	constituents	of	C. excavata	(3,17).	These	
phenolic	compounds	can	stimulate	or	suppress	the	
immune	 system	 due	 to	 the	 presence	 of	 hydroxyl	
groups	(19).	Therefore,	the	presence	of	the	phenol-
ic	group	may	be	assumed	to	be	responsible	for	the	
antiproliferative	activities	of	 clausine-B	 that	were	
found	in	this	study.	Several	studies	demonstrating	
the	cytotoxic	effect	of	carbazole	alkaloids	 isolated	
from	 C. excavata	 have	 been	 reported	 previously	
(13,14,20).		Clausine-B	has	also	been	found	to	show	
significant	cytotoxicity	against	the	CEM-SS	cell	line	
(21).	 	However,	 limited	data	was	obtained	on	 the	
cytotoxic	effects	of	clausine-B.		Perhaps	data	from	
this	research	and	previous	studies	will	yield	better	
insights	into	the	cytotoxic	properties	of	clausine-B.
	 The	 morphology	 of	 HeLa	 cancer	 cells	 that	
were	treated	with	clausine-B	at	22.90	μg/mL	was	

 Figure	 2:	 	 Phase 	 contra st	 mic rographs 	 (x4	 magnificat ion)	 of	 the 	a ntiprolifer ative	
activ ity	of	 claus ine-B	on	the 	HeLa	cell	l ine	after 	24,	48 	and	72	hours 	of	incuba tion	(IC50	
=	22.90	 g/ml).		A.		The	untre ated	HeL a	cell 	line	(c ontrol) 	after	24	hours 	incuba tion.	 	B .		
The 	 treated	HeLa 	 cell 	 line	 after 	24	hours 	 incubat ion.	 	C.	 	 The 	untre ated 	HeLa	cell	l ine	
(control) 	 after 	 48	 hours 	i ncub ation.	 	 D.	 	 The 	 treated	 HeLa 	 cell 	 line 	 after 	 48	 hou rs	
incuba tion.	 	E.		Th e	untreate d	HeLa 	cel l	line	(c ontrol)	after	72	hours	inc ubat ion.		F .		The	
treated 	HeLa 	cell 	line	after 	72	hours 	incub ation.																			
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Figure	3: Antiproliferative	activities	of	clausine-B	on	cancer	cell	lines.		Values	are	expressed	as	
the	mean	±	standard	deviation	of	six	replicate	measurements.
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