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	 ABSTRACT	
Selaginella	 is	 a	 popular	 herbal	 remedy	 for	 its	 antioxidants,	

anticancer,	anti-inflammatory,	and	chemopreventive	properties.	Several	
studies	 have	 reported	 Selaginella's	 potential	 as	 an	 anticancer	 and	 co-
chemotherapy	 agent.	 This	 narrative	 review	 aims	 to	 investigate	
Selaginella's	potential	as	an	anticancer	agent	and	co-chemotherapy	with	
doxorubicin.	Studies	were	retrieved	 from	PubMed,	Science	Direct,	and	
Google	Scholar	databases.	In	total,	27	articles	were	selected.	The	results	
showed	that	Selaginella	extract	had	cytotoxic	activity	against	cancer	cells	
T47D,	MCF-7,	A549,	LLC,	HeLa,	Bel-7402,	HT-29,	7721,	P-388,	and	NCI-
H460.	One	of	 the	 compounds	 contained	 and	 studied	 its	mechanism	 is	
amentoflavone.	Amentoflavone	induces	cell	cycle	arrest	and	apoptosis	in	
MCF-7	 cells.	 Amentoflavone	 also	 inhibited	 invasion	 and	 migration	 of	
A549	and	HT29	cancer	cells.	The	combination	with	doxorubicin	indicates	
that	 Selaginella	 and	 amentoflavone	 extracts	 could	 increase	 the	
anticancer	effects	of	doxorubicin	in	vivo	by	decreasing	the	tumor	volume	
in	 the	 cancer	 cell-induced	 animals.	 These	 results	 demonstrate	
Selaginella's	 potential	 as	 a	 chemotherapeutic	 agent	 to	 enhance	 the	
anticancer	 effects	 of	 doxorubicin.	 Nevertheless,	 further	 research	 is	
necessary	to	have	more	insights	and	evidence	regarding	its	activity.		

INTRODUCTION	
Cancer,	which	can	affect	any	organ	or	body	

region,	is	defined	by	abnormal	cell	proliferation	
(Doll,	 2018).	 After	 heart	 disease	 and	 stroke,	
cancer	is	the	leading	killer	in	Indonesia.	In	2018,	
9.6	 million	 people	 worldwide	 were	 cancer	
patients.	 In	 contrast,	 there	 were	 207,210	
patients	 in	 Indonesia.	As	people's	 lives	 change,	
the	 risk	 of	 developing	 cancer	 increases.	 It	 is	
predicted	 that	 the	 number	 of	 cancer	 cases	
worldwide	will	 increase	by	300	percent	by	 the	
year	2030,	with	the	majority	of	cases	occurring	
in	 emerging	 economies	 such	 as	 Indonesia	
(Kemenkes	RI,	2016).	

Chemotherapy,	 radiation,	 and	 surgery	 are	
currently	available	cancer	treatments.	The	most	
common	treatment	is	chemotherapy	(Hartini	et	
al.,	2020).	One	of	 the	often-used	chemotherapy	
drugs	 is	 doxorubicin,	 although	 it	 has	 risks,	

including	side	effects	that	can	be	damaging	to	the	
heart	and	liver	as	well	as	a	chance	of	developing	
resistance	(Minotti	et	al.,	2004).	Therefore,	 it	 is	
important	 to	 reduce	 these	 adverse	 effects	 and	
boost	 doxorubicin's	 anticancer	 efficacy.	 The	
cytotoxic	effect	of	doxorubicin	is	predicted	to	be	
enhanced	 in	 combination	 with	 co-
chemotherapeutic	 drugs	 from	 natural	
components.	

A	variety	of	pharmacologically	active	plants	
are	among	Indonesia's	natural	resources.	Plants	
like	Selaginella	have	pharmacological	properties,	
including	 anticancer,	 antiviral,	 and	 anti-
inflammatory	 effects.	 Indonesia	 has	 200	 of	 the	
700-750	 Selaginella	 species	 (Setyawan,	 2009).	
The	Selaginella	plant	is	used	as	a	medicinal	herb	
in	nations	like	India	and	China	for	its	antioxidant,	
anticancer,	 anti-inflammatory,	 and	
chemopreventive	 characteristics	 because	 it	
doesn't	harm	healthy	cells	(G.	Wang	et	al.,	2015).	
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There	 have	 been	 many	 studies	 reporting	 the	
activity	of	Selaginella	as	an	anticancer	agent,	but	
there	has	not	been	a	comprehensive	review	on	
this	 topic.	 This	 narrative	 review	 aims	 to	
investigate	 Selaginella's	 potential	 as	 an	
anticancer	 agent	 and	 co-chemotherapy	 with	
doxorubicin.	

METHODS	

This	narrative	 review	was	prepared	using	
the	method	of	analysis	of	secondary	data	(ADS).	
ADS	 is	 a	 research	 method	 that	 refers	 to	 a	
systematic	review	of	records	and	uses	secondary	
data	 as	 the	 primary	 data	 source.	 PRISMA	
requires	 systematic	 reviews	 (Preferred	
Reporting	 Items	 for	 Systematic	 Reviews	 and	
Meta-Analyses).	 A	 literature	 search	 was	
conducted	 using	 the	 keywords	 "Selaginella	 as	
anticancer,"	"Selaginella	doxorubicin,"	"Apigenin	
Selaginella,"	 "Robustaflavone	 Selaginella	
anticancer,"	 "Amentoflavone	 Selaginella	
anticancer,"	 "Cytotoxic	 test	 used	 for,"	
"Metastasis	 is	 the	 ability	 of	 cells,"	 and	
"Combination	 of	 chemotherapy	 and	 Selaginella	
chemoprevention	 compounds."	 There	 were	 78	
articles	 returned	 in	 the	 search	 results.	 Articles	
were	selected	and	stored	in	Mendeley.	A	total	of	
25	journals	were	excluded	because	the	titles	did	
not	match	the	topic	and	were	published	before	
2004.	 Further	 review	 of	 53	 journals	 on	 the	
anticancer	 potential	 of	 different	 Selaginella	
species	and	compounds	and	on	the	combination	
of	doxorubicin	and	Selaginella.	In	all,	26	journals	
were	 excluded	 because	 they	 did	 not	 fit	 the	
research	 topic.	 This	 narrative	 review	 was	
prepared	using	a	total	of	27	journals.	There	are	

16	 journals	 in	 the	 Quartile	 1	 (Q1)	 category,	 2	
journals	in	the	Q2	category,	3	journals	in	the	Q3-
Q4	category,	2	Sinta	2	(S2)	accredited	 journals,	
and	1	Sinta	3	(S3)	accredited	journal	(Figure	1).	

RESULT	AND	DISCUSSION	

Selaginella's	Active		Components	
Selaginella	 sp.	 contains	 many	 bioactive	

compounds	 such	 as	 flavonoids,	 alkaloids,	 and	
terpenoids	(Figure	2).	Biflavonoids	are	dimeric	
forms	of	flavonoids	that	are	found	in	Selaginella.	
At	least	13	biflavonoid	compounds	were	found	in	
Selaginella,	 namely	 amentoflavones,	 2',	 8'-
biapigenin,	 delicaflavones,	 ginkgetin,	
heveaflavone,	 hinokiflavone,	 isocryptomerin,	
kayaflavone,	 ochnaflavone,	 podocarpusflavone	
A,	 robustaflavone,	 and	 sumaflavone	 (Setyawan,	
2011).	 Selaginella	 doederleinii	 Hieron	 found	
amentoflavones,	 robustaflavones,	 and	 2′′,	 3′′-
dihydrogen-3′,	3′′′-biapigenin		(Sui	et	al.,	2016)	

Selaginella's	Anticancer	Activity	
Cancer	is	a	cell	growth	disorder	that	results	in	

the	 invasion	 and	 destruction	 of	 normal	 tissue	
around	 the	 abnormal	 cells.	 Cancer	 arises	 from	
normal	 cells	 that	 change	 their	 nature	
permanently	(Doll,	2018).	Cancer	cells	have	the	

	
Figure	1.	Article	Search	Scheme	for	
Narrative	Review	Preparation	

	

 78 articles were discovered while 
searching an international database. 

25 articles were dropped from 
the reference list. 

53 articles were 
reviewed. 

A narrative review was 
created using data from 
a total of 27 literature 

journals. 

26 articles were dropped from 
the reference list because it is 
inconsistent with the research 

statement 

Q1 = 16 articles, 
Q2= 2 articles,  

Q3-Q4 = 3 articles, 
S2 = 2 articles, 

 S3= 1 articlel, Not 
indexed = 3 

	
Amentoflavone	

	
Robustaflavone	

	
Apigenin	

Figure	2.	Selaginella	contains	anticancer	and	
chemopreventive	properties	
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following	 characteristics:	 (1)	 Capable	 of	
unlimited	 replication	 resulting	 in	 macroscopic	
tumors	 (2)	 Induce	 angiogenesis,	 namely	 the	
formation	of	new	blood	vessels	(3)	Able	to	avoid	
cell	 death	 (apoptosis)	 (4)	 Able	 to	 maintain	
proliferation	 signals	 (5)	 Avoid	 anti-growth	
signals	 (6)	 Activate	 invasion	 and	 metastasis	
(Hanahan	 &	 Weinberg,	 2011).	 Anticancer	
compounds	 are	 substances	 that	 can	 either	
inhibit	 or	 kill	 cancer	 cells.	 Cytotoxic	 tests	 are	
commonly	used	to	assess	a	compound's	ability	to	
kill	 cancer	 cells.	 Anticancer	 compounds	 are	
substances	that	can	either	 inhibit	or	kill	cancer	
cells.	 Cytotoxic	 tests	 are	 commonly	 used	 to	
assess	 a	 compound's	 ability	 to	 kill	 cancer	 cells	
(Wisnu,.	 et.	 al,	 2017).	 NCI	 (National	 Cancer	
Institute)	determines	 the	cytotoxic	criteria	of	a	
compound	 based	 on	 the	 IC50	 value.	 IC50	 is	 the	
sample	 concentration	 required	 to	 inhibit	 cell	
growth	 by	 50%.	 According	 to	 the	 NCI,	 a	
compound	 is	 declared	 to	 have	 potential	 as	 an	
anticancer,	 if	 IC50	 value	 is	20µg/mL.	Until	now,	
many	 studies	 have	 been	 carried	 out	 on	 the	
anticancer	 potential	 of	 various	 	 Selaginella	
species	Table	1	and		Error!	Reference	source	
not	found..	

Cancer	Invasion	and	Metastasis	
Metastatic	 disease	 is	 the	 spread	 of	 cancer	

cells	 throughout	 the	 body	 (Febriani	 &	 Furqon,	
2018).	 In	vitro,	S.	 tamariscina	ethanolic	extract	
inhibited	 the	 invasion	 and	 metastasis	 of	 LLC	
cells.	 The	 in	 vivo	 tests	 also	 showed	 that	 the	
extract	 could	 reduce	 the	 expression	 of	 matrix	
metalloproteinases	 (MMP)-2,	 -9,	 and	urokinase	
in	LLC	cancer	cells	in	C57BL/6	mice	(u-PA)	(Yang	
et	 al.,	 2007).	 In	 addition,	 S.	 tamariscina	
amentoflavonoids	 have	 been	 shown	 to	 inhibit	
invasion	 and	 migration	 of	 A549	 and	 HT-29	
cancer	 cells	 in	 vitro	 and	 in	 vivo	 by	 inhibiting	
TGF-β	 -induced	EMT	(Kim	et	al.,	2020).	EMT	 is	
involved	in	cancer	metastasis.	Its	participation	in	
other	 events	 may	 be	 highly	 relevant	 to	 tumor	
progression	 (Thiery	 et	 al.,	 2009).	 Apigenin,	 a	
novel	 flavonoid,	 was	 discovered	 by	
phytochemical	 screening.	 Apigenin	 showed	
significant	activity	against	A549	cancer	cells	in	in	
vitro	cytotoxicity	tests	(Zou	et	al.,	2017).	In	vitro,	
S.	 delicatula	 robustaflavone	 demonstrated	
cytotoxic	activity	against	P-388	and	HT-29	(Chen	
et	al.,	2005)	(Table	3).	

Table	1.	Selaginella	Extract	and	Essential	Oil	Protect	Against	a	Variety	of	Cells	

Selaginella’s	species	 Cell	 IC50	
(µg/mL)	

Mechanisms	of	
Action	

Reference	

S.	tamariscina	(Ethanol	extract)	 LLC	 -	 Inhibits	cell	
invasion	and	
metastasis	

(Yang	et	al.,	2007)	

S.		tamariscina	(Ethyl	acetate	
extract)	

HT-29	 3,24	 Induces	cell	
apoptosis	

(J.	Li	et	al.,	2014)	

	S.	labordei	(Ethyl	acetate	
extract)	

Bel-7402	
	

1,07	 (J.	Li	et	al.,	2014)	

S.	uncinata	(Ethyl	acetate	
extract)		

HeLa	
	

15,14	 (J.	Li	et	al.,	2014)	

S.plana	Hieron	(Ethanol	extract)	 T47D	 4,00	 (Handayani	et	al.,	2012)	
Essential	oil	S.	doederleinii	 7721	 -	 Inhibits	cell	

proliferation	
(G.	Wang	et	al.,	2015)	

	

Table	2.	Selaginella	Extract's	Anticancer	Activity	in	Vivo	

Selaginella’s Species Cancer 
Type 

Animals Used 
In Research 

Mechanisms  
of Action 

Reference 

S. doederleinii (Ethyl 
acetate extract) 

Lung C57BL/6 Rat 
(male) 

Inhibit tumor 
growth 

(Yao et al., 2017) 

S. doederleinii (Ethyl 
acetate extract) 

Liver Kunming Rat 
(male) 

Inhibits 
proliferation and 

induces cell 
apoptosis 

(Wang et al., 2015) 

S. tamariscina (Ethanol 
extract) 

Lung C57BL/6 mice Inhibits cancer 
cell metastasis 

(Yang et al., 2007) 
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Selaginella	Sonnei	 Inhibits	Proliferation	and	
Induces	Apoptosis	

S.	 Tamariscina,	 S.	 Labordei,	 and	 S.	 Uncinata	
have	 been	 shown	 to	 induce	 apoptosis	 in	HeLa,	
Bel-7402,	and	HT-29	cells	(J.	Li	et	al.,	2014).	The	
ethanolic	 extract	 of	 S.	 plana	 Hieron	 induces	
apoptosis	 in	T47D	cells	with	an	 IC50	 value	of	4	
g/mL	 (Handayani	 et	 al.,	 2012).	 S.	 doederleinii	
ethyl	 acetate	 extract	 had	 no	 toxic	 effect	 on	
normal	cells	and	inhibited	the	growth	of	liver	cell	
tumors	 in	 Kunming	 (male)	 rats	 in	 vivo.	 This	
extract	has	also	been	shown	to	reduce	the	ratio	
of	bcl-2	to	bax	mRNA	levels,	activate	caspase-3,	
suppress	 survivin,	 and	 decrease	 COX-2,	 5-LOX,	
FLAP,	 and	 12-LOXmRNA	 gene	 expression	 (J.	 Z.	
Wang	 et	 al.,	 2015).	 Oral	 administration	 of	 S.	
doederleinii	ethyl	acetate	extract	at	doses	of	50	
mg/kg/day	and	150	mg/kg/day	significantly	(p	
<	0.01)	 inhibited	 the	 growth	of	 LLC	 cells	 (lung	
cancer)	 and	 inhibited	 tumor	 growth	 by	 40.11	
percent	and	53.5	percent,	respectively,	for	both	
doses	 tested	 (Yao	 et	 al.,	 2017).	 S.	 doederleinii	
Hieron's	 essential	 oil	 content	 has	 also	 been	
tested	for	cytotoxic	activity	against	cancer	cells.	
The	essential	oil	has	been	shown	to	 inhibit	cell	
proliferation	and	induce	apoptosis	 in	7721	and	
A5491	cancer	cells	(J.	Z.	Wang	et	al.,	2015).	

Selaginella	 as	 a	 Potential	 Co-Chemotherapy	
Against	Doxorubicin	

Improving	 the	 anticancer	 effectiveness	 of	
doxorubicin	 is	 the	 goal	 of	 using	
chemopreventive	 agents.	 Doxorubicin	 is	 a	
chemotherapy	 agent	 commonly	 used	 to	 treat	
breast	cancer.	However,	doxorubicin	was	found	
to	be	 ineffective,	and	some	T47D	breast	cancer	

cells	 were	 resistant	 to	 it	 (Smith	 et	 al.,	 2006).	
According	 to	 research,	 doxorubicin	 causes	
hepatotoxicity	and	cardiotoxicity	(Minotti	et	al.,	
2004).	 Doxorubicin	 can	 be	 combined	 with	
natural	chemopreventive	compounds	to	address	
this	 issue.	 This	 method	 is	 known	 as	 co-
chemotherapy.	 Co-chemotherapy	 can	 increase	
the	 efficacy	 of	 a	 chemotherapy	 drug,	 allowing	
lower	 doses	 to	 be	 used.	 Lowering	 the	 dose	 is	
expected	to	reduce	toxicity	in	normal	tissues.	

Doxorubicin	 resistance	 increased	 Akt	
phosphorylation	 activity	 in	 T47D	 cancer	 cells.	
Phosphorylated	 Akt	 activates	 Bcl-XL	
(antiapoptotic	protein)	and	inactivates	caspase-
9	 (initiator	 of	 apoptosis)	 via	 the	 caspase	
pathway	(X.	Li	et	al.,	2005).	Doxorubicin	can	be	
combined	 with	 co-chemotherapeutic	 agents	 to	
overcome	 this	 problem.	 The	 combination	 of	 S.	
tamariscina	 extract	 and	 doxorubicin	
demonstrated	 a	 synergistic	 antitumor	 effect	 in	
mice	 (BALB/c).	 Doxorubicin's	 anticancer	 effect	
can	be	enhanced	by	S.	tamariscina	extract	(Lee	et	
al.,	2017).	
In	vivo	experiments	on	BALB/c	mice	induced	

by	A549	cancer	cells	revealed	that	combining	S.	
tamariscina	 extract	 (STE)	 and	 doxorubicin	
resulted	 in	 a	 significant	 reduction	 in	 tumor	
volume.	A549	and	NCI-H460	cells	are	 inhibited	
in	 their	 proliferation	 by	 mentoflavone	
compounds.	 Amentoflavones	 increase	
antiproliferative	 effects	 of	 doxorubicin	 against	
A549	 and	 NCI-H460	 cells	 (human	 lung	 cancer	
cells)	 by	 inhibiting	 AKRB10	 activity	 and	
decreasing	 AKRB10	mRNA	 expression	 (Jung	 et	
al.,	 2017).	 AKR1B10	 is	 an	 aldo-keto	 reductase	
enzyme	involved	in	drug	resistance	mechanisms.	
The	 AKR1B10	 enzyme	 is	 abundant	 in	 breast	

Table	3.	Anticancer	Mechanism	of	Amentoflavones,	Robustaflavones,	and	Apigenin	

Chemical	Compound	 Physiological/cellular	
effects	as	anticancer	

Molecular	Mechanism	 Reference	

Amentoflavon	(AF)	
	

It	inhibits	A549	and	HT-29	
cancer	cell	invasion	and	
migration	in	vitro	and	in	vivo.	

TGF-	activation	is	inhibited,	
resulting	in	the	restoration	of	
E-cadherin	expression.	

(Kim	et	al.,	2020)	

	 It	inhibits	the	proliferation	of	
A549	and	NCI-H460	cells.	

AKR1B10	mRNA	and	protein	
expression	is	increased.	

(Jung	et	al.,	2017)	

	 Cell-cycle	arrest	and	
apoptosis	are	induced	in	
MCF-7	breast	cancer	cells.	

Caspase	activation	and	
cytochrome	c	release	from	
mitochondria.	

(Pei	et	al.,	2012)	

Robustaflavon	 In	vitro,	it	has	cytotoxic	
activity	against	P-388	and	
HT-29	cells.	

-	 (Chen	et	al.,	2005)	

Apigenin	 In	vitro,	it	has	cytotoxic	
activity	against	A549	cancer	
cells.	

-	 (Zou	et	al.,	2017)	
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cancer	(Ma	et	al.,	2012).	Amentoflavones	induce	
cell-cycle	arrest	and	apoptosis	 in	MCF-7	breast	
cancer	 cells	 through	 a	 series	 of	 apoptosis-
associated	 cellular	 changes,	 including	DNA	and	
nuclear	 fragmentation,	as	well	as	de-regulation	
of	 intracellular	 reactive	 oxygen	 species	 (ROS)	
and	 calcium.	 These	 findings	 suggest	 that	
amentoflavones	 could	 be	 used	 as	 co-
chemotherapeutic	 agents	 in	 the	 treatment	 of	
breast	 cancer	 (Pei	 et	 al.,	 2012).	 Natural	
compounds	used	as	cancer	co-chemotherapy	can	
reduce	cell	resistance	to	anticancer	agents	while	
also	increasing	a	compound's	anticancer	activity.	
Furthermore,	 co-chemotherapy	 agents	 can	
reduce	 the	 side	 effects	 of	 anticancer	 agents	
(Vinod	et	al.,	2013).	

CONCLUSIONS		
There	 are	 five	 Selaginella	 species	 that	 have	

anticancer	 potential,	 namely	 S.	 tamariscina	 S.	
Labordei	 S.	 uncinata	 Hieron	 plana	 and	 S.	
doederleinii.	 S.	 Labordei	 has	 the	 greatest	
anticancer	and	co-chemotherapy	potential.	The	
main	 chemical	 constituents	 responsible	 for	
Selaginella's	 anticancer	 activity	 are	
amentoflavones.	Selaginella	has	the	potential	to	
be	 developed	 as	 a	 co-chemotherapy	 agent	 to	
boost	 doxorubicin's	 anticancer	 activity	 while	
reducing	the	risk	of	side	effects.	
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