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The Selaginellaceae family includes the single genus Selaginella, which is found worldwide and 
comprises approximately 700 to 750 species. A number of species have been traditionally used for 
medicinal purposes in the whole world, and the phytochemistry of some has been investigated. For this 
review, the search was carried out using Web of Sciences, Chemical Abstracts and the data bank 
NAPRALERT (acronym for NAtural PRoducts ALERT), updated to October 2012. The references found 
in the search were then studied in detail. This review refers to 32 species and 130 compounds isolated 
from plants of the genus Selaginella, which are classified in appropriate chemical groups. The 
compounds isolated have been identified belonging to the classes of alkaloids, benzenoids, 
carbohydrates, chromones, coumarins, flavonoids, lignans, oxygen heterocycle, phenylpropanoids, 
pigments, quinoids and steroids. Some aspects of bioactivity of the secondary metabolites produced 
are discussed. For this purpose 75 references were consulted. 
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INTRODUCTION 
 
The family Selaginellaceae Willk.  is a distinctive family 
including the single genus Selaginella. Selaginella is a 
nearly worldwide genus of about 700 species (Tryon and 
Tryon, 1982) or 750 species (Judd et al., 1999), with 
about 270 of them in America. This genus is widely 
distributed in America, Africa and Europe, east to the 
Bering Straits, to Kamchatka, Japan, and to New Guinea 
and Australia also in the Pacific East to the Hawaiian 
Islands, the Marquesas, Tahiti and Rapa. In America, 
Selaginella occurs from Northern Alaska East to 
Greenland, and South to Mendoza and Buenos Aires in 

Argentina. It is certainly better represented in the Amazon 
basin, for 31 species are known from that region (Tryon 
and Tryon, 1982). 

Members of the Selaginellaceae occurs mostly 
terrestrial, herbaceous and perennial plants under 2 cm 
tall. Roots dichotomously branching; rhizophores usually 
produced from the stem, dichotomously branching. 
Stems are erect or creeping. Leaves about 0.5 to 1 cm 
long, spirally arranged and often 4-ranked on the 
secondary and ultimate branches. Distribution of these 
plants is mainly in tropical regions, with a few species 
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extending into arctic regions of both hemispheres, 
occupying a wide range of habitats. The family has a 
nearly cosmopolitan distribution, but is not significant 
economically (Judd et al., 1999). Plants of Selaginella 
vary greatly in size. Some small species have stems of 
about 3 cm long, while larger ones have stems 50 cm to 
ca. 1 m long (Tryon and Tryon, 1982). 

Several Selaginella species are used in traditional 
medicine in various countries to treat a variety of 
diseases such as cancer, cardiovascular problems (Lin et 
al., 1994), diabetes (Darias et al., 1989), gastritis (Han et 
al., 1984), hepatitis (Lin and Kan, 1990), skin diseases 
(MacFoy and Sama, 1983) and urinary tract infections 
(Winkelman, 1986). Extracts from some Selaginella spp. 
have shown activity as antinociceptive (Sá et al., 2012), 
anti-inflammatory (Han et al., 1972), antimutagenic 
(Meng et al., 1990), antispasmodic (Itokawa et al., 1983), 
cytotoxic, imunnostimulant and RNA reverse transcrip-
tase inhibitory agents (Ono et al., 1989).  

Previous studies involving some species of Selaginella 
revealed that this genus is a rich source of steroids, 
biflavonoids, alkaloids, secolignans, neo-lignans and 
caffeoyl derivatives. Other compounds, such as alkaloidal 
glycosides, phenylpropanones and lignans, were also 
reported in some Selaginella spp. (Sá et al., 2012). 
However, only a few studies on the bioactive components 
of species in this genus have been performed. In a recent 
work, Setyawan (2011) studied the diversity of natural 
products from Selaginella, especially biflavonoid and 
trehalose compounds; and biological activity of 
Selaginella’s biflavonoid in modern medication. 

This study is a compilation of recent literature reports 
on phytochemistry and pharmacological importance of 
plants of the Selaginellaceae family. 
 
 
MATERIALS AND METHODS 
 
With the objective of contributing to these studies, a literature 
search on the natural products from the genus Selaginella was 
carried out. The keywords used for the literature search for this 
review were Selaginella, Selaginellaceae, natural products, 
phytochemistry and medicinal plants. The search was carried out 
using Web of Sciences, Chemical Abstracts, and the data bank of 
the University of Illinois in Chicago NAPRALERT (acronym for 
NAtural PRoducts ALERT), updated to October 2012. The 
references found in the search were then studied in detail. 

 
 
RESULTS AND DISCUSSION 
 
Consultation of various literature sources resulted in the 
elaboration of a list of natural products that have been 
grouped into appropriate chemical classes, as well as a 
list of species where these compounds were isolated 
(Table 1). It should be noted that most of the references 
cited are not first-hand observations, but compilations 
copied from other sources. For details, the original 
references should be consulted. 
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This review reported the study of 32 species of the 
genus Selaginella. 130 chemically defined natural 
products reported in the literature from species of this 
genus were found. The compounds isolated have been 
identified belonging to the classes of alkaloids (14), 
benzenoids (4), carbohydrates (3), chromones (3), 
coumarins (3), flavonoids (60), lignans (13), oxygen 
heterocycle (1), phenylpropanoids (8), pigments (9), 
quinoids (4) and steroids (8). 

 
 
Phytochemistry of the genus Selaginella 
 
The extensive use of species in this genus to treat a 
variety of diseases in traditional medicine in several 
countries, coupled with the fact that only limited literature 
information on the pharmacological activity of its 
constituents was available, had suggested the 
phytochemical investigation of species of this family 
(Silva et al., 1995). 
 
 
Bioactivity of metabolites 

 
The biological activities of the metabolites from species of 
the Selaginellaceae are considered here. The intention is 
to compare these properties attributed to the medicinal 
plants to determine the degree of correspondence and, 
possibly, provide leads for biological testing on one hand, 
and to individuate species whose phytochemistry could 
be investigated further, on the other hand. Chemical 
structures of some bioactive compounds are shown in 
Figure 1. 
 
 
Chromones 
 
Uncinoside A (1) and B (2) showed potent antiviral 
activities against respiratory syncytial virus (RSV) with 
IC50 value of 6.9 and 1.3 µg/ml, moderate antiviral 
activities against parainfluenza type 3 virus (PIV 3) with 
value of 13.8 and 20.8 µg/ml, respectively (Ma et al., 
2003).  
 
 
Lignans 
 
A previous investigation on Selaginella doederleinii 
demonstrated that its cytotoxic activity against L929 
murine carcinoma cells was correlated to its lignan 
constituents (Lin et al., 1994), although several biflavones 
also isolated from this species were found to be inactive 
in this same assay. Thus, the folkloric use of many of 
these species to treat cancer may not be entirely 
explained by the presence of lignans, since such 
compounds have been isolated thus far from only the 
above-mentioned Selaginella spp. 
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Table 1. Chemical constituents isolated from species of the genus Selaginella. 
 

Chemical compound Class Species References 

Hordenine Alkaloid S. doederleinii Chao et al. (1987) 

Hordenine-[6-O-(4-hydroxy-cinnamoyl)-β-D-glucosyl]-(1,3)-α-L-rhamnoside Alkaloid S. doederleinii Chao et al. (1990) 

Hordenine-O-(6”-O-trans-cinnamoyl)-4’-O-β-D-glucopyranosyl-α-L-rhamnopyranoside Alkaloid S. doederleinii Chao et al. (1987) 

Hordenine-O-α-L-rhamnopyranoside Alkaloid S. doederleinii Chao et al. (1987) 

N-methyltyramine-O-α-L-rhamnoside Alkaloid S. doederleinii Chao et al. (1987) 

Selaginellic acid Alkaloid S. moellendorfii Wang et al. (2009) 

5-Hydroxyselaginellic acid Alkaloid S. moellendorfii Wang et al. (2009) 

5-Hydroxy-N8,N8-dimethylpseudophrynaminol Alkaloid S. moellendorfii Wang et al. (2009) 

N-Selaginelloyl-L-phenylalanine Alkaloid S. moellendorfii Wang et al. (2009) 

N-(5-Hydroxyselaginelloyl)-L-phenylalanine Alkaloid S. moellendorfii Wang et al. (2009) 

Neoselaginellic acid Alkaloid S. moellendorfii Wang et al. (2009) 

N-(5-Hydroxyneoselaginelloyl)-L-phenylalanine Alkaloid S. moellendorfii Wang et al. (2009) 

Adenosine Alkaloid S. tamariscina Zheng et al. (2004b) 

Guanosine Alkaloid S. tamariscina Zheng et al. (2004b) 

Arbutin Benzenoid S. tamariscina Zheng et al. (2004) 

4-Hydroxy-benzoic acid Benzenoid S. pulvinata Zheng et al. (2001) 

Vanillic acid Benzenoid S. tamariscina Bi et al. (2004) 

Syringic acid Benzenoid S. tamariscina Bi et al. (2004) 

Selaginose Carbohydrate 

S. adunca 

Fischer and Kandler (1975) 

 

S. asperula 

S. epirrhizos 

S. galeotti 

S. geniculata 

S. kraussiana 

S. marginata 

S. parkeri 

S. plumosa 

S. sanguinolenta 

S. stellata 

S. sulcata 

2-Carboxy-arabinitol Carbohydrate S. mertensii Moore et al. (1993) 

Mycose Carbohydrate S. pulvinata Zheng et al. (2001) 

8-Methyl-eugenitol Chromone S. uncinata Ma et al. (2002, 2003) 

Uncinoside A Chromone S. uncinata Ma et al. (2002, 2003) 
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Uncinoside B Chromone S. uncinata Ma et al. (2002, 2003) 

Isopimpinellin Coumarin 
S. doederleinii Chen et al. (1995) 

S. moellendorfii Che and Yu (1986) 

Umbelliferone Coumarin S. tamariscina Bi et al. (2004) 

3-(4-Hydroxyphenyl)-6,7-dihydroxy coumarin Coumarin S. tamariscina Liu et al. (2010) 

Amentoflavone Flavonoid 

S. braunii Ma et al. (2001) 

S. davidii Ma et al. (2001) 

S. delicatula Lin et al. (2000) 

S. denticulata Lopez-Saez et al. (1994a) 

S. kraussiana Qasim et al. (1985) 

S. moellendorfii Sun et al. (1997) 

S. pulvinata Ma et al. (2001) 

S. rupestris Chanravarthy et al. (1981) 

S. sanguinolenta Huneck and Khaidav (1985) 

S. selaginoides Lopez-Saez et al. (1994b) 

S. sinensis Ma et al. (2001) 

S. stauntoniana Ma et al. (2001) 

S. tamariscina Lee et al. (1992) 

S. uncinata Ma et al. (2003) 

S. willdenowii Silva et al. (1995) 

2,3-Dihydroamentoflavone Flavonoid S. bryopteris Kunert et al. (2008) 

2”,3”-Dihydroamentoflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Tetrahydro-amentoflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Amentoflavone-7,4,7,4-tetramethylether Flavonoid S. moellendorfii Cao et al. (2010a) 

4’,7”-Di-O-methyl-amentoflavone Flavonoid 
S. sinensis Ma et al. (2001) 

S. willdenowii Silva et al. (1995) 

7,7”-Di-O-methyl-amentoflavone Flavonoid S. doederleinii Lin et al. (1994) 

4’,4”’,7,7”-Tetra-O-methyl-amentoflavone Flavonoid 
S. doederleinii Lin et al. (1994) 

S. moellendorfiii Sun et al. (1995) 

7,4’,7”,4”-tetramethylether-amentoflavone Flavonoid S. moellendorfii Sun et al. (1997) 

Apigenin Flavonoid S. doederleinii Chen et al. (1995) 

Apigenin-7-O-β-neohesperidoside Flavonoid S. moellendorfii Feng et al. (2011) 

Apigenin-8-C- β-D-glucopyranoside Flavonoid S. moellendorfii Feng et al. (2011) 

6,8-Di-C-β-D-glucopyranosyl-apigenin Flavonoid S. moellendorfii Zhu et al. (2008) 

6-C-β-D-Glucopyranosyl-8-C-β-D-xylopyranosyl-apigenin Flavonoid S. moellendorfii Zhu et al. (2008) 
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6-C-β-D-Xylopyranosyl-8-C-β-D-glucopyranosyl-apigenin Flavonoid S. moellendorfii Zhu et al. (2008) 

6-(2-Hydroxy-5-acetylphenyl)-apigenin Flavonoid S. tamariscina Liu et al. (2009, 2010) 

6-(5-Carboxyl-2-methoxyphenyl)-apigenin Flavonoid S. uncinata Zheng et al. (2008) 

2’,8”-Biapigenin Flavonoid S. tamariscina Lee et al. (2008) 

2”,3”-Dihydro-3’,3”’-biapigenin Flavonoid S. labordei Xu et al. (2009) 

Bilobetin Flavonoid S. willdenowii Silva et al. (1995) 

Chamaecyparin Flavonoid 

S. difusa Meurer-Grimes et al. (1999) 

S. jungermannioides Meurer-Grimes et al. (1999) 

S. stellata Meurer-Grimes et al. (1999) 

Chrysoeriol Flavonoid S. moellendorfii Cao et al. (2010a) 

Cryptomerin B Flavonoid 
S. denticulata Lopez-Saez et al. (1994ª) 

S. tamariscina Shin and Kim (1991) 

Delicaflavone Flavonoid S. delicatula Lin and Chou (2000) 

Genistin Flavonoid S. sinensis Dai et al. (2001) 

Ginkgetin Flavonoid 
S. moellendorfii Sun et al. (1997) 

S. sinensis Dai et al. (2001) 

Heveaflavone Flavonoid 
S. doederleinii Lin et al. (1994) 

S. lepidophylla Qasim et al. (1985) 

Hinokiflavone Flavonoid 

S. denticulata Lopez-Saez et al. (1994a, 1995) 

S. kraussiana Qasim et al. (1985) 

S. selaginoides Lopez-Saez et al. (1994b) 

S. uncinata Ma et al. (2003) 

2,3-Dihydrohinokiflavone Flavonoid S. bryopteris Kunert et al. (2008) 

2”,3”-Dihydrohinokiflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Tetrahydro-hinokiflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Tetra-O-methyl-hinokiflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Isocryptomerin Flavonoid 

S. denticulata Lopez-Saez et al. (1994a) 

S. tamariscina Shin and Kim (1991) 

S. willdenowii Silva et al. (1995) 

2,3-Dihydro-isocryptomerin Flavonoid S. delicatula Lin and Chou (2000) 

2”,3”-Dihydro-isocryptomerin Flavonoid S. willdenowii Silva et al. (1995) 

Kayaflavone Flavonoid S. moellendorfii 
Sun et al. (1997) 

Sun et al. (1995) 

Lanaroflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Podocarpusflavone A Flavonoid S. moellendorfii Sun et al. (1995) 
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   Sun et al. (1997) 

Robustaflavone Flavonoid 

S. delicatula Lin et al. (2000) 

S. denticulata Lopez-Saez et al. (1994a) 

S. lepidophylla Qasim et al. (1985) 

S. selaginoides Lopez-Saez et al. (1994b) 

S. sinensis Ma et al. (2001) 

S. willdenowii Silva et al. (1995) 

2,3-Dihydro-robustaflavone Flavonoid S. lepidophylla Aguilar et al. (2008) 

2,3-Dihydro-5-methylether-robustaflavone Flavonoid S. lepidophylla Aguilar et al. (2008) 

2”,3”-Dihydro-4’,7,7”-trimethylether-robustaflavone Flavonoid S. delicatula Lin et al. (2000) 

2,3-Dihydro-4’,7,7”-trimethylether-robustaflavone Flavonoid S. delicatula Lin and Chou (2000) 

2”,3”-Dihydro-4’,7,-dimethylether-robustaflavone Flavonoid S. delicatula Lin et al. (2000) 

4’,7-Dimethylether-robustaflavone Flavonoid S. delicatula Lin et al. (2000) 

4’-Methylether-robustaflavone Flavonoid 
S. delicatula Lin et al. (2000) 

S. doederleinii Lee et al. (2008) 

7’’-O-Methyl-robustaflavone Flavonoid 
S. sinensis Ma et al. (2001) 

S. willdenowii Silva et al. (1995) 

2,2'',3,3''-Tetrahydro-4',7,7''-trimethylether-robustaflavone Flavonoid S. doederleinii Lee et al. (2008) 

4,7,7''-Trimethylether-robustaflavone Flavonoid S. doederleinii Lee et al. (2008) 

Sciadopitysin Flavonoid S. bryopteris Kunert et al. (2008) 

Sequoiaflavone Flavonoid S. bryopteris Kunert et al. (2008) 

Sotetsuflavone Flavonoid S. denticulata Lopez-Saez et al. (1994ª) 

Sumaflavone Flavonoid S. tamariscina Yang et al. (2006) 

2,3-Dihydro-5,5”,7,7”,4’-pentahydroxy-6,6”-dimethyl-[3’-O-4”’]-biflavone Flavonoid S. labordei Xu et al. (2009) 

2”,3”-Dihydroochnaflavone Flavonoid S. labordei Xu et al. (2009) 

5-Carboxymethyl-4’-hydroxyflavone-7-O-β-D-glucopyranoside Flavonoid S. moellendorfii Zhu et al. (2008) 

Taiwaniaflavone Flavonoid S. tamariscina Lee et al. (2008) 

5-Carboxymethyl-4′,7-dihydroxyflavone Flavonoid S. moellendorfii Cao et al. (2010a) 

[7-Hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H-chromen-5-yl]-acetic acid ethyl ester Flavonoid S. moellendorfii Cao et al. (2010a) 

[7-Hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H-chromen-5-yl]-acetic acid butyl ester Flavonoid S. moellendorfii Cao et al. (2010a) 

5-Acethyl-dihydro-2-(3’,5’-dimethoxy-4’-hydroxy-phenyl)-7-methoxybenzofuran Lignan S. tamariscina Zheng et al. (2004b) 

(-)-Lirioresinol A Lignan S. doederleinii Lin et al. (1994) 

(-)-Lirioresinol B Lignan S. doederleinii Lin et al. (1994) 

(+)-Matairesinol Lignan S. doederleinii Lin et al. (1994) 

Moellenoside A Lignan S. moellendorfii Zheng et al. (2008) 



1864         J. Med. Plants Res. 
 
 
 

Table 1. Contd. 
 

Moellenoside B Lignan S. moellendorfii Feng et al. (2011) 

(-)-Nortracheloside Lignan S. doederleinii Lin et al. (1994) 

Pinoresinol diglucoside Lignan S. sinensis Dai et al. (2001) 

Sinesiol A Lignan S. sinensis Wang et al. (2007) 

Syringaresinol Lignan S. tamariscina Bi et al. (2004) 

Tamariscinoside B Lignan S. tamariscina Zheng et al. (2004b) 

Tamariscinoside C Lignan S. tamariscina Zheng et al. (2004b) 

(+)-Wilkstromol Lignan S. doederleinii Lin et al. (1994) 

2,4-Dihydroxy-3-methylenehydroxy-5-methoxy-tetrahydrofuran Oxygen heterocycle S. lepidophylla Perez et al. (1994) 

Caffeic acid Phenylpropanoid S. tamariscina Bi et al. (2004) 

Ferulic acid Phenylpropanoid S. tamariscina Bi et al. (2004) 

Isochlorogenic acid A Phenylpropanoid S. delicatula Lin et al. (2000) 

Isochlorogenic acid B Phenylpropanoid S. delicatula Lin et al. (2000) 

Isochlorogenic acid C Phenylpropanoid S. delicatula Lin et al. (2000) 

3-Hydroxy-1-(3,5-dimethoxy-4-hydroxyphenyl)-propan-1-one Phenylpropanoid S. doederleinii Lin et al. (1994) 

3-Hydroxy-1-(3-methoxy-4-hydroxyphenyl)-propan-1-one Phenylpropanoid S. doederleinii Lin et al. (1994) 

Tamariscine ester A Phenylpropanoid S. tamariscina Bi et al. (2004) 

Selaginellin Pigments S. sinensis Zhang et al. (2007) 

Selaginellin A Pigments S. tamariscina Cheng et al. (2008) 

Selaginellin B Pigments S. tamariscina Cheng et al. (2008) 

Selaginellin C Pigments S. pulvinata Tan et al. (2009) 

Selaginellin D Pigments S. pulvinata Cao et al. (2010b) 

Selaginellin E Pigments S. pulvinata Cao et al. (2010b) 

Selaginellin F Pigments S. pulvinata Cao et al. (2010b) 

Selaginellin G Pigments S. pulvinata Cao et al. (2010c) 

Selaginellin H Pigments S. pulvinata Cao et al. (2010c) 

Chrysophanic acid Quinoid S. stauntoniana Liu et al. (2004) 

Emodin Quinoid S. stauntoniana Liu et al. (2004) 

1-Methoxy-3-methylanthraquinone Quinoid S. tamariscina Liu et al. (2010) 

Physcion Quinoid S. stauntoniana Liu et al. (2004) 

Cholesterol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 

22-Dehydrocampesterol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 

3β-16α-Dihydroxy-(5α)-cholestan-21-oic acid Steroid S. pulvinata Zheng et al. (2007) 

24α-Ethyl-cholest-5-en-3β-ol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 

24α-Methyl-cholest-5-en-3β-ol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 
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24β-Methyl-cholest-5-en-3β-ol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 

24α-Ethyl-cholesta-5,22-dien-3β-ol Steroid S. delicatula; S. doederleinii Chiu et al. (1988) 

β-Sitosterol Steroid 

S. doederleinii Chen et al. (1995) 

S. moellendorfii Che and Yu (1986) 

S. pulvinata Zheng et al. (2001) 
 
 
 

Flavonoids 
 
Selaginellaceae is a family rich in biflavonoids, 
these compounds shows potent activity such as 
antimalarial, anti-inflammatory, antibacterial, anti-
oxidant and antiviral. The biflavonoids isolated 
from Selaginella delicatula were tested against a 
panel of human cancer cell lines according to 
established protocols. With the exception of 
compounds 4’-methylether-robustaflavone (3) and 
2”,3”-dihydro-4’,7-dimethylether-robustaflavone 
(4), there was no inhibitory activity on tumor cells 
whose IC50 values are higher than 100 µM. Both 
compounds significantly inhibited Raji and Calu-1 
cell growth in a concentration-dependent manner. 
By contrast, the compounds had no supressory 
activity on K562, HeLa, Vero and Wish tumor cell 
lines. These results show that S. delicatula 
biflavonoids possess mainly the C-3’-C-6” 
interflavonoid linkage instead of the C-3’-C-8” 
interflavonoid linkage, which is common for most 
of the biflavonoids in the genus of Selaginella. S. 
delicatula, similar to other Selaginella spp., 
contained biflavonoid substances that exhibited 
the cytotoxic activities against cancer cells in 
cultures (Sun et al., 1997; Silva et al., 1995). 

Among the active and inactive biflavonoids 
obtained from Selaginella willdenowii, are novel 
compound 2”,3”-dihydro-isocryptomerin (5), the 
cytotoxic biflavones 4’,7”-di-O-methyl-
amentoflavone (6) isocryptomerin (7), bilobetin 
(8), 7”-O-methyl-robustaflavone (9), 

amentoflavone (10), and robustaflavone (11). All 
of the isolated biflavonoids were tested against a 
panel of human cancer cell lines according to 
established protocols. Although, the biflavonoid 
2”,3”-dihydro-isocryptomerin was inactive, the 
parent molecule, isocryptomerin (7), displayed 
significant activity against the HT-1080 and Lu1 
cell lines. Among the remaining biflavone isolates, 
amentoflavone was found to be inactive, 
consistent with previous assay data, and bilobetin 
displayed only marginal activity against the HT-
1080 cell line (Silva et al., 1995). However, the 
presence of two methoxyl groups, as in 4’,7”-di-O-
methylamentoflavone was observed to enhance 
the cytotoxicity of the compound, as in the case of 
Col2 and U373 cell lines. Although, there was a 
tendency to increase the activity with increasing 
numbers of methoxyl groups in the molecule, 7,7”-
di-O-methylamentoflavone (12) and 7,4’,7”,4’”-
tetra-O-methyl-amentoflavone (13) have been 
found by others to be inactive against L929 
murine cells (Lin et al., 1994). Only two 
compounds of the robustaflavone series were 
isolated and tested. Consistent with earlier 
literature (Lin et al., 1989), robustaflavone showed 
a lack significant cytotoxicity, but its monomethyl 
derivative, 7”-O-methylrobustaflavone was found 
to be a potent cytotoxic agent against the HT-
8080, Lu1 and U373 cell lines. Its in vitro potency 
is comparable to that of calycopterone, a new type 
of biflavonoid isolated by Wall et al. (1994). 

Amentoflavone, a dimmer of  apigenin,  has  se- 

veral known pharmacological activities which 
includes anti-inflammatory (Kim et al., 1994) and 
antioxidative effects (Huguet et al., 1990). 
Amentoflavone also inhibits phospholipase C1 
(Lee et al., 1996) and cAMP-dependent 
phosphodiesterase (Saponara and Bosisio, 1998), 
which could be associated with its diverse 
physiological activities. Amentoflavone inhibited 
the production of nitric oxide in a concentration-
dependent manner and also blocked the 
lipopolysaccharide (LPS)-induced expression of 
inducible nitric oxide synthase (iNOS). These 
findings suggest that the inhibition of LPS-induced 
NO formation by amentoflavone is due to its 
inhibition of NF-κB by blocking I-κBα degradation, 
which may be the mechanistic basis of the anti-
inflammatory effects of amentoflavone (Woo et al., 
2005). 

Bioassay-directed fractionation of an ethanolic 
extract of Selaginella moellendorfii has led to the 
isolation of a known biflavone, ginkgetin (14). A 
dose-dependent inhibition was observed on the 
growth of OVCAR-3 (human ovarian adeno-
carcinoma) cells with 50% inhibition occurring at 
1.8 µg/ml. Non bioactive fractions yielded four 
additional known biflavones, 7,4’,7”,4’”-
tetramethylether-amentoflavone, kayaflavone, 
podocarpusflavone A and amentoflavone (Sun et 
al., 1997).  

An ethyl acetate-soluble extract of Selaginella 
tamariscina was found to exhibit distinctive 
vasorelaxant activity.  Further  purifications  of  the  
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Figure 1. Chemical structures of some bioactive compounds in Selaginella. 



 
 
 
 
extract as guided by in vitro vasorelaxant assay afforded 
an active biflavonoid, amentoflavone. Amentoflavone 
induced concentration-dependent relaxation of the 
phenylephrine-precontracted aorta, which disappeared by 
removal of functional endothelium. Amentoflavone-induc-
ed relaxations were also markedly attenuated by addition 
of tetraethylammonium (TEA) or verapamil. However, the 
relaxant effect of amentoflavone was not blocked by 
pretreatment with indomethacin, glibenclamide, atropine, 
or propranolol. Incubation of endothelium-intact aortic 
rings with amentoflavone increased the production of 
cGMP, but this effect was blocked by endothelium-
denudation or pretreatment with L-NAME or ODQ. These 
results suggest that amentoflavone relaxes vascular 
smooth muscle via endothelium-dependent nitric oxide-
cGMP signaling, with possible involvement of non-
specific K

+
 and Ca

2+
 channels (Kang et al., 2004). 

 
 
Conclusion 
 
This work shows that species of the genus Selaginella 
are a rich source of bioactive compounds. The flavonoids 
are the major compounds isolated from these species. In 
particular, the chemical constituents belonging to class of 
biflavonoids, such as amentoflavone, ginkgetin, 
isocryptomerin and robustaflavone presented several 
biological activities in experimental models. More 
research is needed to further explore the actions of these 
compounds. Selaginella research exhaustively needs to 
be conducted to explore all natural products constituents 
and their bioactivities (Setyavan, 2011).  
 

 
ACKNOWLEDGEMENTS 
 
The authors wish to express their sincere thanks to the 
College of Pharmacy, The University of Illinois at 
Chicago, Chicago, Illinois 60612-7231, U.S.A., for helping 
with the computer-aided NAPRALERT search and Bra-
zilian agencies CNPq and FACEPE for financial support. 

 
 
REFERENCES 

 
Aguilar MI, Romero MG, Chávez MI, King-Díaz B, Lotina-Hennsen B 

(2008). Biflavonoids isolated from Selaginella lepidophylla inhibit 

photosynthesis in spinach chloroplasts. J. Agric. Food Chem. 
56(16):6994-7000. 

Bi YF, Zheng XK, Feng WS, Shi SP (2004). Isolation and structural 
identification of chemical constituents from Selaginella tamariscina 
(Beauv.) Spring. Yao Xue Xue Bao 39(1):41-45. 

Cao Y, Chen JJ, Tan NH, Oberer L, Wagner T, Wu YP, Zeng GZ, Yan 
H, Wang Q (2010b). Antimicrobial selaginellin derivatives from 
Selaginella pulvinata. Bioorg Med Chem Lett. 20(8): 2456-2460. 

Cao Y, Chen JJ, Tan NH, Wu YP, Yang J, Wang Q (2010c). Structure 
determination of selaginellins G and H from Selaginella pulvinata by 
NMR spectroscopy. Magn Reson Chem. 48(8):656-659. 

Cao Y, Tan NH, Chen JJ, Zeng GZ, Ma YB, Wu YP, Yan H, Yang J, Lu 
LF, Wang Q (2010a). Bioactive flavones and biflavones from 
Selaginella moellendorfii Hieron. Fitoterapia 81(4):253-258. 

Almeida et al.         1867 
 
 
 
Chanravarthy BK, Rao YV, Gambhir SS, Gode KD (1981). Isolation of 

amentoflavone from Selaginella rupestris and its pharmacological 
activity on central nervous system, smooth muscles and isolated frog 
heart preparations. Planta Med. 43(1):64-70. 

Chao LR, Seguin E, Skaltsounis AL, Tillequin F, Kock M (1990). 
Synthesis of the glycoalkaloids of Selaginella doederleinii and 

structure revision of one of them. J. Nat. Prod. 53:882-893. 
Chao LR, Seguin E, Tillequin F, Kock M (1987). New alkaloid 

glycosides from Selaginella doederleinii. J. Nat. Prod. 50:422-426. 

Che DH, Yu JG (1986). Analysis on the chemical constituents of 
jiangnanjuanbai (Selaginella moellendorfii Hieron). Chung Ts'ao Yao 
17(1):4. 

Chen P, Sun JY, Xie NG, Shi YG (1995). Chemical constituents of 
daeycai (Selaginella doederleinii). Zhong Cao Yao 26:397-399. 

Cheng XL, Ma SC, Yu JD, Yang SY, Xiao XY, Hu JY, Lu Y, Shaw PC, 
But PP, Lin RC (2008). Selaginellin A and B, two novel natural 
pigments isolated from Selaginella tamariscina. Chem. Pharm. Bull. 
56(7):982-984. 

Chiu PL, Patterson GW and Salt TA (1988). Sterol composition of 
pteridophytes. Phytochemistry 27:819-822. 

Dai Z, Wang GL, Hou QY, Ni L, Wi F, Lin RC (2001). Chemical 
constituents of Selaginella sinensis. Zhong Cao Yao 32:784-785. 

Darias V, Bravo L, Rabanal R, Sanchez Mateo C, Gonzalez Luis RM, 
Hernandez Perez AM (1989). New contribution to the ethno-
pharmacological study of the canary islands. J. Ethnopharmacol. 
25(1):77-92. 

Feng WS, Li KK and Zheng XK (2011). A new norlignan lignanoside 
from Selaginella moellendorfii Hieron. Acta Pharmaceut. Sin. B 1:36-
39. 

Fischer M and Kandler M (1975). Identifizierung von selaginose und 
deren verbreitung in der gattung Selaginella. Phytochemistry 
14(12):2629-2633. 

Han BH, Chi HJ, Han YN, Ryu KS (1972). Screening on the anti-
inflammatory activity of crud drugs. Korean J. Pharmacog. 4:205-209. 

Han DS, Lee SJ, Lee HK (1984). Ethnobotanical survey in Korea. Proc. 
Fifth Asian Symposium on Medicinal Plants and Spices 5:125. 

Huguet AI, Manez S, Alcaraz MJ (1990). Superoxide scavenging 
properties of flavonoids in a non enzymic system. Z Naturforsch C 
45:19-24. 

Huneck S, Khaidav T (1985). Amentoflavone from Selaginella 
sanguinolenta. Pharmazie 40(6):431. 

Itokawa H, Mihashi S, Watanabe K, Natsumoto H, Hamanaka T (1983). 
Studies on the constituents of crude drugs having inhibitory activity 
against contraction of the ileum caused by histamine or barium 
chloride. Screening test for the activity of commercially available 
crude drugs and the related plant materials. Shoyakugaku Zasshi 
37:223-228. 

Judd WS, Campbell CS, Kellog EA, Stevens PF (1999). Plant 
Systematics: a phylogenetic approach. Sinauer Associates. 

Kang DG, Yin MH, Oh H, Lee DH, Lee HS (2004). Vasorelaxation by 
amentoflavone isolated from Selaginella tamariscina. Planta Med. 
70(8):718-722. 

Kim HK, Son KH, Chan HW, Kang SS, Kim HP (1998). Amentoflavone, 
a plant bioflavone: a new potential anti-inflammatory agent. Arch. 
Pharm. Res. 21(4):406-410. 

Kunert O, Swamy RC, Kaiser M, Presser A, Buzzi S, Rao AVNA, 
Schühly W (2008). Antiplasmodial and leishmanicidal activity of 
biflavonoids from Indian Selaginella bryopteris. Phytochem. Lett. 

1:171-174. 
Lee CW, Choi HJ, Kim HS, Kim DH, Chang IS, Moon HT, Lee SY, Oh 

WK, Woo ER (2008). Biflavonoids isolated from Selaginella 
tamariscina regulate the expression of matrix metalloproteinase in 
human skin fibroblasts. Bioorg. Med. Chem. 16(2):732-738. 

Lee HS, Oh WK, Kim BY, Ahn SC, Kang DO, Shin DI, Kim J, Mheen TI, 
Ahn JS (1996). Inhibition of phospholipase C gamma 1 activity by 
amentoflavone isolated from Selaginella tamariscina. Planta Med 
62(4):293-296. 

Lee IR, Song JY and Lee YS (1992). Cytotoxicity of folkloric medicines 
in murine and human cancer cells. Kor. J. Pharmacog. 23(2):132-
136. 

Lee NY, Min HY, Lee J, Nam JW, Lee YJ, Han AR, Wiryawan A, 
Suprapto W, Lee SK, Seo EK (2008). Identification of a new cytotoxic 



1868         J. Med. Plants Res. 
 
 
 

biflavone from Selaginella doederleinii. Chem. Pharm. Bull. 
56(9):1360-1361. 

Lin CC, Kan WS (1990). Medicinal plants used for the treatment of 
hepatitis in Taiwan. Am J Chinese Med 18: 35-43. 

Lin LC and Chou CJ (2000). Three new biflavonoids from Selaginella 
delicatula. Chin. Pharm. J. 52(4):211-218. 

Lin LC, Kuo YC, Chou CJ (2000). Cytotoxic biflavonoids from 
Selaginella delicatula. J. Nat. Prod. 63(5):627-630. 

Lin RC, Skaltsounis AL, Sequin E, Tilleguin F, Koch M (1994). Phenolic 
constituents of Selaginella doederleinii. Planta Med. 60(2):168-170. 

Lin YM, Chen FC, Lee KH (1989). Hinokiflavone, a cytotoxic principle 
from Rhus succedanea and cytotoxicity of the related biflavonoids. 

Planta Med. 55:166-168. 
Liu HQ, Lin RC, Feng F (2004). Studies on chemical constituents of 

Selaginella stauntoniana. Zhong Cao Yao 35:14-15. 

Liu JF, Xu KP, Jiang DJ, Li FS, Shen J, Zhou YJ, Xu PS, Tan B, Tan 
GS (2009). A new flavonoid from Selaginella tamariscina. Chinese 
Chem. Lett. 20:595-597. 

Liu JF, Xu KP, Li FS, Shen J, Hu CP, Zou H, Yang F, Liu GR, Xiang HL, 
Zhou YJ, Li YJ, Tan GS (2010). A new flavonoid from Selaginella 
tamariscina (Beauv.) Spring. Chem. Pharm. Bull. 58(4):549-551. 

Lopez-Saez JA, Perez-Alonso MJ and Negueruela AV (1994a). 
Biflavonoids of Selaginella denticulata growing in Spain. Z 
Naturforsch C 49(3/4):267-270. 

Lopez-Saez JA, Perez-Alonso MJ, Negueruela AV (1994b). The 
biflavonoids of Selaginella selaginoides. Z Naturforsch C 49(3/4): 
265-266. 

Lopez-Saez JA, Perez-Alonso MJ, Velasco-Negueruela A (1995). 
Flavonoids of Selaginella denticulata and S. selaginoides. Fitoterapia 
66(2):188-189. 

Ma LY, Ma SC, Wei F, Lin RC, But PPH, Lee SF (2003). Uncinoside A 
and B, two new antiviral chromone glycosides from Selaginella 
uncinata. Chem. Pharm. Bull. 51(11):1264-1267. 

Ma LY, Wei F, Ma SC, Lin RC (2002). Two new chromone glycosides 
from Selaginella uncinata. Chin. Chem. Lett. 13(8):748-751. 

Ma SC, But PP, Ooi VEC, He YH, Lee SHS, Lee SF, Lin RC (2001). 
Antiviral amentoflavone from Selaginella sinensis. Biol. Pharm. Bull. 
24(3):311-312. 

Macfoy CA, Sama AM (1983). Medicinal plants in pujehun district of 
sierra Leone. J. Ethnopharmacol 8(2): 215-223. 

Meng ZM, Saki Y, Ose Y, Sato T, Nagase H, Kito H, Sato M, Mizuno M, 
Ono K, Nakane H (1990). Antimutagenic activity by the medicinal 
plants in traditional chinese medicines. Shoyakugaku Zasshi 44:225-
229. 

Meurer-Grimes B, Yu J, Valdespino IA (1999). Chamaecyparin – A rare 
biflavone from Selaginella species. Z Naturforsch C 54(12):1143-
1144. 

Moore BD, Isidoro E, Seemann JR (1993). Distribution of 2-
carboxyarabinitol among plants. Phytochemistry 34(3):703-707. 

Ono K, Nakane H, Meng ZM, Ose Y, Sakai Y, Mizuno M (1989). 
Differential inhibitory effects of various herb extracts on the activities 
of reverse transcriptase and various deoxyribonucleic acid (DNA) 
polymerases. Chem. Pharm. Bull. 37:1810-1812. 

Perez S, Perez RM, Perez C, Zavala MA, Vargas R (1994). Inhibitory 
activity of 3-methylenhydroxy-5-methoxy-2,4-
dihydroxytetrahydrofurane isolated from Selaginella lepidophylla on 
smooth muscle of Wistar rat. Pharm. Acta Helv. 69(3):149-152. 

Qasim MA, Roy SK, Kamil M, Ilyas M (1985). Phenolic constituents of 
Selaginellaceae. Indian J. Chem. 24B(2):220. 

Sá PGS, Nunes XP, Lima JT, Siqueira-Filho JA, Fontana AP, Siqueira 
JS, Quintans-Júnior LJ, Damasceno PKF, Branco CRC, Branco A, 
Almeida JRGS (2012). Antinociceptive effect of ethanolic extract of 
Selaginella convoluta in mice. BMC Complement. Altern. Med. 
12:187. 

Saponara R, Bosisio E (1998). Inhibition of cAMP-phosphodiesterase 
by biflavones of Ginkgo biloba in rat adipose tissue. J. Nat. Prod. 
61(11):1386-1387. 

Setyawan AD (2011). Review: Natural products from Genus Selaginella 
(Selaginellaceae). Nusantara Biosci. 3:44-58. 

 

 

 
 
 
 
Shin DI, Kim JW (1991). Flavonoid constituents of Selaginella 

tamariscina. Korean J. Pharmacog. 22(4):207-210. 
Silva GL, Chai H, Gupta MP, Farnsworth NR, Cordell GA, Pezzuto JM, 

Beecher CW, Kinghorn AD (1995). Cytotoxic biflavonoids from 
Selaginella willdenowii. Phytochemistry 40(1):129-134. 

Sun CM, Syu WJ, Huang YT, Chen CC, Ou JC (1997). Selective 
cytotoxicity of ginkgetin from Selaginella moellendorfii. J. Nat. Prod. 
60(4):382-384. 

Sun CM, Yu SL, Ou JC, Syu WJ (1995). Test of biflavones from 
Selaginella moellendorfii on the in vitro inhibition of HIV-1 protease. J. 
Chin. Med. 6:223-230. 

Tan GS, Xu KP, Li FS, Wang CJ, Li TY, Hu CP, Shen J, Zhou YJ, Li YJ 
(2009). Selaginellin C, a new natural pigment from Selaginella 
pulvinata Maxim (Hook et Grev.). J. Asian Nat. Prod. Res. 
11(12):1001-1004. 

Tryon RM, Tryon AF (1982). Ferns and Allied Plants. Harvard 
University. 

Wall ME, Wani MC, Fullas F, Oswald JB, Brown DM, Santisuk T, 
Reutrakul V, McPhail AT, Farnsworth NR, Pezzuto JM, Kinghorn AD, 
Besterman JM (1994). Plant antitumor agents. 31. The 
calycopterones, a new class of biflavonoids with novel cytotoxicity in 
a diverse panel of human tumor cell lines. J. Med. Chem. 
37(10):1465-1470. 

Wang YH, Long CL, Yang FM, Wang X, Sun QY, Wang HS, Shi YN, 
Tang GH (2009). Pyrrolidinoindoline alkaloids from Selaginella 
moellendorfii. J. Nat. Prod. 72(6):1151-1154. 

Wang YZ, Chen H, Zheng XK, Feng WS (2007). A new sesquilignan 
from Selaginella sinensis (Desv.) Spring. Chin. Chem. Lett. 
18(10):1224-1226. 

Winkelman M (1986). Frequently used medicinal plants in Baja 
California Norte. J. Ethnopharmacol. 18(2):109-131. 

Woo ER, Lee JY, Cho IJ, Kim SG, Kang KW (2005). Amentoflavone 
inhibits the induction of nitric oxide synthase by inhibiting NF-kappaB 
activation in macrophages. Pharmacol. Res. 51(6):539-546. 

Xu JC, Liu XQ, Chen KL. (2009). A new biflavonoid from Selaginella 
labordei Hieron. ex Christ. Chinese Chem. Lett. 20(8): 939-941. 

Yang JW, Pokharel YR, Kim MR, Woo ER, Choi HK, Kang KW (2006). 
Inhibition of inducible nitric oxide synthase by sumaflavone isolated 
from Selaginella tamariscina. J. Ethnopharmacol. 105(1-2):107-113. 

Zhang LP, Liang YM, Wei XC, Cheng DL (2007). A new unusual natural 
pigment from Selaginella sinensis and its noticeable physicochemical 
properties. J. Org. Chem. 72(10):3921-3824. 

Zheng JX, Wang NL, Gao H, Liu HW, Chen HF, Fan M, Yao XS (2008). 
A new flavonoid with benzoic acid substituent from Selaginella 
uncinata. Chin. Chem. Lett. 19(9):1093-1095. 

Zheng X, Du J, Xu Y, Zhu B, Liao D (2007). A new steroid from 
Selaginella pulvinata. Fitoterapia 78(7-8):598-599. 

Zheng X, Liao DF, Zhu BY, Tuo QH, Xu YL (2001). Study on chemical 
constituents of Selaginella pulvinata. Zhong Cao Yao 32:17-18. 

Zheng XK, Bi YF, Feng WS, Wang JF, Niu JZ (2004b). Study on 
chemical constituents of Selaginella tamariscina (Beauv.) Spring. Yao 
Xue Xue Bao 39(4):266-268. 

Zheng XK, Li KK, Wang YZ, Feng WS (2008). A new dihydrobenzofuran 
lignanoside from Selaginella moellendorfii Hieron.. Chin. Chem. Lett. 
19(1):79-81. 

Zheng XK, Shi SP, Bi YF, Feng WS, Wang JF, Niu JZ (2004). The 
isolation and identification of a new lignanoside from Selaginella 
tamariscina (Beauv.) Spring. Yao Xue Xue Bao 39(9):719-721. 

Zheng XK, Shi SP, Bi YF, Feng WS, Wang JF, Niu JZ (2004a). The 
isolation and identification of a new lignanoside from Selaginella 
tamariscina (Beauv.) Spring. Yao Hsueh Hsueh Pao 39:719-721. 

Zhu TM, Chen KL and Zhou WB (2008). A new flavones glycoside from 
Selaginella moellendorfii Hieron. Chinese Chem. Lett. 19(12):1456-
1458. 

 
 
 
 
 


