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Ferns and Lycophytes are composed of primitive vascular ornamental, medicinal and very
valuable plants. In the present study, seven Pteris from Southwestern Nigerian were screened
using standard phytochemical screening methods, and Thin Layer Chromatography (TLC). This
was with the view to identifying their various bioactive compounds that are medicinally and
taxonomically important. Results showed the presence of alkaloids in all the species except
P.acanthoneura. Saponins, flavonoids, cardiac glycosides, triterpenes and steroids also tested
positive in all the species studied while tannins was positive only in P.togoensis and P.
vittata.TLC studies displayed spots with retardation factor (Rf)values which indicated
similarities and variations among the Pteris species. The information on the phytoconstituents of
Pteris species provided by this study is valuable for further pharmacognostic and
chemotaxonomical investigations.
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Introduction
Plants contain secondary metabolites with high economically valuable
products which also function as defense mechanism against plant
pathogenic invasions.1 Phytochemical studies of ferns especially in
Nigeria are limited. Ferns are rich in a wide variety of secondary
metabolites such as alkaloids, tannins and flavonoids which are known
to possess in-vitro antimicrobial properties. These products are used
as high value chemicals such as drugs, flavors, insecticides, etc.2 Apart
from these medicinal values, the science of chemotaxonomy which is
based on use of phytochemical constituents for plant classification is
increasing rapidly nowadays.3The source of any economically useful
material could be determined through phytochemical studies.
Phytochemical screening of flowering plants has been done on a larger
scale than the non-flowering plants except for the Indian ferns and
fern allies.4
According to Wallace(1991),5 ferns and fern allies are relatively not
attacked by diseases and this is probably one of the reasons believed to
have made them better survived with many more diverse changes of
environment than the other primitive vascular plants that survived
from Paleozoic times. Phytochemicals such as flavonoids, cardiac
glycosides, phlobatannin, tannins, alkaloids, saponins, tannins,
phenols, triterpenoid compounds, were reported in Nephrolepis
species.6 Methanol extracts of four Cheilanthes fern species from
Northern Ghats of India also contained steroids, phenolic compounds,
reducing sugars, anthraquinones and amino acids.7 Several antibiotics,
anticancer and chemotherapeutic agents were extracted from various
species of Ophioglossum by Khandewal(1989).8 Fazli et al. (2015)9

identified flavonoids through LC–MS in the extracts of Pteris vittata.
Similarly, Meenakshi et al. (2008)10 confirmed antimicrobial activity
of P. vittata against certain gastro-intestinal (GI) pathogens. Wu et al.
(2005)11 reported the anti-inflammatory properties of P.ensiformis
in Palang where the juice of tender young fronds of P. ensiformis
was used as an astringent preparation for cleansing unhealthy tongues
of children.
Chemotaxonomy is a newly expanding area in plant taxonomy which
relies on chemical information to improve on plant classification. To
complement plant morphological characters, phytochemical
constituents, molecular markers have been developed with analytical
techniques to identify, differentiate and compare plant species.12,3
Flavonoids, for instance are chemically complex, distinct structural
variation, widespread in distribution, relatively stable and
taxonomically significant. The use of flavonoids in evaluating
contemporary classificatory systems has been mainly based on their
distribution patterns and ample exhibited correlations. According to
Ekeke and Nduku (2013),13 the biosynthesis and accumulation of
secondary metabolites in plants are affected by genetic, morphological
and environmental factors.
Owing to the fact that the study of ferns phytoconstituents is very
scanty in this part of the world, despite their underlying recent
pharmaceutical and taxonomic importance, this investigation becomes
necessary. It is envisaged that the study will provide useful
information on the phytochemical relationships as well as medicinal
values of the studied Pteris species.
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Collection of Materials
Mature leaflets of each of the species were collected (July November, 2017) from various locations from Lagos, Ogun, Oyo,
Osun, Ondo and Ekiti States in Southwestern Nigeria within Latitude
6º-9º N and Longitude 3º- 9ºE. Plant samples were identified and
authenticated using IFE Herbarium specimens at Botany Department,
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Obafemi Awolowo University, Ile-Ife, Nigeria. The vouchers
specimens were deposited in same Herbarium.
Preparation of ethanolic extract
Plant sample of each species was air-dried and ground into powder
with a blender. Each of the ground samples was soaked with 200mL
of ethanol for 48 hours in conical flask. Samples were filtered,
concentrated with rotary evaporator and stored in vials at room
temperature for further analysis.
Phytochemical screening
Using standard procedures, ethanol extract of each studied Pteris
species was subjected to phytochemical screening for: alkaloids,
saponins, steroids, triterpenoids, flavonoids, phlobatannins, saponins,
cardiac glycosides, tannins and anthraquinones using the procedures
earlier established by Sofowora (2008).14 Also, Thin Layer
Chromatography (TLC) was carried out to obtain chromatogram
which showed detailed distribution of the phytochemical constituents
in different species in the genus. Further quantitative analytical test
was done for some phytoconstituents detected.
Estimation of cardiac glycosides
To 8 mL of plant extract was added 60 mL of water and 8 mL of
12.5% lead acetate, mixed and filtered. 50 mL of the filtrate and 8
mL of 4.7%Na2HPO4 was added to precipitate excess Pb ion. Mixture
was filtered to remove excess lead phosphate. Ten milliliters (10 mL)
of purified filtrate was treated with 10 mL Baljet reagent. A blank
titre was carried out using 10 mL distilled water and 10 mL Baljet
reagent which was allowed to stand for one hour for total colour
development. The colour intensity was calculated colorimetrically at
495 nm. The percentage of flavonoids in the sample was obtained
using the formular below:
A X 100 (g%)
17
Where A is Absorbance
Estimations of Flavonoids concentrations
The flavonoids concentration in the aqueous extract was obtained
spectrophotometrically using the method described by Sun et al.
(1999).15 Ethanol (20 mL of 80% (v/v) was added to aqueous extract
(0.1g) and filtered. To diluted filtrate (5.5 mL) was added 0.1 mL of
w/v NaNO3, 0.1 mL of 10% (w/v) AlCl3, and 1.3 mL of 4% (w/w)
NaOH. The mixture was incubated at room temperature for 15
minutes and the absorbance was read at 500 nm against the blank. The
concentration of flavonoids in the sample was calculated from
standard calibration curve expressed in rutin equivalent per g of
extract (mg RE/g extract).
Estimation of saponin content
Saponin content was estimated by using the methods described by
Wagner(1984).16 40 g of the ethanol extract was washed in chloroform
(50 mL x 2) and ethyl acetate (50 mL x 2). After dissolving residue in
20% (v/v) ethanol and extraction with butanol (100 mL x 3), the
obtained residue was absorbed and dissolved in 50 mL methanol (50%
v/v) and precipitated in diethyl ether (100 mL). Precipitate was
decanted and dried in the oven until steady weight.
Thin layer chromatography
Commercially obtainable standard TLC plate with typical particle
dimension range to achieve better reproducibility was used. Plates
were activated for three minutes at 120 oC, spotted and placed into the
chromatographic tank saturated with solvent system (mobile phase) as
described in Table 2. Each chemical constituent moves up at different
rates depending on its solubility in the mobile phase and the strength
of its absorption to the stationary phase. The retardation factor (Rf)
which is the distance travelled by the solute divided by the distance
travelled by the solvent was obtained from the equation below:
Rf = distance travelled by the solute
distance travelled by the solvent
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Results and Discussion
The qualitative phytochemical screening of P. acanthoneura, P.
atrovirens, P. ensiformis, P.milbraedii, P. similis, P.togoensis and P.
vittata secondary metabolites were presented in Table 1.Table 3
showed TLC profiles of each of the phytochemical constituents in the
Pteris species [Figure1 (A-G)] and the Rf values of their spots.
In the present study, the secondary metabolites and the TLC profiles
(Table 3) showed variations among the studied Pteris species.
Alkaloids were present in all the species except in P. acanthoneura,
tannins occurred only in P. togoensis and P. vittata while saponins,
flavonoids, triterpenes, steroids and cardiac glycosides occurred in all
the seven Pteris species.
The presence of flavonoids, alkaloids, saponins, tannins and phenolic
compounds in ferns extracts have been reported in previous studies.1719
There were no documentation on phytochemical constituents of the
studied Pteris species except in P. vittata, In this study, P. vittata
extract tested positive for flavonoids, tannins, cardiac glycosides,
saponins, triterpenes, alkaloids and steroids similar to the findings of
(Jaishee and Chakraborty).20 In contrast, alkaloids and steroids
detected in P. vittata in this study was reported absence in Indian
specimens20 and the difference may probably be attributed to variation
in ecological factors. Generally, sources of variations in plant
secondary metabolites include; age of the plant, time and situation of
harvest, part of plant used, solvent, extraction procedures, the amount
of sample used, percentage humidity of the harvested material and
plant substrate.14
The TLC profiles of each of the phytochemical constituents in the
studied Pteris species [Figure 1 (A-G)] and their Rf values (Table 3)
showed highest number of bands for flavonoids (6) in P. similis and
P. togoensis, steroids (5)in P. similis and P. togoensis, triterpenes(5)
in P. togoensis, alkaloids (4) in P ensiformis, saponinns(3) in P.
atrivirens, cardiac glycoside(2)in P. similis, P. togoensis and P. vittata
while tannin had a single band in P. togoensis and P.vittata. Also,
each class of phytochemical of the studied Pteris species showed
identical (e.g alkaloid with Rf 0.7 is common in all with the exception
of P. acantthoneura) and diverse Rf values (e.g flavonoids had 24
varied Rf). The similarity and variations in the Rf values displayed by
the TLC profiles indicates generic relationships and specific variations
among the species according to Oladipo et al. (2017).21 The
occurrence and distribution of various types of chemical substances
present in plants have proved to be of taxonomic significance.22
Flavonoids are the major group of plant phenols and the foremost
studied one.23 Flavonoids have gained recent attention because of
their broad biological and pharmacological activities which include
cytotoxic,
antioxidant,
antiinflamatory
and
anti-tumour
activities.24,25In addition, flavonoid compounds have proven to be of
chemotaxonomic importance by many authors.26-28 For instance, the
flavonoids identified in 14 species of Salvia were flavones, flavonols,
flavanones, isoflavones, dihydroflavonoids and chalcones. Kharazin
(2014) affirmed that flavonoids are appropriate indicators to determine
the taxonomic position of Salvia species.
Also, alkaloids were present in all the studied Pteris species except P.
acanthoneura. Therefore, absence of alkaloids in only P.
acanthoneura could be taken as diagnostic of the species. Alkaloids
have been reported to be significant for the survival of plant by
providing protection against micro-organisms, insects as well as
herbivores.30
Likewise,
anti-cancerous,
anti-malarial,
antiinflammatory, antimicrobial, etc. activities of alkaloids have been
reported.31,32 Alkaloids contents have been considered as sources of
taxonomic evidence as alkaloids characterizing species of a particular
taxon are frequently of the same chemical or biogenic group
suggesting that related plants share the same pathways of alkaloid
synthesis.33
All the studied Pteris species are rich in saponins (Table 4) with the
exception of P. togoensis. Various documented pharmacological
properties of saponin include anti-inflammatory, emetics, antiviral,
antifungal, insecticidal, molluscicidal, piscidal and anti-bacterial
activities.34
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Cardiac glycosides and steroids occurred in all the studied Pteris
species. Cardiac glycosides are group of plant metabolites that
comprise the most drug-like molecules proved to be fruitful in
developing potential drugs for the treatment of congestive heart
failure. They are streroids possessing the ability to exert specific
action on the cardiac muscle.35 Steroids perform many key biological
functions which includes hypocholesterolemic, anticancer,
antihelminthic and antimutagenic activies.36
Similarly, all the studied Pteris species tested positive for terpenoids.
Recently, triterpenoids have arisen as a major group of secondary
metabolites with important spectrum of pharmacological activities,
including anti-inflammatory, anti-oxidant, antibacterial, antiviral,
hepatoprotective, gastroprotective, cardioprotective, hypolipidemic,
anti-atherosclerotic, immunoregulatory and anticancer activities.31
The use of triterpenes as a chemotaxonomic tool in investigating
botanical affinities have been confirmed.37
In the present study, tannins were found in P. togoensis and P. vittata
only. Theurapeutic properties like antiviral, antibacterial, antiparasitic,
anticarcinogenic, and antimutagenic activities of tannins have been
reported.20
The quantitative estimations of some phytoconstituents of the studied
Pteris species (Table 4) showed that they are rich in saponins as well
as cardiac glycosides and contained moderate flavonoids. In contrast,
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high flavonoids, low saponins and tannins were observed in some
Pteris species.18

Conclusion
This study revealed pertinent information on phytochemical
constituents and various chemotypes that could enhance systematic
and pharmaceutical values of the species. Further research on isolation
and characterization of the secondary metabolites will be
taxonomically useful for unveiling generic affinities among the Pteris
species.
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Table 1:Phytochemical constituents of seven Pteris species.
P.acanthoneura
+

P.atrovirens
+

P.ensiformis
+

P.miilbraedii
+

P.similis
+

P.togoensis
+

P.vittata
+

Flavonoids

+

-

-

-

-

-

-

Flavonoids

+

-

-

-

-

-

Tannins

-

-

-

-

-

-

-

Xanthoproteins

-

-

-

-

-

-

-

Alkaloids

-

+

+

+

+

+

+

-

-

-

-

-

-

Saponins

(Dragendorf)
Alkaloids (Mayer)
Phlobatanins

-

-

-

-

-

-

-

Triterpenes

+

+

+

+

+

+

+

Cardiac glycosides

+

+

+

+

+

+

+

Steroids

+

+

+

+

-

+

+

Anthraquinones

-

-

-

-

-

-

-

Legends: + (Present); - (Absent)

Table 2: TLC mobile phase of leaf extracts of Pterisspecies.
S/N
1

Secondary Metabolites
Alkaloids

Solvent System
Ethyl acetate & methanol water

Solvent Ratio
10:1.4:1

Spraying Reagent
Dragendorff

2

Flavonoids

Toluene:Acetone: Formic acid

4.5:4.5:1.0

1% EthanolicAluminium chloride

3

Tannins

Ethylacetate: Formic acid: Methanol

3:3:0.8:0.2

5% Iron chloride

4

Saponins

Chloroform : Methanol

1.2:0.2

Iodine crystal

5

Steroids

Hexane :Ethylacetate

7.2:2.9

70% H2SO4-Acetic acid in ethanol

6

Cardiac glycosides

Ethylacetate: Methanol : H2O

81:11:8

7

Triterpenes

Dichloromethane
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B

D

F

G

Figure 1: TLC profiles of the Pteris species
Legend: A-Alkaloids, B- Cardiac-glycosides, C- Steroids, D- Flavonoids, E- Saponins, F- Taninns, G-Triterpens.
1-P. acanthoneura, 2- P atrovirens, 3- P. ensiformis, 4- P. mildbraedii, 5-P.similis , 6- P.togoensis. 7- P.vittata.
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Table 3: The TLC profile of the phytoconstituents in the leaf extracts of Pteris species.
Alkaloids

Flavonoids

Phytochemical
Saponins

Steroid

Tannins

Triterpenes

Rf values

Rf values

Rf values

Rf values

Rf values

Plant species

Rf values

Cardiac
Glycoside
Rf values

P.aacnthoneura

-

0.52

0.47,0.71,0.86

0.81,1.00

0.26,0.34,0.44,0.54

-

0.26,0.46,0.64,0.68

Patrivirens

0.7

0.48

0.49

0.81,0.86,1.00

0.26,0.36,0.46,0.56

-

0.26,0.52,0.70

P ensiformis

0.12,0.38,0.7,0.92

0.46

0.48,0.56,0.86,0.97

0.88,1.00

0.34,0.40,0.48,0.58

-

0.30,.40,0.50,0.66

P.miilbraedii

0.7

0.46,0.88

0.51,0.57,0.75,0.91,0.99

0.78,0.81

0.36,0.40,0.48,0.58

-

0.24,0.34,0.48,0.64

Psimilis

0.52,0.7,0.92

0.48,0.86

0.48,0.54,0.59,0.62,0.88,0.99

0.86,0.89

0.32,0.38,0.42,0.50,0.58

-

0.22,0,38,0.62

P.togoensis

0.52,0.7

0.48,0.86

0.60,0.63,0.67,0.77,0.95,0.99

0.86,0.91

0.36,0.40,0.46,0.50,0.60

0.96

0.20,0.26,0.42,0.62,0.68

P.vittata

0.7,0.92

0.50,0.86

0.62,0.64,0.67,0.89,0.98

0.24,0.30,0.39,0.47,0.54,0.67,0.84

0.40,0.44, ,0.50,0.60

0.96

0.22,0.42,0.62

Table 4: Flavonoids, saponins and cardiac glycosides concentrations(mg/g) in seven Pterisspecies
Phytochemical
Flavonoids

Pac
0.27 ± 0.03

Pat
0.56 ± 0.01

Pen
0.60 ± 0.10

Pmi
0.40 ± 0.21

Psi
0.45 ± 0.10

Pto
0.46 ± 0.31

Pvi
0.66 ± 0.22

Saponins

125 ± 0.33

162.5 ± 0.80

15 ± 0.32

135 ± 2.17

167.5 ± 1.31

125 ± 2.0

222.5 ± 2.05

C. glycosides

14.89 ± 0.18

17.53 ± 1.0

33.35 ± 1.23

7.35 ± 0.48

49.0 ± 1.33

5.17 ± 1.26

28.18 ± 0.88

6.

References
1.

2.

3.
4.

5.

Durairaj T, Alagapan C, Suresh SSR, Ramasamy V. An introductory Chapter:
Secondary
Metabolites.
2018
[online]
(Accessed
August,
2020).
DOI:10.5772/intechopen. 79766
Bharti M. Studies on phytochemical analysis and screening for active compounds in
some ferns of Ranchi and Latehar districts .Int. Jour.l of Academic Res and Dev.
2018; 3(1):33-41.
Janakiraman N and Johnson M. Functional Groups of Tree Ferns (Cyathea) Using FtIr: Chemotaxonomic Implications. Romanian J Biophys. 2015; 25(2):131–141
Cao H, Chai T, Wang, X, Morais–Braga MF, Yang JH, Wang FC, Wang R, Yao H,
Cao J, Comara L, Burlado B. Wang Y Xiaon J, and Cotinho HDM. Phytochemicals
from fern species: potentials for medicinal applications. Phyto. Rev. 2017; 16(3):379440.
Wallace JW. A phytochemical approach for gaining insight into pteridophyte
phylogeny. Pp.117-135 In: Perspectives in Pteridology present and future, eds. TN
Bhardwaja and C B. Gena. Aspects of Plant Sci. 1991; 11:1-342.

7.

8.
9.
10.

11.

Oloyede FA, Fajuke AA, Adeleye MO. Preliminary phytochemical screening of
five species of Nephrolepis Swart in Nigeria. Nig Jour. of Bot 2014; 27(2):153-158.
Ghorpade PN, Tharkar SB, Dongare MM, Kale MV. Phytochemical analysis of four
Cheilanthes species from Northern Western Ghats of India. Research Journal of Life
Sciences, Bioinformatic, Pharmaceuticals and Chemical Sciences 2015; 1(2):92- 97.
Khandelwal S. Chemosystematics of Indian Ophioglossum spores. Ind. Fern Jour.
1989; (3):89-94.
Fazli W, Taous K, Omer S, Adeeb S. Phytochemical analysis and effect of Pteris
vittata extract on visual processes. Journal of Natural Medicine 2015; 70(1):8-17.
Meenakshi S, Raghavan G, Ajay KSR, Prem BK. Antimicrobial Flavonoid Rutin
from Pteris vittata L. Against Pathogenic Gastrointestinal Microflora. American
Fern Jour. 2008; 98(2):98-103.
Wu MI, Weng CY, Wang L, Lian TW. Immunodilatory mechanism of the aqueous
extract of the sword rake fern Pteris ensiformis Burm. Ethnopharma. 2005; 98:73-81.

594
© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

Trop J Nat Prod Res, September 2020; 4(9):590-595

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

Ekeke C and Ndukwu BC. Taxonomic values of Secondary
metabolites (Hydrocarbons and flavonoids) in the genus
Euphorbia L. from Niger Delta in Nigeria. Research Journal
of Botany 2014; 9(1):1-8.
Yang L, Wen K, Ruan X, Zhao Y, Wei F, Wang Q.
Response of Plant Metabolites to Environmental Factors.
Molecules, 2018; 23(4):762.
Sofowora AA. Medicinal plants and traditional medicine in
West Africa, 3rd Ed, John Wiley & Sons. Ltd. New York,
2008. 200-203p.
Sun PX, Ye LK, Zhang ZL, Hu M, Lu L. Colometric
determination of the total content of the flavonoids in
epicedium capsules. Journal of Shenyang Phamaceutical
University, 1999; 16:68-70.
Wagner H, Baldt S, Zgainski EM. Plant Drug Analysis.
New York, Bermlin Springer.1996.
Britto JA, Gracellin DHS, Kumar RP. Qualitative and
quantitative analysis of phytochemicals in Marsilea minuta
L. Int .Jour. of Pharm. and Biosc. 2013; 4(1):800-805.
Gracellin DHS, Britto AJD, Benjamin P, Kumar JR.
Qualitative and Quantitative analysis of phytochemicals in
five Pteris species. Int. Jour. of Pharm. Sci. 2013; 5(1):105107.
Shrivastava AK, Pandey B, Chauhan D. Phytochemical
Analysis of Adiantum and Pteris Ferns & Its Role as
Antioxidant. Indian J Sci Res. 2014; 4(1):31-38.
Jaishee N and Chakraborty U. Comparative assessment of
phytochemicals and HPLC analyses of phenolic present in
Dicranopteris linearis (N. Burm). and Pteris vittata L.
International Journal of Pharmacy and Pharmaceutical;
Science Research 2015;5(1):1-7.
Oladipo OT, Akinpelu BA, Folorunso AE, Godwin A,
Segun E. Omotoso, Dosunmu OA, Joseph WA.
Chemotaxonomic Study of Six Nigerian Ficus Species
(Moraceae) Not Sci Biol, 2017; 9(2):250-255.
Ighile GO, Iwura IA, Mgbeje BI, Uboh FE, Ebong PE.
Phytochemical, Proximate and Nutrient composition of
Vernonia calvaona Hook (Asteraceae): A Green leaf
vegetable in Nigeria. Jour. of Food Research 2013;
2(6):887-895.
Dai J and Mumper R. Plant phenolics: extraction, analysis
and their antioxidant and anticancer properties. Molecules.
2010; 15:7313-7352.
Shirsat R, Suradkar SS, Koche DK. Some phenolic
compounds from Salvia plebeia R. Br. Biosci. Disc.. 2012;
3(1):61-63.

25.

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.
37.

38.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Teiten MH, Gaascht F, Dicato M, Diederich M.
.Anticancer bioactivity of compounds from medicinal plants
used in European Medieval traditions. Biochem Pharmacol.
2013;86(9):1239-1247
Amiri H. Quantitative and qualitative changes of essential
oil of Salvia bracteata
Bark at solution in different
growth stages. Daru 2007; 15:79-82.
Nakiboglu M. The classification of Salvia L. Lamiacea
distributed in west Anatolia according to phenolic
compounds. Turkish Journal of Botany 2002; 26:103-108.
Pigatto GSA, Blanco CC, Mentz AL, Soares LGG.
Tropane, alkaloids and calystegines as chemotaxonomic
markers in the Solanaceae Ann. of the Brazilian Acad. of
Sci. 2015; 87(4):2139-2149.
Kharazin N. Taxonomy and Morphology of Salvia spirosa
in Iran. Tax. and Bio. Jour. 2014; 1:9-20.
Molineux RJ, Nash RJ, Asano N. Alkaloids: Chemical and
Biological Perspectives,Vol. 11, Pelletier SW, ed.
Pergamon, Oxford; 1996. 303 p.
Koche D, Shisat R, Kawale, M. An overview of major
classes of phytochemical: Their types and role in disease
prevention. Hislopia Jour. 2017; 9(1/2):1-11.
Muhammad SA and Abubakar SM. Qualitative and
quantitative determination of phytochemicals in aqueous
extract of Chrysophyllum albidum seed kernel. Biosci
Biotech Res. 2016; 13(2):1201-1206.
Bindu NH, Devi PS, Rukmini K, Charya MA.
Phytochemical screening and antibacterial activity of
Hemionitis arifolia (Burm.) Moore. Ind. Jour. of Nat. Pro.
and Res. 2012; 3(1):9-13.
Ngoci SN, Mwendia, CM, Mwaniki, CG. Phytochemical
and cytotoxicity testing of Indigofera lupatana Baker F.
Jour. of Animal & Plant Sci., 2011; 11(1):1364-137.
Nagy M. Cardiac glycosides in Medicinal plants. 2017
[Online] (Accessed 29th August, 2020). Doi10.5772/65983
Kamal GM, Gunaherath B, Gunatilaka LAA.
Plant
Steroids: Occurrence, Biological Significance
and Their
Analysis (eds) GM. Kamal B, Gunaherath and AA. Leslie
Gunatilaka. 2014
https://onlinelibrary.wiley.com/doi/abs/10.1002/978047002
7318.a9931
Nakamura H. Plant derived triterpenoid biomarkers and
their applications in paleoenvironmental reconstructions:
chemotaxonomy, geological alteration, and vegetation
reconstruction Res.Org. Geochem, 2019; 35:11-35.

595
© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

