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HPTLC analysis was performed to study the phenolics, flavonoids, and tannins profile of Cyathea nilgirensis Holttum, Cyathea
gigantea (Wall. ex. Hook.) Holttum, and Cyathea crinita (Hook.) Copel. The maximum number of bands was observed in the
ethanolic extracts of C. crinita. The phenolic bands with 𝑅𝑓 values 0.05, 0.32, 0.43, 0.75 (quercetin), and 0.83 demonstrated their
occurrence in all the three studied species of Cyathea. Flavonoids with 𝑅𝑓 values 0.05, 0.23, 0.30, 0.43, and 0.73 showed their
presence in the three studied species of Cyathea. Tannins with the 𝑅𝑓 values 0.05, 0.09, and 0.82 determined their existence in all
the three studied Cyathea species. Gallic acid was present only in C. crinita with the 𝑅𝑓 value 0.49. The developed HPTLC profiles
can be used for identification and quantitative determination of phenolics, flavonoids, and tannins.This method is also suitable for
rapid screening of Cyathea species for chemotypic assessment and also for quality control purposes.

1. Introduction

Plants synthesize a wide variety of chemical compounds
which can be sorted by their chemical class, biosynthetic
origin, and functional groups. The medicinal value of plants
lies in chemical substances or group of compounds that
produce a definite physiological action in the human body
[1]. The active ingredients present in medicinal plants can
be used for therapeutic purposes and are precursors of
chemotherapeutical semisynthesis [2]. The beneficial effects
of plants are usually due to the secondary metabolites
which provide temporary relief to symptomatic problems,
health promoting characteristics, and curative properties.
Plant phenolic compounds include flavonoids, tannins, gly-
cosides, coumarins, anthraquinones, lignans, and lignins.
They may act as phytoalexins, antifeedants, and attractants
for pollinators. In addition, they act as contributors to the
plant pigmentation [3]. With the advent of modern scientific
methods, medicinal plants came under chemical scrutiny,
leading to the isolation of the active principles. Soon after
their isolation and characterization, these compounds either
in pure state or in the form of well-characterized extracts
became part of pharmacopoeias of several countries.

According to draft guidelines stated by the USFDA, a
marker compound is a chemical constituent of a botanical
raw material that is used for identification or quality con-
trol purposes, especially when the active constituents are
not identified. The active constituent is responsible for the
intended pharmacological activity or therapeutic effects.
Chemical standardization often involves chemical identifi-
cation by spectroscopic or chromatographic fingerprint and
chemical assay for active constituents or marker compounds
if available. The analytical methods developed can be used
for chemical fingerprinting and assaying of marker or active
compounds [4]. Chemical fingerprints obtained by chro-
matographic techniques are strongly recommended for the
purpose of quality control of herbal medicines, since they
might represent appropriately the chemical integrity of the
herbal medicines and its products are therefore used for
authentication and identification of the plant [5].

Tree ferns are usually considered under a single family
Cyatheaceae except Holttum [6] who suggested a poly-
phyletic derivation with four families. It is one of the most
interesting families among the pteridophytes due to their
strikingmorphology andwide geographical distributionwith
diversity centers in the tropics, subtropics, and southern
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temperate regions. They are considered as primitive, though
they represent different lines of evolution.These ferns display
great ecological conservatism as most species are terrestrial
plants of moist forests and are intolerant to longer peri-
ods of drought or frost. Furthermore, they show a greater
provincialism and endemism thanmost fern groups [7].With
the traditional healing system that is actively searching and
expanding its pharmacopoeia in order to treat a large number
of complaints, an environment with great floral diversity is
slipping away unlearned by a new generation of healers.
The scientific and traditional communities need a resource
where data on the phytochemical aspects of these ferns are
collated. Hence, the present study was intended to study
the HPTLC fingerprint profile (phenolics, flavonoids, and
tannins) of Cyathea nilgirensis Holttum, Cyathea gigantea
(Wall. ex. Hook.) Holttum, and Cyathea crinita (Hook.)
Copel.

2. Materials and Methods

2.1. Collection of Plant Materials. Specimens for the present
study were collected from various natural habitats of Tamil
Nadu. C. nilgirensis were harvested in and around Kakkachi
stream (1,725m), Kothayar, Tirunelveli Hills (8∘44N and
77∘44E), C. gigantea from the roadsides near Nadugani
(2,637m), Nilgiris Hills (11∘24N and 76∘44E), and C. crinita
from the Anglade Institute of Natural History, Shenbaganur,
Kodaikanal (2,195m), Palni Hills (10∘13N and 77∘32E),
Western Ghats, South India.The plants were identified based
on the Pteridophyte Flora of the Western Ghats, South India
byManickam and Irudayaraj [8]. Herbarium specimens were
prepared and the voucher specimens were deposited in the
St. Xavier’s College Herbarium (XCH), Palayamkottai, Tamil
Nadu, India, for further reference (C. nilgirensis, XCH 25423;
C. gigantea, XCH 25422; and C. crinita, XCH 25424).

2.2. Preparation of Extracts. The collected species of Cyathea
were thoroughly washed with tap water followed by distilled
water. They were blotted on the blotting paper and shade
dried at room temperature in the dark. The shade dried
plant samples were ground to fine powder using mechanical
grinder. 30 g powdered samples were extracted successively
with 180mL of ethanol using Soxhlet extractor for 8–12 h at
a temperature not exceeding the boiling point. The extracts
were concentrated in a vacuum at 40∘C using rotary evapo-
rator.

2.3. HPTLC Analysis. HPTLC studies were carried out using
the standard method described by Wagner et al. [9]. 25mg
of ethanolic extracts of selected Cyathea species was weighed
accurately in an electronic balance (Shimadzu). It was dis-
solved in 0.5mL of ethanol and centrifuged at 3000 rpm
for 5min. These solutions were used as test solution for
phenolics, flavonoids, and tannins. 2𝜇L of test solutions
and 2 𝜇L of standard solution were loaded as 5mm band
length in the silica gel 60F254 TLC plate using Hamilton
syringe and CAMAG Linomat 5 instrument. The samples
loaded plate was kept in TLC twin trough developing

Table 1: HPTLC: phenolics profile of studied Cyathea species.

𝑅𝑓

values C. nilgirensis C. gigantea C. crinita Assigned substance

0.05 + + + Phenolic 2
0.26 + + Phenolic 4
0.28 + Catechin
0.32 + + + Unknown
0.43 + + + Phenolic 5
0.49 + Phenolic 6
0.55 + + Unknown
0.59 + Phenolic 7
0.66 + Unknown
0.72 + Phenolic 8
0.75 + + + Quercetin
0.80 + Unknown
0.83 + + + Unknown
0.92 + + Unknown

chamber (after being saturated with solvent vapour) with
respective mobile phases, namely, toluene-acetone-formic
acid (4.5 : 4.5 : 1) for phenolics, toluene-acetone-formic acid
(4.5 : 4.5 : 1) for flavonoids, and toluene-ethyl acetate-formic
acid-methanol (3 : 3 : 0.8 : 0.2) for tannins. The plate was
developed up to 90mm.

The developed plate was dried by hot air to evaporate
solvents from the plate.The plate was kept in photodocumen-
tation chamber and the images were captured under visible
light, UV 254 nm, and UV 366 nm. The developed plate was
sprayed with respective spraying reagents, namely, Folin-
Ciocalteu reagent for phenolics, 1% ethanolic aluminium
chloride reagent for flavonoids, and 5% ferric chloride reagent
for tannins. The plates were dried at 100∘C in hot air oven.
The plate was photodocumented in visible light and UV
366 nm mode using photodocumentation chamber. Before
derivatization, the plate was fixed in scanner stage and
scanned at UV 254 nm and UV 366 nm. After derivatization,
the plate was fixed in scanner stage and scanned at UV
366 nm. The peak table, peak display, and peak densitogram
were noted. The software used was winCATS 1.3.4 version.

3. Results

3.1. Phenolics Profile. HPTLC separation of phenolics deter-
mined high resolution and reproducible peaks in the studied
Cyathea species. The results determined the presence of 27
different types of phenolics bands and validated 14 different
𝑅𝑓 values ranged from 0.05 to 0.92 (Figure 1; Table 1). The
maximum number (11) of phenolics has been observed in
the ethanolic extract of C. crinita. Among the different types
of phenolics, the bands with 𝑅𝑓 values 0.05, 0.32, 0.43, 0.75,
and 0.83 demonstrated their presence in all the three studied
species of Cyathea. The phenolic band with 𝑅𝑓 value 0.75
confirmed the presence of quercetin in the ethanolic extract
of all the three studied Cyathea species. The percentage of
quercetin presence was as follows: C. nilgirensis (0.19), C.
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Figure 1: HPTLC (chromatogram). Phenolics profile of Cyathea species. (a–c) Before derivatization ((a) visible light; (b) UV light, 366 nm;
(c) UV light, 254 nm). (d and e) After derivatization ((d) visible light; (e) UV light, 366 nm); (f) peak densitogram of C. nilgirensis; (g) peak
densitogram of C. gigantea; (h) peak densitogram of C. crinita; (i) standard phenolic-quercetin; (j) 3D display of all tracks.
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gigantea (0.32), andC. crinita (0.30). HPLC analysis validated
the quercetin occurrence in the ethanolic extracts of Cyathea
species with the retention times, namely, RT 17.39min in C.
gigantea, RT 18.09min in C. nilgirensis, and RT 16.06min in
C. crinita.Theband with𝑅𝑓 value 0.28 validated the presence
of catechin in C. nilgirensis. The phenolic bands with 𝑅𝑓
values 0.28 and 0.80 showed their unique presence in C.
nilgirensis whereas the bands 0.26 and 0.66 displayed their
occurrence only inC. gigantea.Thebandswith𝑅𝑓 values 0.49,
0.59, and 0.72 expressed their existence only in C. crinita.

3.2. Flavonoids Profile. Ethanolic extracts of studied Cyathea
species represented the presence of 28 bands and substan-
tiated 13 types of flavonoids with 𝑅𝑓 values ranged from
0.05 to 0.82 (Figure 2; Table 2). The maximum number (10)
of flavonoids was illustrated in C. crinita followed by C.
nilgirensis andC. gigantea (9). Flavonoidswith𝑅𝑓 values 0.05,
0.23, 0.30, 0.43, and 0.73 showed their presence in the three
studied species of Cyathea. C. nilgirensis showed the presence
of distinct band with 𝑅𝑓 value 0.77. The flavonoid bands
with 𝑅𝑓 values 0.14 and 0.71 displayed their unique presence
in C. crinita. The flavonoid with 𝑅𝑓 value 0.18 confirmed
the presence of rutin in C. gigantea. The HPLC analysis
confirmed the rutin existence in the ethanolic extract of C.
giganteawith RT 19.24min. Rutin was failed to observe in the
other two studied Cyathea species.

3.3. Tannins Profile. Mobile phases of different compositions
were tested in Cyathea species in order to obtain high
resolution and reproducible peaks. The results showed the
presence of 30 bands and validated 17 diverse types of tannins
with 𝑅𝑓 values ranged from 0.05 to 0.93 (Figure 3; Table 3).
Themaximumnumber (13) of tannins was found inC. crinita
when compared to the other studied species. C. nilgirensis
showed 10 different tannins andC. gigantea demonstrated the
presence of 8 different tannins. Among the different types,
tannin with the 𝑅𝑓 values 0.05, 0.09, and 0.82 showed their
presence in all the three studied Cyathea species. The tannin
bands 0.24, 0.34, 0.66, and 0.73 showed their unique presence
in C. nilgirensis. C. crinita expressed three distinct bands,
namely, 0.49, 0.56, and 0.93. Gallic acid was present only in
C. crinita (0.09%) with the 𝑅𝑓 value 0.49.

4. Discussion

Chromatography is the lynchpin of phytochemistry and is the
key to obtain pure compounds for development into ther-
apeuticals. Separation, identification, and structure elucida-
tion of biologically active compounds have been facilitated by
continual development of chromatographic methods. They
also play a fundamental role as an analytical technique for
quality control and standardization of phytotherapeuticals.
Generally, two approaches being used for standardization
are fingerprint analysis by HPTLC/HPLC and quantification
of individual chemical markers [10]. It ensures reproducible
pharmaceutical quality of herbal products. Characteristic
HPTLC fingerprinting of particular plant species will not

Table 2: HPTLC: flavonoids profile of studied Cyathea species.

𝑅𝑓

values C. nilgirensis C. gigantea C. crinita Assigned substance

0.05 + + + Unknown
0.14 + Flavonoid 1
0.18 + Rutin
0.23 + + + Flavonoid 2
0.30 + + + Flavonoid 3
0.36 + + Flavonoid 4
0.43 + + + Unknown
0.49 + + Unknown
0.60 + + Flavonoid 5
0.68 + + Flavonoid 6
0.71 + Unknown
0.73 + + + Unknown
0.77 + Unknown
0.82 + + Unknown

only help in identification of that species but also pro-
vide basic information useful for the isolation, purification,
and characterization of marker chemical compounds of the
species [11]. It is useful as a phytochemical marker and also a
good estimator of genetic variability in plant populations.The
presence or absence of chemical constituent has been found
useful in the placement of the plant in taxonomic categories.
HPTLC profile differentiation is an important procedure [12]
which produces visible chromatograms and complex infor-
mation about the entire sample. It also provides visualization
of the separated constituents and online identification of
the analyte by in situ spectrum scanning and postchromato-
graphic derivatization, along with 𝑅𝑓 comparison with the
standard [13]. HPTLCmethod can be used for phytochemical
profiling and quantification of compounds present in plant
samples.

With the increasing demand for natural products as
medicines, there is an urgent need for standardization of plant
products. Chromatographic fingerprint is a rational option
to meet the need for more effective and powerful quality
assessment to traditional system of medicine throughout
the world [14]. The optimized chromatographic fingerprint
is not only an alternative analytical tool for authentication,
but also an approach to express the various patterns of
chemical ingredients distributed in the plant material and
to preserve such “database” for further sustainable studies
[15]. HPTLC results on ethanolic extracts of C. nilgirensis,
C. gigantea, and C. crinita provided an impressive result
directed towards the presence of diverse type of phytochem-
icals (phenolics, flavonoids, and tannins). The selection of
appropriate solvent system for a particular plant extract can
be achieved only by analyzing the 𝑅𝑓 values of compounds
in different solvent system. The variation in 𝑅𝑓 values of the
phytochemicals provides an important clue about selection of
appropriate solvent system for separation of pure compounds
by column chromatography.Mixture of solvents with variable
polarity in different ratio can be used for separation of
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Figure 2: HPTLC (chromatogram). Flavonoids profile of Cyathea species. (a–c) Before derivatization ((a) visible light; (b) UV light, 366 nm;
(c) UV light, 254 nm). (d and e) After derivatization ((d) visible light; (e) UV light, 366 nm); (f) peak densitogram of C. nilgirensis; (g) peak
densitogram of C. gigantea; (h) peak densitogram of C. crinita; (i) standard flavonoid-rutin; (j) 3D display of all tracks.
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Figure 3: HPTLC (chromatogram). Tannins profile of Cyathea species. (a–c) Before derivatization ((a) visible light; (b) UV light, 366 nm;
(c) UV light, 254 nm). (d) After derivatization (visible light); (e) peak densitogram of C. nilgirensis; (f) peak densitogram of C. gigantea; (g)
peak densitogram of C. crinita; (h) standard tannin-gallic acid; (i) 3D display of all tracks.
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Table 3: HPTLC: tannins profile of studied Cyathea species.

𝑅𝑓

values C. nilgirensis C. gigantea C. crinita Assigned substance

0.05 + + + Tannin 1
0.09 + + + Tannin 2
0.15 + + Unknown
0.22 + + Tannin 3
0.24 + Unknown
0.34 + Unknown
0.40 + + Unknown
0.49 + Gallic acid
0.56 + Tannin 4
0.60 + + Unknown
0.63 + + Unknown
0.66 + Unknown
0.69 + + Unknown
0.73 + Unknown
0.82 + + + Unknown
0.88 + + Unknown
0.93 + Unknown

pure compound from plant extracts. The HPLC analysis
confirmed the presence of quercetin and rutin in the ethano-
lic extracts of Cyathea species. The results of the present
study directly coincided with the previous observations [16,
17]. The developed HPTLC method will provide sufficient
information about therapeutic efficacy of the drug and also
in the identification, standardization, and quality control of
studied Cyathea species.

5. Conclusion

The results of the present study revealed a better separation
of individual secondary metabolites and further facilitate
their quantitative estimation and qualitative separation of
pharmacologically active chemical compounds.
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