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ABSTRACT
Plants and plant-derived natural products have been the integral part of traditional healthcare
system since early human civilization. The use of synthetic drugs over natural products
prevailed for many years with the advancement in the synthetic drug discovery. However,
with numerous illustrations of adverse effects of synthetic drugs during past decades, there
has been a tremendous rise in the search of natural and safer drugs. Plants with the presence
of various phytochemicals or bioactive compounds provide a safer and cost effective drug
development resource.
The change in the life style of human population has increased the rate of development of
various life threatening oxidative stress related diseases like cancer, diabetes, atherosclerosis,
arthritis, Alzheimer’s disease, other neurodegenerative disorder etc. Plants are known as rich
source of natural antioxidants as the phytochemicals present in them have been reported as
potent free radical scavengers or quenchers. Besides antioxidants, herbal medicines have been
used as antimicrobial, antiviral, anti-inflammatory, anti rheumatid, antiallergic etc.
Likewise, use of ferns and fern allies in traditional medicines has a long history tracing back
to 2000 years. Ferns have been expected to have many more useful metabolites than other
plants as they have survived through various environmental changes from Paleozoic times.
Despite being luxuriantly available and possessing economical, ecological and medicinal
values very less attention has been given towards the utility of pteridophytes. Considering the
importance of natural products and its application in pharmaceuticals the present study has
been undertaken to screen and quantify various phytochemicals present in some locally
available ferns of Darjeeling district, North Bengal region. Furthermore, biological activities
like antioxidant, antimicrobial and antidiabetic have also been studied. Subsequently, partial
purification, isolation and elucidation of the chemical structures of some active compounds
have been performed. Further, an in silico molecular docking approach has been employed to
understand the mechanism and identify some potential lead compounds against some proteins
involved in glucose metabolism.
A review of literature has been compiled and presented on the investigation of various
bioactive constituents present in the plants, their antioxidant, antimicrobial and antidiabetic
activity. Subsequently, brief discussion on phytochemicals screened in ferns and their
activities mainly focusing on antioxidant, antimicrobial and antidiabetic properties has been
presented. Ferns were collected from different areas of Darjeeling town, subdivision of
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Mungpoo and Siliguri Shibmandir area and were identified as Nephrolepis cordifolia (Nc),
Cyclosorus dentatus (Cd), Phymatosorus cuspidatus (Pc), Drynaria quercifolia (Dq),
Dicranapteris linearis (Dl), Pteris biaurita (Pb), Pteris vittata (Pv) and Microsorum
punctatum (Mp). The plant samples were dried, powdered and extracted using different
solvent (alcohol, methanol and hot water). The powdered samples were qualitatively screened
for the detection of phytochemicals present in the plants. Phytochemical analysis of the
samples revealed the presence of phenol, flavonoid, tannin, carbohydrates, reducing sugar,
protein and terpenoid in all the ferns studied. None of the ferns showed positive result for
anthraquinone. Similarly, alkaloid was not detected in any of the samples studied except in P.
biaurita. Cardiac glycosides were detected in all the ferns except M. punctatum and N.
cordifolia. Further, except P. biaurita and M. punctatum all the other ferns showed positive
result for saponin. Steriod was detected only in N. cordifolia, C. dentatus and P. biaurita.
Quantification of the bioactive compounds revealed N. cordifolia to contain highest amount
of total phenol, protein, total flavonoid, tannin, total sugar and vitamin C. On the other hand,
M. punctatum had the lowest amount of total phenol, total flavonoid, tannin, reducing sugar,
total chlorophyll, chlorophyll a and carotenoid. P. biaurita had the highest amount of
reducing sugar and total chlorophyll. Vitamin E content was highest in P. cuspidatus while
D. linearis had the lowest content. On the contrary, vitamin C content was lowest in P.
cuspidatus.
Difference in the extraction yield was observed with the difference in the solvents used. The
percentage of yield was highest in the methanolic extracts followed by hot water and
ethanolic. These extracts exhibited varying degrees of antioxidant activities as determined by
DPPH radical scavenging activity, hydrogen peroxide scavenging activity, nitric oxide
scavenging activity, superoxide radical scavenging activity and ferric reducing antioxidant
power. N. cordifolia and C. dentatus exhibited the highest antioxidant activities irrespective
of the solvents used and M. punctatum the lowest antioxidant activities. Unlike hot water
extracts in DPPH activity, methanolic extracts of all the plants revealed significantly higher
activity than the other extracts.
Among the various influential factors responsible for the antioxidant activities, principle
component analysis (PCA) revealed total flavonoid, total phenols, tannin and lipids to be the
most positively influencing factors as high positive correlation with the activities was
observed in almost all the plants studied.
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Various phenolics present in the methanolic extracts of all the plant samples were identified
and quantified using High Performance Liquid Chromatography analysis. The phenolic
compounds identified were phloroglucinol, gallic acid, pyrogallol, 3,4-dihydroxybenzoic
acid, resorcinol, catechol, catechin, chlorogenic acid, caffeine, caffeic acid, vanillic acid,
ferulic acid, salicylic acid and cinnamic acid. The most prominent groups of phenolics
present in all the samples were caffeic, ferulic and salicyclic acid. Huge variation in the
concentration of phenolics in each plant was observed.
Furthermore, antibacterial studies revealed that the selected fern extracts (methanolic and hot
water extracts) were efficient in inhibiting the growth of the bacteria studied. Studies was
performed against two gram positive (Bacillus cereus and Bacillus megaterium) and two
gram negative bacteria (Burkholderia symbiont and Serratia marcescens) using three
different concentrations of the selected plant extracts. The ferns selected were N. cordifolia
and C. dentatus (higher antioxidant activities) and M. punctatum (lowest antioxidant
activities). Likewise, since among the three solvent extracts, methanolic and hot water
extracts revealed comparatively better antioxidant activity, extracts with these solvents were
used for antimicrobial activity. Methanolic extracts of all the three plant samples revealed
comparatively higher inhibitory activity than the water extracts against all the bacteria
studied.
The plant extracts was also found to be efficient in inhibiting the growth of all the three fungi
studied i.e, Alternaria alternata, Curvularia lunata and Fusarium oxysporum as evaluated
through spore germination test and radial growth bioassay. Spore germination of all the fungi
studied was efficiently inhibited by the extracts of N. cordifolia and C. dentatus while M.
punctatum extracts was not able to inhibit the germination of any of the fungi studied.
Among, the three concentrations used for the study, 500mg/mL was found to be effective
against these fungi while no inhibition was observed by lower concentrations. Since,
M. punctatum extracts was unable to inhibit the spore germination of any of the fungi used,
radial growth bioassay was performed using only N. cordifolia and C. dentatus extracts.
Varying degree of fungal growth inhibition was exhibited by both the extracts. Methanol and
hot water extracts of N. cordifolia was found to be marginally better in inhibiting the fungal
growth than C. dentatus. Methanolic extracts revealed higher activity than hot water extracts
against all the fungi studied.
In vitro α-amylase inhibitory activity revealed that methanolic extracts of the three selected
plants showed higher activity than the aqueous extracts. Among the sample, N. cordifolia
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extracts revealed higher activity than C. dentatus and M. punctatum. The activity of the
extracts was lesser than the positive control acarbose used. Since, N. cordifolia and C.
dentatus extracts were found to be more efficient in inhibiting α-amylase activity than M.
punctatum extracts, in vivo studies was conducted using only N. cordifolia and C. dentatus.
Though, methanolic extracts showed better activity than aqueous extract, however, for this
part of the study aqueous extracts was used considering the hazards that may be caused with
methanolic consumption.
An in vivo antidiabetic assay performed on streptozotocin-induced diabetic rats revealed
extracts to be efficient in normalzing the various blood parameters altered in the rats with the
induction of diabetes. Various parameters monitored was change in body weights, the fasting
blood sugar level, cholesterol, triglycerides and HDL-cholesterol level, SGPT and SGOT
level and serum urea and creatinine level. Higher concentration of N. cordifolia revealed
lesser reduction in the tested blood parameters than the lower concentration used in the study
which may be because of the auto-inhibitory activity of the extracts at higher concentrations
or may be because of the presence of hyperglycemic compounds, besides hypoglycemic
components in the plant extracts. Interestingly, C. dentatus extracts showed better in vivo
antidiabetic activity than N. cordifolia extracts which may be because of the variation in the
body responses exerted by several interacting internal factors.
Further, characterization of bioactive compounds present in N. cordifolia and C. dentatus
extract was done using column chromatographic technique. The column was eluted with
different non-polar and polar solvents at varying gradient. The eluted fractions were tested for
their in vitro antioxidative and antidiabetic potentials. Results revealed that in C. dentatus
fractions, highest and lowest DPPH radical scavenging activity was revealed by CdB and
CdD fraction respectively. In N. cordifolia fractions, NcE revealed the highest and NcB the
lowest activity. Additionally, in vitro α-amylase inhibition activity in C. dentatus fractions
was exhibited highest by CdC and lowest by CdD. Likewise, NcC and NcB exhibited highest
and lowest activity respectively. In both the cases fraction (eluate) activity was observed to be
higher than the crude extracts.
Each of the fractions (eluates) were further characterized using GC-MS which revealed the
presence of myriad of compounds containing

terpenoids, fatty acids, phytosterols,

phenylpropanoids and phenolics,
The compounds identified in the fraction NcC and CdC revealing better α-amylase inhibitory
activity was docked with some of the proteins involved in glucose metabolism such as
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Glucokinase

(IV4S),

Fructose

1,6-

bisphosphatase

(2JJK),

11β-Hydroxysteroid

dehydrogenase type 1 (2BEL) and Peroxisome proliferators activated receptor gamma
(3DZY). Results revealed that amongst many other compounds, corynan-17-ol, 18,19didehydro-10-methoxy-acetate

(ester)

and

propanoic

acid,

2-(3-acetoxy-4,4,14-

trimethylandrost-8-en-17-yl)- possess better interaction with almost all the targeted proteins
involved in glucose metabolism. Thus, the plausible mechanism of antidiabetic activities
exhibited by N. cordifolia and C. dentatus may be due to the alteration in the activity of these
proteins. Further, these compounds may be considered as potential antidiabetic agents as hit
structures for designing potent and specific drugs.
Presence of diversified type of bioactive compounds in these ferns makes them the potential
source for exploiting their application in pharmaceuticals.
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PREFACE
Pteridophytes (ferns and fern allies) are the earliest vascular land plants, originated in the MidPaleozoic era during Silurian period i.e. about 250 million years ago and are still luxuriantly
available in wide range of habitats in the world. Thus, it is not surprising to know that ferns have
been known to man for more than 2000 years for their medicinal values. The medicinal value of
plants lies in the presence of an array of bioactive constituents which generate a specific
physiological action on the human body. Natural drug has gained remarkable popularity in recent
years owing to the increasing reports on adverse effects of synthetic drugs. Ferns and ferns allies are
expected to contain more phytochemicals compared to other plants and have now been regarded as a
potential group of plants for drug isolation.
However, ferns have been given lesser attention than the flowering plants in pharmaceuticals and
modern therapies. Despite being one of the richest regions in Pteridophytic flora, ferns of
Himalayas have been scarcely studied for their biological activities. Considering the importance of
herbal drugs, this study has been envisaged to identify some ferns with potential biological
activities along with the underlying compounds present in it.
It gives me an overwhelming happiness to express my deep sense of sincere gratitude to all those who
bestowed me with their enduring help, support and guidance for the successful completion of my
thesis. This thesis would not have been possible without the invaluable mentorship of my supervisor
Prof. Usha Chakraborty, Plant Biochemistry Laboratory, Dept. of Botany, University of North
Bengal. Over the past five years of my interaction with her, I have developed a deep respect for her
ability to tolerate, appreciate, support and encourage any crude ideas with an encouraging smile.
She always welcomed new ideas and bear that patience to listen, guide and suggest in any work I
wanted to conduct, which was immensely helpful throughout my research. She supported the
concept of “learning by sharing” thus she always encouraged me to discuss with other experts on
some aspects of my research and widen the knowledge. Besides, being an excellent supervisor she was
also a very good friend.
I wish to express my sincere gratitude to Prof. B.N. Chakraborty for his suggestion, support and
encouragement throughout my research work. Conversation with him has been very helpful as he
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would always give some newer ideas related to my work. He would always inspire me to remain
focused in research by sharing his hardships faced during his research career.
I would like to thank Vice-Chancellor, NBU, Registrar, NBU, Dean of the Faculty of Science,
NBU and all the earlier and present Heads of Botany Department, NBU for providing all the
facilities necessary for conducting my research work. It has been a wonderful experience to carry on
my research work in the Department of Botany, University of North Bengal.
I sincerely acknowledge the judicious help and advices delivered by Prof. A.P. Das, Prof. P.K.
Sarkar, Dr A. Saha, Dr. A. Sen, Dr.S.C. Roy, Dr. P. Mandal and Dr. M. Chowdhury and all
members of the department for their unconditional help and co-operation.
I have gained enormously through my interaction with Prof. A.P. Das who has always provided me
with untiring help during my course of study. Most importantly, his suggestion in taxonomical
aspects of my study besides identification of my plant sample is invaluable. At this juncture, I must
thank Dr. Jnan Bikash Bhandari of Siliguri college who has also helped me in the identification of
some of the ferns under study.
I would like to acknowledge the enormous support and assistance received from Dr. Cyaria
Tongden, Dr. Kuldeep Rai, Dr. Pannalal Dey, Dr. Deepti Pradhan, Dr. Kiran Sunar, Dr. Utanka
Kr. De, Dr.

Sanjita Allay, Dr. Rohini Lama, Dr. Bhumika Pradhan, Dr. Arka Pratim

Chakraborty, Mr. Swarnendu Roy, Mr. Sukanta Majumdar, Ms.Pushpanjali Ray, Mr. Sandip Dev
Chowdhury, Mr. Jayanta Chowdhury Ms. Sweata Khati, Ms. Amrita Acharya, Ms. Vasundhara
Shrestha, Mr. Somnath Roy, Mr. Shibu Barman, Ms. Jayanwita Sarkar and Ms. Priyanka
Bhattacharya and other research scholars of the Department of Botany. I wish to thank fieldmen
Sambhu Banik, Nimai Roy as well as Dolly Mahato for their constant help.
I am grateful to the programme co-ordinators (DRS-I, II & III) of UGC-SAP, Department of
Botany for allowing me avail the instrumentation facility. Financial assistance received from
University Grants Commission, Govt. of India for conducting the research work is gratefully
acknowledged.
I extend my sincere thanks to Prof. Bratati De, University of Calcutta for allowing me to avail the
GC-MS facility. I gratefully acknowledge the Sophisticated Analytical Instrument Facility, Indian
Institute of Technology, Madras for availing GC-MS facility.
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thesis compilations.
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Chapter 1

Introduction

1. Introduction
Plants have been used as the basic source of energy (oxygen, food, cloth and drugs) for all forms
of life. Most importantly, humankind has been exploring the plants as therapeutic agents since
early civilization that dates back around 60,000 years (Solecki, 1975). The written evidence of
the same has been provided by the great civilisations of the ancient Chinese, Indians, and North
Africans. One of the earliest known such document is a 4000 and 4500 year old Sumerian clay
tablet and Pun-tsao respectively. In India, the earliest record on the usage of plants as medicine is
available in Rig Veda dating between 3500 B.C to 1800 B.C. Thus, traditionally plants played an
integral role in primary health care system since ancient times. Theophrastus also known as the
“Father of botany” continually provided information, thereby aiding the identification of plants
(Phillipson, 1995).
However, it was only during 19th century that man became aware of the active constituents of the
plants. Some important breakthrough was the discovery of quinine from Cinchona bark by the
French scientists Caventou and Pelletier; the isolation of morphine and codeine from the poppy;
digoxin from Digitalis leaves; reserpine from the Rauwolfia species; vinblastine and vincristine
from Catharanthus roseus etc. Further, pharmacological development led to the first synthetic
drug “aspirin” based on natural products “salicylic acid” (Phillipson, 1995). For many years,
with the advent of synthetic drug development the importance of natural phytochemicals waned
inevitably. However, during past decades search of natural drugs has escalated, as synthetic drugs
have been reported to have numerous adverse effects. Some of the natural drugs discovered were
taxol, etoposide and artemisinin (Phillipson, 1999) which further stimulated the interest for the
use of natural drugs as safe alternatives. Moreover, presence of several chemical compounds may
synergistically or additively show pharmacological effect thereby eradicating undesirable side
effects caused due to the use of single xenobiotics (Tyler, 1999). The World Health Organization
estimates that nearly 80-85% of population both in developed and developing countries rely on
traditional medicine for their primary health care needs (WHO, 1985).
India with wide topographical ranges and climatic condition houses emporium of medicinal
plants and represents one of the richest countries in tradition, culture and natural biodiversity
(resources of medicinal plants) offering everlasting arena for drug discovery (Patrick, 2002). The
medicinal use of plants of India has been documented in some ancient literature (Tulsidas 1631
samvat; Charak and Drdhbala, 1996).
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Being blessed with four hotspots (Himalaya, Indo-Burma, Sundaland and Western Ghats and
SriLanka) of plant biodiversity, India is the seventh mega diversity country with the occurrence
of 70% of the world’s species. Besides, diversity in higher plants, India has the richest
pteridophytic flora encompassing 1,200 pteridophytes out of which 193 are the endemic species
(Sanjappa, 2005; Dixit, 1984). About, 13,600 species of fern and fern allies have been known to
be distributed worldwide (Moran, 2008).
Pteridophytes (ferns and fern allies) also known as reptile group of plants are the earliest vascular
cryptogams originated in the Mid-Paleozoic era during Silurian period i.e. about 250 million
years ago and was the dominant vegetation of that era. It still grows luxuriantly in tropical and
temperate forests, despite being replaced by the angiospermic plants (Dixit, 2000). The regions
richest in the pteridophytic flora of the country are Eastern Himalayas with about 845 taxa
belonging to 179 genera followed by Eastern and Western Ghats with more than 300 species in
Western Ghats (Manickam and Irudhayaraj, 1992).
As folk medicine, pteridophytes have been known to man since 2000 years and has its application
in Ayurvedic, Unani, Homeopathic and other systems of medicines of India. Caius (1935) is
probably the first man who illustrated the medicinal importance of ferns of India. Later number
of compilations was published regarding the medicinal uses of pteridophytes (Nayar, 1957;
Chopra et al., 1958; Singh, 1999; Das, 2007). Traditonally, ferns like Dicranopteris linearis have
been used as an antibacterial, antihelmintic, laxative,treating asthma, to remove sterility in
women and against intestinal worms (Kamini, 2007; Upreti et al., 2009), while the frond of
Drynaria quercifolia are used as antibacterial, pectoral and expectorant agents and as poultice on
swelling (Dixit and Vohra, 1984; Dagar and Dagar, 1987). Pteris vittata are ethnomedicinally
used as demulcent, hypotensive, tonic antiviral and antibacterial (Singh, 1999; Kumari et al.,
2011). The frond juice of Pteris biaurita is applied on cuts and bruises while decoction (both of
fronds and rhizome) has been given in chronic disorders (Rout et al., 2009; Kumari et al., 2011).
Leaf and juice of Microsorium punctatum are used as purgative, diuretic, anti-inflammatory and
antibacterial (Rout et al., 2009; Sathiyaraj et al., 2015). The frond reduces cough while frond
paste of Nephrolepis cordifolia controls bleeding when applied to wound. Fresh tubers checks
cough, intestinal disorders, stomach ulcer and acidity (Rout et al., 2009; Mannan et al. 2008).
Chritella dentata (Cyclosorus dentatus) is used for lowering blood sugar, pain relief while frond
paste is applied over body swellings (Tanzin et al., 2013; Sathiyaraj et al., 2015). Medicinal
values of plants lies in the presence of various bioactive components which is known to exert
various physiological action on human body (Hill, 1952).
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With increasing number of illustrations regarding the adverse effects of synthetic drugs, past
decades has witnessed a remarkable resurgence in the use of herbal medicine. Since ferns and
ferns allies having survived from Paleozoic times, adapting to various environmental changes
they are expected to contain many more useful metabolites in comparison to other plants
(Wallace et al., 1991). Among many useful phytochemicals, ferns were reported to be enriched
with flavonoids, steroids, phenols, triterpenoid compounds, varieties of amino acids and fatty
acids (Zeng–fu et al., 2008). Focus has been made mainly on the search of natural compounds
(phenolics, flavonoids, terpenoids, and steroids etc) rich in antioxidant, anticancer and
antimicrobial properties due to its importance in the therapy of various chronic disorders like
cancer, diabetes and cardiovascular diseases.
Antioxidants are the substances that can mitigate the harmful effects of free radicals. Free
radicals are the extremely reactive unstable molecules produced during the cellular oxidationreduction reaction in the human body (Ratnam et al., 2006). Every individual is endowed with
well developed defense system comprising of enzymes such as catalases, superoxide dismutase,
glutathione peroxidise, glutathione reductase; or compounds such as glutathione, vitamins E and
C etc to neutralize or balance the production of free radicals. However, reduction in the
antioxidant levels leads to the generation of excessive free radicals creating oxidative stress
which in turn results in numerous diseases and disorders such as cancer, stroke, myocardial
infarction, diabetes, septic and hemorrhagic shock, Alzheimer’s and Parkinson’s diseases
(Halliwell et al., 1995; Tsao et al., 2004). Though, synthetic antioxidants such as butylated
hydroxyl anisole, butylated hydroxyl toluene etc plays an important role in delaying or
preventing oxidative stress related diseases but their major setback is that they impose numerous
adverse health effects (Sultana et al., 2007).
Phytochemicals such as phenolics, flavonoids and steroids have received significant
consideration in recent years due to their various pharmacological properties such as antioxidant,
antimutagenic, antiallergenic, anti-inflammatory,

antimicrobial, anticoagulant, antipeptic

antiproliferative, antitumor, antibacterial, antiviral, and antiadhesive activities besides their
preventive role in human neurodegenerative diseases, cardiovascular disorders and cancer (Kang
et al., 2006, Katalinic et al., 2006, Cumashi et al., 2007; Da Costa et al., 2010).
Furthermore, in recent years infectious diseases causing premature deaths have augmented
greatly along with the reports of increased number of drug resistant human pathogenic bacteria
from across the globe (Pasquale and Tan, 2005; Mahesh and Satish, 2008). Plant-based
antimicrobials have been known to be effective in treating infectious diseases as they can
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simultaneously alleviate the side effects associated with synthetic antimicrobials. Moreover,
multiple effects are being imposed in the body by phytomedicines. For example, besides
exhibiting antimicrobial activity, Hydrastis canadensis also leads to increase in blood supply to
the spleen thereby enhancing the release of mediating compounds (Murray, 1995).
Diabetes mellitus is a non communicable disease caused by abnormal metabolism of
carbohydrates, glucose, lipids, and protein. It is mostly associated with abnormality in blood
insulin levels either because of improper production from pancreatic β-cells or resistance to
insulin by target organs (Jarald et al., 2008; Hahm et al., 2011). Generally, diabetes mellitus are
of two types: insulin-dependent diabetes mellitus (IDDM) and non-insulin-dependent diabetes
mellitus (NIDDM). Tremendous increase in the incidence of diabetes has been observed globally
with the prediction of International Diabetes Federation (IDF) recently estimating diabetes
prevalence to grow from 382 million people worldwide to 592 million in less than 25 years 2030.
In India, record reveals that 65.1 million people have diabetes (IDF Diabetes Atlas, 2013).
Though, insulin therapy is the effective and widely employed therapy for IDDM patients, yet it
has been observed to have many shortcomings like short shelf life, excess doses leading to fatal
hypoglycemia, ineffectiveness while orally administered etc. Similarly, treatment with
sulfonylureas and biguanides causes diverse side effects in NIDDM patients (Rang and Dale,
1991). Diabetes management with minimal side effects and at a lesser cost is still one of the
enduring challenges to the medical system (Sun et al., 2008). In this context, phytochemicals
being cost effective and with lesser side effects provides an open and new avenue for the
treatment of various chronic diseases like diabetes (Li et al., 2011).
Consequently, it is clear that plants are enriched with combination of bioactive compounds that
may have synergistically attributed to the biological activities of plants. Thus, screening the
active compounds and understanding the chemical nature is important for the development of
pharmaceutically important lead compounds discovering safer drugs (Mariswamy et al., 2011).
Separation of the bioactive compounds for identification, quantification and characterization has
been employed using various chromatography techniques (column chromatography, thin layer
chromatography, high performance layer chromatograpy, flash chromatography and Sephadex
chromatography) (Sasidharan et al., 2011). Though, difference in the polarites of the
phytochemicals still remains the continuing challenge for isolation of pure compounds. However,
invention of many new medicinal drugs having protective role against diseases like cancer and
Alzheimer has been reported (Sheeja and Kuttan, 2007; Mukherjee et al., 2007). With the advent
of many purification techniques and isolation of pure compounds or phytochemicals, drug
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discovery could be made less cumbersome as these compounds might as reported be the potential
key player in regulating many mechanisms and could be used as ligand for in silico drug
designing.
Of-late a humungous number of bioinformatic tools have been developed that offer novel
approaches for drug discovery which provide a preliminary idea about the probable behaviour or
activities of the compounds/ligands in the active site of the target/protein/enzymes. Such
interaction between protein and ligand is similar to lock and key hypothesis in which lock
encodes the protein and the ligands resembles the key. Non-covalent interactions mainly
hydrogen bonding, vander waals etc are considered as the major driving force for enabling the
binding between protein and the ligand (Kubinyi, 1998). Generally, docking study facilitates in
determining computational aided binding affinity between molecules (target protein and ligand)
which in turn is important for the identification of effective and reliable drug against target
enzymes and to study the protein-inhibitor interaction activity. In silico screening thus helps in
decreasing the number of compounds that are used in evaluating various biological activity
assays, thereby reducing time and costs as compared to time consuming assay-based screening or
to biophysical screening methods of drug discovery (Osguthorpe et al., 2012; Kalyani et al.,
2013).
Many in silico molecular docking studies with view to identify potent compounds against target
proteins of diabetes mellitus are in rise in recent years (Angadi et al., 2013; Ahmed et al., 2014).
Various antidiabetic targets are 11β-hydroxysteroid dehydrogenase type 1, DGAT1, dipeptidyl
peptidase-IV, glucokinase, peroxisome proliferators activated receptor gamma, glycogen
phosphorylase, protein tyrosine phosphatase 1-beta, fructose 1,6- bisphosphatase, aldose
reductase, insulin receptor, and so forth (Carpino and Goodwin, 2010; Guttulu et al., 2011).
Phytoconstituents have been documented to act through multiple mechanisms, thus docking
studies would greatly aid in understanding the underlying mechanism of action of the compounds
against multiple target enzymes and select the better and safe candidate to treat diabetes.
Thus, considering the beneficial role of phytochemicals in human health, research leading to the
isolation and characterization of individual compounds has gained remarkable impetus across the
globe for safer drug discovery. Moreover, ferns and ferns allies known to contain myriad of
phytochemicals have now been regarded as the potential group of plants for drug isolation (Shil
and Choudhury, 2009).
Though, numerous studies focusing the medicinal properties of angiospersms are available very
less consideration has been made towards the useful aspects of pteridophytes (Bir and Vasudeva,
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1971; Benniamin et al., 2008). Moreover, despite Eastern Himalaya being floristically rich in
pteridophytic flora and with a very long history of medicinal uses, ferns have been highly
neglected in terms of economical and medicinal values with lesser application in
pharmaceuticals. Although, in past years plentiful number of works in line to its medicinal
application has been produced globally, however very less attention has been paid towards the
ferns available in Darjeeling district of North Bengal region, West Bengal. Thus, considering the
importance of ferns in this region and their potential in pharmaceuticals, the present study has
been undertaken. The objectives of the present study are:
 Collection and identification of the some locally available ferns
 Phytochemical screening of the active principles of plants
 Estimation of the total phenol, protein and flavonoid of the test plants
 Determination of the antioxidative activities of plants
 Study of the antimicrobial activities of plant samples
 Study of the antidiabetic properties of plants
 Separation, isolation and characterization of the compounds showing potent antimicrobial, anti-oxidative and antidiabetic activities.
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Chapter 2

Review of literature

2. Review of Literature
Nature, ever since its existence has been providing humankind with all the necessary components
to sustain life in this mother Earth. It has also been a promising resource of innumerable
medicinal plants from where remarkable number of modern drugs have been isolated and
successfully employed for treating various diseases. The medicinal values have been known to be
imparted by the chemical compounds that produce health promoting action on the human body.
Though, Pteridophytes have been used in traditional medicine since ancient times but it has been
highly ignored in modern days. Many reports, however, have been produced time to time
revealing the efficiency of Pteridophytes as antiviral, antirheumatic, anticancer, antidiabetic, antiinflammation and antimicrobial agents. In this regard, a brief review has been compiled and
presented on the following aspects related to the present work i.e. phytochemical screening of
plants, their role as an antioxidative, antimicrobial and antidiabetic agents, followed by a brief
discussion on phytochemicals of ferns and their biological efficacies.

2.1. Phytochemical screening of plants
Phytochemicals (from the Greek word ‘phyto’ meaning plant) are the bioactive, naturally/
universally occurring chemical compounds found in plants which are known to generate specific
physiological action on the human body (Hasler & Blumberg, 1999).
They are involved in protecting plants against disease and damage and in contributing the color,
aroma and flavor of the plants. Phytochemicals have also been known to play an important role to
the health of individuals and communities. Generally, plant chemicals responsible for protecting
plant cells from various biotic and abiotic stresses are kqnown as phytochemicals (Gibson et al.,
1998; Mathai, 2000). There still remains ambiguity in the classification of phytochemicals as
numerous of them are being known or identified. However, they have been classified as primary
metabolites which include amino acids, proteins, sugars, purines and pyrimidines of nucleic
acids, chlorophyll etc and secondary metabolites such as phenolics, alkaloids, terpenes,
flavonoids, lignans, plant steroids, saponins, glucosides etc (Hahn, 1998). A simplified view of
secondary metabolites and their interrelationships with primary metabolism is depicted below:
Among the various secondary metabolites, phenolics are the most abundant and structurally
diverse plant phytoconstituents.
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The importance of medicinal plants lies in the presence of various bioactive compounds and their
contribution to the health of individuals and communities are well established which has
intrigued researchers all over the world to explore the plants for their biological activities. The
most important of these bioactive constituents of plants are alkaloids, tannins, flavonoids, and
phenolic compounds (Hill, 1952).

Main pathways of some secondary and primary metabolites biosynthesis (modified) Burja et al.
2001.
Due to the increasing demand of natural drugs there has been a rapid rise in the search of
phytochemical from various plant sources. Thus, Edeoga et al. (2005) performed the study to
define, compare and quantify the percentage of crude phytochemical present in ten medicinal
plants i.e, Cleome rutidosperma, Emilia coccinea, Euphrobia heterophylla, Physcalis
bransilensis, Scorparia dulcis, Richardia bransilensis, Sida acuta, Spigelia anthelmia,
Stachytarpheta cayennensis and Tridxa procumbens, which were used extensively in herbal
medicine in South Eastern Nigeria. They reported the presence of alkaloid and flavonoid in all the
samples while tannin was absent only in S. acuta. Cardiac glycoside was found to be present in
all the samples except for T. procumbens. Saponin was not detected in E. heterophylla and S.
acuta while it was present in the other samples studied. Steriod was present only in E. coccinea,
P. bransilensis, R. bransilensis S. anthelmia. Five out of the ten test plants namely E.
heterophylla, P. bransilensis, S. dulcis, S. anthelmia and S. cayennensis revealed the presence of
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phlobatannin. Terpenoid was absent in C. rutidosperma, S. dulcis, S. anthelmia, S. cayennensis
and T. procumbens while it was present in the other plants studied. They also quantified the
chemical constituents in these medicinal plants and reported the highest percentage crude yield of
alkaloids (1.04%) and flavonoid (0.98%) in S. acuta. C. rutidosperma revealed the lowest yield
of alkaloid (0.32%) but the highest yield of tannin (15.25%). Saponin (3.92%) was found to be
highest in P. bransilensis while phenols in the plants were recorded to be minimal (0.20-0.04%).
Presence of chemical constituents in these plants makes them a potential source of useful drugs.
Preliminary phytochemical screening of four common plants of family Caesalpinaceae was
carried out by Awoyin et al. (2007). Eight principal bioactive compounds were investigated in
the dry leaf of both water and ethanolic extracts of Cnidoscolus aconitifolius. In all, three active
components were positive for both the extracts. These include phenols, saponins and cardiac
glycosides. The result revealed that phlobatannin was detected in the water extract while
alkaloids in the ethanolic extract. Flavonoids, anthraquinones and combined anthraquinones were
absent in both the extracts.
Similarly, phytochemical screening conducted by Musa et al. (2008) on the ethylacetate partition
portion of ethanolic extract of leaves of Pseudocedrella kotschyii revealed the presence of
flavonoids, glycosides and tannins as major chemical constituents. Alkaloids saponins, cardiac
glycosides and steroids were not detected in the extract. The ethylacetate extract (50 and 100
mg/kg i.p) exhibited significant activity (p<0.05) against acetic acid-induced writhing in a dose
dependent manner. In the anti- inflammatory activity the ethylacetate extract (50 and 100 mg/kg
i.p.) caused a slight effect against the raw egg albumin-induced oedema. The effect was however
observed not to be dose dependent. Chitravadivu et al. (2009) had also performed qualitative
studies of phytochemical on the leaves and roots of four medicinally important plants such as
Acalypha indica, Cassia auriculata, Eclipta alba and Phyllanthus niruri. They reported the
presence of alkaloids, catechols, flavonoids, phenolic compounds, saponins and steroids and the
absence of anthroquinone, tannins and triterpenoids from the root and leaf sample of Acalypha
indica. Anthroquinone, alkaloids, flavonoids, phenolic compounds, saponins, steroids and tannins
were found to be present in the root and leaf sample of Cassia auriculata. Phenolic compounds,
saponins, steroids, tannins and triterpenoids were present in the leaves and roots of Eclipta alba.
Phenolic compounds, anthroquinone, flavonoids, saponins, steroids, tannins and triterpenoids
were also found to be present in root and leaf sample of Phyllanthus niruri.
Phytochemical studies performed by Viji and Murugesan (2010) indicated that the leaf and stem
contain a broad spectrum of secondary metabolites. Phenol, tannins and saponins were
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predominantly found in all the five tested solvent extracts of leaf and stem followed by steroids,
sugars, flavonoids and terpenoids (Benzene and acetone). Acetone and chloroform extracts of leaf
had higher inhibitory action against Salmonella typhi and Streptococcus subtilis respectively.
Acetone extracts of stem showed maximum inhibitory action against S. typhi and benzene
extracts of stem had moderate inhibitory action against Escherichia coli. Likewise, various
phytochemical constituents including alkaloids, phenols, and ascorbic acids were assessed and
compared in the four medicinal plants of different families. In another study, four plants used
locally for different medicinal purposes were selected for a comparison of their phytochemical
constituents. The plants investigated were Clerodendrum viscosum, Moringa oleifera,
Cinnamomum tamala and Scoparia dulcis. All these plants were found to contain the active
principles including alkaloids, tannin, saponin, terpenoid, flavonoid, cardic glycoside. Steroid
was present in C. viscosum, C. tamala, and M. oleifera but absent in S. dulcis. The assay for the
quantitative determination of phenols and ascorbic acids revealed that C. tamala contained the
highest amount of phenol and ascorbic acids whereas C. viscosum contained the least amount
(Das and Chakraborty, 2011).
Gopinath et al. (2012) performed a preliminary screening of the phytochemicals of leaf extracts
of Gymnema sylvestre, Phyllanthus amarus, Phyllanthus reticulatus of Siddarabetta, Tumkur
district, Karnataka. These plants are used ethnomedicinally as antidiabetic agents in India. The
study was carried out using three different extracts namely ethanol, methanol and water. They
reported the presence of terpenoids, flavonoids, phenol, quinines and catechin in the water extract
of Phyllanthus amarus, steroids, tannins, phenol, quinones in ethanolic extract and only tannins,
phenol and quinones in methanol extract. Terpenoids, alkaloids, flavonoids, saponins, tannins and
quinones were detected in the water extracts of Gymnema sylvestre whereas terpenoids alkaloids,
saponins and quinones in the methanolic extracts. While, in the ethanolic extracts only alkaloids,
tannins and quinones were detected. The water extracts of Phyllanthus reticulatus exhibit
flavonoids, phenol and quinones. Ethanol extracts showed steroids, tannins, phenol and quinones
and methanol extracts showed steroids, tannins, phenol and quinones. The bioactive compounds
from different solvent extracts were suspected to exhibit anti-diabetic properties.
Yadav et al. (2014) performed a study on six medicinal plants viz. Ficus religiosa, Citrus limonia,
Phoenix dactylifera, S. indicum, Swertia chirata and Raphanus sativus of different families to
identify and relate their presence with bioactivities of the plants. They reported the presence of
tannins and flavonoids in all the samples studied. Moreover, terpenoids were found to be present
in all the selected plants except P. dactylifera. On the other hand, saponins and steroids were
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absent in all the plants except S. chirata and phlobatannins were absent in all the plants except R.
sativus. In addition, carbohydrates, glycosides and coumarins were present in all the selected
plants except P. dactylifera and R. sativus. Alkaloids were present in all the selected plants
except F. religiosa, P. dactylifera and R. sativus. Proteins were present only in F. religiosa and S.
chirata whereas emodins, anthraquinones, anthocyanins and leucoanthocyanins were found to be
absent in all the selected six plants. From their studies, they concluded S. chirata to be of highest
therapeutic efficacy possessing majority of phytochemical classes of compounds and P.
dactylifera is of lowest therapeutic potential due to the absence of majority of phytoconstituents.
Likewise, pharmacognostic, total phenolic and antioxidant studies of Adenanthera pavonina L.
(family Mimosaceae) was carried out by Partha and Chowdhury (2015). The leaves and bark of
this plant were used by the tribal people for curing various ailments and diseases. Various
parameters like micromorphology, anatomy, phytochemical screening and physical constant were
considered for pharmacognostic evaluation of different parts of this plant. The methanolic
extracts of leaf and bark were found to show positive tests for carbohydrates, proteins, alkaloids,
glycosides, saponins, flavonoids, steroids, tannins, etc. According to the authors this study may
provide some diagnostic features by which the crude drug of this plant can easily be identified.
However, further scientific studies were suggested for proper validation of their preliminary
findings.

2.2. Antioxidant activity of plants
Cellular damage or oxidative injury arising from free radicals or reactive oxygen species (ROS)
appears to be the fundamental mechanism underlying a number of human neurodegenerative
disorders, diabetes, inflammation, viral infections, autoimmune pathologies and digestive system
disorders. Free radicals are generated through normal metabolism of drugs, environmental
chemicals and other xenobiotics as well as endogenous chemicals, especially stress hormones
(adrenalin and noradrenalin). Accumulated evidence suggests that ROS can be scavenged through
chemoprevention utilizing natural /synthetic antioxidant agents. Antioxidants are substances that
neutralize free radicals or their actions and have been used as chief protective agents for human
health (Sies, 1996). Synthetic antioxidants are associated with various side effects thus the
search for natural antioxidants especially from botanicals has been intensified in recent years
Ahmad et al. (2008). In this regard, a study was performed by Shyur et al. (2005) on twenty-six
medicinal herbal extracts, popularly used as folk medicine in Taiwan to analyse their antioxidative activity. Among, the plants studied, they reported that Ludwigia octavalvis, Vitis
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thunbergii, Rubus parvifolius, Lindernia anagallis and Zanthoxylum nitidum exhibited strong
DPPH activity while L. octavalvis, V. thunbergii, Prunella vulgaris, Saurauia oldhamii and
Rubus parvifolius showed better superoxide scavenging activity. Signifcant protection was
shown by Ludwigia octavalvis and Bombax malabaricum on ѰX174 super coiled DNA against
strand cleavage induced by UV irradiated H2O2. Shan et al. (2005) investigated the total
equivalent antioxidant capacity (TEAC) and phenolic content of 26 common spice extracts from
12 botanical families. The studies demonstrated that many spices containing high levels of
phenolics revealed high antioxidant capacity. Different types of phenolic constituents identified
in the spice extracts were phenolic acids, phenolic diterpenes, flavonoids, and volatile oils (e.g.,
aromatic compounds) and rosmarinic acid which were present in varying amount. A highly
positive linear relationship were obtained between TEAC values and total phenolic content
showing that phenolic compounds in the tested spices may have contributed significantly to their
antioxidant capacity.
Aqil et al. (2006) studied the antioxidant and free radical scavenging properties of methanolic
crude extracts of 12 traditionally used Indian medicinal plants. The study reported that the
extracts revealed promising antioxidant and free radical scavenging activity in varying ranges.
Phytochemical analysis of the crude extracts revealed the presence of phenolics, alkaloids,
glycosides and tannins which may be responsible for the observed antioxidant activity. Similarly,
Katalinic et al. (2006) analyzed the total phenolic content and related total antioxidant capacity of
70 medicinal plant infusions. Standard assays like FRAP, DPPH radical scavenging activity and
ABTS activity were employed for evaluating the in vitro antioxidant assay. The study
demonstrated that Melissae folium contained the highest concentration of phenolics and showed
the highest antioxidant activity, concluding that the antioxidant activity must be related to the
presence of phenolics in the plant sample.
Khalaf et al. (2008) evaluated the antioxidant activity of the methanolic crude extracts of some
commonly used medicinal plants. All the methanolic extracts exhibited significant antioxidant
activity. Phytochemical analysis detected the presence of alkaloids, glucosides, tannins and
flavonoid. Maleki et al. (2008) evaluated the invitro antioxidant activity, total polyphenolic,
flavonoid and flavonol content of petroleum ether, chloroform and methanolic extract of leaves of
Limonia acidissima Linn. The study demonstrated that the methanolic extract contained good
amount of total polyphenolics, total flavonoids and total flavonols which may be responsible its
higher antioxidative activity. The methanolic extracts of species Gmelina arborea Roxb.
(Verbaneceae) were tested for antioxidant potential by Patil et al. (2009). It was observed that
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the extracts showed potent antioxidant activity which seemed to be correlated with the
phenolic content.
Sini et al. (2011) studied the antioxidant activity and radical scavenging activity of methanolic
extracts of selected plant materials, traditionally used by the tribes of Attapady regions as folk
remedies. Cassia occidentalis, Clitoria ternatea, Trianthema decandra, Capparis zeylanica,
Anisomeles malabarica and Plumbago zeylanica exhibited strong antioxidant activity as
compared to other plants tested with Trianthema decandra showing the highest antioxidant
activity. Results revealed that these plants are of therapeutic potential due to their high free
radical scavenging activity. In another study, the anti-oxidant effects of leaves of Tinospora
cordifolia were determined by Premanath and Lakshmidevi (2010). Dried and powered leaves of
T. cordifolia were extracted with hexane, chloroform, methanol, ethanol and water which was
used to determine the total phenolic and flavonoid content along with the antioxidative capacity
using different in vitro models such as total reducing power, total antioxidant activity, lipid
peroxidation inhibitory activity, DPPH radical scavenging activity and superoxide radical
scavenging activity. The results have shown that among all the solvents ethanol extract showed
highest phenolic and flavonoid content and even the antioxidant activities. Direct correlation
between total polyphenols extracted and its antioxidant activity was observed concluding that the
active antioxidants may be better extracted in ethanol. Studies conducted by Satheesh et al.
(2010) revealed the antioxidant activities of Mucuna pruriens Linn. Different extracts viz.
petroleum ether, ethyl acetate and methanol extract of whole plant of M. pruriens were subjected
to examine the in vitro antioxidant activity by DPPH (α,α-diphenyl-β-picrylhydrazyl) radical
scavenging activity, superoxide anion scavenging activity and iron chelating activity. Ethyl
acetate and methanol extract exhibited high antioxidant and free radical scavenging activities
which may be assumed because of the phenolic compounds as these two extracts were found to
contain higher phenolics than the petroleum extract.
Similar investigation was undertaken to appraise the antioxidant properties and the total phenolic
contents of 13 important medicinal plants by Narayanaswamy and Balakrishnan (2011). Solvents
namely water and ethanol at 5 % concentration levels were used to prepare the herbal extracts of
the plants. Radical attenuating abilities of 13 plant extracts were ascertained by 2, 2- diphenyl 1picryl hydrazyl (DPPH) radical scavenging assay. All the plants tested showed varying degree of
DPPH scavenging activity in both the extracts. Ocimum basillicum leaf, Alpina calcarata leaf,
Jatropa multifida flower, Hyptis suaveolens leaf, Solanum indicum leaf and Clitorria ternate leaf
and flower were observed to possess higher DPPH radical scavenging activity in both the solvent
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systems. The total phenolic contents of herbs were found to be maximum in Ocimum basillicum
and Clitorria ternate. The results have shown that the radical scavenging activity of medicinal
plants may be due to the hydrogen donating ability of phenolics.
The species Withania somnifera L. which is known to possess aphrodisiac property and can cure
various diseases is one of the commercially available and most preferred medicinal plants in the
Himalayan region. Sharma et al. (2013) evaluated the antioxidant properties of W. somnifera
collected from two different habitats that is, forest and roadside at Kullu, north-west Himalaya
and reported that the plants showed antioxidant activities which varied significantly between the
habitats.
Keser et al. (2012) reported the H2O2 radical scavenging and total antioxidant activity of
Crataegus monogyna (hawthorn) water and ethanol extracts of leaves, flowers and fruits.
Hawthorn leaves, flowers, and berries have been used as medicine traditionally to treat chronic
heart failure, high blood pressure, arrhythmia, and various digestive ailments, as well as geriatric
and antiarteriosclerosis remedies. The study showed that both the extracts showed appreciable
antioxidant activities.
The phytochemical constitution and antioxidant activities of methanolic extract of dried leaves
of four medicinally important herbs Ocimum sanctum, Mentha spicata, Trigonella foenumgraecum, Spinacia oleracea utilized in the routine diet along with one medicinal important tree
Gmelina arborea were evaluated by Soni and Sosa (2013). The result of phytochemical analysis
revealed the presence of tannins, phlobatannin, saponins, flavonoids, steroids and alkaloids.
Among the tested plants, leaf extract of Mentha spicata exhibited highest antioxidant and
reducing activities which may be attributed to its phenolics content as positive correlation was
observed between the antioxidant activity and total phenolic content. Yao et al. (2013) studied
the antioxidant activity, α-glucosidase and α-amylase inhibitory effects of flavonoids from
Cichorium glandulosum seeds, and analysed its chemical composition by HPLC-ESI/MS.
Traditionally, C. glandulosum has been used to treat degenerative or chronic diseases in China.
They reported significant in vitro antioxidative activity against DPPH, ABTS, hydroxyl radicals,
and superoxide anion and α-amylase and α-glucosidase activity. In vivo treatment of rats with
TFs (100, 200, 400 mg/kg) showed a significant decrease in the malondialdehyde level while the
superoxide dismutase and glutathione levels were restored to almost normal levels, and the
catalase and glutathione peroxidase levels significantly increased compared to the CCl4intoxicated group of rats. The study suggested that C. glandulosum seeds may be given special
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attention because of their antioxidant and anti-glucosidase, anti-amylase activity and supports the
use of C. glandulosum seeds as the functional food or a traditional folk medicine.
Though huge numbers of plant have been screened for the antioxidant component, there still
remain some lacunae as information regarding many medicinal plants is still obscure. Thus,
Coulibaly et al. (2014) investigated and reported the antioxidant activity and their phenolic
compounds from some of the tropical plants belonging to families Euphorbiaceae, Rubiaceae,
Anacardiaceae, Scrophulariaceae and Poaceae. The study on different crude extracts of seven
plant species revealed the presence of significant amounts of phenolics with highest amounts in
Feretia apodanthera and Ozoroa insignis along with highest antioxidant activities. In a similar
study conducted by Saravanan and Parimelazhagan (2014), they reported the in vitro antioxidant,
antimicrobial and anti-diabetic properties of polyphenols of Passiflora ligularis Juss. fruit pulp.
Different solvents like petroleum ether, chloroform, acetone and methanol were used to evaluate
its biological efficacies. They reported the highest content of phenolics, tannin and flavonoid in
the acetone extract compared to other extracts. The in vitro antioxidative activity like metal
chelating activity, ferric reducing antioxidant power (FRAP) and free radical scavenging activity
like DPPH•, ABTS•+, O2−•, •OH and NO• scavenging activity was exhibited highest by the
acetone extract in comparison to the other extracts which was assumed to be because of the
higher phenolic content in acetone extract. Likewise, antimicrobial, α-amylase and α-glucosidase
activity was inhibited highest by the acetone extract in a dose dependent manner among the
extracts studied. Analysis of the polyphenolic compounds by HPLC revealed the presence of
gallic acid, caffeic acid, rutin, ellagic acid and kaempferol at varying quantity. Overall, it was
observed that the extracts containing a higher concentration of phenolic compounds, showed
more potent antioxidant, antimicrobial, α-amylase and α-glucosidase activity, concluding that
the biological activity of Passiflora ligularis Juss. fruit pulp may be related to the presence of
these substances.
Likewise, studies performed by Medini et al. (2014) on the various extracts of Limonium
delicatulum revealed that the plant was able to exhibit potent antioxidant and antimicrobial
activities. Among the different solvents used ethanol extracts had the highest total antioxidant
activity, while the acetone extracts had the greatest radical scavenging capacity and the methanol
extract the best inhibition of β-carotene bleaching activity. Coumaric acid and chlorogenic acid
were identified as the dominant phenol compounds in the extracts which may be assumed to
contribute towards the high antioxidant activities of the plant. The search for natural antioxidant
from all the possible biological sources has gained so much of attention that, in recent years even
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the industrial pomaces, produced by the wine industry have been exploited to evaluate the
antioxidant activity. Wine pomace is known to contain high-phenolics which make them one of
the potential sources of natural antioxidant. Thus, Gengaihi et al. (2014) investigated and
reported antioxidant activity of winery pomace (from red and white grapes). Among the different
solvent used viz. BuOH, EtOAc, Me2Cl2 and petroleum ether, ethanol extract showed highest
antioxidant activity which was correlated with the total phenol content. Various phenolic
compounds such as catechin, rutin, rosmarinic, chlorogenic, caffeic, vanillic, coumaric acids were
also reported.
The study conducted by Ibraheim et al. (2015) demonstrated the antioxidant activity and total
flavonoids content of aerial parts of Ficus pyriformis Hook. & Arn.(Moraceae) cultivated in
Egypt. Different fractions of Ficus pyriformis obtained from successive fractionation of the total
extracts on vacuum liquid chromatography (VLC) with organic solvents of different polarities
like n-hexane, dichloromethane (DCM), ethyl acetate (EtOAc) and methanol (MeOH) were
subjected to free radical scavenging activity. Among the extracts, MeOH and EtOAc fractions
showed the highest activity followed by DCM and n- hexane fractions respectively.
Phytochemical analysis revealed the presence of steroids, triterpenoids, flavonoids, tannins,
carbohydrates and /or glycosides. The antioxidant activity of MeOH fraction and total extract of
Ficus pyriformis aerial parts may be attributed to the polyphenolic compound such as flavonoids
and tannins which are known to possess an antioxidant activity. Similar studies were performed
on the aerial parts of Teucrium barbeyanum Aschers. and its antioxidant activities were reported
along with the various chemical compounds. It was observed that the extracts containing a
higher concentration

of polyphenols,

showed more potent antioxidant activity, which

suggested that the antioxidant activity of Teucrium barbeyanum must be related to the
presence of these class of compounds (Mohamed et al., 2015).
Madhura et al. (2015) reported the antioxidant activity of chloroform and ethanol extracts of four
Indian medicinal plants, i.e. Grewia asiatica, Caesalpinia bonducella, Syzygium samarangense,
Asteracantha longifolia. The antioxidant ability of the plants and extracts tested were observed to
vary significantly. Amongst, the four plant seeds of A. longifolia were found to possess good
antioxidant activity. Likewise, the antioxidant activity, antitumor effect, and antiaging property of
proanthocyanidins from Kunlun chrysanthemum flowers (PKCF) grown in Xinjiang were
reported by Siqun et al. (2015). The main product of Kunlun chrysanthemum in the market of
China is dry tea, with almost no refinery processed products and is known to possess various
health benefits. The study revealed that the antioxidant activity were remarkable in vitro and in
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vivo with activity stronger than that of vitamin C. The extract was observed to inhibit MDA
formation while enhancing the activities of SOD in mice in vivo and in Drosophila. Antitumor
activity was pronounced as it could inhibit the growth of H22, Eca-109, and HeLa cancer cells at
low concentrations with average IC50 values of 70.96 ± 0.05409 g/mL, 260.4±0.06887 g/mL
and 113.3 ± 0.08062 g/mL respectively. It has been suggested that the PKCF could be utilized
as a novel natural antioxidant in food and therapeutics as it has been able to reveal potent
antioxidant activity. Eddine et al. (2015) reported the antioxidant properties of various extracts of
Phoenix dactylifera L. which has been used to treat a variety of ailments in the various traditional
systems of medicine in regions of Southwest Asia and North Africa. Ethanol, methanol, hexane
and chloroform extracts were analyzed for the antioxidant properties using the ferric reducing
antioxidant power (FRAP), superoxide radical scavenging (O2) and 2,2-diphenyl-1picrylhydrazyl (DPPH) radical scavenging capacity assays. The studies demonstrated strong
linear correlation of DPPH radical scavenging capacities of the extracts with content of phenolic
while FRAP values with significant correlation with total proanthocyanidins content. Among the
extracts, ethanol showed higher phenolics and higher antioxidative activity, which was assumed
to be because of the phenolics present in the extracts. Commiphora caudata Engl. (Syn.
Protium caudatum Wight & Arn.) commonly known as hill-mango belongs to the family
Burseraceae and grows in dry or semi-evergreen forests of South India. The plant has been
known to exhibit various biological functions (Sivakumar et al., 2009; Annu et al., 2010). Thus,
to further analyze the pharmacological potentials of the Commiphora caudata Engl. extracts
Reddy et al. (2015) investigated the chemical composition, antimicrobial and antioxidant
activities of C. caudata essential oils isolated from leaves and fruits using in vitro assays. The
studies demonstrated revealed the presence of fifteen compounds from leaf oil and thirty
compounds from fruit oil. Both the leaf oil and fruit oil were observed to exhibit antimicrobial
and antioxidant activities at varying degree.

2.3. Antimicrobial activity of the plants
It is well known that plants synthesize antimicrobial compounds as part of their defense
mechanism against attacks by pests and pathogens. There is a voluminous record of work by
several authors on extraction of these antimicrobial compounds from plants and testing them
against microbes in vitro with a view to utilize them as source of medicines.
Elizabeth (2005) evaluated the antimicrobial activity of crude and methanol extract of Terminalia
bellerica dry fruit by disc diffusion method, against 9 human microbial pathogens. The result
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showed that both the crude and methanol extract were able to inhibit the growth of the tested
organism at varying degree. However, methanolic extract was more effective than crude extract
against most of the microbes tested except E. coli (enteropathogen) and P. aeruginosa. Among
the bacterial organisms tested, S. aureus was found to be highly susceptible to both the extracts
highest suggesting T. bellerica to be the strong inhibitor of this organism. The minimal inhibitory
concentrations (MICs) of crude extract ranged from 300 to >2400 g/ml and methanolic extracts
ranged from 250 g to >2000 g/ml with the lowest MIC value against S. aureus, demonstrating T.
bellerica dry fruit to possess potential broad spectrum antimicrobial activity. Similar
antimicrobial studies were performed by El Astal et al. (2005) on aqueous, ethanolic, methanolic
and phenolic extracts of three Palestinian folkloric medicinal plants along with their commercial
oils against ten pathogenic microorganisms. Sage, thyme and parsley has been widely used in
folkloric medicine in treating different diseases in Palestine. The studies demonstrated and
reported the antibacterial activity of plants against E.coli, Proteus mirabilis, Klebsiella
pneumonia, Enterobacter cloacae, Pseudomonas aeruginosa, Actinobacter haemolyticus,
Enterococcus sp. and Candida albicans isolated from patients with UTI and the other two
bacteria viz. Salmonella typhi and Staphylococcus aureus from the stool of patients suffering
from food poison. The aqueous extracts of sage and thyme were observed to be effective against
most of the tested microorganisms. S. aureus and Enterococcus sp was susceptible to phenolic
extract of sage and thyme respectively. On the other hand, the ethanolic extract of parsley was
more effective against E. coli, however, no pronounced effect was observed against the Gram
positive organisms tested. The commercial oils of sage, thyme and parsley was unable to inhibit
the growth of E.coli, Proteus mirabilis and Salmonella typhi. Overall, among the 10 tested
microorganisms, S. aureus was shown to be the most susceptible microbe to most extracts of the
three plants studied. The results have thus validated the folkloric medicinal use of thyme, sage
and parsley for the treatment of some microbial infections like UTIs and bacterial food poisoning.
The antimicrobial activity of Bidens pilosa L., Bixa orellana L., Cecropia peltata L., Cinchona
officinalis L., Gliricidia sepium H.B. & K, Jacaranda mimosifolia D.Don, Justicia secunda
Vahl., Piper pulchrum C.DC, P. paniculata L. and Spilanthes americana Hieron were tested
against five bacteria (Staphylococcus aureus, Streptococcus β hemolytic, Bacillus cereus,
Pseudomonas aeruginosa, and Escherichia coli), and one yeast (Candida albicans) by Rojas et
al. (2006). The results have shown that all the plant studied were effective against three or more
of the pathogenic microorganisms, however, they were ineffective against Streptococcus β
hemolytic and Pseudomonas aeruginosa. The study also showed that Bixa orellana L along with
Justicia secunda Vahl. and Piper pulchrum C.DC may possibly be the probable sources of new
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antimicrobial agents, thereby supporting the use of selected plants in folkloric medicine as an
antimicrobial agent. It has also been reported by Agyare et al. (2006) that both methanolic and
petroleum ether extracts of the leaves as well of the bark showed antimicrobial properties when
tested against against six microorganisms, namely, Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus subtilis, Candida albicans and Aspergillus niger, but methanolic
extracts were more efficient than the petroleum ether extracts.
Akinpelu and Onakoya (2006) carried out studies on Psidium guayava and Mangifera indica to
analyze their antimicrobial activity. These two plants have been normally used for herbal
preparations in the treatment of toothache, gastrointestinal disorders, dynsentery, diarrhoea, sore
gums and sore throats in South western part of Nigeria. The results have shown that both the
plant extracts were able to inhibit the growth of all the fifteen different bacterial isolates used at
varying degree, however, Psidium guajava was observed to be more efficient.
Duraipandiyan et al. (2006) exclusively studied the antimicrobial activity of 18 ethnomedicinal
plant extracts against nine bacterial strains (Bacillus subtilis, Staphylococcus aureus,
Staphylococcus epidermidis, Enterococcus faecalis, Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Ervinia sp, Proteus vulgaris) and one fungal strain (Candida
albicans).The result showed that among the plants tested methanolic extracts of Acalypha
fruticosa, Peltophorum pterocarpum, Toddalia asiatica, Cassia auriculata, Punica granatum and
Syzygium lineare were most active than the hexane extract. The highest antifungal activity was
exhibited by methanol extract of Peltophorum pterocarpum and Punica granatum against
Candida albicans.
In a study by Odunayo et al. (2007) it was reported that extracts of Bryophyllum pinnatum and
Kalanchoe crenata showed moderate antimicrobial activity against the microorganisms studied
viz. gram-negative organisms (Escherichia coli ATCC 25922, Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Shigella flexneri, Salmonella paratyphi, Citrobacter spp)
and gram positive organisms Staphylococcus aureus ATCC 25213, Staphylococcus aureus,
Enterococcus faecalis, Bacillus subtilis) and a fungus (Candida albicans) used. However, the
activity was more pronounced against gram negative organisms. Nonetheless, Candida albicans
was resistant to the extracts obtained from the traditional method. The methanolic extract of B.
pinnatum leaves were reported to be more active against gram positive bacteria namely
Staphylococcus aureus, Enterococcus faecalis, Bacillus subtilis and Pseudomonas aeruginosa.
The plants may be assumed to have broad spectrum activities. In a similar study performed by
Ushimaru et al. (2007) to evaluate the in vitro antimicrobial activity of plant extracts (Allium
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sativum, Zingiberofficinale, Caryophyllus aromaticus, Cymbopogon citratus, Mikania glomerata
and Psidium guajava) against Gram-positive and Gram-negative acterial strains isolated from
human infections, it was reported that all the plants exhibited varying degree of antimicrobial
activity with methanolic extract of Caryophyllus aromaticus being the highest to show the
activity. Nair and Chanda (2007) extensively studied the antibacterial activities of ten medicinal
plants, namely Commiphora wightii, Hibiscus cannabinus, Anethum gravelons, Emblica
officinalis, Ficus religiosa, Ficus racemosa, Ficus benghalensis, Ficus tisela, Mentha arvensis
and Mimusops elengi against medically important bacterial strains, namely Pseudomonas
aeruginosa, Proteus mirabilis, Staphylococcus aureus, Bacillus cereus, Alcaligenes faecalis and
Salmonella typhimurium. The results have shown that the ethanol extracts of all the plants were
more effective than the aqueous extracts. The most resistant strains were Pseudomonas
aeruginosa and Salmonella typhimurium while the most susceptible bacterial strains were
Bacillus cereus and Proteus mirabilis. Among the plants studied, Emblica officinalis were able to
exhibit strong activity against all the tested bacterial strains making it a potential source of natural
drug.
Evaluation of antibacterial and antifungal activity of some of the local flora namely Acacia
nilotica, Sida cordifolia, Tinospora cordifolia Ziziphus mauritiana and Withania somnifera of
Mysore were performed by Mahesh and Satish (2008).The study demonstrated that all the parts
of the plants were effective against the bacterial and fungal strains at varying degree. Similarly,
Islam et al. (2008) extensively studied and reported the antimicrobial activity of some indigenous
plants of Bangladesh which have been used for the treatment of infectious diseases by tribal
peoples of Chittagong. The study demonstrated that out of the 16 plants screened only 5 plants
namely Mentha arvensis, Enhydra fluctuans, Blumea lacera, Chenopodium album and Glinus
oppositifolius were able to show antibacterial activity against Shigella dysenteriae, Salmonella
typhi, Salmonella paratyphi, Bacillus cerus, Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, Vibrio cholera and Bacillus megaterium at different degrees.
Moreover, gram positive bacteria were more susceptible to the crude extracts than gram negative
bacterial strains and Blumea lacera were able to exhibit more pronounced activity than the other
plants.
Joshi et al. (2009) exclusively studied the antibacterial properties of some of the locally used
medicinal plants viz. Ocimum sanctum (Tulsi), Origanum majorana (Ram Tulsi), Cinnamomum
zeylanicum (Dalchini), and Xanthoxylum armatum(Timur) against 10 medically important
bacterial strains namely Bacillus subtilis, Bacillus cereus, Bacillus thuringiensis, Staphylococcus
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aureus, Pseudomonas spp, Proteus spp, Salmonella Typhi, Escherichia coli, Shigella dysentriae,
Klebsiella pneumoniae. The results have shown that the activity of these plants against the
bacterial strains varied noticeably with Origanum majorana being the best to exhibit the activity.
Gram positive bacteria were reported to be more susceptible than the gram negative bacterial
strains. Sengul et al. (2009) evaluated the antioxidant and antimicrobial properties of Inula
aucherana, Fumaria officinalis, Crocus sativus, Vicum album, Tribulus terestris, Polygonatum
multiflorum, Alkanna tinctoria and Taraxacum officinale against 32 microorganisms. The study
demonstrated that almost all the plants showed different level of antioxidant and antimicrobial
activity. The aqueous extracts were observed to be less efficient than the methanolic extracts.
Total phenolic contents were not correlated with the antioxidant ability, thus, it may be assumed
that the phenolic compounds were not primarily responsible for the antioxidant capacity of the
extracts. Rather, several other phytochemicals such as ascorbic acid, tocopherol and pigments
may be considered to synergistically contribute to the total antioxidant activity.
In another study, Arun et al. (2010) reported the antibacterial activity of the methanolic extract of
Oldenlandia umbellata against the pathogenic organisms isolated from the respiratory tract
infections. The results have shown that the root and aerial portion (except leaves) were able to
effectively inhibit the growth of both gram positive and gram negative bacteria. Seven different
anthraquinones, of which 1-2- dihydroxy anthraquinone known as Alizarin was observed
predominantly in the methanolic extract of the plant. The plant derived Alizarin and the synthetic
Alizarin were found to be equally efficient inhibiting the bacterial growth.
Mathur et al. (2011) evaluated antifungal activity of eight medicinal palnts Andrographis
paniculata (Acanthaceae), Valeriana jatamansi (Valerianaceae), Asparagus racemosus
(Liliaceae), Tinospora cordifolia (Menispermaceae), Coleus barbatus (Lamiaceae), Berberis
aristata (Berberidaceae), Achyranthes aspera (Amaranthaceae) and Plantago depressa
(Plantaginaceae) against clinical pathogens. The study demonstrated that all the plants exhibited
different degree of antifungal activity with hydro-alcholic extracts to be the potent ones than the
hexane extracts. Among the samples, hydroalcoholic extracts of Andrographis paniculata and
Achyranthes aspera were able to effectively inhibit the growth of Aspergillus niger and Candida
albicans. Similarly, Panghal et al. (2011) reported antimicrobial activity of ten medicinal plants
namely Asphodelus tenuifolius Cav., Asparagus racemosus Willd. , Balanites aegyptiaca L.,
Cestrum diurnum L., Cordia dichotoma G. Forst, Eclipta alba L., Murraya koenigii (L.) Spreng.,
Pedalium murex L., Ricinus communis L. and Trigonella foenum graecum L. against clinical
isolates of oral cancer cases viz. Staphylococcus aureus, Escherichia coli, Staphylococcus
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epidermidis, Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus mirabilis, Proteus
vulgaris and the fungal pathogens Candida albicans and Aspergillus fumigatus. The result has
shown that out of the 10 plants tested, eight were able to exhibit significant antimicrobial activity
(P < 0.05) against most of the isolates with P. aeruginosa being the most susceptible bacterium,
implying that the medicinal plants could be considered as an effective antimicrobial agent to
prevent the secondary infections in treated cancer patients. In another study by Lourens et al.
(2011), the antimicrobial activity of chloroform:methanol (1:1) extracts (leaf and stem extracts
for all 36 Helichrysum species and an additional flower extract for H. rugulosum) was determined
against six microorganisms, including three Gram-positive bacteria (Bacillus cereus, ATCC
11778, Staphylococcus aureus, ATCC 12600, and Staphylococcus epidermidis, ATCC 2223),
two Gram-negative bacteria (Klebsiella pneumoniae, NCTC 9633 and Pseudomonas aeruginosa,
ATCC 9027), and a yeast (Cryptococcus neoformans, ATCC 90112) and the cytotoxicity was
determined against transformed human kidney epithelial (Graham) cells, MCF-7 breast
adenocarcinoma and SF-268 glioblastoma cells. Seven out of 36 plants exhibited minimum
inhibitory concentration values lower than 0.1 mg/ml against Bacillus cereus and/or
Staphylococcus aureus and less than 25% growth for the Graham and MCF-7 cell lines at the
same concentration.
Singariya et al. (2012) extensively studied the antibacterial and antifungal activity of crude
extracts of fruit coat (calyx) in different solvents (hexane, petroleum ether, toluene, benzene, iso
propyl alcohol, chloroform, ethyl acetate, acetone, ethanol, glacial acetic acid and water) of
Withania somnifera against some human as well as plant pathogen viz. Proteus merabilis,
Klebsiella pnemoniae, Agrobacterium tumefaciens (plant pathogen) and one fungus Aspergillus
niger. The results have shown that 9 out of 11 extracts were effective against the bacterial and
fungal growth revealing broad spectrum nature of W. somnifera. Among the extracts, ethyl
acetate, glacial acetic acid, iso propyl alcohol and chloroform extracts were able to exhibit
maximum antimicrobial activities, however, glacial acetic showed pronounced activity with a
very low MIC and MBC/MFC values which were similar to the standard drugs (gentamycin and
ketoconazole) used. Likewise, the leaves of genus Murraya koenigii (L) Spreng (Mitha neem),
one of the commonly used flavoring agent in Indian curry was evaluated for its antimicrobial
activity by Harish et al. (2012). The plants have been known to be traditionally used as medicines
and are reported to have activity such as antibacterial, anti-inflammatory, anti-feedant etc
(Dahanukar et al, 2000; Bhaskar et al., 2011). The study demonstrated that all the four extracts
viz. water, ethanol, chloroform and petroleum ether, were able to exhibit the antimicrobial
activity against gram positive organisms (Staphylococcus aureus) and gram negative organisms
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(Pseudomonas aeuriginosa, Escherichia coli, Klebsiella pneumonia and Salmonella typhi) at
varying degree. The minimum inhibitory concentration (MIC) of the water, ethanol, chloroform
and pet ether extracts were in the range of 12.5 to 50.0 mg/ml while minimum bactericidal
concentration (MBC) ranged between 50.0 to 100.0 mg/ml. However, among the extracts, the
strongest antibacterial effect was exhibited by the ethanolic extract. The presence of carbazole
alkaloids were assumed to be responsible for the antimicrobial activity thereby validating the use
of M. koenigii as an antimicrobial agent. In similar studies performed by Kagne et al. (2012) the
antifungal activity of ethanolic, methanolic and distilled water extract of Blumea lacera against
Aspergillus niger, Aspergillus oryzae, Aspergillus praraciticus-456, A. flavus and A. parasiticus
at varying range was reported. Among the extracts, ethanolic extract exhibited better activity than
the other extracts which may be attributed to the chemical compounds like oils present in the
sample.
Sharma and Patel (2013) evaluated and reported the antibacterial activity of methanolic extract of
Rivea ornata against four bacterial strains namely Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa and Escherichia coli in a dose-dependent manner. Thalwal et al.
(2013) also exclusively studied and reported the antimicrobial activity of Amaranthus spinosus,
Orchis muscula and Solanum nigrum against Staphylococcus aureus (ATCC96), Streptococcus
mutans (ATCC890), Bacillus subtilis (ATCC6633), Bacillus amylolique faciens (ATCC23350),
Aspergillus fumigates (ATCC1022) and E. coli (ATCC483). The methanol, acetone and hexane
extracts of A. spinosus, S. nigrum and O. muscula exhibited antimicrobial activity at varying
range. However, among all the extracts, methanolic extracts exhibited highest antimicrobial
activity while chloroform extract was not effective against the bacterial strains. Phytochemical
analysis revealed the presence of tannins and flavonoid in methanolic extracts while it was absent
in the chloroform extract which may have contributed towards better antimicrobial activity of the
methanolic extracts, thereby, validating the folkloric use of these plants. The antioxidant,
antimicrobial activities and phytochemical screening of different crude extracts viz. hexane, ethyl
acetate, chloroform, butanol and methanol of Datura metel available in Sultanate of Oman were
evaluated by Alabri et al. (2014). The study demonstrated varying degree of antibacterial and
antioxidant activity by all the crude extracts of both dry and fresh leaves extracts. However, the
methanolic extracts were moderately better in inhibiting the growth of one gram positive
(Staphylococcus aureus) and three gram negative (Escherichia coli, Klebsiella pneumoniae and
Pseudomonas aeruginosa) bacteria. Phytochemical analysis revealed the presence of alkaloid,
flavonoid, saponin and tannin compounds while steroids and triterpenoid compounds was not
detected in all crude extracts of both dry and fresh leaves. The presence of phytochemicals like
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tannins and flavonoids may be assumed to have induced the antioxidant and antimicrobial
activity.
Extensive studies have been performed by Nanthakumar et al. (2014) to evaluate the
antimicrobial efficacy of the medicinal plant Rhinacanthus nasutus Linn. The study demonstrated
that both the aqueous and ethanolic extracts of R. nasutus exhibited antimicrobial activity against
the human pathogenic bacteria namely Bacillus subtilis, Streptococcus faecalis, Salmonella
paratyphi, Salmonella paratyphi (A), Aspergillus flavus, Candida albicans, Trichoderma viride
and Pencillium sp at a varying degree. However, the aqueous extract showed better activity
against Bacillus subtilis, Salmonella paratyphi, Candida albicans and Aspergillus flavus than the
ethanolic extracts making them the potential alternatives as an antimicrobial agent that may be
used to prevent resistant microorganisms from causing infectious diseases.In a similar study Haq
et al. (2014) demonstrated the antioxidant properties and antibacterial activities of different
extracts of Sonneratia alba. Among the various extracts, ethanol extract of the bark and water
extracted fractions demonstrated higher antioxidative and antibacterial properties. According to
the authors the high phenolic content in the sample may have contributed towards the biological
activities. In another study by Gauniyal and Teotia (2014) the phytochemical and antimicrobial
activity of some medicinal plants against five microbial strains causing oral infections was
evaluated. The study demonstrated that almost all the medicinal plants studied exhibited varying
degree of antimicrobial activity against Streptococcus mutans, Enterococcus faecalis,
Lactobacillus acidophilus, Candida albicans and Candida tropicalis. However, amongst the
plants Acacia nilotica, Citrus limon, Emblica officinalis, Juglans regia, Psidium guajava L. and
Withania somnifera were observed to effectively inhibit the microbial growth while Lannea
coromandelica (Houtt) Merr and Rosa centifolia could weakly inhibit the growth of the tested
microorganism. Phytochemical analysis revealed the presence of alkaloids, glycosides,
terpenoids, steroids, flavonoids, tannins, reducing sugars and saponins in almost all the plants
studied making these plants the potential source for the development of antimicrobial agents
against oral microorganisms. Likewise, Tirupatirao et al. (2014) evaluated and reported the
antimicrobial activity of various extracts namely aqueous, methanolic and petroleum ether
extracts of two Indian medicinal plants viz. Neem and Tulsi against Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Micrococcus luteus and Pseudomonas aeruginosa. All
the extracts were able to inhibit the growth at a varying degree. However, among the extracts,
methanolic extract of neem plant and aqueous extract of tulasi showed better antimicrobial
activity than the petroleum ether extract.
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The in vitro antibacterial activity of ethanolic extracts of 16 different traditionally used medicinal
plants of Nepal namely Acorus calamus L., Adhatoda vasica L. Artemisia vulgaris L. Asparagus
racemosusWild., Centella asiatica L., Cinnamomum camphora L., Curculigo orchioides Gaertn.,
Curcuma longa L., Cuscuta reflexa Roxb., Cynodon dactylon L., Drymaria cordataWild.,
Eupatorium adenophorum Spreng., Ginkgo biloba Spreng., Psidium guajava L, Rauwolfia
serpentina L. and Swertia chirayita Roxb. against 13 clinical and 2 references bacterial species
was evaluated by Marasini et al. (2015). The results indicated that varying degree of
antimicrobial activity were exhibited by the plants studied with Cynodon dactylon being the
efficient to inhibit the growth of even the methicillin-resistant Staphylococcus aureus, imipenemresistant Pseudomonas aeruginosa, multidrug-resistant Salmonella typhi, and S. typhimurium.
Furthermore, the ethanolic extracts of Cinnamomum camphora, Curculigo orchioides and
Curcuma longa displayed the highest MIC values against S. pyogenes while highest antibacterial
activity against

S. aureus was exhibited by chloroform fraction of Cynodon dactylon. Some of

the extracts i.e. C. dactylon, C. camphora, C. orchioides and C. longa with MIC values<100
g/mL could be considered as the potent source of antibacterial agent against infections by MDR
bacteria. Chaitali et al. (2015) reported the antimicrobial activity of Morus indica leaf extract
against Staphylococcus aureus, Aspergillus niger and Penicillium. The ethanolic and methanolic
extract exhibited better antibacterial and antifungal activity respectively which may be assumed
to be attributed by the various secondary metabolites present in the leaves of M. indica. Similarly,
Londhe et al. (2015) reported the antimicrobial activity of leaf hydrodistillates of Ocimum
tenuiflorum, O. gratissimum, O. kilimandscharicum against Bacillus cereus, Bacilus subtilis,
Escherichia coli, Pseudomonas aeruginosa and Aspergillus niger. All the three Ocimum species
exhibited varying degree of antimicrobial activity. However, O. kilimandscharicum displayed
effective antibacterial activity against B. cereus, E. coli, P. aeruginosa while leaf distillates of O.
gratissimum were effective against A. niger. Preliminary phytochemical analysis revealed the
presence of reducing sugars, monosaccharides, hexose sugar, amino acids, tannins and phenolic
compounds, citric, malic and tartaric acids. Presence of the acids along with the other
phytochemicals in the sample may be assumed to have attributed towards the antimicrobial
activity of the Ocimum species.
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2.4. Hypoglycemic activity of the plants
Diabetes mellitus is a serious life threatening disease characterized by chronic hyperglycemia
caused due to deficiency or defects in the insulin secretion or insulin resistance and altered
metabolism of carbohydrates, lipids and proteins (Bussa and Pinnapareddy, 2010) which in turn
may lead to other complications like chronic renal failure, retinal damage, cardio-vascular and
neuro-degenerative diseases (Gin and Rigalleau, 2000).

Despite the advances made in the

management and understanding of diabetes, the rate of disease and disease related problems seem
to be developing at an alarming rate. Numerous drugs in use to control diabetes and oxidative
stress are associated with various adverse effects which has globally accelerated the effort to
search for plants having medicinal properties (Inas et al., 2011) Thus, in this regard Kesari et al.
(2005) evaluated the hypoglycemic activity of the aqueous extract of Murraya koenigii leaves in
normal and alloxan induced diabetic rabbits. The result have shown that the aqueous extract was
efficient in lowering the blood glucose level in both normal and diabetic rabbits at a single oral
administration of variable dose levels (200, 300 and 400mg/kg b.w.). Murraya koenigii leaves
have been known as a spice for food flavoring and are safe for consumption, thus these leaves
may be prescribed as an adjunct along with other treatments like dietary therapy and drug
treatment to control diabetes mellitus.
The folkloric use of Terminalia chebula (Combretaceae) to treat diabetes has been supported by
the study of Rao and Nammi (2006).

They evaluated the antidiabetic and renal function

protecting activity of the chloroform extract of T. chebula in streptozotocin-induced diabetic rats
using short term and long term study protocols. Oral administration of the extracts at the doses of
100, 200 and 300 mg/kg in short term study and (300 mg/kg) in long term study ( daily for 8
weeks) to streptozotocin-induced diabetic rats, were shown to significantly reduce the blood
glucose level comparable and exhibit significant renoprotective activity. The reduction of blood
glucose by T. chebula may be assumed to be either through secretion of insulin from the β-cells
of Langerhans at an increased rate or through an extra pancreatic mechanism, however, the
possible mechanism of renoprotection was unclear. Florence et al. (2007) investigated the effect
of Dorstenia picta methanolic residue extract on blood glucose levels and some biochemical
parameters in normal and streptozotocin-induced diabetic rats. The results have shown that the
methanolic extract of D. picta and insulin were able to prevent body weight loss, polyphagia and
polydipsia. The extract at the dose of 75 mg/kg and 150 mg/kg were reported to significantly
(p<0.01) reduce the blood glucose levels in the diabetic rats by 53.88 % and 81.96 %
respectively. Furthermore, there was significant reduction in serum cholesterol, triglycerides,
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plasma alanine and aspartate transaminase levels in both normal and diabetic rats while no
change was recorded in creatinine and total protein content. Authors have suggested that D. picta
may be a potential source of new oral antidiabetic drug as the treatment with D. picta extract may
improve glucose homeostasis in streptozotocin-induced diabetes by possibly showing insulinlinked activity and ameliorating kidney and liver functions. In a similar study by Sokeng et al.
(2007) the hypoglycemic effect of Anacardium occidentale Linn in streptozotocin-induced
diabetic rats was reported. The study demonstrated that the oral administration of the methanolic
extract at the doses of 35, 175 and 250 mg/kg could significantly reduce the blood glucose levels
in diabetic rats after 3 h of administration with maximum reduction of 37 and 35% at the doses
175 and 250 mg/kg extract respectively. However, repeated administration of the methanol
extracts and its fraction, n-hexane, dichloromethane and ethyl acetate fractions significantly
reduced the blood glucose ranging between 21-48% besides, urine glucose levels. Among the
extracts, hexane and ethyl acetate fractions exhibited the most prominent actions which may be
assumed due to the non polar and polar hypoglycemic compounds of the plant.
Likewise, Jie et al. (2008) evaluated and reported the in vitro antidiabetic and antioxidant activity
of Cirsium japonicum roots which is known to have various medicinal properties. Traditionally,
the plant has been used as an antihemorrhagic, antihypertensive and antihepatitis agent in Korea.
The study demonstrated that the methanolic and water extract of roots of Cirsium japonicum
exhibited antioxidant activity in a dose dependent manner, with methanolic extract being more
potent than water extract. However, MeOH extract did not exhibit α-glucosidase inhibitory
activity while moderate but not high inhibitory α-glucosidase activity was shown by the water
extract, though higher phenolic and flavonoid contents was found to be in the MeOH extract.
Arumugama et al. (2008) reported the antidiabetic activity of both the leaf and calluses obtained
from leaf explant of Aegle marmelos. Both leaf and the callus were reported to significantly
decrease the blood sugar level in streptozotozin diabetic rabbits. However, among the various
extracts used, the maximum anti-diabetic effect was exhibited by the methanolic extracts of the
leaf and callus, thereby revealing the efficiency of the in vitro callus to manage diabetes at par
with the original leaf extract.
Sengul et al. (2009) exclusively studied the antidiabetic activity of the methanol extract of
Artanema sesamoides Benth (Scrophuilariaceae) (MEAS) in streptatozocin-(STZ) induced
diabetic rats. The results have shown that the MEAS extract at doses 200 and 400 mg/kg b.w.p.o
significantly reduced the fasting blood glucose level while there was an increase in the liver
glycogen level (25.84 ± 1.52) as compared to diabetic control (12.31 ± 0.63)
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(P<0.001).Additionally, significant reduction in the elevated serum glutamate oxaloacetate
transaminase (SGOT), glutamate pyruvate transaminase (SGPT), and alkaline phosphatase
(SALP) with respect to control was observed. Furthermore, there was a significant reduction in
the cholesterol and triglycerides levels with an improvement in the HDL/LDL ratio, thereby
validating the cytoprotective activity of the extract. Similarly, Prasad et al. (2009) evaluated the
antidiabetic activity of aqueous leave extracts of three herbs namely Murraya koenigii (MK),
Psidium guajava (PG) and Catharanthus roseus (CR) in streptozotocin (STZ) induced diabetic
albino rats. The study demonstrated that MK, PG and CR at the oral dose of 500 mg/kg body
weight once a day for 15 days was able to significantly reduce the blood sugar level (p<0.001)
and increase the body weight (MK and PG: p<0.05, CR p<0.001) after 15 days with respect to
diabetic control. Furthermore, histological parameters altered during diabetic manifestations was
significantly restored which was comparable to that of the standard drug glibenclamide used for
the treatment of diabetes mellitus. Further, studies performed by Ahmed et al. (2010) reported the
antidiabetic activity of methanolic extract of Vinca rosea (Catharanthus roseus) in alloxan
induced diabetic rats. Almost all the plant parts of Vinca rosea have been used traditionally and
validated scientifically to treat various diseases (Cowley and Bennet, 1928; Pillay et al., 1959;
Nammi et al., 2003). Additionally, the methanolic whole plant extract of Vinca rosea at a
concentration of 500mg/kg b.w. exhibited significant antihyperglycemic activity along with the
improvement in the parameters like body weight, lipid profile as well as regeneration of β-cells of
pancreas in diabetic rats. Possibly, some β-cells may have survived the effect of alloxan, thus
these cells were acted upon by Vinca rosea extract to produce insulin which may have resulted in
antidiabetic activity of the plant. Moreover, histopathological studies further supported the
antihyperglycemic activity as pancreas was observed to be healed by Vinca rosea extracts.
Likewise, Priyadarsini et al. (2010) evaluated the in vitro and in vivo antidiabetic activity of the
leaves of Ravenala madagascariensis Sonn. The four different extracts namely n-Hexane,
ethylacetate, ethanol and aqueous leaf extracts of Ravenala madagascariensis at a concentration
of 50gram/litre revelaed, in vitro and in vivo antidiabetic at varying degree. Among the extracts,
ethanolic and aqueous extracts was observed to significantly inhibit the effect on glucose
diffusion in vitro and both the extracts exhibited significant in vivo antidiabetic activity; however,
the ethanolic extract revealed better blood glucose lowering activity than the aqueous extract. The
results thereby supported the folkloric use of the plant to treat diabetes.
Studies performed by Omage et al. (2011) on the plant Garcinia kola regarding its antidiabetic
potential reported that the aqueous extract of Garcinia kola seeds on oral administration at the
dose of 200mg/kg body weight to normal rats, were able to significantly decrease (p<0.05) the
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blood sugar level and malondialdehyde, with significant (p<0.05) increase in the superoxide
dismutase activity. However, the catalase activity was not observed to be effected significantly
(p>0.05). Thus, the study provided an evident that Garcinia kola which is traditionally used in
Nigeria for improving nervous alertness and stimulation of insomnia, may also acquire
hypoglycemic and antioxidative properties. In a similar study, Kumar et al. (2011) investigated
the in vitro alpha-amylase potential and in vivo antioxidant activity of Amaranthus spinosus in
alloxan-induced diabetic rats. A. spinosus have been used traditionally to treat various diseases
(Vaidyaratanam, 1996; William D’ymock, 1976; Kirtikar and Basu, 1987). The results have
shown that the methanolic extract of A. spinosus (MEAS) could significantly inhibit the alphaamylase activity, reduce the elevated blood glucose, MDA and restores GSH, CAT and TT levels
which may be attributed to the active principle(s) present in the plant extract. Das and
Chakraborty (2011) carried out the study to investigate an anti-hyperglycemic effect of Scoparia
dulcis in streptozotocin induced diabetes. The study demonstrated that the aqueous extract of
Scoparia dulcis at the dose of 250 mg/kg body wt. /twice a day resulted in a marked decrease in
the levels of fasting blood glucose, urine sugar, thiobarbituric acid reactive substances, reduced
glutathione and glycogen content with a concomitant increase in body weight.
Besides, in vivo antihyperglycemic anaylsis to understand the mechanism of the plant extracts to
treat diabetes, an in vitro enzyme activity analysis may also be helpful. Thus, inhibition of
amylase and glucosidase enzymes have been studied frequently as it can provide some strategy to
control post prandial blood glucose level in type 2 diabetes patients (Ali et al., 2006). In view of
this, the genus Caesalpinia digyna (root methanolic extract) was evaluated for the vitro αamylase and α- glucosidase antidiabetic activity (Narkhade et al., 2011). C. digyna have been
used traditionally to treat diabetes and anti-inflammatory diseases (Srinivasan et al., 2007). The
study demonstrated that the extract was able to inhibit the both α-amylase and α- glucosidase
activity in a dose dependent manner. The α-amylase inhibitory activity of the plant may be
assumed to be because of the flavanols present in the extract while that of α- glucosidase be
attributed to the intestinal α-glucosidases inhibitory activity. Since, postprandial hyperglycemia
is the major features of diabetes mellitus, thus therapeutic approaches involved in decreasing
postprandial hyperglycemia by inhibiting the activity of α-amylase has been one of the prime
focuses in the treatment of diabetes. Hence, Sangeetha and Vedasree (2012) investigated the in
vitro α-amylase inhibitory activity of the leaves of Thespesia populnea. The results have shown
all the extracts used viz. petroleum ether (PETP), chloroform (CTP), ethyl acetate (EATP) and
methanol (MTP) exhibited α-amylase inhibitory activity at varying degree. However, among the
extracts ethyl acetate (EATP) and methanol (MTP) revealed better inhibitory activity. Further,
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analysis carried out to understand the nature of enzyme inhibitors suggested the inhibitors to be
proteinaceous in nature. Overall, the study validates the traditional use of T. populnea to alleviate
postprandial hyperglycemia and reduce oxidative stress thereby helping to combat various
diabetic complications.
Studies performed by Oboh et al. (2012) to assess the inhibitory effect of Telfaira occidentalis on
α-amylase and α- glucosidase revealed that the leaf extracts of both unprocessed and blanched T.
occidentalis exhibited dose-dependent enzymatic inhibition with better inhibition by unprocessed
leaf extract. However, blanched extract revealed significant increase (p<0.05) in the antioxidant
properties with decrease in the inhibitory activity. The antioxidant properties along with the
enzyme inhibition activity may assume to be the probable mechanism which could be used by T.
occidentalis leaf in the management of type 2 diabetes. Likewise, Jiju et al. (2013) reported that
the various leaf extracts of Carica papaya L. viz. ethyl acetate, alcohol and aqueous extract
revealed increase in the percentage inhibitory activity on α-amylase in the dose-dependent
manner besides delaying the digestion of starch with respect to time. The mechanism by which
C.papaya may have exerted the inhibitory activity could be related to its action on carbohydrate
binding region of α-amylase which leads to the hydrolysis of the internal α-1,4glucosidase
linkages in starch thereby suppressing the postprandial hyperglycemia.
The genus Cassia fistula Linn. have been used traditionally in the treatment of hematemesis,
pruritis, intestinal disorders, leucoderma, diabetes, and as antipyretic, analgesic & laxative
(Bhakta et al. 2001). The folkloric claim of C.fistula to be useful in diabetes management has
been supported by Shrikant and Manjunath (2013). They studied and reported the in vitro αamylase inhibitory activity of the total alcoholic bark extract of C. fistula along with its ethyl
acetate and butanol fractions. The most significant inhibitory activity was exhibited by the ethyl
acetate fraction. Presence of flavonoidal moiety in the ethyl acetate fraction may be considered
responsible for α-amylase inhibitory activity.
Mary and Gayathri (2014) evaluated the in vitro α-amylase and α-glucosidase inhibitory activities
of bark of Terminalia bellirica. The petroleum ether, chloroform and ethanol extract of T.
bellirica revealed varying percentage of alpha amylase and glucosidase inhibition. However,
comparatively, ethanolic extract exhibited appreciable inhibitory activities which may be
attributed to the secondary metabolites present in the sample. Likewise, Shareef et al. (2014)
reported the in vitro α-amylase activity of the petroleum ether, chloroform, ethyl acetate and
methanol extracts of leaves of Tinospora cordifolia. Among the extracts potent inhibitory activity
was exhibited by ethyl acetate and methanol fraction. Additionally, in vitro and in vivo
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antidiabetic activity of extracts from Actinidia kolomikta was reported by Yuan et al. (2014). The
study demonstrated that alcohol and water extracts of both roots and leaves of A. kolomikta were
able to exhibit dose dependent α--glucosidase inhibitory activity. However, aqueous leaf extract
revealed comparatively better α-glucosidase inhibition than the other extracts. Furthermore,
aqueous extract was observed to reduce blood glucose level without causing hypoglycemia
besides controlling various diabetes complication related blood indicators such as protein
metabolism, lipid profile and liver functions suggesting A. kolomikta to be one of the probable
and sustainable bioresources for diabetes management. In another study by Aditya et al. (2014)
methanolic bark extract of Pseudovaria macrophylla at concentration of 200 and 400 mg/kg bw
were capable of decreasing the blood glucose levels in STZ-nicotinamide induced diabetic rats
besides significantly increasing the antioxidant enzyme, reduced glutathione, improving serum
insulin, C-peptide levels with decrease in the level of lipid peroxidation (LPO). Furthermore, P.
macrophylla strikingly reduced the levels of serum pro-inflammatory cytokines while effectively
preserving the islet and β-cells structure. Additionally, the enhanced expression of insulin protein,
GLUT -1, GLUT -2 and GLUT -4 in the pancreatic cells could be one of the mechanisms
responsible for antidiabetic activity exhibited by the plant extract.
Till date, the use of traditional medicines to manage diabetes has been extensively used across the
globe. Despite developments achieved in the diabetes treatment, rural as well as urban
communities in Africa widely rely on traditional remedies. Many plants available in Sudan have
been reported to possess hypoglycemic activity. In this view, some plants namely Mitragyna
inremis (Wild) O. Kundze, Nauclea latifolia Smith., Randia nilotica Stapf., Tinospora bakis
(A.Rich.) Miers and Striga hermonthica (Del.) Benth. have been evaluated for its hypoglycemic
activity. The study demonstrated that the aqueous extracts of T. bakis, N. latifolia and R. nilotica
at the doses of 400mg/kg bw could significantly reduce the blood glucose level (p<0.05) in case
of acute treatment, while chronic treatment of diabetic rats exhibited the ability to rectify the
metabolic disturbancs besides significantly reducing the blood glucose level (p<0.05).
Futhermore, the aqueous extracts of the plants revealed differential ability to significantly lower
the total cholesterol, total triglycerides, LDL-C, plasma AST, ALT, LDH, urea and blood urea
nitrogen and increase HDL-C. However, S. hermonthica did not exhibit any hypoglycemic
activity against the diabetic rats. The study thereby supports the use of these plants in the
Sudanese traditional medicine (Maha et al., 2015). Significant reduction (p<0.05) in the blood
sugar level of alloxan induced diabetic mice by the ethanolic leaf extract of Phyllanthus amarus
has been reported (Shetti and Kaliwel, 2015). Similarly, Gupta et al. (2015) reported that oral
administration of 1.5g/kg bw of ethanolic bulb extract of Urginea indica significantly reduced the
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blood sugar, total cholesterol and triglyceride level with improvement in HDL of STZ-treated
diabetic rats.

2.5. Phytochemicals of ferns
It is not surprising that pteridophytes played an important role in folkloric medicine and have been
successfully used from ages in Ayurvedic, Unani, Homeopathic and other systems of
medicines; but its importance in modern era has been highly neglected. However, the search for
novel and safer alternatives for drugs has gained so much of interest in recent times that even the
lower groups of plant like Pteridophytes have been occasionally investigated for its
phytochemicals and medicinal values. In this context, certain available literature has been
reviewed below:
Irudayaraj and Senthamarai (2004) reported the presence of steroid, phenolic groups like catechin
and tannin with very good positive result in the rhizome of Drynaria quercifolia (L.) J. Smith.
Further, study on the phytochemical constituents of D. quercifolia rhizome in the different
extracts namely acetone, benzene, chloroform, water, ethanol and petroleum ether revealed the
presence of phenols and tannins, and an absence of alkaloids, proteins, xanthoproteins, carboxylic
acid and coumarins in the extracts tested. However, saponin was reported only in the benzene and
petroleum ether extract (Muraleedharannair et al., 2012). Similarly, presence of tannins, saponins
and flavonoids in the hydro-alcoholic extract of Equisetum arvense L. collected from some
unknown region of the State of Santa Catarina, Brazil has been reported by Santos Jr. et al.
(2005a, 2005b).
Likewise, presence of various types of flavonoids, particularly, types of flavonol 3-O- glycosides,
and triterpenes, saponins along with high content of steroids in the leaves of Dicranopteris
linearis has been reported by Raja et al. (1995) and Zakaria (2007). Furthermore, presence of
flavonoids, saponins, triterpenes, tannins and steroids but absence of alkaloids was reported from
the leaves of D. linearis (Zakaria et al., 2011). Additionally, many species of Microsorum were
reported to contain ecdysteroids (from Microsorum scolopendria) /phytoecdysteroids which have
been considered responsible for the medicinal property of these plants (Eva et al., 2007; Raimano
et al., 2007).
The presence of phytochemicals like leucocyanidin, leucodelphinidin, the flavones ester apigenin
7-O-p-hydroxybenzoate and a number of glycosides of apigenin, leutolin, isocutellarein-8-Omethyl-ether, kaempherol and queretin were reported by Salantino and Prado (1998) and
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Imperato (2006) in Pteris vittata. Further, flavonoid (mainly rutin), tannins, resins, glycosides
and terpenoids have also been reported (Singh et al., 2008). In a study performed by Rani et al.
(2010), phytochemicals like flavonoids, tannins, alkaloids, reducing sugars, triterpenoids and
steroids were reported in Psilotum nudum, Nephrolepis biserrata and Nephrolepis cordifolia.
Similarly, eleven species of ferns namely Microsorium membranacum (D.Don.), Nepobolus
lanceolatus Trim., Pleopeltis wightiana (Beddome), Lygodium flexuasum (L.) Sw., Marsilea
minuta L., Athyrium hohenackeranum Kunze, Pityrogramma calomelanos (L.) Link, Christella
parasitica (L.) H. Lev., Diplazium esculentum (Retz.) Sw., Pteris vittata (L.), Tectaria coadunata
(Wall. Ex Hook. & Grev.) C.Chr. were investigated for the presence of phytochemicals.
Phytochemicals such as chlorophylls, carotenoids and polyphenols at varying range were
quantified (Bharat et al., 2011).
Likewise, phytochemical screening of acetone, benzene, chloroform, aqueous, ethanol and
petroleum ether extracts of some important medicinal Pteridophytes of Western Ghats namely
Drymoglossum heterophyllum (L.) Trimen, Dicranopteris linearis Burm.f., Blechnum orientale L.,
Ceratopteris thalictroides (L.) Brong, Hemionitis arifolia (Burm), Lindsaea ensifolia SW,
Nephrolepis multiflora (Roxb.) Jarrett, Pityrogramma calomelanos (L.), Pteris confuse T.G.
Walker and leaves and rhizomes of Drynaria quercifolia (J.) Smith was performed by Mithraja et
al. (2012). The results have shown that out of the 66 extracts tested only 47 showed the presence
of tannin. Abraham and Aeri (2012) analysed the phytochemicals present in the methanolic
extracts of Azolla microphylla and reported the presence of tannins, steroids, anthraquinone
glycosides, phenols and sugar, and an absence of alkaloid, triterpenoid and amino acids.
Britto et al. (2012) investigated the presence of phytochemicals in five medicinal ferns namely
Pteris biaurita L., Lygodium flexiuosam (L.) Sw., Hemionitis arifolia (Burm.f.) T. Moore,
Actinopteris radiate (J. Koenig ex Sw.) Link and Adiantum latifolium Lam. Twenty five extracts
of the samples extracted in five different solvents viz. petroleum ether, benzene, chloroform,
methanol and distilled water were used for the study. The results have shown the difference in the
presence of the phytochemicals with respect to the solvents used. Presence of flavonoids and
steroid in all the samples were detected, however, phenolics were present only in the methanolic
extracts. Triterpenoids and catechins were detected in five extracts, tannins and saponins in eight
extracts, alkaloids in fifteen extracts and anthraquinones and amino acids in only three of the
extracts studied. However, among the extracts, methanolic extracts of all the plants showed
maximum number of the compounds. In another study, Muraleedharannair et al. (2012) examined
the phytoconstituents present in five different ferns namely Adiantum caudataum, Adiantum
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latifolium, Adiantum lunulatum, Christella dentata and Christella parasitica growing on the
Kanayakumari District of Western Ghats, India. Total of thirty extracts prepared in acetone,
benzene, chloroform, aqueous, ethanol and petroleum ether were employed in the study. The
study has demonstrated varied degree of presence and absence of phytochemicals with reference
to the solvents used. Phenols were present in almost all the plants extracts while flavonoids,
alkaloids, proteins, quinones and steroid (with exception in petroleum ether extract of A.
latifolium and C. parasitica, and in acetone extract of A. caudataum ) were absent in the extracts.
Saponins were detected in fifteen extracts, tannin in sixteen extracts, xanthoprotein in seven
extracts, carboxylic acid in nine extracts, coumarins in seven extracts and carbohydrates in
twenty one extracts.
Gracelin et al. (2013) investigated the phytochemicals present in the methanolic extracts of five
ferns belonging to Pteridaceae family such as Pteris argyreae T. Moore, Pteris confusa T.G.
Walker, Pteris vittata L., Pteris biaurita L., and Pteris multiaurita Ag. The results have revealed
the presence of alkaloids, phenolic compounds, flavonoids, saponins and tannins in all ferns
studied while tannin was absent in P. multiaurita. Likewise, steriod was present in all the ferns
while triterpenoids was not detected in P. confusa and P. multiaurita. Reducing sugars were
present only in P. confusa and P. vittata while sugar was present only in P. biaurita. Amino acids
were present only in P. vittata and P. biaurita while anthraquinones were absent in all the ferns
except P. biaurita. Besides, phytochemicals like tannins, reducing sugar, cardiac glycosides,
carbohydrate and saponin, the proximate analysis had revealed the presence of protein, fibre, ash,
moisture and carbohydrates with appreciable amount of vitamin C in the fresh leaflets of
Nephrolepis cordifolia (Oloyede et al., 2013).
Kalpana et al. (2014) investigated the presence of various phytochemicals in the aqueous, ethanol
and petroleum ether extracts of four ferns namely, Actinopteris radiata, Drynaria quercifolia,
Dryopteris cochleata and Pityrogramma calomelanos. Presence of tannins, saponins, flavoinds,
quinines, cardoglycosides, terpenoids, phenol, alkaloid, betacyanin and coumarins were revealed
by almost all the ethanolic and aqueous extracts of the four ferns. On the other hand, petroleum
ether extract showed negative responses to almost all the phytochemicals examined. Further
quantification revealed highest and lowest content of the total phenol and tannin in P. calomelanos
and D. quercifolia respectively.
Studies carried out by Bahadori et al. (2015) on the methanolic extract (leaves and rhizome) of
eight Iranian ferns namely Polypodium interjectum, Polystichum woronowii, Polystichum
aculeatum, Dryopteris affinis, Athyrium filix-femina, Asplenium scolopendrium, Asplenium
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adiantum and Pteris cretica revealed the presence of terpenoids and polyphenols in all the tested
plants while anthocyanins were absent in all the plants studied. Quinones and anthraquinones
were detected only in P.woronowii, P. aculeatum and D. affinis. Similarly, Chai et al. (2015)
carried an analysis to determine the phytochemicals present in six medicinal and edible ferns
namely, Christella arida, Christella dentata, Cyclosorus interruptus, Microsorum punctatum,
Nephrolepis acutifolia and Pleocnemia irregularis. Appreciable amount of total phenol,
hydroxycinnamic acids, flavonoids and proanthocyanidins were reported in these ferns

2.6. Biological efficacy of Pteridophytes
Many studies have been conducted to evaluate biological activities like antioxidant,
antimicrobial, hypoglycemic, antiulcer, cytotoxic, anti-inflammatory etc of pteridophytes in
recent days. However, focus in this review will be primarily on antioxidant, antimicrobial and
antidiabetic activities.
2.6.1. Antioxidant activity of Pteridophytes
Bora et al. (2005) evaluated and reported the antioxidant activity of Dicksonia sellowiana
(Presl.) Hook fronds extracts. The results have shown that the extracts with higher concentration
of polyphenols revealed potent antioxidant ability of D. sellowiana, suggesting that the
polyphenols present in the sample could be responsible for the activity. Likewise, Jair et al.
(2005) reported the ability of the hydroalcoholic extract of stems from Equisetum arvense (HAE)
to reverse the cognitive impairment in aged rats and to exhibit pronounced antioxidative activity.
The result of in vitro antioxidant assay had shown that the HAE was able to reduce the
thiobarbituric acid reactive substances as well as nitrite formation without altering thr catalase
activity. The antioxidant activity of HAE may be assumed to have contributed in cognitive
enhancement in aged rats.
Zhongxiang et al. (2007) reported the antioxidant activity of glycosides isolated from the aerial
parts of the fern Abacopteris penangiana. The study revealed the presence of five new flavan-4ol glycosides, abacopterins E–I (5–9) and seven known flavonoid glycosides. In a study
performed by Mariana et al. (2008), marked in vitro and in vivo antioxidant activity of ethyl
acetate fraction (EAF) o f Cyathea phalerata in comparison to the other extracts were reported.
Similarly, studies carried out on the crude hydroalcoholic extract and of fractions of Cyathea
phalerata reported the antioxidant and hepatprotective activity of the plants. Among the
fractions, the ethyl acetate fraction of the crude extract exhibited the best antioxidant and
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hepatoprotective activities, and assumed that the presence of the flavonoid in this fraction may
probably have contributed towards the biological activities studied (Hort et al., 2008). In similar
studies conducted by Peres et al. (2009) to evaluate the antioxidant activity of ethanolic crude
extracts and fractions of Microgramma vacciniifolia (Langsd. & Fich.) Copel., the ethyl acetate
fraction was revealed to exhibit highest antioxidant activity.
Similarly, Zakaria et al. (2011) performed a study to evaluate the in vitro anticancer and
antioxidant activities of the aqueous (AEDL), chloroform (CEDL) and methanolic (MEDL)
extracts of D. linearis leaves. The study revealed that MEDL exhibited highest antioxidant
activity in comparison to AEDL and CEDL and was effective against all the cancer cells tested.
The high antioxidant and anticancer activity exhibited by MEDL was correlated with its phenolic
content as highest phenolic content was estimated in methanol extract of D. linearis leaves.
Further, the use of fern as traditional medicines in Malaysia was validated by the study of Lai and
Lim (2011). They evaluated the antioxidant property of methanolic extracts of Cyathea latebrosa,
Dicranopteris linearis, Pteris vittata, Cibotium barometz, Drynaria quercefolia, Blechnum
orientele, Adiantum raddianum, Diplazium esculentum, Pityrogramma calomelanos, Lygodium
circinnatum, Microsorum punctatum, Nephrolepis biserrata, Pteris venulosa, Pyrossia
numularifolia and Acrostichum aureum. The result has shown that among the extracts, C.
latebrosa,

C. barometz, D. quercifolia, B. orientele, D. linearis showed very high radical

scavenging, reducing and BCB antioxidant activity, thereby considering them as a potent primary
antioxidants.On the contrary P. vittata and P. venulosa were considered effective as secondary
antioxidants since they revealed strong chelating power. The presence of phenolics was assumed
to be responsible for the antioxidant activity of the plant extracts.
The frond extracts (both sterile and fertile) of Stenochlaena palustris (Burm. F.), an edible fern
were evaluated to assess the concentration of phenolic substances (total polyphenols,
flavonoids, hydroxycinnamic acids and anthocyanins) and for its antioxidant potential. The
study demonstrated that both the fronds were able to exhibit better antioxidant activity. It
was concluded that the presence of these class of substance may have contributed towards
the antioxidant activity of S. palustris (Chai et al., 2012).
Chai et al. (2013) investigated and reported the antioxidant potential of aqueous extracts of the
leaves and rhizomes of Cyathea latebrosa, Dicranopteris curranii, Gleichenia truncata and
Phymatopteris triloba. Among the ferns P. triloba exhibited better antioxidant activity and
showed high correlation to its flavonoid and hydroxycinnamic acid derivatives which may in
turn have contributed towards the antioxidant activity.
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Similarly, antioxidant potential of Adiantum and Pteris ferns have been reported, which may be
contributed by the presence of various phytochemical constituents like flavonoid, phenols,
saponins, tannins and saponins (Shrivastavaa et al., 2014). Valizadeh et al. (2015) evaluated the
antioxidant activity of methanolic extracts of rhizomes and fronds of eight ferns namely
Polypodium interjectum Shivas, Polystichum woronowii Fomin, Polystichum aculeatum (L.)
Schott. Athyrium filix-femina (L.) Roth, Asplenium scolopendrium L., Asplenium adiantumnigrum L., Dryopteris affinis (Lowe) Fraser-Jenk and Pteris cretica L. widely growing ferns in
North Iran. The study demonstrated that almost all the ferns exhibited better to moderate
antioxidant activity. Between the plant parts, rhizome extracts were more efficient antioxidants
than the frond extracts. Very weak correlation between the total phenol content and DPPH was
reported suggesting that phenolic derivatives may not be the sole components contributing to the
antioxidant activity of the plant extracts. In another study performed by Ahmed et al. (2015) the
antioxidant activity of methanol, hexane and aqueous extracts of

Adiantum caudatum leaves

were reported. Except for the DPPH activity, all the other antioxidant activities were exhibited
highest by the methanolic extracts followed by aqueous and hexane extract while the aqueous
extract was observed to reveal the highest DPPH activity. Like in most cases, presence of phenols
was assumed to have palyed an important role in the antioxidant activities exhibited by the
extracts.
2.6.2. Antimicrobial activity
Kshirsagar and Mehta (1972) evaluated and reported the antibacterial activity of the methanolic
extract of Adiantum trapiziforme against Bacillus megaterium and Staphylococcus aureus B-435. It was also observed that the older plants were able to exhibit more prominent activity than the
young ones and fertile fronds showed better activity than the vegetative ones. Likewise, Barros et
al (1989) evaluated the antimicrobial activity of the fronds and rhizomes extract of Polypodium
brasiliense Poiret (= Serpocaulon triseriale (Sw.) A.R.Sm.) collected from the Atlantic Forest
(Mata de Dois Irmaos, Recife, PE, Brazil) against seven different microorganisms viz. four Gram
positive bacteria (Staphylococcus aureus, Bacillus subtilis, Streptococcus faecalis and
Mycobacterium smegmatis), one Gram-negative bacteria (Escherichia coli), one yeast (Candida
albicans) and one filamentous fungus (Monilia silophila). The study demonstrated that all the
microorganisms except M. silophila were susceptible against the extracts of Serpocaulan
triseriale.
The traditional use of the rhizome of Drynaria quercifolia was supported by the work performed
by Ramesh et al. (2001), where the methanol extract revealed broad and concentration dependent
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antibacterial activity against all the tested bacteria. However, fungi tested were resistant to the
extract.The ethno-medicinal use of D. quercifolia rhizome was also validated by the study of
Muraleedharannair et al. (2012) wherin, the antibacterial potential of six different extracts namely
acetone, benzene, chloroform, water, ethanol and petroleum ether of this fern against eight
clinically isolated urinary tract infecting bacteria such as Staphylococcus aureus, Enterococcus
faecalis and Streptococcus pyrogenes (gram positive) and Klebsiella pneumoniae, Escherichia
coli, Pseudomonas aeruginosa, Acinotobacter sp and Proteus mirabilis (gram negative) were
studied. Among the different extracts, acetone extract was reported to exhibit better inhibitory
activity against UTI related bacteria i.e, S.pyogenes and E.faecalis. However, all the extracts
were ineffective against E. coli, K. pneumoniae, S. aureus, Acinetobacter sp and P. mirabilis.
Similar study was conducted by Dalli et al. (2007) to investigate the antimicrobial activity of
methanolic fraction of Pteris biaurita L. against fungal pathogens namely Curvularia lunata,
Fomes lamaoensis, Poria hypobrumea, Fusarium oxysporum and Aspergillus niger and a
bacterial culture of Bacillus sp. The study demonstrated that the fraction III (which was the
hydrolysates of aqueous fraction further extracted with ethyl acetate) revealed better antifungal
and antibacterial activity than the other two fractions.
Singh et al. (2008) extensively studied the antimicrobial activity of the different extracts (70, 80
and 90% aqueous methanol) of Pteris vittata against the pathogenic gastrointestinal microflora
namely Bacillus cereus, Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa,
Staphylococcus aureus, Salmonella typhimurium, Streptococcus pyogenes and Shigella flexneri.
The results have shown that among the extracts, 70% aqueous methanolic extract was more
efficient in inhibiting the growth of all the bacteria tested than the other two extracts. However,
B.cereus was reported to be resistant against 80 and 90% aqueous methanolic extract. Further, the
flavonoid rutin isolated were tested and reported to exhibit potent antimicrobial activity against
B.cereus, P.aeruginosa and K.pneumoniae. The presence of rutin was assumed to be partly
responsible for the antimicrobial activity thereby validating the ethnobotanical claims of Pteris
species as an antimicrobial agent. Further, Singh et al. (2008) tested the antimicrobial activity of
methanol extract of A. capillus-veneris, A. peruvianum, A. venustum and A.caudatum against five
Gram positive, six Gram negative (including multi-resistant Staphylococcus aureus) bacterial and
eight fungal strains. The study determined that almost all the plant extract had varying degree of
inhibitory activity. The extract of A. capillus-veneris had very low MIC value (0.48µg/mL)
against Escherichia coli, whereas A. venustum extract activity against Aspergillus terreus showed
an MIC of 0.97µg/mL. that showed good correlation with the phenolic contents of the sample,
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implying that the observed activity may be related to the content of phenolics. Likewise, Peres et
al. (2009) evaluated the antimicrobial potential of Microgramma vacciniifolia (Langsd. & Fich.)
against Saccharomyces cerevisae and Candida albicans fungi. The most effective inhibitory
activity was exhibited by the hexane fraction from ethanolic crude extract.
Ethno-medicinal uses of a fern Blechnum orientale Linn. (Blechnaceae) was scientifically
supported by the work of Lai et al. (2010). They reported potent antibacterial activity of ethyl
acetate, butanol and water fractions of Blechnum orientale Linn. (Blechnaceae) against all
Gram-positive bacteria tested viz., Bacillus cereus, Micrococcus luteus, methicillin-susceptible
Staphylococcus aureus (MSSA), methicillin-resistant Staphylococcus aureus (MRSA) and
Stapylococcus

epidermidis. Among the three extracts, ethyl acetate and butanol fraction

revealed better biological activities such as antimicrobial and antioxidant activity which was
highly correlated to its poly-phenolic contents. In a similar study, Parihar et al. (2010) reported
the varying levels of antibacterial activity of Adiantum capillus-veneris L., Adiantum incisum
Forsk., Adiantum lunulatum Burm. F., Actiniopteris radiata (Swartz.) Link. , Araiostegia
pseudocystopteris Copel., Athyrium pectinatum (Wall ex Mett.) T. Moore, Chelienthes
albomarginata Clarke, Cyclosorus dentatus (Forsk.) Ching. , Dryopteris cochleata (Don.) C.
Chr., Hypodematium crenatum (Forsk.) Kuhn., Marsilea minuta L. and Tectaria coadunata (J.
Smith) C. Chr. (T. macrodonta) against Agrobacterium tumefaciens, Escherichia coli, Salmonella
typhi and Staphylococcus aureus. Further, studies on the antimicrobial activities of Psilotum
nudum, Nephrolepis biserrata and Nephrolepis cordifolia was performed by Rani et al. (2010).
The extracts viz. hexane, chloroform, ethanol and water were tested against bacterial strains
(Proteus mirabilis, Enterobacter aerogenes, Pseudomonas aeruginosa, Salmonella typhimurium,
Escherichia coli, Klebsiella pneumonia, Bacillus subtilis, Bacillus cereus and Streptococcus
feacalis) and fungal strains such as Microsporum gypseum, Trichophyton mentagrophytes and
Trichophyton rubrum. Among the extracts, water extracts of all the three plant samples were
effective in inhibiting the growth of both bacteria and fungi at varying degree. However, among
the plant species P.nudum was observed to exhibit better antimicrobial properties than
Nephrolepis biserrata and Nephrolepis cordifolia.
Kumar and Kaushik (2011) reported the antibacterial activity of Christella dentata Frosk. against
Bacillus subtilis, Escherichia coli, Salmonella typhi and Staphylococcus aureus. Likewise,
various extract viz. petroleum ether, benzene, chloroform, methanol and water of five medicinal
ferns namely Pteris biaurita L., Lygodium flexiuosam (L.) Sw., Hemionitis arifolia (Burm.F.) T.
Moore, Actinopteris radiata (J. Koenig ex Sw.) Link and Adiantum latifolium Lam. were tested
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against the gram negative plant pathogenic bacteria Xanthomonas campestris. The results have
shown that among the five samples, methanolic extract of P. biaurita was highly effective
against the tested pathogen which may be attributed to the phytochemicals present in the samples
(Herin et al., 2012). Methanol, ethyl acetate, hexane and butanol fraction of Trichomanes
chinense L. and the compounds isolated viz. 3,4- dihydroxybenzoic acid and 3,4dihydroxybenzaldehyde were reported to exhibit significant antibacterial and antioxidant
activities (Syafni et al. 2012).
Similarly, Patric et al. (2012) examined the antimicrobial activity of ethanolic extracts of Cyathea
nilgiriensis Holttum, Cyathea crinita (Hook.) Copel., Leptochilus lanceolatus Fee and Osmunda
hugeliana Presl against Proteus aureus, Klebsiella pneumoniae, Streptococcus sps, Aspergillus
niger and Fusarium sps. The study demonstrated varying degree of inhibitory activity, with
highest activity exhibited by C. crinita against Pseudomonas aureus and Klebsiella pneumonia
followed by L. lanceolatus against K. pneumonia and Aspergillus niger. However, none of the
plant extracts inhibited the growth of Streptococcus sp. In a similar study conducted by Kumarpal
(2013), antimicrobial activity against Escherichia coli and Bacillus megaterium of some
commonly available ferns of Darjeeling district, West Bengal, India has been reported. The three
plant parts like rhizome, rachis and frond extracts of Athhyrium filix-femina(L.)Roth.,
Dicranopteris linearis(Burm.f.)Underw., Pleopeltis macromarpa (Bory ex Willd.) Kaulf. was
observed to show varying degree of antimicrobial activity. Among the plant parts, frond and
rhizome extracts revealed good antimicrobial activity than rachis, which may be attributed to the
presence of good amount of phytochemicals like phenolic compounds, glycosides, flavonoids and
alkaloids.
Chai et al. (2013) evaluated antibacterial activity of aqueous extracts of the leaves and rhizomes
of some Malaysian highland ferns namely Cyathea latebrosa, Dicranopteris curranii, Gleichenia
truncata and Phymatopteris triloba against two gram-positive bacteria (Staphylococcus aureus
and Micrococcus luteus) and two gram-negative bacteria (Escherichia coli and Pseudomonas
aeruginosa). The results have shown that the leaf and rhizome extracts of P. triloba and G.
truncata were efficient in inhibiting the growth of both Gram-positive and Gram-negative
bacteria while the tested bacteria were resistant to C latebrosa extract suggesting that P. triloba
and G. truncata may be the probable source of broad-spectrum antibacterial agents. Likewise, Pal
(2014) studied the antimicrobial activity of all the parts of three ethnomedicinal ferns of
Darjeeling district namely Adiantum capilus-veneris, Neohrolepis cordifolia and Pteris vitata
against Escherichia coli and Bacillus megaterium. Varying degree of antibacterial activity was
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exhibited by the plants extracts. Among the plant parts, frond extracts revealed better activity
which may be because of the presence of good amount of antibacterial compounds in the frond.
Ahmed et al. (2015) evaluated the antibacterial activity of methanolic, hexane and aqueous
extracts of Adiantum caudatum against Bacillus subtilis, Escherichia coli and Pseudomonas
aeruginosa. The results have shown that the aqueous extract exhibited potent inhibitory activity
followed by methanolic and hexanic extract against all the bacteria tested. Among the three
bacteria tested, the most susceptible strain observed was P. aeruginosa. Moreover, appreciable
amount of phenols were quantified in the samples which may have attributed towards the
antibacterial potential of the plant extracts. Bahadori et al (2015) evaluated the antibacterial
activity of eight ferns of Iran viz. Polypodium interjectum, Polystichum woronowii, Polystichum
aculeatum, Dryopteris affinis, Athyrium filix-femina, Asplenium scolopendrium, Asplenium
adiantum and Pteris cretica against Escherichia coli and Staphylococcus aureus. The rhizome
and leaves of both the plants extracted with methanol were employed in the study. The result
have shown that among the extracts, rhizome and leaves extracts of Dryopteris affinis revealed
better antimicrobial activity which was evident with its low MIC values (2 µg/mL) followed by
Asplenium adiantum (4 µg/mL) and Asplenium scolopendrium (8 µg/mL against E.coli and 4
µg/mL Staphylococcus aureus ) than the other ferns studied. Likewise, the varying range of
minimum bactericidal concentrations (MBCs) was exhibited by the plant extracts making them
the potential source for the antibiotic drug discovery.

2.6.3. Hypoglycemic activity
Study performed by Rastogi & Mehrotra (1991) to investigate the blood sugar lowering
activity of the Adiantum capillus-veneris reported an initial rise in the sugar level at t0
(p<0.001) with a decrease in the blood glucose level of 20 and 16 percent at t+60 and 90
min respectively, when water extract of A.capillus-veneris was administered 60 min prior to
dextrose load. The hydrosoluble chemical components present in the water extract may be
assumed to have contributed to its hypoglycaemic activity. Similarly, 50 percent
ethanolic extract of A.incisum was also able to exhibit hypoglycaemic activity. Further,
Neef et al. (1995) investigated the hypoglycaemic activity of water and alcoholic extracts of
A.capillus-veneris using Oral Glucose Tolerance Test (OGTT). The study demonstrated that only
the water extract was able to exhibit the hypoglycaemic activity, but with an initial rise in the
glucose levels, while, the alcoholic extract treated mice was observed to show increased level of
blood glucose throughout the experimental set up.

41

Similarly, the aqueous and ethanolic extracts of Hemionitis arifolia (Burm.) Moore, a folkloric
anti-diabetes fern was evaluated for its anti-diabetic and hypoglycaemic properties in the alloxan
diabetic rats. The study demonstrated that the ethanol extract was more efficient in lowering the
blood glucose level in the glucose fed rats, showing highest activity at the concentration of
200mg/kg. Likewsie, the ethyl acetate fraction of ethanolic extract exhibited anti-diabetic activity
even at a low dose of 50mg/kg which may be attributable to the presence steroids and couramins
in the fraction (Nair et al. 2006).
Zheng et al. (2011) evaluated the anti-diabetic activity of total flavonoids of Selaginella
tamariscina (Beauv.) Spring (TFST) on high fat diet and STZ (35mg/kg) induced diabetic rats.
The results have shown that the oral administration of TFST at varying doses was able to
decrease serum levels of fast blood glucose, glycosylated hemoglobulin, triglyceride, total
cholesterol, free fatty acid, low density lipoprotein- cholesterol, as well as increased high density
lipoprotein- cholesterol. Further, studies on the ethanolic and water extract of Selaginella
tamariscina (Beauv.) Spring revealed the the antihyperglycemic activity of the extracts at varying
degree. Between the extracts, ethanolic extract showed better antidiabetic activity.
Paul et al. (2012) exclusively studied the anti-hyperglycemic potential of aqueous and ethanolic
extract of Adiantum philippense L. on alloxan induced diabetic rats. The result

showed

significant (p<0.05) reduction in the blood sugar level, triglycerides, cholesterol, serum urea and
creatinine, SGPT and SGOT level with significant (p<0.05) increase in HDL-cholesterol level of
the induced diabetic rats with the administration of both the extracts at 250 and 500 mg/kg bw.
Similar evaluation was performed by Paul et al. (2012) on the lithophytic pteridophyte Pteris
vittata. Besides, significantly (p<0.01) increasing the body weight and the HDL- cholesterol level
of the diabetic rat, significant (p<0.01) reduction in the blood sugar level, triglycerides,
cholesterol, serum urea and creatinine, SGPT and SGOT level was reported in the induced
diabetic rats with the oral administration of aqueous and ethanolic extracts at 250 and 500 mg/kg
bw. With the report of P.vittata being hypoglycemic, further study on supporting its role in
lowering blood glucose level was carried out by Paul and Banerjee (2013). The study
demonstrated that both the extracts viz. ethanolic and aqueous were able to appreciably inhibit
the activity of alpha amylase and the phenolics constituents present in the sample may be
considered responsible to its inhibitory activity.
In a study conducted by Basha et al. (2013), anti-diabetic activity assayed through α- amylase
inhibitory activity of the ethanolic extract and fraction was reported in Actiniopteris radiata Linn.
Likewise, aqueous extracts of the leaves and rhizomes of some highland ferns of Malaysia
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namely Cyathea latebrosa, Dicranopteris curranii, Gleichenia truncata and Phymatopteris
triloba were evaluated to determine its anti-glucosidase potential. Among all the extracts, P.
triloba leaf extract had the highest anti-glucosidase activity while C. latebrosa revealed the
lowest activity. The high positive correlation was reported between anti-glucosidase activity and
the total proanthocyanidin content of both the leaf and rhizome extracts, which may have
contributed to its anti-glucosidase activity (Chai et al. 2013). Similarly, the common fern species
of Bangladesh viz. Christella dentata was analysed for its anti-hyperglycemic activity on the
diabetic induced Swiss albino mice. The study revealed significant reduction of blood glucose
level of the diabetic rats after the oral administration of the methanolic extract of C. dentata
(Tanzin et al. 2013).
The traditional uses of Drynaria quercifolia Linn. rhizome as an antidiabetic and hypolipidemic
agent was supported by the work of Rajimol et al.( 2014). The study demonstrated that both the
rhizome extracts viz. chloroform and ethanolic administered at the dose of 400mg/kg were able to
significantly reduce the fasting blood glucose level and all lipid profile parameters. Likewise, the
methanolic and aqueous extracts of Adiantum capillus veneris Linn. were studied to determine its
anti-hyperglycemic activity. The results have shown that the aqueous extract could efficiently
lower the blood sugar level at the dose (100mg/kg bw) lesser than the dose (400mg/kg bw) of
methanolic extract. Likewise, the extracts were efficient in increasing the body weight of the
diabetic induced rats. The phytochemicals such as flavonoids, steroids and tannins were the major
constituents in the extracts which may have contributed towards the antidiabetic activity of the
extracts (Vadi et al. 2014).
Furthermore, anti-glucosidase activity of some medicinal and edible ferns, namely Christella
arida, Christella dentata, Cyclosorus interruptus, Microsorum punctatum Nephrolepis acutifolia
and Pleocnemia irregularis were investigated by Chai et al. (2015). The study revealed the antiglucosidase activity of all the ferns in the concentration dependent manner with highest activity
exhibited by C. dentata followed by P. irregularis, N. acutifolia, C. arida and M. punctatum
while C. interruptus showed α-glucosidase stimulatory activity rather than inhibitory activity.
The positive correlation between anti-glucosidase activity and the phenolic content of C. dentata,
suggested that the phenolic compounds may have contributed significantly to their antiglucosidase activity. Likewise, some other ferns like Blechnum orientale L. (Blechnaceae),
Davallia denticulata (Burm.) Mett. (Davalliaceae), Diplazium esculentum (Retz.) Sw.
(Athyriaceae), Nephrolepis biserrata (Sw.) and Pteris vittata L. were also evaluated for the antiglucosidase activity by Chai et al. (2015). The α- glucosidase inhibitory activity was reported to
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be concentration dependent for all the extracts, except in D. denticulata. Among the extracts, D.
esculentum showed the highest α- glucosidase inhibitory activity followed by B. orientale and P.
vittata. The bioactivity did not reveal positive correlation with the phenolic constituents thereby
suggesting that phytochemicals other than phenolics may have contributed to the bioactivity.
Telagari and Hullatti (2015) evaluated the in-vitro α-amylase and α-glucosidase inhibitory
activity of the hydro-alcoholic extract and four fraction of Adiantum caudatum Linn. and Celosia
argentea Linn. Varying degree of inhibitory activity was reported by the different fractions of A.
caudatum and C. argentea which may have been attributed by the phenolic and triterpenoid
content in the samples.
Increasing demand of herbal medicine and the richness of pteridophytic flora in the Eastern
Himalayas and its neighboring areas has provided an arena for pteridological research.
Pteridophytes being the second largest vascular plant after angiosperms have been over-exploited
for various land transformations. Thus there is an urgent need in understanding the various
biological utilities of these uncared plants before it becomes extinct. Moreover, information
regarding the biochemical compounds along with the pharmacological evaluation of these ferns
may make them the potential source of modern drug therapy.
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Chapter 3

Materials and methods

3. Materials and methods
3.1. Plant materials
3.1.1. Collection
Some of the ferns locally available in the Darjeeling district of North Bengal regions, West
Bengal, with or without the ethnobotanical importance were collected for the present study. The
district of Darjeeling, West Bengal is located in The Mahabharat range or lower Himalaya at the
elevation of 6700ft and extends between 27.05◦N and 88.263◦E with the total geographical area of
10.5 km2 (4.08 sq mi). Nestled among the rolling mountains with glistening Mt. Kanchenjunga
towering over the azure sky, Darjeeling fondly called as “Queen of Hills” has delightful flora and
fauna. Sometimes, even referred as “Plantlover’s paradise”, is the house of around 300 varieties
of ferns. Ferns were collected from different areas of Darjeeling town (Hooker road, Singamari,
and Lebong) from various sub-division of Mungpoo (Labdah, Reshep and Rambi) and from
Siliguri shibmandir area (Medical more, Satyan Bose Road and NBU campus) (Figure 1A-C, 2;
Table 1).
3.1.2. Identification
The healthy and mature fronds of the selected ferns were collected in polythene bags and brought
to the laboratory for further processing and identification. Plants were identified by Professor AP
Das of Department of Botany and the voucher specimens have been deposited in the North
Bengal University Herbarium, Department of Botany, University of North Bengal, India (Figure
3, Table 2).
3.2. Preparation of plant extract
3.2.1. Preparation of dried plant powder
The collected fronds were initially washed thoroughly (3-4 times) with tap water and then with
double distilled water and dried using blotting paper. The washed and cleaned plant materials
were covered with thin cloth and allowed to dry under the shade for about 7 days. The air and
shade dried plant materials were ground to obtain fine powder using mixer grinder (Jaipan, Super
Deluxe, India) and was stored in plastic bottles at 4◦C till further use (Figure 4).
3.2.2. Preparation of Hot water extract (HWE)
The hot water extracts were prepared following the method of Coban and Konuklugil (2005) with
slight modification. The finely ground powdered samples were mixed with boiling distilled water
(dH2O) in the ratio of 1:10 and kept in hot water bath for 15min.The mixtures were then kept

45

overnight and filtered using Whatman No.1 filter paper which were concentrated with rotary
evaporator (IKA RV10) and lyophilized using Eyela Freeze Dryer FDU-506. The lyophilized
extracts were then stored at -20◦C till further analysis.

B

A

C

Figure 1A: Collection sites of neighbouring areas of Darjeeling town A. Lebong B: Hooker
Road C: Singamari
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3.2.3. Preparation of Methanolic extract (ME)
The method described by Okwori et al. (2006) with slight modification was used for the
preparation of methanolic extraction. In brief, methanol and powdered samples were mixed in
the ratio of 1:10 (sample:solvent) and shaken vigorously for 5min and then kept for 72h at room
temperature while stirring for 30min at an interval of 24h. The mixture was then filtered and the
supernatant obtained were concentrated at 40◦C in rotary evaporator, lyophilized and stored at 20◦C until further use.

B

A

C

Figure 1B: Collection sites of Mungpoo subdivisions A. Reshep B: Labdah C: Rambi
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3.2.4. Preparation of Ethanolic extract (EE)
The ethanolic extract of the samples were prepared following the slightly modified method
described by Okwori et al. (2006). Briefly, 10g of the powdered samples were mixed with

A

B

C

Figure 1C: Collection sites of Siliguri (Shibmandir neighbouring areas) A: Medical More B:
Satyan Bose Road C: NBU campus
100 mL of ethanol and kept at room temperature for 72h with constant stirring for 30min after
every 24h interval. The mixture was then filtered and processed as described above till further use
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Hooker Road

Singamari

Lebong

27º3'14.1762'' N 88º15'14.7852'' E

27º3'38.0406'' N 88º15'23.2596'' E

27º3'41.5722'' N 88º16'35.5074'' E

Labdah

Rambi

Reshep

27º57'41.5872'' N 88º20'10.3734'' E

26º59'16.4544'' N 88º23'43.7316'' E

27º3'14.1762'' N 88º15'14.7852'' E

Satyan Bose Road

NBU campus

Medical more area

26º42'42.804'' N 88º21'52.5342'' E

26º42'46.8318'' N 88º21'15.0192'' E

26º42'32.781'' N 88º22'13.1772'' E

Figure 2: GIS location map of the collection sites
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Table 1: Table showing the GIS locations of the sampling sites
Area

Collection sites

GIS location of sampling

Darjeeling town

Hooker Road

27º 3' 14.1762'' N 88º 15' 14.7852'' E

Singamari

27º 3' 38.0406'' N 88º 15' 23.2596'' E

Lebong

27º 3' 41.5722'' N 88º 16' 35.5074'' E

Labdah

26º 57' 41.5872'' N 88º 20' 10.3734'' E

Reshep

26º 58' 39.1440'' N 88º 21' 45.543'' E

Rambi

26º 59'16.4544'' N 88º 23'43.7316'' E

Medical more area

26º42'32.781'' N 88º22'13.1772'' E

Satyan Bose Road

26º42'42.804'' N 88º21'52.5342'' E

NBU campus

26º 42 46.8318'' N 88º 21' 15.0192'' E

Mungpoo (Sub division)

Siliguri (shibmandir area)

3.3. Phytochemical screening
3.3.1. Test for phenol
The powdered plant samples were mixed with 10mL double distilled water and stirred in
magnetic stirrer for 10 min. The mixture was then filtered using Whatman filter paper No.1. To
the filtrate (1mL), equal volume (1mL) of 1% FeCl3 was added and observed for the appearance
of blue or green color indicating the presence of phenols (Martinez and Valencia, 2003).
3.3.2. Test for flavonoid
The method described by Evans (2002) was followed to detect the presence of flavonoid in the
samples. Briefly, 2g of the sample was mixed thoroughly with 10mL of acetone which was
evaporated by keeping the flask in a hot water bath for 5 min. Further, the sample was extracted
using 10mL of warm double distilled water. The solution was thoroughly mixed, filtered while
hot and allowed to cool at room temperature. To the filtrate (5mL), equal volume of 20% NaOH
was added and change in appearance/color of the solution to yellow indicated the presence of
flavonoid.
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Figure 3: Plant samples collected for the study. A: Nephrolepis cordifolia (L.) C. Persl. B:
Cyclosorus dentatus (Forsk.) C: Dicranapteris linearis (N. Burm.) Underw D: Phymatosorus
cuspidatus (D.Don) Pic. Serm. E: Pteris biaurita L. F: Pteris vittata L. G: Drynaria
quercifolia (L.) J. Smith H: Microsorum punctatum (L) Copel.
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Table 2: Identification of the plant samples along with the accession no. of the deposited
samples
Name

Accession number

Drynaria quercifolia (L.) J. Smith

09871

Pteris vittata L.

09872

Phymatosorus cuspidatus (D.Don) Pic. Serm.

09873

Nephrolepis cordifolia (L.) C. Persl

09874

Pteris biaurita L.

09883

Cyclosorus dentatus (Forsk.) Ching.

09885

Dicranapteris linearis (N. Burm.) Underw.

09886

Microsorum punctatum (L.) Copel.

09887

3.3.3. Test for tannin
The crude plant powder (200mg) was mixed with 10mL of double distilled water and allowed to
stand for 10 min before filtration. Then, 1mL of 5% FeCl3 was added to 2mL of the filtrate. The
formation of yellow brown precipitate indicates the presence of tannin (Jigna and Sumitra, 2007).
3.3.4. Test for alkaloid
The powdered sample (200mg) was mixed vigorously with 10mL of methanol for 1h at room
temperature. The mixture was then filtered and to 2mL of methanolic filtrate, 2mL of 1% HCl
was added. The solution was kept in boiling water bath for 5min. Then, Mayer’s/Wagner’s
reagent (6-7 drops) was added to the filtrate. Formation of creamish/brown/red/orange precipitate
indicates the presence of alkaloid (Trease and Evans, 1989)

3.3.5. Test for cardiac glycosides
The method described by Trease and Evans (1989) with minor modification was followed for the
qualitative screening of cardiac glycosides in the samples. The methanolic filtrate (2mL) was
mixed with 1mL glacial acetic acid, to which further 3-4 drops of 5% FeCl3 was added. Then,
1mL of concentrated H2SO4 was added carefully to the solution. Development of brown ring at
the interface indicates the presence of cardiac glycosides. A violet color may also appear below
the brown ring.
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Figure 4: Dried and powdered frond samples of the study plants. A: Cyclosorus dentatus B:
Microsorum punctatum C: Nephrolepis cordifolia D: Phymatosorus cuspidatus E: Pteris
biaurita, F: Drynaria quercifolia G: Dicranopteris linearis H: Pteris vittata.

3.3.6. Test for carbohydrates
The plant samples (500mg) were boiled in 30mL of double distilled water and filtered. Then,
2mL of aqueous extract was mixed with 2mL of Molish’s reagent (5%-α-naphthol in absolute
ethanol) and shaken vigorously. To it, 2mL of concentrated H2SO4 was added carefully along the
wall of the test tube. The presence of carbohydrate was inferred by the formation of reddish-ring
at the junction of two liquids (Evans, 2002).
3.3.7. Test for reducing sugars
The sample (500mg) was boiled in 30mL of double distilled water and filtered to obtain an
aqueous extract/filtrate. The aqueous filtrate (1mL) was then mixed with 2mL of Fehling’s
solution (A: 7%CuSO4 in dH2O containing 2 drops of dil.H2SO4, B: 12% KOH and 35% Sodium
potassium tartarate in dH2O. Mix A and B in equal amount) and boiled for 5mins. Formation of a
brick red precipitate indicates the presence of reducing sugars (Evans, 2002).
3.3.8. Test for protein
The method described by Pullaiah (2006) was followed for the detection of protein in the plant
samples. About 1g of the plant sample was mixed thoroughly with 10mL of double distilled
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water by a magnetic stirrer for 10h and filtered. 2mL of the filtrate was then mixed with 1mL of
40% NaOH in a test tube. Then, 1-2 drops of CuSO4 was gently added to the solution. Change in
the color of solution to violet indicates the presence of peptide linkages in a solution which in
turn is an indication of the presence of proteins.
3.3.9. Test for saponin
The aqueous filtrate (0.5mL) prepared as above was mixed with 5mL of double distilled water
and shaken vigorously for about 30 seconds. The presence of saponins was indicated by the
formation and persistence of the froth (Trease and Evans, 1989).
3.3.10. Test for terpenoid
The methanolic filtrate (2mL) was mixed with 5mL of chloroform and 2mL of acetic anhydride.
Then, to the mixture 1mL of concentrated H2SO4 was added carefully along the wall of the test
tube. The formation of reddish brown ring at the interface indicates the presence of terpenoid
(Harborne, 1973).
3.3.11. Test for steroid
The methanolic filtrate (5mL) was treated with 0.5mL of anhydrous CH3COOH and cooled on an
ice bath for 15mins. Then, 0.5mL of chloroform and 1mL of concentrated H2SO4 was added to
the cold solution. Presence of the steroid may be inferred by the formation of reddish-brown ring
at the junction of two liquid phase (Gokhale and Kokate, 2008).
3.3.12. Test for anthraquinone
About 0.5g of powdered sample was mixed with 5mL of chloroform, shaken for 5 min and
filtered using Whatman No.1 filter paper. The filtrate (3mL) was mixed with 3mL of 10%
ammonia solution and shaken properly. Development of pink/red/violet color in the aqueous
layer after shaking indicates the presence of free anthraquinone (Evans, 2002).

3.4. Quantification of biochemical components
3.4.1. Extraction and estimation of total phenols
3.4.1.1. Extraction of total phenols
The method given by Mahadevan and Sridhar (1982) with minor modification was employed for
the extraction of phenol. Briefly, 1g of the powdered material was immersed in a beaker
containing 10mL of boiling absolute alcohol and kept in dark for 10 mins. The sample was
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allowed to cool at room temperature and then crushed in motor pestle using 80% alcohol and then
filtered using Whatman No.1 filter paper. The residue was re-extracted with 80% alcohol making
the final volume up to 10mL. The entire procedure was carried out in dark chamber.
3.4.1.2. Estimation of total phenols
Estimation of total phenol was done following the method described Bray and Thorpe (1954).
The extract (1mL) was mixed with 1mL of 1N Folin ciocalteu’s phenol reagent followed by 2mL
of 20% Na2CO3 solution and was kept in boiling water bath for 1min. The reaction mixture was
cooled under running tap water and further diluted with distilled water to make the final volume
up to 25mL. The optical density value was taken at 650nm in a colorimeter (Digital Colorimeter
112, Systronics) against a proper blank solution. The concentration of total phenols was
expressed as mg Ferulic acid (FAE) equivalents/ g dry weight sample (dw), using the standard
curve of ferulic acid.
3.4.2. Quantification of protein content
3.4.2.1. Extraction
Extraction of protein from the dried powdered material was done using the method of
Chakraborty et al. (1995). The powdered sample (1g) was homogenized in a pre-chilled motor
and pestle with 5mL of 50mM sodium phosphate buffer (pH-7.2) and polyvinyl-pyrrolidone
under ice cold condition. The mixture was then centrifuged at 10,000 rpm at -40C for 15min. The
supernatant was collected and used for further estimation.
3.4.2.2. Estimation
Estimation of protein content in the extract was done according to the method of Lowry et al.
(1951). In brief, 1mL of the extract was mixed with 5mL of freshly prepared alkaline reagent (2%
Na2CO3 in 0.1N NaOH, to which 1mL each of 1% CuSO4 and 2% Na+ - K+ tartarate was added
just before use) and incubated for 15min. Then, 0.5mL of 1N Folin Ciocalteau’s phenol reagent
was added to the mixture which was further incubated for 20 min. The absorbance was recorded
at 690 nm in spectrophotometer against a proper blank. The total protein was quantified using a
standard curve of Bovine serum albumin and expressed as mg Bovine serum albumin equivalent
(BSAE)/ g dry weight sample (dw).
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3.4.3. Extraction and quantification of flavonoid
3.4.3.1. Extraction of flavonoid
Extraction procedure described by Mahadevan and Sridhar (1982) with minor modification was
followed for the flavonoid extraction. The dried powdered material (1g) was immersed in boiling
methanol (10mL) for 5-10 min and then filtered. The final volume was made upto 10mL. The
entire procedure was performed in a dark condition.
3.4.3.2. Quantification of flavonoid
The flavonoid content was quantified using the method of Sultana et al. (2009). Briefly, the
extract (1mL) was mixed with 4mL of distilled water and 300µL of 5% NaNO2 and allowed to
incubate for 5min at room temperature. After the 5min of incubation 300µL of 10% AlCl3.6H2O
was added. Further, at 6th min 2mL of NaOH, followed by 2.4mL of distilled water was added
and mixed well. Absorbance of the reaction mixture (pink colour) was recorded at 510 nm in UVVIS spectrophotometer (Model 118 systronics) against a proper blank solution.

The total

flavonoid content was expressed as mg Catechin (+) equivalents (CE)/ g dry weight sample (dw)
using the standard curve of Catechin (+). The entire procedure was performed in a dark condition.
3.4.4. Extraction and estimation of tannin
3.4.4.1. Extraction
The method given by Sadasivam and Manickam (1992) with slight changes was followed for the
extraction of tannin from the samples. Briefly, 1g of powdered sample was dissolved in 50mL of
methanol and mixed occasionally by swirling and kept in a dark chamber for 20-28h. The
mixture was centrifuged at 5000rpm for 5min and the supernatant was collected for further
estimation.
3.4.4.2. Estimation
For estimation, 1mL of the supernatant was taken in a test-tube to which 5mL of vanillin
hydrochloride reagent (8% hydrochloric acid in methanol and 4% vanillin in methanol mixed in
equal volumes, just before use) was added quickly and mixed thoroughly. The reaction mixture
was allowed to incubate for 20min at room temperature in dark condition. The absorbance was
measured in spectrophotometer (UV-VIS spectrophotometer 118 Systronics) at 500nm against a
blank solution prepared with vanillin hydrochloride reagent alone. The tannin content was
expressed as mg Catechin (+) equivalents (CE)/ g dry weight sample (dw) using the standard
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curve of Catechin (+) prepared using the concentration of 20-100µg/mL (Sadasivam and
Manickam, 1992).

3.4.5. Extraction and estimation of carbohydrates
3.4.5.1. Extraction of total soluble and reducing sugar
Total and reducing sugar was extracted by the method described by Harborne (1998) with minor
changes. About 0.2g of dried powdered sample was crushed properly in 10mL of 95% ethanol.
The alcoholic fraction was evaporated by keeping the beaker on a boiling water bath. The
aqueous fraction was dissolved in 5mL of distilled water and then centrifuged at 5000rpm for
10min. The supernatant was collected and used for further estimation after making the final
volume to 5mL by distilled water.
3.4.5.2. Estimation of total soluble sugar
Total sugar estimation was done according to the method explained by Plummer (1978). In brief,
1mL of test solution was added with 4mL of Anthrone’s reagent (0.2% Anthrone in conc.
H2SO4). The reaction mixture was mixed thoroughly and allowed to incubate in boiling water for
10min (precaution were taken to prevent the water loss). The reaction mixture was then cooled
under running tap water and the absorbance was measured in a colorimeter at 620nm against a
suitable blank solution. The total sugar content was calculated from a glucose standard curve and
expressed as mg glucose equivalent (GE)/g dry weight sample.
3.4.5.3. Estimation of reducing sugar
The estimation of reducing sugar was done following the Somogyi-Nelson’s method as described
by Plummer (1978). 1mL of the test solution was mixed with 1mL of alkaline copper tartarate
solution (4g-CuSO4.5H2O, 24g- Na2CO3 anhydrous, 16g- Na+-K+ tartarate, 180g- Na2SO4
anhydrous-in 1000ml of distilled water) and heated over a boiling water bath for 20min (taking
necessary precautions). After cooling the reaction mixture under running tap water, 1mL of
commercially available Nelson’s arseno molybdate reagent and 2mL of distilled water was added
sequentially and mixed thoroughly. The optical density values were recorded at the wavelength
of 515nm in a colorimeter and the reducing sugar content was calculated from the calibration
curve of glucose and expressed as mg glucose equivalent (GE)/g dry weight sample.
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3.4.6. Extraction and estimation of chlorophylls (total, chl a and chl b)
3.4.6.1. Extraction
Chlorophyll was extracted from the samples following the method of Harborne (1998) with
minor changes. About 1g of the dried powder was crushed with 80% acetone in a mortar pestle
and filtered through Whatman No.1 filter paper in a dark chamber. The residue was re-extracted
with 80% acetone until it became completely colorless attaining final volume upto 10mL.
3.4.6.2. Estimation
Estimation for total chlorophyll, chlorophyll a and b was done using the method of Harborne
(1998). The filtrate obtained (either crude or diluted) was taken directly in the test tube and the
OD was measured at 663nm and 645nm respectively in a UV-VIS spectrophotometer against a
blank of 80% acetone. The content was calculated using the formula given by Arnon (1949).
Total chlorophyll

= (20.2 A645 + 8.02 A663) mg g-1 dry weight

Chlorophyll a

= (12.7 A663 – A645) mg g-1 dry weight

Chlorophyll b

= (22.9 A645 – 4.68 A663) mg g-1 dry weight

3.4.7. Extraction and estimation of total lipid
The total lipid extraction and estimation was performed following the standard method described
by Bligh and Dyer (1959) with minor changes. Briefly, 1g of dried powdered sample was
macerated with 10mL of dH2O for 5min, followed by the addition of 30mL of chloroformmethanol (2:1 v/v). The resultant mixture was mixed thoroughly in a beaker and kept overnight at
room temperature. To this, 20mL of chloroform and 20mL of dH2O was added and centrifuged at
1000rpm for 10min. Three distinct layers were formed after centrifugation, out of which the
lowermost layer of chloroform containing lipid was collected in a beaker. The mixture was then
kept in an oven for one hour at 50ºC for complete evaporation of chloroform. Weight of the
beaker was taken and the lipid content was expressed as mg/g dry weight sample (dw).
3.4.8. Quantification of carotenoid content
3.4.8.1. Extraction
The carotenoid was extracted from the samples following the method of Litchtenthaler (1987). 1g
of the powdered material was soaked and crushed with 100% methanol in dark chamber and
filtered using Whatman filter paper No.1. The total volume was made upto 10mL with methanol
and used for further analysis.
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3.4.8.2. Estimation
Estimation of carotenoid content was done by the procedure of Litchtenthaler (1987). The desired
amount of filtrate was taken directly into the test tube either in the diluted or undiluted form and
the absorbance was noted at 480nm, 645nm and 663nm wavelength against a blank in UV-VIS
spectrophotometer 118 systronics. The contents were calculated using the standard formula as
follows:
A480 – (0.114 x A663) – 0.638 (A645) µg g-1 dry weight

3.4.9. Quantification of vitamin C (ascorbate) content
3.4.9.1. Extraction
The method described by Mukherjee and Choudhuri (1983) was followed for the extraction of
vitamin C/ascorbate from the powdered samples. The samples were homogenised in pre-chilled
motor and pestle on ice using 6% trichloroacetic acid (10mL) and filtered at chilled condition
(0◦C). The final volume of the filtrate was made upto 10mL by adding trichloroacetic acid and
used for further estimation.
3.4.9.2. Estimation
For estimation, 4mL of the extract, 2mL of 2% Dinitrophenylhydrazine (in acidic medium) and 1
drop of 10% Thiourea (70% ethanol) was added sequentially and mixed properly. The reaction
mixture was then kept in boiling water for 15min and cooled at chilled condition. To the reaction
mixture, 5mL of 80% (v/v) sulphuric acid (H2SO4) was added at 0◦C. The absorbance was
recorded at 530nm against a blank in UV-VIS spectrophotometer. The concentration was
quantified from the standard curve of ascorbic acid and expressed as mg ascorbic acid equivalent
(AAE)/g dry weight sample (Mukherjee and Choudhuri 1983).
3.4.10. Estimation and extraction Vitamin E (α-tocopherol) content
3.4.10.1. Extraction of vitamin E
Vitamin E (α-Tocopherol) was extracted by the method of Jayaraman (1996) with slight changes.
The dried sample (0.5g) was taken with 6 mL of hexane and shaken vigorously.The mixture was
then filtered using whatman filter paper.
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3.4.10.2. Estimation of vitamin E
Vitamin E (ɑ-Tocopherol) content in the powdered sample was estimated following the method
of Jayaraman (1996) with minor modifications. The filtrate (2mL) was taken in the test tube and
2mL of absolute ethanol was added to it and mixed thoroughly. Further, 0.2mL of 2,2’- Bipyridyl
solution (0.5% in ethanol) and 0.2mL of ferric chloride solution (0.2% in ethanol) was added,
shaken properly and incubated in dark for 15min. After incubation, 4mL of distilled water was
added to the red colored solution and mixed well. Two distinct layers were formed which was
then separated by the separating funnel. The red coloured aqueous layer was collected which was
observed to be stable for 30min. The absorbance was measured against the appropriate blank at
wavelength 520nm in a spectrophotometer. The ɑ-tocopherol content was quantified using a
standard curve of ɑ-tocopherol and expressed as mg tocopherol equivalent (TE)/g dry weight
sample (dw).
3.5. Determination of anti-oxidative activities of extracts
3.5.1. DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging activity
The DPPH radical scavenging activity of the plant extracts and positive standard was determined
using the method described by Lim & Quah (2007). Briefly, different concentration of EE, ME
and HWE and positive standard (1mL) was mixed with 1mL of DPPH methanolic solution
(100µM) and incubated in dark chamber for 30 min at room temperature. The absorbance was
recorded at 517nm against blank solution (100% methanol). The control was prepared taking all
the reagents except the plant extracts. L-ascorbic acid was used as the positive standard. The
scavenging activity of the extracts based on percentage inhibition was calculated according to the
formula:
% DPPH inhibition =

(A − A )
X 100
A

Where, A0 was the absorbance of the control and A1 was the absorbance of the extract/standard.
Results were also calculated as IC50 values, which is the concentration of the extract or ascorbic
acid required to scavenge 50% of DPPH radicals.
3.5.2. Hydrogen peroxide (H2O2) scavenging activity
The assay was carried out according to the standard method of Ruch et al. (1989) with slight
modifications. In brief, 5mL each of the EE, ME and HWE (50-500 µg/ml) was mixed with 1mL
of H2O2 (2mM prepared in phosphate buffer 0.1M, pH 7.4) and incubated for 10 min at room
temperature in dark condition. The absorbance was read at 230nm against a blank solution
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containing phosphate buffer without hydrogen peroxide. Control was prepared with H 2O2 and
phosphate buffer. L- ascorbic acid was used as a positive control. The percentage of hydrogen
peroxide scavenged was calculated using the following formula:
% Scavenged (H O ) =

(A − A )
X 100
A

Where, A0 was the absorbance of the control and A1 was the absorbance of the extract/standard.
IC50 values of the extract and ascorbic acid was also calculated.
3.5.3. Nitric oxide (NO) scavenging activity
Nitric oxide scavenging capacities of the extracts was determined using the standard protocol
described by Jagetia et al. (2004) and Packer et al. (1998). The reaction mixture containing 2mL
of sodium nitroprusside (10mM), 0.5mL of phosphate buffer saline ( pH:7.4,0.1M) and 0.5mL of
the extracts/positive control (200-1000µg/mL) was incubated at 25oC for 2h 30min. Then, from
the incubated solution 0.5mL solution was taken in the test tube and mixed with 1mL of
sulphanilic acid (0.33% in 20% glacial acetic acid). The mixture was allowed to stand for 5min
after which 1mL of naphthylethylene diamine dihydrochloride (NED) (0.1% in distilled water)
was added, mixed thoroughly and incubated for another 30min at 25°C. The absorbance of the
solution (pink chromophore) was read at 540nm against appropriate blank solution. Control was
prepared taking all the reagents except the plant sample. L-ascorbic acid was taken as the
reference standard. The nitric oxide scavenging percentage was calculated according to the
formula:
% Nitric oxide (NO)scavenged =

(A − A )
X 100
A

Where, A0 was the absorbance of the control and A1 was the absorbance of the extract/standard.
Further, IC50 values for each extract and ascorbic acid was also calculated.
3.5.4. Superoxide anion radical scavenging activity
Measurement of superoxide anion radicals scavenging activity was based on the method
described by Nishikimi et al. (1972) with minor modificaition. The superoxide anions were
generated in a non-enzymatic system Phenazine methosulfate- Nicotinamide adenine dinucleotide
(reduced form) (PMS-NADH), through the reaction of PMS, NADH and oxygen which was
detected by the reaction with 2,2’-di-p- nitrophenyl -5,5’- diphenyl –(3,3’- dimethoxy-4,4’diphenyline) di-tetrazolium chloride (nitro blue tetrazolium-NBT). The reaction mixture
contained 1mL of sample/reference standard at various concentration (10-50µg/mL), 1mL of
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NBT (312µM prepared in potassium phosphate buffer pH 7.4,0.2M) and 1mL of NADH (936 µM
in phosphate buffer pH 7.4). Finally, the reaction was accelerated by adding 200µL of PMS
solution (120 µM) to the mixture. After incubation for 5min at 25°C the absorbance was
measured at 560nm against appropriate blank sample containing phosphate buffer. Control was
prepared with all the reagents except the plant extract. L-ascorbic acid was used as a reference
standard. Percentage of superoxide anion radical scavenged was measured using the equation as
follows:
% Superoxide anion scavenged =

(A − A )
X 100
A

Where, A0 was the absorbance of the control and A1 was the absorbance of the extract/standard.
IC50 values of all extracts and ascorbic acid were also calculated.
3.5.5. Ferric reducing antioxidant power assay (FRAP)
The ferric reducing power of ethanolic, methanolic and hot water extract was assayed using the
method described by Oyaizu (1986) with slight changes. The reducing power was based on Fe3+
to Fe2+ transformation in the presence of the extracts which can be examined by measuring the
formation of Perl’s Prussian blue at 700nm. One mL of various concentrations (20-100µg/ml) of
extract/standard was mixed with 2.5mL (0.2M, pH 6.6) of phosphate buffer and 2.5 mL of 1%
potassium ferricyanide. The reaction mixture was incubated at 50°C for 20 min. The solution was
allowed to cool at room temperature after which 2.5mL of 10% tri-carboxylic acid (TCA) was
added and centrifuged at 3000rpm for 10 min. 1mL of upper layer of the centrifuged solution was
taken and mixed with 1mL of double distilled water and 0.5mL of 0.1% ferric chloride and was
allowed to incubate for 10min at room temperature. Absorbance was recorded against appropriate
blank solution containing phosphate buffer at 700nm. L-ascorbic acid was taken as a positive
control. Higher absorbance of the reaction mixture indicates stronger reducing power. Results
were also expressed as mg gallic acid equivalent (GAE)/g dry weight using standard graph of
gallic acid.
3.6. Principal Component Analysis (PCA) of antioxidant parameters
PCA was performed to understand the relationships or influence of various factors
(phytochemical parameters studied) towards the measured antioxidative parameters. Factors
taken for the study was flavonoid, phenol, tannin, lipid, total sugar, reducing sugar, protein
vitamin E, vitamin C, total chlorophyll (total chl), chlorophyll a (chl a), chlorophyll b (chlb) and
carotenoid which were consecutively labeled as “a,b,c,d,e,f,g,h,i,j,k,l and m”. Likewise,
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antioxidant activities were labeled as “n” for DPPH scavenging activity, “o” for hydrogen
peroxide scavenging activity, “p” for superoxide scavenging activity, “q” for nitric oxide
scavenging activity and “r” for ferric reducing antioxidant power.
A factor rotation method used was Varimax with Kaiser Normalization. The analysis was
performed using software IBM SPSS statistic version 21.
3.7. HPLC analysis of phenolics
3.7.1. Sample preparation
Extraction of total phenolics from the dried samples for HPLC analysis was done following the
method described by Pari & Latha (2005) with minor changes. Two gram of powdered sample
was soaked overnight in10mL of absolute methanol in dark. After 12h of soaking, the suspension
was filtered and the filtrate was completely evaporated using a rotary evaporator at 40°C and
lyophilized. The lyophilized extract was re-dissolved in 1mL of HPLC grade methanol and
filtered through Millipore membrane filter (0.45µm).
3.7.2. Analysis of total phenolics
HPLC fingerprint analysis of total phenolics present in the sample was done following the
method described by Pari et al. (2007). The analysis was done using High Performance Liquid
Chromatograph (Shimadzu) equipped with HPLC pumps (model LC 10ATVP), UV-Vis detector
(modesl SPD-10AVP) and C18 column. The flow rate of 1mL/min, injection volume of 20 µL
and binary gradient elution of HPLC grade acetonitrile–water–acetic acid (5:93:2, v/v/v) [solvent
A] and acetonitrile–water–acetic acid (40:58:2, v/v/v) [solvent B], starting with solvent B from 0
to 100% over a period of 50 min were applied. The separation of compounds was monitored at
280 nm. The identification and quantification of the phenolic compounds were done using the
standards such as caffeic acid, caffeine, catechin, catechol, chlorogenic acid, cinnamic acid, 3,4dihydroxybenzoic acid, ferulic acid, gallic acid, phloroglucinol, pyrogallol, resorcinol, salicylic
acid and vanillic acid.
3.8. Testing of antimicrobial activities
3.8.1. Sample preparation
The extracts used for antimicrobial activity was prepared using the method described by Okwori
et al. (2006) and Coban and Konuklugil (2005) as described earlier. Here, the solvent used was
50% methanol and sdH2O in the ratio of 1:10 (w/v). After, extraction the solvents was evaporated
using a rotary evaporator under reduced pressure and further lyophilized for complete solvent
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removal. The extracts were stored in sterilized glass vials at -20°C until further analysis. In order
to avoid any contamination and alterations of chemical constituents, the extracts were used within
2-3days of preparation (Singh et al., 2012).
3.8.2. Preparation of media
3.8.2.1. Potato Dextrose Agar (PDA)
Potato dextrose agar for maintaining fungal culture was prepared using fresh potato decoction
(400g/L). The decoction was filtered through muslin cloth and final volume was adjusted to 1L.
To this, dextrose (20g/L) and agar (20g/L) was added and heated until the uniform mixture was
obtained. The media was then autoclaved at 15lbs for 15min at 121ºC. Distilled water was used
for the media preparation.
3.8.2.2. Nutrient Broth (NB) and nutrient agar (NA)
Bacterial cultures were grown and maintained both in nutrient broth and agar media. Both the
media were prepared taking 13g of available media (Himedia) in 1L of distilled water and
warmed the media until dissolved completely. The NA media composition was as follows
peptone (5g/L), NaCl (5g/L), Beef extract (1.5g/L), Agar ( )Yeast extract ( 1.5g/L) and pH
7.2±0.2 (at 25ºC) whereas in NB all the ingredients are same as of NA except agar. Nutrient
media were then sterilized at 15lbs for 15min at 121ºC.
3.8.3. Antibacterial activities
3.8.3.1. Disc diffusion method
The antibacterial activities of the crude plant extracts were evaluated following the agar discdiffusion method of Murray (1995). Bacterial strains were maintained and tested on nutrient agar
(NA). The media was sterilized at 15lbs (121°C) for 15min prior to pouring it into the sterilized
petriplates. A final inoculum of 100µL suspension containing 108CFU/mL of each bacterium was
mixed with the sterilized nutrient agar media and allowed to solidify in the laminar air flow.
Crude extracts were sterilized in disposable Millipore filter (0.22 µm pores) prior to use. After
15min, the plates were impregnated with sterile Whatman No.1 filter paper dics (6mm)
containing desired concentrations viz. 500 mg/mL, 250 mg/mL and 100mg/mL of the hot water
extract (HWE) and methanolic extract (ME) of the plants. Solvents were completely evaporated
from the disc in the laminar air flow before aseptically placing it on the agar surface. Negative
control (sterile hot water), solvent control (50% MeOH) and positive control plates were also
prepared. Positive control discs (7mm) of Chloramphenicol (C 25) (25mcg), Kanamycin (K)
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(30mcg) and Ampicillin (A25) (25mcg) were used in the study. The plates were then incubated at
37°C for 24 h after which the diameter of inhibition zones was noted. All the assays were
performed in triplicates.
3.8.4. Antifungal activities
3.8.4.1. Spore gerimation bioassay
The spore germination bioassay against the tested fungal spores was performed following the
method of Trivedi and Sinha (1976). Spore suspension was prepared by filtering the fungal
culture from the broth through muslin cloth. The suspension was centrifuged for 5min at
1000rpm to separate the debris from the spores and was washed with sterile distilled water
(sdH2O) for about 3-4 times. The spores were collected and suspended in 1mL of sdH2O till
further use. The methanolic and hot water extracts of concentration 500 mg/mL (100µL) were
placed at the two ends of each clean, grease free slide and allowed to dry inside a laminar air
flow. After drying, about 10 µL of spore suspension of test fungus was placed on top of the dried
extract spots. Similarly, the slides for positive control (Griseofulvin 1mg/mL), solvent control
(50% MeOH) and negative control (sdH2O) were prepared. All the slides were kept on the glass
rods in a petri plates with 5mL of sdH2O and incubated for 24h. Precautions were taken to avoid
the drying of the spores. Following the incubation, the spores (or the spots) were stained with
lactophenol cotton blue, fixed and observed under the microscope. The microscopic observation
was done from about 5-8 microscopic fields and a total of 500 spores were counted for each case.
Further, the percentage of germination was calculated using the formulae:
Percentage (%) of spore germination =

Number of spores germinated
X 100
Total number of spores counted

3.8.4.2. Radial growth bioassay
The antifungal activity of the plant extracts were evaluated using the food poisoning technique of
Kumar et al. (2008). The plant extracts were re-dissolved in respective solvents to make the stock
solution of 2000 mg/mL. Prior to use, the extracts were sterilized in disposable Millipore filter
(0.22 µm pores) and mixed with sterile potato dextrose agar medium (PDA) to obtain the final
concentration of 500 mg/mL of each plant extract and then poured in sterile petridishes. Control
plates were mixed with sdH2O (negative control), 50% methanol (solvent control) and
griseofulvin (1mg/mL). The agar block (discs) of about 7mm diameter of phytopathogenic fungi
were cut from the periphery of 7 days old cultures and inoculated aseptically to the centre of the
poured petridishes of treatment and control sets. The plates were then incubated at 25 ± 2°C
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for 3 days and the zone of inhibition were noted. All the assays were performed in triplicates.
Fungal colony diameter of treatments and control sets were measured and percentage of mycelia
inhibition was calculated using the following formula:
Percentage of mycelial inhibition =

(C − T)
X 100
C

Where, C and T are the growth diameter (mm) in control and treatment respectively.

3.9. Testing of hypoglycemic activities
3.9.1. Extraction
The dried plant powder used for analyzing hypoglycemic activities was extracted following the
method of Coban and Konuklugil (2005) with slight modification. For extraction, the sample
was dissolved in normal drinking H2O in the ratio of 1: 10 (w/v). After the extraction, the solvent
was evaporated, lyophilized and stored in glass vials at -20°C until further use. Prior, to the use,
both the extracts were re-dissolved in normal drinking H2O to make the stock solution of 2000
mg/mL.
3.9.2. In vitro α-amylase inhibition activity
The in vitro α-amylase inhibition activity of the plant extracts was tested following the method of
Bernfield (1955) with minor changes. Plant extracts and positive control acarbose (500µL) of
various concentrations was allowed to react with 500µL of freshly prepared α-amylase (3.246mg
in 100mL of cold dH2O) for 20min at room temperature. Then, 1% starch (1g in 0.1M, pH 4.7
acetate buffer) was added to the solution and incubated further for 15min at room temperature. In
order to stop the reaction, 1mL DNSA solution (prepared in 1% NaOH) was added to the reaction
mixture and kept in boiling H2O for 5min. The mixture was cooled under running tap water. The
final volume was made upto 4mL by adding 1.8mL of dH2O and absorbance was recorded at
540nm against appropriate blank solution. Control solution was prepared with all the reagents
except the plant samples.

Percentage of α-amylase inhibition activity of the extracts was

calculated according to the formula:
%

−

ℎ

=

(

−

)

100

Where, A0 was the absorbance of the control and A1 was the absorbance of the extract/standard.
IC50 values for all the extracts and acarbose were also calculated.
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3.9.3. In vivo test
3.9.3.1. Animals
Swiss albino male rats (150-200g) were procured from the Ghosh Enterprise, Kol-55. The
animals were acclimatized to the experimental room at the temperature of 25±2 0C and 12h light
and dark cycles for one week (Niyonzima & Vllietinck, 1993). The animals were then grouped
and kept in polypropylene cages with a maximum of two animals and were fed with standard
food pellets (Hindustan Lever, Kolkata, and India.) alternating with some soaked cereals (Cicer
seeds) and water ad libitum (Figure 5).
3.9.3.2. Acute toxicity study
The extracts, Nephrolepis cordifolia aqueous extract (NCAE) and Cyclosorus dentatus aqueous
extract (CDAE) were studied for acute toxicity prior to the experimentation on animals according
to OECD (Organization for Economic Cooperation and Development) guidelines (test 423: Acute
oral toxicity- Acute toxic class method; 2002) (OECDiLibrary, 2002). The rats were dosed once
with 2000mg/kg b.w. and monitored for 14 days for general clinical or toxicological signs and
symptoms as well as mortality (Sundarranjan et al. 2011).
3.9.3.2.1. Permission
All procedures employed were reviewed and approved by the Animal’s ethical Committee of
University.
3.9.3.3. Induction of experimental diabetes in test animals
The animals were deprived of food and water for 14h prior to the induction of diabetes to the
experimental rats (Siddique et al. 1987).
Streptozotocin freshly prepared in citrate buffer (0.1M, pH 4.5) was administered
intraperitoneally (i.p) at a single dose of 65 mg/kg bw and in a volume of 1mL/kg. Development
of diabetes was confirmed by measuring the blood sugar level after 48h of administration. Blood
was collected from the tail tip and the glucose levels were determined using glucose meter (AccuChek, Active Glucose meter) by glucose oxidase-peroxidase method using strips (Figure 5). Rats
with blood glucose levels above 200mg/dL were considered to be diabetic and used for further
experimentations.
3.9.3.4. Treatment of diabetic animals
For the treatment of diabetic animals, an experiment was conducted for 15days with 42 rats
distributed into six groups (n=6) in the following manner:
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Group-I: Normal control (treated with normal water).
Group-II: Streptozotocin –induced diabetic control (treated with normal water).
Group-III: Diabetic rats treated with metformin (10mg/kg b.w).
Group-IV: Diabetic rats orally administered with aqueous extract of Nephrolepis cordifolia
(NCAE) (250mg/kg b.w.) once daily.
Group-V: Diabetic rats orally administered with aqueous extract of Nephrolepis cordifolia
(NCAE) (500mg/kg b.w) once daily.
Group-VI: Diabetic rats orally administered aqueous extract of Cyclosorus dentatus (CDAE)
(250mg/kg b.w) once daily.
Group-VII: Diabetic rats orally administered with aqueous extract of Cyclosorus dentatus
(CDAE) (500mg/kg b.w) once daily.
All the extracts fed were prepared freshly, just before the time of treatment (Figure 5).

Figure 5: Illustration of maintenance and handling of rats. A. Rats housed in the
polypropylene cage. B: Blood being withdrawn from the tail vein of rats. C: STZ injected
intraperitonially (i.p.). D. Feeding the rats with standard drug(metformin)/plant extracts.
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3.9.3.5. Analytical procedure
3.9.3.5.1. Measurement of body weight
The total body weight of all the experimental rats were recorded on day1, day5, day 10 and day
15 of the treatment.
3.9.3.5.2. Estimation of blood sugar level
Blood sugar level was also recorded on day1, day5, day 10 and day 15 of the treatment. Blood
was collected from the tail tip and the glucose levels were determined using glucose meter (AccuChek, Active Glucose meter) by glucose oxidase-peroxidase method using strips.
3.9.3.5.3. Collection of serum
Blood was collected in a centrifuge sterile glass tube without anticoagulant and allowed to stand
in room temperature for 20-30min.Then, it was centrifuged at 1500g for 10min at 20°C. The
serum gets separated from the blood as an upper transparent liquid over the clotted blood. The
serum was then collected without disturbing the residue and used for studying further
biochemical parameters.
3.9.3.5.4. Study of serum biochemical parameters
3.9.3.5.4.1. Lipid profile analysis


Estimation of Total Cholesterol in the serum
The total cholesterol level in the serum samples collected from all the groups of experimental
rats were analysed using the manufacturer’s instructions of commercially available kit (Erba
diagnostics Manheim GmbH, Mallaustr, Manheim/Germany). The estimation of cholesterol
was performed by Dynamic extended stability with lipid clearing agent (CHOD-PAP method
or modified Roeschlau’s method) (Allian et al., 1974; Roeschlau et al., 1974). Prior to
experimentation working reagent was prepared by mixing available Cholesterol reagent ( i.e,
the mixture of Cholesterol esterase (pancreatic), cholesterol oxidase (microbial), peroxidase
(horseradish), sodium phenolate, 4-aminoantipyrine, phosphate buffer (pH 6.5±0.1) and lipid
clearing agent) with appropriate amount of Aqua 4 (double deionized, 0.2 micron, membrane
filtered, particle free water). Prior to use, all available reagent were first allowed to attain the
room temperature (15-30ºC). Then, 2mL of the working reagent was mixed well with 40µL
of test sample (unhaemolyzed serum of the experimental rats) and allowed to incubate for
37ºC for 10min. Blank and standard was prepared by taking distilled water and available
cholesterol standard (200mg/dL) instead of the serum. The reaction mixture was aspirated
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and the absorbance was recorded at 505nm. The cholesterol content was calculated using the
following formula (provided in the kit):

Cholesterol mg dL



=

Absorbance of test
x Conc. of standard (mg dL )
Absorbance of standard

Estimation of Triglycerides in the serum
The content of triglycerides in the serum samples were analysed using the manufacturer’s
instructions of commercially available kit (Erba diagnostics Manheim GmbH, Mallaustr,
Manheim/Germany). Triglycerides were estimated by Dynamic extended stability with lipid
clearing agent (Glycerol Phosphate Oxidase- Trinder method) (Product Data sheet;
McGowan et al., 1983; Fossati and Prencipe, 1982; Trinder 1969). Briefly, supplied
Triglycerides Des reagent (consisting of ATP, Mg2+, 4- aminoantipyrine, 3-5 DHBS,
Peroxidase, Glycerol Kinase, Glycerol Phosphate Oxidase (GPO), Lipoprotein Lipase, Buffer
(pH 7.0±0.1 at 20ºC) was mixed with Aqua 4 (double deionized, 0.2 micron, membrane
filtered, particle free water) by gently swirling the mixture and was allowed to stand for
10min at room temperature. Following, reagent reconstitution 2mL of the working reagent
was then mixed with 20µL of the serum/standard (200mg/dL) and incubated for 10min at 37
ºC). The absorbance was recorded at 505nm. The triglycerides content was calculated using
the following formula (provided in the kit):

Triglycerides (mg dL ) =



Absorbance of test
x Conc. of standard (mg dL )
Absorbance of standard

Estimation of HDL-cholesterol in the serum
The estimation of HDL-cholesterol was done following the phosphotungstic acid method as
described by Burstein et al. 1970 in manufacturer’s instructions of commercially available kit
(Erba diagnostics Manheim GmbH, Mallaustr, Manheim/Germany).The cholesterol working
reagent (consisting the mixture of Cholesterol esterase (pancreatic), cholesterol oxidase
(microbial), peroxidase (horseradish), sodium phenolate, 4-aminoantipyrine, phosphate buffer
(pH 6.5±0.1) and lipid clearing agent) was used to determine the concentration of HDL
cholesterol in the sample. Prior, to the use of sample the HDL was precipitated from the
sample using precipitating reagent (consisting of Phosphotungstic acid and magnesium
chloride) was used to determine the concentration of HDL cholesterol in the sample. Briefly,
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500µL of sample was mixed thoroughly with 1000µL of precipitating reagent and allowed to
stand for 10min at room temperature (15-30ºC). The reaction mixture was centrifuged at
4000rpm (1800 x g) for 10min to obtain the clear supernatent. The clear supernatant (100 µL)
was then mixed well with 2000µL of cholesterol working reagent and incubated for 10min at
37ºC. The absorbance for each test samples and standard was read at 505nm or 505/670nm
against appropriate reagent blank. The supplied HDL cholesterol standard was 25mg/dL. The
HDL cholesterol content was calculated using the following formula (provided in the kit):
HDL cholesterol (mg dL )
=

Abs. of test
X Conc. of standard (mg dL ) x dilution factor
Abs. of standard

3.9.3.5.4.2. Liver function test


Analysis of SGPT/ALT (Alanine aminotransferase) level
The ALT level in the serum samples were analysed using IFCC method (International
Federation of Clinical Chemistry method, 1980) given in the manufacturer’s instructions of
commercially

available

kit

(Erba

diagnostics

Manheim

GmbH,

Mallaustr,

Manheim/Germany). Briefly, 1000µL of the working reagent was mixed thoroughly with 100
µL of the test sample and aspirated. Then, the absorbance was immediately recorded at
340nm at an interval of 1min. The working reagent was prepared by reconstituting the
reagents supplied in the kit. The reagent was composed of L-Alanine, NADH (yeast), lactate
dehydrogenase, 2-oxoglutarate and tris buffer. Prior, to the use all the reagent bottle and
Aqua-4 (double deionized, 0.2 micron, membrane filtered, particle free water) was allowed to
attain room temperature (15-30ºC). About 20 mL of Aqua-4 was added to the reagent
containing vial, swirled gently and was used for the estimation.
The ALT activity was determined using the following formula (given in the kit):
First, the mean absorbance change obtained was converted into International Units (IU) of
activity using the general formula provided in the kit as follows:
IU/L

= (∆A/min) x T.V. x 103/ S.V. x Absorptivity x P

Where:
T.V.

= Total reaction volume in µL

S.V.

= Sample volume in µL

Absorptivity

= millimolar absorptivity of NADH at 340nm
= 6.22
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P

= cuvette lightpath= 1cm

Activity of ALT at 37 ºC (IU/L) = (∆A/min) x Factor (1768)


Analysis of SGOT/ AST (Aspartate aminotransferase) level
The IFCC method (International Federation of Clinical Chemistry method, 1980) provided
in the manufacturer’s instructions of commercially available kit (Erba diagnostics Manheim
GmbH, Mallaustr, Manheim/Germany) was used to determine the AST level in the serum
samples of all the experimental animals. The working reagent supplied had the composition
of 2-oxoglutarate, L-aspartate, malate dehydrogenase, lactate dehydrogenase, NADH (yeast),
tris buffer and EDTA. Prior to the use, the supplied reagent bottle and Aqua-4 (double
deionized, 0.2 micron, membrane filtered, particle free water) was allowed to attain the room
temperature (15-30ºC). The working reagent was prepared mixing the content of one reagents
bottle with 20mL of Aqua-4 (double deionized, 0.2 micron, membrane filtered, particle free
water). For estimation, 1000µL of the working reagent was mixed thoroughly with 100 µL of
the test sample (unhaemolysed serum) and aspirated. The absorbance was immediately
recorded at 340nm at an interval of 60 seconds.
The AST activity was determined using the following formula (given in the kit):
First, the mean absorbance change obtained was converted into International Units (IU) of
activity using the general formula provided in the kit as follows:
IU/L

= (∆A/min) x T.V. x 103/ S.V. x Absorptivity x P

Where:
T.V.

= Total reaction volume in µL

S.V.

= Sample volume in µL

Absorptivity

= millimolar absorptivity of NADH at 340nm
= 6.22

P

= cuvette lightpath= 1cm

Activity of AST at 37 ºC (IU/L) = (∆A/min) x Factor (1768)
3.9.3.5.4.3. Kidney function test


Estimation of urea level
The estimation of urea level in serum was done following the GLDH-Urease method, as
described by Talke and Schubert (1965); Tiffany et al. (1972) and available in the
manufacturer’s instructions of commercially available kit (Erba diagnostics Manheim GmbH,
Mallaustr, Manheim/Germany). The urea working reagent (consisting the mixture of α-
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ketoglutarate, NADH, urease, glutamate dehydrogenase (GLDH), ADP, Tris buffer (pH
7.9±0.1) was used to determine the concentration of serum in the sample. Prior to the use, the
supplied reagent bottle and Aqua-4 (double deionized, 0.2 micron, membrane filtered,
particle free water) was allowed to attain the room temperature (15-30ºC). The working
reagent was then prepared by gently mixing the content of one reagent bottle with 20mL of
Aqua-4. For estimation, 2000µL of the working reagent was mixed well with 20µL of the
standard/test samples and aspirated. The absorbance was immediately recorded at 340nm at
an interval of 60 seconds against the appropriate blank. The rate of decrease in absorbance is
directly proportional to urea concentration in the sample.
The concentration of urea was calculated using the following formula (provided in the kit):
Urea (mg dL ) =

∆A of test
X Conc. of standard (mg dL )
∆A of standard

Where, ∆A (absorbance change for the standard and test) = A1-A2


Estimation of creatinine level
The modified Jaffe’s method described by Slot (1965) and Bartel et al. (1972) which was
provided in the kit (Erba diagnostics Manheim GmbH, Mallaustr, Manheim/Germany) was
employed for the estimation of creatinine level in the serum. The working reagent was
prepared by mixing equal amount of picric acid and sodium hydroxide reagent provided in
the kit. The mixture was then allowed to stand for 15min. For estimation, 2000µL of the
working reagent was mixed with 200 µL of standard/serum sample and the initial absorbance
(A1) was read at 20 seconds after mixing followed by final absorbance (A2) 80 seconds after
mixing

at wavelength 505nm. The absorbance of the orange –yellow colour (Jaffe’s

reaction) formed is directly proportional to the creatinine concentration.
The creatinine concentration was calculated as follows:
Creatinine (mg dL ) =

∆A of test
X Conc. of standard (mg dL )
∆A of standard

Where, ∆A (absorbance change) = A2 (final) - A1 (initial)

3.10. Characterization of active compounds
Since the methanolic extracts of Nephrolepis cordifolia and Cyclosorus dentatus was found to
possess significant better pharmacological activity compared with the other extracts, an attempt
has been made to partially characterize the various components present in these extracts through
column chromatography and Gas Chromatography mass spectrometry (GC-MS).
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3.10.1. Column chromatography
Column chromatography is a type of adsorption chromatography wherein the separation of
bioactive components of the plant depends on the differential adsorption of the substance by the
adsorbent. For successful separation, the component must possess varying degree of affinity
towards adsorbent and even varying reversible interaction. Low affinity compounds are eluted
first in column chromatography.
The method described by Tomer et al. (2009) with minor modification was followed for column
chromatography. The methanolic extract was separated by column chromatography using column
of an appropriate size (60cm length and 4cm diameter). Initially the column was washed
thoroughly with water and rinsed with suitable solvent and then dried completely. Non-absorbant
cotton was placed at the bottom of the column. Initially the column was filled with n-hexane to
about 20cm height. Then, the column was packed with the solution of silica gel with hexane
using the wet slurry method. The slurry of silica gel was prepared by adding 280g of silica gel
(60-120 mesh) into 350mL of n-hexane. Simultaneously, the column was tapped continuously to
ensure proper loading of the gel and to prevent the occurrence of air bubbles in the column.
Finally, the column was loaded upto the 3/4th of the column size. The loaded column was rinsed
with hexane before loading the methanolic extract of Nephrolepis cordifolia and Cyclosorus
dentatus. The extracts were mixed with silica gel until the free flowing powder was obtained. The
powder was then slowly poured into the column containing hexane. Simultaneously, the poured
powder was stirred slightly with the glass rod to avoid clogging without disturbing the loaded
silica gel. The solvent was released by slowly opening the knob. The elution was done using
hexane, ethyl acetate and methanol in different ratios like Hexane (100%- broad fraction 1),
Hexane: Ethyl acetate (50:50- broad fraction 2), Ethyl acetate (100%- broad fraction 3), Ethyl
acetate: Methanol (50:50 – broad fraction 4) and methanol (100%- broad fraction 5).
Various parameters such as the weight of the individual eluted fraction, colour and the biological
activities such as antioxidant activity mainly DPPH and α-amylase activity of was tested.
3.10.2. Gas Chromatography mass spectrometry (GC-MS)
The collected fractions of both the plant samples were further analysed through GC-MS to
identify the various bioactive constituents. For analysis, samples were sent to Sophisticated
Analytical Instrument Facility, Indian Institute of Technology, Madras. The analysis was
performed using a JEOL GCMATE II GC-MS spectrometer. Initially, the instrument was kept at
temperature of 110ºC and maintained as such for 2min, after which the oven temperature was
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increased to 280ºC at the rate of 5ºC /min and maintained further at this temperature for 9 min.
The helium flow rate was maintained at 1mL/min and the injection port temperature was kept at
250ºC. The samples were injected in split mode at 10:1. The ionization voltage was 70 eV. Mass
spectral scan range was at the rate of 45-450 (m/z).
National Institute of Standards and Technology (NIST) Ver.2.1 MS data library was used to
identify the compounds present in the plant extracts. The spectrum obtained through GC-MS of
each compounds were compared with the NIST data library for the identification.
3.11. In silico molecular docking studies
3.11.1. Preparation of protein and ligand structure
The X-ray crystallographic structure of diabetic molecular targets like peroxisome proliferators
activated receptor gamma (PPAR-γ) (PDB ID: 3DZY), 11-β-hydrosteroid dehydrogenase type 1
(PDB ID: 2BEL) (Berman et al., 2000), glucokinase (PDB ID: 1V4S) (Kamata et al., 2004) and
fructose 1,6-bisphosphatase (PDB ID: 2JJK) (Hebeisen et al., 2008) were retrieved from the
Protein Data Bank (PDB) (http:://www.pdb.org.) database.
The ligand structures or the structures of natural compounds were downloaded from Pubchem
database (http://www.pubchem.ncbi.nlm.nih.gov).
Ligand and protein preparation was done using Molecular Operating Environment (MOE)
2009.10 (Chemical Computing Group Inc., 2005) and Pymol 1.0 was used for visualization
(DeLano, 2009). All water molecules associated with the crystallographic structure was removed
and non polar hydrogen was merged. Further, Gasteiger charges were assigned to the protein and
ligand structures. The pdb files were then converted to pdbqt files using Autodock tools. Energy
optimization and minimization was done using the MMFF94 force field implemented in MOE.
3.11.2. Docking studies
Docking calculations were conducted with AutoDock Vina (Trott & Olson 2010). The ligand is
docked automatically in the AutoDock program with the user-specified dihedral flexibility within
a rigid binding site of a protein. Several runs are performed by the program in each docking
experiment wherein each run provides one predicted binding mode. During docking, all the
torsions were allowed to rotate. The auxiliary program AutoGrid generated the grid maps. Each
grid was centered at the crystallographic coordinates of the crystallographic compound. The
Lamarckian genetic algorithm was applied for the search using default parameters. The number
of docking runs was 100. After docking, the best 100 solutions were clustered into groups. The
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clusters were ranked by the lowest energy representative of each cluster. In order to describe the
ligand-binding pocket interactions, the top ranked binding mode found by AutoDock vina in
complex with the catalytic binding site of target enzymes was subject to full energy minimization
using the MMFF94 force field implemented in MOE until the gradient 0.05 was reached.
Protocol described by Hernández-Campos et al. (2010) was followed to refine the docking poses.
3.11. Statistical analysis
All the data was subjected to various statistical analyses and expressed as mean ± standard
deviation (SD). Analysis like one way and two way analysis of variance followed by Fisher’s
Least significance difference test (LSD), Student’s t-test, one way ANOVA with Dunnett’s test
and Principle component analysis (PCA) was employed for the statistical analysis of data.
Softwares like KyPlot (version 2 beta15) and IBM SPSS statistic version 21 was used for the
analysis.
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Chapter 4

Results

4. Results
4.1. Description of selected ferns from North Bengal region
Pteridophytes (Gr. Pteron: feather, phyton=plant) falling under the division Pteridophyta are the
earliest seedless vascular land plants that reproduce by releasing spores rather than seeds. Thus,
they are also known as “vascular cryptogams”. Amongst the 13,600 species of pteridophytes
across the globe 1200 species are likely to occur in India (Moran 2006, Dixit 1984). Species
differ among each other in the types of sori, spores fronds and lamina they possess. The plant
specimens used in the study were studied thoroughly for their morphological characters and are
described below:

Nephrolepis cordifolia (L.) C. Persl: It belongs to the family Nephrolepidaceae and is commonly
known as “Sword fern”.
Fronds: approximately 40- 50 cm long, 4-5cm wide, acuminate apex, linear to elliptical, pinnate
and tufted.
Pinnae: middle pinnae largest and broad at the base (18-22 x 6-8 mm), alternate, oblong- obtuse,
basiscopic base auricled, the lower pinnae is gradually reduced and orbicular, veins pinnate in
auricles and forked.
Stipes: lustrous, rachis persistently paleaceous, pale brownish and approximately 3-6 cm in
length.
Sori : brownish, present at dorsal side of the pinnae, median, terminal and reniform shaped
indusium
Spores: brown coloured, microscopic is size
Paleae: lustrous, acuminate, lanceolate and peltate in shape, light brown in colour, isotoechae,
on rhizomes, stipes and rachis.
Rhizomes: erect forming paleaceous apex, roots were thick, solid with fleshy tubers.
Habitat: epiphytic or epilithic, terrestrial and herbaceous with bright green coloured fronds,
perennial.
Distribution: widely distributed across Tropical Asia and India.
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Cyclosorus dentatus (Forsk.) Ching: It belongs to the family Thelypteridaceae and is commonly
known as “soft fern”.
Fronds: fronds are elliptical, bipinnatifid, caudate acuminate in shape and approximately 65-85
cm in length and 16-24cm in width
Lamina: length varies between 35-55cm, largest pinnae observed in the middle of the lamina,
sessile and varies in number approx. 16-18pairs, base widest which is oblong- lanceolate in
shape, acroscopic base truncated and auricled which was dentate, whereas basiscopic base was
broad cuneate and not auricled, dorsally grooved costae, both surface was covered with acicular
hairs
Pinnae: entire, obtuse and oblong in shape with lobes ranging between 3.5-4mm in width,
midveins hairy, approximately 7-9 pairs of veins with 1 pair anastomosing, ending of the
excurrent vein is short with sinuseous membrane, hairy.
Stipes: presence of acicular hair on both the surfaces, base paleaceous, 21-27cm long, rachis
paleaceous
Palae: lanceolate shaped, basifixed, long acuminate, upto 5mm in length and 1mm in width
Sori: round shaped, surface covered with acicular hair, median, reniform shaped indusium
Spores: exonelete, brown coloured, reniform shaped and separate perispore which were warted
irregularly, size minute about 47 X 34µm
Rhizomes: approximately 8-16 cm long, paleaceous and decumbent
Habitat: grows well in low hills as well as hilly areas and are terrestrial.
Distribution: throughout tropical and sub-tropical areas of the world, in India widely available in
Western and Eastern Himalayas and was introduced in America.
Phymatosorus cuspidatus (D.Don) Pic. Serm. : Earlier known as Pleopeltis leiorhiza Wall. is the
fern belonging to the family Polypodiaceae.
Fronds: caudate, acuminate, approximately 80-120 x 20-45 cm in size, pinnate and oblonglanceolate in shape.
Laminae: imparipinnate, oblong to oblong-subdeltoid, 45-70 cm long, lateral pinnae 9–12 pairs,
gradually becoming smaller from base towards apex, non-articulated, stipicellus approx. 5mm,
reticulating veins (not distinct), subcoriaceous.
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Stipes: 35-55cm long, stramineous, glandular (as minute white spots everywhere) green;
scaly at base.
Sori : round, present in two rows at each side of costa, approximately 1.5-3 mm in diameter,
dorsal on the veins and sunken.
Spores: bilateral, reniform, hyaline, spore wall thick.
Rhizomes: fleshy, wide- creeping, paleaceous, almost circular and with surface hair around the
sinus.
Habitat: terrestrial, frequently found in the marshy land and in open places along the roadsides.
Distribution: World-wide distribution mainly in China (Guangdong, Guangxi, Guizhou, Hainan,
Sichuan, Yunnan), Vietnam, peninsular Malaysia (Perak), Laos Thailand, Tibet, North Myanmar,
North India, Sikkim, Darjeeling Himalayas.
Microsorum punctatum (L.) Copel. : It belongs to the family Polypodiaceae and is commonly
known as “Climbing Bird’s Nest or pitted wart fern”.
Fronds: sessile, simple, elliptical, 35-85 cm long and 5-8cm wide, narrow ends, entire,
acuminate, thick and leathery, veins reticulate though not prominent, irregular areoles present in
several rows
Sori: minute, distributed irregularly on the apical half of the frond, long sporangium stalk, brown
in colour, small paraphyses
Spores: smooth, monolete, approximately 47-65 x 42-50µm in size
Paleae: ovate to lanceolate in shape, about 2.5 x 2mm in size, peltate, acute, blackish brown in
colour, isotoechae
Rhizomes: thick, short, creeping, profusely hairy roots and paleaceous
Habitat: mostly ephiphytic, growing on trees or boulders in humid and sunny areas
Distribution: Tropical Asia from South China to India, Africa, Madagascar, Malaysia, Australia,
Africa
Drynaria quercifolia (L.) J. Smith: It belongs to the family Polypodiaceae and is commonly
known as “Oak Leaf Fern”.
Fronds: fronds are 80-250 cm long and lobed pinnately, leathery in texture, dimorphic (fertile
and sterile), shorter and flabellate sterile fronds
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Lamina: usually 2-3 feet (cm) in length and about a foot wide, pinnate with basal part broad and
apex tapering
Palae: Distinctly ciliated, pseudopeltate, ocuuring on both the surfaces
Sori: round to globose in shape,unindusiate, present in a row on each side of the costae occurring
normally on the fertile fronds
Spores: Bilateral with minute and sparsely echinated on the exine
Rhizomes: irregularly shaped, wide and creeping
Habitat: both epiphytic or epilithic (on trees or rocks respectively), grows well in low fertile land
with humid conditions
Distribution: widely available in China, Indian subcontinent, Myanmar, Thailand, Indonesia,
Australia and Fiji.
Pteris biaurita L.: It belongs to the family Pteridaceae and is commonly known as Brake fern.
Fronds: approximately 110 x 40cm in size, bipinnatifid, caudate, acuminate ovate to ovatelanceolate in shape
Laminae: long about 45-70cm in length.
Pinnae: mostly sessile or sometimes with a short stalk, basal pinnae bipartite, pinnatifid,
acuminate, oblong to lanceolate in shape, pinnae lobes are dilated at the base, acute or obtuse
with distinct veins, presence of costal areoles in a row on each side, 12-17 pairs of veins, forked,
ending into margin
Stipes: stramineous with paleaceous base, about 50-70cm long, grooved
Sori : elongated, marginal with thick indusium, entire, light pale in colour
Spores: trilete, brownish and opaque having solid unfolded perispores, approximately 60-60-60 x
64-64-64µm in size, irregularly warted and tuberculated dorsal surface
Paleae: basifixed, entire or undulate, acuminate, isotoechae, dark brown at the middle, opaque,
upto 6 x 1mm in size
Rhizomes: thick and erect, apex paleaceous
Habitat: shade loving, grows well in the open places
Distribution: Tropical and subtropical areas of the world, India, almost throughout the hilly
region
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Pteris vittata L.: It belongs to the family Pteridaceae and are commonly known as Brake fern
Fronds: tufted, oblong to lanceolate, pinnate, apex caudate or acute and about 55-75cm long and
20-25cm wide.
Laminae: approximately 40-65cm long
Pinnae: upto 10 x 0.7cm in size, mostly sessile, auricled base, linear to lanceolate in shape with
acute to obtuse apex, largest pinnae at the apical region gradually reducing downwards to the
base, terminal pinnae not auricled, veins simple to forked, subcoriaceous
Stipes: base palaeceous with raised edges, light pale brownish in colour similar to rachis and
about 12-17cm long
Sori: marginal, elongated with indusium entire and thick pale brown in colour
Spores: trilete, hyaline to bluish green, perispores folded, tuberculated and approximately 48-4848 x 60-60-60 µm in size
Paleae: approximately 4 x 0.5mm in size, basifixed, entire, acuminate, isotoechae, concolorous
Rhizomes: erect to short creeping, apex paleaceous, roots solid
Habitat: mostly lithophytic (grows on rock crevises), terrestrial
Distribution: cosmopolitan, almost all parts of India.
Systematic position of all the plants described has been presented in (Table 3).
Table 3: Systematic position of the described plant samples
Class
Filicopsida

Order
Filicales

Family
Genus
Nephrolepidaceae Nephrolepis

Species
cordifolia

Polypodiopsida Polypodiales

Thelypteridaceae
Polypodiaceae
Polypodiaceae
Polypodiaceae

Cyclosorus
Phymatosorus
Microsorum
Drynaria

dentatus
cuspidatus
punctatum
quercifolia

Pteridopsida

Gleicheniaceae
Pteridaceae

Dicranopters
Pteris
Pteris

linearis
biaurita
vittata

Gleicheniales
Polypodiales
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4.2. Qualitative analysis of phytochemical compounds of the selected ferns
Preliminary qualitative analysis has always been an important tool in detecting the bioactive
components present in the samples, which subsequently may led to development and discovery of
potential drugs (Mallikharjuna et al., 2007). In the present study, variety of phytochemical (both
primary and secondary metabolites) was detected in the crude powdered plant samples. All the
ferns revealed the presence of phenol, flavonoid, tannin, carbohydrates, reducing sugar, protein
and terpenoid. On the other hand, anthraquinone was not detected in any of the ferns screened.
Likewise, alkaloid was detected only in P. biaurita amongst all the other samples. However,
except M. punctatum (Mp) and N. cordifolia (Nc) all the other ferns showed the presence of
cardiac glycosides. Amongst the samples tested, saponin was not detected in P. biaurita (Pb) and
M. punctatum. Further, steroid analysis revealed the presence of steroid only in N. cordifolia, C.
dentatus (Cd) and P. biaurita (Table 4).

Table 4: Phytochemicals screened in the powdered plant samples
Plant samples
Bioactive
Nc
Cd
Dq
Pc
Dl
Pb
Pv
Mp
constituents
Phenol
+
+
+
+
+
+
+
+
Flavonoid
+
+
+
+
+
+
+
+
Tannin
+
+
+
+
+
+
+
+
Alkaloid
+
Cardiac glycosides
+
+
+
+
+
+
Carbohydrates
+
+
+
+
+
+
+
+
Reducing sugar
+
+
+
+
+
+
+
+
Protein
+
+
+
+
+
+
+
+
Saponin
+
+
+
+
+
+
Terpenoid
+
+
+
+
+
+
+
+
Steroid
+
+
+
Anthraquinone
‘+’ = detected, ‘-’= not detected. All the data are the mean of three replicates. Nc: Nephrolepis
cordifolia, Cd: Cyclosorus dentatus, Dq: Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl:
Dicranopteris linearis, Pb: Pteris biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum.
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4.3. Comparison of various biochemical components present in different ferns
4.3.1. Total phenol and protein content
The total phenol content (TPC) was found to be significantly (p<0.05) highest in the powdered
(frond) sample of N. cordifolia and lowest in M. punctatum (Table 5). The descending order at
which the phenol content was present in the sample is as follows: Nc > Cd > Dq > Pc > Pb and
Dl > Pv > Mp. The TPC of N. cordifolia was 9- fold higher compared with the content of M.
punctatum. The total phenol content of Dq was insignificantly higher than that of Pc. Likewsie,
the TPC of P. biaurita, D. linearis and P. vittata was insignificantly (p<0.05) different.
Significantly (p<0.05) different amounts of protein was found to be accumulated by the samples.
Among them, N. cordifolia had the highest protein content (PrC) whereas P. vittata had the
lowest. PrC of N. cordifolia was 3.69- fold higher than that of P. vittata (Table 5).
4.3.2. Total flavonoid and tannin content
The crude powdered sample of N. cordifolia (Nc) had significantly (p<0.05) highest flavonoid
content compared to all the other plant samples (Figure 6). The total flavonoid content (TFC) of
Nc was 6.5- times higher compared with the content of M. punctatum (Mp). The TFC of D.
linearis was insignificantly (p<0.05) higher than that of P. biaurita. Values were expressed as mg
Catechin (+) equivalent/ gdw (mgCE/gdw). TFC of the samples in the ascending order are as
follows: 7.019 ± 0.346 in Mp <13.244 ± 0.446 in Pv < 14.539 ± 0.001 in Pb < 14.716 ± 0.106 in
Dl < 16.964 ± 0.406 in Pc < 18.668 ± 0.698 in Dq < 34.751 ± 0.857 in Cd < 45.97 ± 0.461 in Nc.
Tannin content (TC) was significantly (p<0.05) highest in dried powdered sample of Nc followed
by Cd, Pv, Dq, Pc, Pb, Dl and Mp. The TC in Nc was 14.76- fold higher than compared with the
content of Mp. Tannin content of Dq was insignificantly higher than Pc while significantly higher
than Mp. Likewise, no significant difference in the tannin content was observed among Pc, Pb
and Dl. Values in the descending order are as follows: 47.005 ± 1.779 mgCE/gdw (Nc) > 20.024
± 0.21 (Cd) > 9.454 ± 0.414 (Pv) > 7.424 ± 0.84 (Dq) > 6.947±0.052 (Pc) > 6.589 ± 0.628 (Pb) >
6.439 ± 0.372 (Dl) > 3.184±0.0.56 (Mp) (Figure 6).
4.3.3. Total sugar and reducing sugar content
Significantly (p<0.05) highest total sugar content (TSC) was quantified in powdered sample of
Nc whereas the lowest concentration was obtained in Dq. The TSC of Nc was 3.8 – times higher
compared with the powdered sample of Dq. The TSC of Cd was insignificantly higher (p<0.05)
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Table 5: Quantification of total phenol and protein content in the crude powdered plant
samples
Plant sample

Phenol(mgFAE/gdw)*

Protein(mgBSAE/gdw)**

Nc

60.066±5.333a

59.259±0.764a

Cd

32.336±1.308b

52.249±1.854c

Dq

13.168±1.036c

34.384±0.303f

Pc

12.787±0.148c,d

40.376±0.700d

Pb

10.399±0.052e

35.890±0.041e

Dl

10.399±1.427e

30.539±0.464g

Pv

10.017±1.156e,f

16.631±0.927h

Mp

06.770±0.97g

53.719±1.214b

LSD value

1.936

0.855

Values are presented as mean±SD (n=10). *Values are expressed as mg Ferulic acid equivalent /g
dry weight sample. ** Values are expressed as mg Bovine serum albumin equivalent/g dry
weight sample. Values in the same column that are followed by different superscript letters (a-h)
are significantly different (p<0.05), as determined using the Fisher’s LSD test. Nc: Nephrolepis
cordifolia, Cd: Cyclosorus dentatus, Dq: Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl:
Dicranopteris linearis, Pb: Pteris biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum.
Table 5A: ANOVA of data presented in Table 5 (Total phenol content)
Factor

SS

Df

Ms

A (Between Groups)

13832.746

7

1976.1066

R(A) (Within Groups)

183.3859

40

4.5846474

AR (Total)

14016.132

47

F(cal)
431.02696

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

1.39E-35

2.2490243

P(F<=F(cal))

F(0.05)

8.61E-044

2.2490243

Table 5B: ANOVA of data presented in Table 5 (Protein content)
Factor

SS

Df

Ms

A (Between Groups)

8352.6876

7

1193.2411

R(A) (Within Groups)

35.764162

40

0.894104

AR (Total)

8388.4518

47

F(cal)
1334.5663

*** (P<=0.001)

than that of Pv. Likewise, the TSC of Mp was insignificantly (p<0.05) higher than Pc while total
sugar content of Pc was insignificantly (p<0.05) higher than Dq. Values were expressed as mg
glucose equivalent/gdw (mgGE/gdw). TSC of the samples in the descending order are as follows:
144.82±2.792 (Nc) > 125.00±0.011 (Pb) >56.171±2.854 (Dl) > 51.128±2.794 (Cd) > 51.126±
2.791 (Pv) > 42.117± 2.791 (Mp) > 40.315±2.791 (Pc) > 38.513±3.384 (Dq) (Figure 7).
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Figure 6: Total flavonoid and tannin content in the crude powdered samples. Values are
represented as mean ± SD (n=10). Different letters above different bars indicate significant
differences at P <0.05, as determined using Fisher’s LSD test.

The reducing sugar content (RSC) was found to be highest in crude powdered sample of Pb
followed by Nc, Pv, Cd, Dl, Dq, Pc and Mp. The RSC of all the samples except Dl, Dq, Pc and
Mp were significantly (p<0.05) different. Reducing sugar content of Dl was insignificantly higher
than that of Dq while that of Pc was higher than Mp. The values (expressed as mgGE/gdw) in the
descending order are as follows: 110.505±0.015 (Pb) > 88.169±1.303 (Nc) > 47.186±2.539 (Pv)
> 36.899± 0.529 (Cd) > 29.203±1.466 (Dl) > 28.257± 1.466 (Dq) > 24.50± 0.147 (Pc) > 23.452±
0.245 (Mp) (Figure 7).

4.3.4. Total chlorophyll, chlorophyll-a and b content
Total chlorophyll content (TChC) was found to be significantly (p<0.05) highest in Pb and lowest
in Mp. All the samples contained significantly different amount of total chlorophyll except Pb
and Pc. Pb was insignificantly higher compared with Pc. The descending order at which the
TChC was present in the sample are as follows: Pb > Pc > Pv > Cd > Dq > Nc > Dl > Mp (Table
6).
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The chlorophyll-a (Chl-a) content varied significantly among the samples studied, with Pb
containing highest and Mp containing the lowest amount. However, no significant difference was
observed between the amount of Dq and Cd. Similarly, significantly (p<0.05) different

amountof chlorophyll-b (Chl-b) was quantified among the samples. The Chl-b content of Pc was
the highest followed by Pv, Pb, Cd, Nc, Mp, Dl and Dq. Insignificantly higher amount of Chl-b
was obtained in Pv than in Pb. Similar trend was observed between Mp and Dl (Table 6).
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Figure 7: Comparison of total and reducing sugar content in the powdered samples. Values
are represented as mean ± SD (n=10). Significant differences at P <0.05 has been
determined using Fisher’s LSD test. Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Dq:
Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris
biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum.

4.3.5. Total lipid and carotenoid content
All the samples were found to contain lipid in a significantly (p<0.05) different amount except
for Cd, Pc, Mp and Pb. The lipid content (LC) of Dq was highest followed by Pv, Cd, Pc, Mp,
Pb, Dl and Nc. Lipid content of Cd was insignificantly compared with Pc while Mp was
insignificantly higher than Pb (Table 7).
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Table 6: Quantification of total chlorophyll, chlorophyll- a and chlorophyll-b in the
powdered plant samples
Plant sample

Total chlorophyll

Chlorophyll-a

Chlorophyll-b

(mg/gdw)

(mg/gdw)

(mg/gdw)

Pb

0.900±0.035a

0.600±0.070a

0.290±0.037bc

Pc

0.891±0.061a,b

0.466±0.005e

0.426±0.057a

Pv

0.824±0.003c

0.526±0.004d

0.298±0.001b

Cd

0.732±0.004d

0.568±0.002b,c

0.164±0.003d

Dq

0.623±0.004e

0.571±0.009b

0.052±0.005h

Nc

0.494±0.002f

0.369±0.005f

0.125±0.007e

Dl

0.413±0.003g

0.312±0.004g

0.101±0.006fg

Mp

0.288±0.009h

0.182±0.001h

0.106±0.005f

0.02

0.008

0.018

LSD value

Values are presented as mean±SD (n=10). *Values expressed as mg/g dry weight sample. Values
in the same column that are followed by different superscript letters (a-h) are significantly
different (p<0.05), as determined using the Fisher’s LSD test. Nc: Nephrolepis cordifolia, Cd:
Cyclosorus dentatus, Dq: Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris
linearis, Pb: Pteris biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum.

Table 6A: ANOVA of data presented in Table 6 (Total chlorophyll content)
Factor

SS

Df

Ms

A (Between Groups)

2.2209731

7

0.3172819

R(A) (Within Groups)

0.0192943

40

0.0004824

AR (Total)

2.2402675

47

F(cal)
657.77204

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

3.28E-39

2.2490243

P(F<=F(cal))

F(0.05)

3.59E-43

2.2490243

Table 6B: ANOVA of data presented in Table 6 (Chlorophyll-a content)
Factor

SS

Df

Ms

A (Between Groups)

0.9268841

7

0.132412

R(A) (Within Groups)

0.0050861

40

0.0001272

AR (Total)

0.9319702

47

F(cal)
1041.3707

*** (P<=0.001)

Table 6C: ANOVA of data presented in Table 6 (Chlorophyll-b content)
Factor

SS

Df

Ms

A (Between Groups)

0.9268841

7

0.132412

R(A) (Within Groups)

0.0050861

40

0.0001272

AR (Total)

0.9319702

47

F(cal)
1041.3707

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

3.59E-43

2.2490243
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Carotenoid content (CC) was found significantly highest in Pb than all the other samples. The CC
of Pb was 5- times higher compared with the content of Mp. Almost, all the samples contained
significantly different amount of carotenoid, except for Nc and Pc. The carotenoid content of Nc
was insignificantly (p<0.05) higher than Pc (Table 7).

Table 7: Total lipid and carotenoid content in the crude powdered plant samples
Plant sample

Lipid(mg/gdw)

Cartenoid(µg/gdw)

Dq

34.000±0.942a

40.317±0.945d

Pv

32.000±1.706b

34.978±3.573e

Cd

30.300±0.967c

48.223±1.283c

Pc

30.000±1.073c,d

26.400±2.679f,g

Mp

23.700±0.881e

12.237±0.023h

Pb

23.000±1.229e,f

62.260±0.001a

Dl

18.000±0.967g

58.585±1.066b

Nc

10.500±0.675h

26.500±1.084f

LSD value

0.988

1.593

Values are presented as mean±SD (n=10). Values in the same column that are followed by
different superscript letters (a-h) are significantly different (p<0.05), as determined using the
Fisher’s LSD test. Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Dq: Drynaria
quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris biaurita, Pv:
Pteris vittata, Mp: Microsorum punctatum.

Table 7A: ANOVA of data presented in Table 7 (Lipid content)
Factor

SS

Df

Ms

A (Between Groups)

2686.4925

7

383.78464

R(A) (Within Groups)

47.84

40

1.196

AR (Total)

2734.3325

47

F(cal)
320.8901

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

4.59E-33

2.2490243

Table 7B: ANOVA of data presented in Table 7 (Carotenoid content)
Factor

SS

Df

Ms

A (Between Groups)

12343.282

7

1763.3261

R(A) (Within Groups)

124.03928

40

3.100982

AR (Total)

12467.322

47

F(cal)
568.63473

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

5.85E-38

2.2490243
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4.3.6. Vitamin C and E content
Like observed in most cases, accumulation of vitamin C (vit-C) was found to be significantly
(p<0.05) highest in Nc. The vit-C content of Nc was 34- fold higher compared with the content of
Pc. All the plants studied were found to contain significantly different amount of vit-C except for
Dq and Mp. Insignificantly higher amount of vit-C was observed in Dq than in Mp (Table 8).
In contrast to vit-C content, vitamin E (vit-E) content was found to be highest in Pc among the
samples tested. Significantly different amount of vit-E content was observed among all the
samples except Mp and Dq. The descending order at which the vit-E was present in the sample
are as follows: Pc > Mp > Dq > Pv > Cd > Nc > Pb > Dl (Table 8).

Table 8: Vitamin C and E content in the dried powdered plant samples
Plant sample

Vitamin C(mgAAE/gdw)*

Vitamin E(mgTE/gdw)**

Nc

17.325±0.149a

1.029±0.036f

Dl

10.119±0.061b

0.485±0.002h

Cd

6.367±0.002c

1.368±0.018e

Pb

1.620±0.002d

0.940±0.003g

Dq

1.060±0.0003e

2.040±0.003b,c

Mp

1.039±0.001e,f

2.068±0.114b

Pv

0.839±0.002g

1.701±0.002d

Pc

0.511±0.006h

2.837±0.001a

LSD value

0.049

0.04

Values are presented as mean±SD (n=10). *Values expressed as mg Ascorbic acid equivalent/ g
dry weight sample. ** Values are expressed as mg α-Tocopherol equivalent/ g dry weight
sample. Values in the same column that are followed by different superscript letters (a-h) are
significantly different (p<0.05), as determined using the Fisher’s LSD test.

Table 8A: ANOVA of data presented in Table 8 (Vitamin C content)
Factor

SS

Df

Ms

A (Between Groups)

1559.4442

7

222.77774

R(A) (Within Groups)

0.1314241

40

0.0032856

AR (Total)

1559.5756

47

F(cal)
67804.243

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

1.2898E-079

2.2490243
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Table 8B: ANOVA of data presented in Table 8 (Vitamin E content)
Factor

SS

Df

Ms

A (Between Groups)

23.967907

7

3.4239867

R(A) (Within Groups)

0.0735157

40

0.0018379

AR (Total)

1559.5756

47

F(cal)
1862.995

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

3.36E-48

2.2490243

4.4. Effects of solvent on extraction yield of different ferns
Among the various steps involved in obtaining phytochemicals from plants samples, extraction is
the most important step. Polarity of the solvents, pH, temperature, extraction time and
constituents of the plants influences the extraction yield (Stalikas, 2007). In the present study,
samples were extracted with three different solvent ethanol (EtOH), methanol (MeOH) and hot
water (HW).
Extraction yield ranged from 52.656% for methanolic extract of Nc to 7.825% for ethanolic
extract of Dl. Varying percent of extraction yield were observed among the samples. In case of
ME, significantly (p<0.05) highest percentage of yield was noticed in Nc followed by Dl, Cd, Pv,
Dq, Pc, Pb and Mp. Insignificantly higher percent yield was observed in Pv than Dq, and Pc than
Pb (Figure 8A). In comparison to the percentage of extraction yield in methanol, decrease in the
extraction yield of hot water extracts were noticed for almost all the samples except Pc, Pb and
Mp. Insignificant (p<0.05) difference in the extraction yield was prominent between Mp and Nc,
and among Pv, Cd and Dq. The extraction yield (%) in Pc (27.08±0.606) was significantly higher
than all the other samples, while Dq showed the lowest extraction yield (12.04±0.055) (Figure
8B). Like in case of HWE, decrease in the percentage of extraction yield was observed in ethanol
extract than ME except for Pb and Pv which showed significantly higher yield than both the
solvents. Significantly different percentage of extraction yield was observed among the EE of the
samples (Figure 8C). In general, the yields of extraction (%) by the three solvent increased in the
following order: EtOH < HW < MeOH.

4.5. Comparison of antioxidative activities in different extracts
4.5.1. DPPH radical scavenging activity
DPPH radical scavenging activity of all the plants tested was observed to increase in a dependent
manner over the range of concentrations tested [Figure 9&10 (A- D)]. However, the rise in the
activity with respect to concentration was insignificant (p<0.05).
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Figure 8: Extraction yield expressed in percentage (%) of different plants in various
solvent system. A: Methanol extract (ME) B: Hot water extract (HWE) C: Ethanol extract
(EE). Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Dq: Drynaria quercifolia, Pc:
Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris biaurita, Pv: Pteris vittata,
Mp: Microsorum punctatum.
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Among the plant extracts, hot water extracts (HWE) exhibited higher activity than the methanolic
(ME) but, it was observed to be insignificant (p<0.05) to each other. Nonetheless, activity of both
the HWE and ME was significantly (p<0.05) higher than the ethanolic extracts (EE).
Further, comparison of IC50 values (concentration of the samples/antioxidant required to scavenge
50% of the initial DPPH radicals) of HWE among the plant samples revealed NcHWE (N.
cordifolia hot water extract) with the lowest and MpHWE (M. punctatum hot water extract) with
the highest IC50 values respectively. Lower the IC50 value, higher is the antioxidant activity of the
plant extracts. The free radical scavenging activity decreased in the following order: ascorbic acid
> NcHWE > CdHWE (C. dentatus hot water extract) > DqHWE (D. quercifolia hot water extract)
> PcHWE (P. cuspidatus hot water extract) > PbHWE (P. biaurita hot water extract) > DlHWE
(D. linearis hot water extract) > PvHWE (P. vittata hot water extract) > MpHWE. There was no
significant difference (p<0.05) between the IC50 values of the HWE of the plant samples.
By contrast, DPPH activity of NcME (N. cordifolia methanolic extract) was significantly higher
to PvME (P. vittata methanolic extract) and MpME (M. punctatum methanolic extract) while
CdME (C. dentatus methanolic extract) was significantly higher only to MpME (M. punctatum
methanolic extract). The activity of NcME was insignificantly higher than that of CdME followed
by DqME (D. quercifolia methanolic extract), PcME (P. cuspidatus methanolic extract), DlME
(D. linearis methanolic extract) and PbME (P. biaurita methanolic extract) at all the
concentrations tested. None of the other methanolic extracts were significantly different.
Further, significantly higher (p<0.05) activity was observed between the NcEE (N. cordifolia
ethanolic extracts) and the other ethanolic extracts, except CdEE. Likewise, DPPH activity of
CdEE was significantly higher (p<0.05) than PcEE, DlEE, PbEE, PvEE and MpEE while it was
insignificantly higher than the DqEE. The activity of all the other extracts viz. DlEE, PbEE,
PvEE and MpEE was insignificantly different to each other. However, ascorbic acid with the
lowest IC50 value of 0.142±0.041mg/mL exhibited significantly higher activity at all the
concentrations tested in comparison to other extracts except for the NcHWE and NcME.
Overall, all the extracts of Nc followed by Cd extracts showed higher activity than the the other
plant extracts. Though, between these two extracts no significant difference (p<0.05) was
observed in the activity (Table 9).
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Figure 9: DPPH radical scavenging activity (%) exhibited by different plants extracts at
varying concentration. A: Nephrolepis cordifolia, B: Cyclosorus dentatus, C: Drynaria
quercifolia, D: Phymatosorus cuspidatus, A.a: Ascorbic acid, ME: Methanol extract, HWE:
Hot water extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Figure 10: DPPH radical scavenging activity (%) exhibited by different plants extracts at
varying concentration. A: Dicranopteris linearis, B: Pteris biaurita, C: Pteris vittata, D:
Microsorum punctatum, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot water
extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Table 9: IC50 values of DPPH radical scavenging activity exhibited by the extracts (ME,
HWE, EE) of different samples at different concentrations
IC50 values (mg/mL)
Samples

A.a

HWE

ME

EE

Nc

0.142±0.041

0.544±0.059

0.822±0.069

1.744±0.165

Cd

0.142±0.041

0.918±0.105

1.218±0.143

2.341±0.089

Dq

0.142±0.041

0.942±0.066

1.413±0.093

2.895±0.387

Pc

0.142±0.041

1.107±0.048

1.455±0.118

3.432±0.159

Dl

0.142±0.041

1.134±0.030

1.479±0.035

4.98±0.175

Pb

0.142±0.041

1.107±0.030

1.840±0.013

5.090±0.411

Pv

0.142±0.041

1.233±0.089

2.127±0.149

5.276±0.163

Mp

0.142±0.041

1.488±0.071

2.446±0.043

5.954±0.111

LSD value (column): 0.722
LSD value (row): 1.019
Values expressed are the mean±SD (n=3). Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus,
Dq: Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris
biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum, A.a: Ascorbic acid, HWE: Hot water
extract, ME: Methanolic extract, EE: Ethanolic acid.

Table 9A: ANOVA of data presented in Table 9 (IC50 values DPPH radical scavenging activity)
Factor

SS

Df

Ms

F(cal)

A(Columns)

63.952126

3

21.317375

44.428065

B (Rows)

9.1696034

7

1.3099433

2.730085

AxB (Error)

10.076173

21

0.4798178

AB (Total)

83.197903

31

P(F<=F(cal))
*** (P<=0.001)
* (P<=0.05)

F(0.05)

2.85E-09

3.072467

0.0351282

2.4875777

4.5.2. Hydrogen peroxide scavenging activity
The hydrogen peroxide scavenging activity was observed to be exhibited higher by the ME
followed by the HWE and EE, in a dose dependent manner over the range of concentrations
tested [Fig 11&12(A-D)]. While comparing between the scavenging activities (IC50 values) of
individual plants with respect to ascorbic acid and solvent extracts, Nc extracts (ME, HWE, EE)
revealed insignificantly (p<0.05) higher hydrogen peroxide scavenging activity which was at par
with the positive control (ascorbic acid) used. Likewise, the activity of CdME, DqME, CdHWE
and DqHWE was not significantly different than ascorbic acid, while CdEE and DqEE was
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significantly different than positive control (ascorbic acid). However, the activity of all the other
extracts was seen to be significantly different than the ascorbic acid. In general, methanolic
extracts were found to reveal insignificantly (p<0.05) higher activity followed by the HWE and
EE. However, increase in the activity with respect to concentration was not significantly (p<0.05)
different. Comparison of the scavenging activity among the ME of plants revealed NcME to
exhibit significantly higher activity than PvME and MpME while the increase in the activity was
insignificant with the other plant samples. The scavenging activity was decreased in the
following order: ascorbic acid > NcME > CdME > DqME > PcME > DlME > PbME > PvME >
MpME. Furthermore, the hydrogen peroxide scavenging activity of NcHWE and CdHWE were
found to be significantly (p<0.05) higher than that of only PvHWE and MpHWE among rest of
the plant samples. The increase in the scavenging activity was in the following order: MpHWE <
PvHWE < DlHWE < PcHWE < PbHWE < DqHWE < CdHWE < NcHWE < ascorbic acid.
Likewise, the scavenging activity of NcEE (N. cordifolia ethanolic extract), CdEE (C. dentatus
ethanolic extract) and DqEE (D. quercifolia ethanolic extract) revealed significantly higher
(p<0.05) antioxidant activities as compared through their IC50 values than other ethanolic plant
extracts. The scavenging activity decreased in the following order: ascorbic acid > NcEE > CdEE
> DqEE > PcEE (P. cuspidatus ethanolic extract) > DlEE (D. linearis ethanolic extract) > PvEE
(P. vittata ethanolic extract) > MpEE (M. punctatum ethanolic extract) > PbEE (P. biaurita
ethanolic extract) (Table 10).
In general, amongst the sample N. cordifolia and C. dentatus revealed the highest activity
irrespective of the solvents used. However, methanolic extracts exhibited higher activity than hot
water and ethanolic extracts.
4.5.3. Nitric oxide radical scavenging activity
In the nitric oxide assay, IC50 values when compared among the extracts (ME, HWE and EE)
revealed ME to exhibit higher nitric oxide scavenging activity than HWE and EE over the range
of concentrations tested. Comparing the activity of an individual plant with respect to the solvent
used revealed insignificant increase in IC50 values of N. cordifolia extracts.
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Figure 11: Hydrogen peroxide scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Nephrolepis cordifolia, B: Cyclosorus dentatus, C: Drynaria
quercifolia, D: Phymatosorus cuspidatus, A.a: Ascorbic acid, ME: Methanol extract, HWE:
Hot water extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Figure 12: Hydrogen peroxide scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Dicranopteris linearis, B: Pteris biaurita, C: Pteris vittata, D:
Microsorum punctatum, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot water
extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Table 10: IC50 values of hydrogen peroxide scavenging activity exhibited by the extracts of
different samples at different concentrations
IC50 values (µg/mL)
Samples

A.a

ME

HWE

EE

Nc

67.981±3.542

82.369±8.66

91.979±6.769

106.579±6.856

Cd

67.981±3.542

89.609±4.102

101.00±11.851

137.689±8.881

Dq

67.981±3.542

95.761±15.83

115.576±10.247

144.959±1.582

Pc

67.981±3.542

130.356±16.178

154.133±5.316

167.860±5.105

Dl

67.981±3.542

142.976±2.768

157.186±10.581

193.727±16.243

Pb

67.981±3.542

146.606±12.479

152.351±30.885

398.759±19.280

Pv

67.981±3.542

158.140±2.639

188.083±10.697

242.523±25.435

Mp

67.981±3.542

193.054±20.746

218.656±9.265

393.01±42.871

LSD value (column): 52.909
LSD value (row): 74.824
Values expressed are the mean±SD (n=3). Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus,
Dq: Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris
biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum, A.a: Ascorbic acid, HWE: Hot water
extract, ME: Methanolic extract, EE: Ethanolic acid.

Table 10A: ANOVA of data presented in Table 10 (IC50 values Hydrogen peroxide scavenging
activity)
Factor

SS

Df

Ms

F(cal)

A (Columns)

97907.574

3

32635.858

12.609707

B (Rows)

60063.506

7

8580.5009

3.3152983

AxB (Error)

54351.223

21

2588.1535

AB (Total)

212322.3

31

P(F<=F(cal))

F(0.05)

*** (P<=0.001)

6.24E-05

3.072467

* (P<=0.05)

0.0154547

2.4875777
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NcME showed insignificantly (p<0.05) higher activity than NcHWE and NcEE. The activity was
insignificantly lesser than the positive control used. Likewise, extracts (ME, HWE and EE) of Cd
and Dq revealed insignificant increase in the scavenging activity. However, the activity of only
ME and HWE was insignificantly different than that of ascorbic acid used. While for the other
plant extracts, ME did show insignificant increase in the activity than HWE and EE, but the
scavenging activity was significantly lesser than the ascorbic acid. Though, gradual rise in the
activity with respect to concentration was observed but the increase was not significantly
(p<0.05) different [Fig 13&14(A-D)]. Among the plant extracts (ME), the highest activity was
exhibited by Nc followed by Cd, Dq, Pc, Dl, Pb, Pv and Mp. The activity was significantly
different than only PvME and MpME extract. Similarly, the activity of CdME and DqME was
insignificantly (p<0.05) higher than the other extracts, except for MpME, while the activity of all
the other plants were insignificantly different to each other. The scavenging activity decreased in
the following order: ascorbic acid > NcME > CdME > DqME > PcME > DlME > PbME > PvME
> MpME. In case of HWE, Nc and Cd exhibited significantly (p<0.05) higher scavenging activity
than Pv and Mp while with the other plants no significant difference in the activity was observed.
The scavenging activity decreased in the following order: ascorbic acid > NcHWE > CdHWE >
DqHWE > PcHWE > PbHWE > DlHWE > PvME > MpHWE. Comparison of the activity
between the ethanolic extracts of the plants revealed NcEE, CdEE and DqEE to exhibit
significantly (p<0.05) higher scavenging activity than the other PvEE, MpEE and PbEE. The
increase in the scavenging activity was in the following order: PbEE < MpEE < PvEE < DlEE <
PcEE < DqEE < CdEE < NcEE < ascorbic acid [Table 11].
Like in the case of H2O2 scavenging activity, N. cordifolia and C. dentatus revealed significantly
higher nitric oxide scavenging activity than other plant samples. Methaonlic extracts of all the
samples showed higher activity than hot water and ethanolic extracts.
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Figure 13: Nitric oxide radical scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Nephrolepis cordifolia, B: Cyclosorus dentatus, C: Dicranopteris
linearis, D: Phymatosorus cuspidatus, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot
water extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Figure 14: Nitric oxide radical scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Drynaria quercifolia, B: Pteris vittata, C: Pteris biaurita, D:
Microsorum punctatum, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot water
extract, EE: Ethanol extract. Data are shown as means±SD (n=3).
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Table 11: IC50 values of nitric oxide radical scavenging activity exhibited by the extracts of
different samples at different concentrations
IC50 values (µg/mL)
Samples

A.a

ME

HWE

EE

Nc

329.246±3.542

371.529±27.968

385.472±12.789

404.558±22.505

Cd

329.246±3.542

382.935±10.078

403.385±16.004

452.178±8.970

Dl

329.246±3.542

433.339±9.344

515.583±4.429

529.012±15.872

Pc

329.246±3.542

442.291±13.560

619.631±10.657

634.802±18.622

Dq

329.246±3.542

487.862±20.156

620.663±13.816

647.644±20.659

Pv

329.246±3.542

583.963±15.567

622.563±6.099

651.802±9.706

Pb

329.246±3.542

694.825±3.369

915.137±49.469

708.007±33.206

Mp

329.246±3.542

709.734±13.489

752.082±22.711

817.339±14.635

LSD value (column): 87.325
LSD value (row): 123.496
Values expressed are the mean±SD (n=3). Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus,
Dl: Dicranopteris linearis, Pc: Phymatosorus cuspidatus, Dq: Drynaria quercifolia, Pv: Pteris
vittata, Pb: Pteris biaurita, Mp: Microsorum punctatum, A.a: Ascorbic acid, HWE: Hot water
extract, ME: Methanolic extract, EE: Ethanolic acid.

Table 11A: ANOVA of data presented in Table 11 (IC50 values Nitric oxide radical scavenging
activity)
Factor

SS

Df

Ms

F(cal)

A (Columns)

405532.6

3

135177.53

19.173526

B (Rows)

323690.99

7

46241.571

6.5588855

AxB (Error)

148054.57

21

7050.2177

AB (Total)

877278.17

31

P(F<=F(cal))

F(0.05)

*** (P<=0.001)

3.19E-06

3.072467

*** (P<=0.001)

0.0003524

2.4875777
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4.5.4. Superoxide radical scavenging activity
All the extracts were observed to be efficient superoxide radical scavengers which was evident by
the ability of the extracts to scavenge the radical even at a very low concentration. Superoxide
radical scavenging activity of all the plants tested exhibited increase in the activity in a dose
dependent manner. However, the rise in the activity with the increase in concentration was not
significantly (p<0.05) different to each other [Fig 15&16 (A-D)]. Methanolic extracts of Nc, Cd,
Pc and Dq revealed significantly higher activity than HW and EE while for the other samples ME
showed insignificantly higher activity than HW and EE. Except for the activity of NcME, CdME
and PcME, all the other extracts showed significantly (p<0.05) different activity than the positive
control used. Comparison of the scavenging activity among the ME of plants revealed NcME,
CdME and PcME to exhibit significantly (p<0.05)

higher activity than PbME, DlME, PvME

and MpME. Likewise, the activity of DqME was significantly higher than the other plant samples
except for the PcME. By contrast, NcME exhibited insignificantly higher activity than Cd and Pc.
The increase in the scavenging activity was in the following order: MpME < PvME < DlME <
PbME < DqME < PcME < CdME < NcME < ascorbic acid. Similarly, NcHWE revealed
insignificantly (p<0.05) higher activity than CdHWE, PcHWE and DqHWE while the activity
was significantly different than the other samples. Insignificant difference in the activity was
observed among PbHWE, DlHWE, PvHWE and MpHWE. The scavenging activity decreased in
the following order: ascorbic acid > NcHWE > CdHWE > PcHWE > DqHWE > PbME > DlME
> PvME > MpME. Similar trend in the activity was observed for the ethanolic extracts with NcEE
and MpEE exhibiting highest and lowest activity respectively. The scavenging activity decreased
in the following order: ascorbic acid > NcHEE > CdHEE > PcHEE > DqHEE > PbEE > DlEE >
PvEE > MpEE (Table 12).
Overall, irrespective of the solvents used highest activity was revealed by N. cordifolia and
lowest by M. punctatum.
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Figure 15: Superoxide radical scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Nephrolepis cordifolia, B: Cyclosorus dentatus, C:
Phymatosorus cuspidatus, D: Drynaria quercifolia, A.a: Ascorbic acid, ME: Methanol
extract, HWE: Hot water extract, EE: Ethanol extract.
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Figure 16: Superoxide radical scavenging activity (%) exhibited by different plants extracts
at varying concentration. A: Pteris biaurita, B: Dicranopteris linearis, C: Pteris vittata, D:
Microsorum punctatum, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot water
extract, EE: Ethanol extract.
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Table 12: IC50 values of superoxide radical scavenging activity exhibited by the extracts of
different samples at different concentrations
IC50 values (µg/mL)
Samples

A.a

ME

HWE

EE

Nc

15.883±0.991

16.483±0.624

24.132±1.03

25.183±2.121

Cd

15.883±0.991

16.781±0.429

24.952±0.848

25.846±0.634

Pc

15.883±0.991

19.795±1.453

29.299±0.754

30.068±0.821

Dq

15.883±0.991

25.532±1.125

31.00±1.915

33.014±3.654

Pb

15.883±0.991

37.077±2.550

39.885±1.833

41.656±2.563

Dl

15.883±0.991

37.602±1.151

40.949±1.624

42.057±3.401

Pv

15.883±0.991

40.071±0.725

43.501±1.424

45.389±3.566

Mp

15.883±0.991

44.847±1.056

47.366±0.374

48.619±1.565

LSD value (column): 5.248
LSD value (row): 7.421
Values expressed are the mean±SD (n=3). Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus,
Pc: Phymatosorus cuspidatus, Dq: Drynaria quercifolia, Pb: Pteris biaurita, Dl: Dicranopteris
linearis, Pv: Pteris vittata, Mp: Microsorum punctatum, A.a: Ascorbic acid, HWE: Hot water
extract, ME: Methanolic extract, EE: Ethanolic acid.

Table 12A: ANOVA of data presented in Table 12 (IC50 values Superoxide radical scavenging
activity)
Factor

SS

Df

Ms

F(cal)

P(F<=F(cal))

F(0.05)

A (Columns)

2126.6069

3

708.86898

27.835063

*** (P<=0.001)

1.65E-07

3.072467

B (Rows)

1506.9059

7

215.27227

8.4530674

*** (P<=0.001)

6.20E-05

2.4875777

AxB (Error)

534.80205

21

25.466764

AB (Total)

4168.3149

31
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4.5.5. Ferric reducing antioxidant power assay (FRAP)
The ferric reducing power of all the extracts was significantly lower compared to the positive
control (ascorbic acid) used. Among the extracts, ME showed insignificantly (p<0.05) higher
activity followed by HWE and EE. Linear increase in the optical density values with the increase
in the extracts concentration was observed. However, the increase was not significantly different
to each other [Fig 17&18 (A-D)]. Results for FRAP were expressed as mg gallic acid equivalent
(GAE)/100g dry weight samples and has been presented in (Table 13). Higher the FRAP values,
higher is the reducing capability of the tested plant sample, thus greater the antioxidant activity.
Among the methanolic extracts, highest FRAP value was obtained for NcME and was
significantly (p<0.05) different from all the other plant samples except CdME. All the other
extracts revealed insignificantly different FRAP values. The decrease in the reducing ability of
the samples was in the following order: ascorbic acid > NcME > CdME > PcME > DlME >
DqME > PbME > PvME > MpME. Comparing the activity of plants extracted in HW, revealed
NcHWE to exhibit significantly (p<0.05) higher activity than all the other plant samples. By
contrast, the activity of PcHWE, DlHWE, DqHWE, PbHWE, PvHWE and MpHWE was
insignificantly different to each other. Likewise, NcEE showed insignificantly (p<0.05) higher
activity than CdEE. However, the activity was significantly higher than the other plant samples.
As for methanolic plant extracts, similar trend in the activity was observed for the plants
extracted in solvent HW and EE. Highest and lowest FRAP value among the plant extracts was
993.571 ±17.631 mgGAE/100g (NcME) and 221.311 ± 3.481 mgGAE/100g (MpEE)
respectively.
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Figure 17: Ferric reducing antioxidant power exhibited by different plants extracts at
varying concentration. A: Nephrolepis cordifolia, B: Cyclosorus dentatus, C: Phymatosorus
cuspidatus, D: Dicranopteris linearis, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot
water extract, EE: Ethanol extract. Data are shown as means±S.D (n=3).
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Figure 18: Ferric reducing antioxidant power exhibited by different plants extracts at
varying concentration. A: Drynaria quercifolia, B: Pteris biaurita, C: Pteris vittata, D:
Microsorum punctatum, A.a: Ascorbic acid, ME: Methanol extract, HWE: Hot water
extract, EE: Ethanol extract. Data are show as means±SD (n=3).
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Table 13: Ferric reducing antioxidant power (FRAP) assay of the extracts (ME, HWE, EE)
of different plants at different concentrations
FRAP (mg GAE/ 100g )
Samples

A.a

ME

HWE

EE

Nc

1185.572±5.551

993.511±17.631

906.267±18.183

860.278±17.306

Cd

1185.572±5.551

821.045±21.033

702.033±34.476

699.556±44.047

Pc

1185.572±5.551

408.85±3.532

307.533±12.443

261.078±16.853

Dl

1185.572±5.551

378.110±5.814

267.90±1.822

252.289±10.622

Dq

1185.572±5.551

359.334±8.571

262.222±14.583

244.178±9.124

Pb

1185.572±5.551

312.267±1.845

255.80±13.727

240.788±15.632

Pv

1185.572±5.551

304.367±4.811

254.322±10.325

240.656±13.804

Mp

1185.572±5.551

289.544±10.424

229.978±12.873

221.311±3.481

LSD value (column): 135.628
LSD value (row): 191.807
Values expressed are the mean±SD (n=3).Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus,
Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Dq: Drynaria quercifolia, Pb: Pteris
biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum, A.a: Ascorbic acid, HWE: Hot water
extract, ME: Methanolic extract, EE: Ethanolic acid.

Table 13A: ANOVA of data presented in Table 13 Ferric reducing antioxidant power (FRAP)
assay)
Factor

SS

Df

Ms

F(cal)

P(F<=F(cal))

F(0.05)

A (Columns)

3569553.1

3

1189851

69.962088

*** (P<=0.001)

4.24E-11

3.072467

B (Rows)

1057049.1

7

151007.02

8.8790665

*** (P<=0.001)

4.34E-05

2.4875777

AxB (Error)

357148.74

21

17007.083

AB (Total)

4983750.9

31

4.6. Principal Component Analysis (PCA) of antioxidant parameters
The correlation of the principal component (PC) with the original factors and between antioxidant
parameters with the factors considered in the analysis is expressed as loadings in PCA plot. The
PCA plots for individual plants and activity has been illustrated in Figures 19-28 (A-D).
For DPPH activity in all the plants studied, PCA results revealed that the factors flavonoid (a),
phenol (b), tannin (c), lipid (d) except b for D. quercifolia (Dq) were the most positively
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influential components responsible for DPPH activity showing correlation co-efficient (r2) values
ranging between (0.999-0.807) in N. cordifolia (Nc), C. dentatus (Cd), P. cuspidatus (Pc), D.
linearis (Dl), P. biaurita (Pb), P. vittata (Pv) and M. punctatum (Mp). The moderate positive
correlation co-efficient (r2) value of 0.783 was obtained for factor b in D. quercifolia. Protein (g)
was also observed to positively affect the activity in Nc, Dl and Pb with r2 values 0.953, 0.996
and 0.945 respectively. Further, chlorophyll a (k) was found to be positively affecting the activity
in Dl, Pv, Pb and Mp. The correlation co-efficient (r2) values ranged between 0.827-0.968.
Likewise, vitamin E (h) showed positive correlation with the activity in Nc (r2=0.934) and Cd
(r2=0.963) while carotenoid (m) was positively correlated in Nc (r2=0.995) and Pb (r2=0.810).
Total chlorophyll (total chl) (j) showed high correlation with the activity in Dl (r2=0.995) while
on the other hand it negatively influenced the activity in Nc (r2=-0.987) and Mp (r2=-0.827).
Similarly, chlorophyll b (chlb) (l) revealed positive correlation in Cd (r2=0.944) and Pc
(r2=0.909) while highly negatively correlated in Nc (r2=-0.997) and Dq (r2=-0.871) with the
activity [Fig 19 & 20 (A-D)].
Similar to DPPH radical scavenging activity, factors a, b, c and d except b for Dq was found to be
highly contributing towards hydrogen peroxide scavenging activity in the samples with the
correlation co-efficient (r2) ranging between 0.835-0.999. Factor b in Dq (r2=0.740) was found to
be moderately correlated with the activity. Factor g in N. cordifolia was observed to be highly
correlated with the activity (r2=0.991) while it showed moderate correlation with the activity in
Cd (r2=0.555), Pb (r2=0.765), Pv (r2=0.621) and Mp (r2=0.639). Further, factor h was found to be
highly influencing the activity in Nc, Cd and Dq with the positive correlation of 0.997, 0.986 and
0.800 respectively. Likewise, high positive correlation was observed between the activity and
factor l in Cd (r2=-0.751) and Pc (r2=-0.876) while it showed moderate correlation in Mp (r2=0.751). Factor l was found to be negatively correlated with the activity in Nc and Dq with r2 value
-0.935 and -0.837 respetively. Likewise, factor j was found to be negatively correlated with the
activity in Nc (r2=-0.962) while moderate negative correlation was observed in Cd (r2=-0.799).On
the other hand, it showed moderate positive correlation in Mp. Further, factor m was found to be
highly influential in Nc (r2=0.857), Dl (r2=0.928), Pb (r2=0.966) and Mp (r2=0.945) towards the
activity [Fig 21 & 22 (A-D)].
Superoxide scavenging activity was found be highly correlated with factor c and d in samples Nc,
Cd, Pc, Dq, Dl, Pb, Pv and Mp. The correlation co-efficient (r2) values ranged between 0.8470.999. Likewise, factor a and b was found to be highly positively correlated with the activity in
Cd (r2=0.942), Pc (r2=0.981), Dq (r2=0.981), Dl (r2=0.931), Pb (r2=0.929) and Mp (r2=0.917),
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while it showed moderate correlation in Nc. Similarly, factor b was highly correlated in Pv
(r2=0.880). Factor h was found be highly influencing the activity in Nc and Cd with positive
correlation of 0.876 and 0.962 respectively. On the other hand, it showed moderate positive
correlation in Pc, Dq, Pv and Mp with the values ranging between 0.564-0.727. The activity was
found to be positively correlated with factor g in Nc (r2=0.847), Dl (r2=0.999) and Pb (r2=0.834)
while it showed moderate correlation in Cd (r2=0.642). Conversely, it showed moderate negative
correlation in Dq. Factor i showed high positive correlation in Nc (r2=0.902) and Pv (r2=0.877)
while moderately correlated in Cd and Pb. Furthermore, factor k was found to be highly
influencing the activity in Nc, Dl, Pb, Pv and Mp with the positive correlation co-efficient (r2)
ranging between 0.897-0.998. Highly positive correlation was observed between the activity and
factor l in Cd (r2=0.975) while it was negatively correlated in Nc (r2=-0.704), Dq (r2=-0.960) and
Pv (r2=-0.702). Similarly, negative correlation was observed between the activity and the factor j
in Nc (r2=-0.762), Cd (r2=-0.859) and Mp (r2=-0.902) while highly positive correlation was
observed in Dl (r2=0.901). Factor f was found to be positively correlated in Pv (r2=0.816) and Mp
(r2=0.816). Factor m was observed to be highly correlated with Pb amd Pv while moderately
correlated in Cd, Dl and Mp. Factor e was found to be highly correlated in Cd (r2=0.987) [Fig 23
& 24 (A-D)].
Nitric oxide radical scavenging activity was found to be highly positively correlated with factor a
in Nc, Pc, Dq, Pb and Mp with correlation co-efficient (r2) ranging between 0.863 - 0.979 while
moderate positive correlation was observed in Cd (r2=0.715). Likewise, factor b was found to be
highly positively affecting the activity in Nc, Pc, Pb, Pv and Mp with values ranging between
0.990-0.800. On the other hand, it showed moderate positive correlation in Cd (r2=0.742) and Dl
(r2=0.623). Factor c and d, except c in Dq was also observed to highly positively influence the
activity in Nc, Cd, Dq, Pb, Pv and Mp. The correlation co-efficient (r2) values ranged between
0.823-0.987. Conversely, factor c showed moderate positive correlation in Pc, Dq and Dl with
values ranging between 0.612-0.731 while factor d in Pc (r2=0.652) and Dl (r2=0.688). Factor g
was observed to highly positively influence the activity in Nc (r2=0.935) and Cd (r2=0.904) while
it revealed moderate positive correlation in Pc (r2=0.758) and Dl (r2=0.649). Factor h in Nc, Pc,
Dq and Mp showed high positive correlation with the activity. The correlation co-efficient (r2)
values ranged between 0.804-.972. On the contrary, it showed moderate negative correlation in
Dl (r2=-0.777). Factor i showed high positive correlation in Nc (r2=0.969), Cd (r2=0.910) and Pb
(r2=0.818) while negatively correlated in Pc and Dq. Factor k was found to positively influence
the activity in Pc, Dl, Pb, Pv and Mp with the correlation co-efficient (r2) values ranging between
0.868-0.998. Factor m revealed high positive correlation with the activity in Cd (r2=0.889), Pc
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(r2=0.905) and Pb (r2=0.980). Factor j was found to positively affect the activity in Dl (r2=0.912)
while it showed negative correlation in Nc (r2=-0.874) and Cd (r2=-0.995). Factor f showed high
positive correlation in Pb (r2=0.859) and Mp (r2=0.879) while highly negative in Dl (r2=-0.870).
High positive correlation was observed between the activity and factor e in Cd (r2=0.963). Factor
l was negatively correlated with the activity in Nc (r2=0.830) [Fig 25 & 26 (A-D)].
Ferric reducing antioxidant activity was also found be highly positively influenced by the factor
a, b, c and in all the plants studied except for factor b in Mp and factor a and b in Pc. The
correlation co-efficient (r2) values ranged between 0.816-0.999. In sample Mp and Pc factor b
showed moderate positive correlation with (r2) values 0.796 and 0.667 respectively. Factor a in
Pc (r2=0.785) also revealed moderate positive correlation with the activity. Factor g was found to
be highly positively correlated with the activity in Nc (r2=0.948), Dl (r2=0.845) and Pb (r2=0.820)
while it showed moderate positive correlation in Pv (r2=0.618) and Mp (r2=0.705). On the
contrary, it revealed moderate negative correlation in Pc (r2=-0.637). The activity was found to be
highly positively influenced with factor h in Nc (r2=0.965) and Cd (r2=0.999) while moderately
correlated in Dq and Dl. Factor l was revealed to highly positively influence the activity in Cd
(r2=0.894), Pc (r2=0.976) and Mp (r2=0.807) while it showed high negative correlation in Dq (r2=0.980) and Nc (r2=-0.851). Factor m showed high positive correlation with the activity in Dl, Pb
and Mp with the correlation co-efficient (r2) values ranging between 0.939-0.972. Factor k was
found to highly positively affecting the activity in Pb (r2=0.992) while moderately correlated in
Nc (r2=0.768), Dl (r2=0.615) and Pv (r2=0.764). Factor i showed high positive correlation with the
activity in Nc (r2=0.978) and factor e in Cd (r2=0.921). High negative correlation was observed
between the factor j and activity in Nc (r2=-0.892) while moderate negative correlation in Cd (r2=0.714) [Fig 27 & 28 (A-D)].
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A

PC1: n,a,b,c,d,g,h,i,j,l,m
PC2: e,f,k

C

PC1: e,f,g,h,i,j,k,m
PC2: n,a,b,c,d,l

B

PC1: n,a,b,c,d,e,f,h,l
PC2: g,i,j,k,m

D

PC1: e,f,g,h,i,j,k,m
PC2: n,a,b,c,d,l

Figure 19: Loading plot of the different phytochemicals and DPPH radical scavenging
activity. A: N. cordifolia, B: C. dentatus, C: P. cuspidatus, D: D. quercifolia, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, n:
DPPH radical scavenging activity.
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A

PC1: n,a,b,c,d,g,j,k,m
PC2: e,f,h,i,l

C

PC1: e,f,g,h,i,j,l,m
PC2: n,a,b,c,d,k

B

PC1: n,a,b,c,d,f,g,i,k,m
PC2: e,h,j,l

D

PC1: n,a,b,c,d,f,h,j,k
PC2: e,g,i,l,m

Figure 20: Loading plot of the different phytochemicals and DPPH radical scavenging
activity. A: D. linearis, B: P. biaurita, C: P. vittata, D: M. punctatum, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, n:
DPPH radical scavenging activity.
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A

PC1: o,a,b,c,d,g,h,i,j,k,m
PC2: e,f,k

C

PC1: e,f,g,h,i,j,k,m
PC2: o,a,b,c,d,l

B

PC1: o,a,b,c,d,e,f,h,l
PC2: g,i,j,k,m

D

PC1: e,f,g,h,i,j,k,m
PC2: o,a,b,c,d,l

Figure 21: Loading plot of the different phytochemicals and Hydrogen peroxide scavenging
activity. A: N. cordifolia, B: C. dentatus, C: P. cuspidatus, D: D. quercifolia, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, o:
Hydrogen peroxide scavenging activity.
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A

PC1: o,a,b,c,d,g,j,k,m
PC2: e,f,h,i,l

C

PC1: e,f,g,h,i,j,l,m
PC2: o,a,b,c,d,k

B

PC1: o,a,b,c,d,f,i,k,m
PC2: e,g,h,j,l

D

PC1: o,a,b,c,d,f,k,m
PC2: e,g,h,i,j,l

Figure 22: Loading plot of the different phytochemicals and Hydrogen peroxide scavenging
activity. A: D. linearis, B: P. biaurita, C: P. vittata, D: M. punctatum, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, o:
Hydrogen peroxide scavenging activity.
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A

PC1: p,a,b,c,d,g,h,i,j,l,m
PC2: e,f,k

C

PC1: e,f,g,h,i,j,k,m
PC2: p,a,b,c,d,l

B

PC1: p,a,b,c,d,e,f,h,l
PC2: g,i,j,k,m

D

PC1: e,f,g,h,i,j,k,m
PC2: p,a,b,c,d,l

Figure 23: Loading plot of the different phytochemicals and Superoxide radical scavenging
activity. A: N. cordifolia, B: C. dentatus, C: P. cuspidatus, D: D. quercifolia, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, p:
Superoxide radical scavenging activity.
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A

PC1:p,a,b,c,d,g,j,k,m
PC2: e,f,h,i,l

C

PC1: e,f,g,h,i,j,l,m
PC2: p,a,b,c,d,k

B

PC1:p,a,b,c,d,f,g,i,k,m
PC2: e,h,j,l

D

PC1: p,a,b,c,d,f,h,j,k
PC2: e,g,i,l,m

Figure 24: Loading plot of the different phytochemicals and Superoxide radical scavenging
activity. A: D. linearis, B: P. biaurita, C: P. vittata, D: M. punctatum, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, p:
Superoxide radical scavenging activity.
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A

PC1:q,a,b,c,d,g,h,i,j,l,m
PC2:e,f,k

C

PC1: q,e,f,g,h,i,j,k,m
PC2: a,b,c,d,l

B

PC1: a,b,c,d,e,f,h,l
PC2: q,g,h,i,j,k,m

D

PC1: e,f,g,h,i,j,k,m
PC2: q,a,b,c,d,l

Figure 25: Loading plot of the different phytochemicals and Nitric oxide radical scavenging
activity. A: N. cordifolia, B: C. dentatus, C: P. cuspidatus, D: D. quercifolia, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, q:
Nitric oxide radical scavenging activity.
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A

PC1: a,b,c,d,g,j,k,m
PC2: q,e,f,h,i,l

C

PC1: e,f,g,h,i,j,l,m
PC2: q,a,b,c,d,k

B

PC1: a,b,c,d,f,i,k,m
PC2: b,e,g,h,j,l

D

PC1: q,a,b,c,d,f,h,k
PC2: e,g,i,j,l,m

Figure 26: Loading plot of the different phytochemicals and Nitric oxide radical scavenging
activity. A: D. linearis, B: P. biaurita, C: P. vittata, D: M. punctatum, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, q:
Nitric oxide radical scavenging activity.
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A

PC1: r,a,b,c,d,g,h,i,j,l,m
PC2: e,g,k

C

PC1: e,f,g,h,i,j,k,m
PC2: r,a,b,c,d,l

B

PC1: r,a,b,c,d,e,f,h,l
PC2: g,i,j,k,m

D

PC1: e,f,g,h,i,j,k,m
PC2: r,a,b,c,d,l

Figure 27: Loading plot of the different phytochemicals and Ferric reducing antioxidant
power activity. A: N. cordifolia, B: C. dentatus, C: P. cuspidatus, D: D. quercifolia, a:
Flavonoid, b: Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h:
Vitamin E, i: Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m:
Carotenoid, r: Ferric reducing antioxidant power activity.

123

A

PC1: r,a,b,c,d,g,j,k,m
PC2: e,f,h,i,l

B

PC1: r,a,b,c,d,f,g,i,k,m
PC2: e,f,j,l

C

D

PC1: e,f,g,h,i,j,l,m
PC2: r,a,b,c,d,k

PC1: a,b,c,d,f,h,j,k
PC2: r,e,g,h,i,l,m

Figure 28: Loading plot of the different phytochemicals and Ferric reducing antioxidant
power activity. A: D. linearis, B: P. biaurita, C: P. vittata, D: M. punctatum, a: Flavonoid, b:
Phenol, c: Tannin, d: Lipid, e: Total sugar, f: Reducing sugar, g: Protein, h: Vitamin E, i:
Vitamin C, j: Total Chlorophyll, k: Chlorophyll a, l: Chlorophyll b, m: Carotenoid, r:
Ferric reducing antioxidant power activity.
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4.7. Identification of phenolics from the extracts by HPLC
Phenolic compounds are one of the largest complex groups of chemicals present in plant
kingdom and are well-known for various biological activities. In the present study, phenolics
present in the methanolic extracts of all the eight plant samples were analyzed by HPLC
separately. The phenolic compounds detected in the samples were identified by comparing the
retention time of the detected peaks with that of the pure compound. The separation of
compounds was monitored at 280 nm. Standard phenolics used were phloroglucinol, gallic acid,
pyrogallol, 3,4- dihydroxybenzoic acid (DHBA), resorcinol, catechol, catechin, chlorogenic acid,
caffeine, caffeic acid, vanillic acid, ferulic acid and salicyclic acid (Figure 29). Peak table with
the retention time of standard phenolics are presented in (Table 14). Diverse group of phenolics
were identified with caffeic acid, ferulic acid and salicyclic acid being present in all the samples
(Table 15). Phloroglucinol was detected only in Nc and Pv while catechin was detected in all the
investigated plants except Cd. Likewise, vanillic acid was detected in all the samples except for
Cd and Mp. Caffeine was identified in Cd, Dq, Pb and Pv but not in rest of the plants. None of
the plants revealed the presence of resorcinol while gallic acid was detected only in Nc, Cd and
Mp. Cinnamic acid was identified only in Cd, Dq and Dl while pyrogallol was detected only in
Pv. Except for Pb and Pv, none of the samples revealed the presence of chlorogenic acid.
Catechol was identified in Nc, Dq, Pc, Pb and Mp while except for Cd, Dq, Pc and Pv 3,4dihydroxybenzoic acid (DHBA) was detected in all the other samples. However, in almost all the
samples many unidentified peaks were detected. Amongst numerous peaks, only those peaks that
could be identified has been numbered in the HPLC fingerprints. The HPLC fingerprints and the
respective peak table has been presented in Figure 30-33(A&B) and Table (16-23).
Besides identification, the detected phenolic compounds were also quantified and expressed as
mg/100g dry sample. The accumulation of different phenolics was found to vary significantly
among all the plants studied (Table 24). The caffeic acid content values ranged between 31.945 –
0.978 mg/100g dry sample, with the highest being in Nc and lowest in Mp. Likewise, highest
amount of catechin, gallic acid, phloroglucinol was quantified in Nc while the lowest with the
values of 0.782 mg/100g dry sample, 1.50 mg/100g dry sample and 62.40 mg/100g dry sample
were found in Pb, Cd and Pv respectively. On the other hand, Cd was found to contain
significantly highest amount of salicylic and ferulic acid while the lowest content was found in
Mp compared with the other plant samples. Salicylic and ferulic acid content ranged between
140.60 - 4.594 mg/100g dry sample and 44.953 - 0.896 mg/100g dry sample respectively. Other
phenolic compounds, namely caffeine and catechol was found to be higher in Dq with the
phenolic content values of 3.774 and 32.186 mg/100g dry sample respectively while the lowest
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Table 14: Peak value of standard phenolics
Sl No.

Compounds

Retention

Area

Height

time(min)

(mV.s)

(mV)

1

Phloroglucinol

4.540

1316.3868

76.290

2

Gallic acid

5.340

15399.8891

763.961

3

Pyrogallol

6.070

1101.0907

61.367

4

3,4- dihydroxybenzoic acid

9.170

6597.8866

371.707

5

Resorcinol

9.260

6817.6291

360.627

6

Catechol

11.580

7218.8580

436.976

7

Catechin

14.970

6652.6737

384.121

8

Chlorogenic acid

15.850

6420.2302

404.678

9

Caffeine

16.420

9669.1412

634.666

10

Caffeic acid

16.780

22396.7618

977.014

11

Vanillic acid

17.430

17394.4550

926.949

12

Ferulic acid

29.170

43457.4791

984.834

13

Salicylic acid

30.410

4094.1985

184.096

14

Cinnamic acid

39.740

27369.6568

798.840

amounts were quantified in Pb. On the contrary, highest amount of chlorogenic acid was

found in Pb followed by Pv. The values ranged between 5.666 - 3.226 mg/100g dry
sample. Considerable amount of pyrogallol (17.615 mg/100g dry sample) was quantified
only in Pv. Further, the phenolic content values of cinnamic acid, 3,4-dihydrobenzoic
acid and vanillc acid was found to be significantly higher Dl compared with the other
plant samples.
The values ranged between 7.026 - 2.678, 12.024 - 0.328 and 3.638 - 0.619 mg/100g dry
sample for cinnamic acid, 3,4-dihydrobenzoic acid and vanillc acid respectively.
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Figure 29: HPLC profile of standard phenolics (1 mg/mL) except Phloroglucinol which was
5mg/mL. A. 1: Gallic acid, 2: 3,4-dihydroxybenzoic acid( DHBA), 3: Catechol, 4: Caffeine,
5: Caffeic acid, 6: Ferulic acid, 7: Salicylic acid. B. 1: Phloroglucinol, 2: Pyrogallol, 3:
Catechin, 4: Chlorogenic acid, 5: Vanillic acid, 6: Cinnamic acid.
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Table 15: Phenolics identified through HPLC in the methanolic extracts of different plant
samples
Plant samples
Compounds

Nc

Cd

Dq

Pc

Dl

Pb

Pv

Mp

PhlognL

+

ND

ND

ND

ND

ND

+

ND

Gallic acid

+

+

ND

ND

ND

ND

ND

+

Pyrogallol

ND

ND

ND

ND

ND

ND

+

ND

DHBA

+

ND

ND

ND

+

+

ND

+

Resorcinol

ND

ND

ND

ND

ND

ND

ND

ND

Catechol

+

ND

+

ND

+

ND

+

Catechin

+

ND

+

+

+

+

+

+

CgcA

ND

ND

ND

ND

ND

+

+

ND

Caffeine

ND

+

+

ND

ND

+

+

ND

Caffeic acid

+

+

+

+

+

+

+

+

Vanillic acid

+

ND

+

+

+

+

+

ND

Ferulic acid

+

+

+

+

+

+

+

+

Salicylic acid

+

+

+

+

+

+

+

+

Cinnamic acid

ND

+

+

ND

+

ND

ND

ND

+

‘+’ = detected, ‘-’= not detected. All the data are the mean of three replicates. PhlognL:
Phloroglucinol, CgcA: Chlorogenic acid.
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Figure 30: HPLC fingerprints of the phenolics present in the plants extracts. A. Nephrolepis
cordifolia – 1: Phloroglucinol, 2: Gallic acid, 3: 3,4- dihydroxybenzoic acid, 4: Catechol, 5:
Catechin, 6: Caffeic acid, 7: Vanillic acid, 8: Ferulic acid, 9: Salicylic acid. B. Cyclosorus
dentatus – 1: Gallic acid, 2: Caffeine, 3: Caffeic acid, 4: Ferulic acid, 5: Salicylic acid, 6:
Cinnamic acid.
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Figure 31: HPLC fingerprints of the phenolics present in the plants extracts. A. Drynaria
quercifolia - 1: Catechol, 2: Catechin, 3: Caffeine, 4: Caffeic acid, 5: Vanillic acid, 6: Ferulic
acid, 7: Salicylic acid, 8: Cinnamic acid. B. Phymatosorus cuspidatus - 1: Catechol, 2:
Catechin, 3: Caffeic acid, 4: Vanillic acid, 5: Ferulic acid, 6: Salicylic acid.
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Figure 32: HPLC fingerprints of the phenolics present in the plant extracts. A.
Dicranopteris linearis - 1: 3,4- dihydroxybenzoic acid, 2: Catechin, 3: Caffeic acid, 4:Vanillic
acid, 5: Ferulic acid, 6: Salicylic acid, 7: Cinnamic acid. B. Pteris biaurita – 1:
Phloroglucinol, 2: 3,4- dihydroxybenzoic acid, 3: Catechol, 4: Catechin, 5: Chlorogenic acid,
6: Caffeine, 7: Caffeic acid, 8: Vanillic acid, 9: Ferulic acid, 10: Salicylic acid.
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Figure 33: HPLC fingerprints of the phenolics present in the plant extracts. A. Pteris vittata
– 1: Phloroglucinol, 2: Pyrogallol, 3: Catechin, 4: Chlorogenic acid, 5: Caffeine, 6: Caffeic
acid, 7: Vanillic acid, 8: Ferulic acid, 9: Salicylic acid. B. Microsorum punctatum – 1: Gallic
acid, 2: 3,4- dihydroxybenzoic acid, 3: Catechol, 4: Catechin, 5: Caffeic acid, 6: Ferulic acid,
7: Salicylic acid.
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Table 16: Peak table for the data presented in Figure (30A) of N. cordifolia
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
1
3.060
995.9092
66.698
2
4.440
1058.0020
52.946
3(1)
5.700
2373.5520
152.645
4(2)
7.410
6785.5613
414.479
5(3)
9.240
1439.8091
82.428
6
10.380
1469.7316
75.616
7(4)
11.650
1332.7999
51.144
8
12.730
2050.3223
56.641
9
14.260
2563.5211
85.826
10(5)
15.060
14145.8542
804.747
11(6)
16.870
9762.6756
624.217
12(7)
17.290
1074.4716
54.394
13
18.850
2006.9607
89.651
14
19.570
1605.5074
54.238
15
20.390
5613.7853
178.113
16
22.620
2032.4628
58.668
17
23.450
2709.2303
57.127
18
24.480
2019.6197
99.692
19
24.880
3805.4302
259.167
20
25.350
4738.1628
221.131
21
25.850
13896.5720
845.023
22
26.680
2088.3596
97.650
23
27.140
1170.7518
68.575
24
27.560
2188.7231
101.205
25
28.120
3936.3430
163.848
26
28.930
1075.1972
56.273
27
29.320
6538.1477
493.382
28(8)
29.580
29107.5268
839.512
29(9)
30.770
1601.5491
63.217
30
31.740
1075.9804
59.698
31
31.970
836.6864
51.374
32
32.390
1713.5272
59.559
33
33.100
2497.0803
85.527
34
34.500
1981.7622
67.752
35
34.950
1440.9592
51.990
36
36.290
1204.9067
63.042
37
37.130
3407.0543
160.358
38
43.470
6056.4200
347.820
Numbers inside the parentheses are the identified peaks labeled in the figures.
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Table 17: Peak table for the data presented in Figure (30B) of C. dentatus
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
1
3.050
1150.9275
130.195
2
3.820
845.2423
73.878
3(1)
5.650
623.1693
22.988
4
7.340
2635.2394
111.441
5
10.700
1100.6386
26.177
6
14.140
486.0055
27.304
7
14.480
549.7549
33.032
8(2)
16.530
833.4458
46.234
9(3)
17.080
705.9515
40.910
10
20.200
2396.5787
131.015
11
21.430
462.2836
20.498
12
22.070
964.3257
34.839
13
22.660
1997.8547
76.058
14
23.920
4731.8456
79.473
15
24.690
5256.0577
89.038
16
25.250
3222.4972
86.356
17
26.250
3824.8211
123.876
18
27.900
27891.9444
349.903
19(4)
29.500
24988.0292
885.488
20(5)
30.550
9179.8091
516.971
21
31.370
39059.5016
884.430
22
32.530
3559.3989
109.304
23
33.350
4047.4362
206.248
24
34.140
3023.1886
77.162
25
35.710
1975.4046
59.081
26
36.760
7673.2786
268.784
27
37.990
3909.6963
131.717
28(6)
39.630
1570.9382
42.788
29
40.570
618.8850
29.305
30
40.890
1241.3598
58.696
31
41.750
2351.6614
72.271
32
42.410
1004.1118
44.409
Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 18: Peak table for the data presented in Figure (31A) of D. quercifolia
No. of
peak
1
2
3

Retention
time(min)
2.840
3.100
3.910

Area
(mV.s)
961.0463
2894.1021
1434.6001

Height
(mV)
97.008
241.978
53.614
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Contd.. Peak table for the data presented in Figure (31A) of D. quercifolia
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
4
8.640
10000.7346
305.074
5
10.100
1338.6939
43.397
6(1)
11.250
7799.4335
281.293
7
13.100
1537.2530
31.775
8
13.780
1151.9897
69.603
9
14.190
791.6975
39.923
10(2)
14.700
928.4732
42.927
11(3)
16.320
993.5005
47.908
12(4)
16.870
1173.1275
62.256
13(5)
17.510
602.0386
27.580
14
19.240
2057.2916
109.625
15
21.860
2105.5598
60.132
16
22.890
628.2492
20.916
17
23.540
441.1135
24.118
18
25.530
2150.9798
77.072
19
26.200
1435.8575
97.508
20
26.570
1542.9158
96.735
21(6)
29.550
3433.0852
204.275
22(7)
30.680
858.5612
28.175
23
35.580
793.9575
42.126
24
37.270
602.1826
33.782
25(8)
39.730
1350.0249
75.741
26
42.430
395.6141
20.522
Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 19: Peak table for the data presented in Figure (31B) of P. cuspidatus
No. of
peak
1
2
3
4
5
6(1)
7
8
9
10(2)
11(3)
12(4)
13
14

Retention
time(min)
3.060
3.850
4.100
8.610
10.570
11.830
13.060
14.360
14.740
15.130
16.920
17.280
17.950
19.740

Area
(mV.s)
2189.0157
352.7806
268.9433
674.8300
2012.6529
849.7000
891.7346
353.9330
1082.4573
9916.3089
367.2397
607.1889
804.1514
13103.5590

Height
(mV)
169.807
43.713
22.730
21.430
92.844
36.521
44.037
23.790
75.144
489.198
24.105
39.537
49.322
582.577
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Contd.. Peak table for the data presented in Figure (31B) of P. cuspidatus
No. of
peak
15
16
17
18
19
20
21(5)
22(6)
23
24
25
26

Retention
time(min)
20.500
22.160
25.710
26.420
28.280
29.610
29.910
30.720
33.930
44.380
47.170
48.420

Area
(mV.s)
1273.7653
461.5047
294.2045
404.2997
590.1134
1063.8621
4663.5475
436.8031
2577.4372
611.6526
1539.7563
573.2422

Height
(mV)
67.128
29.685
22.055
25.371
38.983
83.868
337.164
31.095
153.212
46.839
105.524
36.840

Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 20: Peak table for the data presented in Figure (32A) of D. linearis
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
1
3.110
1108.3124
130.975
2
4.600
388.5440
23.707
3
4.830
391.3991
23.611
4(1)
9.260
1920.7218
89.386
5
10.760
2142.4391
54.120
6
12.210
4435.3263
196.232
7
14.070
3111.9361
127.465
8(2)
14.720
2214.1900
143.527
9
15.120
1729.2807
106.942
10
15.640
1104.2753
36.201
11
16.370
655.0026
27.797
12(3)
16.900
782.7728
43.321
13(4)
17.250
1515.5869
67.443
14
17.790
1836.3585
57.691
15
19.320
10230.6936
579.388
16
20.260
2239.7993
97.539
17
21.240
1791.7666
48.332
18
23.160
3101.8231
124.328
19
23.920
1059.3683
53.468
20
24.470
1332.0227
42.375
21
25.400
1227.1657
46.442
22
26.030
2590.5821
103.712
23
26.580
979.7881
46.640
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Contd.. Peak table for the data presented in Figure (32A) of D. linearis
No. of
peak
24
25
26(5)
27
28(6)
29
30
31
32
33
34(7)
35
36

Retention
time(min)
27.150
28.180
29.190
29.880
30.480
31.620
34.090
35.950
37.100
39.180
39.820
40.850
41.860

Area
(mV.s)
4773.5672
1923.5829
2516.3169
1397.3355
4970.3734
2650.1642
1987.2940
989.8684
1787.4049
569.1993
2446.4630
1040.9751
1834.6055

Height
(mV)
312.621
82.174
91.993
68.339
306.692
123.510
47.669
36.499
61.971
27.722
112.254
30.935
59.513

Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 21: Peak table for the data presented in Figure (32B) of P. biaurita
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
1
3.040
3188.7126
178.310
2
3.820
964.9217
55.132
3(1)
4.370
374.4526
18.618
4(2)
9.730
32.7752
2.438
5(3)
11.590
206.4254
10.064
6
12.200
596.1993
25.387
7
12.840
589.4516
25.953
8
13.870
1188.1125
85.877
9(4)
15.000
112.2186
6.010
10(5)
15.660
655.6273
45.861
11(6)
16.510
308.4648
17.959
12(7)
17.020
1039.4853
73.279
13(8)
17.380
117.6474
11.488
14
17.730
232.2295
22.343
15
18.260
1243.7932
112.210
16
18.960
411.1429
35.623
17
19.640
865.1869
60.684
18
20.940
2427.3332
191.505
19
24.860
320.2090
21.819
20
25.120
302.7074
23.678
21
25.520
1012.5391
43.862
22
26.040
422.3316
26.240
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Contd.. Peak table for the data presented in Figure (32B) of P. biaurita
No. of
peak
23
24
25(9)
26(10)
27
28
29
30
31

Retention
time(min)
28.190
29.340
29.820
30.430
32.760
39.340
46.230
46.820
49.020

Area
(mV.s)
603.7790
560.7867
3780.7243
345.4268
585.7294
245.8210
1398.8960
563.8697
11543.9537

Height
(mV)
41.218
25.845
277.118
27.801
39.970
10.495
33.273
33.532
116.624

Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 22: Peak table for the data presented in Figure (33A) of P. vittata
No. of
peak
1
2
3(1)
4(2)
5
6
7
8
9
10(3)
11
12(4)
13
14(5)
15(6)
16(7)
17
18
19
20
21
22
23
24
25
26

Retention
time(min)
3.040
3.830
4.380
5.740
8.360
10.590
12.690
13.400
14.110
14.470
15.240
15.700
16.110
16.700
17.050
17.690
17.860
18.640
19.200
19.590
20.390
21.290
21.680
22.540
23.600
23.890

Area
(mV.s)
3746.7381
1323.8550
406.7423
1012.9781
880.6598
721.6992
505.0108
397.5995
769.0868
1395.2379
535.4176
491.5369
598.9980
865.3483
1021.9157
374.7294
622.5080
1371.4995
1659.3409
868.3388
1928.2160
675.5342
876.2999
5610.6992
734.7326
933.1067

Height
(mV)
297.296
75.844
19.042
21.620
28.546
20.649
18.078
14.334
40.342
75.239
20.967
26.111
26.210
45.803
52.717
25.532
29.918
57.456
86.123
47.828
59.116
29.902
56.616
214.627
34.599
47.345
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Contd.. Peak table for the data presented in Figure (33A) of P. vittata
No. of
Retention
Area
Height
peak
time(min)
(mV.s)
(mV)
27
24.510
1190.7465
45.801
28
25.070
1413.9140
46.356
29
25.440
668.0645
42.362
30
25.830
774.6165
44.408
31
26.240
3561.1175
153.661
32
26.900
4925.1711
324.922
33
27.760
688.0857
28.125
34
28.400
2951.4539
147.450
35(8)
28.990
5138.8829
375.425
36
29.540
1321.6560
61.443
37
30.050
818.7022
61.420
38(9)
30.380
4224.6811
158.708
39
31.480
683.0385
31.334
40
31.870
725.2160
42.492
41
32.200
811.8985
54.323
42
32.520
763.1037
41.558
43
33.030
985.1371
46.528
44
33.930
1655.5200
54.833
45
35.860
439.2436
24.310
46
38.090
961.4458
41.389
47
42.360
2324.7952
30.111
Numbers inside the parentheses are the identified peaks labeled in the figures.
Table 23: Peak table for the data presented in Figure (33B) of M. punctatum
No. of
peak
1
2
3
4(1)
5
6(2)
7
8(3)
9
10(4)
11(5)
12
13

Retention
time(min)
2.790
3.060
3.860
5.380
6.680
9.440
10.910
11.850
14.720
15.340
17.190
19.630
20.360

Area
(mV.s)
335.0892
652.3718
557.6475
2719.3875
432.4812
313.9943
302.0939
645.3012
300.8628
639.4064
374.6860
960.8738
297.6139

Height
(mV)
43.857
69.229
28.313
86.902
18.336
14.142
12.887
37.114
14.533
29.096
19.117
50.098
19.793
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Contd.. Peak table for the data presented in Figure (33B) of M. punctatum
No. of
peak
14
15
16
17
18
19
20
21
22
23(6)
24
25(7)
26
27
28

Retention
time(min)
20.710
21.440
23.690
25.240
25.740
26.470
26.780
27.000
28.020
29.410
30.190
30.580
32.170
34.050
39.630

Area
(mV.s)
901.2915
943.8975
863.7465
402.6581
346.8301
261.1957
106.0441
203.3932
447.4643
320.1754
372.5026
421.6576
380.6193
1432.5855
198.0337

Height
(mV)
30.849
53.524
52.419
19.278
19.210
18.309
9.678
14.533
19.022
17.639
15.829
16.916
18.484
41.752
7.754

Numbers inside the parentheses are the identified peaks labeled in the figures.
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Table 24: Phenolic compounds quantified in the plant samples through HPLC
Phenolics content in plant extracts (mg/100g dry sample)
Compounds
PhlognL
Gallic acid

Pyrogallol
DHBA

Nc

Cd

Dq

Pc

Dl

Pb

173.503
±
0.089
a
9.990
±
0.009
ND

ND

ND

ND

ND

ND

1.500
±
0.012
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

a

b

Resorcinol
Catechol

11.088
±
0.015
ND

CgcA
Caffeine

ND

Caffeic acid

Vanillic acid
Ferulic acid
Salicylic acid

Cinnamic acid

ND

b

5.852
±
0.008
a
104.752
±
0.043
ND

Catechin

c

a

31.945
±
0.026
b
2.934
±
0.007
b
42.622
±
0.010
d
17.166
±
0.015
ND

ND
ND

ND
b

3.642
±
0.005
f
2.094
±
0.006
ND

a

44.953
±
0.017
a
140.608
±
0.038
c

2.678
±
0.010

ND
a

32.186
±
0.020
f
5.588
±
0.008
ND

ND

b

4.741
±
0.009

12.024
±
0.018
ND

d

4.179
±
0.009
b
63.678
±
0.006
ND

a

3.774
±
0.018
c
3.186
±
0.013
d
1.488
±
0.007
f
10.371
±
0.013
f
7.652
±
0.008

a

ND
c

18.635
±
0.009
ND

ND
g

1.234
±
0.009
c
2.133
±
0.004
d
17.118
±
0.029
e
8.445
±
0.007
ND

ND
e

2.217
±
0.006
a
3.638
±
0.009
g
4.671
±
0.009
b
83.297
±
0.089
a

7.026
±
0.011

d .

0 328
±
0.001
ND

b

Pv

Mp

62.400
±
0.088
ND

ND

a

17.615
±
0.005
ND

ND

e

1.152
±
0.003
g
0.782
±
0.004
a
5.666
±
0.009
d
1.415
±
0.008
b
3.750
±
0.009
f
0.619
±
0.003
e
14.069
±
0.014
g
7.551
±
0.008

ND
9.794
±
0.006
b
3.226
±
0.010
c
3.608
±
0.003
d
2.698
±
0.012
e
1.377
±
0.008
c
19.060
±
0.018
c
43.105
±
0.011

ND

ND

d

b

5.688
±
0.007
ND

c

1.902
±
0.005
ND

c

4.247
±
0.005
e
7.575
±
0.004
ND
ND
h

0.978
±
0.031
ND

h

0.896
±
0.005
h
4.594
±
0.004
ND

Values within the row followed by different superscript (a-h) are significantly different at p<0.05,
determined using Fisher’s LSD test. PhlognL: Phloroglucinol, DHBA: 3, 4- dihydroxybenzoic
acid, CgcA: Chlorogenic acid. Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Dq:
Drynaria quercifolia, Pc: Phymatosorus cuspidatus, Dl: Dicranopteris linearis, Pb: Pteris
biaurita, Pv: Pteris vittata, Mp: Microsorum punctatum, ND: Not detected.
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4.8. Antimicrobial activities in the extracts of ferns
4.8.1. Effects of crude plant extracts against different bacterial strains
Out of the eight plant samples, two samples (Nephrolepis cordifolia (L.) C. Persl. and Cyclosorus
dentatus (Forsk.) Ching) showing highest and one sample (Microsorum punctatum (L) Copel)
showing lowest anti-oxidative activity were selected for performing antimicrobial activity and in
vitro activity (or for further analysis). Likewise, since among the extracts used methanolic
extracts (ME) and hot water extracts (HWE) were comparatively better in exhibiting the
antioxidant activities, thus for further study only ME and HWE was used. The antibacterial effect
of the fern extracts was studied on two gram-positive and two gram-negative bacteria namely,
Bacillus cereus (MTCC 10665), Bacillus megaterium (TRS7) MTCC 1684- NCBI GENBANK
acc no.JX312687, Burkholderia symbiont (previously grouped in Pseudomonas) NAIMCC–B
01489, NCBI GENBANK acc no. JQ765578 and Serratia marcescens (TRS1)-NCBI
GENBANK acc no. JN020963. All the strains were obtained from the culture collection of
Immuno-Phytopathology Laboratory, Department of Botany, University of North Bengal.
Different concentrations of sample i.e, 500, 250 and 100 mg/mL were used for the study. Hot
water (HWE) and methanolic (ME) extracts of the samples studied inhibited the growth of all the
bacterial strains in varying degree which was evident with the formation varying range of
inhibition zones (Table 25). Inhibition was not exhibited by negative control (HW) and solvent
control (MeOH) in all the cases. Among the three extracts, ME and HWE of Nc and Cd was
found to be significantly (p<0.05) higher than Mp in inhibiting the growth of B. cereus while in
all the cases Nc was insignificantly higher than Cd. Significantly different zone of inhibition was
observed within the concentrations used in NcME and CdME whereas in case of MpME
difference was noticed only between 500 and 100 mg/mL. In contrast, HWE of all the samples
showed significantly different zone within the concentrations used. ME extracts was noticed to
show higher inhibition zones than HWE. The inhibition zones obtained for 500mg/mL to
100mg/mL for all the extracts ranges between 24.03± 0.27 - 8.50±0.29mm, however, the degree
of inhibition were lesser than those obtained for the positive controls, Chloramphenicol (C25mcg)
and Kanamycin (K30mcg). Ampicillin (A25mcg) did not exhibit any inhibitory activity (Figure 34)
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Table 25: Antimicrobial activity of plant extract against four pathogenic bacterial strains
Bacteria

Extract

Conc.
(mg/mL)

Inhibition zones(mm)

Positive controls
Nc
Cd
Mp
C25
K30
A25
a'
a'
a'
ME
500
24.03
23.70
18.80
21.53
15.03
±0.27a
±0.28ab
±0.18c
±0.20
±0.15
b
b'
a'b'
250
'21.43
21.27
17.53
a
ab
±0.34
±0.32
±0.21c
c'
c'
b'c'
Bc
100
18.03
18.03
15.80
±0.20a
±0.13ab
±0.15c
a'
a'
a'
HWE
500
19.50
19.03
12.53
±0.23a
±0.37ab
±0.40 c
b'
b'
b'
250
18.10
17.50
10.53
a
ab
±0.24
±0.33
±0.35 c
c'
c'
c'
100
15.00
14.80
8.50
a
ab
±0.29
±0.22
±0.29 c
a'
a'
a'
ME
500
22.73
20.00
19.00
12.00
16.00
a
ab
±0.38
±0.28
±0.29bc
±0.28
±0.26
a'b'
a'b'
b'
Bm
250
20.03
18.00
12.03
±0.28a
±0.20ab
±0.32c
c'
b'c'
b' c'
100
16.00
16.00
10.00
±0.37a
±0.35ab
±0.63c
a'
a'
a'
HWE
500
20.00
18.00
16.07
a
ab
±0.37
±0.33
±0.15bc
a'b'
a'b'
b'
250
18.00
16.03
10.03
a
ab
±0.33
±0.40
±0.13c
c'
c'
b'c'
100
14.00
13.00
9.00
a
ab
±0.22
±0.26
±0.37c
a'
a'
a'
ME
500
21.00
18.00
16.00
18.00
19.50
10.00
±0.23a
±0.37b
±0.28c
±0.31
±0.15
±0.26
b'
b'
b'
250
18.00
16.00
14.00
±0.37a
±0.29b
±0.29c
c'
c'
c'
Bus
100
15.00
14.03
10.50
±0.37a
±0.37ab
±0.29c
a'
a'
a'
HWE
500
19.00
16.50
15.00
a
b
±0.37
±0.28
±0.37bc
b'
b'
b'
250
17.00
14.30
12.00
a
b
±0.26
±0.38
±0.29c
c'
c'
c'
100
12.00
11.50
9.03
a
ab
±0.35
±0.39
±0.40c
a'
a'
a'
ME
500
24.00
23.00
20.00
29.00
16.00
±0.40a
±0.35b
±0.38 c
±0.37
±0.24
b'
b'
b'
250
22.50
21.30
19.00
a
b
±0.35
±0.35
±0.38 c
c'
c'
c'
Sm
100
20.20
19.50
17.50
a
ab
±0.29
±0.32
±0.37 c
a'
a'
a'
HWE
500
23.00
21.00
16.00
a
b
±0.29
±0.37
±0.33 c
b'
a'b'
b'
250
21.00
20.00
13.50
a
ab
±0.38
±0.26
±0.29 c
c'
c'
c'
100
19.00
18.00
10.20
±0.33a
±0.37ab
±0.36 c
Values are expressed as mean±SE(n=3). Solvent and methanol control: No inhibition. Values within the column for
each solvent and each bacterium with a common superscript (a',b',c') are not significantly (p˂0.05) different. Means
within the rows for each solvent and each bacterium with a common superscript (a,b,c) are not significantly (p˂0.05)
different, as determined by Fisher’s LSD test. Bc: Bacillus cereus, Bm: Bacillus megaterium, Bus: Burkholderia
symbiont, Sm: Serratia marcescens, Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Mp: Microsorum punctatum,
HWE: Hot water extract, ME: Methanol extract, C: Chloramphenicol, K: Kanamycin, A: Ampicillin. “-”: No
inhibition. Inhibition zone values include the disc size of 7mm for positive controls and 6mm for Whatmann filter
paper discs.
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Likewise, ME and HWE of Nc, Cd and Mp was seen to inhibit the growth of B. megaterium at all
concentrations, however, the inhibitory activity of Nc and Cd was significantly higher than Mp,
except for the activity of Cd and Mp at 500mg/mL which was evident from the inhibition zones.
No significant (p<0.05) difference between the extracts of Nc and Cd was observed. Further, in
both the extracts no significant difference was noticed between 500 and 250mg/mL of Nc and Cd.
Additionally, insignificantly higher activity was revealed by Cd at 250than 100mg/mL.
Furthermore, no significant difference in the inhibition zones of Mp at 250 and 100mg/mL. The
botanicals showed the inhibition zones ranging between 22.733±0.38mm (for 500mg/mL of
NcME) – 9.00±0.37 mm (for 100mg/mL of MpHWE). The inhibitory activity of ME was
marginally better than the HWE. However, the degree of inhibition was lesser than the positive
controls. No inhibitory activity was observed by A25mcg (Figure 35).
Extracts of Nc, Cd and Mp exhibited varying level of inhibitory activity against Bukholderia
symbiont. Among the three methnolic extracts, significantly (p<0.05) highest inhibitory effect
was shown by Nc over the range of concentrations tested, though insignificant difference was
observed between NcME and CdME at 100mg/mL. Similar trend of inhibitory activity was
noticed among the extracts of HW. Additionally, insignificant difference in the inhibitory zone
was observed between Cd and Mp at 500mg/mL. The inhibition zone of the crude plant extracts
ranges between 21.00±0.23 – 9.033±0.40 mm (Figure 36). The inhibitory activity of the extracts
was lesser than the positive controls. A25mcg exhibited inhibitory zone of 10.00±0.26mm.
Varying degree of inhibition was exhibited by the extracts against S.marcescens. As noticed for
all the other bacteria, ME of Nc was most effective than the other extracts. The inhibition zones
obtained over the range of concentrations tested were significantly (p<0.05) different to each
other except for Nc and Cd at 100mg/mL. Hot water extracts were observed to reveal marginally
lesser activity than the methanolic extracts. NcHWE showed significantly (p<0.05) highest
inhibition zone than MpHWE at all the concentrations tested. By contrast, NcHWE revealed
insignificantly higher activity than Cd at 250 and 100mg/mL. The highest inhibitory zone was
showed by NcME (24.00± 0.40mm) and the lowest by MpHWE (10.20±0.36mm). None of the
extracts were effective as the positive controls (C25 and K30 in inhibiting the rate of bacterial
growth. Nonetheless, the plant extracts were more effective than ampicillin (Figure 37).
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Figure 34: Antibacterial activity of plant extract (a: 500mg/ml; b: 250mg/ml; c: 100mg/ml)
against Bacillus cereus. A-C: Nephrolepis cordifolia (Nc), Cyclosorus dentatus (Cd),
Microsorum punctatum (Mp) (Methanolic); D-F: Nc, Cd, Mp (Hot water); G-I: ControlNegative, Solvent, Positive (C= Chloramphenicol, K=Kanamycin, A=Ampicillin).
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Figure 35: Antibacterial activity of plant extract (a: 500mg/ml; b: 250mg/ml; c: 100mg/ml)
against Bacillus megaterium. A-C: Nephrolepis cordifolia (Nc), Cyclosorus dentatus (Cd),
Microsorum punctatum (Mp) (Methanolic); D-F: Nc, Cd, Mp (Hot water); G-I: ControlNegative, Solvent, Positive (C= Chloramphenicol, K=Kanamycin, A=Ampicillin).
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Figure 36: Antibacterial activity of plant extract (a: 500mg/ml; b: 250mg/ml; c: 100mg/ml)
against Burkholderia symbiont. A-C: Nephrolepis cordifolia (Nc), Cyclosorus dentatus (Cd),
Microsorum punctatum (Mp) (Methanolic); D-F: Nc, Cd, Mp (Hot water); G-I: ControlNegative, Solvent, Positive (C= Chloramphenicol, K=Kanamycin, A=Ampicillin).
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Figure 37: Antibacterial activity of plant extract (a: 500mg/ml; b: 250mg/ml; c: 100mg/ml)
against Serratia marcescens. A-C: Nephrolepis cordifolia (Nc), Cyclosorus dentatus (Cd),
Microsorum punctatum (Mp) (Methanolic); D-F: Nc, Cd, Mp (Hot water); G-I: ControlNegative, Solvent, Positive (C= Chloramphenicol; K=Kanamycin; A=Ampicillin).
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4.8.2. Effects of crude plant extracts on fungi
4.8.2.1. Spore germination
Studies on the germination of fungal spores in general can provide a preliminary information
regarding the effectiveness of the plant extracts against the studied fungi. Thus, in the present
study three phytopathogenic fungi namely Alternaria alternata (NCBI ACC NO. KT818507),
Curvularia lunuta (NCBI ACC NO. KT697995) and Fusarium oxysporum (NCBI ACC NO.
KF952602) were used. Fungal cultures were obtained from the culture collection of ImmunoPhytopathology Laboratory, Department of Botany, University of North Bengal. Different
concentrations (500, 200 and 100mg/mL) of plant extracts were used to study the germination
inhibitory effect. Among the three concentrations used, 200 and 100mg/mL concentrations were
not able to inhibit the germination of any of the fungi studied, thus, the result of percent
germination (% inhibition) of only 500mg/mL has been presented in the Table 26.
Table 26: Spore germination bioassay of crude plant extracts and controls against different
fungal species
Samples

Solvent

Conc.
(mg/mL)

% spore germination
A. alternata

Nc

Cd

Mp

ME

500

HWE

500

ME

500

HWE

500

ME

500

HWE

500

b

27.60±0.46
(71.95)
38.00±0.41b
(62.00)
40.40±0.76b
(58.94)
55.40±0.74b
(44.60)
96.40±1.02a
(2.03)
97.40±0.73a
(2.60)
23.60±0.50b
(76.40)
98.40±1.13a

C. lunata

F. oxysporum
b

30.40±0.67
(69.35)
43.12±0.70b
(56.53)
45.00±0.91b
(54.64)
63.60±0.94b
(35.89)
98.20±1.89a
(1.01)
98.40±1.20a
(0.81)
0.00±0.00b
(100)
99.20±0.60a

37.80±0.64b
(61.51)
56.80±0.46b
(43.20)
49.80±0.78b
(49.29)
78.20±1.29b
(21.80)
97.40±1.52a
(0.81)
98.20±1.45a
(1.8)
1.80±0.62b
(68.20)
98.20±1.50a

Positive
G
1mg/mL
control
Sovlent
MeOH
control
Negative
HW
100±0.00a
99.20±0.55a
100±0.00a
control
Values are expressed as mean±SE of 500 spores. Means within the column for each plant with
different superscript differ significantly (p<0.05) with respect to each solvent used, as determined
using Students‘t’-test. Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Mp: Microsorum
punctatum, HWE: Hot water extract ME: Methanol extract, HW- Hot water, MeOH- Methanol,
G: Griseofulvin. Values inside the parentheses represent the percentage of inhibition in relation to
respective controls.
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Except for Mp extracts, Nc and Cd extracts revealed significantly (p<0.005) lower degree of
spore germination (%) of all the tested fungi. Lower the spore germination (%) higher is the
inhibitory activity of the plants against the fungi. Among the extracts, Nc extracts (both NcME
and NcHWE) showed higher inhibitory activity against all the tested fungi. Alternaria alternata
was found to be more susceptible than the other two fungi. The order at which the percentage of
inhibition of plant extracts against A. alternata decreased was as follows: NcME > NcHWE >
CdME > CdHWE > MpME > MpHWE. Similar trend of inhibition was followed against C.
lunata while for Fusarium oxysporum highest percent inhibition was shown by NcME followed
by CdME, NcHWE, CdHWE, MpME and MpHWE. However, the inhibitory activity was lesser
than the positive control (Griseofulvin 1mg/mL) used against all the tested fungi.

4.8.2.2. Radial growth
Since, Mp extracts was not effective to inhibit the fungal germination even at 500mg/mL, thus for
radial growth bioassay only Nc and Cd extracts (500mg/mL) were used. Both the extracts were
able to exhibit inhibitory effect against the fungi tested. The difference in the radial growth
diameter (cm) of the fungi as shown by the plant extracts used has been presented in the Table
27. Significantly higher percentage of inhibition (p<0.05) was seen to exhibit by the plant
extracts when compared with the respective controls used. The methanolic extracts of both the
plants revealed marginally higher percent of inhibition against all the fungi tested. The percentage
of inhibition exhibited by the extracts of Nc and Cd varied between 73.08% - 44.23%
respectively against A. alternata. However, between the two extracts, extracts of Nc were more
effective than the Cd extracts (Figure 38). Similar trend in the inhibitory activity was observed in
the case of C.lunata with the highest growth inhibition of 72.55% revealed by NcME followed by
58.82% (NcHWE), 56.34% (CdME) and 37.25% (CdHWE) (Figure 39). By contrast, F.
oxysporum was effectively inhibited by NcME followed by CdME, NcHWE and CdHWE (Figure
40). In all the cases, the positive control (Griseofulvin) used were observed to exhibit higher
inhibitory activity than the plant samples.
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Table 27: Radial growth bioassay of crude plant extracts and controls against different
fungal species

Samples

Solvent

Conc.
(mg/mL)

Diameter of radial growth (cm)
A.alternata

Nc

Cd

Positive
control
Solvent
control
Negative
control

ME

500

HWE

500

ME

500

HWE

500

G
MeOH

1
(mg/mL)
-

HW

-

b

1.4± 0.23
(73.08)
2.0±0.23b
(61.54)
2.1±0.22b
(59.62)
2.9±0.35b
(44.23)
1.1±0.11b
(78.85)
5.1±0.29a
(0)
5.2±0.14a
(0)

C.lunata
b

1.4±0.24
(72.55)
2.1±0.24b
(58.82)
2.2±0.26b
(56.34)
3.2±0.4b
(37.25)
0.00±0.00b
(100)
5.1±0.32a
(0)
5.1±0.29a
(0)

F.oxysporum
1.7±0.16b
(62.22)
2.4±0.25b
(46.67)
2.2±0.22b
(51.11)
3.4±0.35b
(24.44)
1.5±0.19b
(66.67)
4.5±0.24a
(0)
4.5±0.29a
(0)

Values are expressed as mean±SE (n=3). Means within the column for each plant with different
superscript differ significantly (p<0.05) with respect to each solvent used, determined using
Students ‘t’-test. *Values compared with the solvent control. *1Values compared with the
negative control. Nc: Nephrolepis cordifolia, Cd: Cyclosorus dentatus, HWE: Hot water extract,
ME: Methanol extract, MeOH- Methanol, HW- Hot water, G: Griseofulvin. Growth diameter
includes the inoculum agar block size of 6mm. Values inside the parentheses represent the
percentage of inhibition.
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Figure 38: Antifungal activity against Alternaria alternata. A: Negative control (sterile hot
water), B: Solvent control (Methanol), C: Positive control (Griseofulvin), D: Nephrolepis
cordifolia (Nc) extract (Methanol), E: Nc extract (HW), F: Cyclosorus dentatus (Cd) extract
(Methanol), G: Cd extract (HW).
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Figure 39: Antifungal activity against Curvularia lunata. A: Negative control (sterile hot
water), B: Solvent control (Methanol), C: Positive control (Griseofulvin), D: Nephrolepis
cordifolia (Nc) extract (Methanol), E: Nc extract (HW), F: Cyclosorus dentatus (Cd) extract
(Methanol), G: Cd extract (HW).
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Figure 40: Antifungal activity against Fusarium oxysporum. A: Negative control (sterile hot
water), B: Solvent control (Methanol), C: Positive control (Griseofulvin), D: Nephrolepis
cordifolia (Nc) extract (Methanol), E: Nc extract (HW), F: Cyclosorus dentatus (Cd) extract
(Methanol), G: Cd extract (HW).
4.9. Studies on antidiabetic activities of selected fern extracts
4.9.1. α-amylase inhibitory activity of the extracts
Oxidative stress has been associated with diabetes, obesity hypertension and atherosclerosis.
Eventually, oxidative stress is known to cause postprandial hyperglycemia leading to the life
threatening condition in diabetes if remain unchecked. Therefore, one of the therapeutic
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approaches is to inhibit the activity of carbohydrate hydrolyzing enzymes such as α-amylases and
α-glucosidases. Thus, approach has been made to evaluate the in vitro α-amylase inhibitory
activity of ME and HWE of the three plant samples (N. cordifolia, C. dentatus and M.
punctatum). As in antioxidant activity analysis, lower the IC50 value, higher is the α-amylase
inhibitory activity of the plant extracts. In the present study, the inhibitory activity of acarbose
(positive control) was significantly (p<0.05) higher than NcHWE while no significant difference
was observed between the activity of the positive control and NcME. By contrast, activity of
acarbose was observed to be significantly higher than CdME and MpME along with the HWE of
both the samples. Further, ME of all the plant samples were insignificantly (p<0.05) higher
compared with the HWE. Comparing the inhibitory activity among the methanolic extracts, ME
of Nc was found to reveal insignificantly (p<0.05) lower IC50 values followed by Cd and Mp. The
decrease in the inhibitory activity was in the following order: acarbose > NcME > CdME >
MpME (Table 28).

Table 28: IC50 values of in vitro α-amylase inhibitory activity exhibited by the extracts (ME
and HWE) of different samples at different concentrations
IC50(µg/mL)
Samples

Acarbose

ME
a

a'

44.691±0.627a

HWE

Nc

a'

Cd

a'

a'

a'b'

Mp

a'

a'

b'c'

44.691±0.627

44.691±0.627a

330.626±34.087

ab

426.633±16.214b
675.065±37.509b

a'

435.290±57.909bc
587.923±17.385bc
938.507±21.844bc

LSD(row &column): 366.607
Values expressed are the mean±SD (n=3). HWE: Hot water extract, ME: Methanolic extract, Nc:
Nephrolepis cordifolia, Cd: Cyclosorus dentatus, Mp: Microsorum punctatum.

Table 28A: ANOVA of data presented in Table 28 (IC50 in vitro α-amylase inhibitory activity)
Factor

SS

Df

Ms

F(cal)

A (Columns)

589556.59

2

294778.3

16.901905

B (Rows)

126573.63

2

63286.817

3.6287195

AxB (Error)
AB (Total)

69762.149
785892.38

4
8

17440.537

P(F<=F(cal))

F(0.05)

* (P<=0.05)

0.0111956

6.9442719

N.S.(P>0.05)

0.1262527

6.9442719

Moreover, the activity was observed to be significantly (p<0.05) different over the range of
concentrations tested for all the samples and standard used. The percentage of inhibition at
various concentrations tested (200-1000 µg/mL) ranged between 25.445% - 94% (NcME),
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19.532% - 85.151% (CdME) and 13.987% - 72.843% (MpME) while for acarbose it ranged

between 36.973% - 64.368% for concentrations 20-100 µg/mL (Table 29; Figure 31).
Further, IC50 values of NcHWE and MpHWE was found to be significantly different than each
other, while no significant difference in the activity of NcHWE and CdHWE, CdHWE and
MpHWE was observed (Table 28). Percentage of inhibition varied between 19.048-89.199%
(NcHWE), 16.451-78.928% (CdHWE) and 8.015-63.896% (MpHWE) over the range of
concentrations tested (Table 29; Figure 41). Overall, the increase in the activity (IC 50 values)
while comparing the plants with respect to the solvent used was in the following order: MpHWE
< MpME < CdHWE < CdME < NcHWE < NcME < Acarbose.
4.9.2. Acute toxicity study
In acute toxicity study, oral administration of N. cordifolia aqueous extract (NcAE) and C.
dentatus aqueous extract (CdAE) at a dose of 2000mg/kg prior to the use of these extracts for
subsequent in vivo studies did not produce any signs of toxicity. Mortality was not observed till
the end of 15 days of experimentation. Thus, 1/4th and 1/8th doses of 2000mg/kg b.w. i.e.
500mg/kg b.w. and 250mg/kg b.w. were chosen for further studies.

4.9.3. Effect of extracts on induced hypoglycemia in rats
4.9.3.1. Body weight changes
At the end of the experimental period, i.e. 15days, the body weight of the diabetic control was
found to be decreased significantly in diabetic control (Group II) when compared to the normal
rats (Group I). However, an oral administration of NcAE, CdAE (250 & 500 mg/kg b.w.) and
metformin to diabetic rats reversed the body weights changes to near normal (Table 30). NcAE at
the doses (250 and 500mg/kg b.w.) produced 191.16±16.770 (+8.05%) and 189.87±22.02
(+6.61%) increase in body weight respectively compared to diabetic control (-16.72% lose body
weight) on 15th day. On the other hand, CdAE at the doses of 250mg/kg b.w. and 500mg/kg b.w.
produced 192.01±20.16 (+7.27%) and 199.04±21.96 (+10.24%) increase in body weight
respectively compared to diabetic control.
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Figure 41: α-amylase inhibitory activity (%) exhibited by different plant extracts at
varying concentration. Data are shown as means±S.D (n=3). Means within the
concentration of each plant with different superscript differ significantly at (p<0.05)
level. A: Acarbose, B: Nephrolepis cordifolia (Methanolic & Hot water extract), C:
Cyclosorus dentatus (Methanolic & Hot water extract), D: Microsorum punctatum
(Methanolic & Hot water extract).
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Table 29: In vitro α-amylase inhibitory activity (%) of different plant extracts (ME
and HWE) and acarbose (positive control) at different concentration
Concentration (µg /mL)
% inhibition
20
36.973±0.482
40
48.922±0.549
60
56.753±1.346
80
61.709±0.589
100
64.368±1.409
NcME
200
25.445±1.199
400
48.028±2.568
600
60.115±2.069
800
81.043±5.904
1000
94.02±3.662
NcHWE
200
19.048±1.716
400
37.282±2.551
600
56.911±2.896
800
72.125±4.233
1000
89.199±3.394
CdME
200
19.352±0.822
400
41.466±0.815
600
59.273±1.570
800
69.994±2.568
1000
85.151±3.532
CdHWE
200
16.451±2.868
400
30.869±2.402
600
48.983±2.005
800
60.567±30398
1000
78.928±5.133
MpME
200
13.987±0.576
400
31.063±1.041
600
40.259±1.041
800
60.581±2.561
1000
72.843±3721
MpHWE
200
8.015±1.042
400
18.937±1.097
600
35.422±1.555
800
51.907±1.622
1000
63.896±3.115
Values expressed are the mean±SD (n=3). NcME: Nephrolepis cordifolia methanol extract,
NcHWE: Nephrolepis cordifolia hot water extract, CdME: Cyclosorus dentatus methanol
extract, CdHWE: Cyclosorus dentatus hot water extract, MpME: Microsorum punctatum
methanol extract, MpHWE: Microsorum punctatum hot water extract.
Sample
Acarbose
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Table 30: Effect of different plant extracts on body weight in diabetic rats
Group

I

Treatment

Normal control (NC)

Body weight (g)
Initial (1st day)

Final (15th day)

% difference

181.83±15.07

191.01±16.27

+11.66
###

II

Diabetic control (DC)

188.04±9.25

156.60±11.17

-16.72

III

DC + Met (10mg/kg)

180.55±17.62

199.04±21.96**

+10.24

IV

DC + NcAE 250mg/kg

176.91±15.53

191.16±16.77*

+8.05

V

DC + NcAE 500mg/k)

178.09±15.98

189.87±22.02*

+6.61

VI

DC + CdAE (250mg/kg)

179.00±18.68

192.01±20.16*

+7.27

VII

DC + CdAE (500mg/kg)

180.55±17.62

199.04±21.96**

+10.24

Values are presented as mean±SD (n=6). DC+Met: Diabetic rats treated with metformin; NcAE:
Nephrolepis cordifolia aqueous extract, CdAE: Cyclosorus dentatus aqueous extract.
###
p<0.001 (significantly different when compared to normal control)
**p<0.01 (significantly different when compared to diabetic control)
* p<0.05 (significantly different when compared to diabetic control)

4.9.3.2. Blood sugar levels
The hypoglycemic effect of the extracts (NcAE and CdAE) was assessed by measuring the
fasting blood glucose levels in days 0, 1, 5, 10 and 15. As shown in Table 31, the fasting blood
glucose levels of diabetic control rats were increased significantly (p<0.001) after the injection of
streptozotocin, compared with normal control rats. Before the administration of respective drugs,
the fasting blood glucose levels of the six diabetic groups (DC, DC+ Met, DC+NcAE250mg/kg,
NcAE500mg/kg, CdAE250mg/kg and CdAE500mg/kg) were almost similar except for DC+Met
groups which had significantly (p<0.01) higher blood glucose levels than the DC groups. It was
observed that treatment with respective extracts for 15days reduced the fasting blood glucose
level to near normal. Compared with the diabetic control group, administration of NcAE
(250mg/kg) to STZ- induced diabetic rats showed antihyperglycemic effect (p<0.001) from the
5th day of treatment. However, NcAE (500mg/kg) showed significant reduction (p<0.01) from 5th
day of treatment while maximum reduction in the blood glucose level was observed from 10th day
onwards (p<0.001). Similar effect was observed in case of diabetic rats treated with CdAE
(250mg/kg) while significant reduction (p<0.001) from 5th day onwards in blood glucose level
was seen in CdAE (500mg/kg) treated diabetic rats. Decrease in the glucose level was related to
dose and
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Table 31: Effect of different plant extracts on blood glucose level in streptozotocin induced
diabetic rats
Fast blood glucose level (mg/dL)
Group
Treatment
Day 0
I
Normal control
112.83
(NC)
±12.88
II
Diabetic control
108.83
(DC)
±9.70

Day 1
114.67
±9.05
347.00###
±19.98

III

DC + Met
(10mg/kg)

113.00
±10.60

412.67**
±39.39

IV

DC +NcAE
(250mg/kg)

108.17
±9.87

347.83 NS
±25.72

V

DC +NcAE
(500mg/kg)

116.00
±7.54

360.83 NS
±25.47

VI

DC +CdAE
(250mg/kg)

109.83
±10.93

376.33 NS
±35.91

VII

DC +CdAE
(500mg/kg)

112.33
±11.02

380.67 NS
±36.78

Day 5
111.17
±10.59
392.17###
±12.73
(+13.02%)
312.83***
±20.62
(-24.19%)
299.00***
±15.74
(-14.04%)
331.50**
±42.36
(-8.13%)
327.17**
±32.09
(-13.06%)
318.83***
±37.70
(-16.25%)

Day 10
113.00
±9.94
430.50###
±27.12
(+24.06%)
218.83***
±37.12
(-46.97%)
227.00***
±29.84
(-34.58%)
255.33***
±26.62
(-29.24%)
258.67***
±24.42
(-31.79%)
232.50***
±16.98
(38.92%)

Day 15
114.33
±10.05
459.17###
±28.68
(+32.33%)
126.83***
±25.46
(-69.27%)
155.00***
±23.58
(-55.44%)
189.33***
±15.37
(-47.53%)
168.50***
±19.27
(-55.23%)
142.17***
±14.91
(-62.65%)

Values are presented as mean±SD (n=6). DC+Met: Diabetic rats treated with metformin, NcAE:
Nephrolepis cordifolia aqueous extract, CdAE: Cyclosorus dentatus aqueous extract. Value
inside the parenthesis is the percent difference in the blood glucose level between day1 and
respective days of treatment.
###
p<0.001 (significantly different with respect to normal control of each day)
***p<0.001 (significantly different with respect to diabetic control of each day)
**p<0.01 (significantly different with respect to diabetic control of each day)
NS
p>0.05 (significantly different with respect to diabetic control of each day)

duration of the treatment. Maximum reduction in fasting blood glucose levels was observed on
15th day of treatment (-55.44%, -47.53%,-55.23% and -62.65%) at dose 250mg/kg and 500mg/kg
of N. cordifolia aqueous extract and C. dentatus aqueous extract respectively. Metformin
(10mg/kg) revealed 69.27% reductions in blood glucose levels at the end of experimental period
when compared to diabetic control.
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4.9.3.3. Lipid profiles
In the present study, lipid profiles of both normal and STZ- induced diabetics rats were assessed
by monitoring the parameters like cholesterol, triglycerides and HDL- cholesterol. It was
observed that in diabetic rats the levels of cholesterol and triglycerides was increased while HDLcholesterol level was decreased compared to normal control rats (p<0.001). However,
administration of extracts (NcAE and CdAE at 250 & 500mg/kg dose) and standard drug
(10mg/kg) showed significant reduction (p<0.001) in elevated cholesterol and triglyceride levels
compared to diabetic control groups. On the contrary, significant increase in the level of HDLcholesterol was observed in diabetic rats treated with the extracts and standard drug compared to
diabetic control rats (Table 32).
4.9.3.4. Liver enzymes (SGPT and SGOT level)
The SGPT and SGOT level was found to be significantly elevated (p<0.001) in diabetic control
group compared to the normal control group. However, increased level of SGPT and SGOT in
the diabetic induced rats was significantly decreased (p<0.001) with subsequent administration of
the standard drug and the plant extracts (NcAE & CdAE) at doses 250 and 500mg/kg b.w. (Table
33).
4.9.3.5. Kidney functions (urea and creatinine level)
The elevated levels of serum urea and creatinine of the diabetic rats was observed to be
significantly reduced (p<0.001, p<0.01) to almost normal range on treating the animals with both
standard drug and the extracts. On the other hand, the untreated diabetic control group showed
significantly high level of serum urea and creatinine with respect to normal and treated rats
(Table 34).
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Table 32: Effect of different plant extracts on serum lipid profile in normal and
streptozotocin induced diabetic rats
Serum lipid profile (mg/dL)
Group
Treatment
I

Cholesterol
(mg/dL)
82.25±7.99

Triglycerides
(mg/dL)
79.10±5.26

HDL cholesterol
(mg/dL)
41.07±3.04

Normal control
(NC)
II
Diabetic control
161.03±8.75###
182.79±5.93###
23.05±3.14###
(DC)
III
DC + Met
82.59±8.14***
73.39±5.70***
39.94±4.33***
(10mg/kg)
IV
DC +NcAE
94.36±9.43***
86.33±8.32***
36.38±4.95**
(250mg/kg)
V
DC +NcAE
120.29±8.26***
93.28±8.82***
33.94±5.29*
(500mg/kg)
VI
DC +CdAE
109.98±8.94***
89.52±6.61***
35.25±3.32**
(250mg/kg)
VII
DC +CdAE
96.24±12.13***
84.74±8.15***
36.88±4.71**
(500mg/kg)
Values are presented as mean±SD (n=6). DC+Met: Diabetic rats treated with metformin, NcAE:
Nephrolepis cordifolia aqueous extract, CdAE: Cyclosorus dentatus aqueous extract.
###
p<0.001 (significantly different when compared to normal control)
*p<0.05 (significantly different when compared to diabetic control)
**p<0.01(significantly different when compared to diabetic control)
***p<0.01 (significantly different when compared to diabetic control

Table 33: Effect of different plant extracts on liver enzymes (SGPT and SGOT level) in
normal and streptozotocin induced diabetic rats
Group

Treatment

SGPT (U/dL)

SGOT (U/dL)

I

Normal control (NC)

43.58±3.96

77.35±4.92

II

Diabetic control(DC)

75.17±4.62###

147.06±7.16###

III

DC + Met(10mg/kg)

47.39±4.96***

81.71±4.13***

IV

DC +NcAE (250mg/kg)

50.11±3.38***

87.15±4.47***

V

DC +NcAE (500mg/kg)

61.55±3.82***

92.06±2.46***

VI

DC +CdAE (250mg/kg)

59.37±3.82***

90.42±4.46***

VII

DC +CdAE (500mg/kg)

52.29±4.62***

86.61±4.51***

Values are presented as mean±SD (n=6). DC+Met: Diabetic rats treated with metformin, NcAE:
Nephrolepis cordifolia aqueous extract, CdAE: Cyclosorus dentatus aqueous extract.
###
p<0.001 (significantly different when compared to normal control)
***p<0.001 (significantly different when compared to diabetic control)
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Table 34: Effect of different plant extracts on serum urea and creatinine level of normal
and streptozotocin induced diabetic rats
Group

Treatment

Urea(mg/dL)

Creatinine (mg/dL)

I

Normal control (NC)

20.96±3.76

0.37±0.12

II

Diabetic control(DC)

64.04±5.53###

1.11±0.31###

III

DC + Met(10mg/kg)

25.15±6.49***

0.51±0.14***

IV

DC +NcAE (250mg/kg)

30.33±4.18***

0.61±0.16***

V

DC +NcAE (500mg/kg)

40.69±5.60***

0.68±0.12**

VI

DC +CdAE (250mg/kg)

37.99±4.71***

0.63±0.19**

VII

DC +CdAE (500mg/kg)

32.43±3.61***

0.59±0.23***

Values are presented as mean±SD (n=6). DC+Met: Diabetic rats treated with metformin, NcAE:
Nephrolepis cordifolia aqueous extract, CdAE: Cyclosorus dentatus aqueous extract.
###
p<0.001 (significantly different when compared to normal control)
**p<0.01 (significantly different when compared to diabetic control)
***p<0.001 (significantly different when compared to diabetic control)

4.10. Partial purification of extracts by column chromatography and testing of biological
activities
Solvents with different polarity yielded different amount of eluted fractions. The fractions
obtained varied in texture and colour (Table 35). Broad fractions of Cd and Nc collected were
labeled as CdA, CdB, CdC, CdD, CdE and NcA, NcB, NcC, NcD and NcE repectively (Figure
42). In both the cases, no yield was obtained in Hexane (100%). Among the fractions of Cd,
highest yield was obtained in Hexane:EtOAc (1:1) solvent system and lowest in methanol (100%)
while in case of Nc highest yield was in EtOAC:MeOH(1:1) and lowest in EtOAc(100%).
Furthermore, significant differences in the DPPH radical scavenging ability of the fractions of
both the extracts were observed (Table 36).
Among the Cd fractions, CdB followed by CdE was observed to exhibit significantly higher
(p<0.05) DPPH radical scavenging activity than the other two eluants. Lowest activity was
observed in CdD fraction with the IC50 value of 90.724µg/mL. In contrast, NcE exhibited
significantly better DPPH scavenging activity followed by NcC, NcD, NcB over the range of
concentrations tested. However, the extracts had lesser activity than the positive control (Figure
43).
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Besides, DPPH scavenging activity, the fractions were observed to effectively inhibit the activity
of α-amylase in-vitro in a dose-dependent manner. CdC fraction revealed significantly higher
inhibitory activity than the other fractions of Cd. The activity in the decreasing order was as
follows: Acarbose > CdC > CdB> CdE > CdD. Similarly, NcC fraction showed significantly
higher α-amylase inhibitory activity followed by NcE, NdD and NcB (Table 37; Figure 44).

Table 35: Colour, texture and weight, of broad fractions of N. cordifolia and C. dentatus
eluted using different solvent
Plant

Solvent

Colour

Texture

Weight (g)

CdA

Hexane(100%)

-

-

-

CdB

Hexane: EtOAc(1:1)

Dark green

Gummy

2.049

CdC

EtOAc(100%)

Yellowish brown

Gummy

0.592

CdD

EtOAc: MeOH(1:1)

Dark green

Powdery

1.450

CdE

MeOH(100%)

Brownish green

Powdery

0.093

NcA

Hexane(100%)

-

-

-

NcB

Hexane: EtOAc(1:1)

Dark green

Gummy

1.011

NcC

EtOAc(100%)

Light green

Gummy

0.192

NcD

EtOAc: MeOH(1:1)

Greenish brown

Gummy

1.765

NcE

MeOH(100%)

Dark brown

Powdery

1.143

sample
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Figure 42: Illustration of column chromatography and fractions collected. A. Column for
partial purification of C. dentatus extract. B. Broad fractions collected a: CdA (Hexane
100%), b: CdB (Hexane:EtOAc 1:1), c: CdC (EtOAc 100%), d: CdD (EtOAc:MeOH 1:1) e.
CdE (MeOH 100%). C. Fractions condensed a: CdB, b: CdC, c: CdD, d: CdE. D. Column for
partial purification of N. cordifolia extract. E. Broad fractions collected a: NcA (Hexane
100%), b: NcB (Hexane:EtOAc 1:1), c: NcC (EtOAc 100%), d: NcD (EtOAc:MeOH 1:1),
e: NcE ( MeOH 100%). F. Fractions condensed a: NcB, b: NcC, c: NcD, d: NcE.
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Table 36: IC50 values of DPPH radical scavenging activity exhibited by the eluted fractions
of C. dentatus and N. cordifolia
Fraction

Cd

Nc

B

25.946±1.934

b

45.325±2.165e

C

52.207±2.959d

20.204±1.236c

D

90.725±1.709e

24.385±0.446d

E

27.322±0.693b,c

17.048±0.177b

A.a

13.258±0.65a

13.258±0.65a

LSD value

1.800

1.167

Values are presented as mean±SD (n=10). Values in the column that are followed by different
superscript letters (a-e) are significantly different (p<0.05), as determined using the Fisher’s LSD
test. A.a.: Ascorbic acid, Cd: Cyclosorus dentatus, Nc: Nephrolepis cordifolia, B: Hexane:EtAOC
(1:1), C: EtOAC(100%), D: EtOAC: MeOH (1:1), E: MeOH (100%).

Table 36A: ANOVA of data presented in Table 36 (IC50 values of DPPH radical scavenging
activity of Cd fractions)
Factor

SS

Df

Ms

A (Between Groups)

11332.381

4

2833.095

R(A) (Within Groups)

32.643748

10

3.2643748

AR (Total)

11365.025

14

F(cal)
867.88299

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

1.17E-12

3.4780497

Table 36B: ANOVA of data presented in Table 36 (IC50 values of DPPH radical scavenging
activity of Nc fractions)
Factor

SS

Df

Ms

A (Between Groups)

1899.0919

4

474.77298

R(A) (Within Groups)

13.735726

10

1.3735726

AR (Total)

1912.8276

14

F(cal)
345.64825

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

1.14E-10

3.4780497
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Figure 43: DPPH radical scavenging activity (%) exhibited by the eluted fractions of C.
dentatus and N. cordifolia at varying concentration. A: Ascorbic acid, B: C. dentatus
fractions (CdB, CdC, CdD and CdE), C: N. cordifolia (NcB, NcC, NcD and NcE). Data are
shown as means±S.D (n=3). Means within the concentration of each plant with different
superscript differ significantly at (p<0.05) level.
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Table 37: IC50 values of α-amylase inhibitory activity exhibited by the eluted fractions of C.
dentatus and N. cordifolia
Fraction

Cd

Nc
c

136.574±3.536e

B

104.329±5.037

C

100.376±6.054b

82.808±2.176b

D

137.195±0.748e

130.399±6.959d

E

115.239±2.749d

92.596±1.800c

Acarbose

44.690±0.627a

44.690±0.627a

LSD value

3.741

3.709

Values are presented as mean±SD (n=10). Values in the column that are followed by different
superscript letters (a-e) are significantly different (p<0.05), as determined using the Fisher’s LSD
test. Cd: Cyclosorus dentatus, Nc: Nephrolepis cordifolia, B: Hexane:EtAOC (1:1), C: EtOAC
(100%), D: EtOAC: MeOH (1:1), E: MeOH (100%).

Table 37A: ANOVA of data presented in Table 37 (IC50 values of α-amylase inhibitory activity
of Cd fractions)
Factor

SS

Df

Ms

A (Between Groups)

14079.039

4

3519.7598

R(A) (Within Groups)

141.06303

10

14.106303

AR (Total)

14220.102

14

F(cal)
249.51682

*** (P<=0.001)

P(F<=F(cal))

F(0.05)

5.72E-10

3.4780497

Table 37B: ANOVA of data presented in Table 37 (IC50 values of α-amylase inhibitory activity
of Nc fractions)
Factor

SS

Df

Ms

A (Between Groups)

16913.535

4

4228.3838

R(A) (Within Groups)

138.59195

10

13.859195

AR (Total)

17052.127

14

F(cal)
305.09593

P(F<=F(cal))
*** (P<=0.001)

2.11E-10

F(0.05)
3.4780497
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Figure 44: α-amylase inhibitory activity (%) exhibited by the eluted fractions of C. dentatus
and N. cordifolia at varying concentration. A: Acarbose, B: C. dentatus fractions (CdB, CdC,
CdD and CdE), C: Nephrolepis cordifolia (NcB, NcC, NcD and NcE). Data are shown as
means±S.D (n=3). Means within the concentration of each plant with different superscript
differ significantly at (p<0.05) level.
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4.11.

Partial
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of
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fractions

by

Gas

Chromatography-Mass

Spectrophotometry
The eluted fractions of C. dentatus and N. cordifolia were further subjected to GC-MS for partial
characterization of the compounds present in the fractions. Numerous compounds were identified
and the variation of these compounds in the different fractions has been presented in Tables 3845. Further, GC-MS total ion chromatogram and mass spectra for all the identified compounds
with its respective structures are given in Figure 45-52.
CdB fractions were identified to contain sixteen different compounds with the relative abundance
of 2,2,7.7- tetramethyltricyclo[6.2.1.0(1,6)]undec-4-en-3-one (56%), codein-propionyl (50%),
pentadecanoic acid, 14- methyl-, methyl ester (48%), 2,5,5-trimethyl-3-phenyl- cyclohexanone
(35%), tridecanoic acid, 12-methyl, methyl ester (31%), 3-buten-2-one, 4-(2,5,6,6- tetramethyl-2cyclohexen-1-yl)- (21%), benzene (1-methylenebutyl)- (20%), heptadecanoic acid, 16-methyl,
methyl ester (18%), 2-(4-Isopropylphenoxy)-N'(4 butoxybenzylidene)acethydrazide (15%),
hexadecanoic acid, 14-methyl-, methyl ester (14%), 7-heptadecene, 17-chloro- and heneicosanoic
acid, 20-oxo-, methyl ester (10%), 2a,3b,5b,6a-tetramethoxy carboynl- (2.5%), 3-eicosene, (E)and 10-octadecenoic acid, methyl ester (2%) and hexadecenoic acid, Z-11- (01%) [Table 38;
Figure 45(I- IX)]. Likewise, fourteen different compounds were identified in the CdC fraction
with the highest and lowest abundance of Cycladopentanone,2,5- dicyclopentylidene-l (99%) and
10-Octadecenoic acid, methyl ester (2.5%). Other compounds identified were tridecanoic acid,
12-oxo-, methyl ester, heptadecane, 7- methyl, 1-hexadecanol, 2-methyl-, hexadecanoic acid,
methyl ester, 1- eicosene, hexadecanoic acid, 14- methyl ester-, methyl ester, heptadecanoic acid,
16-methyl, methyl ester, 1-docosene, chloroeicosane, cyclotetracosane, 1-hexacosene and
propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17- yl)- with the relative abundance
ranging from 42.5-05% [Table 39; Figure 46(I-VIII)]. CdD fraction was identified with sixteen
compounds

among

which

1-

penten-3-one,

1-(2,6,6-trimethyl-1-cyclohexen-1-yl)-,

1-

pentadecene, 2-methyl-1-Phenanthrenol,1,2,3,4,4a,9,10,10a-octahydro-4a-methyl-,[1á,4aá,10aá],
2(1H)Naphthalenone, 3,5,6,7,8,8a- dimethyl-6-(1-methylethenyl)-, 1-Octadecene, E,Z-1,3,12Nonadecatriene and 2,7-Diphenyl-1,6- dioxopyridazino[4,5:2'3']pyrrolo[4'5'-d]pyridazine were
found only in CdD fraction while others were present in other fractions too. The abundance value
had a great variation with almost 100% for (1H) Naphthalenone, 3,5,6,7,8,8a- dimethyl-6-(1methylethenyl)- and 01% for 1-Pentadecene [Table 40; Figure 47 (I-IX)]. Likewise, CdE fraction
was identified with eleven compounds among which phenol, 2,4-bis(1,1-dimethylethyl)-, 3-[4Hydroxyisopent-2(Z)-enyl-4-, 9-undecenoic acid,2,6,10-trimethyl, 14,17-octadecadienoic acid,
methyl ester and 3,4, dihydroxy-1,6-bis-(3-methoxy- phenyl)- was unique to CdE fraction while
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the rest of the compounds were found in the other fractions as well. The relative abundance value
ranged was highest for cyclotetracosane (45%) and lowest for 3,4, dihydroxy-1,6-bis-(3methoxy- phenyl)- (01%) [Table 41; Figure 48 (I-VI)].
In general, some of the compounds were found universally in all the fractions while some were
specifically present in one fraction. Heptadecanoic acid, 16-methyl, methyl ester was found to be
present in all the Cd fractions while benzene (1-methylenebutyl)- was identified only in CdB and
CdE fraction. Further, tridecanoic acid, 12-methyl, methyl ester, pentadecanoic acid, 14- methyl-,
methyl ester and 3-Eicosene, (E)- was found only in CdB and CdD fraction. Hexadecanoic acid,
14-methyl, methyl ester and 10-Octadecenoic acid, methyl ester was identified in CdB, CdC and
CdD fraction while hexadecanoic acid, methyl ester was present only in CdC and CdE fraction.
Compounds like 1-Docosene and cyclotetracosane was identified in all the fractions except CdB.
Another compound, chloroeicosane was identified only in CdC and CdE fraction while 1hexacosene in CdC and CdD fraction.
Like in the fractions of C. dentatus, diverse compounds were identified in N. cordifolia fractions.
NcB fractions were identified with thirteen different compounds among which nonadecane had
the highest relative abundance of 20% and tetradecane 2,6,10-trimethyl, had the lowest relative
abundance (0.05%). Other compounds that were identified in the NcB fractions were phenol, 2,4bis (1,1 dimethylethyl)-, hexadecane, octadecane, nonadecane, octadecane 2-methyl, eicosane,
phytol, docosane, tricosane, tetracosane, 1,2-benzenedicarboxylic acid, mono(2- ethylhexyl)
ester- and eicosane -7, hexyl with relative abundance ranging from 15-0.1% [Table 42; Figure
49(I-VII)]. NcC fractions were identified with eleven compounds such as phenol, 2,4-bis (1,1
dimethylethyl)-, 1-hexadecene, tetradecane 2,6,10-trimethyl, 1-octadecene, pentadecanoic acid,
13- methyl, methyl ester, cycloeicosane, oleic acid, 1-docosene, 1-tetracosanol, corynan-17-ol,
18,19- didehydro-10- methoxy-acetate (ester) and1,2-benzenedicarboxylic acid, mono(2ethylhexyl) ester- with relative abundance ranging from 0.05-49% [Table 43; Figure 50(I-VI)].
Further, compounds like octadecane, Z-(13,14-Epoxytetradec-11-en-1- ol acetate, pentadecanoic
acid, 13-methyl, methyl ester, eicosane, cycloeicosane, 2-eicosanol,(ñ), heneicosane, 10-methyl,
dasycarpidan-1-methanol, acetate(ester), 11-tricosene and 2-propen-1-one,1-[hexahydro-1,3dimethyl-5-(2,6xylyl)-5- pyrimidinyl-2-phenyl- were identified in the NcD fraction. The
percentage of abundance ranged from 48.5% for pentadecanoic acid, 13-methyl, methyl ester to
02% for 11-tricosene [Table 44; Figure 51(I-VI)]. NcE fraction was identified to consist seven
different compounds with the highest relative abundance of 1- Oxycyclopentadecan-2- one,
15,15-dimethyl (23%) and lowest of geranyl isovalerate, 3-4[Hydroxyisopent-2[Z] enyl 4hydroxyacetophenone and eicosane (0.5%). Other compounds identified were 1-Dodecanol,
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3,7,11-trimethyl, dasycarpidan-1-methanol, acetate(ester) and 1,2-benzenedicarboxylic acid
[Table 45; Figure 52(I-IV)]. Comparing the Nc fractions, it was found that some compounds were
identified in more than one fractions. For example, phenol, 2,4-bis (1,1 dimethylethyl)- and
tetradecane

2,6,10-trimethyl

were present

in

NcB

and

NcC

fractions

while 1,2-

benzenedicarboxylic acid, mono(2- ethylhexyl) ester- was present in NcB, NcC and NcE
fractions. Likewise, octadecane was present in NcB and NcD while eicosane was present in NcB,
NcD and NcE fractions. Pentadecanoic acid, 13-methyl, methyl ester and cycloeicosane was
identified in NcC and NcD. Similarly, dasycarpidan-1- methanol, acetate (ester) was present only
in NcD and NcE fraction.

Table 38: Compounds identified in the CdB fraction of Cyclosorus dentatus

Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1
2

9.8
12.18

C11H14
C14H22O

146.00
206.00

3

13.92

C15H20O

216.00

35

4

14.3

C15H22O

218.00

56

5

15.38

C15H30O2

242.00

31

6
7
8

15.85
16.25
17.27

C16H30O2
C17H33Cl
C17H34O

254.00
272.00
27.00

01
10
48

9
10

17.82
18.32

C20H40
C18H36O2

280.00
284.00

02
14

11
12

19.00
19.22

C19H36O2
C19H38O2

296.00
298.00

02
18

13

21.73

C16H20O8

340.00

2.5

14

23.32

C22H42O3

354.00

10

15
16

25.45
28.38

Benzene (1-methylenebutyl)3-Buten-2-one,
4-(2,5,6,6tetramethyl-2-cyclohexen-1-yl)2,5,5-Trimethyl-3-phenylcyclohexanone
2,2,7.7Tetramethyltricyclo[
6.2.1.0(1,6)]undec-4-en-3-one
Tridecanoic acid, 12-methyl, methyl
ester
Hexadecenoic acid, Z-117-Heptadecene, 17-chloroPentadecanoic acid, 14- methyl-,
methyl ester
3-Eicosene, (E)Hexadecanoic
acid,
14-methyl,
methyl ester
10-Octadecenoic acid, methyl ester
Heptadecanoic
acid,
16-methyl,
methyl ester
2a,3b,5b,6a-Tetramethoxy carboynlbicyclo(2,2,2)oct- 7- ene
Heneicosanoic acid, 20-oxo-, methyl
ester
Codein-propionyl
2-(4-Isopropylphenoxy)-N'-(4butoxybenzylidene)acethydrazide

Relative
abundance
(%)
20
21

C21H25NO4 355.00
C22H28N2O3 368.00

50
15
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Table 39: Compounds identified in the CdC fraction of Cyclosorus dentatus
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1

13.9

216.00

2

15.2

242.06

7.0

3

15.78

Cyclopentanone,2,5C24H20O
dicyclopentylideneTridecanoic acid, 12-oxo-, C14H26O3
methyl
Ester
Heptadecane, 7- methyl
C18H38

Relative
abundance
(%)
99

254.22

1.0

4

16.2

1-Hexadecanol, 2-methyl-

C17H36O

256.12

Neligible

5

17.23

C17H34O2

270.08

15

6
7

17.78
18.22

C20H40
C18H36O2

280.14
284.00

22.5
15

8

18.92

C19H36O2

296.00

2.5

9

19.15

C19H38O2

298.00

15

10
11
12
13
14

19.7
20.7
21.5
23.78
25.45

Hexadecanoic acid, methyl
ester
1- Eicosene
Hexadecanoic
acid,
14methyl-, methyl ester
10-Octadecenoic acid, methyl
ester
Heptadecanoic
acid,
16methyl-, methyl ester
1-Docosene
1-Chloroeicosane
Cyclotetracosane
1-Hexacosene
Propanoic acid, 2-(3-acetoxy4,4,14-trimethylandrost-8-en17-yl)-

C22H44
C20H41Cl
C24H48
C26H52
C27H42O4

308.00
316.00
336.00
364.00
430.00

30
5.0
42.5
8.5
18

Table 40: Compounds identified in the CdD fraction of Cyclosorus dentatus
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1

12.63

C14H22O

206.00

2
3

13.43
13.77

C16H32
C15H20O

224.00
216.00

01
47

4

14.07

C15H22O

218.00

100

5

15.05

C15H30O2

242.00

30

6
7
8

15.68
16.18
17.17

C18H36
C19H34
C17H34O2

252.00
262.00
270.00

05
55
45

9
10

17.73
18.18

1- Penten-3-one, 1-(2,6,6-trimethyl1-cyclohexen-1-yl)1-Pentadecene, 2-methyl1-Phenanthrenol,1,2,3,4,4a,9,10,10aoctahydro-4a-methyl-,[1á,4aá,10aá]
2(1H)Naphthalenone, 3,5,6,7,8,8adimethyl-6-(1-methylethenyl)Tridecanoic acid, 12-methyl-, methyl
ester
1-Octadecene
E,Z-1,3,12-Nonadecatriene
Pentadecanoic acid, 14-methyl-,
methyl ester
3-Eicosene, (E)Hexadecanoic acid, 14-methyl ester

Relative
abundance
(%)
06

C20H40
C18H36O2

280.00
284.00

02
14
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Contd.. Compounds identified in the CdD fraction of Cyclosorus dentatus
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

11
12

18.9
19.12

C19H36O2
C19H38O2

296.00
298.00

13
14
15

19.67
21.5
23.32

C22H44
C24H48
C20H13N5O2

308.00
336.00
355.00

27.5
45
32

16

23.75

10-Octadecenoic acid, methyl ester
Heptadecanoic acid, 16-methyl-,
methyl ester
1-Docosene
Cyclotetracosane
2,7-Diphenyl-1,6dioxopyridazino[4,5:2'3']pyrrolo[4'5'
-d]pyridazine
1-Hexacosene

Relative
abundance
(%)
2.5
15

C26H52

364.00

06

Table 41: Compounds identified in the CdE fraction of Cyclosorus dentatus
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1
2
3
4
5
6
7

12.18
12.78
14.22
15.8
17.17
17.77
18.95

C11H14
C14H22O
C13H16O3
C14H26O2
C17H34O2
C20H40
C19H34O2

146.00
206.00
220.00
226.00
270.00
280.00
294.00

8

19.17

C19H38O2

298.00

15

9
10

19.7
23.33

C22H44
C20H18O6

308.00
354.00

30
01

11

21.53

Benzene (1-methylenebutyl)Phenol, 2,4-bis(1,1-dimethylethyl)3-[4-Hydroxyisopent-2(Z)-enyl-49-Undecenoic acid,2,6,10-trimethyl
Hexadecanoic acid, methyl ester
Cycloeicosane
14,17-Octadecadienoic acid, methyl
ester
Heptadecanoic acid, 16-methyl-,
methyl ester
1-Docosene
3,4, Dihydroxy-1,6-bis-(3-methoxyphenyl)-hexa-2,4-diene-1,6-dione
Cyclotetracosane

Relative
abundance
(%)
20
16
14.2
25
15
03
15

C24H48

336.00

45
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Table 42: Compounds identified in the NcB extract of Nephrolepis cordifolia
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1
2
3
4
5
6
7
8
9
10
11
12

12.57
13.42
14.62
15.73
16.78
17.32
17.82
19.00
19.72
20.60
21.48
23.22

C14H22O
C16H34
C17H36
C18H38
C19H40
C19H40
C20H42
C20H40O
C22H48
C23H48
C22H50
C16H22O4

206.00
226.00
240.00
254.00
267.99
268.00
282.00
296.00
310.00
324.00
338.00
278.761

13

23.68

Phenol, 2,4-bis (1,1 dimethylethyl)Hexadecane
Tetradecane 2,6,10-trimethylOctadecane
Nonadecane
Octadecane 2-methyl
Eicosane
Phytol
Docosane
Tricosane
Tetracosane
1,2-Benzenedicarboxylic acid, mono
(2- ethylhexyl) ester
Eicosane -7, hexyl-

Relative
abundance
(%)
15
0.1
0.05
10
20
0.5
0.1
0.5
19
15
2
8

C26H54

365.737

2.5

Table 43: Compounds identified in the NcC extract of Nephrolepis cordifolia
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

Relative
abundance
(%)
14
05
0.05
5.5
49

1
2
3
4
5

12.52
13.33
14.62
15.65
17.1

C14H22O
C16H32
C17H36
C18H36
C17H34O2

206.00
224.00
240.00
252.00
270.00

6
7
8
9
10

17.78
18.83
19.67
21.48
22.62

C20H40
C18H34O2
C22H44
C24H50O
C22H28N2O3

280.00
282.00
308.00
336.00
368.00

04
01
30
09
24

11

23.23

Phenol, 2,4-bis (1,1 dimethylethyl)1-Hexadecene
Tetradecane 2,6,10-trimethyl1-Octadecene
Pentadecanoic acid, 13- methyl,
methyl ester
Cycloeicosane
Oleic acid
1-Docosene
1-Tetracosanol
Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester)
1,2-Benzenedicarboxylic acid, mono
(2- ethylhexyl) ester-

C16H22O4

278.761

07
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Table 44: Compounds identified in the NcD extract of Nephrolepis cordifolia
Peak
no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1
2

15.78
16.25

C18H38
C16H28O3

254.00
268.00

3

17.37

C17H34O2

270.00

48.5

4
5
6
7
8

17.83
17.98
19.3
19.75
19.92

01
04
06
05
05

21.53
23.80

C20H42
C20H40
C20H20O
C22H46
C20H26N2
O2
C23H46
C23H28N2
O

282.00
280.00
296.00
310.00
326.00

9
10

Octadecane
Z-(13,14-Epoxytetradec-11-en-1ol acetate
Pentadecanoic acid, 13-methyl,
methyl ester
Eicosane
Cycloeicosane
2-Eicosanol,(ñ)
Heneicosane, 10-methylDasycarpidan-1-methanol, acetate
(ester)
11-Tricosene
2-Propen-1-one,1-[hexahydro-1,3dimethyl-5-(2,6xylyl)-5pyrimidinyl-2-phenyl-

Relative
abundance
(%)
10
01

322.00
348.00

02
09

Table 45: Compounds identified in the NcE extract of Nephrolepis cordifolia
Peak no

Retention
time

Name of the compounds

Molecular
formula

Molecular
weight

1
2
3

14.10
16.08
17.67

C15H32O
C15H26O2
C13H16O3

228.803
238.00
220.00

4
5

18.02
19.87

6

21.65

7

23.38

1-Dodecanol, 3,7,11-trimethyl
Geranyl isovalerate
3-4[Hydroxyisopent-2[Z] enyl 4hydroxyacetophenone
Eicosane
Dasycarpidan-1-methanol, acetate
(ester)
1Oxycyclopentadecan-2one,15,15-dimethyl
1,2-Benzenedicarboxylic
acid,
mono (2- ethylhexyl) ester-

Relative
abundance
(%)
01
0.5
05

C20H42
282.00
C20H26N2O2 326.00

0.5
03

C16H30O2

254.00

23

C16H22O4

278.865

09
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Figure 45(I): A. GC-MS Total ion chromatogram (TIC) of CdB fraction of Cyclosorus
dentatus B. Compound identified in CdB fraction: Benzene (1-methylenebutyl)-
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A

B

Figure 45(II): Compounds identified in CdB fraction. A. 3-Buten-2-one, 4-(2,5,6,6etramethyl-2-cyclohexen-1-yl)- B. 2,5,5-Trimethyl-3-phenyl-cyclohexanone

178

A

B

Figure 45(III): Compounds identified in CdB fraction. A. 2,2,7.7-Tetramethyltricyclo [
6.2.1.0(1,6)]undec-4-en-3-one B. Tridecanoic acid, 12-methyl, methyl ester
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Figure 45(IV): Compounds identified in CdB fraction. A. Hexadecenoic acid, Z-11- B. 7Heptadecene, 17-chloro-
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Figure 45(V) : Compounds identified in CdB fraction A. Pentadecanoic acid, 14- methyl-,
methyl ester B. 3-Eicosene, (E)-
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Figure 45(VI): Compounds identified in CdB fraction A. Hexadecanoic acid, 14-methyl,
methyl ester B. 10-Octadecenoic acid, methyl ester
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Figure 45 (VII): Compounds identified in CdB fraction A. Heptadecanoic acid, 16-methyl,
methyl ester B. 2a,3b,5b,6a-Tetramethoxy carboynl- bicyclo(2,2,2)oct- 7- ene
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Figure 45(VIII): Compounds identified in CdB fraction: A. Heneicosanoic acid, 20-oxo-,
methyl ester B. Codein-propionyl
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Figure 45(IX): Compound identified in CdB fraction A. 2-(4-Isopropylphenoxy)- N'-(4butoxybenzylidene)acethydrazide
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Figure 46(I): A: GC-MS Total ion chromatogram (TIC) of CdC fraction of Cyclosorus
dentatus B. Compound identified in CdC fraction: Cyclopentanone,2,5- dicyclopentylidene-
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Figure 46 (II): Compounds identified in CdC fraction: A. Tridecanoic acid, 12-oxo-, methyl
ester B. Heptadecane, 7- methyl
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Figure 46(III): Compounds identified in CdC fraction A. 1-Hexadecanol, 2-methyl- B.
Hexadecanoic acid, methyl ester
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Figure 46(IV): Compounds identified in CdC fraction A. 1- Eicosene B. Hexadecanoic acid,
14-methyl-, methyl ester
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Figure 46(V): Compounds identified in CdC fraction: A. 10-Octadecenoic acid, methyl ester
B. Heptadecanoic acid, 16-methyl-, methyl ester
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Figure 46(VI): Compounds identified in CdC fraction: A. 1-Docosene B. 1-Chloroeicosane
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Figure 46(VII): Compounds identified in CdC fraction: A. Cyclotetracosane B. 1Hexacosene
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A

Figure 46(VIII): Compound identified in CdC fraction: A. Propanoic acid, 2-(3-acetoxy4,4,14-trimethylandrost-8-en-17- yl)-
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Figure 47(I): A: GC-MS Total ion chromatogram (TIC) of CdD fraction of Cyclosorus
dentatus B. Compound identified in CdD fraction: 1- Penten-3-one, 1-(2,6,6-trimethyl-1cyclohexen-1-yl)-
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Figure 47(II): Compounds identified in CdD fraction: A. 1-Pentadecene, 2-methyl- B. 1Phenanthrenol,1,2,3,4,4a,9,10,10a octahydro-4a-methyl-,[1á,4aá,10aá]

195

A

B

Figure 47(III): Compounds identified in CdD fraction: A. 2(1H)Naphthalenone, 3,5,6,7,8,8adimethyl-6-(1-methylethenyl)- B. Tridecanoic acid, 12-methyl-, methyl ester
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Figure 47(IV): Compounds identified in CdD fraction: A. 1-Octadecene B. E,Z-1,3,12Nonadecatriene
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Figure 47(V): Compounds identified in CdD fraction: A. Pentadecanoic acid, 14-methyl-,
methyl ester B. 3-Eicosene, (E)-
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Figure 47(VI): .Compounds identified in CdD fraction: A. Hexadecanoic acid, 14-methyl
ester B. 10-Octadecenoic acid, methyl ester
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Figure 47(VII): Compounds identified in CdD fraction: A. Heptadecanoic acid, 16-methyl-,
methyl ester B. 1-Docosene
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Figure 47(VIII): Compounds identified in CdD fraction: A. Cyclotetracosane B. 2,7Diphenyl-1,6- dioxopyridazino[4,5:2'3']pyrrolo[4'5'-d]pyridazine
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Figure 47 (IX): Compound identified in CdD fraction: A. 1-Hexacosene

202

A

B

Figure 48(I): A. GC-MS Total ion chromatogram (TIC) of CdE fraction of Cyclosorus
dentatus B. Compound identified in CdE fraction: Benzene (1-methylenebutyl)-
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Figure 48(II): Compounds identified in CdE fraction: A. Phenol, 2,4-bis(1,1-dimethylethyl)B. 3-[4-Hydroxyisopent-2(Z)-enyl-4-
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Figure 48(III): Compounds identified in CdE fraction: A. 9-Undecenoic acid, 2,6,10trimethyl B. Hexadecanoic acid, methyl ester
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Figure 48(IV): Compounds identified in CdE fraction: A. Cycloeicosane B. 14,17Octadecadienoic acid, methyl ester
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Figure 48(V): Compounds identified in CdE fraction: A. Heptadecanoic acid, 16-methyl-,
methyl ester B. 1-Docosene
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Figure 48(VI): Compounds identified in CdE fraction: A. 3,4, Dihydroxy-1,6-bis-(3methoxy- phenyl)-hexa-2,4-diene-1,6-dione B. Cyclotetracosane
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Figure 49(I): A. GC-MS Total ion chromatogram (TIC) of NcB fraction of Nephrolepis
cordifolia. B. Compound identified in NcB fraction: Phenol, 2,4-bis (1,1 dimethylethyl)-
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Figure 49(II): Compounds identified in NcB fraction: A. Hexadecane B. Tetradecane 2,6,10trimethyl
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Figure 49 (III): Compounds identified in NcB fraction: A. Octadecane B. Nonadecane
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Figure 49(IV): Compounds identified in NcB fraction: A. Octadecane 2-methyl B. Eicosane
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Figure 49(V): Compounds identified in NcB fraction: A. Phytol B. Docosane
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Figure 49(VI) Compounds identified in NcB fraction: A. Tricosane B. Tetracosane
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Figure 49(VII): Compounds identified in NcB fraction: A. 1,2-Benzenedicarboxylic acid,
mono(2- ethylhexyl) ester- B. Eicosane -7, hexyl-
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Figure 50(I): A. GC-MS Total ion chromatogram (TIC) of NcC fraction of Nephrolepis
cordifolia. B. Compound identified in NcC fraction: Phenol, 2,4-bis (1,1 dimethylethyl)-
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Figure 50(II): Compounds identified in NcC fraction: A. 1-Hexadecene B. Tetradecane
2,6,10-trimethyl-
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Figure 50(III): Compounds identified in NcC fraction: A. 1-Octadecene B. Pentadecanoic
acid, 13- methyl, methyl ester
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Figure 50(IV): Compounds identified in NcC fraction: A. Cycloeicosane B. Oleic acid
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Figure 50(V): Compounds identified in NcC fraction: A. 1-Docosene B. 1-Tetracosanol
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Figure 50(VI): Compounds identified in NcC fraction: A. Corynan-17-ol, 18,19- didehydro10- methoxy-acetate (ester) B. 1,2-Benzenedicarboxylic acid, mono (2- ethylhexyl) ester-

221

A

B

Figure 51(I): A. GC-MS Total ion chromatogram (TIC) of NcD fraction of Nephrolepis
cordifolia. B. Compound identified in NcD fraction: Octadecane
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Figure 51(II): Compounds identified in NcD fraction: A. Z-(13,14-Epoxytetradec-11-en-1ol acetate B. Pentadecanoic acid, 13-methyl, methyl ester
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Figure 51(III): Compounds identified in NcD fraction: A. Eicosane B. Cycloeicosane
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Figure 51(IV): Compounds identified in NcD fraction: A. 2-Eicosanol,(ñ) B. Heneicosane,
10-methyl-
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Figure 51(V): Compounds identified in NcD fraction: A. Dasycarpidan-1-methanol, acetate
(ester) B. 11-Tricosene
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Figure 51(VI): Compound identified in NcD fraction: A. 2-Propen-1-one,1-[hexahydro-1,3dimethyl-5-(2,6xylyl)-5- pyrimidinyl-2-phenyl-
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Figure 52(I): A. GC-MS Total ion chromatogram (TIC) of NcE fraction of Nephrolepis
cordifolia. B. Compound identified in NcE fraction: 1-Dodecanol, 3,7,11-trimethyl-
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Figure 52(II): Compounds identified in NcE fraction: A. Geranyl isovalerate B. 34[Hydroxyisopent-2[Z] enyl 4- hydroxyacetophenone
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Figure 52(III): Compounds identified in NcE fraction: A. Eicosane B. Dasycarpidan-1methanol, acetate (ester)
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Figure 52(IV): Compounds identified in NcE fraction: A. 1- Oxycyclopentadecan-2one,15,15-dimethyl B. 1,2-Benzenedicarboxylic acid,mono (2-ethylhexyl) ester.
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4.12. In silico molecular docking studies
Many of the bioactive compounds were identified through GC-MS study. These compounds were
further studied using in silico docking. Amongst the four fractions of the two plants, fraction C of
both plants had revealed higher α-amylase activity. Hence, compounds identified in these
fractions were subjected to in silico molecular docking with a view to investigate whether these
compounds could be a better candidate to treat diabetes and to understand virtually the
mechanism of action that may have been involved in the antidiabetic activity of these plants. The
compounds were docked with proteins such as Glucokinase (IV4S), Fructose 1,6- bisphosphatase
(2JJK), 11β-Hydroxysteroid dehydrogenase type 1 (2BEL) and Peroxisome proliferators
activated receptor gamma (3DZY). The binding modes of the possible potent compounds and
metformin at targeted active site of proteins with the highest binding affinity and respective
interactions has been displayed in Figure 53-56.
The docking simulations showed that identified compounds were able to bind the experimentally
observed binding sites. The molecular docking results showed that the compound propanoic acid,
2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- identified in CdC fraction possess good
binding affinity (-6.6kcal/mol) with glucokinase (IV4S) showing interaction with proteim
residues PRO66: MRK501: ARG63: LYS459: ASP160 as compared to commercial drug
metformin (SER445: ARG85: ASP78: SER151: ASP409). In fraction NcC among many other
compounds corynan-17-ol, 18,19- didehydro-10-methoxy-acetate (ester) revealed highest binding
affinity ( -7.1kcal/mol) by binding with LYS169: GLY81: SER411: ASP409: LYS414: GLU443:
GLY444) amino acid residues (Table 46-49; Figure 53).
Likewise, corynan-17-ol, 18,19- didehydro-10-methoxy-acetate (ester)

(-7.9 kcal/mol ) and

propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- (-7.2 kcal/mol) of fraction
NcC and CdC respectively showed greater binding affinity than metformin with fructose 1,6bisphosphatae (2JJK). The amino acid residues involved in the interactions were SER270:
TYR264: PHE219: TYR215: ASN267 for corynan-17-ol, 18,19- didehydro-10-methoxy-acetate
(ester)

and ARG25: THR27: GLY26: R151336: ARG25: THR27. Metformin showed the

interaction with SER123: LEU73: ASP127 residues of 2JJK protein (Table 50-53; Figure 54).
Similarly, corynan-17-ol, 18,19- didehydro-10-methoxy-acetate (ester) and propanoic acid, 2-(3acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- compounds revealed good binding interaction with
2BEL and 3DZY compared to metformin besides many other compounds showing affinity
towards these target proteins. The binding affinity of corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) was -8.7kcal/mol with 2BEL target protein residues NAP1278: TYR183:
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TYR177: THR124: VAL180: PRO178 while with 3DZY was -8.2kcal/mol by binding with
ILE179: GLN193: ASP176: GLU351: LYS175: SER355: THR349: TYR250 protein residues of
3DZY. Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- showed greater
binding affinity (-10.2kcal/mol) with 2BEL by binding with TYR177: TYR183: LEU217:
ILE121: THR122: THR124: VAL227: LEU126: NAP1272 while it revealed binding interaction
of -8.7kcal/mol with CYS177: GLN193: LYS175: LYS194: TYR250: ASP251: PHE352:
SER355 amino acid residues of 3DZY (Table 54-61; Figure 55-56).
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Table 46: Docking score of commercial drug and identified compounds in NcC against IV4S

protein
Metformin

Phenol, 2,4-bis (1,1 dimethylethyl)-

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.3
-5.3
-4.8
-4.7
-4.6
-4.4
-4.3
-4.2
-4.2

0.000
1.845
2.063
2.580
18.822
1.993
6.156
17.279
29.396

0.000
2.764
4.301
3.893
19.817
3.274
7.736
19.277
29.888

1
2
3
4
5
6
7
8
9

-5.5
-5.3
-5.1
-5.1
-5.0
-4.9
-4.8
-4.7
-4.7

0.000
27.524
29.094
27.032
25.853
1.803
1.760
26.709
2.201

1-Hexadecene

Tetradecane 2,6,10-trimethyl-

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-3.4
-3.4
-3.0
-2.7
-2.7
-2.7
-2.7
-2.6
-2.6

0.000
1.415
1.549
51.467
12.037
23.814
19.122
19.133
49.998

0.000
3.002
2.940
53.540
14.871
26.674
22.092
21.528
51.990

1-Octadecene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-3.5
-3.3
-3.2
-3.1
-3.0
-3.0
-2.9
-2.9
-2.8

0.000
26.985
27.124
26.468
2.223
28.800
1.935
26.716
27.676

| best mode
| rmsd u.b.
0.000
29.801
30.111
29.134
3.985
31.545
4.943
29.581
30.079

1
2
3
4
5
6
7
8
9

0.000
29.132
30.641
28.610
27.439
2.782
3.093
27.921
3.247

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-3.9
-3.9
-3.9
-3.5
-3.5
-3.4
-3.4
-3.3
-3.3

0.000
27.614
1.573
1.757
21.275
21.420
26.686
20.974
20.665

0.000
30.917
4.965
2.744
23.590
23.972
29.984
23.496
23.781

Pentadecanoic acid, 13- methyl, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-2.9
-2.6
-2.6
-2.5
-2.3
-2.2
-2.2
-2.1
-2.1

0.000
26.630
4.103
17.527
32.184
28.779
17.899
31.576
3.862

0.000
28.166
5.289
19.372
34.481
31.502
19.765
34.351
5.750
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Table 47: Docking score of compounds identified in NcC against IV4S protein

Oleic acid

1-Docosene

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-2.8
-2.7
-2.4
-2.4
-2.3
-2.3
-2.3
-2.2
-2.1

0.000
7.797
13.785
13.729
7.000
5.561
29.581
50.599
34.680

0.000
10.312
16.951
17.085
10.389
9.403
32.394
53.120
36.521

1
2
3
4
5
6
7
8
9

-3.4
-3.3
-3.2
-3.2
-3.1
-3.0
-2.8
-2.7
-2.6

0.000
2.037
2.235
1.878
23.019
26.033
26.191
2.376
20.855

0.000
3.534
4.365
4.219
25.096
28.280
28.665
6.436
23.445

1-Tetracosanol

Corynan-17-ol, 18,19- didehydro-10-methoxyacetate (ester)

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-2.8
-2.2
-2.2
-2.0
-2.0
-1.9
-1.9
-1.9
-1.9

0.000
2.291
20.888
25.190
40.156
26.491
24.612
14.866
27.969

0.000
3.652
23.982
28.531
42.702
30.837
27.206
18.415
31.701

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-7.1
-6.1
-6.1
-6.0
-5.9
-5.9
-5.9
-5.8
-5.8

0.000
34.337
28.647
24.995
29.204
27.792
24.389
32.965
28.113

0.000
37.094
31.027
27.504
32.801
30.682
26.734
35.501
29.711

1,2-Benzenedicarboxylic acid, mono (2ethylhexyl) esterMode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b.
| rmsd u.b.
1
2
3
4
5
6
7
8
9

-5.1
-4.7
-4.5
-4.5
-3.9
-3.9
-3.8
-3.8
-3.8

0.000
2.060
11.609
21.048
11.110
21.169
21.738
29.903
22.104

0.000
3.324
14.415
23.362
14.027
23.783
23.734
31.919
24.033
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Table 48: Docking score of compounds identified in CdC against IV4S protein
Tridecanoic acid, 12-oxo-, methyl ester

Heptadecane , 7-methyl

Mode

| affinity
| (kcal/mol)

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-4.4
-3.2
-3.2
-2.9
-2.8
-2.8
-2.5
-2.5
-2.4

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
2.626
21.975
21.853
3.092
22.077
22.181
4.618
26.071

0.000
4.941
24.830
24.359
5.115
24.210
24.015
6.149
27.732

1
2
3
4
5
6
7
8
9

-3.6
-3.3
-3.2
-3.0
-2.9
-2.8
-2.8
-2.6
-2.6

0.000
2.092
29.388
1.533
27.991
29.555
28.243
25.741
29.963

0.000
5.481
31.817
4.864
30.151
33.053
30.517
28.327
32.954

1-Hexadecanol, 2-methyl-

Hexadecanoic acid, methyl ester

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-2.7
-2.6
-2.4
-2.2
-2.1
-2.1
-2.0
-2.0
-2.0

0.000
56.922
57.428
23.338
37.495
58.479
58.023
38.139
16.431

0.000
59.351
59.196
25.542
39.554
59.792
59.390
40.159
19.058

1- Eicosene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-3.5
-3.2
-3.1
-3.1
-3.1
-3.0
-2.9
-2.9
-2.9

0.000
1.688
30.855
26.233
25.619
24.121
23.557
30.937
1.465

| best mode
| rmsd u.b.
0.000
3.083
33.724
28.584
28.617
26.677
26.207
32.451
2.240

1
2
3
4
5
6
7
8
9

-3.7
-3.2
-3.1
-2.9
-2.9
-2.9
-2.7
-2.7
-2.5

0.000
3.928
2.425
1.581
3.903
4.162
26.441
5.188
4.467

0.000
5.016
3.530
2.631
5.108
5.675
29.339
6.350
5.371

Hexadecanoic acid, 14-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-2.9
-2.9
-2.9
-2.8
-2.6
-2.5
-2.5
-2.5
-2.4

0.000
48.581
3.593
22.922
4.895
40.684
55.280
47.243
38.090

0.000
53.927
6.100
25.213
7.611
43.363
57.220
49.518
40.635
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Table 49: Docking score of compounds identified in CdC against IV4S protein
10-Octadecenoic acid, methyl ester

Heptadecanoic acid, 16-methyl-, methyl ester

Mode

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-3.2
-3.2
-3.2
-3.0
-2.9
-2.9
-2.9
-2.9
-2.8

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
36.829
23.080
42.871
39.175
16.764
27.514
30.203
52.658

0.000
38.150
25.776
44.748
42.090
19.297
31.081
31.877
54.006

1
2
3
4
5
6
7
8
9

-3.1
-3.0
-2.9
-2.8
-2.8
-2.7
-2.7
-2.6
-2.5

1-Docosene

1-Chloroeicosane

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-3.7
-3.6
-3.6
-3.5
-3.3
-3.2
-3.1
-3.1
-3.1

0.000
12.332
11.528
12.340
14.382
14.101
7.507
11.938
20.677

0.000
17.700
17.261
17.077
17.733
19.508
10.429
14.727
24.157

1-Hexacosene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-3.9
-3.7
-3.7
-3.5
-3.4
-3.4
-3.2
-3.1
-3.1

0.000
2.601
56.155
57.405
31.937
2.922
37.240
57.305
4.684

| best mode
| rmsd u.b.
0.000
4.319
59.444
60.598
34.430
8.859
40.713
59.190
9.547

1
2
3
4
5
6
7
8
9

0.000
30.402
44.981
48.826
4.078
36.916
43.929
46.539
29.775

0.000
33.073
47.222
53.228
5.896
39.115
47.373
50.137
31.945

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-2.7
-2.4
-2.3
-2.2
-2.1
-2.0
-2.0
-2.0
-1.9

0.000
28.627
37.810
5.032
47.210
28.105
45.585
52.001
47.714

0.000
31.310
40.959
7.205
49.601
30.787
48.399
54.329
50.377

Propanoic acid, 2-(3-acetoxy-4,4,14trimethylandrost-8-en-17-yl)Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-6.6
-6.2
-6.2
-5.8
-5.7
-5.5
-5.3
-5.2
-5.1

0.000
27.731
35.750
35.258
27.707
31.430
49.589
46.049
46.815

0.000
30.734
38.538
38.348
31.751
35.111
51.551
48.318
49.098
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Figure 53: Binding mode with highest binding energy revealing respective interactions of
commercial drug and possible potent compound identified in fraction NcC and CdC into the
catalytic binding sites of IV4S. A,B: Metformin C,D: Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) E,F: Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17yl)- .
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Table 50: Docking score of commercial drug and compounds identified in NcC against
2JJK protein
Metformin

Phenol, 2,4-bis (1,1 dimethylethyl)-

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-4.0
-3.9
-3.9
-3.9
-3.9
-3.8
-3.8
-3.8
-3.7

0.000
30.480
41.057
44.476
39.145
50.326
41.816
9.925
25.987

0.000
31.468
42.180
45.527
40.246
51.409
42.868
11.877
27.081

1
2
3
4
5
6
7
8
9

-5.7
-5.4
-5.1
-5.1
-5.0
-4.9
-4.8
-4.6
-4.5

0.000
23.939
21.487
2.808
2.549
2.360
1.952
2.549
1.366

1-Hexadecene

Tetradecane 2,6,10-trimethyl-

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-3.4
-3.3
-3.3
-3.2
-3.1
-2.9
-2.8
-2.7
-2.7

0.000
1.151
22.492
7.892
19.948
2.920
9.564
10.959
24.801

0.000
2.149
24.948
9.995
21.998
4.572
11.761
13.633
25.904

1-Octadecene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-4.5
-4.4
-4.4
-4.3
-4.1
-4.1
-4.1
-4.1
-4.0

0.000
57.171
1.818
1.640
35.654
59.839
11.916
12.371
36.281

| best mode
| rmsd u.b.
0.000
59.351
3.044
7.514
38.254
61.131
15.668
15.142
38.529

1
2
3
4
5
6
7
8
9

0.000
25.723
23.207
5.854
6.121
5.800
3.779
4.197
2.114

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-4.2
-4.1
-4.0
-4.0
-4.0
-3.8
-3.8
-3.7
-3.7

0.000
3.144
2.266
24.091
21.834
24.250
1.522
24.085
23.807

0.000
5.439
4.290
27.524
24.604
27.436
4.267
27.620
26.946

Pentadecanoic acid, 13- methyl, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-3.6
-3.5
-3.4
-3.3
-3.3
-3.2
-3.2
-3.1
-3.1

0.000
46.955
20.232
19.820
40.888
49.700
41.238
45.215
47.672

0.000
50.544
23.060
21.590
42.425
53.517
43.488
48.740
50.242

239

Table 51: Docking score of compounds identified in NcC against 2JJK protein
Oleic acid

1-Docosene

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-4.5
-3.6
-3.5
-3.1
-3.1
-3.0
-3.0
-3.0
-2.9

0.000
2.850
2.665
51.430
26.793
51.527
2.529
34.502
43.992

0.000
5.557
6.013
53.634
28.496
53.937
5.653
37.986
47.772

1
2
3
4
5
6
7
8
9

-3.6
-3.5
-3.5
-3.4
-3.3
-3.2
-3.2
-3.1
-3.0

0.000
23.557
37.613
5.993
24.384
5.783
24.124
47.631
7.086

0.000
26.651
39.649
9.137
27.435
7.968
26.987
49.865
9.160

1-Tetracosanol

Corynan-17-ol, 18,19- didehydro-10-methoxyacetate (ester)

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-4.2
-4.2
-3.8
-3.7
-3.6
-3.6
-3.5
-3.5
-3.5

0.000
34.179
35.972
57.760
32.927
41.233
37.635
47.296
73.056

0.000
37.508
39.143
61.507
36.196
43.344
39.446
51.467
75.065

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-7.9
-7.2
-7.0
-6.9
-6.9
-6.6
-6.6
-6.6
-6.6

0.000
28.384
36.498
39.980
37.315
77.843
54.601
81.109
78.831

0.000
32.471
40.008
41.828
40.640
79.767
57.624
85.096
81.874

1,2-Benzenedicarboxylic acid, mono (2ethylhexyl) ester-

Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-5.7
-5.5
-5.4
-5.4
-5.4
-5.3
-5.2
-5.2
-5.1

0.000
65.776
38.822
1.582
1.491
38.350
32.129
37.801
48.403

| best mode
| rmsd u.b.
0.000
67.320
40.597
6.103
6.542
40.386
34.666
39.909
50.196

240

Table 52: Docking score of compounds identified in CdC against 2JJK protein

Tridecanoic acid, 12-oxo-, methyl ester
Mode

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-3.8
-3.5
-3.1
-3.0
-3.0
-3.0
-2.9
-2.9
-2.9

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
72.447
2.103
35.879
36.234
3.398
71.350
72.310
14.215

0.000
74.002
3.197
37.686
38.325
4.699
73.196
73.900
15.899

Heptadecane , 7-methyl
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
-4.6
0.000
0.000
2
-4.5
70.363
71.671
3
-4.5
1.306
3.421
4
-4.5
57.217
59.880
5
-4.5
1.606
7.402
6
-4.4
70.761
72.735
7
-4.4
59.374
62.142
8
-4.2
35.562
38.281
9
-4.2
57.315
59.317

1-Hexadecanol, 2-methyl-

Hexadecanoic acid, methyl ester

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
-3.8
0.000
0.000
2
-3.8
3.068
7.045
3
-3.6
28.743
31.708
4
-3.5
3.693
5.675
5
-3.5
3.219
7.224
6
-3.5
48.091
49.683
7
-3.4
34.546
36.742
8
-3.3
34.373
37.254
9
-3.2
3.902
7.533

1
2
3
4
5
6
7
8
9

-5.2
-4.8
-4.4
-4.0
-3.6
-3.5
-3.4
-3.3
-3.1

0.000
2.619
4.770
9.338
10.465
11.415
10.763
33.813
16.479

0.000
5.603
7.303
12.446
13.506
14.329
13.807
36.338
19.022

1- Eicosene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-4.7
-4.7
-4.4
-4.3
-4.3
-4.1
-4.1
-4.1
-4.1

0.000
57.161
56.879
49.925
57.351
51.655
57.048
57.228
56.793

| best mode
| rmsd u.b.
0.000
59.123
59.251
53.097
59.041
55.144
59.395
59.668
59.303

Hexadecanoic acid, 14-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
-3.8
0.000
0.000
2
-3.8
21.681
23.536
3
-3.7
34.570
37.324
4
-3.7
7.125
9.767
5
-3.6
41.347
43.697
6
-3.5
49.260
52.632
7
-3.4
43.958
46.645
8
-3.4
41.987
4.121
9
-3.3
43.913
46.714
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Table 53: Docking score of compounds identified in CdC against 2JJK protein

10-Octadecenoic acid, methyl ester
Mode

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-4.2
-4.0
-3.9
-3.9
-3.8
-3.8
-3.8
-3.7
-3.7

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
4.321
40.209
68.061
34.201
13.239
2.966
12.238
38.330

0.000
7.422
43.153
70.439
36.900
15.790
4.704
14.972
41.249

Heptadecanoic acid, 16-methyl-, methyl
ester
Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-3.5
-3.2
-3.2
-2.9
-2.9
-2.9
-2.9
-2.9
-2.8

0.000
19.411
20.220
43.151
54.786
42.952
18.688
71.064
71.260

0.000
21.950
22.796
44.855
56.893
44.702
20.962
73.293
73.319

1-Docosene

1-Chloroeicosane

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-3.6
-3.5
-3.5
-3.4
-3.3
-3.2
-3.2
-3.1
-3.0

0.000
23.557
37.613
5.993
24.384
5.783
24.124
47.631
7.086

0.000
26.651
39.649
9.137
27.435
7.968
26.987
49.865
9.160

1-Hexacosene

-4.2
-4.0
-3.9
-3.9
-3.8
-3.8
-3.8
-3.6
-3.6

-3.6
-3.3
-3.3
-3.2
-3.1
-3.1
-3.0
-2.9
-2.9

0.000
16.933
23.642
66.763
58.730
26.439
55.457
14.967
12.698

0.000
20.323
26.557
69.657
61.178
29.304
57.529
17.788
16.366

Propanoic acid, 2-(3-acetoxy-4,4,14trimethylandrost-8-en-17-yl)-

Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

0.000
56.765
73.793
38.376
37.943
27.204
71.719
28.302
27.728

| best mode
| rmsd u.b.
0.000
59.002
76.561
42.425
42.107
30.911
74.126
32.481
31.315

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-7.2
-6.9
-6.8
-6.7
-6.7
-6.5
-6.5
-6.4
-6.4

0.000
1.757
72.745
36.694
2.698
72.976
1.593
3.905
27.202

0.000
2.422
74.895
38.548
4.674
75.084
2.567
10.807
31.562
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B

C

D

E

F

Figure 54: Binding mode with highest binding energy revealing respective interactions of
commercial drug and possible potent compound identified in fraction NcC and CdC into the
catalytic binding sites of 2JJK. A,B: Metformin C,D: Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) E,F: Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17yl)- .
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Table 54: Docking score of commercial drug and compounds identified in NcC against
2BEL protein
Metformin

Phenol, 2,4-bis (1,1 dimethylethyl)-

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
-6.7
0.000
0.000
2
-6.6
1.922
3.163
3
-6.3
60.496
63.015
4
-6.0
1.547
2.446
5
-6.0
62.202
63.710
6
-5.9
60.201
62.332
7
-5.0
36.063
38.418
8
-4.9
40.781
42.644
9
-4.7
40.810
42.824

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.2
0.000
0.000
-4.9
44.354
45.903
-4.8
11.226
12.384
-4.7
53.143
54.179
-4.7
29.393
30.419
-4.7
45.511
46.314
-4.6
26.063
27.083
-4.6
40.901
41.877
-4.6
34.289
35.522

1-Hexadecene

Tetradecane 2,6,10-trimethyl-

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
-5.0
0.000
0.000
2
-5.0
2.444
5.124
3
-4.9
1.603
3.455
4
-4.9
1.955
4.615
5
-4.8
29.611
31.660
6
-4.8
29.562
31.435
7
-4.8
2.025
4.312
8
-4.6
1.718
3.963
9
-4.6
2.025
5.745

Mode

1-Octadecene

Pentadecanoic acid, 13- methyl, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-5.8
-5.7
-5.7
-5.6
-5.6
-5.6
-5.5
-5.5
-5.5

0.000
1.186
1.294
1.292
53.411
1.348
1.408
2.582
1.556

| best mode
| rmsd u.b.
0.000
3.128
4.025
3.404
55.843
5.950
2.349
5.544
3.115

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.5
0.000
0.000
-5.5
1.372
4.413
-5.3
1.578
3.297
-5.3
1.701
3.549
-5.2
1.679
2.597
-5.1
1.573
3.346
-5.1
1.751
3.469
-5.0
1.953
3.226
-4.8
2.333
4.166

-4.7
-4.3
-3.7
-3.4
-3.3
-3.2
-3.2
-3.1
-2.9

0.000
1.742
32.004
44.378
29.553
40.516
38.245
29.310
40.188

0.000
3.384
33.310
47.117
33.345
42.463
39.731
31.007
42.138
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Table 55: Docking score of compounds identified in NcC against 2BEL protein
Oleic acid

1-Docosene

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-4.3
-3.9
-3.7
-3.3
-3.2
-2.9
-2.9
-2.8
-2.8

0.000
29.619
28.035
33.262
2.849
57.064
36.561
32.681
46.428

0.000
33.672
31.713
36.121
4.894
58.329
39.935
34.320
49.441

1-Tetracosanol
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-5.5
-5.4
-4.9
-4.9
-4.6
-4.1
-4.0
-3.9
-3.9

0.000
3.207
2.120
4.452
5.357
4.506
62.887
32.480
5.342

0.000
4.438
3.303
10.332
10.313
10.854
66.376
35.404
10.035

1
2
3
4
5
6
7
8
9

-5.5
-5.4
-5.2
-4.6
-4.2
-4.1
-3.7
-3.6
-3.6

0.000
1.505
1.517
1.832
3.057
31.871
74.315
3.423
74.240

0.000
2.629
6.522
6.795
7.354
34.701
78.092
8.347
78.271

Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester)
Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-8.7
-8.6
-8.5
-8.4
-8.3
-8.2
-8.0
-7.9
-7.9

0.000
2.652
59.345
3.012
31.414
2.717
15.952
58.890
1.762

0.000
4.453
63.100
4.591
31.887
6.956
18.014
63.503
2.350

1,2-Benzenedicarboxylic acid, mono (2ethylhexyl) esterMode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b.
| rmsd u.b.
1
2
3
4
5
6
7
8
9

-7.2
-7.1
-7.1
-6.9
-6.8
-6.7
-6.6
-6.6
-6.6

0.000
29.855
54.791
29.805
1.847
29.851
30.482
30.257
29.933

0.000
31.150
56.751
31.309
5.402
31.274
31.952
31.718
31.232
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Table 56: Docking score of compounds identified in CdC against 2BEL protein
Tridecanoic acid, 12-oxo-, methyl ester

Heptadecane , 7-methyl

Mode

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-5.1
-5.0
-4.6
-4.3
-4.3
-4.2
-4.1
-3.9
-3.9

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
2.223
61.132
63.011
64.710
3.375
62.874
63.871
64.576

0.000
5.568
64.679
65.877
68.497
7.428
66.213
67.683
68.383

1
2
3
4
5
6
7
8
9

-5.7
-5.5
-5.5
-5.5
-5.4
-5.4
-5.4
-5.3
-5.3

0.000
29.350
29.388
29.344
1.394
30.201
1.222
29.473
29.580

0.000
31.067
31.454
31.306
4.090
32.304
5.471
31.661
31.599

1-Hexadecanol, 2-methyl-

Hexadecanoic acid, methyl ester

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-5.4
-4.9
-4.8
-4.6
-4.1
-4.1
-3.5
-3.4
-3.2

0.000
46.830
3.272
30.308
45.775
30.905
44.553
31.765
55.062

0.000
50.587
6.823
31.986
50.480
32.688
50.132
33.000
59.235

1- Eicosene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-5.6
-5.6
-5.5
-5.4
-5.4
-5.3
-5.3
-5.3
-5.2

0.000
64.310
1.060
65.191
57.614
1.342
66.284
57.876
29.815

| best mode
| rmsd u.b.
0.000
67.283
6.494
68.151
61.379
6.018
69.235
60.979
31.492

1
2
3
4
5
6
7
8
9

-2.8
-2.8
-2.8
-2.8
-2.7
-2.6
-2.6
-2.4
-2.4

0.000
19.029
29.665
20.792
54.733
43.850
39.003
22.281
18.142

0.000
21.152
31.929
23.388
57.345
46.371
41.340
25.479
20.630

Hexadecanoic acid, 14-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-5.6
-5.1
-5.0
-4.9
-4.4
-3.9
-3.4
-3.2
-3.1

0.000
1.622
2.297
2.301
2.649
3.626
6.778
26.738
26.556

0.000
2.293
3.628
3.882
4.502
5.355
9.212
29.074
28.853

246

Table 57: Docking score of compounds identified in CdC against 2BEL protein

10-Octadecenoic acid, methyl ester
Mode

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-6.1
-5.8
-5.8
-5.7
-5.7
-5.7
-5.7
-5.7
-5.6

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
29.723
29.865
29.858
55.310
54.016
2.290
30.370
29.933

0.000
31.538
31.646
31.577
57.601
56.631
5.935
32.307
31.971

Heptadecanoic acid, 16-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-5.6
-5.3
-4.9
-4.9
-4.4
-4.2
-3.8
-3.5
-3.4

0.000
2.103
2.539
4.423
42.783
42.847
62.643
42.839
67.323

0.000
4.680
3.992
7.292
45.899
46.283
65.957
46.852
71.405

1-Docosene

1-Chloroeicosane

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-5.5
-5.4
-5.2
-4.6
-4.2
-4.1
-3.7
-3.6
-3.6

0.000
1.505
1.517
1.832
3.057
31.871
74.315
3.423
74.240

0.000
2.629
6.522
6.795
7.354
34.701
78.092
8.347
78.271

1-Hexacosene

-5.9
-5.8
-5.7
-5.6
-5.5
-5.5
-5.4
-5.4
-5.2

-5.5
-5.0
-4.8
-4.6
-4.4
-4.2
-4.2
-4.1
-3.9

0.000
30.011
1.437
30.438
30.168
1.928
30.323
2.101
16.778

0.000
32.009
2.230
32.268
32.020
6.131
32.020
3.429
18.845

Propanoic acid, 2-(3-acetoxy-4,4,14trimethylandrost-8-en-17-yl)-

Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

0.000
1.115
1.446
30.989
31.141
30.775
1.406
30.547
31.164

| best mode
| rmsd u.b.
0.000
4.204
3.147
32.628
32.810
32.442
7.514
32.303
32.961

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5

-10.2
-9.1
-8.2
-7.6
-7.4

0.000
1.819
3.020
63.200
5.205

0.000
2.824
5.094
66.279
8.919
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Figure 55: Binding mode with highest binding energy revealing respective interactions of
commercial drug and possible potent compound identified in fraction NcC and CdC into the
catalytic binding sites of 2BEL. A,B: Metformin C,D: Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) E,F: Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17yl)- .
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Table 58: Docking score of commercial drug and compounds identified in NcC against
3DZY protein
Metformin

Phenol, 2,4-bis (1,1 dimethylethyl)-

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.6
-5.5
-5.4
-5.4
-5.4
-5.3
-5.3
-5.2
-5.1

0.000
23.323
3.304
5.170
2.396
22.623
22.186
23.240
2.144

0.000
23.930
5.398
6.740
3.199
23.529
23.028
24.271
3.943

1
2
3
4
5
6
7
8
9

-6.7
-6.3
-6.2
-6.1
-5.9
-5.9
-5.8
-5.8
-5.7

0.000
1.177
2.491
1.601
49.461
28.180
27.976
33.312
41.502

1-Hexadecene

Tetradecane 2,6,10-trimethyl-

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode

1
2
3
4
5
6
7
8
9

-4.8
-4.6
-4.5
-4.3
-4.3
-4.1
-4.0
-3.9
-3.9

0.000
1.138
1.941
1.713
1.519
2.593
42.263
20.080
1.747

0.000
6.555
7.075
3.581
6.889
4.406
44.828
22.268
5.199

1-Octadecene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-4.9
-4.6
-4.4
-4.4
-4.3
-4.2
-4.1
-4.0
-3.9

0.000
1.498
1.691
1.534
23.438
21.032
2.069
17.844
41.285

| best mode
| rmsd u.b.
0.000
2.328
3.278
3.684
26.375
24.934
6.994
20.861
44.465

1
2
3
4
5
6
7
8
9

0.000
1.781
5.521
2.472
51.197
30.264
29.871
34.455
43.338

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.1
-5.0
-4.9
-4.9
-4.9
-4.6
-4.5
-4.4
-4.4

0.000
1.433
1.698
1.926
2.046
1.519
2.579
1.316
14.713

0.000
2.458
5.777
3.478
6.397
5.999
6.135
3.981
16.605

Pentadecanoic acid, 13- methyl, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-4.5
-4.4
-4.3
-4.3
-4.2
-4.2
-4.2
-4.1
-4.0

0.000
24.968
27.183
27.260
5.536
40.116
27.019
24.731
25.954

0.000
27.781
29.314
30.032
7.721
42.751
28.831
27.427
28.832
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Table 59: Docking score of compounds identified in NcC against 3DZY protein

Oleic acid

1-Docosene

Mode

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

| affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
-5.0
-4.6
-4.6
-4.6
-4.4
-4.3
-4.2
-4.1
-4.1

0.000
3.056
1.044
14.068
5.279
17.872
20.558
33.768
42.070

0.000
5.026
2.329
15.904
8.841
20.548
23.668
37.287
46.118

1-Tetracosanol
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-4.0
-3.7
-3.6
-3.5
-3.5
-3.4
-3.4
-3.3
-3.2

0.000
25.271
25.898
1.896
2.106
36.342
43.412
25.447
44.659

0.000
28.681
28.586
4.576
2.505
39.299
46.924
29.197
48.572

1
2
3
4
5
6
7
8
9

-4.7
-4.6
-4.6
-4.6
-4.5
-4.5
-4.3
-4.2
-4.1

0.000
1.258
1.238
2.027
1.231
1.675
2.073
21.268
24.818

0.000
7.412
8.011
5.340
3.673
3.472
6.682
24.271
27.262

Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester)
Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-8.2
-8.1
-8.1
-8.1
-8.0
-7.8
-7.7
-7.6
-7.6

0.000
3.499
25.936
29.667
2.581
1.390
1.858
2.560
46.746

0.000
6.939
28.966
30.955
4.667
1.628
7.447
7.339
49.688

1,2-Benzenedicarboxylic acid, mono (2ethylhexyl) esterMode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b.
| rmsd u.b.
1
2
3
4
5
6
7
8
9

-7.0
-6.6
-6.3
-6.2
-6.2
-6.0
-5.9
-5.9
-5.9

0.000
1.824
45.655
45.953
28.324
28.813
45.153
45.307
44.965

0.000
2.957
47.828
48.100
30.547
31.524
46.969
47.020
47.083
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Table 60: Docking score of compounds identified in CdC against 3DZY protein
Tridecanoic acid, 12-oxo-, methyl ester

Heptadecane , 7-methyl

Mode

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-4.1
-4.0
-3.4
-3.4
-3.3
-3.2
-3.1
-3.1
-3.1

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
13.202
12.973
13.273
13.869
34.803
24.261
14.707
24.173

0.000
15.132
15.037
15.546
15.972
36.365
25.976
17.128
26.796

1
2
3
4
5
6
7
8
9

-5.2
-5.1
-5.0
-4.9
-4.9
-4.9
-4.8
-4.7
-4.5

0.000
1.581
1.261
1.290
1.590
1.561
1.601
1.983
1.901

0.000
2.494
7.709
2.789
3.317
6.753
5.902
3.737
3.340

1-Hexadecanol, 2-methyl-

Hexadecanoic acid, methyl ester

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-4.1
-4.0
-3.9
-3.9
-3.8
-3.8
-3.8
-3.7
-3.7

0.000
22.848
25.743
25.054
22.786
24.175
23.010
1.621
28.287

0.000
25.224
29.856
27.166
25.379
26.080
25.858
2.331
30.258

1- Eicosene
Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

-4.5
-4.5
-4.2
-4.0
-3.9
-3.8
-3.8
-3.8
-3.7

0.000
1.565
2.192
1.213
1.808
11.567
25.205
12.216
18.078

| best mode
| rmsd u.b.
0.000
4.756
4.310
5.658
6.320
15.097
27.896
15.801
20.306

1
2
3
4
5
6
7
8
9

-3.6
-3.6
-3.5
-3.5
-3.4
-3.2
-3.2
-3.0
-3.0

0.000
26.816
25.046
21.683
35.753
1.034
25.671
6.868
31.162

0.000
30.186
27.406
23.731
37.672
3.782
27.439
8.613
33.198

Hexadecanoic acid, 14-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-4.4
-4.3
-3.9
-3.9
-3.8
-3.7
-3.7
-3.5
-3.5

0.000
3.633
6.203
36.510
35.786
13.763
35.154
10.957
13.505

0.000
5.272
8.675
38.766
38.755
18.949
37.381
14.918
16.579
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Table 61: Docking score of compounds identified in CdC against 3DZY protein

10-Octadecenoic acid, methyl ester
Mode

| affinity
| (kcal/mol)

1
2
3
4
5
6
7
8
9

-5.1
-5.0
-5.0
-4.7
-4.6
-4.6
-4.5
-4.5
-4.3

| dist from | best mode
| rmsd l.b. | rmsd u.b.
0.000
1.883
2.132
2.291
17.372
16.520
2.545
4.636
15.164

0.000
4.531
4.272
4.153
19.500
19.197
4.946
8.537
17.754

Heptadecanoic acid, 16-methyl-, methyl
ester
Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-4.6
-4.4
-4.3
-4.3
-4.2
-4.2
-4.2
-4.2
-4.2

0.000
25.748
28.410
24.861
16.906
40.686
24.810
33.076
40.579

0.000
27.563
31.244
27.165
18.989
42.847
27.173
35.054
42.496

1-Docosene

1-Chloroeicosane

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

Mode | affinity
| dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.

1
2
3
4
5
6
7
8
9

-4.7
-4.6
-4.6
-4.6
-4.5
-4.5
-4.3
-4.2
-4.1

0.000
1.258
1.238
2.027
1.231
1.675
2.073
21.268
24.818

0.000
7.412
8.011
5.340
3.673
3.472
6.682
24.271
27.262

1-Hexacosene

-4.8
-4.7
-4.6
-4.3
-4.3
-4.2
-4.1
-4.0
-4.0

-4.3
-3.9
-3.5
-3.4
-3.2
-3.1
-3.0
-3.0
-2.9

0.000
1.823
3.717
21.087
22.045
20.364
22.474
38.801
55.642

0.000
2.839
6.200
23.875
25.176
23.107
24.931
43.106
57.911

Propanoic acid, 2-(3-acetoxy-4,4,14trimethylandrost-8-en-17-yl)-

Mode | affinity | dist from
| (kcal/mol) | rmsd l.b.
1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

0.000
1.164
1.223
1.628
1.897
1.703
21.341
2.703
17.104

| best mode
| rmsd u.b.
0.000
3.728
2.304
6.451
6.831
5.586
24.153
5.724
20.461

Mode | affinity | dist from | best mode
| (kcal/mol) | rmsd l.b. | rmsd u.b.
1
2
3
4
5
6
7
8
9

-8.7
-8.3
-8.0
-7.9
-7.9
-7.8
-7.7
-7.6
-7.5

0.000
28.392
23.435
3.701
26.996
27.733
1.525
1.839
2.130

0.000
30.465
26.083
6.314
28.974
30.505
3.104
9.039
2.938
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Figure 56: Binding mode with highest binding energy revealing respective interactions of
commercial drug and possible potent compound identified in fraction NcC and CdC into the
catalytic binding sites of 3DZY. A,B: Metformin C,D: Corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) E,F: Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17yl)-
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Discussion

5. Discussion
The records of medicinal use of plants goes back to early civilization .Thus, it is not surprising to
know that the pteridophytes, constituting fern and fern allies have been known to man for more
than 2000 years for their medicinal values (Kirtikar and Basu, 1935; Nayar, 1957; Chopra et al.,
1958; Kumar and Roy, 1972; Watt, 1972; Sharma and Vyas, 1985). With increasing reports of
adverse effects of synthetic drugs there has been an alarming rise in the search of safe and natural
drugs. Plants have been providing an important contribution to health care regardless of
enormous development achieved in modern medicines. Various metabolites present in the plant
contribute to its medicinal value as it is known to produce some specific physiological action on
the human body (Hill, 1952).
Recently, fern and fern allies have been reported as a potential group of plants for developing
valuable drugs (Shil and Choudhury, 2009). Consequently, across the globe pteridological
research has been initiated to verify its biological efficacy.
Thus, in the present study effort has been made to screen eight locally available fern samples
collected from various areas of Darjeeling district, North Bengal region, for the presence of
diversified phytochemicals along with evaluating the biological activities like antioxidant,
antimicrobial and antidiabetic (in vitro and in vivo). In the present study, phytochemical
screening of the powdered frond samples of Nephrolepis cordifolia, Cyclosorus dentatus,
Dicranopteris linearis, Drynaria quercifolia, Phymatosorus cuspidatus, Microsorum punctatum,
Pteris biaurita and Pteris vittata revealed the presence of phenol, flavonoid, tannin, terpenoid
carbohydrates, reducing sugar and protein. Similarly, Irudayaraj and Senthamarai (2004) had
reported the presence of phenolics like catechin and tannin in the rhizome of D. quercifolia (L.) J.
Smith. Further, tannin was detected in the fronds of D. quercifolia (Mithraja et al., 2012).
Flavonoids and tannins have also been detected in hydro-alcoholic extract of Equisetum arvense
L. by Santos Jr. et al. (2005a, 2005b). Our findings was in accordance to a study conducted by
Britto et al. (2012) where they have also detected the presence of phenolic compounds,
flavonoids and tannins in P. vittata and P. biaurita. Further, flavonoid (mainly rutin) terpenoids
and tannins have also been reported in P. vittata (Singh et al., 2008). D. linearis along with many
other ferns studied by Mithraja et al. (2012) revealed the presence of tannin. C. dentatus, N.
acutifolia and M. punctatum showed the presence of total phenol and flavonoids (Chai et al.,
2015).
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Phenolic compounds are ubiquitously present in all the plants and plant parts at varying
concentrations and contribute immensely towards the medicinal properties of the plants. Plant
phenolics are effective vasodilators, help in reducing inflammation and are anticancerous,
antioxidant, antidiabetic and antimutagenic agents. Further, its preventive role in various
neurodegenerative disease are encouraging (Padilla et al., 2005; Mohanlal et al., 2013; Zhang et
al., 2011; Jin et al., 2006; Kusirisin et al., 2009; Scalbert et al., 2005; Luo et al., 2002; Parekh
and Chanda, 2007). Despite the beneficial health effects of phenolics, it is only in the recent years
that enormous attention has been paid towards the role of phenolics (Manach et al., 2004).
Currently, structures of more than 8000 plant phenolics have been elucidated.
Plant phenolics are the most abundantly distributed secondary metabolites bearing a common
aromatic ring with one or more hydroxyl groups (Chirinos et al., 2009). Naturally occurring
phenols are soluble in water and may occur in combination with a sugar molecule, as glycoside
(Harbone, 1998). In plants, it is synthesized mainly during physiological or environmental
stresses such UV radiation, injuries or pathogen attack. Few years back, Quideau et al. (2011)
proposed that only those secondary metabolites that are produced through shikimate/
phenylpropanoid pathway or ‘polyketide’ acetate/malonate pathway should be termed as “Plant
phenolics”. Depending on the number of phenol units in the molecule polyphenols are classified
as simple phenols, phenolic acids and flavonoids, lignins, lignans, coumarins, condensed and
hydrolysable tannins (Soto-Vaca et al., 2012).
Flavonoids are the chief compounds among other polyphenols and are known to possess antiviral,
antibacterial, antifungal, anticancer, anti-allergic and anti inflammatory activities (Di Carlo et al.,
1999; Montro et al., 2005). Structurally, it has a flavan nucleus with 15 carbon atom. The carbon
atoms are arranged in a ring of three as C6-C3-C6 which are labeled as A, B and C. They are
known to possess an inherent effective ability to scavenge most of the harmful oxidizing
molecules or reactive oxygen/nitrogen molecules involved in various life threatening diseases
(Bravo, 1998). Flavonoids have been also reported to exhibit protection against various
cardiovascular diseases and cancers. It represses the development of cancer by inhibiting the
enzymes involved in estrogen production. For example, flavonoids inhibit estrogen synthetase
involved in coupling estrogen to its receptor (Okwu and Omadamiro, 2005). They have also been
designated as “biological response modifiers” (Cushnie and Lamb, 2005).
Tannins have been shown to possess antiviral, antibacterial, antiparasitic, antiinflammatory,
antiulcer and antioxidant activity. Since, tannin can precipitate the proteins from the exposed
tissues forming a protective layer, it is widely used in the treamtment of burns. Other medicinal

255

applications are in treating gonorrhoea, leucorrhoea, piles, inflammation and even used as an
antidote. Studies also revealed the HIV replication inhibitory activity of tannin. Most of the drugs
containing tannin are used as an astringent and diuretic in medicine (Lu et al., 2004; Akiyama et
al., 2001; Kolodziej et al., 2005).
Terpenoids have been used in pharmaceutical industries since long years as antibiotics, antiseptic,
insecticidal and anthelmintic (Duke, 1992; Parveen et al., 2010). Terpenoids have been detected
in many of the ferns studied by Rajurkar and Kunda (2012), Britto et al. (2012) and Abraham and
Aeri (2012). These natural compounds are muti-cyclic in structures and are derived from

5-

hydrocarbon isoprene units (CH2=C(CH3)-CH=CH2) (Elbein et al., 1999; Langenheim, 1994).
These natural lipids are ubiquitously present in all forms of living things (Elbein et al., 1999).
Commercially, terpenoids are used to add flavours and fragrances in cosmetics, foods and
agricultural products (Harborne et al., 1991).
Carbohydrates are one of the important and abundantly available biomolecules. It forms the basic
elements of glycosylated natural products that are employed as anticancerous and antimicrobial
drugs, for instances, nojirimycin (imimosugars), streptomycin (aminoglycosides) etc (Dewick,
2001; Asano, 2003). Many of the polysaccharides isolated and purified from medicinal herbs of
China have been reported to act as an effective immunomodulatory (Jayabalan et al., 1994).
Furthermore, proteins have been identified as a potent antioxidant. Our findings was in
accordance to Muraleedharannair et al. (2012) who reported presence of carbohydrates in D.
quercifolia and proteins in the acetone extract of A. caudataum. However, they could not detect
protein in any of the extracts of the rhizome of D. quercifolia, while we were able to detect
protein in the powdered frond sample of D. quercifolia. Oloyede et al. (2013) in their study too
reported the presence of carbohydrates in N. cordifolia.
Anthraquinones are the naturally occurring aromatic compounds and are known to possess
antioxidant, antimutagenicity and antitumor activities (Demirezer, et al. 2001; Lee et al., 2005;
Kimura et al., 2008). In our study, none of the ferns studied showed the presence of
anthraquinones which was in contrast to the findings of Britto et al. (2012) who have reported
presence of anthraquinones in petroleum ether, chloroform amd methanol extract of P. biaurita.
Likewise, Owoyale et al. (2005) and Makinde et al. (2007) had also reported its presence in their
study. On the other hand, Effiong and Sanni (2009) reported the absence of anthraquinones along
with saponins, alkaloid and flavonoid in Lemna pauciscostata.
Alkaloid was not detected in any of the samples studied except in P. biaurita. Absence of
alkaloid has been reported by Aiyegoro and Okoh (2010), Gopinath et al. (2012) and Yadav et al.
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(2014) in their study. Zakaria et al. (2011) and Rodzil et al. (2013) had also reported the absence
of alkaloid in D. linearis. Conversely, alkaloid was detected in P. vittata along with P. biaurita
in a study performed by Gracelin et al. (2013). Alkaloids are the natural compounds bearing
mostly basic nitrogen atoms and are known to have anticonvulsant, hypotensive, antiprotozoal,
antimalarial and antimicrobial activities (Singh and Kapoor, 1980; Ali and Ghatak, 1975; QuetinLacqlercq et al., 1995; Frederich et al., 2002). Further, cardiac glycosides test showed positive
results for all the plants studied except M. punctatum and N. cordifolia. Presence of cardiac
glycosides has been reported by Rancon et al. (2001), Aiyelaagbe and Osamudiamen (2009),
Hima et al. (2011) and Agrawal et al. (2014). Cardiac glycosides are effective antifungal agents
(Abbassy et al., 2007). Likewise,

Na+/K+ pumps are inhibited by cardiac glycosides causing a

rise in the Na+ and Ca2+ levels in the myocytes. This aids in cardiac muscular contractions and
reduces the chances of a cardiac arrest. Cardiac glycosides have also been used to increase the
proficiency of heart under a controlled dosage since both toxic and therapeutic doses are very
close to each other (Denwick, 2002).
Saponins belong to the group of glycosides and possess a property of foaming like soap in an
aqueous solution, thereby making them an efficient foaming and surface active agent. Besides
industrial applications, saponins have been known to precipitate and coagulate RBCs (Okwu,
2004; Sodipo et al., 2000) and exhibit antifungal (Aboaba et al., 2001), antihyperglycemic
(Sauvaire et al., 1996; Vats et al., 2003), antioxidant (Gulcin et al., 2004), antimicrobial (Mandal
et al., 2005) and anti-inflammatory activities (Gepdireman et al., 2005). In the present study,
saponin was detected only in N. cordifolia, C. dentatus, D. quercifolia, P. cuspidatus, D. linearis
and P. vittata. Plant extracts rich in saponins have been reported by Falodun et al. (2006), Sani et
al. (2007) and Govindappa et al. (2011).
Steroid was detected in N. cordifolia, C. dentatus and P. biaurita amongst all the ferns studied. It
has been reported to reduce cholesterol, regulate immune responses and are pharmacologically
important because of their association with various sex hormones (Shah et al., 2009; Santhi et al.,
2011). Further, biological activities like antibacterial, anti-inflammatory, cardiovascular,
hepatoprotective and antitumor was also described by many authors (Bermejo et al., 2000;
Guisalberti, 1998; Emam et al., 1997). Our finding was in agreement with that of Britto et al.
(2012) where they could detect the presence of steroid in P. biaurita and other ferns in their
study. Similarly, other workers like Mohammed et al. (2010), Korwar et al. (2010), Aiyegoro and
Okoh (2010) and Runa et al. (2013).
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Following phytochemical screening, quantification of some of the bioactive components was
performed in the present study. Amongst the plants studied highest amount of phenol was
observed in N. cordifolia and lowest in M. punctatum. Our finding was in agreement with that of
Gracelin et al. (2013) where similar amount of phenolic content was reported in P. vittata while
slight difference was observed in the phenolic content of P. biaurita. Lai and Lim (2011) had
reported very high amount of phenol in D. quercifolia and D. linearis than obtained in the present
study. Phenolic content of P. vittata and M. punctatum was similar to that of present
investigation. In their study, one of the species belonging to Nephrolepis i.e N. biserrata was
observed to have moderate amount of phenol whereas in our study very high amount has been
quantified in the species of same genus Nephrolepis (N. cordifolia). Likewise, very high phenol
content was reported by Paul and Banerjee (2013) in aqueous and ethanolic extract of P. vittata.
In our study, phenolic content of D. quercifolia was not in concordance to the findings of Anuja
et al. (2014) who reported high total phenolic content in the fertile fronds of D. quercifolia than
in the present study.
Various environmental stresses have been known to be responsible for the production of phenolic
compounds in plants; for example light has been shown to greatly influence the synthesis of
flavonoids. Increased levels of flavonoids (antioxidants) have been reported in the plants
available in higher altitudes as many prevailing stresses such as decreased pressure, low
atmospheric temperature, exposure to higher UV rays etc augments its synthesis (Chanishvili et
al., 2007). This possibly could be one of the reasons behind higher phenolic content in N.
cordifolia.
Further, there are reports suggesting the protective role of phenolics against UV-B damage and
successive cell death. Phenolics are known to protect DNA against dimerization and breakage
which in turns protects the cell death that may arise through UV damages (Strack, 1997).
Differences in the phenolic content between the intraspecific/interspecific samples studied by
different workers may be attributed to the method used for determination. Presence of diverse
natural phenolics in the plant material and other oxi3dized substrates prevalent in the extract may
interfere in the measurement of total phenols either by inhibiting, enhancing or adding the content
(Singleton and Rossi, 1965; Singleton et al., 1999).
Protein content was found to be highest in N. cordifolia and lowest in P. vittata. Almost all the
ferns were observed to have considerable amount of protein in them. In addition to antioxidant
property, use of proteins or its hydrolysates in cosmetics and food may add on to its functional
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and nutritional ability (Moure et al., 2006). Thus, presence of appreciable amount of protein in
these ferns may possibly promote health benefits if consumed after thorough investigation.
Further, quantification of total flavonoid revealed it to be highest in N. cordifolia and lowest in
M. punctatum. Slightly higher total flavonoid content has been reported by Gracelin et al. (2013)
in P. biaurita while for P. vittata the flavonoid content was almost similar. Further, higher
amount of flavonoid in the study conducted by Paul and Banerjee (2013) and Chai et al. (2012)
have been reported. Flavonoids are the nutritionally important phenolic compounds (Manach et
al., 2004) and their therapeutic applications are well established.
Tannins are another group of widely available and important polyphenols in the plant kingdom
with numerous pharmacological applications. N. cordifolia was found to be highest in tannin
content while M. punctatum had the lowest content. Our finding for P. biaurita was at par with
that of Gracelin et al. (2013), on the other hand, lesser amount of tannin than in the present
investigation has been obtained in P. vittata. Chang et al. (2007) reported higher amount of
tannin in the aqueous extract of the ferns studied.
In the present study, total sugar content was found to be highest in N. cordifolia while reducing
sugar was highest in P. biaurita. Carbohydrates are abundantly available biomolecules and find
its application in various natural products that needs to be glycosylated, many of which have been
used as anticancerous and antimicrobial drugs. For example, iminosugars like nojirimycin,
aminoglycosides like streptomycin etc are some commonly used glycosylated natural products
(Dewick, 2001; Asano, 2003).
Further, carbohydrates have been reported to exhibit antioxidative activity. Basu et al. (2012)
reported Pusa Basmati polished seeds containing higher sucrose and starch content revealed
better superoxide and hydroxyl scavenging capacity.
Photosynthetic pigments like chlorophylls have been known to possess several beneficial
properties for example chlorophyllin (water soluble analogue of chlorophyll) was proven to be
more efficient than the parent compound (Negishi, 1997; Dashwood et al, 1998). Numerous
reports have suggested strong antioxidant activity of chlorophyllin and its usage to treat number
of human diseases without evident harmful effects (Sato et al., 1984; Sato et al., 1985; Kamat et
al., 2000; Kumar et al., 2001). In the present study highest amount of total chlorophyll and
chlorophyll a was found in P. biaurita while chlorophyll b in P. cuspidatus. On the other hand,
lowest level of total chlorophyll and chlorophyll a was found in M. punctatum and chlorophyll b
in D. quercifolia. Considerable amount of chlorophyll was found in almost all the ferns studied.
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Lipid content was found to be highest in Drynaria quercifolia and lowest in N. cordifolia.
However, lipid content found in the present study in all the ferns was much higher than that
reported in Prunella vulgaris by Rasool et al. (2010) in their study. Biologically lipids are
important for energy storage, signaling and cell membrane development. Further, carotenoid
content was found to be highest in P. biaurita and lowest in M. punctatum. Jadhav et al. (2011)
reported appreciable amount of carotenoid for vegetative and fertile frond of P. vittata.
Carotenoids are also known to exhibit anti-carcinogenic, anti-oxidative, antihypertensive,
antimicrobial and anti-mutagenic activities (Kähkönen et al., 1999; Yen et al., 2002).
In the present study vitamins such as vitamin C and E was quantified spectophotometrically.
Vitamins are organic compounds which cannot be produced in vivo and are required in a very
small quantity for performing several biochemical functions. Thus, it is essential to obtain from
the diet or consume as the supplement (Peter, 1990). Vitamin C is known for its antioxidative
activity and for its potential to prevent arteriosclerosis (Addo, 2004). Similarly, vitamin E or
tocopherols (α, β, γ, and δ) are the potent free radical, lipid peroxy and superoxides scavengers
and an anti-hyperglycemic agent (Diplock, 1989; Baydas et al., 2002; Celik et al., 2002).
Comparative analysis revealed that N. cordifolia contained the highest amount of ascorbic acid
while the least was obtained in Phymatosorus cuspidatus. Lesser amount of vitamin C in Nerium
indicum than compared to all the ferns studied except P. cuspidatus was reported by Dey et al.
(2012). Vitamin E was found to be highest in P. cuspidatus and lowest in D. linearis.
Considerable amount of vitamin E has been reported by many workers in their respective studies
(Franke et al., 2010; Mohd Adzim Khalili et al., 2010).
In the present study, both qualitative and quantitative analysis revealed the presence of varied
bioactive components in a varying amount in all the ferns studied. Though, in many cases
differences in the finding with that of other workers was evident which may be attributed to
numerous factors like age of the plant, time and percentage of humidity of the harvested plant
samples, geographical differences, varying distribution of biological compounds in the plant
organs and method used for determination. Hence, taking into the consideration of beneficial role
of these phytochemicals (both primary and secondary metabolites) in human health, these ferns
may be regarded as the potential source of CAM (complementary alternative medicines).
In recent times, natural products of plant origin such as flavonoids, phenols, terpenoids, steroids
etc. have gained substantial attention due to its diverse application in therapeutics/nutraceuticals
mainly because of its antioxidant activity (Takeoka and Dao, 2003; DeFeudis et al., 2003)
Antioxidants are the substances that are involved in inhibiting and scavenging free radicals
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thereby protecting humans against various infection and dreadful diseases. Moreover, antioxidant
compounds may be extracted using different solvents from the plant samples.
Thus, for determining the antioxidative potential of these ferns, the samples were first extracted
in three different solvents namely ethanol, methanol and hot water. As it is evident that
differences in the polarities of the solvent plays an important role in extraction, as antioxidant
compounds with different chemical characteristics may have solubility difference in solvents
(Turkmen et al., 2006). In the present study, the highest extraction yield was observed in
methanolic extract of N. cordifolia and lowest in ethanolic extract of D. linearis. However, in
general methanol showed higher extractive potential followed by hot water and ethanol. Higher
extraction yield in methanol trend was reported by Hasmida et al. (2014) in their study. In our
study, the higher extraction yield observed in methanol and hot water than in ethanol may be
because of the higher solubility potential of proteins and carbohydrates in methanol and water
than in ethanol (Zeliński and Kozlowska, 2000).
Plant derived natural antioxidants has recently received considerable attention because of its
multifaceted activity in improving or correcting numerous human disorders/diseases. Moreover,
in comparison to the synthetic drugs, ingestion of natural antioxidants are generally accepted to
be safer. Presence of diverse kind of antioxidant compounds makes it rather difficult to claim the
role of single compound which can be attributed towards the antioxidant potential of the plants.
Thus numerous methods varying in the chemistry i.e in terms of target molecules or difference in
the generation of radicals have been developed in the measurement of total antioxidant activity.
Many reports have been published time to time for revealing the antioxidative potential of ferns
(Bora et al., 2005; Gayathri et al., 2005; Wang et al., 2007; Mimica-Dukic et al., 2008; Hort et
al., 2008; Lai et al., 2010; Paulsamy et al., 2013; Valizadeh et al., 2015).
In the present study, methods such as DPPH radical scavenging, hydorgen peroxide scavenging,
nitric oxide scavenging, superoxide scavenging and ferric reducing antioxidant activity have been
employed.
DPPH radical scavenging activity is one of the commonly used methods to determine the
antioxidative potential of the extracts. The method is based on scavenging the free stable DPPH
radical (2,2’-diphenyl-1-picrylhydrazyl radical) by some of the antioxidant substances present in
the plant extracts. DPPH has a deep purple coloration with a characteristic absorption at 517nm
which turns into yellow colour after being exposed with the proton donating compounds or
antioxidant present in the solution. Higher the colour change, greater is the potential of an
antioxidants. A sharp decrease in the absorbance of the reaction mixtures in the present study
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revealed considerable antioxidative activity of the plant samples under study. Almost all the
samples were able to scavenge DPPH radical irrespective of the solvent used. However, highest
activity was observed in the hot water extract of N. cordifolia and lowest in the ethanolic extract
of M. punctatum. Higher DPPH activity in aqueous extracts has been reported by Chai and Wong
(2012) in Selaginella willdenowii and in Davallia solida by Chen et al. (2008). However, it was
in contrast to the finding of Zakaria et al. (2011) where methanolic extract of Dicranopteris
linearis revealed higher DPPH activity when compared to the aqueous extract and chloroform
extract.
Superoxide anion radicals are highly reactive free radicals that are immediately produced into the
living cells when oxygen is being taken up by the cells. It is also known to be produced
endogenously by xanthine oxidase which is involved in the conversion of hypoxanthine to uric
acid. Being highly reactive it has harmful effects on various cellular components leading to
innumerable diseases and are effectively involved in peroxidation of lipids (Attarde et al., 2011).
Generally, biological system is endowed with the power of eliminating its toxic effect by
superoxide dismutase (Chung et al., 2005). Interestingly, in the present study all the samples
showed very good superoxide radical scavenging activity. Highest activity was revealed by the
methanolic extract of N. cordifolia and lowest by the ethanolic extract of M. punctatum. Our
findings was in agreement with that of Saeed et al. (2012) who observed higher superoxide
activity in methanolic extracts than the other extracts studied. Similarly, methanolic extract of D.
linearis was observed to exhibit higher activity than aqueous and chloroform extract (Zakaria et
al., 2011).
In nature, hydrogen peroxides are present ubiquitously (food, air, water, human body, plants and
microorganisms) at low concentrations. It rapidly gets decomposed into oxygen and water
molecules which may further lead to the production of hydroxyl radicals through Fenton reaction.
This in turn initiates lipid preoxidation and damages DNA (Sahreen et al., 2011). Almost all the
samples were able to efficiently scavenge the H2O2 in the present study. Methanolic extracts of
all the samples showed better H2O2 scavenging activity followed by water and ethanolic extract.
Amongst the plants N. cordifolia showed the highest activity while the lowest was exhibited by
ethanolic extract of M. punctatum. Attarde et al. (2011) had reported methanolic extract of
Limonia acidissima to exhibit higher hydrogen peroxide activity than the chloroform extract.
Nitric oxide can be generated from sodium nitroprusside at physiological pH. This interacts with
oxygen to form nitric ions which can be estimated with Griess reagent at 540nm. Nitric oxide
scavenger thereby competes with oxygen causing decrease in the formation of nitric ions. Nitric
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oxide (NO) is another very reactive free radical that is associated with various pathological
conditions (Chen et al., 2008; Ebrahimzadeh et al., 2009). Thus, scavenging nitric oxide by the
extracts may be regarded beneficial for health as it can avoid the harmful effects of excessive NO
generation. In the present study, sharp decrease was observed in absorbance with the increase in
the concentration. Methanolic extracts of all the samples showed higher activity when compared
to the other solvents. N. cordifolia showed the highest scavenging activity amongst the plants
studied. Similarly, Attarde et al. (2011) also reported higher activity in methanolic extract
compared to petroleum ether and chloroform extract in their study.
The ferric reducing properties of the extract depends on the ability of an antioxidant compound to
donate an electron to Fe (III) (ferricyanide complex) thereby reducing it to Fe2+ (ferrous
complex).The antioxidants present in the extracts was able to reduce Fe3+ to Fe2+ which was
evident by the increase in the absorbance of the extracts with increase in the concentration at
700nm. Though all the samples irrespective of the solvents revealed considerable reducing
power, methanolic extracts of N. cordifolia showed the highest while ethanolic extract of M.
punctatum showed the lowest reducing activity.
Lai and Lim (2011) has also observed similar DPPH activity of methanolic extract of M.
punctatum while for ferric reducing ability the value was lesser than that of our study. However,
our IC50 values for D. quercifolia and D. linearis was higher than their findings. Zakaria et al.
(2007) reported D. linearis to exhibit high DPPH and superoxide scavenging activity.
Conversely, Chang et al. (2007) observed higher antioxidant activities in water extracts than
ethanol extracts. Thus it is rather difficult to choose one suitable solvent system responsible for
better antioxidant activity. Hence, it is mandatory to perform thorough study using different
solvents for extraction following antioxidant activity as different solvent may have different
potentials in extracting antioxidants from the plants.
Phenolic compounds of plants with their hydroxyl groups have been known to play important
roles in scavenging the free radicals. In our study too, N. cordifolia and C. dentatus with higher
phenolic contents (total phenol, flavonoid and tannin) with respect to other plants showed higher
antioxidative activity. However, it may not be the sole compound responsible for the antioxidant
activity as other compounds (like proteins, carbohydrates, lipids, carotenoids etc) may have
synergistically contributed towards the activity.
Thus, to understand the contribution of each phytochemical towards the antioxidant activity in
individual plants principle component analysis was performed. PCA, in many instances have
been employed to examine the relationship between the antioxidant activity and the phenolic
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contents of various kind products like medicinal plants and teas (Komes et al., 2011; Deetae et
al., 2012). In the present study, the contents of various phytochemicals varied in each plant which
consequently influenced the antioxidant activity in a different manner. Besides other factors
studied, the most positively influencing factors were total flavonoid, total phenols, tannin and
lipids as they showed high positive correlation with all the antioxidant activities in almost all the
plants. Pereira et al. (2014) had reported that the variability in the total phenols and flavonoids
contents in the different brands of tea bags revealed difference in the antioxidant activities such
as DPPH and ABTS. They observed that green and white teas with higher levels of total phenols
and flavonoids exhibited better free radical scavenging activity. Likewise, positive correlation
between total phenolic compounds, such as phenolic acids and flavonoids and antioxidant
activities such as DPPH, FRAP and ABTS have been reported by many authors Vasco et al.
(2008), Rufino et al. (2010) and Almeida et al. (2011). Studies by Chai et al. (2013) observed
that Phymatopteris triloba containing higher flavonoids and hydroxycinnamic revealed positive
correlation with antioxidant activities. Further, Alessandra et al. (2013) has reported that high
loading was observed in principal component 1 for fatty acids in their studies revealing high
positive contributions from monounsaturated fatty acids and negative contributions from
polyunsaturated fatty acids towards the antioxidant activities. Our findings was similar to that of
Khomdram and Singh (2011) who observed high positive correlation of tannin with the free
radical scavenging activity in the seeds of eight plants such as Elsholtzia blanda, E. communis
var. purple flower, E. communis var. white flower, E. stachyodes, Hyptis suaveolens, Ocimum
americanum, O. basilicum and Perilla frutescens.
Further, HPLC analysis was performed to identify and quantify different phenolics present in the
samples. Amongst the various phenolics identified in the samples, prevalent ones were caffeic
acid, ferulic acid and salicyclic acid.
Caffeic acid content was found to be highest in N. cordifolia while C. dentatus revealed highest
ferulic acid and salicyclic acid. Wojdyło et al. (2007) had reported higher value of ferulic acid
and caffeic acid in thirty two different spices while Proestos et al. (2006) had reported lower
values of ferulic acid and caffeic acid in aromatic plants than in C. dentatus and N. cordifolia
respectively.
Presence of catechin was recorded in all the investigated plant samples except C. dentatus with
highest concentration in N. cordifolia and lowest in P. biaurita. These values were higher than
that was reported in Origanum vulgare L. by Proestos and Komaitis (2013).
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The HPLC chromatogram revealed the presence of gallic acid in N. cordifolia, C. dentatus and
M. punctatum amongst all the other samples studied. Highest concentration was found in N.
cordifolia and lowest in C. dentatus. Our values were higher than those reported by Proestos and
Komaitis (2013) in greek aromatic plants. Further, ferulic, vanillic, five chlorogenic acid isomers,
3,4- dihydroxybenzoic acid (DHBA), 4- hydroxybenzoic acid, 4- hydroxycinnamic acid, 4hydroxycinnamoyl-quinic and caffeic acid has been detected in Polypodium leucotomos (Garcia
et al. 2006). Further, Syafni et al. (2012) had isolated 3,4-dihydroxybenzoic acid and 3,4dihydroxybenzaldehyde from the ethyl acetate fraction of tree fern (Trichomanes chinense).
Numerous studies have reported that phenolic in the extracts may have contributed to their
biological activities. Wang (2003) reported inhibition of photo-peroxidation of linoleic acid by
ferulic acid at higher concentrations. Further, Kim and Lee (2004) reported that the antioxidant
activity of E. purpurea, T. vulgare, Achillea millefolium, Hypericum performatum and O. vulgare
was mainly because of the phenolic acids, mostly caffeic and p-coumaric acid. In their study, they
reported that the higher antioxidant activity of caffeic acid than p-coumaric acid was basically
because of the 3,4-position of dihydroxylation in caffeic acid. Morever, additional conjugation in
the propenoic side chain might have contributed towards higher antioxidant activity of caffeic
acid thereby facilitating the delocalization of electrons between the aromatic ring and propenoic
group. Similarly, molecules like gallic acid, hydrolysable tannins and flavonols are known to
exhibit potent radical scavenging activity as it contains many hydroxyl groups, especially orthodihydroxy groups (catechol structure). Further, two phloroglucinol derivatives from Dryopteris
crassirhizoma has been reported to exhibit antioxidant activity (Lee et al., 2003).
Thus, amongst many other bioactive compounds that would have contributed towards the
antioxidative potential of the ferns studied, phenolics like caffeic, ferulic and salicyclic acids may
have further added to the antioxidative potential. Major phenolics that might have contributed
significantly to the highest antioxidant activity in N. cordifolia are phloroglucinol, catechin and
gallic acid besides the prevalent ones. However, ferulic and salicylic acid may be the major
compounds involved in C. dentatus whereas in D. quercifolia it may be ferulic, salicylic catechol
and catechin while in P. cuspidatus and D. linearis, catechin and 3,4- Dihydroxybenzoic acid
(DHBA) respectively would have been involved in the antioxidant activity. Phenolics like
pyrogallol along with phloroglucinol, catechin, ferulic and salicylic acid may have attributed
towards the antioxidant activity in P. vittata whereas for P. biaurita ferulic and salicylic acid may
be the main contributors. Catechin, DHBA and gallic acid besides ferulic, caffeic and salicylic
acid may have added to its antioxidative reports. However, other phenolics present at the lower
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concentrations as well would have contributed towards the antioxidant potential of the ferns
under study.
Antimicrobial potential of ferns have been reported time to time by many authors (Banerjee and
Sen, 1980; Singh et al., 2008; Dalli et al., 2007; Lai et al., 2010; Ganguly et al., 2011). In this
line of work, attempt has been made in the present study to demonstrate the antimicrobial activity
of three ferns selected on the basis of their activities (N. cordifolia, C. dentatus and M.
punctatum) extracted in methanol and hot water. Prominent antibacterial activity against both
gram positive and gram negative bacteria was observed by all the plant extracts. Methanolic
extracts in all the cases exhibited higher antimicrobial activity. Among the plant samples, N.
cordifolia showed highest inhibition zones for all the bacteria tested and lowest by M. punctatum.
However, it was in contrast to the finding of Rani et al. (2010) where aqueous extracts of all the
three plant samples (Psilotum nudum, Nephrolepis biserrata and Nephrolepis cordifolia) were
found to be effective in inhibiting the growth of both bacteria and fungi at varying degree.
Nonetheless, irrespective of the concentrations used the zone of inhibition against B. cereus by
the water extract of N. cordifolia was similar to our findings. Conversely, Kandhasamy et al.
(2008) has reported higher antibacterial activity of methanolic and ethanolic extracts of D.
quercifolia in their study. Kumar and Kaushik (2011) had observed antibacterial potential of
ethanolic and chloroform extract of Christella dentata Frosk. (C. dentatus) against Bacillus
subtilis, Escherichia coli, Salmonella typhi and Staphylococcus aureus. However, zone of
inhibition was much lesser in comparison to our findings.
Since, in the present study all the extracts were able to inhibit the growth of both gram positive
and gram negative bacteria, these ferns may be a potential source of broad spectrum antibacterial
agents. However, the mechanism as to how they control the activity is to be further examined.
Likewise, higher antifungal activity was recorded for methanolic extracts of N. cordifolia which
was evident by both its potential to inhibit the spore germination and radial growth of all the three
fungi used in the present study. The finding was not in agreement with of Rani et al. (2010)
where water extract of N. cordifolia revealed higher inhibition zones than the other solvents used.
Likewise, antifungal activity of different fractions of P. biaurita has been reported by Dalli et al.
(2007) where highest inhibition of radial fungal growth was observed by the fraction III obtained
by hydrolysates further extracted with ethyl acetate.Similar to the present study, Kanan and AlNajar (2008) have also reported comparatively higher antifungal activity by the methanolic
extracts of the plants under study. They observed that the growth of Penicillium digitatum was
more effectively inhibited by the methanolic extract of cinnamon bark than the other fractions.
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Likewise, complete inhibition was observed only by the methanolic fraction of garlic. On the
other hand, the most effective fraction of sticky fleabane leaves and harmal seeds was the
methanolic and hexane fractions. On the contrary, besides methanolic fraction, the aqueous
fraction of nightshade leaves revealed the most effective inhibitory activity.
Presence of various bioactive compounds which would have been better extracted in methanol
may have contributed towards the antimicrobial activity. The inhibitory activity of catechin has
been reported by Chunmei et al. (2010). Similarly, components like 3,4- dihydroxybenzoic acid,
isolated terpenoid like Friedelin have been effective against both gram positive and gram
negative bacteria (Chiozem et al., 2009; Khan et al., 2007). Additionally, compounds like
cinnamaldehyde, eugenol and cinnamic acid have been shown to exhibit to antifungal activities
(Inouye et al., 2000; Gill and Holly, 2004).
Diabetes is one of the prevalently occurring diseases characterized by the change in glucose,
lipids, carbohydrates and protein metabolism (Bussa and Pinnapareddy, 2010). Diabetes has now
taken the form of a global human epidemic. Synthetic drugs used in the treatment have been
reported to show adverse effects. Thus, in the recent years medicinal plants with
antihyperglycemic activity have been greatly explored (Priyadarsini et al., 2010; Mary and
Gayathri, 2014; Gupta et al., 2015).
Since the previous experiments proved that the selected ferns possess significant phytochemicals
as well as antioxidant properties, it was considered worthwhile to determine whether any of these
ferns antihyperglycemic activity. For this part of study, methanolic and hot water extracts of N.
cordifolia, C. dentatus and M. punctatum were selected. In the beginning, in vitro activity was
tested by α-Amylase inhibition studies.
α-Amylase is one of the key enzymes present in the small intestine which is responsible for
carbohydrate metabolism breaking down polysaccharides to monosaccharides, thus increasing the
postprandial blood glucose level. Inhibition of α-amylase activity postpones digestion of
carbohydrate and glucose absorption in turn leading to the reduction of postprandial
hyperglycemia (Bressler and Johnson, 1992). Among the extracts, methanolic extract of N.
cordifolia and hot water extract of M. punctatum revealed the highest and the lowest α-amylase
inhibitory activity respectively in a dose-dependent manner. Similar inhibitory activity has been
reported in Thespesia populnea by Sangeetha and Vedasree (2012) in which ethyl acetate and
methanol extracts showed comparatively better activity than the petroleum ether and chloroform
extract. However, our finding was in contrast to that of Jiju et al. (2013) who reported higher α-
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amylase activity by the aqueous leaf extracts of Carica papaya followed by ethyl acetate and
alcohol.
Further, considering the hazard that may be caused from methanol consumption, aqueous extracts
of two samples (N. cordifolia and C. dentatus) showing better α-amylase inhibitory activity was
chosen for further in vivo antidiabetic activity.
Initially, diabetes was induced partially in rats by streptozotocin. Streptozotocin (STZ) leads to βcells necrosis by selectively causing β-cells cytotoxicity through generation of various free
radicals which in turn leads to impairment in glucose metabolism (Papaccio et al., 2000). Severe
decrease in blood glucose levels and body weight are the characteristic features of STZ-induced
diabetic rats. Due to improper glucose utilization breakdown of fat and protein is accelerated in
hyperglycemia. Moreover, structural proteins are involved in maintaining the body weight. Since
in hyperglycemia, rate of protein catabolism far exceeds its production, there occurs continuous
decrease in the body weight of the untreated diabetic rats (Ramesh and Pugalendi, 2006). In this
study, treatment of diabetic rats with the C. dentatus and N. cordifolia could prevent the loss in
body weight. This may be possibly because of the improvement in glucose metabolism due to
increase in insulin level by the extracts. Though both the extracts showed protection against body
loss, however, maximum protective effect against body loss was observed in the rats treated with
C. dentatus and minimum by the extracts of N. cordifolia. Likewise, diabetic rats treated with C.
dentatus were able to exhibit maximum decrease in the blood glucose level. Treatment by the
extracts may have prevented β-cells from further damages by STZ, in turn increasing the insulin
release. Our result was in concordance to that of Tanzin et al. (2013) who reported the dosedependent reduction in the blood glucose levels of diabetic rats by the methanolic extracts of
Christella dentata.
Further, alteration in lipid profile has been encountered in diabetes mellitus increasing the risk of
cardio-vascular diseases (Maghrani et al., 2005). Increased cholesterol and triglycerides level
with the decrease in HDL-cholesterol are commonly reported in hyperglycemic condtion (Uttra et
al., 2011). In the present investigation, amongst all the groups, those receiving C. dentatus extract
at higher concentration resulted in the maximum reduction of serum cholesterol and triglyceride
level and an increment in the HDL-cholesterol compared to the untreated diabetic rats. Similar
effects of aqueous and ethanolic extract of Adiantum philippense Linn. has been reported by Paul
et al. (2012).
Additionally, elevation in the levels of liver marker enzymes (SGOT and SGPT) is common in
the diabetic patients leading to hepatoxicity (Ghosh and Suryawanshi, 2001). In the present study
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administration of extracts to the group of diabetic rats was able to bring down the level of
transaminases (hepatic biomarkers like SGPT and SGOT) to near normal which correlates with
the findings of Dey et al. (2015). They reported the efficacy of Nerium oleander leaf extracts to
decrease in the liver markers enzymes in alloxanized animals. Thus, it could be suggested that
both C. dentatus and N. cordifolia had the ability to restore the normal liver functions.
Furthermore, increased levels of serum urea and creatinine are regarded as chief markers of
nephropathy in diabetic rats (Idonije et al., 2011). Thus, the reduction in urea and creatinine
levels of diabetic rats after treatment with the C. dentatus and N. cordifolia indicated that these
extracts may have prohibited further kidney damages in the diabetic treated rats.
An interesting finding was that higher concentration of N. cordifolia showed lesser in vivo
activity which correlates with the findings of Kasabri et al. (2011) who observed that the aqueous
extract of Sarcopoterium spinosum and Pistacia atlantica at lower concentration caused higher
reduction in postprandial glucose level than higher concentration. Moreover, auto-inhibitory
activity of the extracts has been reported at higher concentrations of the extracts (Prince et al.,
1998). In addition to that, plant extracts may contain some hyperglycemic compounds, besides
hypoglycemic components (Murthy et al., 2003).
Moreover, tocopherol, phenolics like catechin, epicatechin, gallic acid and 4-hydroxybenzoic acid
has been reported to modulate the glucose metabolism in various ways. Thus, presence of these
bioactive components may have contributed towards the antidiabetic activity of these plants.
However, the exact mechanism for in vivo antidiabetic activity of these plants still remains
unclear.
It was observed that while both the extracts showed both in vitro and in vivo antidiabetic
activities, there was difference among the two. While N. cordifolia had shown better in vitro
activity, C. dentatus showed better in vivo activity. It is thus clear that while in vitro tests can be
considered as an indication of the activity, body responses may vary, due to several internal
factors which may be interacting. Hence, for proper understanding such studies should be based
not only on in vitro tests, but also on in vivo tests which can validate the in vitro results.
Understanding the chemical nature of the extracts following the isolation and characterization of
lead compounds responsible for biological activities is important for pharmaceutically exploiting
these compounds, thereby leading to the discovery and development of newer drugs (Mariswamy
et al., 2011).Thus, we have made an attempt to partially purify and characterize the active
compounds underlying the various activities shown by C. dentatus and N. cordifolia extract.
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Column chromatographic technique using solvents at different ranges from non-polar to polar
(Hexane to methanol) was employed in the present study. It is evident from the previous records
that the solvent system with varying partition coefficient (K) for each target compound is
necessary for successful separation of the biomolecules (Ito, 2005). Highest yield (in gram) was
obtained in Hexane:EtOAC (1:1) solvent system of C. dentatus (CdB) and in EtOAC:MeOH
(1:1) of N. cordifolia (NcD) extracts giving an indication that C. dentatus may be rich in nonpolar compounds while N. cordifolia may be partially polar.
All the fractions revealed higher antioxidant (DPPH activity) and antidiabetic (α-amylase
inhibitory activity), however highest antioxidant activity was shown by CdB of C. dentatus while
NcE of N. cordifolia. On the contrary, CdC and NcC fractions of respective plants were shown to
exhibit higher α-amylase inhibitory activity. Kumar et al. (2011) had observed higher antioxidant
and α-amylase inhibitory activity in the methanolic (100%) eluted fraction of Asystasia
dalzelliana leaves.
Interestingly, all the eluted fractions revealed higher antioxidant (DPPH activity) and antidiabetic
(α-amylase inhibitory activity) than the crude extracts. This can be expected, since fractionation
and purification leads to concentration of the active compounds in these specific fractions. Crude
extracts would be containing a large number of other compounds and hence the active
compounds would be in lesser amounts or its activity may be inhibited by other compounds.
Further, characterization of these eluted fractions through GC-MS revealed an array of
compounds comprising of terpenoids, fatty acids, phytosterols, phenylpropanoids and phenolics.
CdB

fraction

was

identified

to

have

sixteen

different

compounds

with

2,2,7.7-

tetramethyltricyclo[6.2.1.0(1,6)]undec-4-en-3-one showing highest relative abundance. Likewise,
CdC with Cycladopentanone,2,5- dicyclopentylidene-l, CdD

with 2(1H)Naphthalenone,

3,5,6,7,8,8a- dimethyl-6-(1-methylethenyl)- and CdE with cyclotetracosane also showed high
relative abundance.
Similarly, NcB was identified with thirteen compounds, NcC with eleven, NcD with ten and NcE
with seven different compounds. Highest relative abundance in NcB was of nonadecane, NcC
was of pentadecanoic acid, 13- methyl, methyl ester, NcD was of pentadecanoic acid, 13- methyl,
methyl ester and NcE was of 1- Oxycyclopentadecan-2- one,15,15-dimethyl.
Our finding was in agreement with the previous studies, as most of the identified compounds in
our study have been reported in some other plant extracts as well. For instance, compounds like
hexadecanoic acid methyl ester, pentadecanoic acid, 14- methyl- methyl ester, hexadecane,
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nonadecane, eicosane, phytol, docosane and 1,2-benzenedicarboxylic acid, mono(2- ethylhexyl)
ester- was identified in the leaves of Azadirachta indica (Akpuaka et al., 2013). Compounds like
10-Octadecenoic acid, methyl ester and phytol has been identified in Jatropha curcas, Psidium
guajava and Andrographis paniculata by (Rahman et al., 2014) while Phenol 2,4-Bis(1,1Dimethylethyl)- in Pinus granatum rind extract by Prakash and Suneetha (2014). Tetracosane,
tricosane, eicosane and octadecane was identified in Salvia palaestina and S. ceratophylla
besides numerous other essential oils (Gürsoy et al., 2012).
Furthermore, almost all the compounds revealed in the present study have been reported to
possess various biological activities. Hexadecanoic acid, methyl ester and 10-Octadecenoic acid,
methyl ester have been reported to exhibit antifungal and antimicrobial activity (Hema et al.,
2011; Asghar et al., 2011). Similarly, eicosane is known to possess antifungal, antibacterial,
antitumor and cytotoxic activity (Hsouna et al., 2011). Likewise, 1,2- Benzenedicarboxylic acid,
mono(2-ethylhexyl) ester are known for its antifungal, antiretroviral, antitumor, antidiabetic, anti
cancer, antioxtioxidant, anti scabies, anti inflammatory and antimicrobial potentials (Syeda et al.,
2011; Balachandran et al., 2012; Bagavathi and Ramasamy, 2012). Phytol is known for its
antioxidant and antimicrobial activity Rani et al. (2011). Oleic acid has been known to regulate
blood pressure, lipid levels, immune and inflammation responses (Meechaona et al., 2007).
Propanoic

acid,

2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)-

is

reported

to

show

antidiabetic acitivity (Adeneye and Agbaje, 2008; Dannemann, 2008). Heptadecanoic acid, 16methyl, methyl ester has been known to exhibit antioxidant and antimicrobial activity (Lalitharani
et al., 2010).
The compounds identified in these samples may act as potential ligands or lead compounds
against antidiabetic target proteins/enzymes. Morevover, both the extracts had revealed
appreciable results in an in vivo antidiabetic study; thus, we have made an in silico molecular
approach to understand some of the possible mechanisms of action behind the antidiabetic
activity of Nc and Cd and to select the potential antidiabetic components by docking some of the
compounds against target proteins/enzymes involved in glucose metabolism such as glucokinase
(IV4S), fructose 1,6- bisphosphatase (2JJK), 11β-Hydroxysteroid dehydrogenase type 1 (2BEL)
and peroxisome proliferators activated receptor gamma (3DZY).
Glucokinase (GK/ IV4S) plays an important role in glucose metabolism and is expressed only in
liver and pancreatic cells. In pancreatic β-cells, glucokinase is the rate limiting enzyme and is
involved in the determination of rate of glucose-induced secretion of insulin whereas in liver it
catalyzes the first step in glucose metabolism and determines the rate of utilization and synthesis

271

of glucose and glycogen respectively (Ferre et al., 1996; Grimsby et al., 2003). The activation of
glucokinase activity may cause reduction in the glucose level as it may enhance the release of
pancreatic insulin thereby improving the glucose metabolism in liver cells. Diabetes leads to the
decrease in the activity of several enzymes including glucokinase either due to total or partial
deficieny of insulin causing disruption in glucose metabolism which in turn leads to impaired
utilization of glucose and increased hepatic glucose production. Besides many other compounds
showing affinity with glucokinase, corynan-17-ol, 18,19- didehydro-10-methoxy-acetate (ester)
and propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- possess better interaction
with the IV4S, which may lead to the activation of glucokinase thus increasing the utilization of
glucose and leading to decreased blood sugar level. Chandramohan et al. (2008) reported that
diabetic rats treated with 3-hydroxymethyl xylitol (3-HMX) active principle from Casearia
esculenta (Roxb.) efficiently increased the glucokinase activity.
Fructose 1,6- bisphosphatase (2JJK) and glucose-6-phosphatase are the primary enzymes
involved in the regulation of gluconeogenic pathway. The activity of 2JJK in liver is known to
increase during diabetic condition leading to the increased production of glucose which may be
because of the increased enzymes synthesis (Pederson et al., 2005; Mitra et al., 1995). Insulin can
normally suppress the activity of fructose 1,6- bisphosphatase and glucose-6-phosphatase thereby
causing inhibition of hepatic glucose production (Wiernsperger and Bailey, 1999; Chen et al.
2000). In our study, many of the compounds docked with 2JJK showed good binding affinity,
however, the best fit was revealed by corynan-17-ol, 18,19- didehydro-10-methoxy-acetate
(ester) and propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)-. Mahendran et al.
(2014) based on their docking studies reported the inhibition of 2JJK activity by the compounds
1,2,8-trihydroxy-6-methoxy

xanthone

and

1,2-dihydroxy-6-methoxyxanthone-8-O-β-D-

xylopyranosyl isolated from Swertia corymbosa.
11β-Hydroxysteroid dehydrogenase type 1 (11β-HSD1) is the enzyme involved in the conversion
of inert inactive 11 keto-products (cortisone) to active cortisol or vice versa which is one of the
major cause for obesity and metabolic syndrome (Seckl and Walker, 2001; Anagnostis et al.,
2009). The possible involvement of 11β-HSD 1 in this conversion to cortisol which in turn may
be involved in a pathogenic role in Type 2 diabetes has been reported by earlier workers (Morgan
et al., 2009). It is thus possible to inhibit the binding of cortisol to glucocorticoid receptor and
thereby converting active cortisol to the inactive form could be an alternate method for treating
diabetes and obesity. Recently, there has been an increase in the number of patents for 11β -HSD
1 inhibitors with the reports of total of 15 applications registered by the US Patent office for 11β -
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HSD 1 inhibitors, out of which, 10 bioactive compounds (most of them in phase I clinical trials)
against 11β -HSD 1 are being employed in the development of treatment for Type 2 Diabetes
mellitus (Research and markets.com, 2012). In the present study, compounds corynan-17-ol,
18,19-

didehydro-10-methoxy-acetate (ester)

and

propanoic

acid,

2-(3-acetoxy-4,4,14-

trimethylandrost-8-en-17-yl)- possess greater binding affinity with 11β-HSD 1.

Ramirez-

Espinosa et al. (2013) has reported e in silico inhibition of 11β-HSD 1 by compounds morolic,
moronic, urosolic and oleanolic acid.
Some other factors associated with diabetes are carbohydrate metabolism and differentiation of
3T3-L1 adipocytes. Peroxisome proliferators activated receptor gamma (PPAR-γ) plays an
important role in 3T3-L1 differentiation (Po-Jung et al., 2005). It is the nuclear receptor family
protein and is ligand-activated transcription factor that is expressed most abundantly in adipose
tissue. PPAR-γ is involved in mediating the antidiabetic activity of the drugs belonging to the
thiazolidindione (Campbell, 2005). PPAR-γ being one of the key transcriptional factors plays an
important role in the regulation of adipogenesis, insulin sensitivity and glucose homeostasis
(Willson et al., 2000). In our study, the best fit with PPAR- γ (3DZY) was revealed by corynan17-ol, 18,19- didehydro-10-methoxy-acetate (ester) and propanoic acid, 2-(3-acetoxy-4,4,14trimethylandrost-8-en-17-yl)-. Deepa et al. (2013) reported compounds 5-hydroxy-7,8dimethoxyflavanone and 17,19,20-trihydroxy-5beta, 8α H, 9beta H, 10 α-labd-13-En-16,15olactone identified in Andrographis sp to interact with receptors C/EBP-α and PPAR- γ with
maximum fitness score.
Based on the molecular docking studies compounds corynan-17-ol, 18,19- didehydro-10methoxy-acetate (ester) and propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)may be considered as potential antidiabetic agents as hit structures for designing potent and
specific drugs. These compounds along with other similar ones may have concomitantly helped
to exhibit the antidiabetic activity by either activating glucokinase or inhibiting the activity of
other proteins/enzymes involved in glucose metabolism. However, further validation of the
compounds through in vivo studies, toxicity studies, clinical trails and pharmacokinetic studies
are required before these compounds find their application in pharmaceuticals.
Presence of diversified types of bioactive components may have attributed to the antioxidant,
antimicrobial and antidiabetic activities exhibited by these ferns. Moreover, GC-MS analyses of
N. cordifolia and C. dentatus revealed the presence of compounds efficient in antimicrobial
activity which may be one of the reasons behind prominent antimicrobial activity. There is no
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previous report of the identification of such compounds from these ferns or their biological
activities of this region.
These ferns could be considered as the potential source for exploiting their applications in
pharmaceuticals. However, further detailed investigations are required for the isolation and
characterization of respective active compounds along with elucidating the mechanisms involved
in biological activities.
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Chapter 6

Conclusion

6. Conclusion
 A review of literature pertaining to the different aspects of the present line of study has
been presented.
 Detailed description of all the procedure and protocols used in this investigation has been
presented.
 Ferns collected from different areas of Darjeeling town, subdivision of Mungpoo and
Siliguri shibmandir area were identified and processed for further experimentation.
Identified samples were Nephrolepis cordifolia (Nc), Cyclosorus dentatus (Cd),
Phymatosorus cuspidatus (Pc), Drynaria quercifolia (Dq), Dicranapteris linearis (Dl),
Pteris biaurita (Pb), Pteris vittata (Pv) and Microsorum punctatum (Mp).
 Plant samples were dried , powdered and extracted using different solvent (alcohol,
methanol and hot water) and subjected to phytochemical analysis and determination of
various biological activities
 Phytochemical analysis of the samples revealed the presence of phenol, flavonoid, tannin,
carbohydrates, reducing sugar, protein and terpenoid in all ferns under study. None of the
ferns showed positive result for anthraquinone. Similarly, alkaloid was not detected in
any of the samples studied except in P. biaurita. Cardiac glycosides were detected in all
the ferns except M. punctatum and N. cordifolia. Further, except P. biaurita and M.
punctatum all the other ferns showed positive result for saponin. Steriod was detected
only in N. cordifolia, C. dentatus and P. biaurita.
 Quantitativley, highest amount of total phenol, protein, total flavonoid, tannin, total sugar
and vitamin C was observed in N. cordifolia. Conversely, M. punctatum had the lowest
amount of total phenol, total flavonoid, tannin, reducing sugar, total chlorophyll,
chlorophyll a and carotenoid. Highest amount of reducing sugar and total chlorophyll
was found in P. biaurita. Vitamin E content was highest in P. cuspidatus while D.
linearis had the lowest content. On the contrary, vitamin C content was lowest in P.
cuspidatus.
 Extraction of the samples with solvents yielded difference in percentage of yields with
highest yield being in methanol than the other two solvents (ethanol and water).
 Antioxidant activities such as DPPH radical scavenging, hydrogen peroxide scavenging,
nitric oxide peroxide scavenging, superoxide scavenging activity and ferric reducing
antioxidant power assay (FRAP) performed using the different extracts of the samples
revealed N. cordifolia and C. dentatus to exhibit significantly higher activity than the
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other plants studied irrespective of the solvents used. Lowest activity in all the cases was
showed by the extracts of M. punctatum. Other than DPPH activity (where hot water
extracts showed highest activity), methanolic extracts of all the samples revealed highest
activity followed by water and ethanolic extracts.
 PCA analysis using all the factors (phytochemicals) and respective antioxidant activity of
each plant was performed. Besides other factors studied, the most positively influencing
factors were total flavonoid, total phenols, tannin and lipids as they showed high positive
correlation with all the antioxidant activities in almost all the plants.
 Phenolic compounds identified in the methanolic extracts by HPLC were phloroglucinol,
gallic acid, pyrogallol, 3,4-dihydroxybenzoic acid, resorcinol, catechol, catechin,
chlorogenic acid, caffeine, caffeic acid, vanillic acid, ferulic acid, salicylic acid and
cinnamic acid of which caffeic, ferulic and salicyclic acid were the most prominent ones.
Huge variation in the concentration of phenolics in each plant was observed.
 Depending on the antioxidant activities exhibited by the plant samples, two ferns
showing higher activity and one showing lowest activity were tested for their
antimicrobial properties and in vitro antidiabetic activity. Likewise, since among the
three solvent extracts, methanolic and hot water extracts revealed comparatively better
antioxidant activity, extracts with these solvents were used for antimicrobial and in vitro
antidiabetic activity. The ferns selected were N. cordifolia and C. dentatus (higher
activity) and M. punctatum (lowest activity).
 Antibacterial studies performed against two gram positive (Bacillus cereus and B.
megaterium) and two gram negative bacteria (Burkholderia symbiont and Serratia
marcescens) using three different concentrations of methanolic and hot water extracts
revealed their ability to inhibit the bacterial growth as tested in disc diffusion bioassay
with N. cordifolia and C. dentatus showing better activity than M. punctatum.
 Antifungal studies performed against Alternaria alternata, Curvularia lunata and
Fusarium oxysporum by spore germination test and radial growth bioassay revealed that
the extracts

of N. cordifolia and C. dentatus was efficient to inhibit the growth of the

fungi tested while M. punctatum did not exhibit inhibitory activity against any of the
fungi studied. Among, the three concentration used for the study, 500mg/mL was found
to be effective against these fungi while no inhibition was observed by 250 and
100mg/mL concentration.
 In vitro antidiabetic activity determined using α-amylase inhibitory activity test revealed
that methanolic extracts of the three selected plants showed higher activity than the
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aqueous (hot water) extracts. N. cordifolia extracts revealed higher activity than C.
dentatus and M. punctatum. However, the activity of the extracts was lesser than the
positive control (acarbose) used.
 Furthermore, an in vivo antidiabetic test in streptozotocin-induced diabetic rats was
performed using N. cordifolia and C. dentatus as they were found to be more efficient in
inhibiting α-amylase activity than Mp extracts. Though, methanolic extracts showed
better activity than aqueous extract, however, for this part of the study aqueous extracts
was used considering the hazards that may be caused with methanolic consumption.
 Before performing an in vivo test, acute toxicity test done to analyze the lethal doses of
extracts revealed 500 and 250mg/mL doses to be safer for further studies.
 Streptozotocin-induced diabetic rats treated orally with both the samples and metformin
was able to reverse the diabetic induced changes to near normal. Various parameters such
as fasting blood sugar level, cholesterol, triglycerides liver enzymes (SGPT and SGOT),
serum urea and creatinine was reduced while significant increase in the body weight and
HDL-cholesterol level was observed as compared to the diabetic controls.
 Interestingly, C. dentatus extracts showed comparatively better in vivo antidiabetic
activity than N. cordifolia extracts which may be because of the variation in the body
responses exerted by several interacting internal factors. On the other hand, higher
concentration of N. cordifolia revealed lesser reduction in the tested blood parameters
than the lower concentration used in the study which may be because of the autoinhibitory activity of the extracts at higher concentrations or the presence of
hyperglycemic compounds, besides hypoglycemic components in the plant extracts.
 Further, characterization of bioactive compounds was done by partial purification of N.
cordifolia and C. dentatus extract in column using different non-polar and polar solvents
at varying gradient.
 The fractions were tested for their in vitro antioxidative and antidiabetic potentials (in
vitro -amylase inhibition assay). In C. dentatus fractions, highest and lowest DPPH
radical scavenging activity was revealed by CdB and CdD fraction respectively. On the
other hand, NcE revealed the highest and NcB the lowest activity in N. cordifolia
fractions. Additionally, α-Amylase inhibition activity in C. dentatus fractions was
exhibited highest by CdC and lowest by CdD. Likewise, NcC and NcB exhibited highest
and lowest activity respectively.
 The fractions activity was observed to be higher than the crude extracts. This can be
expected, since fractionation and purification leads to concentration of the active
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compounds in these specific fractions. Moreover, crude extracts would be containing a
large number of other compounds and hence the active compounds would be in lesser
amounts or its activity may be inhibited by other compounds.
 The fractions were further characterized using GC-MS which revealed the presence of
myriad of compounds containing terpenoids, fatty acids, phytosterols, phenylpropanoids
and phenolics,
 To further understand the mechanism of action that may have been involved in
antidiabetic activity revealed by N. cordifolia and C. dentatus an in silico molecular
docking studies was performed. The fraction CdC and NcC revealed better α-amylase
inhibitory activity, thus compounds identified in these fraction was docked with the
target proteins/enzymes involved in glucose metabolism such as glucokinase (IV4S),
fructose 1,6- bisphosphatase (2JJK), 11β-hydroxysteroid dehydrogenase type 1 (2BEL)
and peroxisome proliferators activated receptor gamma (3DZY). Results revealed that
amongst many other compounds, corynan-17-ol, 18,19- didehydro-10-methoxy-acetate
(ester) and propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl)- possess
better interaction with almost all the proteins/enzymes involved in glucose metabolism.
Thus, the plausible mechanism of antidiabetic activities exhibited by N. cordifolia and C.
dentatus may be due to the alteration in the activity of these proteins/enzymes. Further,
these compounds may be considered as potential antidiabetic agents as hit structures for
designing potent and specific drugs.
 Presence of various bioactive constituents in these ferns makes them the potential source
for exploiting their applications in pharmaceuticals. However, further isolation and
characterization of each compound responsible for the activity in addition to elucidation
of the mechanism involved remains to be explored.
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µg- Micro gram
µg/ mL- Microgram per milliliter
µL- Microliter
A25- Ampicillin
AAE- Ascorbic acid equivalent
AlCl3.6H2O- Aluminium chloride hexahydrate
Bc- Bacillus cereus
Bm- Bacillus megaterium
BSAE- Bovine serum albumin equivalent
Bus- Burkholderia symbiont
C- Control
C25- Chloramphenicol
CC- Carotenoid content
Cd- Cyclosorus dentatus
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CdHWE- Cyclosorus dentatus hot water extract
CdME- Cyclosorus dentatus methanol extract
CE- Catechin equivalent
CgcA- Chlorogenic acid
CH3COOH-Acetic acid
Chl a- Chlorophyll a
Chl b- Chlorophyll b
CuSO4.5H2O-Copper sulphate pentahydrate
CuSO4-Copper sulphate
DC- Diabetic control
dH2O- Distillled water
DHBA- 3, 4- dihydroxybenzoic acid
Dl- Dicranopteris linearis
DlEE- Dicranopteris linearis ethanol extract
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DPPH- 2,2-Diphenyl-1-picrylhydrazyl
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DqHWE- Drynaria quercifolia hot water extract
DqME- Drynaria quercifolia methanol extract
DW- Dry weight
EE- Ethanolic extract
EtOAC- Ethyl acetate
FAE- Ferulic acid equivalent
FeCl3- Ferric chloride
FRAP- Ferric reducing antioxidant power
g- Gram
B

GAE- Gallic acid equivalent
GE- Glucose equivalent
h- Hour
H2O2- Hydrogen peroxide
H2O-Water
H2SO4- Sulphuric acid
HCl- Hydrochloric acid
HPLC- High performance liquid chromatography
HWE- Hot water extract
IC50- Inhibitory concentration
K- Kanamycin
KOH-Potassium hydroxide
LC- Lipid content
M- Molar
ME- Methanolic extract
mg- Milligram
mg/kg b.w. - milligram per kilogram body weight
min- minutes
mL- Milliliter
mM- Millimolar
Mp- Microsorum punctatum
MpEE- Microsorum punctatum ethanol extract
MpHWE- Microsorum punctatum hot water extract
MpME- Microsorum punctatum methanol extract
NA- Nutrient Agar
Na+-K+ tartarate-Sodium potassium tartarate
Na2CO3- Sodium carbonate
NADH- Nicotinamide adenine dinucleotide (reduced)
NaNO2- Sodium nitrite
NaOH- Sodium hydroxide
NBT- Nitroblue tetrazolium chloride
Nc- Nephrolepis cordifolia
NC- Normal control
NcAE- Nephrolepis cordifolia aqueous extract
NcEE- Nephrolepis cordifolia ethanol extract
NcHWE- Nephrolepis cordifolia hot water extract
NcME- Nephrolepis cordifolia methanol extract
NED- Naphthylethylene diamine dihydrochloride
NO- Nitric oxide
ºC- Celsius
OECD- Organization for Economic Cooperation and Development
Pb- Pteris biaurita
PbEE- Pteris biaurita ethanol extract
PbHWE- Pteris biaurita hot water extract
PbME- Pteris biaurita methanol extract
Pc- Phymatosorus cuspidatus
PcEE- Phymatosorus cuspidatus ethanol extract
PcHWE- Phymatosorus cuspidatus hot water extract
PcME- Phymatosorus cuspidatus methanol extract
PDA- Potato dextrose agar
PhlognL- Phloroglucinol
C

PMS- Phenazine methosulfate
PrC- Protein content
Pv- Pteris vittata
PvEE- Pteris vittata ethanol extract
PvHWE- Pteris vittata hot water extract
PvME- Pteris vittata methanol extract
RSC- Reducing sugar
sdH2O- sterile distilled water
Sm- Serratia marcescens
sq. mi- square miles
T- Treatment
TC- Tannin content
TCA- Tri carboxylic acid
TChC- Total chlorophyll content
TE- Tocopherol equivalent
TFC- Total flavonoid content
TPC- Total phenol content
TSC- Total sugar
UV-Vis- Ultra violet –Visible
VitC- Vitamin C
VitE- Vitamin E
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0.1 M Sodium acetate buffer (pH 4.7)
0.1M Sodium Phosphate Buffer (pH 7.4)
0.2M Potassium Phosphate Buffer (pH 7.4)
0.2M Sodium Phosphate Buffer (pH 6.6)
1% Ferric chloride
1% Hydrochloric acid
1% Starch
10% ammonia solution
100% Methanol
2,2’– Bipyridyl
2,2-Diphenyl-1-picrylhydrazyl
20% Sodium hydroxide
3,4-dihydroxybenzoic acid
40% Sodium hydroxide
5% Ferric chloride
5% α-naphthol
50% Methanol
50mM Sodium Phosphate Buffer (pH 7.2)
80% Acetone
80% Ethanol
95% Ethanol
Acarbose
Acetic acid
Acetic acid HPLC grade
Acetic anhydride
Acetone
Acetonitrile HPLC grade
Agar
Aluminium chloride
Anthrone’s Reagent
Ascorbic Acid
Caffeic acid
Caffeine
Catechin
Catechol
Chloroform
Chlorogenic acid
Cinnamic acid
Copper Sulphate
Dextrose
Dinitrophenylhydrazine
Dinitrosalicylic acid
Di-sodium hydrogen phosphate anhydrous
Ethyl acetate
Ferulic acid
Folin Ciocalteu’s Phenol Reagent
Gallic acid monohydrate
E

Glacial Acetic Acid
Glucose
Griseofulvin
Hexane
HPLC grade water
Hydrogen peroxide
Metformin
Methanol HPLC grade
Naphthylethylene diamine dihydrochloride
Nelson’s Arseno Molybdate Reagent
Nicotinamide adenine dinucleotide
Nitroblue Tetrazolium Chloride
Phenazine methosulfate
Phloroglucinol
Polyvinyl pyrrolidone
Potassium Di-Hydrogen Phosphate
Potassium Ferricyanide
Potassium Hydrogen Phosphate
Potassium hydroxide
Pyrogallol
Resorcinol
Salicylic acid
Silica gel (60-120 mesh)
Sodium Carbonate
Sodium Dihydrogen Phosphate
Sodium Hydroxide
Sodium Nitrite
Sodium nitroprusside
Sodium Potassium Tartarate
Sodium Sulphate Anhydrous
Streptozotocin
Sulphanilic acid
Sulphuric acid
Thiourea
Trichloroacetic Acid
Vanillic acid
Vanillin
α- Amylase
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ABSTRACT
Objectives: The aim of the present study was to investigate the antioxidant activity of Pteris biaurita L. along with the qualitative analysis and
quantification of various natural metabolites.
Methods: The antioxidant activities of hot water (HW), methanol (MeOH) and ethanol (EtOH) extracts were evaluated by DPPH free radical
scavenging activity, Hydrogen peroxide scavenging activity assay (H202), Nitric oxide scavenging activity assay (NO), Superoxide scavenging activity
and Ferric Reducing Antioxidant Power assay (FRAP). Qualitative and quantitative analysis of phytochemicals were screened/done by using
standard methods.
Results: The crude extract revealed vast array of phytochemicals and considerable amount of protein, total and reducing sugars, phenol, flavonoid,
carotenoid and vitamin C and E. All the three extracts i.e, HW, MeOH and EtOH showed appreciable antioxidant activity in a dose-dependent
manner. HW extract showed highest DPPH activity while MeOH extract revealed highest H2O2, NO, superoxide and FRAP activity. Correlations
analysis of flavonoid content with DPPH activity and FRAP activity showed good relation with R 2=0.993 and R2=0.866 value respectively, then of
total phenol with the antioxidant activities.
Conclusion: Overall methanolic extract showed higher antioxidative activity in comparison to the other extracts. Good correlation was obtained
between flavonoid content and antioxidant activity signifying that flavonols may be responsible for the antioxidant activity of the plant.
Keywords: Pteris biaurita, Phytochemicals, Phenol, Flavonoid, Antioxidants, DPPH, FRAP.

INTRODUCTION
Plants have always been known to possess medicinal properties due
to the fact that they produce various compounds, which must have
perhaps developed to protect themselves against different biotic and
abiotic environmental factors [1]. The most commonly found
secondary metabolites in plants extracts are phenolic acids,
flavonoids and tannins [2,3]. Their role as the powerful scavengers
of reactive oxygen species (ROS) have been stated by many authors
[4,5]. Free radicals or ROS are generated from the cellular reduction
and oxidation processes, basically when cells happen to utilize
oxygen to produce energy. The commonly formed reactive oxygen
species are superoxide anions, hydrogen peroxide, hydroxyl radical,
nitric oxide and peroxynitrite radicals [6-8]. Free radicals are
extremely unstable as they contain one or more unpaired electrons
and can donate or receive single electron, which in turn accounts for
their high reactivity with other molecules [9]. Although, the
existence of extremely developed antioxidative defense mechanism
in healthy person balances the production of free radicals, but
sometimes as a consequence of deficit in antioxidant levels, free
radicals are generated which leads to oxidative stresses [10,11].
There are reports of beneficial effects of ROS on various cellular and
immunological responses at lower concentrations. However, higher
concentrations have resulted in oxidative stress that causes
detrimental diseases such as cancer, autoimmune disorders,
rheumatoid arthritis, cataract, aging, cardiovascular and
neurodegenerative diseases [6,12]. Thus, sometimes when body fails
to overcome the stress, antioxidants can be taken externally in the
form of food or other types of supplements [6]. Antioxidants
counteract the damages caused due to the higher levels of ROS [13].
Huge numbers of plants have been used ethno-medicinally to treat
various diseases related to oxidative stresses [14].
For a long time, ferns have been used as traditional medicines to
treat many diseases like ascarid disease, cold, diarrhea, burn,
trauma bleeding etc yet they are applied at lesser rates than the
flowering plants in modern chemotherapy [15-17]. But in recent
years, many workers have explored the biological and medic inal
properties of pteridophytes [18-22]. Pteris biaurita L. commonly
known as Brake fern belongs to family Pteridaceae and is
available abundantly in various habitats and has been used as
traditional medicine from ages. Ethno-medicinally, the rhizome

and fronds decoction of the plant is used to treat chronic
disorders [23,24] and the rhizome paste is applied to relief the
body pain [25]. Antibacterial activity of P.biaurita L. was
reported earlier [26], and compounds such as eicosenes and
heptadecanes have also been isolated [27]. Phytochemical
analysis, both qualitative and quantitative of Pteris biaurita L.
along with other ferns has also been done previously [26, 28].
Antioxidant activity of other pteridophytic species has been
reported by many authors [5, 29-35]. However, the detailed
study on antioxidant status of P.biaurita L. has not been reported
so far. Therefore the aim of the present study was to analyze the
antioxidant property and evaluation of bioactive compounds of
P.biaurita L.
MATERIAL AND METHODS
Chemicals
2,2-Diphenyl-1-picrylhydrazyl(H), acetic acid(M), chloroform(M),
H2SO4(M), methanol(M), aluminium chloride, NaNO2(M), catechin,
BSA, L-ascorbate acid, ferulic acid(H), hydrogen peroxide(SDFCL),
acetone(M), NaOH(M), ethanol, Nelson’s arseno molybdate, 2,2’–
Bipyridyl
(H),
hexane(M),
2,4-dintrophenylhydrazine(H),
thiourea(H), Folin-Ciocalteau reagent(M), Na2CO3(H), disodium
hydrogen phosphate(H), sodium dihydrogen phosphate dihydrate(M), NaOH, potassium ferricyanide, trichloroacetic acid
(TCA), gallic acid monohydrate(H), FeCl3, sodium nitroprusside(H),
sulphanilic
acid(M),
glacial
acetic
acid
,
N-(1napthyl)ethylenediamine dihydrochloride(H), nicotinamide adenine
dinucleotide (NADH)(H), nitroblue tetrazolium chloride (NBT)(H),
phenazine methosulphate (PMS)(H) , mercury (II) chloride(M),
potassium iodide. All chemicals used including solvents were of
analytical grade obtained from Merck (M) Himedia (H) and SDFCL
India Ltd, Mumbai.
Plant collection
The disease free mature fronds of Pteris biaurita L. was collected
from the campus of University of North Bengal. Plants were
identified and the voucher specimen has been deposited and
preserved in the North Bengal University Herbarium, Department of
Botany, University of North Bengal, India.
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Preparation of Extracts
The fronds were washed thoroughly initially with tap water then
with double distilled water and dried using blotting paper. The air
and shade dried plant material were ground to obtain fine powder
and was stored at 40C for further use. The sample was extracted
using three different solvents: ethanol (EtOH), methanol (MeOH)
and hot water (HW). Method described by Okwori et al. (2006) [36]
with slight modification was used for ethanol and methanol
extraction. 10g each of the powdered samples were soaked in 100
ml of ethanol or methanol for 72 hr at room temperature stirring
with magnetic stirrer at 24 hr interval. The soaked samples were
filtered using blotting paper for 3-4times followed by filter paper
(Whatman No.1). The filtrates were concentrated using rotary
evaporator at 400C and were lyophilized for complete solvent
removal. For hot water extraction, method of Coban and Konuklugil
(2005) [37] was followed with slight modification. The dried
powder was mixed with boiling double distilled water in the ratio of
1:10 and kept for 15mins.The mixture was kept overnight and
filtered and concentrated as mentioned above. The extractive values
as yield percentage were determined on dry weight basis using the
formula:

% yield 

weightofdryextract
 100
weighttakenforextraction

The extracts were stored at -200C, which was made to desired
concentrations before use.
DPPH free radical scavenging activity
The free radical scavenging activity of the plant extract and
reference substance was determined using the method described by
Lim & Quah (2007) [38]. Different concentration of each extract (hot
water, methanol and ethanol) and reference sample was mixed with
equal volume of DPPH methanolic solution (100µM). The mixture
was incubated in dark condition at room temperature for 30
minutes, after which the absorbance was recorded at 517nm against
blank solution. The control was prepared taking all the reagents
except the extract. L-ascorbic acid was used as antioxidant standard.
The percentage inhibition was calculated according to the formula:

 A0  A1  100
% DPPHinhibition 
A0

Where, A0 was the absorbance of the control and A1 was the
absorbance of the extract/standard.
Hydrogen peroxide scavenging activity assay
The scavenging activity of the extracts was measured using the
method of Ruch et al. (1989) [39] with minor changes. 5ml of the
plant extract (50-500 µg/ml) was mixed with a solution of H2O2 (1
ml, 2mM) prepared in phosphate buffer (0.1M, pH 7.4) and
incubated for 10 minutes at room temperature. The absorbance was
determined at 230nm against a blank solution containing phosphate
buffer without hydrogen peroxide. Ascorbic acid was used as
positive control. The percentage of hydrogen peroxide scavenged
was calculated using the following formula:

%scavenged( H 2 O2 ) 

 A0  A1  100
A0
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oxide which interacts with oxygen to generate nitrite ions that can
be estimated by the Griess reagent. Nitric oxide scavengers compete
with oxygen reducing the production of nitric oxide. The reaction
mixture containing 2ml of sodium nitroprusside (10mM), 0.5ml of
phosphate buffer saline ( pH:7.4,0.1M) and 0.5ml of the extract was
incubated at 25oC for 150mins. Then, 0.5ml of the incubated solution
was mixed with 1ml of sulphanilic acid (0.33% in 20% glacial acetic
acid) and allowed to stand for 5min. After 5min, 1ml of
naphthylethylene diamine dihydrochloride (NED) was added, mixed
thoroughly and incubated for another 30mins at 25◦ c. The
absorbance of the pink chromophore was taken at 540nm.L-ascorbic
acid was taken as the reference standard. The nitric oxide
scavenging percentage was calculated according to the formula:

%nitricoxidescavengedNO  

 A0  A1  100
A0

Where, A0 was the absorbance of the control and A1 was the
absorbance of the extract/standard.
Superoxide scavenging activity
Measurement of superoxide anion radicals (generated in a nonenzymatic PMS-NADH system) scavenging activity was based on the
method described by Nishikimi et al. (1972) [42] with slight
changes. The superoxide anions generated in a non-enzymatic
system through the reaction of PMS, NADH and oxygen was detected
by the reduction of nitro blue tetrazolium (NBT). The reaction
mixture contained 1ml sample, 1ml of NBT (312µM prepared in
phosphate buffer pH 7.4) and 1ml of NADH (936 µM in phosphate
buffer pH 7.4). The reaction was accelerated by adding 0.2ml of PMS
(120 µM). Reaction mixture was incubated for 5mins at 25◦ C and the
absorbance was read at 560nm against blank samples taking
vitamin-C as a positive control. Percentage of superoxide anion
radical scavenged was measured using the equation as follows:

%(sup eroxideanion) scavenged 

 A0  A1  100
A0

Where, A0 was the absorbance of the control and A1 was the
absorbance of the extract/standard.
Ferric Reducing Antioxidant Power (FRAP) assay
The ferric reducing power of ethanol, methanol and water extracts
were evaluated using an assay described by Oyaizu (1986) [43] with
slight modification.1ml (20-100µg/ml) of extracts was mixed with
2.5ml (0.2M,pH 6.6) of phosphate buffer and 2.5 ml of 1% potassium
ferricyanide. The mixture was incubated for 20 minutes at 500C. The
solution was allowed to cool at room temperature after which 2.5ml
of Tri-carboxylic acid (10%) was added and centrifuged at 3000rpm
for 10 minutes. Upper layer of the centrifuged solution was taken
and mixed with equal volume of double distilled water. To this,
0.5ml of 0.1% ferric chloride was added and incubated for
10min.Absorbance was taken against appropriate blank solution at
700nm after allowing the solution to stand for 10 minutes at room
temperature. Vitamin C was taken as a positive control. Results were
expressed as mg gallic acid equivalent (GAE)/g dry weight using
standard graph of gallic acid.
Phytochemicals analysis

Where, A0 was the absorbance of the control and A1 was the
absorbance of the extract/standard.

The small fraction of crude powder was analyzed for the detection of
various secondary metabolites using various standard methods [4453].

Nitric oxide scavenging activity assay

Total flavonoids estimation

The ability of the extracts to scavenge nitric oxide was determined
using the protocol described by Jagetia et al. (2004) [40] and Packer
et al. (1998) [41]. The principle of this procedure lies on the
competition of scavengers of nitric oxide with oxygen leading to the
reduced production of nitric oxide. Sodium nitroprusside in an
aqueous solution at physiological pH spontaneously produce nitric

Total soluble flavonoids were quantified using the method Sultana et
al. (2009) [54]. A 500μl aliquot of solution was mixed with 4ml of
distilled water and 300μl of NaNO2 (5%). After incubation for 5 min
at room temperature 300μl of 10% AlCl3.6H2O was added. At 6th min
2ml of NaOH, followed by 2.4ml of distilled water was added. The
absorbance of the mixture was read at 510 nm.
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Total phenol determination

Carotenoids

Extraction method given by Mahadevan and Sridhar (1982) [55] was
followed for total phenolic content. For estimation, 1ml of extract,

Carotenoids extraction and estimation was done according to the
procedure of Lichtenthaler (1987) [63]. 1g of the fresh tissue was
extracted with methanol and filtered through Whatman filter paper
1.The absorbance of the filtrate was noted at 480nm, 645nm and
663nm and contents was calculated using standard formula.

1ml of 1N Folin ciocalteau’s phenol reagent and 2ml of 20% Na2CO3
solution was mixed thoroughly and boiled in water bath for 1min.
The reaction mixture was cooled under running tap water and then
diluted with distilled water to make the final volume up to 25ml. The
absorbance was recorded at 650nm in a colorimeter against
appropriate blank solution [56].
Estimation of total Protein content
Soluble protein was extracted using the standard protocol given
by Chakraborty et al. (1995) [57]. Fresh sample (1g) was
homogenized with 5ml of sodium phosphate buffer (pH-7.2) and
polyvinyl-pyrrolidone which was then centrifuged at 10,000 rpm
for 15 minutes. The supernatant was collected and used for
further estimation. Estimation of protein content in the extract
was done according to Lowry et al. (1951) [58]. The reaction
mixture containing 1ml of extract and 5ml alkaline reagent (2%
Na 2CO 3 in 0.1N NaOH, 1% CuSO 4 and 2% Na + - K+ tartarate) was
mixed thoroughly and allowed to stand for 15mins. Then, Folin
Ciocalteau’s phenol reagent was added which was further
incubated for 20 minutes and the absorbance was read at 690
nm.
Total and reducing sugar estimation
The method described by Harborne (1998) [59] with slight
modifications was used for total and reducing sugar extraction.
Total sugar estimation was done according to the Anthrone’s
method explained by Plummer (1978) [60]. In 1ml of test solution,
4ml of Anthrone’s reagent was added (0.2% Anthrone in conc.
H2SO4), which after mixing thoroughly was placed in boiling water
for 10mins (precaution were taken to prevent the water loss). The
reaction mixture was cooled under running tap water before
measuring the absorbance in a colorimeter at 620nm against a
suitable blank solution. A calibration curve was constructed using Dglucose and results were expressed as mg glucose equivalent (GA)/g
dry weight.
For the estimation of reducing sugar, Somogyi-Nelsons method as
described by Plummer (1978) [60] was used in which 1ml of the test
solution was mixed with 1ml of Alkaline copper tartarate solution
(4g-CuSO4, 24g- Na2CO3 anhydrous, 16g- Na+-K+ tartarate, 180gNa2SO4 anhydrous-in 1000ml of distilled water) and was heated over
a boiling water bath for 20mins (taking necessary precautions).The
reaction mixture was cooled under running tap water and 1ml of
commercially available Nelson’s arseno molybdate reagent and 2ml
of distilled water was added sequentially. Absorbance at 515nm
was taken after mixing the reaction mixture properly in a
colorimeter and the reducing sugar content was calculated from a
glucose standard curve.
Chlorophyll content
Chlorophyll was extracted and estimated according to the
procedure given by Harborne (1973) [59] and Arnon (1949) [61]
respectively. 1g of fresh leaf tissue was homogenized in 80%
acetone and filtered through Whatman No.1 filter paper. The
residue was repeatedly re-extracted using 80% acetone until
suitable volume was obtained. The filtrate was taken directly for
recording absorbance at 663nm and 645nm in a
spectrophotometer. The total chlorophyll, chlorophyll a and b
content were expressed as mg/g fresh tissue.
Ascorbate
The fresh sample (1g) was homogenised using 6% Trichloroacetic
acid under chilled condition and filtered. The filtrate (4ml), 2ml (2%
Dinitrophenylhydrazine) and 1 drop of 10% Thiourea was mixed
properly and kept in boiling water bath for 15mins. After cooling,
5ml of 80% (v/v) sulphuric acid (H2SO4) was added at O0C and the
absorbance was observed at 530nm against blank solution and
quantified from the standard curve of ascorbic acid [62].

ɑ-Tocopherol (Vitamin E) content
Vitamin E (ɑ-Tocopherol) was estimated following the method of
Jayaraman (1996) [64] with minor modifications. Leaf tissue was
homogenized in 5ml of hexane and was shaken vigorously and
filtered. Then to 2ml of the extract, 2ml of absolute ethanol was
added and mixed thoroughly followed by the addition 0.2ml of 2,2’Bipyridyl solution (0.5% in ethanol) and 0.2ml of ferric chloride
solution (0.2% in ethanol). The mixture was shaken properly and
then incubated in dark for 15mins. After the development of red
colour 4ml of distilled water was added and mixed well. Two layers
were formed which was then separated out by a separating funnel
and the red coloured aqueous layer was collected which was stable
for 30mins. The absorbance was measured against a blank at 520nm
and quantified using a standard curve of ɑ-tocopherol.
Statistical analysis
All analyses were carried out in triplicate and data are expressed as
mean ± standard deviation (SD). The mean, standard deviations and
correlation analysis were calculated using MS-Excel spreadsheet.
IC50 values were calculated using KyPlot (v2beta15) software.
RESULTS & DISCUSSION
In the present study, preliminary phytochemical analysis of the
dried plant sample of P.biaurita showed the presence of flavonoids,
phenols, alkaloid, tannins, terpenes, steroid, cholesterol and cardiac
glycosides. The test showed negative result for saponin and
anthraquinone (Table 1). In an earlier study carried out with several
Pteris species [28], authors had obtained maximum positive results
for phytochemicals in methanol extracts of P. biaurita (including
saponin and anthraquinone) followed by P. vittata, P. argyreae and
P. confusa. Minimum tests were positive in P. multiaurita extract.
The difference in the result obtained for the same plant may be due
to the variation in the methods used particularly the extraction
procedures and the amount of the samples used.
The presence of various bioactive compounds signifies that the plant
can be beneficial [65]. Misra et al. (2008) [66] has reported that the
secondary metabolites are responsible for the antioxidant activity of
the plants. Phytochemical screening of the methanolic root extract of
Gentiana kurroo Royle (Gentianaceae) revealed the presence of
tannins, alkaloids, saponins, cardiac glycosides, terpenes, flavonoids,
phenolics, and carbohydrates [67]. Kumudhavalli and Jaykar (2012)
[68] evaluated the petroleum ether, chloroform, acetone, ethanol
and aqueous extracts of the fern Hemionitis arifolia for preliminary
phytochemical screening. The ethanol and aqueous extracts showed
the presence of flavonoids, carbohydrates, phenolic compounds and
sterols were the major phyto constituents.
The dried powder of P.biaurita L. showed highest extractability in
alcohol followed by hot water and methanol. The yields as
percentage of dry whole plant powder of alcohol, hot water and
methanol were 29.77, 21.14 and 14.28 respectively (Table
2).Quantification of bioactive compounds revealed 10.399 mg/g dwt
of total phenol, 14.539 mg/g dwt of flavonoid, 37.09 mg/g fwt of
total protein, 1.62 mg/g fwt of ascorbate, 0.94 mg/g dwt of αTocopherol, 125 mg/g dwt of total sugar, 110.505 mg/g dwt of
reducing sugar, 0.895 mg/g fwt of total chlorophyll, 0.604 mg/g fwt
of chlorophyll a (chl.a), 0.291 mg/g fwt of chlorophyll b (chl.b) and
62.26µg/g fwt of carotenoid (Table 3). Rasool et al. (2010) [69]
confirmed the earlier report of Prunella vulgaris been consumed for
its taste and nutritional value as it good content of carbohydrate,
protein and fat. Moreover, there are polysaccharides which have
shown to be immunomodulatory (Jayabalan et al. 1994) [70].
The plant sample tested can be considered nutritional as it has good
amount of carbohydrate and protein. A considerable quantity of
vitamin has been detected in the fronds of Pteris biaurita. Vitamins
play an important role in many biochemical functions
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Table 1: Phytochemical compounds of P. biaurita
Phytochemical compounds
Flavonoids
Phenols
Tannins
Alkaloid
Cardiac glycosides
Saponins
Terpenes
Steroid
Cholesterol
Anthraquinone

Present/absent
+
+
+
+
+
+
+
+
-

+ = present, - = absent

Table 2: Percent yield of HW, MeOH and EtOH extract from P.biaurita
Sample (extract)
HW
MeOH
EtOH

Yield (%)
21.14 ±0.413
14.28±0.035
29.77± 0.321

HW = Hot water extract, MeOH = Methanol extract
EtOH = Ethanol extract, ± = SD

Table 3: Quantitative analysis of phytochemicals in P.biaurita
Chemicals
Flavonoids
Total phenol (mg/g dwt)
Ascorbate (mg/g dwt)
α -Tocopherol (mg/g dwt)
Total sugar (mg/g dwt)
Reducing sugar (mg/g dwt)
Total protein (mg/g fwt)
Total chl (mg/g fwt)
Chl a (mg/g fwt)
Chl b (mg/g fwt)
Carotenoid (g/g fwt)

Content
14.539± 0.00
10.399±0.052
1.620±0.002
0.94±0.003
125.00±0.011
37.09±0.038
110.51±0.015
0.90±0.035
0.60±0.070
0.29±0.037
62.26±0.001

Dwt= dry weight tissue, fwt=fresh weight tissue, chl=chlorophyll, ± = SD

We must obtain vitamins from foods/fruits, as it cannot be produced
in-vivo (Peter, 1990) [71]. Vitamin C has been reported to prevent
arteriosclerosis and, to protect against harmful reactive oxygen
species produced during normal metabolic processes [72].
Tocopherols (α, β, γ, and δ) are also involved in scavenging oxygen
free radicals, lipid peroxy radicals, and O2 [73]. Carotenoids are one
of the major non-enzymatic anti-oxidants that have a role in defense
against water stress by scavenging of singlet oxygen and
suppressing lipid peroxidation in all photosynthetic organisms [74].
Naik et al. (2005) [3] reported that the aqueous extract from the
different parts of the four medicinal plants, Momordica charantia,
Glycyrrhiza glabra, Acacia catechu and Terminalia chebula are the
rich sources of enzymatic and non-enzymatic antioxidants. The
amount of phenol and flavonoid obtained in the present study is in
accordance with the finding of Gracelin et al. (2013) [28].
Polyphenolic compounds like flavonoids and phenolic acids
commonly found in plants have been reported to contribute
significantly to the total antioxidant activity of plants [75].There are
reports of phenols having good anti-oxidative, anti-mutagenic and
anti-cancerous properties [76].
Determination of antioxidant potential of the extract was carried out
next. DPPH is a stable free radical containing an odd electron having
a characteristic absorption at 517nm (deep purple colour). The deep
purple colour usually gets decolorized when exposed to antioxidant
in the solution. Lower the absorption, higher is the radical

scavenging activity of the extract [77]. Results obtained from DPPH
radical scavenging activity showed dose-dependent inhibition. It
was observed that hot water extract showed significantly higher
DPPH inhibition activity compared to methanol and ethanol.
However, ascorbic acid which was used as positive control showed
highest inhibition at the same concentration. The IC50 values for HW,
MeOH, EtOH and ascorbic acid are 1.107, 1.84, 5.09 and 0.142
mg/ml respectively (Figure 1). Chai and Wong (2012) [78], reported
the concentration-dependent DPPH radical scavenging activities in
the aqueous extract of Selaginella willdenowii. Likewise, it was
reported that the aqueous extract of D. solida rhizome contained a
high phenolic compound and showed a strong DPPH scavenging
activity [79]. In the study conducted by Chang et al. (2007) [5] with
six folk medicinal ferns “Gusuibi”, they found that all the samples
irrespective of solvent showed scavenging activity in a
concentration dependent manner.
Phenolics (which can donate electrons to H2O2 thus reducing it to
water) present in the extract, may be responsible for the H2O2
scavenging ability of the sample [80,81]. The hydrogen peroxide
scavenging activity of EtOH extract was the least among the three
extract. MeOH extract showed higher hydrogen peroxide scavenging
activity than HW and EtOH extract, but the activity is lesser than
positive controls at the same concentration. IC 50 values of Vitamin C,
MeOH, HW and EtOH extract was found to be 71.749, 146.608,
152.351 and 398.759µg/ml respectively (Figure 2).
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Fig. 1: DPPH activity of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control.

Fig. 2: Hydrogen peroxide scavenging activity of HW, MeOH and EtOH extracts from Pteris biaurita.

Nitric oxide is a ROS which is associated with inflammation,
cancer and other pathological conditions [80,82]. Thus the
ability of the extracts to reduce/scavenge nitric oxide may be
considered advantageous for health as it can evade the ill effects
of excessive NO generation. In case of nitric oxide scavenging
activity, MeOH extract exhibited slightly higher activity than
EtOH extract with IC 50 values of 694.825µg/ml and
708.007µg/ml respectively. HW extract showed very less activity
with IC 50 value of 915.137µg/ml. However, the activity of
ascorbic acid was more prominent than the other three extracts
with IC 50 value of 329.246µg/ml. The percentages of inhibition
increased appreciably with increasing concentration of the
extracts (Figure 3). Banerjee et al. (2011) [83] reported the dose
dependent increase of NO scavenging activity in the ethanolic
extracts of Ixora coccinea. Methanolic extract in comparison to
petroleum ether and chloroform extract from leaves of Limonia
acidissima Linn. (Rutaceae) were reported to show higher NO
scavenging [84].
Superoxide anions are the most reactive free radicals produced
endogenously by flavo-enzymes like xanthine oxidase, which
converts hypoxanthine to uric acid. In the presence of
antioxidants, decrease in the absorbance at 560nm is observed

indicating that the superoxide anions are consumed in the
reaction mixture [85].Superoxide anions can be effectively
scavenged by flavonoids [86]. Percentage inhibition on
superoxide radical by MeOH, HW and EtOH extract was found to
increase in a dose dependent manner, showing IC50 value of
37.076, 39.885 and 41.656µg/ml respectively, when compared
to the IC 50 value 16.254µg/ml of ascorbic acid. Among the
extracts, MeOH showed better inhibition (Figure 4). Arya and
Yadav (2011) [87] reported that in case of C.occidentalis the
methanolic extract of seeds showed maximum superoxide
radical scavenging activity as compared to leaves and stem
extracts. Similarly, methanolic extract of Spondias pinnata stem
exhibited dose dependent increase in the superoxide radical
scavenging activities of the plant extract and the reference
compound [88]. In the reducing power assay, Fe 3+ is reduced to
Fe2+ in the presence of antioxidants. The electron donated by the
sample reduces Fe 3+ to Fe2+ complex (Perl’s Prussian blue) which
can be quantitatively measured at 700nm. The reductive
capabilities of the plant extract compared to ascorbic acid have
been shown in (Figure 5).The reducing ability of extracts was
found to be appreciable, which increased gradually with the rise
in concentration. Methanolic extract showed highest reducing
activity among the three extracts. Increased absorbance of the
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reaction indicated increased reducing power. Result for FRAP
were expressed as mg gallic acid equivalent (GAE)/ml extract.
Higher the FRAP value, higher is the reducing capability of the
tested plant sample, thus greater the antioxidant activity. Our
finding was in accordance with Karimi et al. (2012) [89] as they
have also obtained that the methanolic extract of the Citrus
aurantium showed higher reductive potential than the boiling
water and ethanolic extracts. Similar trend have been observed
by Yin et al. (2008) [90] where methanol extract had higher
reducing ability than water extract. Ebrahimzadeh et al. (2010)
[91], in their studies found that the reducing powers of all the
extracts increased with the increase in their concentrations.
From the above results it is clear that among the different
extracts, methanol extract could be considered as having higher
antioxidant activity than the others. Analysis on the correlations
between total phenol and the DPPH activity measured showed
good relation with R 2=0.918 value. However analysis on the total
phenol content and FRAP data revealed moderate correlation
(R 2=0.5). The correlation analysis between flavonoid content and

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 413-421

the antioxidant properties measured showed good correlation
between flavonoid with DPPH (R 2=0.993) and FRAP (R 2=0.866).
Oki et al. (2002) [92], Siriwardhana and Shahidi (2002) [93]
have reported strong positive correlation between total
polyphenol content and DPPH activity.
Flavonoid–type compounds are the most prevalent groups of
natural phenolics which are mainly responsible for the
antioxidant activity of the plants [94]. Excellent correlation of
flavonol class of phenolics with DPPH and NO (p≤0.01) was
reported by Ghosal and Mandal (2012) [95]. Good correlation
between flavonoid content and antioxidative properties may be
because of the higher amount of flavonoid content in the sample.
CONCLUSION
From the present study, it was observed that HW, MeOH and EtOH
extracts of Pteris biaurita L. exhibited appreciable antioxidant
activity. However, among the three extract methanolic extract was
seen to show better activity.

Fig. 3: Nitric oxide scavenging effect of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control.

Fig. 4: Scavenging effect on superoxide radical of hot water, methanol and ethanol extracts from Pteris biaurita in comparison to ascorbic
acid.
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Fig. 5: Reducing power of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control. Correlation
between Total phenol and flavonoid content with DPPH and FRAP activities

Phytochemical analysis showed wide array of secondary
metabolites. Good correlation was seen between flavonoids and
antioxidant activity .However, in- vivo assays are essential to
characterize them as biological antioxidants.
ACKNOWLEDGEMENT
Financial assistance received from University Grants Commission,
New Delhi, for carrying out this work is acknowledged.
REFERENCES
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Cox PA, Balick MJ. The ethnobotanical approach to drug
discovery. Sci Am 1994; 270(6): 82-87.
2.Wolfe K, Wu X, Liu RH. Antioxidant activity of apple peels. J
Agr Food Chem 2003; 51: 609 -614.
Naik GH, Priyadarsini KI, Mohan H. Free radical scavenging
reactions and phytochemical analysis of triphala, an ayurvedic
formulation. Curr Sci 2006; 90: 1100-1105.
Parshad R, Sanford KK, Price FM, Steele VE, Tarone RE, Kelloff
GJ et al. Protective action of plant polyphenols on radiationinduced chromatid breaks in cultured human cells. Anticancer
Res 1998; 18: 3263-3266.
5. Chang HC, Huang GJ, Agrawal DC, Kuo CL, Wu CR, Tsay HS.
Antioxidant activities and polyphenol contents of six folk medicinal
ferns used as “Gusuibu”. Bot Stud 2007; 48: 397- 406.
Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants in
disease and health. Int J Biomed Sci 2008; 4(2): 89-96.
Halliwell B, Gutteridge JMC. Free radicals in biology and
medicine. Oxford university press Oxford; 1999.
Finkel T, Holbrook NJ. Oxidants, oxidative stress and the
biology of ageing. Nature 2000; 408: 239-247.
Crates DP. Free radicals and aging. Ann Biol Clin 1990; 48: 323.
Shureiqi I, Reddy P, Brenner DE. Chemoprevention: general
perspective. CR Rev Oncol-Hem 2000; 33: 157-167.
Tsao AS, Kim ES, Hong WK. Chemoprevention of cancer. CACancer J Clin 2004; 54: 150-180.
Willcox JK, Ash SL, Catignani GL. Antioxidants and prevention
of chronic disease. CRC Cr Rev Food Sci 2004; 44: 275-295.
13. Srinivasan R, Chandrasekar MJN, Nanjan MJ, Suresh B.
Antioxidant activity of Caesalpinia
digyna root. J
Ethnopharmacol 2007; 113: 284-291.
Badami S, Gupta MK, Suresh B. Antioxidant activity of the
ethanolic extract of Striga orobanchioides. J Ethnopharmacol
2003; 85: 227-230.
May LW. The economic uses and associated folklore of ferns
and fern allies. Bot Rev 1978; 44: 491-528.
Wu CY, Zhou TY, Xiao PG. A compendium of new China herbal
medicine. Shanghai Science and Technology Press, Shanghai
1990; 3: 43.

17. Benjamin A, Manickam VS. Medicinal pteridophytes from the
Western Ghats. Indian J Trad Knowl 2007; 6: 611-618.
18. Chen K, Plumb GW, Bennett RN, Bao Y. Antioxidant activities of
extracts from five anti-viral medicinal plants. J Ethnopharmacol
2005; 96: 201-205.
19. Gogoi R, Das MK. Ethnobotanical studies of some ferns used by
the Garo Tribals of Meghalaya. Adv in Plant Sci 2002; 15: 403406.
20. Niranjan Reddy VL, Ravikanth V, Prabhakar Rao T, Diwan PV,
Venkateswarlu Y. A new triterpenoid from the fern Adiantum
lunulatum and evaluation of antibacterial activity. Phytochem
2001; 56: 173-175.
21. Singh LS, Singh PK, Singh EJ. Ethnobotanical uses of some
pteridophytic species in Manipur. Indian Fern J 2002; 18: 14-17.
22. Singh M, Singh N, Khare PB, Rawat AKS. Antimicrobial activity
of some important Adiantum species used traditionally in
indigenous system of medicine. J Ethnopharmacol 2008; 115:
327-329.
23. Upreti K, Jalal JS, Tewari LM, Joshi GC, Pangtey YPS, Tewari G.
Ethnomedicinal uses of pteridophytes of Kumaun Himalaya,
Uttarakhand, India. J Am Sci 2009; 5: 167-170.
24. Kumari P, Otaghvari AM, Govindapyari H, Bahuguna YM, Uniyal
PL. Some Ethno-medicinally important Pteridophytes of India.
Int J Med Aromathic Plants 2011; 1: 18-22.
25. Rout SD, Panda T, Mishra N. Ethnomedicinal studies on some
pteridophytes of similipal biosphere reserve, Orissa, India. Int J
Med Sci 2009; 1: 192-197.
26. De Britto AJ, Gracelin D, Kumar P. Phytochemical studies on
five medicinal ferns collected from Southern Western Ghats,
Tamilnadu. Asian Pac J Trop Biomed 2012; 2: S536-S538.
27. Dalli AK, Saha G, Chakraborty U. Characterization of
antimicrobial compounds from a common fern, Pteris biaurita.
Ind J Exp Biology 2007; 45: 285-290.
28. Gracelin DHS, De Britto AJ, Kumar PBJR. Qualitative and
quantitative analysis of phytochemicals in five Pteris species.
Int J Pharm Pharma Sci 2013; 5: 105-107.
29. Gayathri V, Asha VV, Subramoniam A. Preliminary studies on
the immunomodulatory and antioxidant properties of
Selaginella species. Ind J Pharmacol 2005; 37(6): 381-385.
30. Wang TC, Ti MC, Lo SC, Yang CC. Free radical-scavenging
activity of aqueous extract of Pteris multifida Poiret. Fitoterapia
2007; 78: 248-249.
31. Zhao Z, Jin J, Ruan J, Zhu C, Lin C, Fang W et al. Antioxidant
flavonoid glycosides from aerial parts of the fern Abacopteris
penangiana. J Nat Prod 2007; 70(10): 1683-1686.
32. Mimica-Dukic N, Simin N, Cvejic J, Jovin E, Orcic D, Bozin B.
Phenolic compounds in field horsetail (Equisetum arvense L.) as
natural antioxidants. Molecules 2008; 13: 1455-1464.

419

Chakraborty et al.

33. Zhou D, Ruan J, Cai Y, Xiong Z, Fu W, Wei A. Antioxidant and
hepatoprotective activity of ethanol extract of Arachniodes
exilis (Hance) Ching. J Ethnopharmacol 2010; 129: 232-237.
34. Četojević-Simin DD, Čanadanović-Brunet JM, Bogdanović GM,
Djilas SM, Ćetković GS, Tumbas VT et al. Antioxidative and
antiproliferative activities of different horsetail (Equisetum
arvense L.) extracts. J Med Food 2010; 13(2): 1-8.
35. Lai HY, Lim YY, Kim KH. Blechnum orientale Linn- a fern with
potential as antioxidant, anticancer and antibacterial agent.
BMC Complement Altern Med 2010; 10: 15.
36. 36. Okwori AEJ, Dina CO, Junaid S, Okeke IO, Adetunji JA,
Olabode AO. Antibacterial activities of Ageratum conyzoides
extracts on selected bacterial pathogens. Internet J Microbiol
2006; 4(1).
37. Coban T, Konuklugil B. Free Radical Scavenging Activity of
Linum arboretum. Pharm Biol 2005; 43(4): 370-372.
38. Lim YY, Quah EPL. Antioxidant properties of different cultivars
of Portulaca oleracea. Food Chem. 2007; 103: 734-740.
39. Ruch RJ, Cheng SJ, Klaunig JE. Prevention of cytotoxicity and
inhibition of intercellular communication by antioxidant
catechins isolated from Chinese green tea. Carcinogenesis
1989; 10: 1003-1008.
40. Jagetia GC, Rao SK, Baliga MS, Babu KS. The evaluation of nitric
oxide scavenging activity of certain herbal formulations in
vitro: a preliminary study. Phytother Res 2004; 18 :561-565.
41. Packer L, Ong ASH. Biological oxidants and antioxidants:
molecular mechanisms and health effects. AOCS Press; 1998.
42. Nishikimi M, Appaji Rao N, Yagi K. The occurrence of
superoxide anion in the reaction of reduced phenazine
methosulfate and molecular oxygen. Biochem Bioph Res Co
1972; 46: 849-853.
43. Oyaizu M. Studies on products of browning reaction-antioxidative activities of products of browning reaction
prepared from glucosamine. Jpn J Nutr 1986; 44: 304-314.
44. Trease G,Evans W. Pharmacology 11th Edn. London: Bailliere
Tindall Ltd; 1978.
45. Harborne J. Phytochemical methods. London,Chapman and Hall
Ltd; 1973.p.49-88.
46. Martinez A, Valencia G. Manual de practicas de Farmacognosia
y Fitoquimia: 1999.1. Medellin: Universidad de Antiquia;
Marcha fotiquimica; 2003.p.59-65.
47. Odebiyi OO, Sofowora EA. Phytochemical screening of Nigerian
medicinal plants II. Lloydia 1978; 41: 234-246.
48. Sofowora A. Medicinal plants and traditional medicine in
Africa. John Wiley and sons Ltd; 1982.p.142-146.
49. Onwukaeme DN, Ikuegbvweha TB, Asonye CC. Evaluation of
phytochemical constituents, antibacterial activities and effect
of exudate of Pycanthus Angolensis Weld Warb (Myristicaceae)
on corneal ulcers in rabbits. Trop J Pharma Res 2007; 6(2):
725-730.
50. Brain KR, Turner TD. The practical evaluation of
phytopharmaceuticals. Wright-scientechnica Bristol; 1975.
51. Pharmacopoeia I. Government of India, ministry of health and
family welfare. Published by Controller of Publication Delhi;
1996.
52. Khandelwal KR. Practical pharmacognosy. Pragati Books; 2008.
53. Gokhale MSB, Kokate CK. Practical pharmacognosy. Pragati
Books Pvt. Ltd.; 2008.
54. Sultana B, Anwar F, Ashraf M. Effect of extraction
solvent/technique on the antioxidant activity of selected
medicinal plant extracts. Molecules 2009; 14 :2167-2180.
55. Mahadevan A, Sridhar R. Methods in physiological plant
pathology. Sivakami publications Madras; 1982.
56. Bray HG, Thorpe WV. Analysis of phenolic compounds of
interest in metabolism. Methods Biochem Anal 1954; 1: 27-52.
57. Chakraborty BN, Basu P, Das R, Saha A, Chakraborty U.
Detection of cross reactive antigens between Pestalotiopsis
theae and tea leaves and their cellular location. Ann Appl Biol
1995; 127: 11-21.
58. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem 1951;
193: 265-275.
59. Harborne JB. Phytochemical methods A Guide to modern
techniques of plant analysis. Springer; 1998.

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 413-421

60. Plummer DT. Introduction to practical biochemistry. Tata
McGraw-Hill Education; 1978.
61. Arnon DI. Copper enzymes in isolated chloroplasts.
Polyphenoloxidase in Beta vulgaris. Plant Physiol 1949; 24: 1-15.
62. Mukherjee SP, Choudhuri MA. Implication of water stressinduced in the levels of endogenous ascorbic acid and
hydrogen peroxide in Vigna seedlings. Plant Physiol 1983; 58:
166-170.
63. Lichtenthaler HK. Chlorophylls and carotenoids: Pigments of
photosynthetic biomembranes. Methods Enzymol 1987; 148:
350-382.
64. Jayaraman J. Laboratory Manual in Biochemistry Fifth Reprint,
New Age International Ltd. Publishers, New Delhi; 1996.
65. Jayanthi P, Lalitha P, Shubashini KS. Phytochemical
investigation of the extracts of Eichhornia crassipes and its
solvent fractionates. J Pharm Res 2011; 4: 1405-1406.
66. Misra TK, Saha A. Soil sampling in tea plantation for fertility
evaluation: A guideline. Assam Rev Tea News 2009; 97: 12-15.
67. Wani BA, Ramamoorthy D, Ganai BA. Preliminary
phytochemical screening and evaluation
68. of analgesic activity of methanolic extract of roots of Gentiana
kurroo Royle in experimental animal models. Int J Pharm
Pharma Sci 2011; 3: 164-166.
69. Kumudhavalli M, Jaykar B. Pharmacological Screening on
Leaves of the Plant of Hemionitis Arifolia (Burm).T.Moore. Res J
Pharma, Bio Chem Sci 2012; 3(2): 79-83.
70. Rasool R, Ganai BA, Akbar S, Kamili AN, Masood A. Phytochemical
screening of Prunella vulgaris L.- An important medicinal plant of
Kashmir. Pak J Pharm Sci 2010; 23(4): 399- 402.
71. Jayabalan M, Rajarathinam K,Veerasamy S. Bioinduction of
rubber formation in Parthenium argentatum. Phytomorphol
1994; 44: 43-54.
72. Peter AM. Structure and function of the water soluble vitamins.
Reader in biochemistry Royal in Veterinary College, University
of London; 1990.p.547.
73. Addo AA. Seasonal availability of dietary ascorbic acid and
incidence of scurvy in northern state of Nigeria. PhD thesis,
Department of Biochemistry, ABU Zaria; 2004.
74. Diplock AT, Machlin LJ, Packer L, Pryor WA. Vitamin E:
Biochemistry and health implications. New York Academy of
Sciences New York; 1989.
75. 74. Gill SS, Tuteja N. Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants. Plant
Physiol Biochem 2010; 48(12): 909-930.
76. Luo XD, Basile MJ, Kennelly EJ. Polyphenolic antioxidants from
the fruits of Chrysophyllum cainito L. (Star apple). J Agric Food
Chem 2002; 50(6): 1379-1382.
77. Ahmad N, Mukhtar H. Green tea polyphenols and cancer:
biological mechanisms and practical implications. Nutr Rev
1999; 57(3): 78-83.
78. Amarowicz R, Pegg RB, Rahimi-Moghaddam P, Barl B, Weil JA.
Free-radical scavenging capacity and antioxidant activity of
selected plant species from the Canadian prairies. Food Chem
2004; 84(4): 551-562.
79. Chai TT, Wong FC. Antioxidant properties of aqueous extracts
of Selaginella willdenowii. J Med Plant Res 2012; 6: 1289-1296.
80. Chen YH, Chang FR, Lin YJ, Hsieh PW, Wu MJ, Wu YC.
Identification of antioxidants from rhizome of Davallia solida.
Food Chem 2008; 107: 684-691.
81. 80. Nabavi S, Ebrahimzadeh M, Nabavi S, Jafari M. Free radical
scavenging activity and antioxidant capacity of Eryngium
caucasicum Trautv and Froripia subpinnata. Pharmacol online
2008; 3: 19-25.
82. Ebrahimzadeh MA, Nabavi SF, Nabavi SM. Antioxidant activities
of methanol extract of Sambucus ebulus L. flower. Pak J Biol Sci
2009d; 12(5): 447-450.
83. Nabavi SM, Ebrahimzadeh MA, Nabavi SF, Hamidinia A,
Bekhradnia AR. Determination of antioxidant activity, phenol
and flavonoids content of Parrotia persica Mey. Pharmacol
online 2008; 2: 560-567.
84. Banerjee S, Chanda A, Ghoshal A, Debnath R, Chakraborty S,
Saha R et al. Nitric Oxide Scavenging Activity Study of Ethanolic
Extracts of from Two Different Areas of Kolkata. Asian J Exp
Biol Sci 2011; 2: 595-599.

420

Chakraborty et al.

85. Attarde DL, Chaudhari B, Bhambar RS. Phytochemical
investigation and in vitro antioxidant activity of extracts from
leaves of Limonia acidissima Linn.(Rutaceae). J Pharm Res
2011; 4: 766-768.
86. Bora K, Sharma A. In Vitro Antioxidant and Free Radical
Scavenging Potential of Medicago sativa Linn. J Pharma Res
2010; 3: 1206-1210.
87. Robak J, Gryglewski RJ. Flavonoids are scavengers of
superoxide anions. Biochem Pharmacol 1988; 37: 837-841.
88. Arya V, Yadav JP. Antioxidant properties of the methanol
extracts of the leaves, seeds and stem of Cassia occidentalis. Res
J of Med Plant 2011; 5: 547-556.
89. Hazra B, Biswas S, Mandal N. Antioxidant and free radical
scavenging activity of Spondias pinnata. BMC Complement
Altern Med 2008; 8: 63.
90. Karimi E, Oskoueian E, Hendra R, Oskoueian A, Jaafar HZE.
Phenolic compounds characterization and biological activities
of Citrus aurantium Bloom. Molecules 2012; 17: 1203-1218.
91. Yin J, Heo SI, Wang MH. Antioxidant and antidiabetic activities
of extracts from Cirsium japonicum roots. Nutr Res Pract 2008;
2: 247-251.

Int J Pharm Pharm Sci, Vol 6, Suppl 2, 413-421

92. Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Bahramian F,
Bekhradnia AR. Antioxidant and free radical scavenging
activity of H. officinalis L. var. angustifolius, V. odorata, B.
hyrcana and C. speciosum. Pak J Pharm Sci 2010; 23: 29-34.
93. Oki T, Masuda M, Furuta S, Nishiba Y, Terahara N, Suda I.
Involvement of anthocyanins and other phenolic compounds in
radical scavenging activity of purple-fleshed sweet potato
cultivars. J Food Sci 2002; 67: 1752-1756.
94. Siriwardhana SSKW, Shahidi F. Antiradical activity of extracts
of almond and its by-products. J Am Oil Chem Soc 2002; 79:
903-908.
95. Cakir A, Mavi A, Yıldırım A, Duru ME, Harmandar M, Kazaz C.
Isolation and characterization of antioxidant phenolic
compounds from the aerial parts of Hypericum hyssopifolium L.
by activity-guided fractionation. J Ethnopharmacol 2003;
87(1): 73-83.
96. Ghosal M, Mandal P. Phytochemical screening and
antioxidant activities of two selected ‘BIHI’ Fruits used as
vegetables in Darjeeling Himalaya. Int J Pharm Pharma Sci
2012; 4: 567-574.

421

Available online at http://www.urpjournals.com

International Journal of Pharmacy and Pharmaceutical Science Research
Universal Research Publications. All rights reserved

ISSN: 2249-0337
Original Article
Comparative assessment of phytochemicals and HPLC analyses of phenolics
present in Dicranopteris linearis (N. Burm.) Underw and Pteris vittata L.
Nishika Jaishee1, Usha Chakraborty1*
Plant Biochemistry Laboratory, Department of Botany, University of North Bengal, Siliguri 734013.India.*E-mail:
ucnbu2012@gmail.com, Tel: +91-9002002096

1

Received 17 January 2015; accepted 31 January 2015
Abstract
Pteridophytes are the earliest land plants and are considered to be the second largest group of land plants. They have been
known to man for more than 2000 years for their medicinal values. Yet, they form the neglected group of plants though
they possess both economic and medicinal values. Thus, the present study was undertaken to screen and quantify the
phytochemicals present in Dicranopteris linearis and Pteris vittata, as detailed studies representing the lucid phytochemical
profile of these plants are sparse. Along with it, HPLC analysis of phenolics was also performed. Phytochemical analysis
showed the presence of various bioactive compounds. Quantitatively, the phenol, flavonoid, total sugar, protein, vitamin C
and carotenoid were found to be higher in Dicranopteris linearis than in Pteris vittata. On the other hand, tannin, total
chlorophyll, chlorophyll a & b, reducing sugar and α-tocopherol was found to be higher in P. vittata than in D. linearis.
Predominantly occurring phenolics identified by HPLC analysis in both the samples were catechin, caffeic, ferulic, salicylic
and vanillic acid. The beneficial role of the bioactive compounds in human health is well documented. Thus, their presence in
Dicranopteris linearis and Pteris vittata makes them medicinally and nutritionally beneficial to human kind.
© 2015 Universal Research Publications. All rights reserved
Keywords: Phytochemical analysis, Dicranopteris linearis, Pteris vittata, phenol, flavonoid, vitamins, carotenoids.
1. Introduction
Since time immemorial, plants have been used to cure
various health disorders and infections and the use of
traditional medicine is supported widely by the World
Health Organization, provided they are safe and effective[1].
Till date, in many developing countries, people mainly
rely on the locally available plant material to treat
various diseases[2,3]. Plants possess various bioactive
compounds/phytochemicals (such as alkaloids, tannin,
flavonoid and phenolic compounds) making them an
important resource to combat various dreadful diseases in
the world which can be obtained from any part of the
plant i.e, bark, leaves, flowers, seeds etc[4]. The naturally
occurring
phytochemicals
offer
promising
safe
alternatives. Hence, currently there is a rapid increase in
exploring plant sources for phytochemicals that are
medicinally and nutritionally beneficial to humans from
both crude extracts and dry powder samples.
Dicranopteris
linearis
(N.
Burm.)
Underw.
(Gleicheniaceae) commonly known as “Old forked fern” is
widely used in Indian traditional medicinal system to treat
various health problems. Fronds are used to treat asthma
and remove sterility in women, used as an antihelmintic,
antibacterial agent and laxative[5]. Children suffering from
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convulsion are treated with the whole plant extract
followed by cold bath to reduce high body temperature [6].
The tender leaves of the plants are used as vegetable by the
Adi tribes of Arunachal Pradesh [7]. In other part of the
world, the plant is used to get rid of intestinal worms
(Indochina), to treat boils, ulcers and wounds (New
Guinea), to reduce body temperature and to control fever
(Malaysia)[8]. Scientifically, the leaf extracts of D. linearis
have been reported to possess various pharmacognostical
properties[9-12]. Phytochemical study has revealed the
presence of various types of flavonoids, particularly of
flavonol 3-O- glycosides types, and triterpenes, saponins
and high content of steroids in the leaves of D.
linearis[13,11].
Pteris vittata L. (Pteridaceae) commonly known as
“Chinese brake fern” is ethno-medicinally used as
demulcent, hypotensive, tonic antiviral and antibacterial
which has been scientifically explored and reported [14-16].
The whole plant is considered to be poisonous and is
believed to keep enemies away while planted on village
borders[17]. P. vittata is reported to have antitumor activity,
platelet aggregation, anti-inflammatory action and
hypoglycaemic activity[18,19]. Flavonoid rutin has been
isolated from P. vittata and is reported to show
antimicrobial activity against pathogenic gastrointestinal
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microflora. Along with flavonoid, tannins, resins,
glycosides and terpenoids has also been detected [16].
Though, these plants are explored profoundly for their
bioactivity, but according to our knowledge, studies
representing the lucid phytochemical profile of these plants
are sparse. Hence, the goal of our study was to
qualitatively and quantitatively assess the phytochemicals
from the fronds of Dicranopteris linearis and Pteris
vittata.
1. Materials and Methods
1.1. Chemicals and reagents
All the chemicals used including the solvents and acids, for
the present investigation were of analytical grade obtained
from Merck (Germany), Sigma –Aldrich (St. Louis, MO,
USA), Himedia and SDFCL Pvt. Ltd, Mumbai, India. UVspectra
analysis
was
done
using
UV-VIS
spectrophotometer (Model 118 systronics). HPLC analysis
was done using High Performance Liquid Chromatograph
(Shimadzu) equipped with HPLC pumps (model LC
10ATVP), UV-Vis detector (model SPD-10AVP) and C18
column.
1.2. Sample collection
The fresh and mature fronds of Dicranopteris linearis and
Pteris vittata was collected in a polythene bags and brought
to laboratory for further processing. Plants were identified
and voucher specimen has been deposited in the North
Bengal University Herbarium, Department of Botany,
University of North Bengal, India.
1.3. Preparation of samples
The collected plant samples were initially washed with tap
water followed by double distilled water and dried under
shade for 7 days. The dry samples were ground using
grinder (Jaipan, Super Deluxe, India) to obtain fine powder
and stored in plastic bottle at 40 C till further use.
1.4. Qualitative screening of phytochemicals
The small fraction of dried powder was analyzed for the
detection of phytochemicals using various standard
methods as followed:
1.4.1. Test for phenols
200mg of crude powdered plant sample was dissolved in
10ml double distilled water, mixed in magnetic stirrer for
10 minutes and then filtered using Whatman filter paper
number 1. To 1ml of filtrate equal volume of 1% FeCl 3 was
added. Appearance of blue or green color indicates
phenols[20].
2.4.2. Test for flavonoids
The powdered sample (2gm) was mixed thoroughly with
10ml of acetone and was evaporated keeping the flask in a
hot water bath for 5 minutes. It was then extracted using
10ml of warm double distilled water. The solution was
mixed properly and then filtered while hot. The filtrate was
allowed to cool at room temperature. To 5ml of the filtrate
equal volume of 20% NaOH was added and appearance of
yellow solution indicated the presence of flavonoid[21].
2.4.3. Test for alkaloids
2ml of the methanolic filtrate was mixed with 2ml of 1%
HCl and kept over steam for 5mins. 6-7drops of
Mayer’s/Wagner’s reagent was added to 1ml of the filtrate.
Creamish/Brown/Red/Orange precipitate was observed for
the presence of alkaloid[22].
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2.4.4. Test for tannins
200mg of the crude plant powder was mixed with double
distilled water (10ml) for 10 minutes and then filtered. To
2ml of the filtrate, 1ml of 5% FeCl3 was added. Formation
of yellow brown precipitate indicates the presence of
tannins[23].
2.4.5. Test for saponins
The aqueous filtrate (0.5ml) was mixed with 5ml double
distilled water and shaken vigorously for about 30 seconds.
Formation and persistence of froth indicates the presence of
saponins[22].
2.4.6. Test for terpenoid
2ml of methanolic filtrate was mixed with 5ml of
chloroform, 2ml acetic anhydride followed by 1ml of
concentrated H2SO4 which was added carefully along the
wall of the test tube. Reddish brown coloration at the
interface indicates the presence of terpenoid[24].
2.4.7. Test for cardiac glycosides
The test solution (2ml methanolic filtrate) was mixed with
1ml glacial acetic acid and 3-4 drops of 5% FeCl3. To it,
1ml of concentrated H2SO4 was added carefully.
Appearance of brown ring at the interface indicates
presence of cardiac glycosides. A violet colour of may also
appear below the brown ring[22].
2.4.8. Test for Steroid
The test solution (5ml) of methanol extract was treated with
0.5ml of anhydrous CH3COOH and was cooled for
15minutes on an ice bath. To the solution, 0.5ml of
chloroform and 1ml of concentrated H2SO4 was added.
Reddish-brown ring at the junction of two liquid phase
indicates the presence of steroid[25].
2.4.9. Test for Cholesterol
2ml of ethanolic extract, 2ml of chloroform and 10-12
drops of acetic acid anhydride was added and mixed
vigorously. To it, 2 drops of concentrated H 2SO4 was added
carefully. Change of reddish-brown coloration to bluegreen on addition of H2SO4 indicates the presence of
cholesterol[25].
2.4.10. Test for Anthraquinone
0.5g of powdered sample was mixed with 5ml of
chloroform and shaken for 5 minutes. The mixture was
filtered and the filtrate (3ml) was shaken with equal volume
of 10% ammonia solution. Pink/red/violet color in the
aqueous layer after shaking indicates the presence of free
anthraquinone[21].
2.5. Quantitative estimation of phytochemicals
2.5.1. Total phenol determination
Extraction and estimation method given by Mahadevan and
Sridhar (1982)[26] and Bray & Thorpe (1954)[27]
respectively was followed for total phenolic content.The
absorbance was recorded at 650nm in a digital colorimeter
systronics 112 against appropriate blank solution. The
concentration of total phenols was expressed as mg Ferulic
acid (FAE) equivalents/ g dry weight sample (dw), using
the standard curve of ferulic acid.
2.5.2. Total flavonoid content
Extraction procedure of Mahadevan and Sridhar (1982)[26]
and estimation method of Sultana et al. (2009)[28] was
followed for total flavonoid content. Briefly, 1g of dried
powdered sample was immersed in boiling methanol
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(10ml) for 5-10 minutes. The solution was filtered using
Whatman filter paper number 1 and residues was reextracted with methanol making the final volume to 10ml.
For estimation, 1ml of extract was mixed with 4ml of
distilled water and 300μl of NaNO2 (5%). After incubation
for 5 minutes at room temperature 300μl of 10%
AlCl3.6H2O was added. At 6th min 2ml of 1M NaOH,
followed by 2.4ml of distilled water was added and mixed
well. The absorbance of the mixture (pink colour) was read
at 510 nm in UV-VIS spectrophotometer (Model 118
systronics) against a proper blank. The total flavonoid
content of the test samples was expressed as mg Catechin
(+) equivalents (CE)/ g dry weight sample using the
standard curve of Catechin(+). The entire procedure was
performed in a dark condition.
2.5.3. Estimation of tannin content
Extraction of tannin was performed by dissolving 1g of
powdered sample in 50ml of methanol which was mixed
occasionally by swirling. After 20-28 hour, the mixture was
centrifuged and supernatant collected for further analysis.
For estimation, 1ml of supernatant was taken in a test-tube,
to which 5ml of vanillin hydrochloride reagent (8%
hydrochloric acid in methanol and 4% vanillin in methanol
mixed in equal volumes, just before use) was added quickly
and mixed thoroughly in dark chamber. The absorbance
was read in UV-VIS spectrophotometer 118 Systronics at
500nm after 20 minutes of incubation. Blank solution was
prepared with vanillin hydrochloride reagent alone.
Catechin (+) standard of concentrations (20-100µg/ml) was
used to prepare the calibration curve. The tannin content
was expressed as mg Catechin (+) equivalent (CE)/ g dry
weight sample[29].
2.5.4. Estimation of total protein content
Soluble protein was extracted using the standard protocol
given by Chakraborty et al. (1995)[30] and estimation of
protein content in the extract was done according to Lowry
et al. (1951)[31].The total protein was quantified using a
standard curve of Bovine serum albumin and expressed as
mg Bovine serum albumin equivalent (BSAE)/ g dry
weight sample.
2.5.5. Total and reducing sugar estimation
The method described by Harborne (1998) [32] with slight
modifications was used for total and reducing sugar
extraction. Total sugar and reducing sugar estimation was
done according to the method explained by Plummer
(1978)[33]. The sugar contents was calculated from a
glucose standard curve and expressed as mg glucose
equivalent (GE)/g dry weight sample.
2.5.6. Chlorophyll content
Chlorophyll was extracted and estimated according to the
procedure given by Harborne (1998)[32] and Arnon
(1949)[34] respectively. The total chlorophyll, chlorophyll a
and b content were expressed as mg/g dry weight sample.
2.5.7. Carotenoids
Carotenoids extraction and estimation was done according
to the procedure of Lichtenthaler (1987) [35]. The absorbance
of the filtrate was noted at 480nm, 645nm and 663nm and
contents was calculated using standard formula.
2.5.8. Ascorbate (Vitamin C) content
Estimation of Vitamin C was done using the standard
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method of Mukherjee & Choudhuri, (1983)[36]. It was
quantified from the standard curve of ascorbic acid and
expressed as mg ascorbic acid equivalent (AAE)/g dry
weight sample.
2.5.9. ɑ-Tocopherol (Vitamin E) content
Vitamin E (ɑ-Tocopherol) was estimated following the
slightly modified method of Jayaraman (1996) [37].
Quantification was done using a standard curve of ɑtocopherol and expressed as mg tocopherol equivalent
(TE)/g dry weight sample.
2.6. HPLC analysis of phenolics
HPLC analysis of total phenols was done following the
method described by Pari et al. (2007)[38]. The flow rate of
1mL/min and injection volume of 20 μL was applied. The
analysis of phenolic compounds were carried out using
binary gradient of acetonitrile–water–acetic acid (5:93:2,
v/v/v) [solvent A] and acetonitrile–water–acetic acid
(40:58:2, v/v/v) [solvent B], starting with solvent B from 0
to 100% over a period of 50 mins. The separation of
compounds was monitored at 280 nm. Caffeic acid,
caffeine, catechin, catechol, chlorogenic acid, cinnamic
acid, 3,4-dihydroxybenzoic acid, ferulic acid, gallic acid,
phloroglucinol, pyrogallol, resorcinol, salicylic acid and
vanillic acid were used as standards for identification and
quantification.
2.7. Statistical analysis
All analyses were carried out in triplicate and data are
expressed as mean ± standard deviation (SD), calculated
using MS-Excel spreadsheet. Student’s t-test of
significance of the amount of various metabolites produced
between the plants studied was evaluated using SPSS
software package version 21.0.
3. Results
3.1. Qualitative analysis of selected plant species
Ferns have been explored intensively in recent years and
are considered as a rich source of natural products with
therapeutic potential. The result of the preliminary
phytochemical screening carried on the dried plant samples
of Dicranopteris linearis and Pteris vittata revealed the
presence of flavonoids, phenols, tannins, cardiac
glycosides, saponins and terpenoid which supports the
reason for its wide range of biological activities. However,
steroids, cholesterol, anthraquinone and alkaloid were not
detected in both the samples (Table 1).
Table 1: Qualitative analysis of phytochemicals in the
sample
Dicranopteris
Pteris vittata
linearis
Flavonoids
+
+
Phenols
+
+
Tannins
+
+
Cardiac glycosides
+
+
Saponins
+
+
Terpenoid
+
+
Steroid
Cholesterol
Anthraquinone
Alkaloid
‘+’ = detected, ‘-’= not detected. All the data are the mean of
three replicates.
Phytochemical
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Table 2: Quantitative analysis of the bioactive compounds present in the sample
Bioactive compounds
Dicranopteris linearis
Pteris vittata
Phenol (mgFAE/gdw)
10.399±1.427c
10.017±1.156c
Flavonoid (mgCE/gdw)
14.716±0.106b
13.244±0.446b
Tannin (mgCE/gdw)
6.439±0.372b
9.454±0.414b
Total sugar (mgGE/gdw)
56.171±2.854a
51.126±2.791a
Reducing sugar (mgGE/gdw)
29.203±1.466b
47.186±2.539b
Total protein (mgBSAE/gdw)
30.539±0.464b
16.631±0.927b
Total chlorophyll (mg/gdw)
0.413±0.003b
0.824±0.003b
b
Chlorophyll a (mg/gdw)
0.312±0.004
0.526±0.004b
b
Chlorophyll b (mg/gdw)
0.101±0.006
0.298±0.001b
Carotenoid (mg/gdw)
0.059±0.001b
0.035±0.004b
α-Tocopherol (mgTE/gdw)
0.485±0.002b
1.701±0.002b
b
Vitamin C (mgAAE/gdw)
10.119±0.061
0.839±0.002b
Values are expressed as mg/g dry weight and are the mean±SD (n=3). Values indicate difference between the 2 samples significant at
P<0.05 ( a) P<0.01 (b) and not significant (c) for each bioactive compound, determined using the Student’s t-test.

Table 3: Quantification of some phenolic compounds present in Dicranopteris linearis and Pteris vittata by HPLC
expressed as (µg/g tissue).
Dicranopteris linearis
Compounds
Pteris vittata
Caffeic acid
Caffeine
Catechin
Catechol
Chlorogenic acid
Cinnamic acid
3,4-dihydroxybenzoic acid
Ferulic acid
Gallic acid
Phloroglucinol
Pyrogallol
Resorcinol
Salicylic acid
Vanillic acid

22.17
186.35
70.261
120.237
46.705
832.968
36.379

26.979
36.084
97.937
32.261
190.603
624.00
176.153
431.047
13.772

“-” Not detected

3.2. Quantitative analysis of the plant samples
The production of flavonoid, total protein content,
carotenoid and vitamin C were found to be significantly
higher (P<0.01) in D. linearis than in P. vittata. It was also
revealed from our analysis that D. linearis produced a
higher amount of total sugar than P. vittata (P<0.05).
However, production of tannin, reducing sugar, total
chlorophyll, chlorophyll a, chlorophyll b and vitamin E was
found to be significantly higher (P < 0.01) in P. vittata than
in D. linearis. The difference in production of phenol in
both the samples was found to be statistically insignificant
at both the levels (P < 0.05, P < 0.01) (Table 2).
3.3. HPLC analysis of phenolic compounds
The HPLC chromatogram reveals the presence of caffeic
acid, catechin, ferulic acid, salicylic acid and vanillic acid
in both the samples. Along with it, cinnamic acid and 3,4dihydroxybenzoic acid was identified in D. linearis while
caffeine, chlorogenic acid, phloroglucinol and pyrogallol
were identified in P. vittata (Figure1). The phenolics
analysed using HPLC was compared and quantified using
standard phenols which is expressed as µg/g tissue (Table
3). D. linearis has higher amount of catechin, salicyclic
acid and vanillic acid than P. vittata, while, the content of
caffeic acid and ferulic acid was higher in P. vittata.
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Concentration of phloroglucinol was highest in comparison
to the other phenolics in P. vittata.
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4. Discussion
The bioactive chemicals universally present in the plants
can be classified as primary metabolites which includes
(proteins, amino acids, sugars, purines and pyrimidines of
nucleic acids, chlorophyll etc) and secondary metabolites
such as (carotenoids, ascorbic acid, tocopherols, alkaloids,
flavonoid, terpenoids, phenolics etc)[39,40]. These
phytochemicals exhibit diverse pharmacological activities.
Likewise, the phytochemicals of ferns have been widely
used as antioxidant, antibacterial and anti-inflammatory
agents [41]. Our results with regard to phytochemical
analysis of the dried powdered sample of Dicranopteris
linearis was in accordance to the findings of other authors
where they could detect steroid as well[42-44]. Similar
finding for phytochemical analysis of Pteris vittata was
reported by Gracelin et al. (2013)[45]. However, there were
certain differences in the result of qualitative analysis for
both the samples. It can be due to the age of the plant,
percentage humidity of the harvested material, time and
situation of harvest, extraction procedures and the amount
of the samples used[46].
Presence of various bioactive components in these plants
signifies that they can be beneficial for humankind[47].
These biologically active compounds are known to act by
different mechanism and to exhibit various properties.
Terpenoids and tannins are reported for their analgesic
and anti-inflammatory activities. Apart from this, tannins
possess various other therapeutic properties like antiviral,
antibacterial, antiparasite, anticarcinogenic, antimutagenic
etc. Selective inhibition of HIV replication by tannins was
reported earlier. Tannins containing drugs are used as an
astringent, healing agents and diuretic[48-51]. Likewise,
various biological activities of saponins have been well
documented[52].
In our study, good amount of phenol, flavonoid and tannin
was quantified in both the plant samples. Phenolics
contribute extensively to the medicinal properties like
vasodilators, antioxidant, anti-mutagenic and anticancerous
while flavonoids functions primarily as antioxidants and
are well known as cardio-protective and anti-cancerous
agents [53-55]. Amount of flavonoid in both the ferns was
found to be higher than total phenols. Similar trend in the
quantification was obtained by other authors[45,56]. It may be
due to the difference in the physiological and
developmental stages of plants. Exposure of plants to harsh
abiotic conditions during developmental stage may
stimulate the biosynthesis of secondary metabolites and
may also change the distribution of secondary metabolites
in plants [57]. Similar explanation regarding the relationship
between phenol content with various intrinsic and extrinsic
factors was given by Fratianni, 2007[58].
Presence of high quantity of sugar and protein in the plants
may contribute to its nutritional value. Further, isolation
identification and characterization of various types of
carbohydrates and proteins from these ferns may find its
application in nutra-ceuticals. Moreover, carbohydrates
being one of the abundant biomolecules are essential
elements of glycosylated natural products which have been
commonly used as antimicrobial and anti-cancer drugs. For
example, aminoglycosides like streptomycin, iminosugars
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like nojirimycin etc[59,60]. Photosynthetic pigments like
chlorophylls and carotenoids are other biologically
important constituents besides polyphenolics and have been
reported to exhibit anti-carcinogenic, anti-oxidative,
antihypertensive, antimicrobial and anti-mutagenic
activities[61,62]. Considerable amount of pigments in these
ferns adds to their overall medicinal property. In addition to
it, sufficient amount of vitamins was also quantified in
these ferns. Vitamins, though required in a very small
quantity play an important role in variety of biochemical
functions. They work in body with carbohydrates, proteins
and fats to supply energy. They cannot be produced in vivo
so need to be supplied with diet[63]. α-Tocopherol and
vitamin C acts as a potent anti-oxidants[64,65]. Compounds
like rutin and quercetin were identified earlier in D.
linearis[11,66] while antimicrobial rutin was identified from
P. vittata[16]. In our study, the most predominantly
occurring phenolics in the samples were caffeic acid,
catechin, ferulic acid, salicylic acid and vanillic acid. The
role of phenolics to combat various stresses are well
documented [67,68]. Thus, the presence of
sufficient
phenolics in these ferns would enable them to defend
themselves against various abiotic and biotic stresses
commonly occurring in nature.
5. Conclusion
Considering the presence of various important bioactive
ingredients and their role in human health, Dicranopteris
linearis and Pteris vittata may be regarded as an important
source of complementary alternative medicines. Both
primary and secondary metabolites synergistically
functions to enhance/contribute the medicinal property of
the plant.
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