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ABSTRACT

The present study was aimed to screen and quantify the phytochemicals by qualitative and quantitative
analysis in methanol and aqueous leaf and stem extracts of Marsilea quadrifolia (L.). In qualitative analysis, the
phytochemical compounds such as tannins, saponins, flavonoids, steroids, terpenoids, triterpenoids, alkaloids,
carbohydrates, proteins, anthroquinones, phenolic compounds and phytosterol were screened. Among these
phytocompounds tannins, saponins, flavonoids, steroids, alkaloids, carbohydrates, proteins and phenolic
compounds were observed in methanol and aqueous leaf and stem extracts of M. quadrifolia. Anthroquinones
were absent in both leaf and stem extracts of M. quadrifolia. The content of phenolic compounds 8.34+0.92
mg/g and 7.3140.46 mg/g, flavonoids 7.46+0.64 mg/g and 6.45+0.68 mg/g, alkaloids 6.12+0.51 mg/g and
5.89+0.61 mg/g, tannins 6.58+0.72 mg/g and 6.07+0.56 mg/g and saponins 5.32+0.48 mg/g and 6.30+0.58
mg/g were determined in leaf and stem of M. quadrifolia, respectively. So, the present study confirmed that the
presence of phytocompounds in leaf and stem of M. quadrifolia.

INTRODUCTION

India has one of the oldest, richest and most diverse cultural traditions associated
with the use of medicinal plants. Medicinal plants are the richest bioresource of drugs of
traditional systems of medicine, modern medicines, nutraceuticals, food supplements,
folk medicines, pharmaceutical intermediates and chemical entities for synthetic drugs
[1]. Traditional knowledge is the base of modified systems of medicine and exists in
the forms of Ayurveda, Unani, Siddha and Swa-riga (Tibetan) systems of medicine [2].
Medicinal plants contain some organic compounds which provide definite physiological
action on the human body and these bioactive substances are including tannins,
alkaloids, carbohydrates, terpenoids, steroids and flavonoids [3]. These compounds
are synthesized by primary or secondary metabolism of living organisms. Secondary
metabolites are chemically and taxonomically extremely diverse compounds with
obscure function. They are widely used in human therapy, veterinary, agriculture,
scientific research and countless other areas [4]. A large number of phytochemicals
have been shown to possess inhibitory effects on all types of microorganisms in vitro

[5].

Most of the modern drugs have been developed from plants based on the
traditional knowledge. In traditional societies nutrition and health care are strongly
interconnected and many plants have been consumed both as food and for medicinal
purposes [6]. The significance of medicinal plant is directly linked to the wide range of
chemical compounds synthesised by various biochemical pathways. These compounds
are classified as secondary plant products, because they are not much related to plant
survival, but they are known to possess many important functions. The importance of
natural molecules in medicine lies not only in their pharmaceutical or chemotherapeutic
effects butalso in their role as template molecules for the production of synthetic drugs

[7].
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Today natural products derived from plants are being tested for presence of new
drugs with new modes of pharmacological action [8]. Plants are used as medicine in
many countries and also act as a source for many potent drugs [9]. A large number
of medicinal plants and their purified constituents have shown therapeutic activities
[10]. Natural remedies from medicinal plants proved as safe and effective. Many
plant species have been used in folklore medicine to treat various ailments [11].
Phytocompounds from medicinal plants are important in pharmaceutical industry
for drug development and preparation of therapeutic agents [12]. The development
of pharmaceuticals begins with identification of active principles, detailed biological
assays and dosage formulations followed by clinical studies to establish safety, efficacy
and pharmacokinetic profile of new drug [13].

Plant phenolics have potential health benefits mainly due to their antioxidant
properties such as reactive oxygen species (ROS) scavenging and inhibition,
electrophile scavenging and metal chelation [14]. Epidemiological studies support a
relationship between consumption of phenolic rich food products and low incidence
of coronary heart disease [15], atherosclerosis [16], certain forms of cancer [17] and
stroke [18]. The chemistry and nutritional properties of phenolic compounds have
been extensively reviewed [19].

Flavonoids are compounds that exist in plants as secondary metabolites. Over 4000
flavonoids have been identified, purified and their structures determined. Flavonoids
and flavones are widely distributed secondary metabolites with antioxidant and
antiradical properties [20]. Alkaloids have diverse structures and many showed a
range of pharmacological activities including antimicrobial activity [21]. Tannins
are abundant in many plant parts including the fruits, cortex, leaves, roots and other
parts [22]. Tannins are as polyphenols, have antioxidant [23] and immunological
[24] properties. Saponins are a diverse group of compounds widely distributed in
the plant kingdom. The presence of saponins has been reported in more than 100
families of plants, and in a few marine sources such as star fish and sea cucumber
[25]. The research has established saponins as the active components in many herbal
medicines [26] and highlighted their contributions to the health benefits of foods such
as soybeans [27] and garlic [28]. The natural saponins have been found to possess
significant anticancer properties [29]. The identification and development of saponins
have greatly contributed to medical treatment and many of these compounds are now
being used in clinical practice.

Marsilea quadrifolia is an important medicinal plant. M. quadrifolia is beneficial for
nutrient mitigation from the fresh water of lake and significant progress has been made
for wetland restoration [30]. It is commonly known as four leaf clover, water clover,
pepperwort and water shamrock and it is also commonly called as Sushni in parts of
India and Aarai keerai or Aala keerai in Tamilnadu, India. The plant M.quadrifolia has
diverse medicinal properties and also it is in use for more than 3000 years as part
of food. It is used in the Ayurvedic System of Medicine for curing several ailments.
M. quadrifolia is used to treat cough, bronchitis, diabetes, psychiatric diseases, eye
diseases, diarrhoea and skin diseases. It is usually grows in mud, on damp soils, or often
in shallow ponds and pools in India. M. quadrifolia was introduced into the Northern
United States over 100 years ago from Europe. M. quadrifolia is recognized as a serious
weed in rice fields of numerous countries particularly in Asia. M. quadrifolia is a green
vegetable in South India and it is distributed Central and Southern Europe, Western
Siberia, Afghanistan, South India, China, Japan and North America. A very few studies
are available on phytochemical composition of M. quadrifolia, but there is no report on
quantification of phytocompounds in leaf and stem of M. quadrifolia. So, the present
study was aimed to identify the presence or absence and to determine the amount
of phytocompounds such as phenolic compounds, flavonoids, alkaloids, tannins and
saponins in leaf and stem of M. quadrifolia.
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MATERIALS AND METHODS

Chemicals

Gallic acid, Quercetin dehydrates and Tannic acid was purchased from Sigma
Chemicals Co. St. Louis, Mo, USA. Solvents (methanol) were of HPLC grade purchased
from Fischer Scientific Chemicals Co. Fair Lawn, NJ, USA. All other chemicals and
reagents were of analytical grade and purchased from reputed chemical companies.

Collection, identification and preparation of plant material

The fresh plants of M. quadrifolia were collected from natural habitats of Pathur
Village, Tiruvarur District, Tamilnadu, India during the months of November and
December 2014. The collected plant was identified by Rev. Dr. S. John Britto, Director,
Rabinet Herbarium and Centre for Molecular Systematics, St. Joseph’s College,
Tiruchirappalli, Tamilnadu, India and deposited in the herbarium (Voucher specimen
number: KG001). The plants were washed thoroughly in running tap water to remove
soil particles and adhered debris from it and finally washed with distilled water.
The stem and leaves of M. quadrifolia were separated and shade dried for 15 days at
room temperature. Then the plant materials were ground well into fine powder. The
powdered materials were stored in air tight containers until the time of use.

Preparation of plant extract

The extracts of leaf and stem of M. quadrifolia were prepared. For this, 20g of leaf
and stem powder of M. quadrifolia was soaked in 200 ml of distilled water and methanol
separately and kept in shaker for 48h. After 48h, it was filtered through Whatman no.
1 filter paper and then the volume of supernatant was concentrated at 40 2C using
hot air oven. The concentrated aqueous and methanolic extracts of leaf and stem of
M. quadrifolia were used for qualitative phytochemical analysis. The powdered plant
materials were used in the estimation of alkaloids, tannins and saponins.

Preliminary phytochemical screening

Preliminary phytochemical screening was carried out in aqueous and methanolic
leaf and stem extracts of M. quadrifolia for the analysis of tannins, saponins, flavonoids,
steroids, terpenoids, triterpenoids, alkaloids, carbohydrates, proteins, anthroquinones,
phenolic compounds and phytosterols by standard procedures [31].

Test for tannins

About 10 ml of plant extract was taken in a test tube and added a few drops of
0.1% ferric chloride. Appearance of brownish green or blue-black colour indicates the
presence of tannins.

Test for saponins

10 ml of plant extract was taken in a test tube and mixed with 5 ml of distilled
water and shaken vigorously for a stable persistent froth. The frothing was mixed with
3 drops of olive oil and shaken vigorously, then observed the formation of emulsion,
which indicates the presence of saponins.

Test for flavonoids

a. 5 ml of diluted ammonia solution was added to a portion of the plant extract
followed by addition of concentrated H,SO,. A yellow colouration was observed,
which indicates the presence of flavonoids. The yellow colour was disappeared
on standing.

b. Afew drops of 1% aluminium chloride solution were added to a portion of plant
extract. A yellow colouration was observed and it indicates the presence of
flavonoids.

Published: May 23, 2017



5

Phytochemical content of leaf and stem of Marsilea quadrifolia (L.) h
y

c. Aportion of the plant extract was heated with 10 ml of ethyl acetate over a steam
bath for 3 min. The mixture was filtered and 4 ml of the filtrate was shaken with
1 ml of diluted ammonia solution. A yellow colouration was observed which
indicates the presence of flavonoids.

Test for steroids

2 ml of acetic anhydride was added to 0.5g of extract with 2 ml of H,SO,. The colour
changed from violet to blue or green, which indicates the presence of steroids.

Test for terpenoids (Salkowski test)

5 ml of plant extract was mixed with 2 ml of chloroform and 3 ml of concentrated
H,SO, was carefully added to form a layer. A reddish brown colouration in the interface
was formed which indicates the presence of terpenoids.

Test for triterpenoids

10 mg of the extract was dissolved in 1 ml of chloroform and then added 1 ml of
acetic anhydride and 2 ml of concentrated H,SO,. Formation of reddish violet colour
indicates the presence of triterpenoids.

Test for alkaloids

a. 5 ml of plant extract was added to 2 ml of HCL. To this acidic medium, 1 ml
of Dragendroff's reagent was added. An orange or red precipitate produced
immediately indicates the presence of alkaloids.

b. Mayer’s test. A few ml of the extract was taken and a drop of Mayer’s reagent
was added by the side of the test tube. A creamy or white precipitate formed
indicates the presence of alkaloids.

Test for carbohydrates (Benedict’s test)

To 0.5 ml of the plant extract, 0.5 ml of Benedict’s reagent was added. The mixture
was heated on boiling water bath for 2min. A characteristic red coloured precipitate
indicates the presence of sugar.

Test for proteins

1 ml of plant extract was taken and added 1 ml of 40% sodium hydroxide and then
added a few drops of copper sulphate slowly in the sides of test tube. Appearance of
violet or pink colour indicates the presence of proteins.

Test for anthroquinones

5 ml of the extract was hydrolyzed with concentrated H,SO, and then 1 ml of dilute
ammonia was added. Formation of rose pink coloration indicates that the presence of
anthroquinones.

Test for polyphenols

10 ml of ethanol was added to the extract and then 3 ml of the resulting solution
was transferred to test tube and incubated in a water bath for 15 minutes. Then 3
drops of freshly prepared ferric cyanide was added. Formation of a blue green colour
indicates the presence of polyphenols.

Test for phytosterol

The extract was refluxed with solution of alcoholic potassium hydroxide till
complete saponification takes place. The mixture was diluted and extracted with
ether. The ether layer was evaporated and the residue was tested for the presence of
phytosterol. The residue was dissolved in a few drops of diluted acetic acid and then
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added 3 ml of acetic anhydride followed by a few drops of Conc. H,SO,. Appearance of
bluish green colour indicates the presence of phytosterol.

Quantitative phytochemical analysis

The quantitative determination of phytocompounds such as total phenolic
compounds, flavonoids, alkaloids, tannins and saponins in leaf and stem of M. quadrifolia
were analysed by standard methods.

Estimation of total phenolic compounds [32]

The content of total phenolic compounds in methanolic extracts of leaf and stem of
M. quadifolia was determined by Folin-Ciocalteu method (1927). For the preparation
of calibration curve 1 ml aliquots of 0.024, 0.075, 0.105 and 0.3 mg/ml ethanolic gallic
acid solutions were mixed with 5 ml of Folin-Ciocalteu reagent and 4 ml (75g/1) of
sodium carbonate. The absorption was read after 30 min at 765 nm in 20 °C and the
calibration curve was drawn. 1 ml of methanolic extract (10g/1) was mixed with the
same reagents as described above, and after 1h the absorption was measured for the
determination of plant phenolics. All determinations were performed in triplicate. The
total content of phenolic compounds in methanolic extracts in gallic acid equivalents
(GAE) was calculated by the following formula:

Total phenolic content (mg/g of plant extract in GAE) =

Volume of extract (ml)

Concentration of gallic acid established from the calibration curve (mg/ ml) X - -
Weight of pure plant methanolic extracts (g)

Estimation of flavonoids content [33]

The content of flavonoids was determined by the Pharmacopoeia method (1989)
and using quercetin as a reference compound. 1 ml of plant extract in methanol (10g/1)
was mixed with 1 ml of aluminiumtrichloride in ethanol (20g/1) and diluted to 25
ml with ethanol. The absorption at 415nm was read after 40 minutes at 20°C. Blank
sample was prepared from 1 ml of plant extract and 1 drop of acetic acid, and diluted to
25 ml. The absorption of quercetin solutions was measured under the same conditions.
Standard quercetin solution was prepared from 0.05g quercetin solution (0.05g/1).
All determinations were carried out in triplicate. The amount of flavonoids in plant
extracts in quercetin equivalents (QE) was calculated by the following formula:

Flavonoid content (mg/g of plant extract in QE) =

Absorption of plant extract solution < Weight of quercetin in the solution (g)

X 10
Absorption of standard quercetin solution Weight of plant extract (g)

Estimation of alkaloids [34]

5g of the sample was weighed and transferred into 250 ml beaker and 10% acetic
acid in ethanol was added and covered and allowed to stand for 4 hours. This was
filtered and the extract was concentrated on a water bath to one quarter of the original
volume. Concentrated ammonium hydroxide was added drop wise to the extract until
precipitation was complete. The whole solution allowed to settle and the precipitate
was collected and washed with dilute ammonium hydroxide and then filtered. The
residue is the alkaloid, which was dried and weighed. All determinations were carried
out in triplicate.

Estimation of tannins content [35]

0.2-1.0 ml of standard tannic acid solution was pipetted out into a series of test
tubes. In another test tube 0.5 ml of extract solution was taken. The volumes of all
the tubes were made up to 3.0 ml with distilled water. 3.0 ml of distilled water was
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taken as blank. To all the tubes added 5.0 ml of 20% Na,CO, followed by the addition
of 2.5 ml of Folin-Dennis reagent and incubated at room temperature for 30 minutes.
The absorbance was read against reagent blank at 700nm. From the standard graph
the amount of tannins present in the sample was calculated. All determinations were
carried out in triplicate.

Estimation of saponins [36]

20g of sample was mixed with 200 ml of 20% aqueous ethanol. The suspension
was heated using a water bath for 4 hours with constant stirring at about 552C. The
mixture was filtered and the residue re-extracted with another 200 ml of 20% ethanol.
The combined extracts were reduced to 40 ml over water bath at about 902C. The
concentrated extract was transferred into 250 ml separating funnel and 20 ml of
diethyl ether was added and shaken vigorously. The aqueous layer was recovered
while the ether layer discarded. The purification process was repeated and then 60
ml of n-butanol was added. The combined n-butanol extracts were washed twice with
10 ml of 5% aqueous NaCl. The remaining solution was heated in a water bath. After
evaporation, the sample was dried in an oven until to get a constant weight and then
saponins contents were calculated in percentage. All determinations were carried out
in triplicate.

STATISTICAL ANALYSIS

The results of the present study were subjected to statistical analysis and the results
were expressed as mean+standard deviation of three determinations.

RESULTS

Phytocompounds such as tannins, saponins, flavonoids, steroids, terpenoids,
triterpenoids, alkaloids, carbohydrates, proteins, anthroquinones, phenolic compounds
and phytosterol were screened in methanol and aqueous extracts of leaf and stem of
M. quadrifolia and the results were showed in table 1. Among these compounds, the
important secondary metabolites such as phenolic compounds, flavonoids, alkaloids,
tannins and saponins were present in both methanol and aqueous extracts of leaf and
stem of M. quadrifolia.

Quantitative phytochemical tests for tannins, saponins, flavonoids, steroids,
alkaloids, carbohydrates, proteins and phenolic compounds were revealed positive
results in aqueous and methanolic leaf extracts of M. quadrifolia. The test for
phytosterols was revealed positive result in methanolic leaf and stems extracts and
negative results in aqueous leaf and stem extracts. The qualitative phytochemical tests
for terpenoids, triterpenoids and anthroquinones were showed negative results in
aqueous and methanolic leaf extracts of M. quadrifolia.

Table 1: Preliminary phytochemical analysis of methanol and aqueous extracts of leaf and stem of M. quadrifolia.

Name of Leaf Stem
phytocompounds Methanolic extract Aqueous extract Methanolic extract Aqueous extract

Tannins + + + +
Saponins + + + +
Flavonoids + + + +
Steroids + + + +
Terpenoids _ _ + +
Triterpenoids _ _ + _
Alkaloids + + + +
Carbohydrates + + + +
Proteins + + + +

Anthroquinones
Phenolic compounds
Phytosterols + +
+ presence; - absence

+
+
+
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Phytochemical tests for tannins, saponins, flavonoids, steroids, terpenoids,
alkaloids, carbohydrates, proteins and phenolic compounds and phytosterols were
showed positive results in aqueous and methanolic stem extracts. The tests for
triterpenoids was showed positive results in methanolic stem extract and the test for
anthroquinones was showed negative result in methanolic stem extract and the tests
for triterpenoids, anthroquinone and phytosterols were showed negative results in
aqueous stem extract of M. quadrifolia.

The amount of phytocompounds like phenolic compounds, flavonoids, alkaloids,
tannins and saponins were quantitatively determined in leaf and stem of M. quadrifolia
and the results were given in table 2. Among the five phytocompounds, phenolic
compounds content was higher 8.34+0.92 mg/g in leaf of M. quadrifolia than stem
7.31+0.46 mg/g. The flavonoids content was 7.46+0.64 mg/g in leaf of M. quadrifolia
followed by stem 6.45+0.68 mg/g. The amount of alkaloids 6.12+0.51 mg/g and
5.89+0.61 mg/g were determined in leaf and stem of M. quadrifolia, respectively. The
amount of tannins 6.58+0.72 mg/gin leafand 6.07+0.56 mg/g in stem was determined.
The amount of saponins was found as 5.32+0.48 mg/g in leaf and 6.30+0.58 mg/g in
stem of M. quadrifolia.

DISCUSSION

Medicinal plants are of greatimportance to the health of individual and communities.
The active chemical substances of medicinal plants are produced a definite physiological
action on human body. The most important of these chemically active constituents
of plants are phenolic compounds, flavonoids, alkaloids, tannins and saponins. Many
of the indigenous medicinal plants are used for medicinal purposes [37]. The use of
plants and plant extracts provides the foundation to modern therapeutic science and
thus enabled the man to establish the empirical system of medicine.

Phytochemical screening of the medicinal plants is very helpful for the development
of new drugs [38]. Phytochemicals of plant extracts are known to exhibit medicinal as
well as physiological activities [39]. For centuries, extracts from plants have been used
as folk remedies against various health problems [40] and with many natural products
are leading to the development of clinically beneficial drugs [41]. In the present study,
phytochemical analysis of the extracts of leaf and stem of M. quadrifolia revealed
that the presence of tannins, saponins, flavonoids, steroids, terpenoids, alkaloids,
carbohydrates, proteins and phenolic compounds. The content of phytocompounds
like total phenolic compounds, flavonoids, alkaloids, tannins and saponins in leaf and
stem of M. quadrifolia extracts were also determined. The results showed that phenolic
and flavonoid compounds were found in different quantities in different tissues. Similar
results were reported in carrots [42] and Miliauskas et al. (2004) reported that the
content of phenolic compounds and flavonoids of some medicinal and aromatic plant
extracts. Rembold (1989) reported that the Azadirachta indica contains substances
like nimbin, terpenoids, azadirone and azadiractin and these substances are used as
antimicrobial drug for treating various infectious diseases. Various phytoconstituents
like diterpenoids and flavonoids have been isolated from Caesalpinia pulcherrima

Table 2: The content of phenolic compounds, flavonoids, alkaloids, tannins and saponins in leaf and stem of
M. quadrifolia.

Name of phytocompounds Leaf Stem
Phenolic compounds (mg/g plant extract in gallic acid equivalents) 8.3410.92 7.3110.46
Flavonoids (mg/g plant extract in quercetin equivalents) 7.4610.64 6.45+0.68
Alkaloids (mg/g) 6.12+0.51 5.89+0.61
Tannins (mg/g) 6.58+0.72 6.07+0.56
Saponins (mg/g) 5.32+0.48 6.30+0.58

Values are expressed as mean t SD of three determinations.
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[43]. Despite the remarkable progress in synthetic organic chemistry of the twentieth
century, over 25% of the medicines used in industrialized countries are derived directly
or indirectly from plants [44]. Phytocompounds are naturally synthesized in all parts
of the plant like bark, leaves, stem, root, flower, fruits, seeds, etc and the quantity and
quality of phytochemicals present in plant parts may differ from one another [45].

Traditional knowledge of medicinal plants has always guided the search for new
drugs. Authentication of medicinal plants in genetic and chemical level is a critical step
in the use of these botanical materials for both research purposes and commercial
preparations [11]. In spite of the advantage of modern high throughput drug discovery
and screening techniques, traditional medicinal knowledge have also given clues to
the discovery of valuable drugs [46]. There is growing awareness in correlating the
phytochemical compounds with their biological activities [47].

The phenolic compounds are one of the largest and most ubiquitous groups of
plant metabolites [48]. Phenolic compounds possess therapeutic properties such
as antiapoptosis, antiaging, anticarcinogen, antiinflammation, antiatherosclerosis,
cardiovascular protection and improvement of endothelial function, as well as
inhibition of angiogenesis and cell proliferation activities [49]. It is well known that
plant polyphenols are widely distributed in the plant kingdom and they are sometimes
present in surprisingly high concentrations [50]. Polyphenolic compounds have an
important role in stabilizing lipid oxidation and are associated with antioxidant activity
[51]. The phenolic compounds may contribute directly to antioxidative action [52]. It
is suggested that polyphenolic compounds have inhibitory effects on mutagenesis and
carcinogenesis in humans when up to 1.0 g is daily ingested from the diet rich in fruits
and vegetables [53].

Flavonoids are one of the mostdiverse and widespread groups of natural compounds
possess a broad spectrum of radical scavenging properties [54]. Plants containing
flavonoids have been reported to possess antioxidant properties [55]. Flavonoids
have been reported to have numerous medicinal effects, including antioxidant,
vasoprotective, anti-inflammatory, antiviral, antibacterial, and antitumor [56].
Flavonoids and flavones are widely distributed secondary metabolites with antioxidant
and antiradical properties [57]. The alkaloid extracts obtained from medicinal plant
species have multiplicity of host-mediated biological activities, including antimalarial,
antimicrobial, antihyperglycemic, anti-inflammatory and pharmacological effects [58].

Tannins are naturally occurring plant polyphenols and their main characteristic is
that they bind and precipitate proteins. They can have a large influence on the nutritive
value of many foods eaten by humans and feedstuff eaten by animals. Tannins are
common in fruits, tea, chocolate, legume forages, legume trees and grasses. Studies
have shown that tannins possess antidiarrhoeal and antimicrobial activities [59].

Saponins have been reported to possess a wide range of biological activities
[60]. Saponins can impact the immune system through their adjuvant activity, their
ability to improve the effectiveness of orally administered vaccines by facilitating
the absorption of large molecules and their immunostimulatory effects. Saponins are
widely distributed in many plants and are relatively widespread in our foodstuffs and
herbal preparations. They also exhibit a variety of biological activities, and have been
investigated towards the development of new natural medicines and prove the efficacy
oftraditional herbal medicines [61]. Other interesting biological applications for various
specific saponins include their uses as anti-inflammatory [62], hypocholesterolemic
[27] and immune-stimulating [63] activities, whose properties are widely recognized
and commercially utilized. Saponins have been possessed a number of pharmacological
actions including, immunomodulatory potential via cytokine interplay [64], cytostatic
and cytotoxic effect on malignant tumor cell [65], adjuvant properties for vaccines as
immune stimulatory complexes [66] and synergistic enhancement of the toxicity of
immunotoxins [67].
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Plants are a valuable source of new natural products. Despite the availability
of different approaches for the discovery of therapeuticals, natural products still
remain one of the best reservoirs of new structural types. The phytochemical tests
of M. quadrifolia indicated that the presence of alkaloids, glycosides, flavonoids,
phytosterols, fixed oils and fats, phenols, tannins and saponins in the crude methanolic
and aqueous leaf and stem extracts. Several such compounds were known to possess
potent antioxidant activity [68]. Similarly the qualitative and quantitative analysis
of phytochemicals in Marsilea minuta was reported [69] and the Phytochemicals
of leaves and petiole extracts of Marsilea minuta (L.) were also reported [70].
The isolation of individual phytochemical constituents from leaf and stem of M.
quadrifolia and subjecting it to biological activity will definitely give fruitful results.
The phytochemical analysis of the medicinal plants is important and has commercial
interest in both research institutes and pharmaceutical companies to develop new
drugs for the treatment of various diseases. Thus the isolation and purification of
important phytochemicals were identified in leaf and stem of M. quadrifolia may be
useful in the treatment of various diseases.
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