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ABSTRACT

Objective: The objective of this study was to evaluate the phytochemical constitution of dried seeds of Myristica fragrans using eight different solvent 
extracts such as methanol, ethanol, ethyl acetate, chloroform, petroleum ether, acetone, and aqueous (cold and hot).

Methods: Preliminary phytochemical screenings for various secondary metabolites were carried out. All the extracts were subjected to qualitative 
phytochemical screening and were analyzed for the presence of active constituents such as alkaloid, flavonoid, phenol, glycosides, and triterpenoids, etc.

Results: Qualitative analysis of the seed extracts confirmed the presence of secondary metabolites such as alkaloids, flavonoids, saponins, tannins, 
phenols, anthraquinones, cardiac glycosides, coumarins, anthocyanin, chalcones, emodins, and triterpenoids.

Conclusion: The generated data has provided the basis for its wide uses as a therapeutic both in traditional and folk medicine. The observed 
phytochemical constituents in the seed extract may be associated with its high bioactive constituents that may serve as candidates to new drugs in 
the treatment and prevention of various human ailments.
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INTRODUCTION

Man and animals depend on plants for their very existence.Our 
environment is characterized by richly diversified plant life. Plant 
diversity is composed of more than 500,000 botanical species. Plants 
constitute a vital component of the biodiversity as they play a key 
role in maintaining earth’s environmental equilibrium and ecosystem 
stability. Herbal medicine is known to be the oldest form of healing, 
which was originated from ancient Greek as far back as 1600 BC [1]. It 
involves the use of plant materials such as flowers, bark, leaves, seeds 
or root to improve, maintain or restore health and wholeness [2].

Phytochemicals are bioactive chemicals of plant origin. They are 
regarded as secondary metabolites because the plants that manufacture 
them may have little need for them. They are naturally synthesized in 
all parts of the plant body; bark, leaves, stem, root, flower, fruits, seeds, 
etc. i.e. any part of the plant body may contain active components [3]. 
The quantity and quality of phytochemicals present in plant parts may 
differ from one part to another. In fact, there is lack of information 
on the distribution of the biological activity in different plant parts 
essentially related to the difference in distribution of active compounds 
(or active principles) which are more frequent in some plant parts than 
in others [4].

Phytochemicals have been recognized as the basis for traditional herbal 
medicine practiced in the past and currently en vogue in parts of the 
world [5]. In the search for phytochemicals that may be of benefit to 
the pharmaceutical industry, researchers sometimes follow leads 
provided by local healers in a region. Following such leads, plant parts 
are usually screened for phytochemicals that may be present. The 
presence of a phytochemical of interest may lead to its further isolation, 
purification and characterization. This is it used as the basis for a new 
pharmaceutical product. Successful determination of biologically active 
compounds from plant material is largely dependent on the type of 
solvent used in the extraction procedure. This therefore underscores 
the need to try as much solvents as possible in screening plant parts for 
phytochemicals.

Nutmeg (Myristica fragrans), whose seed is widely used as a spice, 
is a tropical, evergreen tree native to the Moluccas or Spice Island 
of Indonesia. Nutmeg has a characteristic pleasant fragrance and is 
slightly warm taste. It is also used as components of curry powder, teas 
and soft drinks, or mixed in milk and alcohol [6].

Scientific classification
Kingdom: Plantae
Order: Magnoliids
Family: Myristicaceae

The M. fragrans oil is used heavily in the perfumery and pharmaceutical 
industries. The oil is colorless or light yellow it contain numerous 
components of interest to the oleo chemical industry and is used as a 
natural food flavorings in baked food, syrups, beverages, and sweets. 
In traditional medicine nutmeg and nutmeg oil were used for illnesses 
related to the nervous and digestive system (Fig. 1) [7].

It has been estimated that phytochemical intake may be related to a 
reduction in cancer risk upwards of 20%. The secondary metabolites 
(phytochemicals) and other chemical constituents of medicinal plants 
account for their medicinal value [8]. For example, saponins have 
hypotensive and cardio depressant properties [9]. Glycosides are naturally 
cardio active drugs used in the treatment of congestive heart failure, and 
cardiac arrhythmia [10].The presence of saponins and glycosides in all the 
extracts might play a role in the cardio protective potential of nutmeg.

This study is based on the different solvent extraction of the seed of 
M. fragrans which were subjected to preliminary phytochemical screening 
and to analyze the presence of different secondary metabolites such as 
alkaloids, steroids, phenolics, tannins, glycosides, saponins, and flavonoid.

METHODS

Plant material
For this study the sample of fresh seeds of M. fragrans were collected 
from a farm of medicinal plants Kalamaserry, Ernakulam district 
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Kerala, India during the month of April 2014. Taxonomic identification 
of the plants was carried out with the help of Dr. V. S. Ramachandran, 
Professor, Bharathiar University, Tamil Nadu, India.

Sample processing
Plant sample was washed and shade dried at room temperature. The 
sample was then crushed into powder, using mechanical grinding 
machine, so as to enhance effective contact of solvent with sites on 
the plant materials. The dried and ground plant part was extracted 
with different solvents (methanol, ethanol, ethyl acetate chloroform, 
petroleum ether, acetone and aqueous [hot and cold]) by Soxhlet 
extraction. It was concentrated to dryness under reduced pressure and 
controlled temperature (40-50°C) using rotary evaporator.

Soxhlet extraction of essential oils
Raw plant materials consisting of seeds are put into distillation 
apparatus using Soxhlet apparatus. Weight of plant material was 
taken before loading in the Soxhlet apparatus and solvent is heated 
so that the steam passes through the plant material vaporizing the 
volatile compounds. The vapor flows through a coil where they 
condense back to liquid which is then collected in the receiving 
vessel.

Extractive values of plant sample
The extractive value or the yield percentage of the plant sample is 
calculated before and after the extraction process using the formula

Extract yield % = (W1/W2) × 100

Where,

W1 is net weight of powder in grams after extraction and,

W2 is total weight of powder in grams taken for extraction.

Preliminary phytochemical screening
The stock solution was prepared from each of the crude extracts such 
as ethanol, methanol, ethyl acetate, chloroform, petroleum ether, 
acetone and aqueous (hot and cold) 100 mg and dissolved in 10 ml of 
its own mother solvent. The obtained stock solutions were subjected to 
preliminary phytochemical screening.

RESULTS

Extractive values
The extractive values of ethanol, methanol, chloroform, petroleum 
ether, ethyl acetate, acetone and water extracts are given in Table 1. The 
highest extractive yield was found in the ethanolic seed extract.

Preliminary phytochemical screening
Chemical tests were carried out using aqueous extract to identify 
various constitutes using standard methods (Table  2). The results of 
the preliminary phytochemical screening carried out on eight different 
solvents revealed the presence of a wide range of phytoconstituents 
including alkaloids, glycosides, saponins, flavonoids, tannins, steroids 
supporting the reason for its wide range of biological activities as 
showed in Table  3. Tannins, phlobatannins, saponins, flavonoids, 
steroids and alkaloids were found to be universally present in M. 
fragrans. The ethanolic, methanolic and aqueous extract revealed 
the maximum presence of phytoconstituents whereas chloroform, 
petroleum ether and ethyl acetate extracts showed minimal amounts 
of phytoconstituents. Knowledge of the chemical constituents of plants 
is desirable because such information will be value for synthesis of 
complex chemical substances.

Phytochemical constituents such as tannins, flavonoids, alkaloids and 
several other aromatic compounds or secondary metabolites of plants 

Table 1: Extractive value of M. fragrans

Type of extract Yield (% w/w)

Ethanol 32.5
Methanol 28.5
Chloroform 1.95
Petroleum ether 2.75
Ethyl acetate 5.69
Acetone 12.60
Aqueous 19.80
M. fragrans: Myristica fragrans

Table 2: List of phytochemical tests performed

Constituents Test

Alkaloids Mayer’s test
Hager’s test

Flavanoids Shinoda test
Saponins Foam test

Froth test
Tannins Gelatin test
Phenols Ferric chloride test

Lead acetate test
Anthraquinones Borntrager’stest
Acids Sodium bicarbonate test
Phlobtannins Sulphuric acid test

Ammonia test
Resins Turbidity test
Coumarins Sodium hydroxide test
Quinones Acid test
Thiols Sodium nitroprusside test
Terpenoids Salkowski test
Triterpenoids Liebermann Burchard test
Cardiac Glycosides Keller-Killiani’s test

Legal’s test
Oxalates Acid test
Anthocyanins Sulphuric acid test
Anthraracenoids Borntrager’s test
Emodins Ammonium hydroxide test
Chalcones Ammonium hydroxide test 
Anthocyanosides Sodium hydroxide
Gum and Mucilages Swelling test
Carbohydrates Molisch’s test

Benedict’s test
Proteins Biuret test

Ninhydrin test
Volatile oils Spot test
Fatty acids Spot test
Steroids Liebermann Burchard test

Salkowski testFig. 1: Myristica fragrans
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serve as defense mechanism against predation by many microorganism, 
insects and herbivores. The curative properties of medicinal plants are 
perhaps due to the presence of various secondary metabolites [12]. It 
may be concluded that these medicinal plants are very useful. These 
plants may be used to cure some common and other various diseases.

DISCUSSION

Most of the traditional knowledge about medicinal plants was in the 
form of oral knowledge. There is no uniform or standard procedure 
for maintaining the inventory of these plants and the knowledge about 
their medicinal properties.

Therefore, it is necessary that such procedures to be documented 
and studied for systematic regulation and widespread application. 
The leads for a significant number of modern synthetic drugs have 
originated from isolated plant ingredients since the search for new 
entities begins from either derivatizing the existing drug or from 
traditional medicinal system. It is very important to undertake 
phytochemical investigations along with biological screening to 
understand therapeutic dynamics of medicinal plants and also to 
develop quality parameters.

In the phytochemical analysis different polarity of phytoconstituents 
were sorted out from the coarsely powdered seeds of M. fragrans 
(Houtt.) by using solvents like ethanol, chloroform, ethyl acetate, 
petroleum ether, acetone and methanol by successive extraction using 
Soxhlet apparatus.

Successive extractive values revealed the solubility and polarity 
particulars of the metabolites in the plant. Ethanolic extract showed 
high extractive yield 32.5% w/w when compared to other extracts.

Qualitative preliminary phytochemical analysis was performed 
initially with different chemical reagents to detect the nature of 
phytoconstituents and their presence in each extract. The preliminary 
phytochemical screening tests may be useful in the detection of the 
bioactive principles and subsequently may lead to the drug discovery 

and development. Further, these tests facilitate their qualitative 
estimation and separation of pharmacologically active chemical 
compounds.

The phytochemical screening in the present study has revealed the 
presence of triterpenoids, steroids, glycosides, flavonoids, tannins, 
triterpenoids, steroids, glycosides, saponins, alkaloids, flavonoids, 
tannins, carbohydrate and steroids in the seed extract (Table 2). Further 
the presence of different phytoconstituents in the three different 
extracts may be responsible for the therapeutic properties of nutmeg.

The significance of medicinal plants is directly linked to the wide 
range of chemical compounds synthesized by the various biochemical 
pathways. These compounds are classified as secondary plant products, 
because they are not much related to the plant’s survival. Previously, 
researchers took many of these compounds to be simply waste products 
of metabolism, but they are now known to possess important functions.

One major category of such compounds is alkaloids. Although they 
vary greatly in their chemical structures, alkaloids have several 
common characteristics: They possess nitrogen (most are derived 
from a few common amino acids), and are alkaline (basic), but have 
non-  basic forms such as quaternary compounds and N-oxides. 
The alkaloid extracts obtained from medicinal plant species 
have multiplicity of host-mediated biological activities, including 
antimalarial, antimicrobial, anti-hyperglycemic, anti-inflammatory, 
and pharmacological effects [13,14].

Anthraquinones are a class of natural products encompassing several 
hundreds of compounds, differing in the nature and positions of 
substituent groups. Many anthraquinones have potential therapeutic 
value, since antimicrobial, insecticidal, antitumor, anti-congestive, 
hypotensive, and sedative properties have been assigned to these 
compounds [15,16].

The use of cardiac glycoside containing plants for medicinal purposes 
was first reported in ancient texts more than 1500  years ago. 

Table 3: Preliminary phytochemical screening of M. fragrans seed extract

Constituents Ethanol 
extract

Methanol 
extract

Chloroform 
extract

Petroleum 
ether extract

Ethyl acetate 
extract

Acetone 
extract

Aqueous 
extract hot

Aqueous 
extract cold

Alkaloids +++ +++ ‑ ‑ ‑ ++ ++ ++
Flavanoids ++ +++ ‑ ‑ + ++ ‑ ‑
Saponins ++ +++ ++ +++ ++ +++ ++ +++
Tannins ++ ++ ‑ ‑ ‑ + + ‑
Phenols +++ +++ ‑ ‑ ‑ ++ ‑ +
Anthraquinones +++ +++ ‑ ‑ ‑ +++ + ++
Acids +++ ‑ ‑ ‑ ‑ ‑ ++ +
Phlobtannins ++ ‑ ‑ ‑ ‑ ‑ ‑ +
Resins ++ ++ ++ + ‑ ++ ++ +++
Coumarins +++ +++ ‑ ‑ ‑ +++ + ++
Quinones +++ +++ ++ ++ + +++ +++ +++
Thiols + + + ++ + + + +
Terpenoids +++ +++ ‑ ++ ‑ + ‑ +
Triterpenoids ‑ ‑ ‑ ‑ ‑ ‑ ‑ +
Cardiac glycosides +++ +++ ‑ ++ ‑ + ‑ ++
Oxalates ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Anthocyanins +++ +++ ‑ ++ ‑ + ‑ ++
Anthraracenoids ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
Emodins ++ + + ‑ ‑ + ++ +
Chalcones ++ + + + + + ++ +
Anthocyanosides ++ +++ ‑ ‑ ‑ ++ + +
Gum and mucilages ++ ++ ++ ‑ ‑ ++ ++ +
Carbohydrates +++ +++ +++ +++ +++ +++ +++ ++
Proteins +++ ++ ‑ ‑ +++ + ++ ++
Volatile oils +++ +++ ++ ++ ++ + ‑ ++
Steroids +++ ++ + ‑ ‑ + ++ +
Fatty acids +++ +++ +++ +++ +++ ++ ++ ++
Key: +: Trace, ++: Present, +++: Excess, ‑ Absent



Asian J Pharm Clin Res, Vol 8, Issue 1, 2015, 303-307
	 Thomas and Krishnakumari	

306

Their positive inotropic effects help suppress the active counter-
transportation of Na+ and K+ across the cell membrane, leading to 
an increase in the intracellular Na+ concentration, a decrease in the 
intracellular K+ concentration, and a consequent increase in cardiac 
contraction [17]. Furthermore, studies have suggested that cardiac 
glycosides target cancer cells selectively and have a significantly lower 
mortality rate [18].

Chalcones and its derivatives have attracted increasing attention 
due to numerous pharmacological applications. They have displayed 
a broad spectrum of pharmacological activities, among which 
antimalarial [19], anticancer [20,21], antiprotozoal (anti-leishmanial 
and anti-trypanosomal) [22], anti-inflammatory [23], antibacterial [24], 
anti-filarial [25], antifungal [26], antimicrobial [27], larvicidal [28], 
anticonvulsant [29], antioxidant [30] activities have been reported. 
They have also shown inhibition of the enzymes, especially mammalian 
alpha-amylase [31], cyclooxygenase (COX) [32] and monoamine 
oxidase [33]. They have shown antimitotic activity too [34].

Coumarins have been reported to exhibit antioxidant, analgesic, anti-
inflammatory and anti-mutagenic properties [35].

Terpenoids and tannins are attributed for analgesic and anti-
inflammatory activities. Apart from this tannins contribute property 
of astringency i.e.  faster the healing of wounds and inflamed mucous 
membrane [36].

Emodins forms the basis of purgative anthraquinones derivatives 
and from ancient times has also been widely used as a laxative 
compound [37]. Recent studies have shown that emodin also exhibits 
numerous other biological activities, which affect the immune system, 
vasomotor system and the metabolic processes [38-40].

Flavonoids possess many pharmacological activities like anti-ulcer, 
anti-ageing, anti-bacterial, anti-oxidant, anti-fungal, anti-inflammatory, 
anti-diabetic, anti-hepatotoxic, anti-allergic anti-cancer, anti-tumor and 
vasodilator properties. Furthermore flavonoids show potential vitamin 
C sparing activity and activities of lipoxygenase, COX, protein kinase C, 
tyrosine kinase, etc. Majority of flavonoids are powerful antioxidants 
that help neutralize harmful free radicals and prevent oxidative stress, 
which damage cells and deoxyribonucleic acid, and which can lead 
to aging and degenerative diseases like cancer and Alzheimer’s or 
Parkinson’s disease [41-47].

Plant gums and exudates are now screened for their use as 
pharmaceutical adjuvants. Mucilages of different origins are also 
used in conventional dosage forms of various drugs for their binding, 
thickening, stabilizing and humidifying properties in medicine. 
Gums, resins and latexes are employed in a wide range of food and 
pharmaceutical products and in several other technical applications. In 
the pharmaceutical industry they are used as binding agents in tablets 
and as suspending and emulsifying agents in creams and lotions; some 
have specific applications in the dental and medical fields [48-49].

Biological thiols found in plants can also function as an antioxidant, an 
anti- mutagen, and an anti-carcinogen [50].

CONCLUSIONS

The presence of phytoconstituents makes the plant useful for treating 
different ailments and has a potential of providing useful drugs for 
human use. The millenarian use of these plants in folk medicine 
suggests that they represent an economic and safe alternative to 
treat infectious diseases [51]. In the present study, we have found 
that most of the biologically active phytochemicals were present in 
the ethanolic, aqueous and methanolic extracts of M. fragrans seeds. 
Since the ethanolic extract of the seed contains more constituents it 
can be considered beneficial for further investigation. The medicinal 
properties of M. fragrans seed extract may be due to the presence of 
above mentioned phytochemicals.

Phytochemicals found present in seed extracts of M. fragrans 
indicates their potential as a source of principles that may supply 
novel medicines. Further studies are therefore suggested to ascertain 
their pharmacological activities. Furthermore, isolation purification 
and characterization of the phytochemicals found present will make 
interesting studies.

REFERENCES

1.	 Baker HG. Plants and Civilization. 2nd ed. New York: Macmillan Press 
Limited; 1970.

2.	 Taylor L. The Healing Power of Rain Forest Herbs. Canada: Dioscorides 
Press; 2005.

3.	 Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. Phytochemical screening 
and extraction: A review. Int Pharm Sci 2011;1:98-106.

4.	 Lahlou M. Methods to study the phytochemistry and bioactivity of 
essential oils. Phytother Res 2004;18(6):435-48.

5.	 Lalitha TP, Jayanthi P. Preliminary studies on phytochemicals and 
antimicrobial activity of solvent extracts of Eichhornia crassipes 
(Mart.) Solms. Asian J Plant Sci Res 2012;2(2):115-22.

6.	 Panayotopoulos DJ, Chisholm DD. Hallucinogenic effect of nutmeg. Br 
Med J 1970;1:754-60.

7.	 Jaiswal P, Kumar P, Singhand VK, Singh DK. Biological effect of 
Myristica fragrans. ARBS Annu Rev Biomed Sci 2009;11:21-9.

8.	 Harborne JB. Phytochemical Methods. London: Chapman and Hall, 
Ltd; 1973. p. 49-188.

9.	 Olaleye MT. Cytotoxicity and antibacterial activity of methanolic 
extract of Hibiscus sabdariffa. J Med Plants Res 2007;1:9-13.

10.	 Brian FH, Thomas-Bigger J, Goodman G. The Pharmacological Basis 
of Therapeutics. 7th ed. New York, NY, USA: Macmillan; 1985.

11.	 Kokate CK. Practical Pharmacognosy. Delhi: Vallabh Prakashan; 2000. 
p. 218.

12.	 Sofowora A. Medicinal Plants and Traditional in Africa. New York: 
Chichester John Wiley and Sons; 1993. p. 97-145.

13.	 Tackie AN, Schiff PL.Cryptospirolepine, a unique spiro-noncyclic 
alkaloid isolated from Cryptolepis Sanguinolenta J Nat Prod 
1993;56:653-5.

14.	 Yiadom KB. Antimicrbial properties of cryptolepis. J  Pharm Sci 
1979;68:435-47.

15.	 Abdullah MA, Ali AM, Marziah M, Lajis, NH. Ariff AB. Establishment 
of cell suspension cultures of Morinda elliptica for the production of 
anthraquinones. Plant Cell Tissue Organ Cult 1998;54:173-82.

16.	 Komaraiah P, Kishor, PB, Carlsson M, Magnusson KE, Mandenius 
CF. Enhancement of anthraquinone accumulation in Morinda citrifolia 
suspension cultures. Plant Sci 2005 168:1337-4.

17.	 Böhm M. Digoxin in patients with heart failure. N  Engl J Med 
1997;337:129-30.

18.	 López-Lázaro M. Digitoxin as an anticancer agent with selectivity for 
cancer cells: Possible mechanisms involved. Expert Opin Ther Targets 
2007;11(8):1043-53.

19.	 Awasthi SK, Mishra N, Kumar B, Sharma M, Bhattacharya A, Mishra 
LC, et al. Potent antimalarial activity of newly synthesized substituted 
chalcone analogs in vitro. Med Chem Res 2009;18:407-20.

20.	 Echeverria C, Santibañez JF, Donoso-Tauda O, Escobar CA, Ramirez-
Tagle R. Structural antitumoral activity relationships of synthetic 
chalcones. Int J Mol Sci 2009;10(1):221-31.

21.	 Ilango K, Valentina P, Saluja G. Synthesis and in-vitro anticancer 
activity of some substituted chalcone derivatives. Res J Pharm Biol 
Chem Sci 2010;1:354-9.

22.	 Lunardi F, Guzela M, Rodrigues AT, Corrêa R, Eger-Mangrich I, 
Steindel M, et al. Trypanocidal and leishmanicidal properties of 
substitution-containing chalcones. Antimicrob Agents Chemother 
2003;47(4):1449-51.

23.	 Zhang XW, Zhao DH, Quan YC, Sun LP, Yin XM, Guan LP. Synthesis 
and evaluation of anti-inflammatory activity of substituted chalcone 
derivatives. Med Chem Res 2010;19:403-12.

24.	 Hamdi N, Fischmeister C, Puerta MC, Valerga P. A rapid access to new 
coumarinyl chalcone and substituted chromeno [4,3-c] pyrazol-4(1H)-
ones and their antibacterial and DPPH radical scavenging activities. 
Med Chem Res 2010;19:1-16.

25.	 Awasthi SK, Mishra N, Dixit SK, Singh A, Yadav M, Yadav SS, et al. 
Antifilarial activity of 1,3-diarylpropen-1-one: Effect on glutathione-
S-transferase, a phase II detoxification enzyme. Am J Trop Med Hyg 
2009;80(5):764-8.

26.	 Lahtchev KL, Batovska DI, Parushev SP, Ubiyvovk VM, Sibirny AA. 
Antifungal activity of chalcones: A mechanistic study using various 



Asian J Pharm Clin Res, Vol 8, Issue 1, 2015, 303-307
	 Thomas and Krishnakumari	

307

yeast strains. Eur J Med Chem 2008;43(10):2220-8.
27.	 Yayli N, Ucuncu O, Yasar A, Kucuk M, Akyuz E, Karaoglu SA. 

Synthesis and biological activities of N-alkyl derivatives of o-, m-, 
and p-nitro (E)-4-azachalcones and stereoselective photochemistry in 
solution with theoretical calculations. Turk J Chem 2006;30:505-14.

28.	 Begum NA, Roy N, Laskar RA, Roy K. Mosquito larvicidal studies of 
some chalcone analogues and their derived products: Structure-activity 
relationship analysis. Med Chem Res 2010;19:1-14.

29.	 Kaushik S, Kumar N, Drabu S. Synthesis and anticonvulsant activities 
of phenoxychalcones. Pharma Res 2010;3:257-62.

30.	 Vogel S, Ohmayer S, Brunner G, Heilmann J. Natural and non-natural 
prenylated chalcones: Synthesis, cytotoxicity and anti-oxidative 
activity. Bioorg Med Chem 2008;16(8):4286-93.

31.	 Najafian M, Ebrahim-Habibi A, Hezareh N, Yaghmaei P, Parivar  K, 
Larijani B. Trans-chalcone: A  novel small molecule inhibitor of 
mammalian alpha-amylase. Mol Biol Rep 2010;10:271-74.

32.	 Zarghi A, Zebardast T, Hakimion F, Shirazi FH, Rao PN, Knaus EE. 
Synthesis and biological evaluation of 1,3-diphenylprop-2-en-1-ones 
possessing a methanesulfonamido or an azido pharmacophore as 
cyclooxygenase-1/-2 inhibitors. Bioorg Med Chem 2006;14(20):7044-50.

33.	 Romagnoli R, Baraldi PG, Carrion MD, Cara CL, Cruz-Lopez O, 
Preti D, et al. Design, synthesis, and biological evaluation of thiophene 
analogues of chalcones. Bioorg Med Chem 2008;16(10):5367-76.

34.	 Hoult JR, Payá M. Pharmacological and biochemical actions of simple 
coumarins: Natural products with therapeutic potential. Gen Pharmacol 
1996;27:713-22.

35.	 Okwu, DE, Josiah C. Evaluation of the chemical composition of two 
Nigerian medicinal plants. Afr J Biotech 2006;5:357-61.

36.	 Bruneton J. Pharmacognosy, Phytochemistry, Medicinal Plants. 2nd ed. 
Paris, France: Intercept Ltd. and Lavoisier Publishing; 1999.

37.	 Boots AW, Wilms LC, Swennen EL, Kleinjans JC, Bast A, Haenen GR. 
In vitro and ex vivo anti-inflammatory activity of quercetin in healthy 
volunteers. Nutrition 2008;24 (7-8):703-10.

38.	 Chaudhuri K, Das S, Bandyopadhyay M, Zalar A, Kollmann A, Jha S, 
et al. Transgenic mimicry of pathogen attack stimulates growth and 

secondary metabolite accumulation. Transgenic Res 2009;18(1):121-34.
39.	 Li JW, Vederas JC. Drug discovery and natural products: End of an era 

or an endless frontier? Science 2009;325(5937):161-5.
40.	 Plaper A, Golob M, Hafner I, Oblak M, Solmajer T, Jerala R. 

Characterization of quercetin binding site on DNA gyrase. Biochem 
Biophys Res Commun 2003;306(2):530-6.

41.	 Alcaráz LE, Blanco SE, Puig ON, Tomás F, Ferretti FH. Antibacterial 
activity of flavonoids against methicillin-resistant Staphylococcus 
aureus strains. J Theor Biol 2000;205(2):231-40.

42.	 Mira L, Fernandez MT, Santos M, Rocha R, Florêncio MH, Jennings KR. 
Interactions of flavonoids with iron and copper ions: A mechanism for 
their antioxidant activity. Free Radic Res 2002;36(11):1199-208.

43.	 Cheng IF, Breen K. On the ability of four flavonoids, baicilein, luteolin, 
naringenin, and quercetin, to suppress the Fenton reaction of the iron-
ATP complex. Biometals 2000;13(1):77-83.

44.	 Duffy SJ, Vita JA. Effects of phenolics on vascular endothelial function. 
Curr Opin Lipidol 2003;14(1):21-7.

45.	 Deana R, Turetta L, Deana AD. Green tea epigallocatechin-3-gallate 
inhibits platelet signalling pathways triggered by both proteolytic and 
non-proteolytic agonists. Thromb Haemost 2003;89(5):866-74.

46.	 Bucki R, Pastore JJ, Giraud F, Sulpice JC, Janmey PA. Flavonoid 
inhibition of platelet procoagulant activity and phosphoinositide 
synthesis. J Thromb Haemost 2003;1(8):1820-8.

47.	 Patel GC, Patel MM. Preliminary evaluation of sesbania seed gum 
mucilage as gelling agent. Int J PharmTech Res 2009;1:840-3.

48.	 Coppen JJ. Gums, resins and latexes of plant origin. Rome: Food and 
Agriculture Organization of the United Nations; 1995.

49.	 Sahu CS. Dual role of organosulfur compounds in foods: A  review. 
Environ Carcinog Ecotoxicol Rev 2002;C20(1):61-76.

50.	 The American Institute for Cancer Research (AICR). Plant Compound 
Continue to Challenge Science; Washington, DC, USA: AICR; 2006.

51.	 Swadhini SP, Santhosh R, Uma C, Mythili S, Sathiavelu A. 
Phytochemical screening and antimicrobial activity of five medicinal 
plants against Myrothecium sp. Int J Pharma Bio Sci 2013;2(1):B272.


