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Abstract
Healing with medicinal plants is as old as mankind itself. The connection between man and his search for
drugs in nature dates from the far past, of which there is ample evidence from various sources: written
documents, preserved monuments, and even original plant medicines. In the last few years there has been
an exponential growth in the field of herbal medicine and these drugs are gaining popularity both in
developing and developed countries because of their natural origin and lesser side effects. Based on
current research and financial investments, medicinal plants will seemingly, continue to play an
important role as a health aid.
The use of Ayurvedic medicines is common in both adults and children and is increasing in many areas
of the world. Many traditional medicines in use are derived from medicinal plants, minerals and organic
matter. This paper will discuss the benefits with use of levodopa and beta-sitosterol. The current review
focuses on uses of Levodopa and Beta-sitosterol and medicinal plants which contain levodopa and betasitosterol. Bauhinia racemosa, Canavalia Gladiata, Vigna vexillata contains many phyto-constituents so
there is major scope for phyto-constituents analysis of this underutilised plants.
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Introduction
Awareness of medicinal plants usage is a result of the many years of struggles against illnesses
due to which man learned to pursue drugs in barks, seeds, fruit bodies, and other parts of the
plants. Contemporary science has acknowledged their active action, and it has included in
modern pharmacotherapy a range of drugs of plant origin, known by ancient civilizations and
used throughout the millennia. The knowledge of the development of ideas related to the usage
of medicinal plants as well as the evolution of awareness has increased the ability of many
vaidya and experts in pharmacy [1]. Healing with medicinal plants is as old as mankind itself.
The connection between man and his search for drugs in nature dates from the far past, of
which there is ample evidence from various sources: written documents, preserved
monuments, and even original plant medicines [1].
There are many traditional systems of medicine in the world, each with different associated
philosophies and cultural origins [2]. India is the largest producer of medicinal herbs and is
called as botanical garden of the world. The World Health Organization (WHO) has listed
21,000 plants, which are used for medicinal purposes around the world. Among these 2500
species are in India, out of which 150 species are used commercially on a fairly large scale.
Ayurveda is the most widely practised of the Indian traditional medicine systems. Siddha and
unani medicinal systems are also used in Indian subcontinent [4]. Many traditional medicinal
systems localised in there region only such as Tibetan traditional medicine and few traditional
medicinal systems like Ayurveda and Chinese medicine are famous and used worldwide [4].
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Importants of Phyto-Constituents
Phytochemicals or phytoconstituents (from the Greek word phyto, meaning plant) are
biologically active, naturally occurring chemical compounds found in plants, which provide
health benefits for humans further than those attributed to macronutrients and micronutrients
[5]
. They protect plants from disease and damage and contribute to the plant’s color, aroma and
flavor. In general, the plant chemicals that protect plant cells from environmental hazards such
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As pollution, stress, drought, UV exposure and pathogenic
attack are called as phytochemicals or phytoconstituents [6-7].
Recently, it is clearly known that they have roles in the
protection of human health, when their dietary intake is
significant. More than 4,000 phytochemicals have been
cataloged [8] and are classified by protective function, physical
characteristics and chemical characteristics [9] and About 150
phytochemicals have been studied in detail [10].
Medicinal plants contain many chemical compounds which
are the major source of therapeutic agents to cure human
diseases [11]. Plant contains alkaloids, flavonoids, glycosids,
tannins, saponins, phenolics and terpenoids which shows in
image-1 and Image 2 shows approximate percentage of phytoconstituents [12]. Phytochemicals accumulate in different parts
of the plants, such as in the roots, stems, leaves, flowers, fruits
or seeds [13]. Many phytochemicals, particularly the pigment
molecules, are often concentrated in the outer layers of the
various plant tissues. Levels vary from plant to plant
depending upon the variety, processing, cooking and growing
conditions [14]. Phytochemicals are also available in
supplementary forms, but evidence is lacking that they provide
the same health benefits as dietary phytochemicals [15]. These
compounds are known as secondary plant metabolites and
have biological properties such as antioxidant activity,
antimicrobial effect, modulation of detoxification enzymes,
stimulation of the immune system, decrease of platelet
aggregation and modulation of hormone metabolism and
anticancer property.

Image 1: Phytochemistry of medicinal plants.

Image 2- Pie chart representing the major groups of plant
Phytochemicals

Many traditional medicines in use are derived from medicinal
plants, minerals and organic matter eg. euginol, gallic acid,

ascorbic acid, beta-sitosterol, levodopa etc. Various medicinal
plants like neem, Arjuna, aswagandha, tulsi, jambhul etc.
traditionally used for treatment. Many plants contain
betasitosterol and levodopa eg. Bakala, halunda, apata, abai,
kanchan, vilayati babul.
Levodopa or L-DOPA (3, 4-dihydroxy-L-phenylalanine) is an
intermediate in dopamine biosynthesis. Medications can help
manage problems with walking, movement and tremor by
increasing the brain's supply of dopamine. The most effective
Parkinson's drug is L-DOPA, it passes into the brain and is
converted to dopamine. L-DOPA is used as a prodrug to
increase dopamine levels for the treatment of Parkinson’s
disease, since it is able to cross the blood-brain barrier whereas
dopamine itself cannot. Once L-DOPA has entered the central
nervous system, it is metabolized to dopamine by aromatic Lamino acid decarboxylase [7].
The initial enzymatic reaction in the biosynthesis of brain
catechol amines involves the formation of the catechol amino
acid Ldihydroxyphenylalanine (L-DOPA) from tyrosine. Once
formed, the L-DOPA is immediately decarboxylated to form
dopamine, which in some neurons, is further transformed to
norepinephrine [8].
L-DOPA cannot be detected normally in the brain or in the
blood, and thus it is unlikely that circulating L-DOPA is a
physiological precursor for brain catecholamines. However,
when exogenous L-DOPA is administered to experimental
animals, the concentration of dopamine in the brain increase
[9]
. L-DOPA is combined with carbidopa to create the
combination drug Sinemet in Europe and L-DOPA is
combined with a similar substance, benserazide [6]. In
prolonged L-DOPA therapy, the apparent buffering capacity is
lost and the patient’s motor state may fluctuate dramatically
with each dose of the drug, a common problem is the
development of wearing off phenomenon: each dose of LDOPA affectively improves mobility for a period of time,
about 1 or 2 hours, but rigidity and akinesia return rapidly at
the end of dosing interval [10].
It is relatively high demand and spiralling price in the market,
demands for a suitable method to be standardized to control
amount of L-dopa in the finished product. Phytochemical
evaluation is one of the tools for the quality assessment, which
includes preliminary phytochemical screening, chemoprofiling
and marker compound analysis using modern analytical
techniques. The British Pharmacopoeia describes a
nonaqueous titration for the determination of L-dopa [11].
The United States Pharmacopoeia recommends a non-aqueous
titrimetric procedure with potentiometric end point
determination of L-dopa and extractive procedure followed by
UV assay for its determination in formulations [12]. Parikh et
al. described high performance liquid chromatography method
for estimation of L-dopa in plant [13]. Siddhuraju et al.
developed a rapid reversed-phase high performance liquid
chromatographic method for the quantification of L-dopa, nonmethylated and methylated tetrahydroisoquinoline compounds
from Mucunabeans14. A quantitative estimation of L-dopa in
tablets has been reported by high performance thin layer
chromatography method [15-16].
Plant sterols are steroid alcohols. Phyto-sterols regulate the
membrane properties of the plant cells and participate in the
control of membrane-associated metabolic processes. Sterols
also play an important role in cellular and developmental
processes in plants as precursors of brassi- nosteroids. They
also act as substrates for a wide variety of secondary
metabolites such as the glycoalkaloids, saponins. A major
function of phytosterols in diet is the inhibition of absorption
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and subsequent compensatory stimulation of the synthesis of
cholesterol. They are generally regarded as a kind of
functional factor which could lower serum cholesterol and
LDL-C level. Among different kinds of phytosterols, βsitosterol has the most powerful serum cholesterol-lowering
effect. Phytosterols are made up of a tetracyclic cyclopenta [α]
phenanthrene ring and a long flexible side chain at the C- 17
carbon atom. The four rings (A, B, C, D, from left to right)
have trans ring junctures, forming a flat α system. The most
common representatives are sitosterol, stigmas- terol and
campesterol (4-desmethyl sterol). Campesterol and sitosterol
have a ᇞ5 double bond and an additional Sitosterol is the
principal sterol in plant materials. Generally it refers to betasitosterol which has ᇞ5 double bond and α-ethyl at C-24 [17-18].
Beta-sitosterol is a main phyto-sterol found in numerous plants
including rice, wheat, corn, nut, peanut etc. It is structurally
related to cholesterol [19-20]. beta-sitosterol has recorded an
amazing health benefits as an hepatoprotective [21], antioxidant
and antipyretic [22-23], inflammatory disorders and rheumatoid
arthritis [24], colon cancer [25], benign prostatic hypertrophy [2627]
and breast cancer [28]. Preliminary phytochemical screening,
TLC fingerprinting and co-TLC studies (with beta-sitosterol)
of Acacia barks revealed the presence of with beta-sitosterol
and an identical spot as that of standard beta -sitosterol was
observed. Further it was confirmed by Rf values comparison
and multi wavelength scanning.
Previously, Lembcke et al. has been quantified beta-sitosterol
by liquid chromatography and tandem mass spectrometry
using atmospheric pressure photo-ionization (APPI– LC–MS–
MS) [29]. Nair et al. quantified by using liquid chromatography
(LC) with evaporative light scattering detection (ELSD) [30].
kamm et al. quantified using online liquid chromatography–
gas chromatography (LC–GC) [31] and Sorenson et al. using
gas chromatography [32].
General Profile of Standard Levodopa and Beta-Sitosterol
LevodopaStructure:

IUPAC name: (S)-2-Amino-3- (3, 4- dihydroxyphenyl)
propanoic acid
Molecular formula: C9H11NO4
Molecular weight: 197
Appearance: white crystalline powder
Solubility: Soluble in water, Partially insoluble in ethanol and
insoluble chloroform acetone.
Pharmacological uses:
Levodopa is a precursor for dopamine and is actively
transported across the intestinal wall and the blood-brain
barrier by a branched chain amino acid carrier. It is an
effective remedy for the relief of Parkinson’s disease [10].
Beta-SitosterolStructure:

IUPAC name: 17-(5-Ethyl-6-methy lheptan-2-yl) -10,13dimethy l-2,3,4,7,8,9,11,12,14,15,16,17- dodecahydro-1Hcyclopenta[a]phenanthren-3-ol
Molecular formula: C29H50O
Molecular weight: 414
Appearance: White solid
Solubility: Easily soluble in ethanol and chloroform, partially
soluble in water
Pharmacological uses
Beta-Sitosterol administered alone and in combination with
similar phytosterols shows immune modulatory, antiinflammatory [21] activities.
Beta-Sitosterol shows hepatoprotective [22], antioxidant and
antipyretic [23-24], rheumatoid arthritis [25], colon cancer [26],
benign prostatic hypertrophy [27-28], and breast cancer [29].
Phyto-Constituents from Medicinal Plants
Many plants contain Levodopa and betasitosterol examples are
Bakala, halunda, apata, abai, kanchan, vilayati babul. We
selected Bauhinia racemosa, Canavalia Gladiata and Vigna
vexillata for analysis of Levodoa and beta-sitosterol. Bauhinia
racemosa is well known plant in India because leaves use in
festival of dasara as gold plant leaves. Canavalia gladiata is
used in daily food in village. Vigna Vexillata is rare plant
which is used in some ayurvedic medicine.
Bauhinia racemosa Lam. plant is from Caesalpiniaceae family.
Common name in Marathi is apta and sona, in hindi kathamuli,
in bangali banraj, in kannada vanasamtige, in English bidi leaf
tree and mountain ebony, in Sanskrit yamalpatrak. It is easily
available in south Asia. Flowering season of plant is April to
May and fruits season is June to august. Kumar R. et al.
reported antioxidant and antimicrobial activities of Bauhinia
racemosa [33]. In vitro antimicrobial activity reported by
Gaurav Kumar et al. [34]. Borikar et al. Reported antiulcer
activity of Bauhinia racemosa in rats [35]. Leaves of plants
contain antihistaminic effect is proved by Nirmal et al [36].
Amoo et al. analysed seeds for extraction and physio-chemical
properties of oils from seeds [37]. Darne priti reports uses and
novelty of Bauhinia racemosa seeds oil [38]. Bauhinia
racemosa have phenol, flavonoids, saponins, glycosides,
alkaloids and tannis is reported by sharanabasappa et al. [39].
Canavalia gladiata (Jacq.) DC. is from Fabaceae family.
Common name in Marathi is abai, in Malayalam valavara, in
Hindi lalkududumpal, in English sword bean and broad bean.
It is cultivated throughout India. Flowering season is April to
October and fruits season is November onwards. Canvalia
gladiata contain amino acid, lectins and many useful markers
[40]
. Lectins are presents in Canvalia gladiata and this lectin is
useful for cgenitaxonomy [41-42]. Ekanayake S. et al. reports
that many minerals and amino acids are presents in Canavalia
gladiata seeds [43].
Vigna Vexillata L. is a plant from Fabaceae family. Common
name in Marathi is halunda, in Hindi jungali mung and
suryaparni, in Malayalam Kattupayar, in Sanskrit mdgaparni
and in English zombie pea, wild mung and wild cow pea. Fl;
owering season of plant is August to March. It is available in
south asian counties. Leu Y.L. et al. shows that Vigna vexillata
have anti-inflammatory activity and many phyto- constituent
[44]
. Lattanzio et al. reported that flavonoids are presents in
vigna species plants [45]. Battu et al. reported that plant contain
Levodopa which is useful for Parkinson diseases [46]. Adetula
et al. shows centromeric banding pattern of mitotic
chromosomes in Vigna vexillata (TVnu 73) [47]. Images 3, 4
and 5 represents plant Bauhinia racemosa, Canavalia gladiata
and Vigna vexillata respectively.
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The roots or leaves of the plant can absorb heavy metals from
the atmosphere, water and soil such as Pb, Cd, Hg and As and
these can finally accumulate in the plant through the cytosol
[54]
. The sources of this environmental pollution are quite
varied, ranging from industrial and traffic emissions to the use
of purification mud and agricultural expedients, such as
cadmium containing dung, organic mercury fungicides, and
the insecticide lead arsenate [55]. According to the WHO
(World Health Organization, 1991), lead, cadmium,
chromium, and other heavy metals must definitely be
controlled in medicines in order to assure their safety [56].
Herbs could turn out to be toxic if they are found to be in
excess or above the permissible limits along with other
impurities. So it is necessary to determine these elements
accurately in trace level. Many procedures have been
described in the literature for the determination of these heavy
metals (Gracia et al., 2000; Adeloju and Bond, 1985; Weis et
al., 1999) [65, 66, 67]. Atomic absorption spectroscopy is the most
common analytical method for estimating the heavy metals in
herbs (Sun et al., 2002) [68]. In the present study we used.
Atomic absorption spectroscopy used for the determination of
mercury, lead, cadmium and arsenic etc.Therefore, it was
imperative to screen the present state of herbal plant materials
in Indian market in terms of heavy metals (Pb, Cd, As, Hg)
and trace elements (Ca, Mg, Zn, Cu and Al).

Image 3: Bauhinia racemosa

Image 4: Canavalia Gladiata

Image 5: Vigna vexillata

Heavy Metals in Plants
Heavy metals have been defined differently by many authors
depending on the angle from which each author looks at it, but
toxicity, density as well as molecular weight are salient points
that inevitably appear in all the definitions of heavy metals [4849]
. Heavy metals have harmful effects on living beings if it has
taken in higher amounts. Heavy metal toxicity has lead to
various serious diseases and also extensive mortality. The
human body requires a number of trace elements like Ca, Mg,
Al etc. in order to maintain good health. These trace elements,
essential for human nutrition are accumulated in different parts
of plants transferred from the environmental conditions during
their normal growth pattern [50-51]. In human beings, these
elements are mostly required in amounts less than 100
milligrams per day and are present in specific tissues and
fluids of body. They maintain the certain physio-chemical
processes, structural components of tissues and as constituents
of enzymes in many metabolic pathways [52].
On the other side, several scientific report have indicated that
herbal medicines also contain the toxic heavy metals which
can cause various toxic effects like cancer, liver dysfunction,
lung disease, cerebral haemorrhage, alopecia etc. One of the
major reasons of incorporation of toxic metals in medicinal
plants is due to the increase in contamination of the general
environment [53].

Conclusion
From this review article we conclude that medicinal plants
have many properties and they played major role against
various diseases. Various herbal plants and plants extracts
have significant antiulcer, antipyretic, anti-diabetic and anticancerous activity. Our review result shows that abovementioned medicinal plants could prevent from fever, ulcer,
diabetes, and Cancer with the principle on dose-dependence. A
variety of botanical products have been reported to possess
that activity. Hence the review study is concluded that the
herbal drug possesses antiulcer, antipyretic and to treat antidiabetic, anti-cancerous activity and it has been proved by
different animal models which give many links to develop the
future trials.
Levodopa is a precursor for dopamine and is actively
transported across the intestinal wall and the blood-brain
barrier by a branched chain amino acid carrier. Levodopa is
useful in parkinson diseases and many plants contain
levodopa. It is majorly available in mucuna species. BetaSitosterol administered alone and in combination with similar
phytosterols shows immune modulatory, antiinflammatory
activities. Beta-sitosterol is useful in many diseases. It is used
as a hepatoprotective, antioxidant and antipyretic and to treat
inflammatory disorders, rheumatoid arthritis, colon cancer,
benign prostatic hypertrophy and breast cancer. Both of these
phyto constituents are majorly available in plants. Bauhinia
racemosa, Canavalia gladiata and Vigna vexillata contains
many phyto-constituents. Phytochemical analysis of these
three plants is necessary and there are rare research papers
available on this three plants. These three plants are future
scope for research students for quantification of phytoconstituents using different analytical techniques.
Plants contain heavy metals which are useful for human body
but excess of heavy metals is toxic for human body. Herbal
plant materials in India contain heavy metals (Pb, Cd, As, Hg)
and trace elements (Ca, Mg, Zn, Cu and Al). Analysis of heavy
metals using Atomic Absorption Spectroscopy is suitable
methods for heavy metals analysis in plants.

~ 262 ~

Journal of Medicinal Plants Studies

References
1. Petrovska BB. Historical review of medicinal plants’
usage, Pharmacognosy Reviews. 2012; 6(11):1-5.
2. Verma S, Singh SP. Current and future status of herbal
medicines, Veterinary World. 2008; 1(11):347-350.
3. Gunjan M, Ravindran M, Jana GK. A Review on Some
Potential Traditional Phytomedicine with Antidiabetic
Properties. International Journal of Phytomedicine. 2011;
3:448-458.
4. Umashanker M, Srivastava S. Traditional Indian herbal
medicine used as antipyretic, antiulcer, anti-dibetic and
anticancer: A review. International journal of research in
pharmacy and chemistry. 2011; 1(4):1153-1159.
5. Hasler
CM,
Blumberg
JB.
Symposium
on
Phytochemicals: Biochemistry and Physiology. Journal of
Nutrition. 1999; 129:756S-757S.
6. Gibson EL, Wardel J, Watts CJ. Fruit and Vegetable
Consumption, Nutritional Knowledge and Beliefs in
Mothers and Children. Appetite. 1998; 31:205-228.
7. Mathai K. Nutrition in the Adult Years. In Krause’s Food,
Nutrition, and Diet Therapy, 10th ed., ed. L.K. Mahan and
S. Escott-Stump. 2000; 271:274-275.
8. American Cancer Society. Phytochemicals. Available at
http://www.cancer.org/eprise/main/docroot/ETO/content/
ETO_5_3X_Phytochemical, 2000.
9. Meagher E, Thomson C. Vitamin and Mineral Therapy. In
Medical Nutrition and Disease, 2nd ed., G Morrison and L
Hark, Malden, Massachusetts: Blackwell Science Inc,
1999, 33-58.
10. Sharma JP, Srivastava A, Thakur SP, Barpete PK, Singh
S. Herbal medicine as antipyretic: A comprehensive
review. International journal of pharmacy and life
sciences. 2012; 1(1):18-22.
11. Saxena M, Saxena J, Nema R, Signgh D, Gupta A.
Phytochemistry of Medicinal Plants, Journal of
Pharmacognosy and Phytochemistry. 2013; 1(6):168-182.
12. Costa MA, Zia ZQ, Davin LB, Lewis NG. Chapter Four:
Toward Engineering the Metabolic Pathways of CancerPreventing Lignans in Cereal Grains and Other Crops. In
Recent Advances in Phytochemistry, Phytochemicals in
Human Health Protection, Nutrition, and Plant Defense,
ed. JT Romeo, New York. 1999; 33:67-87.
13. King A, Young G. Characteristics and Occurrence of
Phenolic Phytochemicals. Journal of the American
Dietetic Association. 1999; 24:213-218.
14. Rao N. Bioactive phytochemicals in Indian foods and
their potential in health promotion and disease prevention,
Asia Pacific Journal of Clinical Nutrition. 2003; 12(1):922.
15. Siddiqui SA, Pandey A, Dwivedi A, Jain S, Misra N.
Comparative conformational, structural and vibrational
study on the molecular structure of tyrosine and L-DOPA
using density functional theory. Journal of Chemical and
Pharmaceutical Research. 2010; 2(4):835-850.
16. Lee BP, Chao C, Nunalee FN, Motan E, Shull KR,
Messersmith PB. Rapid Gel formation and adhesion in
photocurable and biodegradable Block copolymers with
high dopa content. 2006; 39:1740-1748.
17. Chalmers JP, Baldessarini RJ, Wurtman RJ. Effects of LDopa on Norepinephrine Metabolism in the Brain. 1971;
68(3):662-666.
18. Antony AS, Debroy P, Vadivelen R, Jaysankar K, Vikram
M, Nandini S. Amelioration of CNS Toxicities of L-Dopa
in Experimental Models of Parkinson’s disease by
Concurrent Treatment with Tinospora cordifolia. 2010;

2(1):28-37.
19. British Pharmacopoeia, HMSO Publication Centre,
London. 1980; 1-2(781):254-535.
20. The United State Pharmacopoeia, XXI, the US
Pharmaceutical Convention Inc., Rockville. 1987, 585586.
21. Parikh KM, Doshi VJ, Sawant SV, Salunkhe UB.
Estimation of L-DOPA from plant Mucuna pruriens and
its formulation. Indian Drugs. 1990; 27:353-356.
22. Siddhuraju P, Becker K. Rapid reversed-phase high
performance liquid chromatographic method for the
quantification
of
L-Dopa
(L-3,
4dihydroxyphenylalanine), non-methylated and methylated
Antony SA, Debroy P, Vadivelan R, Jaysankar K, Vikram
M,
Nandini
S,
Sundeep
M,
Elango
K.
tetrahydroisoquinoline compounds from Mucuna beans.
Food. Chemistry. 2001; 72:389-394.
23. Kshirsagar VB, Deokate UA, Bharkad VB, Khadabadi SS.
HPTLC Method Development and Validation for the
simultaneous Estimation of Diosgenin and Levodopa in
marketed formulation, Asian journal of research
chemistry. 2008; 1(1):36-39.
24. Gandhi DB, Mehta PJ. Simultaneous RP-HPTLC Method
for Determination of Levodopa, Carbidopa, and
Entacapone in Combined Tablet Dosage Form. Journal of
planner chromatography, 2011; 3:236-241.
25. Sheng Y, Chen X. Isolation and identification of an
isomer of β-sitosterol by HPLC and GC-MS. 2009;
1(3):203-206.
26. Piironen V, Lindsay DG, Miettinen TA. Plant sterols:
Biosynthesis, biological function and their importance to
human nutrition. J Sci of Food and Agric. 2000; 80:939966.
27. Ambasta SP. Useful plants of India (National Institute of
sciences Communication, CSIR, New Delhi), 1986, 14.
28. Pegel KH. The importance of sitosterol and sitosterolin in
human and animal nutrition. South African Journal of
Science. 1997; 93:263-268.
29. Shailajan S, Naresh C, Sane RT, Sasikumar M. Effect of
Astera canthalongifolia Nees. Against CCl4 induced liver
dysfunction in rat. Indian Journal of Experimental
biology. 2005; 43:68-75.
30. Ahmed S, Rahman A, Mathur M, Athar M, Sultana S.
Anti-tumor promoting activity of Astera canthalongifolia
against experimental hepatocarcinogenesis in rats. Food
and Chemical Toxicology, 39, 19-28.
31. Ali MA. Chemical investigation on the seeds of
Hygrophilaspinosa. Pakistan Journal of Industrial
research. 1967; 10:82-83.
32. Bouic PJD, Etsebeth RW, Liebenberg Albrecht CF, Pegel
K. Van Jaarsveld PP. The effect of Beta-sitosterol and
beta-sitosterolglucoside stimulate human peripheral blood
lymphocyte proliferation: Implications for their use as an
immunomodulatory vitamin combination. International
Journal of Immunopharmacology. 1996; 1:693-700.
33. Awad AB, Chan KC, Downie AC, Fink CS. Phytosterols
as Anticancer Dietary Components: Evidence and
Mechanism of Action, Nutrition and Cancer. 2000; 36:7478.
34. Awad AB, Williams H, Fink CS. Phytosterols reduce in
vitro metastatic ability of MDA-MB-231 human breast
cancer cells. Nutrition and Cancer. 2001; 40(2):157-164.
35. Awad AB, Downie A, Fink CS, Kim U. Dietary
phytosterol inhibits the growth and metastasis of MDAMB-231 human breast cancer cells grown in SCID mice,

~ 263 ~

Journal of Medicinal Plants Studies

Anticancer Research. 2000; 20:821-824.
36. Awad AB, Fink CS. Phytosterols as anticancer dietary
components: Evidence and mechanism of action. Journal
of Nutrition. 2000; 130:21-27.
37. Lembcke J, Ceglarek U, Fiedler GM, Baumann S,
Leichtle A, Thiery J. Accumulation of Dietary Cholesterol
in Sitosterolemia Caused by Mutations in Adjacent ABC
Transporters. Journal of Lipid Research. 2005; 46:21-26.
38. Nair VDP, Kander I, Hoogmartens K. Determination of
stigmasterol, β-sitosterol and stigmastanol in oral dosage
forms using high performance liquid chromatography with
evaporative light scattering detection. Journal of
Pharmaceutical and Biomedical Analysis. 2006;
41(3):731-737.
39. Kamm W, Dionisi F, Hischenhuber C, Schmarr HG,
Engel KH. Rapid detection of vegetables oils in milk by
fat by online LC-GC analysis of beta-sitosterol. European
Journal of Lipid Science and Technology. 2002;
104(11):756-761.
40. Sorenson WR, Sullivan D. Determination of Campesterol,
Stigmasterol, and beta-Sitosterol in Saw Palmetto Raw
Materials
and
Dietary
Supplements
by
Gas
Chromatography: Single-Laboratory Validation, Journal
of AOAC International. 2006; 89(1):22-34.
41. Kumar RS, Sivakumar T, Sunderam RS, Gupta M,
Mazumdar UK, Gomathi P et al. antioxidant and
antimicrobial activities of Bauhinia racemosa L. stem
bark. Brazilian Journal of medical and biological research.
2005; 38:1015-1024.
42. Kumar G, Karthik L, Bhaskara Rao KV. Phytochemical
composition and in vitro antimicrobial activity of
Bauhinia racemosa lamk (caesalpiniacese), International
journal of pharmaceutical sciences and research. 2010;
1(11):51-58.
43. Borikar VI, Jangde CR, Philip P, Rekhe DS. Study of
antiulcer activity of Bauhinia racemosa lam in rats,
Veterinary World. 2009; 2(6):215-216.
44. Nirmal SA, Laware RB, Dhasad VV, Kuchekar BS.
Antihistaminic Effect of Bauhinia racemosa Leaves.
Journal of y oung pharmacists. 2011; 3(2):129-131.
45. Amoo I A, Moza L. Extraction and physio-chemical
properties of oil from Bauhinia racemosa seeds. La
Rivista Haliana Delle Sostanze. 1999; 56:399-400.
46. Darne P, Mehta M, Dubey P, Prabhune A. Bauhinia seed
oil, A novel substrate for sophorolipid production, world
journal of pharmacy and pharmaceutical sciences. 2014;
3(11):792-804.
47. Sharanabasappa GK, Santosh MK, Shaila D, Seetharam
YN, Sanjeevrao I. Phytochemical studies on Bauhinia
racemosa Linn. And hardwickia Bina roxb. E Journal of
chemistry. 2007; 4(1):21-31.
48. Ekanayake S, Jansz ER, Nair BM, Abeysekera AM. A
review on an underutilized legume Canavalia Gladiata.
Vidyalaya Journal of science. 1999; 8:1-25.
49. Laija SN, Mahesh S, Smitha Ls, Remani P. Isolation and
partial characterization of two plant lectins. Current
Research Journal of Biological Sciences. 2010; 2(4):232237.
50. Moreira RDA, Corderio EDF, Cavada BS, Nunes ED,
Fernandes AG, Oliveira JTA. Plant seed lectins. Apossible
marker for chemotaxonomy of the genus Canavalia, R.
Bras. Fisiol. Veg, 1993, 127-132.
51. Ekanayake S, Jansz ER, Nair BM. Proximate
composition, mineral and amino acid content of mature
Canavalia gladiata seeds, Food Chemistry. 1999;

66(1):115-119.
52. Leu YL, Hwang TL, Kuo PC, Liou KP, Huang BS, Chen
GF. Constituents from Vigna vexillata and their antiinflammatory activity. International Journal of molecular
sciences. 2012; 13:9754-9768.
53. Lattanzio V, Cardinali A, Linsalata V, Perrino P, Ng NQ.
A chemosystematic study of the flavonoids of Vigna,
Genetic Resources and Crop Evolution. 1996; 43:493-504.
54. Battu G, Male A, Hari priya T, Malleswari VN, Reeshma
SK. A phytopharmacological Review on vigna Species.
2011; 2(1):62-67.
55. Adetula OA, Fatokun CA, Obigbesan G. centromeric
banding pattern of mitotic chromosomes in Vigna
vexillata (TVnu 73). African Journal of biotechnology.
2005; 4(5):400-402.
56. Barnes J. Quality, efficacy and safety of complementary
medicines: fashions, facts and the future. Part1:
Regulation and quality. Br Journal of Clinical
Pharmacology. 2003; 55:226-233.
57. Phillips S, Balge M, Heavy metal toxicity, Texas (SA),
New Fields, 2007, 1-30.
58. Dushenkov V, Kumar PBAN, Motto H, Raskin I.
Rhizofiltration: the use of plants to remove heavy metals
from aqueous streams, Environ Science and Technology.
1995; 29:1239-1245.
59. Singh V, Garg AN. Availability of essential trace
elements in Indian cereals, vegetables and spices using
INAA and the contribution of spices to daily dietary
intake, Food Chemistry. 2006; 94(1):81-89.
60. Sharma DK, Rai S, Arora SS, Gupta PM, Sharma R,
Chopra AK. Study of the trace elements in Aloe vera L.
(Aloe barbandensis Miller) viz. Liliaceae and its
biological and environmental Importance. Journal of
Chemical and Pharmaceutical Ressearch. 2011; 3(3):64.
61. Gomez MR, Cerutti S, Somb LL, Silva MF, Martınez LD.
Determination of heavy metals for the quality control in
argentinian herbal medicines by ETAAS and ICP-OES.
Food and Chemical Toxicollogy. 2007; 45(6):1060-1064.
62. Schilcher H. Possibilities and limitations of phytotherapy.
Pharmaceutical Weekblad, 1987, 9:215.
63. World health organisation (WHO). Guidelines for the
Assessment of Herbal Medicines, Munich, Geneva. 1991;
28:6.
64. Mc Laughlin MJ, Parker DR, Clark JM. Metals and
micronutrients-food safety issues, Field Crops Res. 1999;
60:143-163.
65. Gracia E, Cabrera C, Lorenzo ML, López MC. Chromium
levels in spices and aromatic herbs, Science of the Total
Enviroment. 2000; 247(1):51-56.
66. Adeloju SB, Bond AM. Influence of laboratory
environment on the precision and accuracy of trace
element analysis; Analytical Chemistry. 1985; 57:17281733.
67. Weiss DJ, Shotyk W, Schafer J, Loyall U, Grollimund E,
Gloor M. Microwave digestion of ancient peat and lead
determination by voltammetry. Fresenius Journal of
analytical Chemistry. 1999; 363(3):300-305.
68. Sun HW, Ying G, Yuan CG, Zhang YX, Yang Li-Ii,
Zhang De-q. Determination of trace lead in Chinese herbs
by derivative flame atomic absorption spectrometry using
an atom trapping technique, Analytical Science. 2002;
18:325-328.

~ 264 ~

