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Herbalism is the old concept employing plants as medicinal agents. Herbology or Herbal
Medicine refers to the use of plants for medicinal purposes and study of such uses. Since
prehistoric era, the use of plants as medicine has been documented in indigenous traditional
knowledge systems around the world. Following the perspective of ethnopharmacology, many
plants have been taken into consideration for the prevention and cure of the various ailments of
the current era. Many medicinal plants like Curcuma longa, Panax Ginseng, Commiphora
wightii, Zingiber officinale have been investigated intensely for their therapeutic properties and
have been recognised well for their beneficial effects. However, the vast databases of medicinal
plant are still unexplored and needs attention. The current review discusses some chosen
unexplored medicinal plants of therapeutic importance which could attract the attention of
researchers in the field of herbal medicine to investigate and explore their clinical efficacy and
medicinal potential as new therapeutic agents in disease prevention.
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(Aescin from Aesculus hippocastanum L.),9 antitumour agent (Etoposide
from Podophyllum peltatum), muscle relaxants (Atropine from Atropa
belladonna),10 chemotherapeutic drug (Vincristrine and Vinblastine from
Catharanthus roseus),9,11 anticancer drugs (Paclitaxel and Abraxane
from Taxus brevifolia) and dermatitis curing drug (Alitretinoin
from Daucus carota).9-11,12 Anti-tumour and anti-infectious drugs
accounts for the major percentage among the total plant derived drugs.9
Moreover, some plants products are considered as an important source of
nutrition and as a result of that, they are recommended for their therapeutic
values e.g. Green-tea, Walnuts, Safed Musli, Cranberry, Raspberry,
Pepper, etc.12 Over the past three decades there has been tremendous
increase in the phytomedicine and nutraceutical research; however, there
is still an insignificant research data in this field. Ethnopharmacology
provides us with the clue of beneficial properties of medicinal plants13,14
and most plants selected on the virtue of traditional knowledge have been
validated scientifically and their pharmacological attributes of the plant
drugs are now confirmed, however, many plant species having very strong
ethnopharmacological values are often overlooked, thus creating a
redundancy in the exploration of medicinal plants, having the potential to
cure specific diseases. In this regard, since 1999, WHO has published three
volumes of the WHO monographs on selected medicinal plants to
accelerate evidence based research in phytomedicine.15-17 The current
review intends to highlight some medicinal plants which have not been
explored much, despite having strong ethnomedical leads.

Introduction
A plant is considered to be medicinal if any part or product of
the plant is used in order to relieve, prevent or cure a disease or to alter the
physiological and pathological process, or employed as a source of drug
or their precursors.1 Since prehistoric era every civilization of the world
has deciphered plants ability in treating human disease. Evidence exists
that traditional medical systems such as Unani, Ayurveda, Chinese,
European and Mediterranean cultures systematically and officially used
these medicinal plants/herbs for over 4000 years as medicine.2 Ancient
Unani manuscripts,3Ayurvedic doctrines,4 Egyptian papyrus5,6 and
Chinese writings7 extensively described the uses of herbs. As per the data
available, over three-quarters of the world population relies mainly on
plants and plant extracts for their health care needs.2 About 80% of the
population in developing countries use traditional medicines since they
cannot afford the high cost of western pharmaceuticals and health care, the
other reason for relying on traditional medicines corresponds to its
acceptance from a cultural and spiritual perspective. 8 Another major
advantage of relying on the traditional sources of healthcare is the believe
that natural products exerts minimal or no side effects during treatment.
The involvement of herbal medicines and plant products serving as drug
precursors is obvious from the fact that more than 30% of the entire plant
species, at one time or the other was used for medicinal purposes.
Examples of important drugs obtained from plants are cardiotonic drugs
(Digitoxin and Digoxin from Digitalis purpurea L.), 9,10 antimalaria and
antiarrhythmic drug (Quinine and Quinidine from Cinchona spp.),9,10
antinociceptive and cough suppressant drugs (Morphine and Codeine,
respectively from Papaver somniferum),11 the anti-inflammatory drug
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For this review, the referencing materials have been collected from
electronic databases sources i.e. Google Scholar, Web of Science,
PubMed, directory of open access journals (DOAJ) and websites like
www.theplantlist.org, www.efloraindia.nic.in, www.medicinalplants.in.
The search was performed by using combinations of the following
keywords and or their equivalents; phytomedicine, ethnopharmacology,
drug discovery, therapeutic medicinal plants, plant based modern drugs,
unexplored medicinal plants, cancer and plants. Ethical issues (including
plagiarism and double publication) have been completely observed by the
authors.
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Therapeutic medicinal plants: An Indian perspective
Ayurveda is an ancient health care system which evolved in India, it dates
back to about 5000 years ago. It was practiced during Vedic period of
India. About 700 plants were described in Charaka Samhita and Sushruta
Samhita during the 1st millennium BC .4,18 Ayurvedic System of India aims
to preserve, promote and sustain good health and prevent diseases through
healthy lifestyle practices. The literal meaning of Ayurveda is the “Science
of life”. It is estimated that about 7,500 plants are used in local health
traditions in most rural and tribal villages in India. Herbal treatments are
the most popular form of Traditional Medical System in such regions. 19
Considering the emerging challenges in the healthcare system, there is
need to integrate Ayurveda into the medical system for the management
and treatment of lifestyle-related diseases. Ayurveda can offer Drug-free
society by curing and managing the diseases and improving the quality of
life. In order to augment the traditional system of medicine, Government
of India has set up a National Level Policy for growth, promote and
development of the Traditional System of Indian Medicine. The Ministry
of Ayurveda,Yoga and Naturopathy ,Unani,Siddha and Homeopathy
(AYUSH) has created separate departments for Ayurveda, Yoga and
Naturopathy, Unani, Siddha and Homoeopathy collectively known as
AYUSH. Figures 1 and 2 show the different school of thoughts exploring
and employing the use of medicinal plants in the prevention and cure of
diseases and their respective percentages.
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Figure 1: Percentage of plant species utilization under different
medicinal set up (Source: NMPB, 2008).

Bioactive constituents from medicinal plants
Phytochemicals (from the Greek word phyto, meaning plant) are
biologically active, naturally occurring chemical compounds found in
plants, which provide health benefits for humans other than those
attributed to macronutrients and micronutrients. 20 These specific
compounds are synthesized by primary or rather secondary metabolism of
living organisms with an aim to provide defense against environmental
factors and infectious agents in plants.21 The biological activity of
secondary metabolites is not only restricted to plant defense system but
have also been used to cure various human diseases. Secondary
metabolites present in plants as organic compounds provide definite
physiological action on the human body. Plant active bioconstituents are
known to have a vast range of therapeutic activity ranging from
antibacterial, antiviral, immunomodulatory, anti-inflammatory to most
extensive anticancer activity. These bioactive substances include tannins,
alkaloids, carbohydrates, terpenoids, steroids and flavonoids. 22 These can
be derived from barks, leaves, flowers, roots, fruits orseeds.23,24
The major active components present in medicinal plants are broadly
classified as under:

AYUSH
Indian System of Medicine
Ayurveda
Yoga & Naturopathy
Unani
Siddha
Homeopathy

Figure 2: Canopy of Various School of Medicine in India.

Phenolics
Phenolics comprise the largest group of secondary metabolites with wide
distribution and a myriad of characteristics. Phenols have a distinctive
ability to form non-covalent, intermolecular complexes with each other
and with both large and small molecules. Phenolics possess an aromatic
ring bearing one or more hydroxyl groups and their structures may range
from that of a simple phenolic molecule to that of a complex high
molecular weight polymer. Phenolics are derived from pentose phosphate,
shikimate, and phenylpropanoid pathways in plants.25 The major
characteristics of polyphenols are radical-scavenging capacity, which is
involved in antioxidant properties (key factor involved in the chemical
defense of plants against pathogens and predators and in plant-plant
interferences), and the ability to interact with proteins. 26 Phenolic
compounds as functional food render their effects via anti-oxidation and
relief from oxidative stress and its consequences. The anti-oxidative effect
of phenolic in functional foods is due to the direct free radical scavenging
activity, reducing activity and an indirect effect arising from chelation of
pro-oxidant metal ions.26 The chelation of metal ions generally requires
ortho-dihydroxylation on the phenyl ring in phenolic acids and flavonoids
or the presence of a 3- or 5-hydroxyl group of flavonoids.27 Dietary
polyphenols from food industry are the good source of antioxidants and
are one of the main composition of the nutraceutical products available in
the market. The most important dietary phenolics are the phenolic acids
(including hydroxybenzoic and hydroxycinnamic acids), polyphenol
(hydrolyzable and condensed tannins) and flavonoids, the latter being the
most primitively studied group.28

photosynthetic reactions using photosensitizing pigments. Terpenes have
a unique antioxidant activity in their interaction with free radicals.
Terpenes react with free radicals by partitioning themselves into fatty
membranes by their long carbon side chain.30 Perhaps the most studied of
the terpene antioxidants are the tocotrienols and tocopherols. The
biological relevance of terpenoids are well established. 31 The use of γtocotrienols, a mixed isoprenoid, and β-ionone, a pure isoprenoid, to
suppress the growth of diverse tumour cell lines via initiation of apoptosis
and concomitant arrest of cells in the G1 phase of the cell cycle have been
reported.32
Alkaloids and other nitrogen-containing metabolites
Alkaloids are natural products that contains heterocyclic nitrogen atoms
that are basic in character. Alkaloids are naturally synthesized by large
numbers of organisms, including animals, plants, bacteria and fungi.
Alkaloids are significant for the protection and survival of plant because
they ensure their survival against micro-organisms (antibacterial and
antifungal activities), insects and herbivores (feeding deterrents), 33 and
also against other plants by means of allopathically active
chemicals.34.Alkaloids derived from higher plants exhibits marked
pharmacological activity.34 Functional foods with alkaloids have
numerous pharmacological activities including antihypertensive effects,
antiarrhythmic effect, antimalarial activity, antiviral and anticancer
actions.34
Saponins
Saponins glycosides widely distributed in the plant kingdom, include a
diverse group of compounds characterized by their structure containing a
steroidal or triterpenoid aglycone with one or more sugar chains. 35 Their
structural diversity is reflected in their physicochemical and biological

Terpenoids (terpenes)
The terpenes, also known as isoprenoids, are the largest class of
phytonutrients in green foods, soy plants and grains.29 The importance of
terpenes to plants relates to their necessity to fix carbon through
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cytokines IL-6, IL-8 and TNF-α.82-84 In a study conducted by Lu et al.81
induction of apoptosis by ethyl acetate extracts of T. diversifolia leaves
in human hepatoma (HepG2) cells was observed, indicating its potential
role in cancer cure.80,85 In another study, saponins derived from T.
diversifolia induces significant reduction in the level of triglycerides, low
density lipoprotein (LDL), cholesterol, creatinine, urea, lactate
dehydrogenase (LDH) , packed cell volume (PCV) and hemoglobin with a
concomitant increase in high density lipoprotein (HDL), white blood cell
and lymphocyte in normal rats when 20-100 mg/kg of saponins rich extract
was administered, suggesting its anti-inflammatory and cholesterol
lowering potential.86

properties, which are exploited in a number of traditional (as soaps, fish
poison, and molluscicides) and industrial applications, 36 saponins in foods
have traditionally been considered as “anti-nutritional factors” and in
some cases have limited their use due to their bitter taste.37 Therefore, most
of the earlier research on processing of saponins targeted their removal to
facilitate human consumption.38,39 However, food and non-food sources of
saponins have come into renewed focus in recent years due to increasing
evidence of their health benefits such as cholesterol lowering40 and
anticancer properties41-43 The proposed mechanism of anti-carcinogenic
properties of saponins includes direct cytotoxicity, immune-modulatory
effects, bile acid binding and normalization of carcinogen-induced cell
proliferation.42,44 Recent research has established saponins as the active
components in many herbal medicines44and highlighted their
contributions to the health benefits of foods such as soybeans 44 and
garlic.45 Saponins are often used to permeabilize membranes in order to
make intracellular compartments accessible for antibodies.46

4. Glycyrrhiza uralensis
Glycyrrhiza uralensis popularly known as Chinese Licorise/Gancao is
indigenous to Northern China, Mongolia and Siberia. Licorise from
Glycyrrhiza family is a well-known herbal medicine in Chinese system of
Medicine and have been documented in the Chinese Pharmacopeia.87
Traditionally, Gancao, is used as a flavouring agent and sweetening agent
in tobaccos, chewing gums, candies, and toothpaste.88 Glycyrrhiza glabra
a well-known species form the same genus have been found to contain
compounds
like glycyrrhizin, liquiritin,
liquiritigenin,
and
isoliquiritigenin89 having antioxidant, anti-inflammatory, antiviral,
cytotoxic, anticancer,90 antidiabetic, skin-whitening and cholinergic
activities.91-94 Most of the studies conducted on Glycyrrhiza glabra
promotes its therapeutic potential, however not much attention has been
paid to Glycyrrhiza uralensis which shows some differences in its
chemical composition from Glycyrrhiza glabra.95 Biological studies have
revealed the presence of phenolic compounds, flavonoid glycosides and
triterpenoid saponins.91,92 Recent investigations on Glycyrrhiza uralensis
have led to the isolation of bioactive compounds like isoprenylated
phenols which was found to have therapeutic effects against cancer 96 and
liver damage.97-99 Echinatin a potent Nrf2 activator isolated from
Glycyrrhiza uralensis attenuated CCl4-induced liver damage in mice
indicating its hepatoprotective potential.99 Free phenols rich ethanol crude
extract or ethyl acetate extract activated Nrf2 transcription was measured
as significant compared to the aqueous extract rich in flavonoid glycosides
and triterpenoids saponins.99 In a study conducted by Joa et al., ethanol
extract of G. uralensis licorice root induced apoptosis in MCF-7 human
breast cancer cell lines via G1 cell cycle arrest through upregulation of
tumour suppressor protein p53, BAX and downregulation of Cyclin E and
CdK2 genes.97 In another study, Isoliquiritigenin induced apoptosis in
MGC-803 gastric cancer cell line was observed.98 In another study, colon
cancer cell line (CT-26) was treated with different concentrations of G.
uralensis polysaccharides. The polysaccharides showed significant
antitumor effects after 72 h of treatment with an elevation in the
expression of IL-7 suggesting immunomodulatory effect.99 Thus, much
focus should be placed on further evaluation of bioactive compounds from
this plant.

Unexplored Medicinal Plants of Therapeutic Importance
1. Faujasiopsis flexuosa (Lam.) C. Jeffrey (Asteraceae)
Faujasiopsis flexuosa (Lam.) C. Jeffrey belonging to the family
Compositae, is an indigenous medicinal plant covering the habitat of
Mascarene Island in Mauritius.47 This plant has been used for the cure of
dysentery and diabetes by the local practitioners of the region and has been
recognised as an important traditional medicine to be used in many
formulations.48,49 Recent studies indicate its therapeutic potential as an
antioxidant,50,51 antimicrobial and immunomodulatory agents.52 It has
also been shown to possess antidiabetic effects in vitro thereby indicating
its ethnopharmacological value,53,54 phytochemical evaluation reveals
alkaloids as the active constituent of the plant. Recently, fourteen
pyrrolizidine alkaloids have been isolated from the crude leaves and stem
extracts of Faujasiopsis flexuosa, however, some toxic alkaloids have also
been reported from the species.55 Despite evidence from in vitro studies,
no in vivo documentation for its therapeutic potential has been recorded
so far.56
2. Elephantorrhiza elephantina
Elephantorrhiza elephantina is one of the nine species belonging to the
genus Elephantorrhiza.57 The shrub has a peculiar morphological
characteristic of having large underground stem of up to 8 m long which
confers to it a title as ‘Elephant Root’. Its habitat ranges from hot and
patchy dry areas of grasslands to open acacia combretum gregarious
scrub.58 Many species belonging to this genus are highly regarded as
medicinal plants in Southern Africa.59,60 Elephantorrhiza elephantina has
a vast ethnopharmacological evidence and has been used in curing several
ailments in different parts around the world where it is considered
indigenous. A detailed information on region based ethnopharmacological
uses of Elephantorrhiza elephantina has been given in a review by Maroyi
Alfred.61 The major disorders treated with this shrub are gastrointestinal
problems where it has been found very effective in the treatment of bloody
diarrhoea and dysentery,62 it is also used to treat skin diseases like acne,63
sexual disorders like erectile dysfunction, syphilis, herpes, HIV/AIDS. 6466
It is also sold as herbal medicines in the local markets under different
vernacular names and is consumed in the form of root decoction. 67 It is
also utilize as fodder for animals in South Africa and have been considered
as a veterinary medicine.68,69 A wide range of phytochemicals such as
anthocyanidins,70 anthraquinones,70 esters, fatty acids, phenolic
compounds, flavonoids,70 glycosides, polysterols, saponins,71 sugars,
tannins, and triterpenoids have been isolated from rhizome extracts of E.
elephantina.72 In some studies aqueous root extracts have been found to
exert antimicrobial, antidiarrheal, cytotoxic and anti-inflammatory
effects.72 The extensive consumption rate of the plant in the form of herbal
medicines validated by in vitro studies makes Elephantorrhiza
elephantina a suitable candidate for pre-clinical studies.

5. Graptopetalum paraguayense
Graptopetalum paraguayense is a traditional Chinese herb that is
cultivated originally in Mexico. It possesses several health benefits. It is
popular as hepatoprotective agent in archaic Chinese prescription,
Graptopetalum paraguayense (GP)
is able to alleviate hepatic
disorders,100-102 lower blood pressure,104 relieve pain, treat infections,
inhibit
inflammation105 and
improve
brain
function.105 G.
paraguayense
contains various antioxidants, such as Gallic
acid, Quercetin, Genistein and Daidzein.106 The contents of the
phytochemicals is at maximum at immaturity and decreases with
ageing.106 Polyphenolic compounds, such as flavonoids and anthocyanins
in the extracts of the leaves of G. paraguayense in in vitro studies have
demonstrated the ability to scavenge free radicals and exhibit antioxidant
and antiproliferative effects against liver cancers. 107 Besides, G.
paraguayense has shown anti-cancer and high cytotoxic effects by downregulation of several onco-proteins in hepatocellular cancer cell line
(HepG2).102 In a pre-clinical study conducted by Lin et al.102 gene
expression studies on dimethyl nitrosamine induced liver injuries on rats
demonstrated the reversing of hepatic damage by restoring the abnormal
expression level of alanine aminotransferase (ALT), aspartate
transaminase (AST) ,Bilirubin, alkaline phosphatase (ALP), alphafetoprotein (AFP), blood urea nitrogen (BUN), prothrombin time (PT) and
platelet (PLT) without any change in the gene profile of liver health of the
control group.102 Anti-inflammatory effects of water extracts of GP in
another study was observed where inflammatory markers CRP, TNF-α,
IL-6 were found to be downregulated after 12 weeks of supplementation
of the prepared extracts to the patients suffering from metabolic
syndrome.103 GP was found to be highly beneficial for the treatment of

3. Tithonia diversifolia (Hemsl) A.Grey.
Tithonia diversifolia (Hemsl) A. Grey. commonly known as Mexican
sunflower is an aggressive invading weed which originally belongs to
North and Central America,73 having been introduced into other regions
of the world such as Africa, Asia and Australia.74 In folklore medicine
around the world, it is used for the treatment of myriad of ailments,75
ranging from abscesses, hematomas, muscle cramps, skin infections to
diseases of major concern like malaria,76-78 and liver damage.79,80
Sesquiterpenes are the major constituent of the plant.81 Recent studies on
Tagitinins isolated from T. diversifolia have shown anti-inflammatory82
and anticancer activities and regulation of the pro-inflammatory
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Table 1: Summarized List of Unexplored Medicinal Plants and Their Therapeutic Activities
S.No.

1.

2.

3.

4.

5.

6.

7.

Plant Name

Faujasiopsis
flexuosa (Lam.) C.
jeffrey

Elephantorrhiza
elephantina

Vernacular
Name

Zigzag,
Liane Zig-Zag

Elephant's
Foot,
Eland's Bean

Family

Compositae

Fabaceae

Habitat/
Origin

Part Used

Mauritius

South
Africa

North and
Central
America

Mexican
Sunflower,
Tree Marigold

Glycyrrhiza
uralensis

Licorise,
Gancao

Graptopetalum
paraguayense

Ghost Plant,
Mother of
Pearl Plant

Crussulaceae

Acer saccharum
Acer rubrum

Red Maple,
Swamp

Sapindaceae

North
America

Iridaceae

Mediterranean
Europe,
Western
Asia

Crocus sativus

Zafran
Saffron

Fabaceae

References

Dysentery
Diabetes

Antioxidant
Antimicrobial
Antidiabetic
Immunomodulatory

50,51
52
53,54
52

Dermatitis
Gastrointestinal
Disorders
Sexual disorders
Bloody Diarrhoea
Veterinary
Medicine

Cytotoxic
Antimicrobial
Antidiarrheal
Antiviral

72
62
64,65,66

Antimalarial
Anti-tumor
Anti-inflammatory
Anticancer

76,77,78
85
82
84,85

Hepatoprotective
Immunomodulatory
Anti- cancer

97,98,99
99
9,98

Diuretic,
Hepatic Disorders,
Blood Pressure
Lowering

Antioxidant
Anticancer
(Hepatocellular
carcinoma),
Neuroprotective

102, 107

Bark/Sap

Expectorant,
Sore Eyes
Diuretics

Anti-inflammatory
Antiproliferative

111
112

Stigma

Aphrodisiac
Antipoison
Dysentery
Measles
Wound healing,
Abscesses

Anti-carcinogenic
Immunomodulatory

114,115

Rhizome
Roots

Tithonia diversifolia
(Hemsl) A.Grey.

Asteraceae

Pharmacological
Potential

asLeaves
Stem

Leaves

Northern
China
Mongolia,
Siberia

Roots

Mexico

liver disorders including Hepatitis, Cirrhosis, Fibrosis, and Hepatocellular
carcinoma reoccurrence episodes post-surgery/chemotherapy.

Traditional Uses

Hepatic Disorders
Malaria
Abscesses
Hematomas
Skin Infection
Menstrual muscle
cramps
Cough,
Influenza,
Hepatic disorders,
Antispasmodic

105

tumour, anti-diabetic, anti-inflammatory and anti-atherosclerotic
activities.114 It has been suggested that the cytotoxic effect of saffron is
associated with the interaction of carotenoids with topoisomerase II, an
enzyme regulating cellular DNA and proteins synthesis. 115 The market
value of saffron is high, despite this fact, saffron is in a regular
consumption by the Indian Population in its oral form and is considered
asheritage medicinal plant.116 Table 1 gives the concise description of the
above-mentioned plants. The chemical constituents of the abovementioned unexplored plants have been described in Figure 3.

6. Acer saccharum and Acer rubrum
Among the maple (Acer) species that are native to North America, the
sugar (Acer saccharum Marsh) and red (A. rubrum L.) maples are well
known for yielding maple syrup, a natural sweetener that is obtained by
concentrating the sap of these trees. There has been considerable interest
in the identification of compounds from both maple sap and syrup. 108-110
Furthermore, phenolic-enriched extracts of maple sap and syrup have been
reported to show antiproliferative effects against a panel of human tumour
cell lines.111 The antiproliferative effects of maple syrup in colon cancer
cells were also seen without any apoptosis induction indicating potential
anti-colon cancer effects by cell cycle arrest mechanism.112
7. Crocus sativus
Saffron is the dried stigma of Crocus sativus and has been used for
centuries in traditional medicine mainly for its aroma and food colouring
properties, healing properties, as well as for the treatment of various
pathological conditions. The phytochemistry and pharmacological
experiments have indicated that crocin and safranal, the major active
ingredients of saffron,113 exert important actions, such as antioxidant, anti-
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Platyphylline (1)

Tagitinins A (5)

Glycyrrhizin (8)

Salicin (12)

Senocionine (2)

Epigallocatechin (3)

Neoglycyrol (6)
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Palmitic Acid (4)

Licochalcone A (7)

Gallic Acid (9)

Daidzein (10)

Picein (13)

Genistein (11)

Crocetin (14)
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Crocin (15)

ISSN 2616-0684 (Print)
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Picrocrocin (16)

Figure 3: Molecular structures of the chemical constituents present in the unexplored medicinal plants: 1 and 2 - from Faujasiopsis flexuosa, 3 and
4 - from Elephantorrhiza elephantina, 5 - from Tithonia diversifolia, 6, 7 and 8 – from Glycyrrhiza uralensis, 9, 10 and 11 - from Graptopetalum
paraguayense, 12 and 13 - from Acer Saccharum, 14, 15 and 16 - from Crocus Sativus.

Conclusion
7.

The available literature explores the therapeutic usefulness for those plants
which have not come under the scrutiny of clinical research for the
development of novel plant based drugs. So far, only a minute percentage
of medicinal plants have been identified and characterized for their
beneficiary effects and studied at pre-clinical and clinical trial levels.
However, with the huge availability of millions of plant species on the
earth there is always a possibility for the exploration of plants with
tremendous beneficial effects. In the present review, few examples of such
unpopular plants have been discussed, which is backed by ethnomedical
lead along with pharmacological and therapeutic information and still
there are hundreds of unexplored medicinal plants that need much detailed
survey. The isolation, identification of active principles and
pharmacological studies of the active phytoconstituents of the discussed
plants may be considered and studied elaborately in order to be employed
in the treatment of various diseases.

8.

9.
10.

11.
12.

Conflict of interest
13.

The authors declare no conflict of interest.

Authors’ Declaration
14.

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

15.

Acknowledgements
We acknowledge the support of institute’s accession policy for journal
databases in the collection and preparation of this review.

16.
17.

References
1.
2.

3.

4.

5.
6.

Arias TD. Glossary of Drug Development, evaluaciónyuso. Pan
American Health Organization. WHO Washington D. C.1999.
Introduction and importance of medicinal plants and herbs.
[Online]. 2016 [cited 2016 May 20]. Available from
https://www.nhp.gov.in/index.htm.
Alavi S. Unani medicine in the nineteenth century public
sphere: Urdu texts and the Oudh Akhbar. Ind Econ Soc Hist
Rev. 2005; 42(1):101-129.
Dwivedi G, Dwivedi S. History of Medicine: Sushruta the
Clinician Teacher Par Excellence (PDF). National Informatics
Centre. 2007; 243-244 p.
Klein V, Carl H. The Medical Features of the Papyrus Ebers.
Chicago: Press of the American Medical Association. 1905.
Nunn JF. Ancient Egyptian Medicine. Norman: University of
Oklahoma Press. 1996; 6.

18.
19.
20.
21.

22.

23.

8

Cai JA. Historical overview of traditional Chinese medicine and
ancient Chinese medical ethics. The China Institute for History
of Medicine and Medical Literature. 2010.
Marc DQ, Sosef, Andel TV. Why ritual plant use has
ethnopharmacological relevance. J Ethanopharmacol. 2016;
188:48-56.
Rates SMK. Plants as source of drugs. Toxicon. 2001;
39(5):603–613.
Fabricant DS, Farnsworth NR. The value of plants used in
traditional medicine for drug discovery. Environmental Health
Perspectives. 2001; 109(1):69–75.
Prasad S, Tyagi AK. Traditional medicine: the goldmine for
modern drugs. Adv Tech Bio Med. 2015; 3(1):1-2.
World Health Organization (WHO), WHO Traditional
Medicine Strategy 2002-2005 [Online]. Geneva, 2002 [cited 10
October 2003]. Portable Document Format. Available from
Internet: http://www.who.int/medicines/library/trm/trm_strat_
eng.pdf
Farnsworth NR. The role of ethnopharmacology in drug
development. Ciba Found Symp [Online]. [cited 11 November
1990]
Available
from:
http://www.ncbi.nlm.nih.gov/pubmed/2086037.
Heinrich M. Ethnopharmacology and Drug Discovery. Compr
Nat Prod II. 2010; 3:351-381.
World Health Organization. WHO monographs on selected
medicinal
plants
[Online].
Vol.1WorldHealth.1999.Availablefrom:http://kamillaviragzat.
hu/wtDocument/browse/root/szakmai
anyagok/WHO_Monographs_vol1.pdf.
World Health Organization. WHO Monographs on Selected
Medicinal Plants vol. 2. 2004; 45-52 p.
World Health Organization. WHO monographs on selected
medicinal
plants
[Online].
Vol.4WorldHealth.2005.Availablefrom:http://kamillaviragzat.
hu/wtDocument/browse/root/szakmaianyagok/WHO_Monographs_vol1.pdf.
Kutumbian P.
Ancient Indian Medicine. Orient
Longman.1999; 233 p.
Kamboj VP. Herbal medicine. Curr. Sci. 2000; 78:35-39.
Hasler CM, Blumberg JB. Symposium on Phytochemicals:
Biochemistry and Physiology. JN. 1999; 129:756S-757S.
Bennett RN, Wallsgrove RM, Bennett N, Wallsgrove M.
Secondary metabolites in plant defence mechanisms. New
Phytol. 1994; 127(72):617–33.
Edoga HO, Okwu DE, Mbaebie BO. Phytochemicals
constituents of some Nigerian medicinal plants. Afr J
Biotechnol. 2005; 4(7):685-688.
Criagg GM, David JN. Natural product drug discovery in the
next millennium. J Pharm Biol. 2001; 39(1):8-17.

Adhami et al., 2018

Trop J Nat Prod Res, January 2018; 2(1):3-11
24. Vasu K, Goud JV, Suryam A, Singara, Chary MA.
Biomolecular and phytochemical analyses of three aquatic
angiosperms. Afr J Microbiol Res. 2009; 3(8):418-421.
25. Escarpa A, Gonzalez MC. An overview of analytical chemistry
of phenolic compounds in foods. Crit Rev Anal Chem. 2001;
318:57-139.
26. Fernandez PMS, Villano D, Troncoso AM, Garcia-Parrilla MC.
Antioxidant activity of phenolic compounds: From in vitro
results to in vivo evidence. Crit Rev Food Sci Nutr. 2008;
48:649-671.
27. Obied HK. Biography of biophenols: past, present and future.
FFHD. 2013; 3(6):230-241.
28. Harborne JB and Baxter H, Gerard PM. Phytochemical
Dictionary: A Handbook of Bioactive Compounds from Plants
(2nd ed.). London UK: Taylor & Francis, 1999; 976 p.
29. Salunkhe DK, Jadhav SJ, Kadam SS, Chavan JK. Chemical,
biochemical, and biological significance of polyphenols in
cereals and legumes. Crit Rev Food Sci Nutr. 1982; 17:277-305.
30. Singh B, Sharma R. Plant terpenes: defense responses,
phylogenetic analysis, regulation and clinical applications. 3
Biotech. 2015; 5:129–151.
31. Wagner KH, Elmadfa I. Biological relevance of terpenoids.
Ann Nutr Metab. 2003; 47:95-106.
32. Mo H, Elson CE. Apoptosis and cell-cycle arrest in human and
murine tumor cells are initiated by isoprenoids. J Nutr. 1999;
129:804-813.
33. Harvey M, Mc Allan AB. Tannins: Their biochemistry and
nutritional properties. Adv Plant Cell Biochem Biotechnol.
1992; 1:151-217.
34. Wink M. Chemical ecology of alkaloids. In: M.F. Roberts,
M.Wink (eds.) Alkaloids: Biochemistry, Ecology and
Medicinal Applications. New York. Plenum Press.1998; 37 p.
35. Hostettmann K, Marston A. Chemistry and Pharmacology of
Natural Products: Saponins. Cambridge, New York. Cambridge
University Press.1995; 548 p.
36. Ridout CL, Price KR, DuPont MS, Parker ML, Fenwick GR.
Quinoa saponins-Analysis and preliminary investigations into
the effects of reduction by processing. J Sci Food Agric. 1991;
54:165-176.
37. Price KR, Johnson IT, Fenwick GR. The chemistry and
biological significance of saponins in foods and feeding stuffs.
Crit. Rev. Food Sci.1987; 26:27-135.
38. Oakenfull D. Saponins in food-a review. Food Chem. 1981;
6:19-40.
39. Fenwick GR, Price KR, Tsukamoto C, Okubo K. Saponins. In:
J.P.F. D’Mello, Duffus CM, Duffus JH (eds). Toxic Substances
in Crop Plants. Cambridge: The Royal Soc Chem. 1991; 1:285–
327.
40. Kim SW, Park SK, Kang SI, Kang HC, Oh H.J, Bae CY, Bae
DH. Hypocholesterolaemia property of Yucca schidigera and
Quillaja saponaria extracts in human body. Arch Pharm Res.
2003; 26:1042–1046.
41. Rao AV, Sung MK. Saponins as Anticarcinogens. J Nutr. 1995;
125(3):717S-724S.
42. Liu J, Henkel T. Traditional Chinese Medicine (TCM): Are
polyphenols and saponins the key ingredients triggering
biological activities. Curr Med Chem. 2002; 9:1483–1485.
43. Gurfinkel DM, Rao AV. Soyasaponins: The relationship
between chemical structure and colon anticarcinogenic activity.
Nutr Cancer 2003; 47:24-33.
44. Kerwin SM. Soy saponins and the anticancer effects of
soybeans and soy-based foods. Curr. Med Chem Anticancer
Agents 2004; 4:263-272.
45. Matsuura H. Saponins in garlic as modifiers of the risk of
cardiovascular disease. J Nutr. 2001; 131:1000S–1005S.
46. Hall JG, Birbeck MS, Robertson D, Peppard J, Orlans E.
Studies on the adjuvant action of beryllium. I. effects on
individual lymph nodes. Immunol. 1984; 53(1):105-113.
47. Index of the vascular flora of Reunion, 2015. 1. Revision.
48. Gurib FA, Guého J, Bissoondoyal MD. Medicinal plants of
Mauritius. Rose-Hill, Mauritius. Indian Ocean Publishing.
1995; 1:1-492.
49. Gurib FA, Guého J, Bissoondoyal MD. Medicinal plants of
Mauritius. Rose-Hill, Mauritius. Indian Ocean Publishing.
1996; 2:1-532.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

50. Picot CMN, Subratty AH, Mahomoodally FM. Phytochemical
profile and antioxidant properties of six medicinal plants
traditionally used in the management of diabetes in Mauritius.
Pharmacologia. 2013; 5:42-49.
51. Poullain C, Girard VE, Smadja J. Plants from Réunion Island:
evaluation of their free radical scavenging and antioxidant
activities. J Ethnopharmacol. 2004; 95(1):19-26.
52. Mahomoodally MF, Mesaik A, Choudhary MI, Subratty AH,
Gurib-Fakim A. In vitro modulation of oxidative burst via
release of reactive oxygen species from immune cells by
extracts of selected tropical medicinal herbs and food plants.
Asian Pac J Trop Med. 2012; 5(6):440-447.
53. Mootoosamy A, Mahomoodally FM. Ethanomedical
application of native remedies used against diabetes and related
complications in Mauritius. J Ethanopharmacol.2014; 10:413444.
54. Mahomoodally MF, Subratty AH, Gurib-Fakim A, Choudhary
MI, Khan SN. Traditional Medicinal Herbs and Food Plants
have the Potential to inhibit Key Carbohydrate Hydrolysing
Enzymes in vitro and reduce Postprandial Blood Glucose. Sci
World J. 2012; 1-9.
55. Valenciennes EG, Marvillers A, Thomas H, Beccara J, Roeder
E, Weidenfeld H. Pyrrolizidine Alkaloids from Faujasiopsis
flexuosa (Lam.) C. Jeffrey subsp. bourbonensis C. Jeffrey (syn.
Faujasia flexuosa (Lam) Baker var. subcordata Cordem).
JONAM. Medwin Publishers. 2017; 1(1):1-4.
56. Carene NP, Marie M, Mahomoodally FM. Faujasiopsis
flexuosa (Lam.) C. Jeffrey (Asteraceae) – A Promising
Traditionally used Endemic Medicinal Plant from Mauritius.
Current. 2017; 3(2):93-99.
57. Glen HF. “Elephantorrhiza,” in Plants of Southern Africa: An
Annotated Checklist, Germishuizen, G, Meyer NL (eds),
Strelitzia. South Africa, National Botanical Institute, Pretoria.
2003; 14:508.
58. Palmer E, Pitman P. Trees for Southern Africa Covering all
Known Indigenous Species in Republic of South Africa, South
West Africa, Botswana, Lesotho and Swaziland, Cape Town
South Africa, A.A. Balkema. 1972; 1-3:703 p.
59. Gelfand M, Mavi S, Drummond BR, Ndemera B. The
Traditional Medical Practitioner in Zimbabwe. His Principles
of Practice and Pharmacopoeia. Gweru Zimbabwe. Mambo
Press. 1985; 17:411 p.
60. Hutchings A, Scott AH, Lewis G, Cunningham A. Zulu
Medicinal Plants: An Inventory. Pietermaritzburg South Africa.
University of Natal Press. 1996; 450 p.
61. A. Maroyi. “Phytochemical and ethanopharmacological review
of Elephantorrhiza goetzei (Harms) Harms.” APJTB. 2017;
10(2):107-113.
62. Saheed S, Ashafa A, Tom O. Cytotoxicity, antimicrobial and
antidiarrheal activities of standardised aqueous root extract of
Elephantorrhiza elephantina (Burch.). Trans R Soc. S. Afr.
2017; 72(1):75-84.
63. Mabona U, Viljoen A, Shikanga E, Marston A, Vuuren SV.
Antimicrobial activity of southern African medicinal plants
with dermatological relevance: from an ethnopharmacological
screening approach to combination studies and the isolation of
a bioactive compound. J Ethnopharmacol. 2013; 148 (1): 45–
55.
64. Maphosa V, Masika PJ, Moyo B. “Investigation of the antiinflammatory and antinociceptive activities of Elephantorrhiza
elephantina (Burch.) Skeels root extract in male rats,” AJB.
2009; 8(24):7068-7072.
65. Sigidi MT, Traore A, Boukandou MM, Shisikhawe MP, Ntuli
SS, Potgeiter N. Anti-HIV, pro-inflammatory and cytotoxicity
properties of selected Venda plants. IJTK 16(4):545-552.
66. Amusan OOG. Some ethnoremedies used for HIV/AIDS and
related diseases in Swaziland. AJPSB. 2009: 3(1):20-25.
67. Dold AP, Cocks ML. The trade in medicinal plants in the
Eastern Cape Province, South Africa. S. Afr J Sci. 2002; 98 (1112):589–597.
68. Moreki JC, Tshireletso K, Okoli IC. Potential use of ethno
veterinary medicine for retained placenta in cattle in
Mogonono, Botswana. J. Anim. Prod. Adv. 2012; 2(6):303–
309.
69. Moreki JC. Documentation of ethnoveterinary practices used in
family poultry in Botswana. Vet World. 2013; 6(1):18-21.

9

Adhami et al., 2018

Trop J Nat Prod Res, January 2018; 2(1):3-11
70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Mpofu SJ, Msagati TAM, Krause RWM. Flavonoids from the
rhizomes of Elephantorrhiza elephantina and Pentanisia
prunelloides,” J Med Plants Res. 2015; 9(16):531-549.
Mpofu SJ, Msagati TAM, Krause RWM. Cytotoxicity,
phytochemical analysis and antioxidant activity of crude
extracts from rhizomes of Elephantorrhiza elephentina and
Pentansia prunelloides. Afr J Trad Comp Alt Med. 2014;
11(1):34-52.
Aaku E, Office M, Dharani SP, Majinda RRT, Motswaiedi MS.
Chemical and antimicrobial studies on Elephantorrhiza
elephantina. Fitoterapia, .1998. 69 (5):464-465.
Chukwuka KS, Ogunyemi S, Fawole I. Ecological distribution
of Tithonia diversifolia (Hemsl). A. Gray-a new exotic weed
in Nigeria. J. Biol. Sci. 2007; 7: 709–719.
Xu CD, Yang X, Lu SG. The invasive plant Tithonia
diversifolia in China. Guihaia. 2007; 27:564–569.
Chagas P, Oliveira DA, Rocha RB, Da Costa AB, F.B.
Ethnobotany, chemistry, and biological activities of the genus
Tithonia (Asteraceae). Chem Biodiv. 2012; 9:210-234.
Elufioye TO., Agbedahunsi JM. Antimalarial activities of
Tithonia diversifolia (Asteraceae) and Crossopteryx febrifuga
(Rubiaceae) on mice in vivo. J Ethnopharmacol. 2004; 93 (23):167-171.
Nafiu MO, Akanji MA, Raji ZA,
Abdulsalam TA.
Phytochemical analysis and in vivo anti-malarial activities of
aqueous extracts of Tithonia diversifolia and Parquetina
nigrescens leaves in mice. Biokemistri. 2014; 26:63-68.
Madureira MC, Martins AP, Gomes M, Paiva J, Cunha AP,
Rosário V. Antimalarial activity of medicinal plants used in
traditional medicine in S. Tomé and Príncipe islands. J
Ethnopharmacol. 2002; 81:23-29.
Lin C, Lin M, Lin J. The anti-inflammatory and liver protective
effect of Tithonia diversifolia (Hemsl.) Gray and Dicliptera
chinensis Juss. Extracts in rats. Phytother Res. 1993; 7:305–
309.
Lu MR, Huang HL, Chiou WF, Huang RL. Induction of
Apoptosis by Tithonia diversifolia in Human Hepatoma Cells.
Pharmacogn Mag. 2017; 13(52):702–706.
Mimaki Y. Sesquiterpenoids and flavonoids from the aerial
parts of Tithonia diversifolia and their cytotoxic activity. Chem
Pharm Bull. 2007; 55:1240–1244.
Owoyel VB, Wuraola CO, Soladoy AO, Olaleye SB. Studies on
the anti-inflammatory and analgesic properties of Tithonia
diversifolia leaf extract. J Ethnopharmacol. 2004; 90:317–321.
Abe AE, Carine ED, Dalboni TMC, Paula DA, Rocha BA, de
Oliveira RB, Gasparotoa TH, Da Costa FB, Campanelli A.P.
Anti-inflammatory Sesquiterepenes lactones from Tithonia
diversifolia trigger different effects on human neutrophils. Rev.
Bras. 2015; 25:111–116.
Olukunle JO, Sogebi AO, Oyewusi A. Anti-inflammatory and
analgesic potential of aqueous leaf extract of Tithonia
diversifolia in rodents. JNSET. 2014b; 13:82–90.
Ajaiyeoba EO, Abiodun OO, Falade MO, Ogbole NO, Ashidi
JS, Happi CT, Akinboye DO. In vitro cytotoxicity studies of 20
plants used in Nigerian antimalarial ethnomedicine. Phytomed.
2006; 13:295–298.
Olukunle JO, Okediran BS, Sogebi EA, Jacobs EB.
Hypoglycaemic and hypolipidaemic effects of the aqueous leaf
extracts of Tithonia diversifolia. Annual Res Rev Biol. 2014a;
4: 2655–2662.
Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’s Republic of China. Beijing. Chinese Medical Science
and Technology Press. 2010; 1:255−258 p.
Kitagawa I. Licorice root. A natural sweetener and an
important ingredient in Chinese medicine. Pure Appl. Chem.
2002; 74(7):1189–1198.
Kanazawa M, Satomi Y, Mizutani Y, Ukimura O, Kawauchi
A, Sakai T, Baba M, Okuyama T, Nishino H, Miki T.
Isoliquiritigenin inhibits the growth of prostate cancer. Eur
Urol. 2003; 43:580–586.
Maggiolini M, Statti G, Vivacqua A, Gabriele S, Rago V,
Loizzo M, Menichini F, Amdo S. Estrogenic and
antiproliferative activities of isoliquiritigenin in MCF-7 breast
cancer cells. J Steroid Biochem Mol Biol. 2002; 82:315–322.
Ji S, Li Z, Song W, Wang Y, Liang W, Li K, Tang S, Wang
Q, Qiao X, Zhou D, Yu S , Ye M . Bioactive Constituents of

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

10

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Glycyrrhiza uralensis (Licorice): Discovery of the Effective
Components of a Traditional Herbal Medicine. J Nat Prod.
2016; 79:281−292.
Rafi MM, Rosen RT, Vassil A, Ho CT, Zhang H, Ghai G,
Lambert G, DiPoala RS. Modulation of bcl-2 and cytotoxicity
by licochalcone-A, a novel estrogenic flavonoid, Anticancer
Res. 2000; 20:2653–2658.
Tamir S, Eizenberg M, Somjen D, Stern N, Shelach R, Kaye
A, Vatya J. Estrogenic and antiproliferative properties of
glabridin from licorice in human breast cancer cells, Cancer
Res. 2000; 60:5704–5709.
Ta Smir, Eizenberg M, Somjen D, Izrael S, Vaya J. Estrogenlike activity of glabrene and other constituents isolated from
licorice root, J Steroid Biochem Mol Biol. 2001; 78:291-298.
Hayashi H, Hattori S, Inoue K, Sarsenbaev K, Ito M Honda
G. Field survey of Glycyrrhiza plants in Central Asia (1)
characterization of G. uralensis, G. glabra and the putative
intermediate collected in Kazakhstan. Biol Pharm Bull. 2003;
26:867–871.
Duh PD, Lin SL, Wu SC. Hepatoprotection of Graptopetalum
paraguayense E. Walther on CCl4 induced liver damage and
inflammation. J Ethanopharmacol. 2011; 134(2):379–385.
Joa EH, Kimb SH, Rac JC, Kimd SR, Choa SD, Junga JW,
Yanga SR, Parka JS, Hwanga JW, Aruomaae IO, Kimaf TY,
Leea YS, Kang KS. Chemopreventive properties of the ethanol
extract of Chinese licorice (Glycyrrhiza uralensis) root:
induction of apoptosis and G1 cell cycle arrest in MCF-7 human
breast cancer cells. Cancer Lett. 2005; 230:239–247.
Ma J, Peng W, Liang D. Apoptosis of human gastric cancer cell
line MGC-803 induced by Glycyrrhiza uralensis extract.
Zhongguo Zhong Xi Yi Jie He Za Zhi. 2000; 20(12):928-930.
Ayeka PA, Bian Y, Mwitari PG, Chu X, Zhang Y, Uzayisenga
R, Otachi EO. Immunomodulatory and anticancer potential of
Gancao (Glycyrrhiza uralensis Fisch.) polysaccharides by CT26 colon carcinoma cell growth inhibition and cytokine IL-7
upregulation in vitro. BMC Comp Alt Med. 2016; 16:206.
Hsu WH, Chang CC, Huang KW, Chen YC, Hsu SL, Wu LC,
Tsou AP, Lai JM,Huang CY. Evaluation of the medicinal herb
Graptopetalum paraguayense as a treatment for liver cancer.
PLoS ONE. 2015; 10(4):1-23.
Su LJ, Chang CC, Yang CH, Hsieh SJ, Wu YC, Lai JM, Tseng
TL,
Huang
CYF,
Hsu
SL.
Graptopetalum
paraguayense ameliorates chemical-induces rat hepatic fibrosis
in vivo and inactivates stellate cells and kupffer cells in
vitro. PLoS ONE. 2013; 8(1):1-13.
Lin RD, Su LJ, Lee MH. Graptopetalum paraguayense, an
affordable herbal crop, can reverse hepatic damage in vivo.
Planta Med. 2015; 16:81-182.
Chen SJ, Yen HC, Liu JT, Tseng FY, Lin PT. Antiinflammatory effects of water extracts of Graptopetalum
paraguayense supplementation in subjects with metabolic
syndromes: a preliminary study. Sci Food Agric. 2016;
96:1772-1776.
Chen SJ, Chang CT, Chung YC, Chou ST. Studies on the
inhibitory effect of Graptopetalum paraguayense E. Walther
extracts on the angiotensin converting enzyme. Food
Chem. 2007; 100(3):1032–1036.
Kao TK, Ou YC, Raung SL, Chen WY, Yen YJ, Lai CY, Chou
ST, Chen CJ. "Graptopetalum paraguayense E. Walther Leaf
Extracts Protect against Brain Injury in Ischemic Rats". Am J
Chin Med. 2010; 38(3):495-516.
Wu SC, Su YS, Cheng HY. Antioxidant properties
of Lactobacillus-fermented and non-fermented Graptopetalum
paraguayense E. Walther at different stages of maturity Food
Chem. 2011; 1:804-809.
Chen SJ, Chung JG, Chung YC, Chou ST. In vitro antioxidant
and antiproliferative activity of the stem extracts from
Graptopetalum paraguayense. Am J Chin Med. 2008; 36:369383.
Kermasha S, Dumont J, Goetghebeur M. Determination of
phenolic compound profiles in maple products by highperformance liquid chromatography. J Agric Food Chem. 1995;
43(3):08-716.
Morselli, MF, Whalen ML. Nutritional value of pure maple
syrup. Maple Syrup Digest. 1975; 14:12.

Adhami et al., 2018

Trop J Nat Prod Res, January 2018; 2(1):3-11
110. Clément A , Lagacé L, Panneton B. Assessment of maple syrup
physico-chemistry and typicity by means of fluorescence
spectroscopy. J Food Eng. 2010; 97:17–23.
111. Legault J, Lalancette G, Grenon K, Dussault C, Pichette A.
Antioxidant activity, inhibition of nitric oxide overproduction,
and in vitro antiproliferative effect of maple sap and syrup from
Acer saccharum. J Med Food. 2010; 13(2):460-468.
112. Gonsalaz SA, Li L, Seeram NP. Effects of maple (Acer) plant
part extracts on proliferation, apoptosis and cell cycle arrest of
human tumorigenic and non-tumorigenic colon cells. Phytother
Res. 2012; 26:995-1002.
113. Mathew B. Botany, taxonomy and cytology of crocus
sativus and its Allies. Amsterdam: Harwood Academic
Publishers. 1999; 19-30 p.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

114. Christodoulou E, Kadoglou PE, Kostomitsopoulos N, Valsami
G. Saffron: a natural product with potential pharmaceutical
applications. J Pharm Pharmacol. 2015; 67:1634-1649.
115. Molnar J,Szabo D,Pusztai R,Mucsi I,Berek L,Ocsovszki
I,Kawata E,Shovama Y. Membrane associated antitumor
effects of crocineginseniside and cannabinoid derivates.
Anticancer Res.2000; 20:861–867.
116. Shankar D, Majumdar B. Beyond the Biodiversity Convention:
the challenges facing the biocultural heritage of India’s
medicinal plants. Medicinal Plants for Forest Conservation and
Health Care-Nonwood Forest Products Series No. 11. FAO,
Rome. 1997; 87-99.

11

Adhami et al., 2018

