
17JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

Matricaria recutita and its Isolate-Apigenin: Economic Value, 
Ethnopharmacology and Chemico-Biological Profiles in Retrospect
Fajemiroye JO1*, Ferreira NL1, de Oliveira LP1, Elusiyan CA2, Pedrino GR3, da Cunha LC1 and da 

Conceição EC1

1Faculty of Pharmacy, Federal University of Goiás, Goiás, Brazil
2Drug Research and Production Unit, Faculty of Pharmacy, Obafemi Awolowo University, Ile Ife, Nigeria

3Department of Physiological Sciences, Center for Neuroscience and Cardiovascular Research, 
Biological Sciences Institute, Federal University of Goiás, Goiás, Brazil

Review Article

ABSTRACT

Background: The collection, processing, preservation, storage and 
intended use could change or influence the value of botanical material. 
The aspects of biological activities are often neglected in the assessment 
of economic value of botanical materials and their isolates. Matricaria 
recutita L. popularly known as chamomile is widely acclaimed as “capable 
of anything” or as a “cure all” species (alles zutraut). As an exotic plant 
in many parts of the world, its easy of cultivation offer opportunity for its 
development on industrial scale product. 

Objective: This review focus on biological activities of and industrial 
values of M. recutita and its isolate - apigenin as an important biomarker 
of this species.

Methods: Bibliographic searches of scientific journals, books, 
electronic sources, unpublished theses and electronic databases such as 
ScienceDirect, PubMed, etc. were conducted.

Results: Findings showed that M. recutita is a multipurpose species 
with wide range of therapeutic potentials. Some of the widely acclaimed 
biological activities of this species are traceable to apigenin. Despite the 
numerous pitfalls in associating biological activity to a specific isolate, the 
active principle apigenin has been reported as a biomarker of M. recutita. 
The susceptibility of apigenin to chemical modifications offers enormous 
opportunity for industrial developments. 

Conclusion: This review provides scientific data for future consultation 
and economic exploration of M. recutita and apigenin. 
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INTRODUCTION
Over the years, the economic values of medicinal plants are widely associated with the local perceptions and popular 

applications [1]. The collection, processing, preservation and intended use could change the value of botanical material. A value 
chain of botanical has been described as the sequence of activities required to make a finished product from its initial starting 
material [2]. However, the aspect of biological activities is often neglected in the assessment of economic value of botanical 
materials and their active metabolites. Hence, this review focuses on biological activities and industrial values of M. recutita and 
its isolate-apigenin as an important biomarker of this species.

Botany

As a member of Asteraceae (compositae) family [3], M. recutita popularly known as chamomile is widely represented by two 
known varieties viz. German chamomile (Matricaria chamomilla) and Roman chamomile (Chamaemelum nobile). It is important to 
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highlight the controversial nomenclature as a result of the mistakes that were made by Linnaeus in the first edition of his “Species 
Plantarum” which he later corrected [4]. The best-known botanical name for true chamomile is M. recutita [(syn. M. chamomilla, 
Chamomilla recutita (L.) Rauschert, belonging to the genus Chamomilla and family Asteraceae [5]]. M. recutita is a diploid species 
(2n=18), allogamous in nature, exhibiting wide segregation as a commercial crop [4]. M. recutita is the most common variety 
being used for medicinal purposes. M. recutita has thin spindle-shaped roots with branched erect stem and a height 10 cm to 80 
cm [4]. The long and narrow leaves are bi- to tripinnate. The flowers of Matricaria can be differentiated from those of the English 
Chamomile by their hollow receptacle (6 mm to 8 mm wide, flat in the beginning and conical, cone-shaped later), and without 
paleae. This is a very important distinctive characteristic of Matricaria. The capitulum spreads out to 10 mm to 17 mm in diameter 
and consists of an involucre, up to 20 marginal ligulate florets and many tubular florets. Comparatively, Matricaria has smaller 
flower heads than chamomile. The flower heads are placed separately, they have a diameter of 10 mm to 30 mm, and they are 
pedunculate and heterogamous [4]. The golden yellow tubular florets with 5 teeth are 1.5 mm to 2.5 mm long, ending always in 
a glandulous tube. The 11-27 white plant flowers are 6 mm to 11 mm long, 3.5 mm wide, and arranged concentrically. It has a 
bitter and aromatic taste but the odour is usually weaker than that of Roman chamomile. The fruit is a yellowish brown achene [4].

Ethnopharmacology

 M. chamomilla was considered a sacred gift from the sun god by the ancient Egyptians. Chamomile is a well-known old time 
and widely use drug with diverse common names including Baboonig, Babuna, Babuna camornile, Babunj, German chamomile, 
Hungarian chamomile, Roman chamomile, English chamomile, Camomilla, Flos chamomile, Single chamomile, sweet false 
chamomile, pinheads, and scented mayweed [6,7]. The Europeans considered this species a “cure all”, while it is referred to as 
“alles zutraut”, meaning “capable of anything” in Germany [8]. This species has been used for centuries as a medicinal plant for 
external wounds, gastrointestinal ailments, eczema, gout, skin irritations and emotional problems, neuralgia, sciatica, rheumatic 
pain, hemorrhoids, mastitis, leg ulcers, diaper rash, cracked nipples, chicken pox, poison ivy, conjunctivitis, inflammation of the 
skin, mucous membranes, ano-genital area, bacterial skin diseases, including those of the oral cavity and gums, respiratory tract 
inflammation, deodorant, bacteriostatic, antimicrobial, anticatarrhal treatment [9-12]. It is also used to treat central nervous system 
related disorders such as anxiety, hysteria, nightmares, insomnia and other sleep problems, convulsions, and even delirium 
tremens, spasm [11-13]. This species is also known for its usage as a hair tint and conditioner, digestive aid to treat flatulence, 
indigestion, diarrhea, anorexia, motion sickness, nausea, vomiting and treatment of malaria and parasitic worm infections, 
cystitis, colds, and flu [14,15].

Economic Values and Potentials

 M. chamomilla is an annual plant. It has been used as an herbal tea or supplementary food all over the world. It is one of the 
well-documented medicinal plants in the world [16] and it is included in the pharmacopoeia of 26 countries [16]. The plant possesses 
great economic value and is in great demand in the European countries because of its numerous pharmacological properties [4]. 
In Germany, chamomile sales exceeded $8.3 million in 1996 [17] and more than 4,000 tons of chamomile are produced yearly [18]. 
It grows indigenously in Europe, North West, Asia, North Africa, and cultivated in North America, South America and in many parts 
of the world [4,19]. Flowers of this species are exported to Germany in bulk for distillation of the essential oil [20].

In South Africa, the essential oil yield of 1 to 4 kg/ha can be expected from chamomile. In 1995, the world production was 
estimated to be approximately 500 tons of dried flowers per annum, from large scale farming [21]. By 1998 (three years after), the 
production has by far doubled (1000 tons of dried flower per annum) due to huge investment in large-scale farming. Dried flower 
yield can vary, depending on time of planting, soil, climate, rainfall and irrigation. Between 2 and 6 tons of dry flowers can be 
harvested per hectare [21]. Chamomiles are grown commercially in Europe and the former USSR (Belarus, Ukraine, Moldova,) North 
Caucasus to South Siberia, North and East Africa (Egypt, Ethiopia), Asia (Turkey, Afghanistan, Pakistan, North India, and Japan), 
North and South America (East Coast of the USA, Cuba, Argentina, and Brazil) and New Zealand [21]. This species stands out as 
the most cultivated medicinal plant in the world [22]. The State of Paraná in Brazil is the pioneer in the growing of this species. The 
city of Mandirituba is the site for the largest national production in Brazil [23,24]. Chamomile requires cool, temperate conditions to 
grow well (temperatures range of 7°C to 26°C are required). To be able to grow well vegetatively and produce abundant flowers, 
chamomile needs long summer days, full sun and high heat units to produce optimum oil yields. Chamomile is drought tolerant; 
an annual precipitation of 400 mm to 1400 mm per season is enough to produce a good crop. This species can be grown on a 
wide range of soil types, but prefers a well-drained, sandy or sandy-loam soil with a pH of 4.8 to 8.3 [21].

Biological Activities of M. recutita

Biological activities of this species include anti-inflammatory, immunomodulatory, arcaricadal, antihyperglycemic, anticancer, 
antimicrobial, antiulcer, anti-pruritic, anti-allergic, anti-osteoporosis. This species is being used for the treatment of oral mucositis, 
intracanal irrigant, infant botulism and for wound healing. The lousicidal, uterotonic, ovicidal, repellent, virucidal, anti-stress, 
antidepressant and anxiolytic properties have also been reported [10]. Chamomile is generally safe for consumption, although 
patients with hypersensitivity to ragweed and other members of the compositae family should use with caution. Allergic reactions 
to chamomile are rare and no potentially toxic compounds have been reported [25].
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Industrial Values and Products

The essential oils extracted from fresh or dried flower heads of this plant have flavouring and colouring properties and 
these properties are widely used in industry for commercial products like soaps, detergents, perfumes, lotions, ointments, hair 
products, baked goods, confectioneries, alcoholic beverages and herbal teas [10]. Kamillosan, a chamomile mouthwash industrial 
product, has been used by European oncologists to treat chemotherapy-induced mouth sores [25]. Most of the pharmaceutical 
value of the plant lies in its characteristically blue coloured volatile oil (up to 1.5%). Chamomilla crude extract has an amber to 
brown limpid to opalescent liquid (Figure 1) that has a characteristic odor. The extract can be obtained from the powdered flower 
extracted in propylene glycol/water solvent mixture. Different biocosmetic products in form of body and hand lotions, face and 
neck preparations, and other skin care preparations can be produced. Basic equipment for grinding, percolation and spray drying 
as shown in Figure 1 have been widely used for the processing of chamomile and other botanicals.

Figure 1. Illustration of processes and equipments for the micro-extraction of crude extract from chamomile flowers.

Other typical products include tea or infusion with adult dose consisting of 150 cc of boiling water over 3 g fresh flower 
heads, steep for 5 to 10 minutes; drink three times daily [11]. Alcoholic liquid preparation of 1:1 w/v (45% alcohol) to be taken 
three times daily (1 ml to 4 ml) [11] and other standardized preparations of chamomile are available. Examples include Nutritional 
Dynamics German Chamomile, 400 mg chamomile flower per capsule (standardized to 1% apigenin, 0.5% essential oil); Nature’s 
Way German Chamomile, 125 mg extract (standardized to 1.2% apigenin); Nature’s Way German Chamomile, 350 mg chamomile 
flower per capsule (0.5% essential oil potency guaranteed) [17].

Constituents of M. chamomilla 

 M. chamomilla contains a large number of therapeutically interesting and active classes of compounds: mucins, 
sesquiterpenes, coumarins, polyacetylenes, phenyl carboxylic acids, amino acids, phytosterols, choline, mineral substances and 
flavonoids [4]. The bioactive phenolic compounds including herniarin and umbelliferone (coumarin), chlorogenic acid and caffeic 
acid (phenylpropanoids), apigenin, apigenin-7-O-glucoside, luteolin and luteolin-7-O-glucoside (flavones), quercetin and rutin 
(flavonols), and naringenin (flavanone) have been reported in chamomile extract [26]. The coumarins herniarin, umbelliferone, 
and esculetin make up approximately 0.1% of the total constituents. Some of the activity related compounds in M. chamomilla 
are flavonoids and polysaccharides [27,28]. The major flavonoid components are apigenin, luteolin, and quercetin, which comprise 
16.8%, 1.9% and 9.9%, respectively, of total flavonoids [29]. In natural conditions, most of the flavonoids occur as glycosides bound 
to the sugar moiety and are highly stable and water-soluble. Thus, chamomile is one of the richest dietary sources of apigenin 
(840 mg/100 g in contrast to 9 mg/100 g present in peppermint), a flavone that is extracted from the ligules for commercial 
use [29]. This flavonoid is soluble in hot water, and the amount obtained from frequent consumption of tea is not negligible. The 
lipophilic constituents of this species include, phytosterols, lipidic and waxy substances while the hydrophilic constituents consist 
of choline, amino acids, mucin, mineral substances, phenol carboxylic acids and flavonoids [30,31]. The major components of the 
essential oil are terpenoids: (-)-α-bisabolol α-bisabolol oxide A and B, chamazulene, sesquiterpenes including α-farnesene, and 
the yield of the essential oil from the flowers is about 0.4% [31] (Table 1).
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Table 1. Other plant species containing apigenin.

Family Species Common/popular name Distribution References

Asteraceae
Achillea millefolium L Yarrow Northern hemisphere

[32-38]
Chamaemelum nobile L Perennial chamomile, Roman 

chamomile Sub-oceanic Southern Temperate

Apiaceae Apium graveolens L Celery Tropic and sub-tropic countries [39-41]
Theaceae Camellia sinensis L Tea Tropical and subtropical areas [42,43]

Umbelliferae Coriandrum sativum L Cilantro Italy, India, Morocco, and Eastern 
Europe [44-46]

Plantaginaceae Digitalis purpurea L Purple foxglove Temperate Europe [47-49]

Asteraceae Echinacea spp. Coneflower
Atlantic drainage region of the 
United States, extending into 

south central Canada
[50,51]

Ginkgoaceae Gingko biloba L Gingko [49,52]

Fabaceae Glycyrrhiza glabra L Liquorice, Licorice Spain, Italy, Turkey, Israel, Syria, 
Iran, China and Russia [53-55]

Linaceae Linum usitatissimum L Flax Temperate climate zone [56-59]

Lamiaceae Marrubium vulgare L Horehound Temperate regions of Europe, 
northern Africa and Asia [60-63]

Asteraceae

M. recutita L (syn: M. chamomilla; M. 
suaveolens; Hungarian chamomile; 
German chamomile; Chamomilla 
chamomilla; Chamomilla recutita)

Annual chamomile Europe, North and South 
America [16,29,64-68]

Lamiaceae Mentha spicata L Spearmint Britain and other European 
countries [69-71]

Labiatae Ocimum basilicum L Basil Tropical regions of Asia, Africa, 
and Central and South America [72-75]

Lamiaceae Origanum vulgare L Oregano Eurasia, North Africa, North 
America [76]

Passifloraceae Passiflora tripartita Banana Passion fruit temperate and tropical South 
America [77,78]

Passifloraceae Passiflora incarnata L Maypop, Maracuja or Passion 
flower

temperate and tropical South 
America [79-85]

Passifloraceae Passiflora edulis
purple form (P. edulis Sims) 

and the yellow form (P. edulis 
var. flavicarpa Degenerer)

Warm and tropical regions of 
America, Southeast Asia and 

Australia.
[86-89]

Compositae Onopordum illyricum L Cardo maggiore (Italy) Mediterranean coast of Italy [90-92]
Goodeniaceae Scaevola sericea V Beach naupaka [93]

Solanaceae Capsicum annuum Chili pepper [93-95]

Fabaceae Medicago sativa L Alfafa Native to warmer temperate 
climates [96,97]

Acanthaceae Asystasia gangetica Chinese violet Tropical regions [93,98-100]

Apiaceae Petroselium crispum Parsley
Native to Europe and may be 

found in other parts of the world 
including North America.

[93,101,102]

Lamiaceae Thymus vulgaris Thyme
Native to southern Europe from 
the western Mediterranean to 

southern Italy
[102-104]

Labiatae Rosmarinus officinalis Rosemary Mediterranean basin [93,105]
Asteraceae Vernonia hymenolepis Sweet bitter leaf Sub-Saharan Africa [93]

Scrophulariaceae Russelia equisetiformis Native to Mexico and Guatemala [106]
Asteraceae Vernonia amygdalina Tropical Africa [107]

Asteraceae 
Garcinia kola Vernonia scorpioides L

Known in Brazil 
as Piracá, Enxugaor Erva-de-

São-Simão

Occupies regions of great 
climatic variations [108,109]

Passifloraceae Passiflora foetida Weed passion flower tropical regions and rain forests 
of South America [93,110,111]

Apigenin

Apigenin, a flavonoid (Figure 2) is a naturally occurring polyphenol. There are four major classes of flavonoids: the 
4-oxoflavonoids (flavones, flavonols, etc.), anthocyanins, isoflavones, and the flavan-3-ol derivatives (catechin and tannins) [112].
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 Figure 2. Basic structure of flavonoids and apigenin.

Apigenin (4',5,7-trihydroxyflavone), has been considered as a biomarker of chamomile. By definition, chemical biomarker is 
a substance or chemical group that can be analyzed with column chromatography, HPLC, gas chromatography and are present 
in large quantity and, in preference, responsible for the pharmacological activity of medicinal plant [113]. According to WHO and 
National Agency of Sanitary Surveillance (ANVISA), the utilization of chemical biomarker in quality control and standardization of 
phytotherapy products are basic requirements [114]. The preference for Apigenin in the current review does not necessarily exclude 
the importance of other constituents that are present in. In fact, the synergism among constituents of chamomile is responsible 
for most of its economic or biological values.

Apigenin possesses a variety of biological activities, such as free radical scavenging, antioxidantive, pro- or anti-mutagenic, 
anti-inflammatory, antiviral, or purgative effects [115,116]. In addition to chamomile tea [29], other sources of apigenin are as contained 
in Table 1 include grapefruits, onions, oranges and some spices such as parsley [117], celery, yarrow, tarragon, cilantro, foxglove, 
coneflower, licorice, flax, passion flower, horehound, spearmint, basil, and oregano [48,49], red wine [118], beer [119] and Gingko biloba [49].

Physical and Chemical Properties of Apigenin

Apigenin is a colouring compound of plant extracts. Vegetal yellow dyes are flavonoids compounds and notably both luteolin 
and apigenin (1) which are largely found in Reseda luteola, Genista tinctoria, Solidago spp. and M. recutita. Apigenin (C15H10O5, 
Mol. wt.: 270.24) has yellow needles, with melting point of 347.5°C [120], practically insoluble in water, moderately soluble in hot 
alcohol, soluble in dilute KOH. The active apigenin is often found in the form of various acylated derivatives and Apigenin-7-O-
glucoside [121]. The aglycone form of apigenin (Figure 1) consist of a benzene ring (A) condensed with a six-membered ring (C) 
which carries a phenyl group (γ-pyrone ring) (B) as a substituent in the 2-position.

Synthesis of Apigenin 

In addition to naturally occurring apigenin, this molecule has been synthesiszed from phloroglucinol 2 in five steps as shown 
in Scheme 1 with 40% yield and through microwave irradiation of phloroglucinol and β-ketoesters with a yield of 81% [122].
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Ac2O: Acetic Anhydride; TsOCH3: Methyl p-Toluene Sulfonate; K2CO3: Potassium Carbonate; KOH: Potassium Hydroxide; DMSO: Dimethyl Sulfoxide; 
HCl: Pyridine Hydrochloride [123]

Scheme 1. Biosynthetic pathway of apigenin from phloroglucinol.

Abbreviations: acetic anhydride (Ac2O), methyl p-toluene sulfonate (TsOCH3), potassium carbonate (K2CO3), potassium 
hydroxide (KOH), Dimethyl sulfoxide (DMSO), pyridine hydrochloride (HCl) [123].

Biosynthesis pathway of apigenin from tyrosine has been achieved in Escherichia coli. The p-coumaric acid formed through 
the activitiy of tyrosine ammonium lyase on tyrosine was further converted by four enzymes (4CL, CHS, CHI, and FNS; Scheme 2) 
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to apigenin. Modification of apigenin has been widely reported in literature [124]. 
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Scheme 2. Biosynthetic pathway of apigenin from tyrosine.

Industrial Application of Apigenin

The manufactures offer plant dye extracts, powder pigments and pigment pastes for use in hair colouring, hair highlights 
and textile industry [125]. The plant dyes, which meet the growing needs of hair care formulations, such as dyes, shampoos and 
conditioners, were designed as part of a new range of “environmentally responsible” cosmetic ingredients. Vegetal yellow dyes are 
flavonoids compounds and notably are both luteolin and apigenin [126,127]. According to the literature, the most accepted hypotheses 
for this effect of chamomile extracts are based on the deposition of its active principle, the apigenin which is responsible for the 
yellow pigmentation of hair, i.e., yellowish coloration [128]. In addition, apigenin promotes hair growth, hence, it can be useful as an 
adjunctive therapy for the treatment of androgenetic alopecia [129,130].

BIOLOGICAL ACTIVITIES OF APIGENIN
Anticancer

Apigenin, has been reported to suppress proliferation in a wide variety of solid tumors and hematological cancers [131]. 
Its anticancer properties have been extensively studied in vitro and in vivo [48,132]. It can enhance gap-junction intercellular 
communication, inhibits growth, arrest cell cycle and induce apoptosis of human prostate cancer, breast cancer and leukemia 
[115,125,133-138]. Nabavi et al. [125] have shown that apigenin has the ability to induce anticancer effect through 4 different mechanisms: 
1) induction of extrinsic apoptosis, 2) inhibition of aromatase, fatty acid synthase, and MAPK, 3) suppression of angiogenesis 
through down-regulation of NF-kB and VEGF, 4) down-regulation of PI3K/AKT pathways and ErbB2 expression. Apigenin can also 
modulate activities of cytochrome P450 monooxygenase (P450)2 1A, an isoform involved in bioactivation of numerous carcinogens 
[139], and it is a ligand of estrogen receptor [132,140]. This flavonoid was shown to inhibit the proliferation of keratinocytes). It was also 
described as a preventive agent in mouse skin tumorigenesis [48].

Caltagirone et al. [141] found that the conjugation of quercetin with apigenin inhibit melanoma growth and invasive and 
metastatic potential; therefore, they may constitute a valuable tool in the combination therapy of metastatic melanoma. Choudhury 
et al. [142] reported that conjugation between apigenin and curcumin induced cell death of lung cancer cells. These two compounds 
bound different sites on tubulin, inhibited its polymerization into microtubule, which might cause apoptosis in cancer cells.

Antimicrobial

Apigenin was shown to be a cariostatic agent, based on its ability to inhibit glucosyltransferases; it is a promising anticaries 
compound. Apigenin effectively inhibited the synthesis of glucan at levels never observed before; it may influence the chemical 
and microbial composition of human dental plaque. Propolis or its constituents offer a very attractive route to identify new agents 
to reduce dental caries and plaque formation [143].

Carvalho et al. [144] showed that the crude ethanolic extract of M. chamomilla L. flowers, which contains apigenin, caused 
growth inhibition of Pseudomonas aeruginosa in broth dilution, and was confirmed by agar diffusion (10 mm diameter inhibition 
zone).

Anxiolytic

Viola et al. [64] studied activities of apigenin from aqueous unstandardized fraction of chamomile extract and found that 
it has an anxiolytic activity in mice without demonstrating sedatve or muscle relaxant effects. Kumar et al. [145] also found that 



2323JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

apigenin is responsible for the anxiolytic activity of Turnera aphrodisiaca. Apigenin also have been shown to reduce γ-aminobutyric 
acid-activated chloride currents and also to reduce locomotor activity of rats. Many studies have shown the anxiolytic activity of 
apigenin in rats, by binding to benzodiazepine receptors and reducing GABA-activated activity [28,65,146-148].

Antidepressant

Li et al. [149] showed that apigenin has an antidepressant-like effect in lipopolysaccharide (LPS) -induced mouse model of 
depression. The mechanism for this effect might be related to the inhibition of inflammatory cytokines, inducible nitric oxide 
synthase (iNOS) and cyclooxygenase-2 (COX-2) expression via the modulation of nuclear factor-B (NF-B) activation [150].

Antioxidant

Flavonoids can act as antioxidants, through free radicals mediated reactions by inhibiting biomolecules from undergoing 
oxidative damage [151]. They can also act directly by quenching reactive oxygen species, inhibiting enzymes, chelating metal ions 
(Fe3+, Cu+), promoting radical production, and regenerating membrane-bound antioxidants such as α-tocopherol. Their beneficial 
effects are related to diseases in which oxidative processes are remarkable such as atherosclerosis, coronary heart disease, 
certain tumors, and aging itself [152].

Leopoldini et al. [153] showed how the functional groups of apigenin can affect its radical scavenging activity. On the basis of 
the results obtained the ortho-dihydroxy structure in the B ring which confers high stability to the radical species through H-bond 
formation and the C2-C3 double bond in conjugation with the 4-oxo function in the C ring, which is responsible for the electronic 
delocalization starting from the B ring are important to radical scavenging activity. Unlike apigenin (with BDE of 82.20 kcal/mol), 
flavonoids with the dihydroxy functionality are the most active in donating an H atom, as confirmed by their low BDE values (e.g., 
Luteolin with BDE of 74.54 kcal/mol). The planar conformation and the extended electronic delocalization between adjacent 
rings of apigenin determine low IP value (176.05 kcal/mol). Gas-phase BDE and IP have been considered as excellent primary 
indicators of free radical scavenging activity [153].

Neuroprotective

Apigenin has a high distribution level in the brain [154,155] which provides a solid evidence of its neuroprotective action. Zhao 
et al. [156] showed that apigenin could exert neuroprotection against Ab-induced toxicity in the presence of copper mainly through 
the mechanisms that regulate redox imbalance, preserve mitochondrial function, inhibit MAPK pathways, and depress neuronal 
apoptosis.

Ha et al. [157] proved that apigenin protected neurons from the injury in middle cerebral artery occlusion in rats. Apigenin also 
improved the neurological recovery after spinal cord injury [158], displaying its neuroprotective and neurotrophic effects in some 
neurological diseases [158,159].

One of the mechanisms already described for the neuroprotective activity of apigenin is that it inhibits the toll-like receptor 
4-mediated inflammatory pathway and protects the integrity of blood-brain barrier against early brain injury after subarachnoid 
hemorrhage [160]. Other studies have reported that apigenin regulated nitric oxide production through the regulation of NF-Κb and 
inhibition of tumor necrosis factor in mouse cell lines [161].

Apigenin and luteolin treatment showed to improve the locomotor and muscular activities in induced Parkinsonism in mice 
which means they protected the dopaminergic neurons probably by reducing oxidative damage, neuroinflammation and microglial 
activation along with enhanced neurotrophic potential [159]

Anti-Chikungunya

Pohjala et al. [162] found that natural compounds with a 5,7-dihydroxyflavones structure, such as apigenin, were found to 
suppress activities of Enhanced Green Fluorescent Protein (EGFP) and Renilla Luciferase (Rluc) marker genes expressed by the 
chikungunya virus replicon. According to Murali et al. [163] apigenin and luteolin rich ethanolic fraction from Cynodon dactylon is 
a potential therapeutic agent against chikungunya virus infection as the fraction inhibits the virus activity and does not show 
cytotoxicity in vitro using Vero cells.

Anti-Inflammatory

Apigenin can modulate the action and the production of inflammatory molecules by modulating the action of other molecules 
[10]. Its anti-inflammatory effect is exerted by inhibiting NF-κB signaling pathway in several disease models [164,165]. Choi et al. [166] 
found that this flavonoid has a powerful anti-inflammatory activity by inhibiting inducible nitric oxide synthase (iNOS), nitric oxide 
(NO) production and cyclooxygenase-2 (COX-2) expression.

Downmodulation of TNF-α (tumor necrosis factor) by apigenin has been reported in vitro. Apigenin has been shown to inhibit 
TNF-α-induced NF-kB-mediated transactivation of a luciferase reporter gene. It can also decrease H5N1-induced production of 
IL-6, IP-10, and TNF-α in influenza A virus-infected cells [167]. This flavonoid can reduce TNF-α significantly in THP1 macrophages 
[168] and inhibit expression of TNF-α and IL-6 by inhibiting NF-κB activation in mouse peritoneal macrophages [169]. It has been 
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shown that apigenin also inhibited TNF-α, iNOS mRNA, and iNOS protein in RAW cells [170]. And also this polyphenol suppresses 
expression of TNF-α, IL-8, IL-6, Granulocyte macrophage colony-stimulating factor (GM-CSF), and COX-2 by decreasing intracellular 
Ca2+ level and inhibiting NF-κB activation in HMC-1 cells [171].

Downmodulation of TNF-α by apigenin has also been reported in vivo. It inhibits production of TNF-α, IL-1b, IL-6, and IL-33 in 
mice [172], decreases the levels of TNF-α, IL-1b, and IL-6 in gamma-irradiated mice [173], and also attenuates TNF-α-induced vascular 
cell adhesion molecule (VCAM-1) mRNA and protein expression in hypertensive rats [174].

Other Reported Activities

Some compounds called 5,7,4-hydroxyflavonoids, such as apigenin, have been shown to possess estrogenic or antiestrogenic 
properties in vitro [48,116,175] as well as in vivo [33, 175,176] has reported that estrogen receptors, α and β, can be activated by apigenin 
in vitro. Vasodilatory effect of apigenin has also been reported by Ko et al. [40] in rats. The mechanism by which it happens is that 
it relaxes rat thoracic aorta by suppressing the Ca2+ influx through both voltage- and receptor-operated calcium channels.

A wide variety of biological activities including anti-oxidation, anti-inflammation, anti-platelet, anti-thrombotic action, anti-
allergic, inhibitor of lypoxygenase, cyclooxygenase, cytotoxicity among others have been reported in species on Table 1.

PHARMACOKINETICS AND TOXICOLOGY ASPECTS
The economic and therapeutic value of apigenin make the knowledge concerning its metabolism and its pharmacokinetics a 

necessity. The UDP glucuronosyltransferase UGT1A1 rapidly metabolizes apigenin into luteolin, conjugated derivatives (glucurono- 
and sulfoconjugates - hydrophilic metabolites) that are subsequently excreted in the urine; the fraction of apigenin intake excreted 
being 0.58% [49,177]. According to Griffiths and Smith [178], in vivo metabolism studies showed that maximal excretion of apigenin 
and its metabolites occurred between 48 and 72 h of oral administration and that derivatives were all conjugated compounds. 
Apigenin is detected in the blood after 24 hours of initial ingestion with a half-life of 91.8 hours [177].

The consumption of fruits and vegetables rich in phenolic compounds may reduce risks of many civilization diseases [179]. 
Although there is no record of toxicity on the consumption of apigenin in food [150,180], The potential deleterious impacts of phenolic 
compounds utilization as a result of pro-oxidant and estrogenic activities, cancerogenic potential, cytotoxic effects, apoptosis 
induction and flavonoid-drug interaction [179] may likely depend on the dose being ingested.

General Considerations on Apigenin

Although there are no human clinical trials for the evaluation of the biological activities of apigenin, this flavone showed 
low toxicity and adverse effects [117,181,182]. In respect of interaction with other drugs, apigenin is a potent inhibitor of CYP2C9, 
an enzyme that is responsible for the metabolism of many drugs in the body [155,182]. Studies have demonstrated an increase in 
plasma levels of imatinib and venlafaxine when administered concurrently with apigenin [183,184]. Animal reproduction studies have 
not been conducted with apigenin [185]. Although, apigenin showed great potential in the treatment of cardiovascular diseases, 
inflammation, cancer, among others [181], there are needs for further studies to determine its recommended intake as a drug, in 
chamomile or other diet.

CONCLUSION
The current review attempt to draw attention to some key issues related to the economic values of M. chamomilla that are 

rarely reported and largely overlooked in botanical debate. The need for a comprehensive report on this multipurpose and globally 
available species is long overdue. The economic value of plant products could be measure in terms of quality and quantity of 
its active principles. The quantity of apigenin present in the plant could be used as biomarker in the industrial standardization 
and profiling of M. chamomilla. For the purpose of quality assurance, mitigation of adulteration, and pharmacognostic profiling 
of raw materials, semi-finished and finished products derived from M. chamomilla, apigenin could be useful in the regulations 
of the products. The easy cultivation of this species implies that its domestication could provide for local household economies. 
The value chains for herbal medical products have some unique characteristics, which seem to have had little impact on the 
discussion about value chains in the socioeconomic and developmental politics literature.

ACKNOWLEDGEMENTS
We are grateful to the CAPES, FAPEG and CNPQ for the research grants.

REFERENCES
1. Kunwar RM, et al. Medicinal plants, traditional medicine, markets and management in far-west Nepal. J Ethnobiol Ethnomed. 

2013;9:24. 

2. Chopra S and Meindl P. Supply Chain Management. 2nd ed. Pearson Prentice Hall, Upper Saddle River, USA; 2004.

3. Ghauri IG, et al. Correct scientific name of “Babuna” used widely as a drug in unani system of medicine. Pak J Sci Ind Res. 
1984;27:20-23.



2525JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

4. Singh O, et al. Chamomile (M. chamomilla L.). Pharmacognose Ver. 2011;5:82-95.

5. Franz CH, et al. Study on the assessments of plants/herbs, plant/herb extracts and their naturally or synthetically produced 
components as additives for use in animal production. EFSA Journal. 2005;155-169.

6. Frank R. Chamomile: industrial profiles. Boca Raton: CRC Press. Plant sources. 2005;39-42.

7. Leung A and Foster S. Encyclopedia of common natural ingredients used in food, drugs, and cosmetics. John Wiley and 
Sons, New York. USA; 1996.

8. Salamon I. Production of Chamomile recuita (L.) Rauschert, in Slovakia. Journal of Herbs, Spices, and Medicinal Plants. 
1992;1:37-45. 

9. Nayak BS, et al. Wound healing activity of M. recutita L. extract. J Wound Care. 2007;16:298-302.

10. Gupta SC, et al. Downregulation of tumor necrosis factor and other proinflammatory biomarkers by polyphenols Arch 
Biochem Biophys. 2014;559:91-99.

11. Newall CA, et al. Herbal medicines: a guide for health-care professionals. Pharmaceutical Press. London. United Kingdom; 
1996.

12. Blumenthal M. The complete German Commission E monographs: therapeutic guide to herbal medicines. Austin:American 
Botanical Council, USA; 1998.

13. Martens D. Chamomile: The Herb and the Remedy. Prover. The Journal of the Chiropractic Academy of Homeopathy 
1995;6:15-18.

14. Nemecz G. Chamomile. U.S Pharmacist. 1998;23:115-116.

15. Anon. Chamomile. In: Dombek C (ed). Lawerence Review of Natural Products, Facts and Comparisons. St. Louis. USA; 1991.

16. Salamon I. Chamomile: a medicinal plant. Herb Spice Med Plant Dig. 1992;10:1-4.

17. Cirigliano M and Szapary PO. Chamomile for Use as Antiinflammatory, Antispsamodic and Sedative. Alternative Medicine 
Alert. 1999;9:100-104.

18. Berry M. Herbal products. Chamomiles. Pharm J. 1995;254:191-193.

19. Ivens GM. Stinking mayweed. N Z J Agric. 1979;138:21-23.

20. Svab J. New aspects of cultivating chamomile. Herba Pol. 1979;25:35-39.

21. Department of Agriculture, Forestry and Fisheries, Republic of South Africa. 2012.

22. Corrêa JC. Influence of chemical and organic fertilizers in the production of chamomile [Chamomilla recutita (L.) Rauschert] 
and its essential oil. Universidade Estadual Paulista, Jaboticabal, Brazil; 1994.

23. Pesch O. PR produces 95% of camomile Brazil. The State of Paraná, Curitiba. Notebook economy. Salamon I. Chamomile, 
A Medicinal Plant. The Herb, Spice, and Medicinal Plant Digest. 2000;10:1-4.

24. Costa MAD. Agricultural production process chamomile culture of the city of Mandirituba, PR. Dissertation (Masters in 
Agronomy)-Sector of Agricultural Sciences, Federal University of Paraná, Curitiba. 2001:69f

25. Gardiner P. Chamomile (M. recutita, Anthemis nobilis). The Longwood Herbal Task Force and The Center for Holistic Pediatric 
Education and Research. 1999;1-21. 

26. Gupta V. Pharmacological potential of M. recutita-A review. Int J Pharm Sci Drug Res. 2010;2:12-16.

27. Robbers JE and Tyler VE. Tyler’s Herbs of Choice. Haworth Press, New York, USA; 2000.

28. Avallone R, et al. Pharmacological profile of apigenin, a flavonoid isolated from M. chamomilla. Biochem Pharmacol. 
2000;59:1387-1394. 

29. McKay DL and Blumberg JB. A review of the bioactivity and potential health benefits of chamomile tea (M. recutita L.). 
Phytother Res. 2006;20:519-530.

30. Schilcher H et al. Active Chemical Constituents of M. chamomilla L. syn. Chamomilla recutita (L.) Rauschert. In: Schilcher 
H and Franke R (eds). Chamomile Industrial Profiles. CRC Press, Florida, USA; 2005.

31. Cosmetic Ingredient Review Expert Panel. Safety Assessment of Chamomilla Recutita-Derived Ingredients as Used in 
Cosmetics. Draft Tentative Report for Panel Review. Washington DC, USA; 2013.

32. Si XT, et al. Chemical Constituents of the Plants in the Genus Achillea. Chem Biodivers. 2006;3:1163-1180. 



2626JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

33. Innocenti G, et al. In vitro estrogenic activity of Achillea millefolium L. Phytomedicine. 2007;14:147-152.

34. Csupor-Löffler B, et al. Antiproliferative effect of flavonoids and sesquiterpenoids from Achillea millefolium s.l. on cultured 
human tumour cell lines. Phytother Res. 2008;23:672-676.

35. Benetis R, et al. Variability of phenolic compounds in flowers of Achillea millefolium wild populations in Lithuania. Medicina 
(Kaunas). 2008;44:775-781.

36. Preston CD and Hill MO. The geographical relationships of British and Irish vascular plants. Bot J Linn Soc. 1997;124:1-
120.

37. Tschan GM, et al. Chamaemeloside, a new flavonoid glycoside from Chamaemelum nobile. Phytochemistry. 1996;41:643-
646.

38. Guimarães RB, et al. Nutrients, phytochemicals and bioactivity of wild Roman chamomile: A comparison between the herb 
and its preparations. Food Chem. 2013;136:718-725.

39. Zhang Q, et al. Optimization of Ultrasonic-Assisted Enzymatic Hydrolysis for the Extraction of Luteolin and Apigenin from 
Celery. J Food Sci. 2011;76:680-685.

40. Ko FN, et al. Vascodilatory action mechanisms of Apigenin isolated from A. graveolens in rat thoracic aorta. Biochim 
Biophys Acta. 1991;1115:69-74.

41. Mansi K, et al. Hypolipidemic Effects of Seed Extract of Celery (Apium graveolens ) in Rats. Phcog Mag. 2009;5:301-305.

42. Forrest GI, et al. The distribution of polyphenols in the tea plant (Camellia sinensis L.) Biochem J. 1969;113:741-755.

43. Scoparo CT, et al. Analysis of Camellia sinensis green and black teas via ultra high performance liquid chromatography 
assisted by liquid-liquid partition and two-dimensional liquid chromatography (size exclusion × reversed phase). J 
Chromatogr A. 2012;1222:29-37.

44. Pino J, et al. Compositional differences of coriander fruit oils from various origins. Nahrung. 1993;37:119-112.

45. Kunzemann J and Herrmann K. Isolation and identification of Flavon (ol) -O-glycosides in caraway (Carum carvi L.), fennel 
(Foeniculum vulgare Mill.), Anise (Pimpinella anisum L.) and coriander (Coriandrum sativum L.) and of flavone C- glycosides 
in anise. Eur Food Res Technol. 1977;164:194-200.

46. Barros L, et al. Phenolic profiles of in vivo and in vitro grown Coriandrum sativum L. Food Chem. 2012;132:841-848

47. Neutel MF, et al. I Iberian Conference on Medicinal Plants, Aromatic Oils and Essential Oils, 12-14 July, Madrid, Spain; 
1992.

48. Birt DF, et al. Dietary agents in cancer prevention: flavonoids and isoflavonoids. Pharmacol Ther. 2001;90:157-177.

49. Patel D, et al. Apigenin and cancer chemoprevention: progress, potential and promise. Int J Oncol. 2007;30:233-245.

50. McGregor RL. The taxonomy of the genus Echinacea (Compositae). Univ Kansas Sci Bull. 1968;48:113-142.

51. Mistrikova I and Vaverkova S. Echinacea-chemical composition, immunostimulatory activities and uses. Thaiszia- J Bot. 
2006;16:11-26.

52. Cao Y, et al. Analysis of flavonoids in Ginkgo biloba L. and its phytopharmaceuticals by capillary electrophoresis with 
electrochemical detection. Anal Bioanal Chem. 2002;374:294-299.

53. Casulli F and Ippolito A. Observations on liquorices rust (Uromyces glycyrrhizae) in southern Italy. Inf Fitopatol. 1995;45:27-
30.

54. Singh B, et al. HPTLC Densitometric Quantification of Glycyrrhizin, Glycyrrhetinic Acid, Apigenin, Kaempferol and Quercetin 
from Glycyrrhiza glabra. Chromatographia. 2009;70:1665.

55. Siracusa L, et al. Phytocomplexes from liquorice (Glycyrrhiza glabra L.) leaves-Chemical characterization and evaluation of 
their antioxidant, anti-genotoxic and anti-inflammatory activity. Fitoterapia. 2011;82:546-556.

56. Ibrahim RK. Chromatographic and spectrophotometric evidence for the occurrence of mixed O- and C-glycoflavones in flax 
(Linum usitatissimum) cotyledons. Biochim Biophys Acta. 1969;192:549-552.

57. Dubois J and Mabry TJ. The C-glycosylflavonoids of flax, Linum usitatissimum. Phytochemistry. 1971;10:2839-2840.

58. Muir A and Westcott N. Flax the genus linum medicinal and aromatic plants-industrial profiles. Taylor and Francis, 
Saskatchewan, Canada; 2003.

59. Touré A and Xueming X. Flaxseed lignans: source, biosynthesis, metabolism, antioxidant activity, Bio-active components, 
and health benefits. Compr Rev Food Sci Food Saf. 2010;9:261-269.



2727JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

60. Nawwar MAM, et al. Flavonoid lactates from leaves of Marrubium vulgare. Phytochemistry. 1989;28:3201-3206.

61. Boudjelal A. Compositional analysis and in vivo anti-diabetic activity of wild Algerian Marrubium vulgare L. infusion. 
Fitoterapia. 2012;83:286-292.

62. Argyropoulou C, et al. Labdane diterpenes from Marrubium thessalum. Photochemistry. 2009;70:635-640.

63. Wichtl M and Anton R. Plantes Thérapeutiques, Tec & Doc, Paris, France; 1999:341.

64. Viola H, et al. Apigenin, a component of M. recutita flowers, is a central benzodiazepine receptors-ligand with anxiolytic 
effects. Planta Med. 1995;61:213-216.

65. Zanoli P, et al. Behavioral characterisation of the flavonoids apigenin and chrysin. Fitoterapia. 2009;71:117-123.

66. Redaelli C, et al. Reversed-phase high-performance liquid chromatography analysis of apigenin and its glucosides in flowers 
of M. chamomilla and chamomile extracts. Plant Med. 1981;42:288-292.

67. Repcak M and Martonfi P. The variability pattern of apigenin glucosides in Chamomille recutita diploid and tetraploid 
cultivars. Pharmazie. 1995;50:696-699.

68. Lawrence MB and Tobacco RJR. Progress in essential oil. Perfumer and Flavorist. 1996;21:55-68.

69. Sweetie RK, et al. Antioxidant potential of mint (Mentha spicata L.) in radiation-processed lamb meat. Food Chem. 
2007;100:451-458.

70. Paranjpe P. Indian Medicinal Plants-Forgotten Healers. Chaukhambha Sanskrit Pratishtan, New Delhi, India; 2001:316.

71. Bimakr M, et al. Comparison of different extraction methods for the extraction of major bioactive flavonoid compounds from 
spearmint (Mentha spicata L.) leaves. Food Bioprod Process. 2011;89:67-72.

72. Grayer RJ, et al. External flavones in sweet basil, Ocimum basilicum, and related taxa. Phytochemistry. 1996;43:1041-1047.

73. Jayasinghe C, et al. Phenolics Composition and Antioxidant Activity of Sweet Basil (Ocimum basilicum L.). J Agric Food 
Chem. 2003;51:4442-4449.

74. Bailey LH. Manual of cultivated plants. MacMillan Publishers, London, United Kingdom; 1924.

75. Darrah H. The cultivated basils; Buckeye Printing Co, Independence, Missouri, USA; 1980.

76. Koukoulitsa C, et al. Polar Constituents from the Aerial Parts of Origanum vulgare L. Ssp. hirtum Growing Wild in Greece. J 
Agric Food Chem. 2006;54:5388-5392.

77. Jaroszewski JW, et al. Cyanohydrin glycosides of Passiflora: Distribution pattern, A saturated cyclopentane derivative from P. 
guatemalensis, And formation of pseudocyanogenic α-hydroxyamides as isolation artefacts. Phytochemistry. 2002;59:501-
511.

78. Simirgiotis MJ, et al. The Passiflora tripartita (Banana Passion) Fruit: A Source of Bioactive Flavonoid C-Glycosides Isolated 
by HSCCC and Characterized by HPLC-DAD-ESI/MS/MS. Molecules. 2013;18:1672-1692.

79. Bergner P. Passionflower. Medical Herbalism. 1995;7:13-14.

80. http://www.stevenfoster.com/education/monograph/pflower.htm

81. Gremillion KJ. The Development of a Mutualistic Relationship Between Humans and Maypops (Passiflora incarnata L.) in 
the Southeastern United States. J Ethnobiol. 1989;9:135-158.

82. Handler N. Psychomimetic Medicine, The First Hahnemann Symposium. Lea and Febiger, Philadelphia, USA; 1962.

83. http://www.hankintatukku.com/Passiflora.htm

84. Rawat PS. Select Your Dose and Potency, B. Jain Publishers(P) Ltd, New Delhi, India; 1987:481-482.

85. Dhawan K, et al. Anti-anxiety studies on extracts of Passiflora incarnate Linneaus. J Ethnopharmacol. 2001;78:165-170.

86. Hickey M and King C. 100 families of flowering plants. In: Walters SM (ed), Passiflora juss, Cambridge University Press, 
Cambridge, England; 1988:130-133.

87. Chen XJ and Lu LX. Karyotype analysis of two major cultivated forms of Passiflora L. Journal of Fujian Agricultural University. 
1994;23:24.

88. Ferreres F, et al. New C-deoxyhexosyl flavones and antioxidant properties of Passiflora edulis leaf extract. J Agric Food 
Chem. 2007;55:10187-10193.

89. Xu F, et al. C-dideoxyhexosyl flavones from the stems and leaves of Passiflora edulis Sims. Food Chem. 2013;136:94-99.



2828JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

90. Braca A, et al. New metabolites from Onopordum Illyricum. J Nat Prod. 1999;62:1371-1375.

91. Agrawal PK. Carbon-13 NMR of Flavonoids. Elsevier Science, Amsterdam, Netherlands; 1989;294-364.

92. Pignatti S. Flora of Italy, Edagricole, Bologna, Italy; 1982;165-166.

93. Yang RY, et al. Content and distribution of flavonoids among 91 edible plant species. Asia Pac J Clin Nutr. 2008;17:275-279.

94. Kiado A and Somos A. The Paprika. Budapest, Hungary; 1984.

95. Materska M, et al. Isolation and structure elucidation of flavonoid and phenolic acid glycosides from pericarp of hot pepper 
fruit Capsicum annuum L. Phytochemistry. 2003;63:893-898.

96. Stochmal A, et al. Alfalfa (Medicago satiVa L.) flavonoids. 1. Apigenin and luteolin glycosides from aerial parts. J Agric Food 
Chem. 2001;49:753-758.

97. Gallego-Giraldo L, et al. Selective lignin downregulation leads to constitutive defense response expression in alfalfa 
(Medicago sativa L.). New Phytol. 2011;190:627-639.

98. Demuth H, et al. Iridoid glucosides from Asystasia bella. Phytochemistry. 1989;28:3361-3364.

99. Jensen HFW, et al. Chemotaxonomy of the Acanthaceae. Iridoids and quarternary amines. Phytochemistry. 1988;27:2581-
2589.

100. Kanchanapoom T and Ruchirawat S. Megastigmane glucoside from Asystasia gangetica (L.) T. Anderson. J Nat Med. 
2007;61:430-433.

101. Fejes S, et al. Investigation of the in vitro antioxidant effect of Petroselinum crispum (Mill.) Nym. ex A. W. Hill. Acta Pharm 
Hung. 1998;68:150-156.

102. Justesen U and Knuthsen P. Composition of flavonoids in fresh herbs and calculation of flavonoid intake by use of herbs in 
traditional Danish dishes. Food Chem. 2001;73:2245-2250. 

103. Awe W, et al. The flavones of Thymus vulgaris. The Science of Nature. 1959;46:558.

104. Van Den Broucke CO and Lemli JA. Spasmolytic activity of the flavonoids from Thymus vulgaris. Pharmaceutisch Weekblad. 
1983;5:9-14.

105. Linares B, et al. Comparison of different extraction procedures for the comprehensive characterization of bioactive phenolic 
compounds in Rosmarinus officinalis by reversed-phase high-performance liquid chromatography with diode array detection 
coupled to electrospray time-of-flight mass spectrometry. J Chromatogr A. 2011;1218:7682-7690.

106. Johnson CE, et al. Identification of the Phenolic Components of Vernonia amygdalina and Russelia equisetiformis. J Nat 
Prod. 2011;4:57-64.

107. Salawu SO, et al. Antimicrobial activities of phenolic containing extracts of some tropical vegetables. Afr J Pharm Pharmacol 
2011;5:486-492.

108. Cabrera AL and Klein RM. Compostas: 3, Tribo: Vernoniae, Fl Ilustr Catarin. 1980;354-355.

109. Buskuhl H, et al. Sesquiterpene lactones from Vernonia scorpioides and their in vitro cytotoxicity. Phytochemistry. 
2010;71:1539-1544.

110. Killip P. American species of Passifloraceae. The Publ Field Mus Nat Hist. 1938;19:611-613.

111. Patil AS, et al. Passiflora Foetida Linn: A Complete Morphological And Phytopharmacological Review. Int J Pharm Bio Sci. 
2013;4:285-296.

112. Rhodes MJC and Price KR. Analytical problems in the study of flavonoid compounds in onions. Food Chem. 1996;57:113-
117.

113. Brazil Health Ministry. Brazilian National Health Surveillance Agency. Resolution, RE no. 899/2003. Guide for validation of 
analytical and bioanalytical methods. 2013.

114. Chaves JS. Preparation and characterization of a herbal medicine from Tanacetumparthenium Shultz-Bip (Asteraceae): 
chemical and physical characterization of the powder of the aerial parts of T. parthenium and obtaining and chemical, 
physical and physicochemical of hydroalcoholic and dry extracts and tablets enteric dissolution. University of São Paulo, 
Ribeirão Preto. 2005.

115. Suschetet M, et al. Canivenc-Lavier MC. Anticarcinogenic properties of some flavonoids. In: Vercauteren J, et al. (eds). 
Polyphenols 96, INRA Editions. Versailles, France; 1998:165-204.

116. Middleton EJ, et al. The effects of plant flavonoids on mammalian cells: implications for inflammation, heart disease and 



2929JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

cancer. Pharmacol Rev. 2000;52:673-751.

117. Shukla S and Gupta S. Apigenin: a promising molecule for cancer prevention. 2010;27:962-978. 

118. Bevilacqua L, et al. Identification of compounds in wine by HPLC-tandem mass spectrometry. Ann Chim. 2004;94:679-689.

119. Gerhauser C. Beer constituents as potential cancer chemopreventive agents. Eur J Cancer. 2005;41:1941-1954.

120. Lide DR. CRC Handbook of Chemistry and Physics. 78th ed. CRC Press. New York, USA; 1997:3-78. 

121. Svehliková V, et al. Isolation, identification and stability of acylated derivatives of apigenin 7-O-glucoside from chamomile 
(Chamomilla recutita (L.) Rauschert). Phytochemistry. 2004;65:2323-2332.

122. Julio AS, et al. Solvent-Free Synthesis of Functionalized Flavones under Microwave Irradiation. J Org Chem. 2005;70:2855-
2858. 

123. Wang J, et al. Total synthesis of apigenin. J Chem Res. 2012;121-122.

124. Hyejin L, et al. Biosynthesis of Two Flavones, Apigenin and Genkwanin, in Escherichia coli. J Microbiol Biotechnol. 
2015;25:1442-1448.

125. Nabavi SM, et al. 2015. Apigenin and Breast Cancers: From Chemistry to Medicine. Anticancer Agents Med Chem. 
2014;15:728-735.

126. Reneta G. Determination of natural colorants in plant extracts by high-performance liquid chromatography. J Serb Chem 
Soc. 2010;75:903-915.

127. Zvi C. Koren Historico-Chemical Analysis of Plant Dyestuffs Used in Textiles from Ancient Israel, Archaeological Chemistry. 
ACS Symposium Series. 2009;269-310.

128. Zague V, et al. Performance of vegetal extracts of camomila, macela and Brazilian arnica, in the process of natural 
modification of the color of the hair, in different extracting vehicles; Rev Lusofona de Ciencias e Tecnologias da Saude. 
2009;2:280-291.

129. Huh S, et al. A cell-based system for screening hair growth-promoting agents. Arch Dermatol Res. 2009;301:381-385.

130. Hwang YP, et al. The flavonoids apigenin and luteolin suppress ultraviolet A-induced matrix metalloproteinase-1 expression 
via MAPKs and AP-1-dependent signaling in HaCaT cells. J Dermatol Sci. 2011;61:23-31.

131. Zhao M, et al. Apigenin inhibits proliferation and induces apoptosis in human multiple myeloma cells through targeting the 
trinity of CK2, Cdc37 and Hsp90. Molecular Cancer. 2011;10:104.

132. Havsteen BH. The biochemistry and medicinal significance of the flavonoids. Pharmacol Ther. 2002;96:67-202.

133. Shukla S and Gupta S. Suppression of constitutive and tumor necrosis factor alpha-induced nuclear factor (NF)-kappaB 
activation and induction of apoptosis by apigenin in human prostate carcinoma PC-3 cells: correlation with down-regulation 
of NF-kappaB-responsive genes. Clin Cancer Res. 2004;10:3169-3178.

134. Shukla S and Gupta S. Apigenin-induced cell cycle arrest is mediated by modulation of MAPK, PI3K-Akt, and loss of cyclin 
D1 associated retinoblastoma dephosphorylation in human prostate cancer cells. Cell Cycle. 2007;6:1102-1114.

135. Chen D, et al. Inhibition of proteasome activity by the dietary flavonoid apigenin is associated with growth inhibition in 
cultured breast cancer cells and xenografts. Breast Cancer Res. 2007;9:80.

136. Way TD, et al. Degradation of HER2/neu by apigenin induces apoptosis through cytochrome c release and caspase-3 
activation in HER2/neu-overexpressing breast cancer cells. FEBS Lett. 2005;579:145-152.

137. Kim JS, et al. Protein kinase CK2alpha as an unfavorable prognostic marker and novel therapeutic target in acute myeloid 
leukemia. Clin Cancer Res. 2007;13:1019-1028.

138. Wang IK, et al. Induction of apoptosis by apigenin and related flavonoids through cytochrome c release and activation of 
caspase-9 and caspase-3 in leukaemia HL-60 cells. Eur J Cancer. 1999;35:1517-1525.

139. Allen SW. The use of a high-volume screening procedure to assess the effects of dietary flavonoids on human cyp1a1 
expression. Drug Metab Dispos. 2001;29:1074-1079.

140. Breinholt V, et al. Detection of weak estrogenic flavonoids using a recombinant yeast strain and a modified MCF7 cell 
proliferation assay. Chem Res Toxicol. 1998;11:622-629. 

141. Caltagirone S, et al. Flavonoids apigenin and quercetin inhibit melanoma growth and metastatic potential. Int J Cancer. 
2000;87:595-600.

142. Choudhury D, et al. Apigenin shows synergistic anticancer activity with curcumin by binding at different sites of tubulin. 



3030JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

Biochimie. 2013;95:1297-1309.

143. Koo H, et al. Effects of apigenin and tt-farnesol on glucosyltransferase activity, biofilm viability and caries development in 
rats. Oral Microbiol Immunol. 2002;17:337-343.

144. Carvalho AF, et al. Evaluation of the antibacterial activity of ethanol extracts and cyclohexane from chamomile flowers (M. 
chamomilla L.). Rev Bras Pl Med. 2014;16:521-526.

145. Kumar S and Sharmal A. Apigenin: The Anxiolytic Constituent of Turnera afrodisíaca. Pharm Biol. 2006;44:84-90.

146. Salgueiro JB, et al. Anxiolytic Natural and Synthetic Flavonoid Ligands of the Central Benzodiazepine Receptor Have No 
Effect on Memory Tasks in Rats. Pharmacol Biochem Behav. 1997;58:887-891.

147. Campbell EL, et al. The dietary flavonoids apigenin and (−)-epigallocatechin gallate enhance the positive modulation by 
diazepam of the activation by GABA of recombinant GABA(A) receptors. Biochem Pharmacol. 2004;15:1631-1638.

148. Losi G, et al. Apigenin modulates GABAergic and glutamatergic transmission in cultured cortical neurons. Eur J Pharmacol. 
2004;502:41-46.

149. Li R, et al. The effects of apigenin on lipopolysaccharide-induced depressive-like behavior in mice. Neurosci Lett. 
2015;594:17-22.

150. Hollman PC and Katan MB. Health effects and bioavailability of dietary flavonols. Free Radic Res. 1999;75-80.

151. Visioli F, et al. Free radical-scavenging properties of olive oil polyphenols. Biochem Biophys Res Commun. 1998;247:60-64.

152. Visioli F and Galli CJ. Olive Oil Phenols and Their Potential Effects on Human Health. J Agric Food Chem. 1998;46:4292-
4296.

153. Leopoldini M, et al. Structure, Conformation, and Electronic Properties of Apigenin, Luteolin, and Taxifolin Antioxidants. A 
First Principle Theoretical Study. J Phys Chem A. 2004;108:92-96.

154. Zhang Y, et al. Study on pharmacokinetics and tissue distribution of apigenin in rats by RP-HPLC. Chin J Dis Control Prev. 
2009;13:79-82.

155. Liu X, et al. The Effect of Apigenin on Pharmacokinetics of Imatinib and Its Metabolite N-Desmethyl Imatinib in Rats. BioMed 
Res Int. 2013;2013:789184.

156. Zhao L, et al. Apigenin attenuates copper-mediated b-amyloid neurotoxicity through antioxidation, mitochondrion protection 
and MAPK signal in activation in an AD cell model. Brain Res. 2013;1492:33-45.

157. Ha SK, et al. Apigenin inhibits the production of NO and PGE2 in microglia and inhibits neuronal cell death in a middle 
cerebral artery occlusion-induced focal ischemia mice model. Neurochem Int. 2008;52:878-886.

158. Zhang F, et al. Neuroprotective effect of apigenin in rats after contusive spinal cord injury. Neurol Sci. 2014;35:583-588.

159. Patil SP, et al. Neuroprotective and neurotrophic effects of apigenin and luteolin in MPTP induced parkinsonism in mice. 
Neuropharmacology. 2014;86:192-202.

160. Zhang T, et al. Apigenin protects blood-brain barrier and ameliorates early brain injury by inhibiting TLR4-mediated 
inflammatory pathway in subarachnoid hemorrhage rats. Int Immunopharmacol. 2015;28:79-87. 

161. Kowalski J, et al. Effect of apigenin, kaempferol and resveratrol on the expression of interleukin-1beta and tumor necrosis 
factor-alpha genes in J774.2 macrophages. Pharmacol Rep. 2005;57:390-394.

162. Pohjala L, et al. Inhibitors of Alphavirus Entry and Replication Identified with a Stable Chikungunya Replicon Cell Line and 
Virus-Based Assays. PLoS ONE. 2011;6;28923.

163. Murali KS. Anti-chikungunya activity of luteolin and apigenin rich fraction from Cynodon dactylon. Asian Pac J Trop Dis. 
2015;8.5:352-358.

164. Wang J, et al. Anti-Inflammatory effects of apigenin in lipopolysaccharide-induced inflammatory in acute lung injury by 
suppressing COX-2 and NF-kB pathway. Inflammation. 2014;37:2085-90.

165. Wu DG, et al. Apigenin potentiates the growth inhibitory effects by IKK-beta-mediated NF-kappaB activation in pancreatic 
cancer cells. Toxicol Lett. 2014;224:157-164.

166. Choi JS, et al. Effects of C-glycosylation on anti-diabetic, anti-Alzheimer’s disease and anti-inflammatory potential of 
apigenin. Food Chem Toxicol. 2014;64:27-33.

167. Sithisarn P, et al. Differential antiviral and anti-inflammatory mechanisms of the flavonoids biochanin A and baicalein in 
H5N1 influenza A virus-infected cells. J Antiviral Res. 2013;97:41-48. 



3131JPRPC | Volume 4 | Issue 4 | October-December, 2016

e-ISSN: 2321-6182
p-ISSN: 2347-2332Research and Reviews: Journal of Pharmacognosy and Phytochemistry

168. Drummond EM, et al. Inhibition of proinflammatory biomarkers in thp1 macrophages by polyphenols derived from 
chamomile, meadowsweet and willow bark. Phytother Res. 2012;27:588-594. 

169. Xie C, et al. The acai flavonoid velutin is a potent anti-inflammatory agent: Blockade of LPS-mediated TNF-α and IL-6 
production through inhibiting NF-κB activation and MAPK pathway. J Nutr Biochem. 2012;23:1184-1191. 

170. Sae-Wong C, et al. Suppressive effects of methoxyflavonoids isolated from Kaempferia parviflora on inducible 671 nitric 
oxide synthase (iNOS) expression in RAW 264.7 cells. Ethnopharmacol. 2011;136:488-495. 

171. Kang OH, et al. Apigenin inhibits release of inflammatory mediators by blocking the NF-κB activation pathways in the HMC-1 
cells. Immunopharmacol Immunotoxicol. 2011;33:473-479.

172. Borghi SM, et al. Vitexin inhibits inflammatory pain in mice by targeting TRPV1, oxidative stress, and cytokines. J Nat Prod. 
2013;76:1141-1149. 

173. Rithidech KN, et al. Attenuation of oxidative damage and inflammatory responses by apigenin given to mice after irradiation. 
Mutat Res. 2012;749:29-38. 

174. Yamagata K, et al. Stroke Status Evoked Adhesion Molecule Genetic Alterations in Astrocytes Isolated from Stroke-Prone 
Spontaneously Hypertensive Rats and the Apigenin Inhibition of Their Expression. Stroke Res Treat. 2010.

175. Breinholt V, et al. Estrogenic activity of flavonoids in mice. The importance of estrogen receptor distribution, metabolism 
and bioavailability. Food Chem Toxicol. 2000;38:555-564.

176. Hiremath SP, et al. Antifertility and hormonal properties of flavones of. Striga orobanchioides. Eur J Pharmacol. 
2000;391:193-197.

177. Gradolatto A, et al. Pharmacokinetics and metabolism of apigenin in female and male rats after a single oral administration. 
Drug Metab Dispos. 2005;33:49-54.

178. Griffiths LA and Smith GE. Metabolism of Myricetin and related compounds in the rat metabolite formation in vivo and by 
the intestinal microflora in vitro. Biochem J. 1972;130:141-151.

179. Zuzana K. Toxicological aspects of the use of phenolic compounds in disease prevention. Interdiscip. Toxicol. 2011;4:173-
183.

180. Ross JA and Kasum CM. Dietary flavonoids: bioavailability, metabolic effects, and safety. Annu Rev Nutr. 2002;22:19-34.

181. Singh P, et al. Acute Exposure of Apigenin Induces Hepatotoxicity in Swiss Mice. PLoS ONE. 2012;7:e31964.

182. Dayong S, et al. Mechanism of CYP2C9 inhibition by flavones and flavonols. Drug Metab Dispos. 2009;37:629-634.

183. Zhan Y, et al. Inhibitory Effect of Apigenin on Pharmacokinetics of Venlafaxine in vivo and in vitro. Pharmacology. 
2015;96:118-123.

184. Ruela-de-Sousa RR, et al. Cytotoxicity of apigenin on leukemia cell lines: implications for prevention and therapy. Cell Death 
Dis. 2010;1:e19.

185. Gerald G, et al. Yaffe Drugs in Pregnancy and Lactation: A Reference Guide to Fetal and Neonatal Risk. 2008.


