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  Abstract   Ultraviolet (UV) radiation is a part of the sunlight reaching Earth surface. 
The UV spectrum of solar radiation is by convention divided into three parts: UV-A: 
310–400 nm, UV-B: 280–310 nm and UV-C: less than 280 nm. UV-B is the most 
energetic component reaching Earth surface because the stratospheric ozone layer 
effectively absorbs completely wavelengths below 290 nm. UV-B is an increasing 
threat due to increasing UV-B levels on Earth surface as a consequence of depletion 
of stratospheric O 

3
 . In general, the effects of atmospheric UV-B radiation are nega-

tive for biological life. Enhanced levels of UV-B radiation can indeed negatively 
change plant physiological processes, growth and productivity. However, while 
studying UV-B effects on medicinal plants, some interesting phenomena have been 
discovered. For example, basil plants respond positively to UV-B radiation by 
increasing oil yield (Chang et al. J Horticult For 1:27–31, 2009). In other studies 
medicinal plants show bene fi cial aspects in term of increase in volatile oil yield 
and secondary metabolite production (Kumari et al. Ecotoxicol Environ Safety 
72:2013–2019, 2009c, 2010). Medicinal herbs have great market value in India and 
worldwide. The medicinal value of plants depends upon phenolics, antioxidants and 
volatile yield. Therefore further UV-B experiments increasing the levels of these 
compounds are needed. 

 Here we review the effect of UV-B exposure on metabolites, volatiles, and anti-
oxidants potential in medicinal plants. This chapter reports: (1) aspects of the global 
market for medicinal and aromatic plants in India in order to assist the medicinal 
plant industry to make informed decisions. (2) The biodiversity loss due to wild 
harvesting of plants, and as an alternative the cultivation strategy of medicinal plants. 
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(3) Main medicinal plant species having rich antioxidant potential. (4) Main 
secondary metabolites of plant origin such as phenylpropanoids, terpenes, alkaloids, 
and volatile oil, and other important metabolites containing high antioxidant level 
used in human diet and health. (5) UV-B factors that enhance the quality of medicinal 
plant by increasing the content of secondary bioactive products. (6) Secondary 
metabolic pathways involving regulation of key enzymes, chalcone synthase, and 
phenylalanine ammonia lyase. Understanding of UV-B responses on secondary 
plant metabolites expand new opportunities for plant enriched in medicinal active 
compounds.  

  Keywords   Medicinal plants  •  UV-B  •  Antioxidants  •  Secondary metabolites  
•  Phenylpropanoids  •  Terpenoids  •  Alkaloids  •  Essential oil  •  Health bene fi ts  

   List of Abbreviations 

  UV-B    Ultraviolet-B   
  ROS    Reactive oxygen species   
  NOx    Nitric oxide   
  HIV    Human immunode fi ciency virus   
  SARS    Severe acute respiratory syndrome   
  TIA    Terpenoid indole alkaloids   
  PAL    Phenylalanine ammonia lyase   
  C4H    Cinnamate 4-hydroxylase   
  CHS    Chalcone synthase   
  DFR    Dihydro fl avonol 4-reductase   
  DXS    1-deoxy-d-xylulose5-phosphate synthase   
  IPPI    Isopentenyl diphosphate isomerase   
  GPP    Geranyl diphosphate   
  FPPS    Farnesyl diphosphate synthase   
  DAHP    3-deoxy-D-arabino-heptulosonate-7-phosphate   
  DPPH    Diphenylpicrylhydrazyl         

    1   Introduction 

 During the past decade, therapeutic potential of medicinal and aromatic plants with 
rich contents of secondary bioactive metabolites have received increased attention 
for scienti fi c investigation. Despite the progress in synthetic drug chemistry, plants still 
constitute an important source of new products of medicinal value for pharmaceuticals, 
used commercially either as an antioxidants or nutritional supplements (Zhang and 
Björn  2009  ) . Among the many medicinal plants routinely used as Ayurvedic medi-
cines in India, some of these plants have been featured in Fig.  1 . Many of the herbal 
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drugs are simple synthetic modi fi cations of these naturally plant derived secondary 
metabolites. In recent years, increasing attention has been paid by consumers and 
researchers to the health and nutritional aspects of metabolites such as phenolics, 
vitamins, minerals and others. Secondary metabolites biosynthesis is a new tool in the 
generation of novel and expensive natural products. Many of these phytocompounds; 
phenols,  fl avonoids, steroids, alkaloids, terpenoids, anthocyanins, glycoscynates, 
 b -carotene, ascorbic acid, polyamines, synaptic ester, volatile oil, having high 
antioxidant potential, be helpful in treatments of several oxidative stress related 
disorders (Krishnaiah et al.  2007 ; Kaur and Arora  2009  ) . These antioxidants mitigate 
the risk of number of chronic and cardiovascular problems and other free radical 
mediated diseases including neuro degeneration (Nambiar et al.  2010  ) . Finding new 
natural sources of antioxidant compounds with potential antiradical activity can be 
useful to future therapy against various stress related health problems.  

 Increasing awareness of role of antioxidants and various active phyto- constituents 
in medicinal plants is raising greater impetus for scientists to evaluate and determine 
how the contents and quality of these natural products and their anti-oxidative poten-
tial can be maintained or even improved through different agro -technical processing 
. In addition, Environmental factor also in fl uence accumulation of key compounds. 
Ultraviolet-B radiation (280–310 nm) is one factor, expected to modify the chemical 
composition of plants and induces changes in level of secondary metabolites. Recently, 
the knowledge about the treatment response of UV-B exposure on different plant 
metabolites in terms of “health bene fi cial aspects” is exponentially increasing and has 
led to novel insights, especially as far as medical, pharmacological and nutritive 
aspects are concerned (Jansen et al.  2008  ) . Evidently, based on  fi ndings by various 
researchers this novel concept may be presented that, UV-B supplementation might be 
bene fi cial for sustainable agriculture, food and nutritional industries for determining 
the high commercial utilization of these natural medicinal products (Kumari et al. 
 2009a,   c ; Kumari and Agrawal  2010 ; Sun et al.  2010 ; Eichholz et al.  2011  ) . 

 Rather then some researches goes on, there is limited understanding of the effect 
on secondary plant metabolites such as phenolics and volatiles in different medicinal 
plants, at all. The role and importance of UV-B on induction of phytocompounds in 
today’s used medicinal plants needed to be explored as it may represent a new practical 
approach to promote the quality and quantitative yield of metabolic product.  

    2   Global Trade, Demand and Supply of Medicinal 
and Aromatic Plants from India 

 The world health organization has estimated that more than 80% of the world 
population in developing countries depends primarily on herbal medicines for 
basic healthcare needs (WHO  2002   ; Vines  2004  ) . People rely more on natural 
product derived from shrubs, herbs and trees of great medicinal value as herbal 
medicine is safe and effective, at low cost with least and/ or no side effects. So on 
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in present scenario, medicinal and aromatic plants occupy a priming economic 
position because of the continuous and increased demands of their products at 
local, national and international markets. Further, there has been ever increasing 
demand especially from developing country for more and more drug from plant 
resources. 

 India is one of the major exporters of crude drugs mainly to six developed 
countries; USA, Germany, France, Switzerland, U.K. and Japan, who share about 
major export of total market. According to World Bank study, Global market for the 
Botanical medicines is estimated as around US $60, and is projected to reach US$5 
trillion by 2050 (WHO  2003  ) . About 75–80% of the total exports of crude drugs 
come from India (Shetty  2011  ) . An overview of the global markets for medicinal 
and aromatic plants from India, supply and international demand of these products 
may expand information regarding opportunities of the markets for medicinal and 
aromatic plants in India. This is to assist to make informed decisions on the develop-
ment of their medicinal plant industry.  

    3   Commercial Cultivation of Medicinal and Aromatic Plants 

 The growing demand of plant-based medicines, health products, pharmaceuticals, 
food supplements, in etc., is putting an unsustainable threatening on forests resulted 
in increased hazard and extinction of several species, because of overexploitation of 
wild plant populations. Forests contribute to more than 90% of the medicinal plants 
used for manufacturing medicines. Large-scale wild harvesting from the forests has 
caused serious depletion of a number of economically-important species, loss of 
genetic biodiversity, environmental degradation. According to estimate, more than 
4,000 species of medicinal plants are globally threatened, largely due to commercial 
over-harvesting to meet the demand from pharmaceutical industries (Schippmann 
et al.  2002  ) . So on, conservation of medicinal plants is needed for a number of 
reasons. Firstly, they are an important source of natural ingredients used by the 
manufacturers of modern pharmaceuticals. Second, its tremendous use as botanical 
dietary supplements in past few decades, leads to continuous erosion of forest and 
the forest product (Kala et al.  2006  ) . Shifting from wild harvesting to cultivation 
techniques appeared to be an important alternative strategy to overcome the problem 
(Uniyal et al.  2000  ) . In cultivation, agro-technological processing can be manipu-
lated in order to achieve desired products, increased yield or stable concentrations 
of biologically active phytocompounds and reduced toxin level of botanical 
products (Canter et al.  2005  ) . Cultivation of medicinal and aromatic plants gives 
scope to optimize yield and achieve a uniform, high quality product at cost of least 
destruction (Wiersum et al.  2006  ) . As a concluding remark, in this section, we 
summarized the aspects of biodiversity loss related to wild harvesting of plants and 
cultivation strategy of medicinal plants from the wild, to be – of better option, to 
conserve valuable wild medicinal plants.  
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    4   Therapeutic Use of Medicinal Plants as Antioxidants 

 The use of herbal drugs is widespread and serves as leading research for the 
development of novel pharmacological agents. A large number of medicinal 
plant species have already been tested for their potential biological, therapeutic 
and pharmaceutical activities worldwide (Majhenic et al.  2007 ; Mata et al.  2007 ; 
Wannissorn et al.  2005  ) . Several studies from different countries have con fi rmed 
their antioxidants activity in various plants having rich medicinal value 
(Desmarchelier et al.  1998 ; Liu and Ng  2000 ; Souri et al.  2008 ; Ayoola et al. 
 2008  ) . Fenglin et al.  (  2004  )  have screened the free radical scavenging activity of 
Chinese medical woody plants showed that most of them are employed for their 
effects on hemostasis, as anti-in fl ammatory, antimicrobial or for treatment of 
dysentery and there medicinal uses may be directly linked to the content in tannins 
and  fl avonoids and consequently to their free radical scavenging activities. 
Zakaria  (  2007  )  identi fi ed the biochemical compounds such as Flavonoids, triter-
penes, saponins and tannins responsible for the observed antioxidant activity in 
some herbal species; e.g.  Muntingia calabura ;  Bauhinia purpurea ;  Dicranopteris 
linearis ;  Melastoma malabathricum ;  Corchorus capsularis.  Pourmorad et al. 
 (  2006  )  noticed that greater amount of phenolic compounds relates with higher 
radical scavenging effects in  Mellilotus of fi cinalis . In India also, several investi-
gators has been worked at this speci fi c context in assessing the antioxidant capac-
ity of herbal medicine (Chanda and Dave  2009 ; Kaur et al.  2008 ; Ali et al.  2008  ) . 
Prakash et al.  (  2007  )  have identi fi ed the total phenol, antioxidant and free radical 
scavenging activities of some Indian medicinal plants, e.g.  Azadirachta indica, 
Cassia  fi stula, Casuarina equisetifolia, Indigofera tinctoria, Lawsonia inermis  
and  Trewia nudi fl ora . These plants are having high phenolic content and antioxi-
dant activity. Kshirsagar and Upadhyay  (  2009  )  have studied the antioxidative 
effects of 32 plant species from Tripura, northeastern India and observed that 16 
of them e.g.  Mitragyna rotundifolia, Schima walichii, Syzigium cerasoides  and 
others showed higher antioxidants potential depends on their dose dependent 
activity. Jain et al.  (  2010  )  have studied on  Alangium salvifolium  and reported that 
the extract from its roots have interesting potential free radical scavenging activity 
for treatment of diseases. Patel et al.  (  2010  )  worked on antioxidant activity of 
some selected medicinal plants from western region of India and screened the 
high radical scavenging activity in the stem of  Kigelia  followed by leaf of 
 Hibiscus, Gemelia  and  Kigelia . Since the phyto-constituents and volatiles of 
medicinal herbs have created renewed demand in their use by the public, explo-
rations of health bene fi ts and antioxidant potential of these metabolites in the 
prevention of oxidative stress problems is needed. This part described the summa-
rized view on antioxidant activity of various medicinal plants. Most of the 
medicinal plants are rich antioxidants due to its different active ingredients that 
determine its antioxidant potential.  
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    5   Radical-Scavenging and Antioxidant Potential 
of Secondary Metabolites 

 Oxidation process is one of the most important routes for producing free radicals 
and reactive oxygen species (ROS), in food, drugs and living systems. These reac-
tive species exert can cause substantial biological damage; lipids, proteins and DNA 
damage, leading to many chronic disorders in humans such as cancer, diabetes, 
aging, and other degenerative diseases if excess ROS are not eliminated by antioxi-
dant defense system (Halliwell  1994 ; Petersen et al.  2005  ) . Antioxidants plays 
major role in reducing such free radical induced tissue injury and in overcoming 
stress constraints, capable of acting as peroxide decomposers, singlet and triplet 
oxygen quenchers, enzyme inhibitors and synergists (Edreva et al.  2008  ) . Several 
phytochemicals; phenolic compounds e.g. coumarins and quinones, nitrogen com-
pounds e.g. alkaloids, terpenoids, carotenoids e.g. beta-carotene, curcumin, ascor-
bic acid and  fl avonoids; orientin and vicinin have demonstrated to represents 
signi fi cant antioxidant activity (Rice-Evans et al.  1995 ; Larson  1988  ) . 

    5.1   Phenolic Compounds 

 Last few years, much interest has been attracted to use of natural and synthetic phyto-
phenolics as antioxidants, UV screens, anticancer, antivirus, anti-in fl ammatory, 
wound healing, and antibacterial agents. Phenolics, belong to the phenylpropanoids 
are major group of phytocompounds, having more then 10,000 groups of compounds. 
They found to be derived mainly from phenylalanine and tyrosine. “Phenolics act as 
multiple defense response as in photo-oxidative pigmentation such as anthocyanins, 
 fl avonoids),    antioxidation” (Alothman et al.  2009  ) . The combination of antioxidant 
abilities and scavenging reducing radicals makes the phytophenols ideal substrate for 
balancing the cell redox status under oxidative stressed condition (Dai and Mumper 
 2010  ) . Studies showed that the phytophenols can also quickly repair DNA radical 
anions by an electron transfer reaction (Sperandio et al.  2002  ) . 

 Among polyphenolic UV-B screening pigments,  fl avonoids aroused consider-
able interest because of their long had been shown bene fi cial effects on human 
health. They have been reported to have antiviral, anti-allergic, anti-stress and 
estrogenic activity, mitigating the risk of coronary heart diseases, amazing cardio-
protective effects through inhibition of peroxidation of low-density lipoproteins, 
cholesterol, reduce platelet aggregation, or reduce ischemic damage (Nambiar 
et al.  2010 ; Kim et al.  2008  ) . Originally their good effects were thought to be due to 
their “antioxidative” effect and chelating capacity (Atmani et al.  2009  ) . Some research 
evidences noticed the anti-tumor promoting activity of  fl avonoids via mechanisms as 
kinase inhibition and apoptosis (cell cycle arrested) (Kanadaswami et al.  2005  ) . 
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 Anthocyanins are class of  fl avonoid compounds, which are widely distributed 
plant polyphenols. Apart from their physiological roles in plants, anthocyanins 
regarded as important components in human nutrition (Ross and Kasum  2002  )  that 
supported by numerous studies, relating high positive correlation of fruit/vegetable 
anthocyanin pigment content and increased antioxidant capacities (Stintzing and 
Carle  2004  ) . Anthocyanin functions in counteracting the negative effect of nitrogen 
and oxygen reactive species (NOx), maintaining the redox homeostasis of biologi-
cal metabolism. All the effects of the anthocyanins listed above can be explained by 
the antioxidant mechanisms, including hydrogen donation, metal chelation, and 
protein binding (Kong et al.  2003  ) . 

 Chlorogenic acid is one of the most important polyphenols in human diet. Like 
other dietary polyphenols, chlorogenic acid is an antioxidant, produced by large 
variety of fruits and vegetables, coffee plants in response to environmental stress 
conditions. Some of the closely related phenolics such as ellagic acid, caffeic acid, 
and ferulic acid, collectively called as Chlorogenic acid. Potentially bene fi cial 
properties to humans are such as antioxidant, hypoglycaemic, antiviral and hepato-
protective (Farah and Donangelo  2006  ) . These are also shown to have chemopre-
ventative activity in a number of animal tumor models (Gonthier et al.  2003  ) .  

    5.2   Carotenoids 

 Carotenoids are naturally occurring pigmented compounds produced in many plants 
and microorganisms. Their main biological function is the protection against oxida-
tive damage in plant defense system. Due to the unsaturated nature of the carote-
noids they are subject to changes mainly due to oxidation. The antioxidant properties 
of carotenoids have been suggested as being the main mechanism by which they 
afford their bene fi cial effects on human health. Carotenoids could possibly play an 
important role as anticarcinogenic drug and in preventing several stress related 
human disorder such as atherosclerosis, cardiovascular, and other degenerative 
pathologies such as diabetes, Parkinson’s and Alzheimer’s diseases (González-
Gallego et al.  2007  ) . The carotenoid ß-carotene is the primary source of vitamin A 
in the human diet. Carotenoids may mediate their effects via other mechanisms such 
as gap junction communication, cell growth regulation, modulating gene expres-
sion, immune response and as modulators of carcinogen metabolic pathway via 
Phase I and II drug metabolizing enzymes (Paiva and Russell  1999  ) .  

    5.3   Alkaloids 

 Alkaloids are a diverse group of low-molecular-weight, nitrogen-containing 
compounds found in about 20% of plant species. Some alkaloids are poisonous, 
while most are having medicinal value. Furthermore, alkaloids have an important 
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function in the immune systems of living organisms (Tadeusz  2007  ) . The most 
medicinally important alkaloids of plant origin includes vinblastine and taxol as 
an anticancerous product, morphine an analgesics, colchicines; cell division sup-
pressant, and scopolamine as a sedative. Alkaloids interact with DNA or gene coding 
enzymes, can in fl uence electron chains in metabolism and modulate enzyme 
activity. Cui et al.  (  2006  )  reported the antimicrobial, antimalarial, cytotoxic, and 
anti human immunode fi ciency (HIV) virus activities of the isoquinoline alkaloids 
and explained that possible chemopreventive antitumor promoters are probably 
related to their radical scavenging activity against diphenylpicrylhydrazyl (DPPH) 
radical.  b -carboline alkaloids showed strong activity against H 

2
 O 

2
 -induced oxidative 

DNA damage, and their hydroxyl radical-scavenging property appears to contribute 
to their antimutagenic and antigenotoxic effects, observed in yeast and mammalian 
cells, respectively (Moura et al.  2007  ) .  

    5.4   Terpenoids 

 Terpenoids are de fi ned as secondary metabolites with molecular structures contain-
ing carbon backbones of isoprene (2-methylbuta- 1, 3-diene) units. These largest 
classes of plant metabolites include many aromatic substances and essential oils 
(Nassar et al.  2010  ) . More than 40,000 terpenoids compounds have been identi fi ed 
till with new compounds being discovered every year. Plants terpenoids are used 
extensively for their aromatic quality. They play major role in traditional herbal 
remedy, used as anti-bacterial, anti-neoplastic, anti-in fl ammatory, inhibition of cho-
lesterol synthesis and other pharmacological properties (Paduch et al.  2007 ; 
Yamunadevi et al.  2011  ) . Among most of the terpenoids produced by plants, few of 
these are investigated in depth for pharmaceutical application for example artemisi-
nin and taxol for malaria and cancer treatment (Rai et al.  2011    ; Yamunadevi et al. 
 2011  ) . In recent publication, Thoppil and Bishayee ( 2011 ) reviewed on the potential 
role of naturally occurring different terpenoids in the chemoprevention and treat-
ment of liver tumors.  

    5.5   Phytosterols 

 Plant steroids, also called phytosterols, are isoprenoid-derived lipids and are inte-
gral components of the plant cell. Moreover, phytosterols have important pharma-
cological activities, including antitumor effects against lung, stomach, ovary and 
breast cancer (Woyengo et al.  2009  ) . Phytosterols limit absorption of cholesterol 
from fat matrices into the human intestinal tract, decreases the incidence of cardio-
vascular diseases (Sanclemente et al.  2009  ) . Phytosterols exerts anti-atherosclerotic, 
anti-in fl ammatory and anti-oxidative activities.  
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    5.6   Polyamines 

 Polyamines; putrescine, spermidine and spermine are a group of phytohormone-like 
aliphatic amine natural compounds with aliphatic nitrogen structure. Polyamines 
are small ubiquitous polycations, can modulates the function of important bio-
molecules under stress. These are modulator of stress regulated gene expression 
and exhibit antioxidants property (Kuznetsov and Shevyakova  2007 ).  

    5.7   Glucosinolates 

 Glucosinolates are defense-related nitrogen- and sulphur-containing plant second-
ary metabolites, present mainly in species of Cruciferae family. Increase in these 
aliphatic and indolyl glucosinolates, potentially have important bene fi ts for human 
health due to their anti-in fl ammatory and anti-tumorigenic properties (Gomes 
et al.  2008 ; Kuhlmann and Muller  2009  ) .  

    5.8   Essential Oil 

 Essential oils of aromatic plants have attracted a great deal of interest due to their 
potential as a source of natural antioxidants and biologically active compounds 
(Bozin et al.  2006 ; Tepe et al.  2007 ; Wannissorn et al.  2005  ) . These active oil 
gained attention of researchers for its multiple uses in phyto-therapeutics such anti-
in fl ammatory, antitumor, anti-hyperglycemic, anticarcinogenic, and as antioxidants, 
(Eichholz et al.  2011  ) . For treating intestinal and gastric problems, peppermint oil, 
coriander oil, basil oil are used, lavender, eucalyptus and chamomile oils for insomnia 
patients, muscles pain and aches (Wei and Shibamoto  2007  ) , lemon grass oil for 
treating relief in stress problems, calamus oil for improving intelligence power in 
children (Kumari et al.  2009a,   c  ) . 

 In brief, this section of review, described the different major group of secondary 
metabolites of plant origin such as phenylpropanoids, terpenes, alkaloids, volatile 
oil as well as other important metabolites, containing high antioxidants level that 
being used in human diet as nutrition supplement as well as important ingredients 
of several medicinal products related to human health problem.   

    6   Needs of UV-B Research on Medicinal Compounds 

 The continuous increasing demand of the global market for aromatic and medicinal 
plants led to the development of experimental cultivations where environmental 
factors are of much concern which can improve the quality of products of the studied 



235Medicinal Plant Active Compounds Produced by UV-B Exposure

plants in relation to their commercial value. In this prospective, UV-B researches on 
medicinal plants have possessed a great deal of attention for researchers and phar-
maceutics, as they show the positive involvement of UV-B on quality and yield of 
desired herbal products by inducing volatiles production and compounds of interest 
of secondary metabolism; phenolics,  fl avonoids. It may be due to their special 
consequence on biosynthetic processes as they play a variety of ecological roles. 
They are having potency to enhance the level of terpenoids, phenylpropanoids, and 
natural antioxidants (Kumari and Agrawal  2010 ).  

    7   Consequences of UV-B Stress: Phytocompound Induction 

 Application of abiotic stress such as moderate UV-B treatment can induce distinct 
changes in the plant’s secondary metabolism. UV-B induction of different second-
ary metabolites is represented in Fig.  2 . Ultraviolet supplementation has been 
proposed to increase levels in tocopherol (Higashio et al.  2007  ) , ascorbic acid and 
 fl avonoids in some medicinal and aromatic plants (Kumari and Agrawal  2010 ). 
Hagen et al.  (  2007  )  have evaluated the effects of postharvest UV-B irradiation with 
visible light and reported the increased value on phenolic contents and evaluated 
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  Fig. 2    UV-B induction of different metabolites in plants       
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content of anthocyanins, quercetin glycosides, chlorogenic acid and ascorbic acid 
including oxygen radical antioxidant capacity assay in apple fruit upon UV-B irra-
diation. UV-B treatment affects the important bioactive products in various medici-
nal plants as documented in Table  1 .   

 UV-B study on secondary metabolites production is mostly centered on UV-B 
screening “phenolics” compounds. These phytochemicals have been positively 
linked to several health-promoting properties such as anticancerogenic and antioxi-
dative characteristics (Holst and Williamson  2004 ; Schreiner et al.  2009  ) . Phenolics 
mitigate the effects of oxidative stress by mediating the redox status (Kumari et al. 
 2009c  ) . Studies reported an increase of phenolic compounds and corresponding 
antioxidant activity, as in sweet  fl ag (Kumari et al.  2009c  ) , blueberries (Eichholz 
et al.  2011  )  etc. Phenolics can act as UV-protectors e.g. because of their absorption 
of light between 270 and 290 nm. UV-B research on rosamarinic acid, a bioactive 
compounds of medicinal plant  Rosmarinus of fi cinalis  (Rosemary plants) showed 
higher yield of rosamarinic acid, when plants subjected to UV-B exposure (Luis 
et al.  2007  ) . Rosmarinic acid a naturally-occurring and potent phenolic compound 
antioxidant plays a role in modulating in fl ammatory diseases including allergies, 
asthma and atherosclerosis and anti-in fl ammatory properties. 

 Flavonoids are the major one UV-B-regulated phenylpropanoid derivatives, rap-
idly induced by UV-B exposure. Flavonoids stabilize and protect the lipid phase of 
the thylakoid membrane, and are quenchers of the excited triplet state of chlorophyll 
and singlet oxygen generated under excessive stress (Agrawal and Rathore  2007  ) . 
UV-B response on it’s biosynthesis and regulation have been very thoroughly 
explored. Two groups of genes are required for  fl avonoids biosynthesis: structural 
genes that encode the enzymes that directly participate in  fl avonoid biosynthesis, 
and transcription factors that regulate the expression of the structural genes and the 
accumulation of  fl avonoids. UV-B radiation stimulates the response of regulatory 
key enzyme “Phenylalanine ammonia lyase” that’s an important enzyme of  fl avonoid 
biosynthesis pathway and transcriptionally induced by UV-treatment (Ravindran 
et al.  2010 ). 

 Some researches noticed the response of UV-B on glucosinolate metabolism, 
as genes related to the biosynthesis of  fl avonoids, glucosinolates and terpenoids 
metabolism were differently expressed after UV-B radiation (Hectors et al.  2007 ; 
Wang et al.  2011  ) . Flavonoid and glucosinolate induction depend partly on the 
same signaling pathways, which involve jasmonic acid (Mackerness and Thomas 
 1999 ; Textor and Gershenzon  2009  ) . UV-B application increased the aromatic 
glucosinolate glucotropaeolin concentration up to sixfold in comparison to the 
control plants in case study on short-term and moderate UV-B radiation effects on 
a herbal medicinal plant nasturtium ( Tropaeolum majus ) (Schreiner et al.  2009  ) . 
Wang et al.  (  2011  )  investigated the contents of glucosinolates and the expression 
of related genes in response to enhanced UV-B radiation and reported that when 
 Arabidopsis  leaves were irradiated by acute UV-B (1.55 W·m−2) for a short time 
(1 h), it induced the production of glucosinolates, however over exposure (12 h) 
inhibited the expression of glucosinolate biosynthetic genes and glucosinolate 
contents decreased. 



   Ta
bl

e 
1  

  E
ff

ec
t o

f 
U

ltr
av

io
le

t-
B

 (
U

V
-B

) 
ra

di
at

io
n 

on
 s

ec
on

da
ry

 m
et

ab
ol

ite
s 

in
 s

om
e 

pl
an

ts
 s

ho
w

in
g 

ex
am

pl
ed

 c
om

po
un

ds
 a

nd
 it

s 
m

ed
ic

in
al

 v
al

ue
s   

 Pl
an

t n
am

e 
 M

ed
ic

in
al

 p
ro

pe
rt

y 
 A

ct
iv

e 
in

gr
ed

ie
nt

s 
 U

V
-B

 d
os

e 
 U

V
-B

 in
du

ce
d 

 R
ef

er
en

ce
s 

  A
co

ru
s 

ca
la

m
us

  L
. 

 an
tis

pa
sm

od
ic

, c
ar

m
in

a-
tiv

e,
 a

nt
he

lm
in

th
ic

, 
H

yp
ot

en
si

ve
, 

de
pr

es
sa

nt
 

 ß-
as

ar
on

e 
lin

al
oo

l 
ar

is
to

le
ne

, a
ri

st
ol

en
e 

ca
ry

op
hy

lle
ne

 
ca

rv
ac

ro
l, 

ph
en

ol
ic

s 

 +
1.

8 
kJ

 m
 −

2   d
 −

1   
 D

ec
re

as
e 

in
  b

 -a
sa

ro
ne

 
pe

rc
en

ta
ge

 
 K

um
ar

i e
t a

l. 
 (  2

00
9c

 ) 
 Fa

m
ily

: A
co

ra
ce

ae
 

 N
o 

ch
an

ge
 in

 li
na

lo
ol

 
 In

cr
ea

se
 in

 a
ri

st
ol

en
e,

 
p-

cy
m

en
e 

ca
ry

op
hy

lle
ne

 
ox

id
e,

 c
ar

va
cr

ol
 

 In
cr

ea
se

d 
af

te
r 

U
V

-B
 

ex
po

su
re

 
  A

rt
em

is
ia

 a
nn

ua
  L

. 
 an

tim
al

ar
ia

l, 
an

ti-
tu

m
or

, 
an

ti-
ca

nc
er

ou
s 

 ar
te

m
is

in
in

 
 +

4.
2 

kJ
 m

 −
2   d

 −
1   

 In
cr

ea
se

d 
by

 1
0.

5%
 u

nd
er

 
U

V
-B

 tr
ea

tm
en

t 
 R

ai
 e

t a
l. 

 (  2
01

1  )
  

 Fa
m

ily
: A

st
er

ac
ea

e 
  C

am
el

li
a 

si
ne

ns
is

  L
. 

 ca
rd

io
pr

ot
ec

tiv
e,

 
ch

em
op

ro
te

ct
iv

e,
 A

nt
i 

al
le

rg
ic

 

 Te
a 

ca
te

ch
in

s 
 E

le
va

te
d 

ep
ig

al
lo

ca
te

ch
in

 
ga

lla
te

 le
ve

l i
n 

te
a 

le
af

 b
y 

ar
ti fi

 ci
al

 s
up

pl
em

en
ta

tio
n 

of
 U

V
-B

 

 Z
he

ng
 e

t a
l. 

 (  2
00

8  )
  

 Fa
m

ily
: T

he
ac

ea
e 

  C
at

ha
ra

nt
hu

s 
ro

se
us

  
 Fa

m
ily

: A
po

cy
na

ce
ae

 
 A

nt
i c

an
ce

ro
us

, 
A

nt
i-

di
ab

et
ic

 
 St

ri
ct

os
id

in
e,

 S
er

pe
nt

in
e,

 
Ta

be
rs

on
in

e,
 

C
at

ha
ra

nt
hi

ne
, 

V
in

do
lin

e,
 V

in
bl

as
tin

e 

 28
 ×

 1
0 −

5   k
J/

cm
 2   

 In
cr

ea
se

d 
re

sp
ec

tiv
el

y 
by

 
16

1%
, 

 O
uw

er
ke

rk
 e

t a
l. 

 (  1
99

9  )
  

 8–
14

%
 

 21
–7

9%
 

 8–
14

%
 

 8–
14

%
 

 8–
14

%
 

  C
at

ha
ra

nt
hu

s 
ro

se
us

  L
. 

  **
*   

 C
at

ha
ra

nt
hi

ne
, v

in
do

lin
e 

 1.
26

  m
 W

/c
m

 2   
 T

hr
ee

fo
ld

 a
nd

 1
2-

fo
ld

 
in

cr
ea

se
 r

es
pe

ct
iv

el
y,

 o
n 

tr
ea

tm
en

t w
ith

 5
-m

in
 

U
V

-B
 ir

ra
di

at
io

n 

 R
am

an
i a

nd
 

Ja
ya

ba
sk

ar
an

 
 (  2

00
8  )

  
 Fa

m
ily

: A
po

cy
na

ce
ae

 

  C
at

ha
ra

nt
hu

s 
ro

se
us

  L
. 

  **
*   

 lo
ch

ne
ri

ci
ne

 s
er

pe
nt

in
e,

 
aj

m
al

ic
in

e 
rh

am
m

er
ic

in
e 

 – 
 Si

gn
i fi

 ca
nt

 in
cr

ea
se

s 
af

te
r 

 B
in

de
r 

et
 a

l. 
 (  2

00
9  )

  
 Fa

m
ily

: A
po

cy
na

ce
ae

 
 20

 m
in

 U
V

-B
 e

xp
os

ur
e 

 D
ec

re
as

e 
in

 r
ha

m
m

er
ic

in
e 

(c
on

tin
ue

d)



Ta
bl

e 
1 

(c
on

tin
ue

d)

 Pl
an

t n
am

e 
 M

ed
ic

in
al

 p
ro

pe
rt

y 
 A

ct
iv

e 
in

gr
ed

ie
nt

s 
 U

V
-B

 d
os

e 
 U

V
-B

 in
du

ce
d 

 R
ef

er
en

ce
s 

  C
ym

bo
po

go
n 

ci
tr

at
us

  
(D

.C
.)

 S
ta

pf
 

 A
nt

i-
de

pr
es

sa
nt

, 
A

nt
i-

in
 fl a

m
m

at
or

y,
 

A
nt

ip
yr

et
ic

 

 Z
-c

itr
al

 (
te

rp
en

oi
ds

) 
 +

1.
8 

kJ
 m

 −
2   d

 −
1   

 U
p 

to
 tw

of
ol

d 
in

cr
ea

se
 a

t 
U

V
-B

 e
xp

os
ur

e 
 K

um
ar

i e
t a

l. 
( 2

00
9a

,   b
,   c

 ) 
 Fa

m
ily

: P
oa

ce
ae

 
  G

en
is

ta
 T

in
ct

or
ia

  L
. 

 hy
po

gl
yc

em
ic

, 
an

tii
n fl

 am
m

at
or

y 
an

tiu
lc

er
, s

pa
sm

ol
yt

ic
 

an
tio

xi
da

nt
, 

es
tr

og
en

ic
 

 Is
o fl

 av
on

ol
s:

 g
en

is
tin

, 
ge

ni
st

ei
n,

 d
ai

dz
ei

n,
 

B
io

ch
an

in
-A

 

 – 
 is

o fl
 av

on
ol

s 
fo

rm
ed

 a
t h

ig
he

r 
le

ve
ls

 a
ft

er
 U

V
 ir

ra
di

at
io

n 
 T

um
ov

a 
an

d 
T

um
a 

 (  2
01

1 )
 

 Fa
m

ily
: F

ab
ac

ea
e 

  G
in

kg
o 

bi
lo

ba
  L

. 
 an

tim
ic

ro
bi

al
, n

eu
ro

pr
o-

te
ct

or
, a

nt
i-

m
ut

at
io

na
l, 

an
d 

an
tic

an
ce

r 
ac

tiv
ity

 

  fl a
vo

no
id

s 
Sp

ec
i fi

 c:
 

qu
er

ce
tin

, k
ae

m
pf

er
ol

 
is

or
ha

m
ne

tin
 

gl
yc

os
id

es
 

 82
.9

  m
 W

s·
cm

 −
2   

 In
cr

ea
se

d 
up

 to
 5

7.
2%

tr
en

ds
 

of
 U

V
-B

 in
du

ct
io

n 
in

 
qu

er
ce

tin
, k

ae
m

pf
er

ol
, 

an
d 

is
or

ha
m

ne
tin

 
gl

yc
os

id
es

 

 Su
n 

et
 a

l. 
 (  2

01
0  )

  
 Fa

m
ily

: G
in

kg
oa

ce
ae

 

  G
ly

cy
rr

hi
za

 U
ra

le
ns

is
  L

. 
 A

nt
i-

tu
m

or
 p

ro
pe

rt
y 

 G
ly

cy
rr

hi
zi

n 
 1.

13
 W

/c
m

2 
 U

V
-B

 s
tr

es
s 

st
im

ul
at

es
 

gl
yc

yr
rh

iz
in

 
co

nc
en

tr
at

io
n 

 A
fr

ee
n 

et
 a

l. 
 (  2

00
5  )

  
 Fa

m
ily

: F
ab

ac
ea

e 

  H
yp

er
ic

um
 

pe
rf

or
at

um
  L

. 
 an

tid
ep

re
ss

iv
e 

pr
op

er
tie

s 
 Fl

av
on

oi
ds

, t
an

ni
ns

 a
nd

 
hy

pe
ri

ci
n 

 sU
V

-B
 

 In
cr

ea
se

 in
 le

ve
l o

f 
 fl a

vo
no

id
s,

 ta
nn

in
s 

at
 

su
pp

le
m

en
ta

l U
V

-B
 d

os
e 

 G
er

m
 e

t a
l. 

 
 (  2

01
0 )

 
 Fa

m
ily

: C
lu

si
ac

ea
e 

  M
en

th
a 

sp
ic

at
a  

L
. 

  **
*   

 C
he

m
: I

 P
ip

er
ito

ne
 

 sU
V

-B
 s

im
ul

at
in

g 
15

%
 

oz
on

e 
de

pl
et

io
n 

 N
o 

ef
fe

ct
 o

f 
U

V
-B

 o
n 

qu
al

ita
tiv

e 
co

m
po

si
tio

n 
of

 
co

m
po

ne
nt

 in
 b

ot
h 

ch
em

ot
yp

e 

 K
ar

ou
so

u 
et

 a
l. 

 (  1
99

8  )
  

 I 
&

 I
I 

ch
em

ot
yp

e 
 C

he
m

: I
I;

 li
m

on
en

e,
 

C
ar

vo
ne

, 
de

hy
dr

oc
ar

vo
ne

 
 Fa

m
ily

: L
am

ia
ce

ae
 

  M
en

th
a 

pi
pe

ri
ta

  L
. 

 C
ar

m
in

at
iv

e,
 

de
co

ng
es

ta
nt

 
 M

en
th

on
e 

m
en

th
ol

 
 0.

6 
W

 m
−

2 
 Im

pr
ov

e 
oi

l q
ua

lit
y 

in
 te

rm
s 

of
 e

nh
an

ce
d 

ra
te

 o
f 

m
en

th
on

e 
to

 m
en

th
ol

 
co

nv
er

si
on

 

 B
eh

n 
et

 a
l. 

 (  2
01

0  )
  

 Fa
m

ily
: L

am
ia

ce
ae

 
 E

xp
ec

to
ra

nt
, r

el
ax

in
g 

ef
fe

ct
 o

n 
sk

in
 



 Pl
an

t n
am

e 
 M

ed
ic

in
al

 p
ro

pe
rt

y 
 A

ct
iv

e 
in

gr
ed

ie
nt

s 
 U

V
-B

 d
os

e 
 U

V
-B

 in
du

ce
d 

 R
ef

er
en

ce
s 

  O
ci

m
um

 b
as

il
ic

um
  

 A
nt

io
xi

da
nt

, a
nt

ic
an

ce
r, 

an
ti 

m
ic

ro
be

 
 L

in
al

oo
l, 

 b  
oc

im
en

e 
m

et
hy

le
ug

en
ol

, 
E

ug
en

ol
, 

 U
V

-B
 e

nh
an

ci
ng

 e
ff

ec
t o

n 
th

es
e 

ph
en

yl
pr

op
an

oi
ds

 
an

d 
te

rp
en

oi
ds

 a
bo

ut
 

fo
ur

fo
ld

 in
cr

ea
se

 in
 

eu
ge

no
l 

 Jo
hn

so
n 

et
 a

l. 
 (  1

99
9  )

  
 Fa

m
ily

: L
am

ia
ce

ae
 

  O
ci

m
um

 b
as

il
ic

um
  L

. 
  **

*   
 1,

8-
ci

ne
ol

e 
ge

rm
ac

re
ne

 
lin

al
oo

l e
ug

en
ol

 
 C

, P
A

R
, U

V
-B

 
(2

.0
) 

kJ
 m

 −
2   d

 −
1   

 41
%

 a
nd

 7
1.

4%
 in

cr
em

en
t 

ap
pr

ox
. 3

 ti
m

es
 a

t U
V

-B
 

 N
itz

 a
nd

 
Sc

hn
itz

le
r 

 (  2
00

4  )
  

 Fa
m

ily
: L

am
ia

ce
ae

 

  O
ci

m
um

 b
as

il
ic

um
  L

. 
 A

nt
io

xi
da

nt
, a

nt
ic

an
ce

r, 
an

ti 
m

ic
ro

be
 

 1,
 8

-c
in

eo
le

, L
in

al
oo

l, 
eu

ge
no

l. 
 22

2.
6 

W
/m

 2   
 Si

gn
i fi

 ca
nt

 in
cr

ea
se

 in
 le

ve
l 

of
 th

es
e 

co
ns

tit
ue

nt
s 

at
 

U
V

-B
 e

xp
os

ur
e 

 C
ha

ng
 e

t a
l. 

 (  2
00

9  )
  

 Fa
m

ily
: L

am
ia

ce
ae

 

  Pe
ri

ll
a 

fr
ut

es
ce

ns
  L

. 
 an

ti-
in

 fl a
m

m
at

or
y,

 
an

ti-
py

re
tic

 
 pe

ri
lla

ld
eh

yd
e 

lim
on

en
e 

 0,
 0

.2
1,

 0
.8

8 
W

 m
 −

2   
 U

V
-B

 s
up

pr
es

se
d 

an
th

oc
ya

-
ni

n 
pr

od
uc

tio
n,

 N
o 

ef
fe

ct
 

on
 a

ct
iv

e 
co

m
po

ne
nt

s 

 N
is

hi
m

ur
a 

et
 a

l. 
 (  2

00
8  )

  
 Fa

m
ily

: L
am

ia
ce

ae
 

  R
os

m
ar

in
us

 o
f fi

 ci
na

lis
  L

. 
 A

nt
io

xi
da

nt
, a

nt
i-

ba
ct

e-
ri

al
 p

ro
pe

rt
y 

 R
os

m
ar

in
ic

 a
nd

 c
ar

no
si

c 
ac

id
s 

 5.
4 

an
d 

31
 k

J 
m

 −
2   d

 −
1   

 B
ot

h 
U

V
-B

 r
ad

ia
tio

n 
tr

ea
tm

en
ts

 in
cr

ea
se

d 
th

e 
co

nc
en

tr
at

io
ns

 o
f 

ca
ff

ei
c,

 
ca

rs
on

ic
, r

os
m

ar
in

ic
 a

ci
d 

 L
ui

s 
et

 a
l. 

 (  2
00

7  )
  

 Fa
m

ily
: L

am
ia

ce
ae

 

  Ta
xu

s 
ch

in
en

si
s  

L
. 

 an
tit

um
or

 a
ge

nt
 

 Ta
xo

l 
 3.

38
  m

 w
 c

m
 −

2   n
m

 −
1   

 In
cr

ea
se

d 
ta

xo
l c

on
te

nt
 a

t 
su

pp
le

m
en

ta
l U

V
-B

 
tr

ea
tm

en
t 

 Z
u 

et
 a

l. 
 (  2

01
0  )

  
 Fa

m
ily

: T
ax

ac
ea

e 

  Tr
op

ae
ol

um
 m

aj
us

  
 A

nt
i-

m
ic

ro
bi

al
 e

ff
ec

t 
 G

lu
co

tr
op

ae
ol

in
, P

he
no

lic
 

 0.
07

5 
an

d 
0.

15
 W

 h
 m

 −2
  

 U
V

-B
 a

pp
lic

at
io

n 
in

cr
ea

se
d 

th
e 

gl
uc

ot
ro

pa
eo

lin
 

co
nc

en
tr

at
io

n 
up

 to
 s

ix
fo

ld
 

in
 c

om
pa

re
 to

 c
on

tr
ol

 

 Sc
hr

ei
ne

r 
et

 a
l. 

 (  2
00

9  )
  

 Fa
m

ily
: T

ro
pa

eo
la

ce
ae

 

 In
cr

ea
se

d 
at

 U
V

-B
 e

xp
os

ur
e 

  Va
cc

in
iu

m
 c

or
ym

bo
su

m
  

 A
nt

io
xi

da
nt

, A
nt

i-
 m

ic
ro

-
bi

al
, a

nt
ic

ar
ci

no
ge

n 
 To

ta
l p

he
no

lic
s 

C
6-

al
de

hy
de

s:
 

te
rp

en
es

, k
et

on
es

 

 lo
w

 (
0.

07
5)

, h
ig

h 
(0

.1
5)

, U
V

-B
 d

os
e,

 
W

m
 −

2   

 U
V

-B
 e

xp
os

ur
e 

re
su

lte
d 

in
 a

n 
in

cr
ea

se
 in

 p
he

no
lic

 
co

m
po

un
ds

, I
nc

re
as

ed
 

al
de

hy
de

s 

 E
ic

hh
ol

z 
et

 a
l. 

 (  2
01

1  )
  

 Fa
m

ily
: E

ri
ca

ce
ae

 

   **
*  R

ep
re

se
nt

 a
s 

de
sc

ri
pt

 a
bo

ve
;  C

  r
ep

re
se

nt
s:

 c
on

tr
ol

,  U
V

-B
  u

ltr
av

io
le

t-
B

,  P
A

R
  p

ho
to

sy
nt

he
tic

 a
ct

iv
e 

ra
di

at
io

n  



240 R. Kumari and M.N.V. Prasad

 Scienti fi c interest in UV-B research on anthocyanin pigments have been well 
documented because of their possible health bene fi ts as dietary antioxidants. 
Anthocyanins, a class of  fl avonoids is believed to increase the antioxidant potential 
of plants in order to uphold the balanced physiological status in tissues under UV-B 
stressed factor. The elevated levels of the transcripts of  Pal, Dfr  and  Ans  were 
accompanied by an increase in the anthocyanin pigments (Guo et al.  2008  ) . In several 
medicinal/fruited cultivars, anthocyanin accumulation is induced by light in the 
UV-B region (wavelengths from 280 to 320 nm) when applied in combination with 
solar infrared radiation (Arakawa  1988  ) . Ubi et al.  (  2006  )  reported the increased 
accumulation of anthocyanin pigments in apple fruit skin by inducing the expression 
of the anthocyanin biosynthetic genes, especially chalcone synthase, anthocyanidin 
synthase and anthocyanin −3-O-glucosyl transferase genes. 

 “Coumarins and furocoumarins have been of particular interest because they are 
induced by UV radiation”, Psoralens is a naturally occurring furocoumarins)    absorb 
strongly within the ultraviolet range (200–320 nm) band. Their photosensitizing prop-
erty makes them clinically effective in treatment of various dermatological ailments in 
human being, as vitilago, leucoderma, leprosy and psoriasis, inducing re-pigmentation 
(melanocytes formation). Psoralens are reported to be in fl uenced by changes in the 
UV-B environment in  Abelmoschus esculentus  (Kumari et al.  2009b  ) . Coumarins and 
furanocoumarins also absorb strongly in the UV wave bands and increase with 
enhanced UV-B radiation in  Pastinaca sativa  (Zangerl and Berenbaum  1987  ) . 

 UV-B promotion of terpenoids observes particularly in members of the Lamiaceae 
family (Johnson et al.  1999 ; Karousou et al.  1998 ; Maffei and Scannerini  2000 ; Behn 
et al.  2010  ) . A study on Rosemary plant, reported UV-B radiation effect on diter-
penes carnosic acid and carnosol (Luis et al.  2007  ) . Johnson et al.  (  1999  )  reported the 
accumulation of terpenoid compounds at seedlings stage ( fi ve leaf growth) in basil 
leaves. Glycyrrhizic acid, a triterpenoid saponin, were found to be increased at opti-
mum UV treatment while with exposure to high UV doses resulting in decreased 
glycyrrhizin accumulation (Afreen et al.  2005  ) . Glycyrrhizin is major bioactive com-
ponents of  Glycyrrhiza uralensis  (liquorice) having anti-tumor effect and inhibition 
of carcinogenicity by the activation of hepatotoxic metabolites (Chan et al.  2003  ) , 
high activity in inhibiting replication of human immunode fi ciency virus (HIV-1) and 
severe acute respiratory syndrome (SARS) -associated virus (Afreen et al.  2005  ) , and 
exhibits a number of other pharmacological effects (Zhang and Ye  2009  ) . 

 In  Catharanthus roseus,  terpenoid indole alkaloids produced in as part of its 
secondary metabolism. This is supported by the observations that UV light induces 
the formation of dimeric terpenoid indole alkaloids in  C. roseus  leaves (Hirata et al. 
 1993 ; Ouwerkerk et al.  1999  ) . Ramani and Chelliah  (  2007  )  reported the signi fi cant 
roles of UV-B induced signaling pathway on transcription of terpenoid indole alka-
loids biosynthetic genes encoding tryptophan decarboxylase ( Tdc ) and strictosidine 
synthase ( Str ) expression leading to increased production of catharanthine in 
 Catharanthus roseus  cell cultures. An anti-in fl ammatory monoterpene- indole alka-
loid brachycerine in plants of  Psychotria brachyceras  (Rubiaceae) induced almost 
doubled by UV-B radiation (Gregianini et al.  2003  ) . In study on  Taxus chinensis,  
variety  mairei,  Zu et al.  (  2010  )  found the increased content of a alkaloid “taxol” in 
plants exposed to increased UV-B radiation. Taxol could signi fi cantly decrease the 
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concentration of free radicals generated by the classical fenton reaction and exists 
as an important anti-oxidant substance. UV induction of alkaloid biosynthesis may 
be useful for pharmaceutical purpose. 

 Polyamines may play role in protecting plants against UV-B stress (Kramer 
et al.  1991  ) . Polyamine acts as stress messengers in plant responses to stress signals 
(Gill and Tuteja  2010  ) . Polyamines protect against radiation-induced oxidative 
stress (Deutsch et al.  2005  ) . It plays main role in regulating structure and function 
of photosynthetic apparatus, in avoiding cellular damage of lipids, proteins and 
DNA of plants under UV-B stress (Sung et al.  2008 ; Agrawal et al.  2009  ) . 

 From the nutritional point of view, UV-B irradiation has even been bene fi cial 
in terms of increasing the content of potentially health-promoting stilbene 
“resveratrol”. Resveratrol (3,5,4 ¢ -trihydroxy-trans-stilbene) is produced by certain 
plants as a defense mechanism. The biological activity of resveratrol as an anticarci-
nogenic and an antioxidant has been reported in graps (Jang et al.  1997  ) . A series of 
involved enzymes, such as phenylalanine ammonia-lyase, cinnamate 4-hydroxylase, 
p-coumaroyl-CoA ligase and stilbene synthase involved in the resveratrol synthesis 
that shown to be up-regulated by UV-B irradiation (Li et al.  2008  ) . 

 In recent years some studies have been carried out concerning the impact of 
enhanced UV-B radiation on hypericin concentrations and reporting that concentra-
tions of this bioactive substance can be altered by UV-B (Germ et al.  2010  ) . 
Hypericin is a component of the inducible plant defense response of  Hypericum 
perforatum  against fungal pathogens (Cirak et al.  2005  ) . 

 Concluding remark of this part; UV-B factors enhance the quality of medicinal 
plant via enhancing content of secondary bioactive products in turms of induction 
of phenolics,  fl avonoids and other secondary products,  

    8   UV-B Induction of Essential Oil Yield in Medicinal 
and Aromatic Plants 

 The commercial value of an aromatic and medicinal plant could be re fl ected by the 
yield and composition of their essential oils. An essential oil is a concentrated, hydro-
phobic liquid containing volatile aroma compounds having characteristic fragrances 
in some plants. In several recent and earlier reports on medicinal plants, UV-B radia-
tion is reported to be bene fi cial in improving the quality of various aromatic plants, 
showing it’s positive role in volatile production as well as inducing changes in chem-
ical composition of its essential oil. An aggregate accent of documented works done 
so far on the impact of UV-B radiation on volatile oil yield and its qualitative compo-
sition in some medicinal plants are shown in Table  2 . The contribution of UV-B 
radiation to stimulation of volatile production and changes in active constituents 
composition has been examined experimentally by various other researchers as 
reported in  Ocimum basilicum  (Johnson et al.  1999 ; Nitz and Schnitzler  2004 ; Chang 
et al.  2009  ) ,  Mentha spicata  (Karousou et al.  1998  ) ,  Mentha piperita  (Maffei and 
Scannerini  2000  ) ;  Glycyrrhiza uralensis ( Afreen et al.  2005  ) . Dolzhenko et al.  (  2010  )  
reported in study on peppermint that UV-B radiation prompted the higher content of 
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menthol and phenolic compounds as the modulation of expression of some speci fi c 
genes involved in essential oil biogenesis (which show menthol production) was usu-
ally up-regulated by UV-B irradiation. Moderate and low dose UV-B supplementa-
tion are reported to increased the essential oil yield in a important Indian medicinal 
plant  Acorus calamus  and shown to improve it’s health value by reducing the content 
of potentially toxic constituents  b - asarone (Kumari et al.  2009c  ) . Another study on 
 Cymbopogon citratus  also shown enhancement in it,s medicinal bene fi ts by procuring 
the higher content of z-citral (a major product) in essential oil as well as enhancing 
it’s yield (Kumari et al.  2009a  ) . Ioannidis et al.  (  2002  )  reported the requirement of 
UV-B for normal development of oil glands in basil leaves.  

 Concluding remark; UV-B promotes volatile yield as well as induced changes in 
it’s composition, that might proves to useful for enhancing the quality of medical 
products.  

    9   UV-B Regulation of Secondary Metabolic Pathways 

 Plant secondary metabolites are important determinants of plant stress responses 
(Jansen et al.  2008  )  (Fig.  3 ). UV-B radiation is linked to CO 

2
  assimilation rate to 

which the carbon skeleton is diverted from the primary metabolism to the secondary 

  Fig. 3     UV-B stress response on plant metabolism;  abiotic stress (e.g., from UV-B radiation) – 
initiates signal cascades that trigger defense-related genes transcription. Resulting metabolic shift-
ing to secondary metabolism lead to generates higher secondary products as adaptive responses       
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one (   Kasige and Takashi  2009  ) . Therefore, UV-B regulation of carbohydrate 
assimilation and secondary metabolism must be metabolic linked (Interdonato 
et al.  2011  ) . Most of the stress inducible enzymes such as glutathione-S transferase 
and phenylalanine ammonium lyase play an important role in triggering secondary 
metabolites synthesis. Phenylalanine ammonium lyase along with chalcone 
synthase and other enzyme involve in allocating signi fi cant amount of carbon from 
phenyl alanine into the biosynthesis of several important secondary metabolites 
(Singh et al.  2009  ) . Plant cytocromes P450s; cytochrome p450 family proteins and 
p450 monooxygenase involved in catalyzing the metabolic reactions of primary and 
secondary pathways to produce the biochemical products such as phenylpropanoids, 
alkaloids, terpenoids, lipids, cyanogenic glycosides, and glucosinolates (Agrawal 
et al.  2009  ) . However, the exact molecular basis of UV-B signaling cascades leading 
to increased production of secondary metabolites of plant cell is largely unknown.  

 These major routes for the production of secondary metabolites in plants are: 
(1) shikimate pathway for phenylpropanoid compounds;  fl avonoids and anthocyanins 
and isoprenoid route of (2) terpenoids and (3) alkaloids biosynthetic pathway. The pre-
sent literature describe with emphasis on the role of UV-B on these metabolic pathway. 

    9.1   Shikimate Pathway 

 Many of plant-derived phenylpropanoids such as  fl avonoids, iso fl avonoids, antho-
cyanins, coumarines, and lignans are secondary products of shikimate metabolism 
(Korkina  2007  ) . Expression levels of several genes encoding key enzymes of 
secondary biosynthetic pathway are being elevated in a coordinated trend at UV-B 
and other environmental stress signals (Long and Jenkins  1998  ) . Figure  4  showed 
the diagrammatic representation of different metabolic steps involves in shikimate 
pathway of phenylpropanoids biosynthesis and it’s regulation in response to UV-B 
radiation. The  fi rst enzyme of the shikimate pathway “3-deoxy-D4 arabino-
heptulosonate-7-phosphate synthase” (DAHP synthase) that catalyzes the conden-
sation of phosphoenolpyruvate and erythrose-4-phosphate to yield 3-deoxy-
D-arabino-heptulosonate-7-phosphate (DAHP) is reportedly induced by UV-B 
irradiation (Ramani et al.  2010  ) . It proposed that selective transcription of phenyla-
lanine ammonia lyase, chalcone synthase, cinnamate 4-hydroxylase and 4-coumarate: 
coenzyme A ligase genes, coding functional enzymatic variants, may control the 
synthesis of phenylpropanoid products also being induced by UV-B stress factor.   

    9.2   Isoprenoids Pathway 

 The stimulation of terpene biosynthesis by oxidative stress is well known (Beaulieu 
 2007  ) . The biosynthesis of terpenes starts with isopreneoid unit with precursors of 
isopentenyl and dimethylallyl diphosphate. Activation of two independent pathway 
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cytosolic acetyl mevalonate, that provides precursor for sesquiterpene and sterols 
and/or plastidial 1-desoxy-D-xylose-5-phosphate/methyl D-erythritol phosphate for 
isopentenyl and dimethylallyl diphosphate precursors (Hampel et al.  2005  ) . In a 
recent publication on grapevine leaves, Gil et al.  (  2012  )  suggest that UV-B modu-
lates the metabolism of terpenes leading to speci fi c responses according to  fl uence 
rate of UV-B. Relatively low UV-B irradiation induces the de novo synthesis of 
enzymes of terpene cytosolic mevalonic acid pathway leading to production of ter-
penes, triterpenes and sterols, while high UV-B irradiance promoted the production 
of plastidic diterpenes via the methylerytritol phosphate pathway. The effect of 
increased UV-B irradiation on the expression of genes involved in early steps of 
terpenoid biosynthesis was reported in peppermint oil by Dolzhenko et al.  (  2010  ) . 
“They observed that UV-B irradiation increased the content of some monoterpenes 
e.g. methol) and    sesquiterpenes” e.g.  b -caryophyllene and germacrene-D which 
correlates with induced up-regulation of genes involved such as Dxs, Ippi, Gpps, 

  Fig. 4     Schematic representation of UV-B regulation of phenylpropanoids pathway of 
 fl avonoid biosynthesis.  UV-B stress interferes with metabolic processes (particularly enzyme 
activity). UVR8 controls multiple gene encoding the principle enzymes of  fl avonoid biosynthesis. 
It acts primarily on phenylalanine ammonia lyase (PAL) and chalcone synthase (CHS); key 
enzymes of  fl avonoids biosynthetic metabolism       
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and Fpps. Alkaloid biosynthesis in plants is also tightly controlled in response to 
UV-B stress. Tryptophan decarboxylase, a key enzyme in biosynthesis of the 
precursor tryptamine needed for monoterpene indole alkaloid production, can 
be strongly induced by UV-B light at the level of transcription (Ouwerkerk 
et al.  1999  ) . 

 At all, basic concept behind the activation of combitorial secondary metabolic 
pathways is due to genetic up regulation of speci fi c key enzymes; chalcone synthase, 
phenylalanine ammonia lyase. Plant precursors from their own primary and 
secondary metabolism are metabolized to the desired secondary product due to the 
up-regulation/ expression of speci fi c/ desired genes in response to UV-B irradiation.   

    10   Applicability of UV-B on Metabolites Enrichments: 
Future Perspectives 

 The valuable pharmacological properties of phytocompounds limited with their low 
level of production by natural sources. Active researches into novel strategy implied 
for promoting metabolites production, will de fi nitely be of great importance in 
present and future in terms of their commercial value. Additional knowledge on 
speci fi c effect of light quality on metabolites induction will help us in designing 
the greenhouse light environment to obtain plants with enhanced phytochemical 
concentrations. The approaches discussed above –health value of various metabolites, 
UV-B induction of these phytocompounds, secondary biosynthetic pathway, and the 
UV-B induction of regulatory genes – are likely to be used in combination with new 
high-throughput strategies to identify the most preferred route correlating with 
desired metabolite biosynthesis in different plants under UV-B exposure experi-
ments. Provided that models are validated to ensure they re fl ect reality in targeted 
increase in phytochemicals, this information will be of great value for identifying 
and increasing the health promoting effects of medicinal plants and predicting 
the cropping strategies on these plants in a changing global climate. This baseline 
information generated will be useful for the successful implementation of UV 
technology on a pilot scale, to bene fi t health conscious consumers, attributed to 
concurrent increase in different health-related constituents. 

 Future research studies are warranted to evaluate the effects of different doses/
exposure time of UV-B on the contents and heath qualities of products in multiple 
cases which have not yet been investigated. Such data sets will provide a wealth of 
information to ecologists, plant breeders and agronomists. 

    10.1   Commercial Relevance 

 The fact, that solar UV-B regulates the secondary pathway of plants and improves 
plant metabolic functioning especially in aspects of food quality, pharmaceutical 
properties, pest and disease resistance. In this regard, UV-B supplementation 
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processing may be proven as a useful tool for plant manipulation in aspects of 
optimizes the nutritional/health value of herbal drugs and subsequently generate 
new opportunities by farmers and processors for achieving its rich quality and 
increased essential oil yield. 

 The information on health sensory constituents and antioxidant potential of 
medicinal and aromatic plants should be ever encouraged as it showed role on 
reduction of the risk of diseases. Phytochemistry study, as reported on medicinal and 
aromatic plants showed a positive induction of antioxidant compounds, such as 
polyphenols and  fl avonoids, essential oil yield and qualitative composition of oil in 
response to UV-B stressing. This enhancing effect of UV-B may be an interesting to 
follow in studying the phytotherapeutic activity of medicinal plants. In this review 
we provide an overview of medicinal property of various secondary metabolites, its 
responses to UV-B irradiation stimuli as well as reported pathway of secondary 
metabolic mechanism. Overall, the present article has added to our understanding 
of statutes and prospective of medicinal and aromatic plants, its health aspects on 
human life as well as positive response of UV-B to enhance nutritional value of 
plants via inducing possible enhancement in various health promoting constituents.   

    11   Conclusion 

 Short-term and moderate UV-B radiation seems to be a safe alternative as targeted 
treatment in medicinal and aromatic plants attributed to concurrent increase in 
different health-related constituents. In terms of sensory attributes as well as health 
bene fi ts of valuable products of medicinal importance, these studies might contribute 
to provide a convenience and feasible approach to enhance the yield and qualitative 
value of these phytochempounds and subsequently generate new opportunities for 
growers and processors, for achieving the health-oriented herbal product market. 
In this respect, this may provide an innovation approach in pharmaceuticals drug 
technology. Hence, to determine relevant metabolic interactions between speci fi c 
target metabolites and UV-B radiation may be a challenging task.      
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