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modifying air  temperature,  creating
microclimate and removal of noise and dust
pollution. It also provide habitat for birds
and animals. A landform devoid of
vegetation show erosive rate of around 500
tons/m?/year. A green belt planting of
around 183 m can reduce airborne
particulate matter by as much as 75 per cent.
A woodland in Nottingham was estimated to
reduce concentrations of sulfur dioxide and
nitrogen oxides in the air by 4-5% (Freer-
Smith and Broadmeadow 1996).

contribute in noise abatement. 7db noise

Trees

reduction per 100 feet of forest can be
obtained due to trees by reflecting and
absorbing sound energy. Further, trees
provide “white noise”, the noise of the
leaves and branches in the wind and
associated natural sounds, that masks other
man-caused sounds. Dust filtering capacity
of trees is also very important. Evergreen
tree species, and in particular conifers, filter
more dust than deciduous species, but
conifers are also more sensitive to damage
caused by air pollutants (Beckett et al.
1998).An acre of green area reduces 12-27
tones of dust, 1.5 tons of CO; and releases
2.5 tons of Oz. One fully developed large
the
brings the

temperature by 2 to 5°C (Booth, 1985). A

tree in a landscape can change

microclimate  and down

study in Chicago determined that the city’s

trees filtered 234 tons of particulate

pollution and cleansed the air of 98 tons of
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nitrogen dioxide, 93 tons of sulfur dioxide,
17 of
(Barton,2009). A large-scale study in the

and tons carbon  monoxide
West Midland region of England estimated
the overall removal rates of air pollutants by
the urban forest (Stewart et al. 2001) and
suggested tree planting at all available land
could achieve a reduction of up to 25% of
small airborne particles.

Further, trees contribute in glare reduction
on road sides as they help control light
scattering, light intensity, and modifies
predominant wavelengths on a site (Coder,
1996). Thus, trees block and reflect sunlight
and artificial lights to minimize eye strain
for safety and visibility.

All trees purify air and can be rightly termed
as ‘oxygen banks’ for human beings.
However, with high level of pollutants in air
even the growth of plants becomes stunted
and becomes difficult for survival. Some tree
species are highly tolerant to air pollution.
Such trees can function as biological filters.
They filter contaminants from air and
cleanse the atmosphere. The environmental
benefits of trees have been described (Singh
and Dhaduk 2008, Barton 2009, Freer-Smith

and Broadmeadow 1996). Some of the tree

species like Albizzia lebbeck, Alstonia
scholaris, Butea monosperma, Ficus
benjamina, Madhuca indica, Pongamia

glabra, Lagerstroemia flos-reginae, Ficus
religiosa, Peltophorum pterocarpum, and

Terminalia arjuna can be planted in
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industrial areas since they are tolerant to dust
and smoke. As per a study at Navsari,
Thevetia peruviana has been found to be
highly resistant to environmental pollution
(Patel et al 2012). For noise reduction
Mangifera indica,
Madhuca

Alstonia scholaris and Azadirachta indica

Butea monosperma,

indica, Terminalia arjuna,

are very suitable.
Trees and Urban Heat

Tree also plays major role in temperature
regulation in urban life. In urban areas,
where vegetation is limited, buildings and
paved surfaces absorb energy from the sun,
causing the surface temperature of urban
structures to become 1-3°C higher than the
air Further, the

ambient temperatures.

overall ambient air temperature also
increases, resulting in “urban heat island”
that raise air temperature in a city by 1.1-
4.5°C. Vegetated areas specially with trees
also provide relief from the ‘heat island
effect’ (Taha et al, 1992). Air under a tree’s
canopy can be as much as 5-10°F cooler
compared to barren location (Kaltheen,
1998). The average temperature of concrete
urban area devoid of green belt is higher
compared to a thickly vegetated area. For eg,
of

University campus Vs Navsari city, where

microclimate Navsari  Agricultural
the former is cooler.
The

Goteborg,

results from extensive studies in

Sweden  (Eliasson  2000),
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revealed, significantly lower air temperature
inside parks as well as in a transition zone
outside the parks as compared to the
surrounding built areas. Trees are the most
effective vegetation element for reducing
overheating in urban areas. Temperature
reduction by trees is mainly caused by two
factors: direct shading and evapo-
cooling (Oke 1989). An

increase of tree canopy cover by 10%

transpirational

reduced surface temperatures on average by
1.4 °C. On a hot summer day, for instance, a
significant decrease of air temperatures by
more than 2 °C could be observed during
daytime under trees on a car park as
compared with sun exposed sites in front of
south facing walls (Brahe 1974). It

important that planting schemes with trees

is

should be such so as to reduce overheating
but maintain good ventilation for better
cooling effect. Evergreen trees with dense
foliage provide shade through out the year in
landscape. Summer season is very hot and
these trees serve as cool and shady resting
place during hot sunny days in summer.
Example of such trees are Albizzia lebbeck,
Alstonia scholaris, Azadirechta indica, Ficus

SPP,
operculata,

Peltophorum pterocarpus, Eugenia

Eugenia jambolana,

Mangiferaindica, Samanea saman,

Mimusops elengi, Polyalthia longifolia,

Grevillea robusta, Thespesia populnea,
Pongamia glabra. Bauhinia purpurea, Ixora

parviflora, Calophyllum inophyllum, Parkia
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roxburghii, Kigellia pinnata, Saraca indica,
Sterculia alata, Pterospermum acerifolium,
Grewia columnaris, Tamarindus indica,
Filicium decipiens, Putranjiva roxburghii,

Santalum album, Swietenia mahagoni, etc.
Trees and health benefits

Trees and people are psychologically linked
by culture, socialization, and co-adaptive
history. Pleasant view of greenery and
flowers stimulate creativity and has soothing
effect on mind and soul. People feel more
comfortable and at ease when in shaded,
open areas of trees as compared to areas of
hardscapes and non-living things. People’s
preferences for locating areas of social
interactions in calming, beautiful, and
nature-dominated areas revolve around the
localities with good tree plantation (Davey
Resource group, 1993). It is this beneficial
effect of trees that has been utilized for
creation of recreational opportunities.
Scientists assert that green spaces increase
our ability to concentrate, both on the tasks
at hand and on our subconsciously-viewed
surroundings. Studies have shown that
stressed individuals feel better after exposure
to natural scenes having huge tree plantation
and flowers. Woodland can provide an
experience of nature in the middle of urban
life. In particular, old woodland with big

trees may provide urban people with the
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opportunity to recover from daily stress,
revive memories and regain confidence.

An important positive effect of
natural scenery comprising of trees is its
stress reducing effect, according to original
studies conducted in the United States
(Ulrich 1991). Just

experiencing a natural setting reduces stress.

et al visually
Stress relief, as measured through muscle
tension, blood pressure and electrical brain
activity, can be demonstrated within some
minutes of exposure to a green environment
(Ulrich et al. 1991). Studies have indicated
that exposure of green spaces reduce
instances of aggression and violence (James,
2001). Flowers are known to have emotional
stress busting effect in humans.Moreover,
viewing or visiting natural environments
(compared to built urban environments
without natural elements) after stressful or
mentally situations,

fatigued produces

greater physiological changes toward
relaxation and faster recovery of attention-
demanding cognitive performances (Parsons
et al. 1998). Research has shown that even
quite ordinary urban green areas have a
stress-reducing influence in everyday life. In
Grahn and Stigsdotter (2003)

demonstrated that the more often one visits

Sweden,

green areas the less often one reports

sickness from stress.
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Cities with high numbers of parks (trees are

the main components) battle obesity and
diabetes well. Even relatively passive contact
with nature such as viewing it from a
window—Ilowers blood pressure and anxiety
levels (Kaltheen, 1998, 2006).Trees also
provide valuable shading from the sun. An
individual tree can provide a Sun Protection
Factor (SPF) of 6 to 10, which means a level
of exposure to ultraviolet radiation of one
sixth to one-tenth of full sun (NUFU 1999).
Road side avenues offer a desired destination
that prompts people to walk there and
motivate people to explore once there.Flower
and garden views provides more rapid

healing according to some studies in

medicines e. g. Azadirachta indica, Ginko
biloba, Moringa, Madhuka indica, Murraya
koeingi,
Dutch

relationship between the amount of green

Kadam, Terminalia arjuna etc.

research has shown that the
space in the living environment and self-

reported health is positive, even after
controlling for relevant socio-demographic
and socio-economic characteristics (de Vries

et al. 2003).

Trees- Add Aesthetic Touch to the urban

life

Trees in urban locality contribute to an
attractive green townscape and thus
communicate the image of a positive, nature-

oriented city. Indirectly, urban trees and

hospital. ~Some trees provides herbal forests can promote tourism and enhance
( |
{ J
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economic development. Visual
characteristics like size, canopy form, flower
colour and texture affect the overall aesthetic
quality that is displayed with tree plantation
scheme. Habitat surveys and floristic and
faunistic studies have shown the importance
of tree cover in urban land uses such as
residential areas for biodiversity. A single
old tree in parks can be an important habitat
for birds, bats and invertebrates. Tree crowns
habitat birds

intensively

can provide for and

invertebrates in  otherwise
managed and used gardens. Density of tree
cover, overall extent of stands of trees and
age of trees are especially important factors
influencing Tree

biodiversity. pricing

assumes that the tree value is based on
several factors such as size, expected age,
aesthetic value, location, form and other
special features, that ultimately affects the
value of the surrounding buildings or
residential plots. Well planned landscape

around building or residence adjoins

A

. ‘j-.\\}‘

Cassia renigera
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aesthetic value to it as well as affix real
estate value of about 30% (Booth 1985).

An appropriate choice of the flowering
tree species and different flower colour
combinations would ensure pleasing colours
all around in our garden avenues and urban
life. Flowers of trees are very rich in colours
one can have all different kind of colour
combination from the available tree species
throughout year like Orange-Red- Delonix
regia, Butea monosperma, Bombax ceiba,
Spathodea campanulata, Saraca indica,
Cordia sebestena, etc., Pink- Cassia
renigera, Gliricidia maculata, Tabebuia
avalandi, T.rosea, Couroupita guianensis,

etc.,Yellow-  Peltophorum  pterocarpum,

Cassia fistula, Tecoma argentea,

Blue-

Solanum

Cochlospermum gossypium,  etc.,

Jacaranda mimosaefolia,
macranthus, Milletia ovalifolia, etc. and

white- Millingtonia hortensis, Plumeria

alba, Nyctanthes arbor-tristis, Mimusops

elengi, Alstonia scholaris, etc.

Delonix regia
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Trees and Economic Stability

Trees provide a business generating, and a
positive real estate transaction appearance
and atmosphere in the Urban vicinity.
Increased property values, increased tax
revenues, increased income levels, faster real
estate sales turnover rates, shorter
unoccupied periods, increased recruitment of
buyers, increased jobs, increased worker
of

customers have all been linked to tree and

productivity, and increased number
landscape presence (Davey resource Group,
1993). Tree amenity values are a part of real
estate prices. At the local level trees
contribute to the quality of housing and
working environments and their benefits are
reflected in property values. A study by
McPherson and Simpson (2002) analyzed the
benefit—cost ratios of street and park trees in
two cities, Modesto and Santa Monica in
California, United States. The approach
considered functions such as energy savings,
air quality improvement, storm-water runoff
reduction and atmospheric CO> reductions
and aesthetic benefits. The estimated benefits
of trees were 1.85 to 1.52 times higher than
the actual costs. The aesthetic and other
benefits accounted for a large part, 50-80%
of total benefits, while pruning accounted for
half of the maintenance costs. In Finland,
(2000)

demonstrated that a one kilometer increase in

Tyrvainen and Miettinen

the distance to the nearest urban forest area
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led to an average 6% decrease in the market
price of the dwelling. Furthermore, dwellings
with a view onto woody greenery were on
average 5% more expensive than dwellings

with otherwise similar characteristics.
Trees and Growth of Children

Contact with trees, in particular for children,
can help people learn about nature and
natural processes in an otherwise artificial
environment. Richard Louv (2009) in his
book, ‘Last Child in the Woods’ has truly
reviewed the benefits, that plants offer to the
growing child. Views of trees from the home
improves self-discipline among inner city
girls, including enhanced concentration,
inhibition of impulsive behavior, and delay
of gratification. There is clear difference in
the mindset, behavior and physique of a child
playing in a green surroundings and the one
who is stuck on TV or computer screen for
hours, where the former is energetic, quiet
and physically slim and fit while the other is
impulsive, lazy and heavier in weight. After
creative play in verdant settings, children
demonstrate

overall increased ability to

concentrate, complete tasks and follow
will
like

drawing, painting or playing music. Kids

directions. Besides, such areas

encourage kids for creative ideas
acquire the sense of responsibility and
develop managerial skill by playing and
taking care of his/her own garden along with

acquiring knowledge of plant identification,
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growth habit, uses and handing of fresh
produce. Gardening inculcates the bonding

between the nature and children during the

Conclusion

It is apparent from above that trees, the vital
element of UPH can meet the major
requirement of healthier, cooler, happy and
eco-friendly urban life. Trees are a rich
source of taxa furnishing sky line to

landscape, back ground to magnifying
architecture, screens for privacy and a mode
to add aesthetic touch, change and colour in
life  with cleaner and healthier
Thus,

plantation of these beautiful trees has the

urban
environment. strategic eco-friendly
potential to play magic on this mechanized
earth transforming it into a beautiful colorful
aspiring green-scape, a real boon for urban
life!
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etail is the sale of goods and
individuals or
the

services from

R

Retailers are part of an integrated system

enterprises to end-user.

called the supply chain. The Retail Industry
is the sector of economy which consists of
individuals, stores, commercial complexes,
agencies, companies and organizations, etc.
A bulk

from manufacturers directly or through a

retailer purchases goods in
wholesale, and then sells smaller quantities to
the consumer for a profit. Retailing can be
done in either fixed locations like stores or
markets, door-to-door or by delivery. In
recent times India is witnessing the
development of e-retailing using online
websites, electronic payment etc., involved in
the business of selling or merchandizing
diverse finished products or goods to the end-
user consumers directly and indirectly.
The Retail sector of India is vast, and has
huge potential for growth and development,
as the majority of its constituents are un-
organized. The retail sector of India handles
about $250 billion every year, and is expected

by veteran economists to reach to $660

103

billion by the year 2015. The business in the
organized retail sector of India, is to grow
most and faster at the rate of 15-20% every
year, and can reach the level of $100 billion
by the year 2015. Here, it is noteworthy that
the retail sector of India contributes about
15% to the national GDP, and employs a
massive workforce of it, after the agriculture
sector. India's growing economy with a rate
of approximately 8% per year, makes its
retail sector highly fertile and profitable to the
foreign investors of all sectors of commerce
over the world.

and economy, of all

(www.global.jurix.com)

Organisation of India’s Retail Sector

Retail Sector can basically be classified in to
two segments

1. Organised- Organised retailing is the trade
carried out by licensed retailers, that is, those
who are registered for sales tax, income tax,
etc. These include the corporate-backed
hypermarkets and retail chains, and also the
privately owned large retail businesses.

2. Unorganised -Unorganised retailing, on
the other hand, refers to the traditional

systems of low-cost retailing, for example,



http://en.wikipedia.org/wiki/End-user
http://en.wikipedia.org/wiki/Manufacturing
http://en.wikipedia.org/wiki/Consumer
http://en.wikipedia.org/wiki/Door-to-door
http://en.wikipedia.org/wiki/Delivery_(commerce)
http://www.global.jurix.com/
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the local kirana shops, general stores,
paan/beedi shops, convenience stores, hand
cart and pavement vendors, etc. The Indian
retail sector is highly fragmented with 95 per

cent of its business being run by kirana stores.
What is FDI?

Foreign Direct Investment (FDI) is a direct
investment into production or business in a
country by an individual or company of
another country, either by buying a company
in the target country or by expanding
operations of an existing business in that
country. Broadly, foreign direct investment
includes "mergers and acquisitions, building
new facilities, reinvesting profits earned from
overseas operations and intra company
investment
of

technology and expertise, and participation in

direct
the

loans". The foreign

generally encompasses transfer

the joint venture and management.
Types of Foreign Direct Investment

1. Horizontal FDI: It arises when a firm
duplicates its home country-based

activities at the same value chain stage

in a host country through FDI.

FDI:

Investment from a source country into

Platform Foreign  Direct
a destination country for the purpose of
exporting to a third country.

Vertical FDI: It takes place when a
firm through FDI moves upstream or

downstream in different value chains
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i.e., when firms perform value-adding
activities stage by stage in a vertical
fashion in a host country.
Procedure for receiving Foreign Direct
Investment
An Indian company may receive Foreign
Direct Investment under the two routes as
given under:
i. Automatic Route
FDI is allowed under the automatic route
without prior approval either of the
Government or the Reserve Bank of India in
all activities/sectors as specified in the
consolidated FDI Policy, issued by the
Government of India from time to time.
ii. Government Route
FDI in activities not covered under the
automatic route requires prior approval of the
Government which are considered by the
Foreign Investment Promotion Board (FIPB),
Department of Economic Affairs, and
Ministry of Finance. The Indian company
having received FDI either under the
Automatic route or the Government route is
required to comply with provisions of the
FDI policy including reporting the FDI to the

Reserve Bank
Advantages of Foreign Direct Investment

Integration into global economy
Developing countries, which invite FDI, can
gain access to a wider global and better
platform in the world economy.

Economic growth
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A significant inflow of FDI in various
industrial units in India has boosted the
economic life of country.

Trade

Foreign Direct Investments have opened a
wide spectrum of opportunities in the trading
of goods and services in India both in terms
of import and export production. Products of
superior quality are manufactured by various
industries in India due to greater amount of
FDI inflows in the country.

Technology diffusion and knowledge
transfer

FDI apparently helps in the outsourcing of
knowledge from India especially in the
Information Technology sector. Developing
countries by inviting FDI can introduce
world-class  technology and technical
expertise and processes to their existing
working process. For example, the civilian
nuclear deal led to transfer of nuclear energy
know-how between the USA and India.
Increased competition

FDI increases the level of competition in the
host country. Other companies will also have
to improve on their processes and services in
order to stay in the market. FDI enhanced the
quality of products, services and regulates a
particular sector. Linkages and spillover to
domestic firms- Various foreign firms are
now occupying a position in the Indian
market through Joint Ventures and
collaboration concerns.

Human Resources Development
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Employees of the country which is open to
FDI get acquaint with globally valued skills.
Employment

FDI has also ensured a number of
employment opportunities by aiding the
setting up of industrial units in various

corners of India.
Present Scenario of FDI in India

The union government has sanctioned 51%
foreign direct investment in multi-brand like
Wal-Mart, Carrefour, and Tesco. This will
make foreign goods and items of daily
consumption available locally, at a lower
price, to Indian consumers. The new policy
will allow multi-brand foreign retailers to set
up shop only in cities with a population of
more than 10 lakhs as per the 2011 census.
There are 53 such cities at present. This
means that big retailers can move beyond the
metropolises to smaller cities. The final
decision will however lies with the state
governments. Foreign retailers will require a
minimum investment US $100 million of
which at least 50% of total FDI should be
invested in back-end infra-structure which
would include capital expenditure on the
entire spectrum of related activities including
cold chain infrastructure, food processing,
Big

retailers will need to source atleast 30% of

refrigerated transportation, logistics.

manufactured or processed products from

Indian small industries. (http://cci.gov.in/)




IndianFarmer, 1(2):103-107; July-2014

Potential Impact of FDI in Multi Brand
Retail

Allowing FDI in multi-brand retail will lead
to the growth in number and sales for India’s
modern retail outlets and these stores will
compete both with organized domestic
retailers and with the unorganized sector,
including kiranas and hawkers. Retail giants’
entry into the Indian retail market is likely to
put many of those involved in the
unorganized retail sector out of business and
likely lead to increased market consolidation
in the formal sector. FDI in multi-brand retail
will cause mass displacement and loss of
retail jobs on the onslaught of big retailers
such as Walmart. Unlike developed
countries, 51 percent of the India’s total
workforce is self-employed in retail trade due
to very little entry barriers. Given the lack of
alternative ~ employment  opportunities
available, it is doubtful that the displaced
unemployed will get employment in the
agriculture or manufacturing sector. Supply
like

supplier companies, processors and other

chain intermediaries, wholesalers,
middlemen, will feel immediate effects of the
entry of multinational retailers. Although the
entry may lower the cost of goods in the short
run, it will lead to rapid mass dislocation of
workers involved in the supply chain. The
Indian government must be prepared to
address the coming unemployment of these

workers if FDI restrictions are relaxed.
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The foreign retailers may not necessarily
obtain their supplies from the local farmers,
producers, and domestic manufacturers.
Small farmers may face serious problems
such as rejection of supplies because of non-
compliance  with  quality  standards,
difficulties in disposing rejected quantities,
inconvenient  delivery schedules, and
unwillingness on the part of the big retailers
to extend production and consumption loans
to farmers. In such cases, the farmers and
domestic manufacturers will lose their
markets. Moreover, introduction of FDI in
multi-brand retail will indirectly lead to
increase in real estate cost. Foreign
companies which enter into India would like
to open up their malls and stores and hence
will look for places in the heart of the cities.
There shall be competition for space initiated
among such companies. It will result in
increase in the cost of real estate in the cities
that will eventually affect the interest of the
ordinary people who desire to own their
houses within the limit of the cities. On the
other hand, According to the World Bank,
opening the retail sector to FDI would be
beneficial for India in terms of price and
availability of products. While FDI in multi-
brand retail has been opposed by several in
the past citing fears of loss of employment,
adverse impact on traditional retail and rise in
imports from cheaper sources like China,
supporters of the same indicate increased

transfer of technology, enhanced supply
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chain efficiencies and increased employment
opportunities, encourage healthy competition
and control of inflation as the potential
benefits.

Conclusion

Market liberalization, a growing middle-
class, and increasingly assertive consumers
are the reason behind retail transformation
that will bring more Indian and multinational
players on the scene. India is considered as
the second largest retail market after China,
and the total size of the Indian retail industry
is expected to touch the $300 billion mark in
the next five years from the current $200
billion. But the recent debate has centred on
the issue of whether FDI in retail in India will
be a “boon or a bane”. The introduction of
FDI in multi-brand retail will have its share
of positive and negative impacts. But the
government of India must be cautious about
the apprehensions raised by the critics and
adequate precautions must be taken so that
the positive effects may outweigh the
negative ones and the traditional retailers co-
exist even after big foreign retailers enter the

market.
References

1. http://cci.gov.in/
2. http://www.dipp.nic.in.

3. www.global.jurix.com

107

Hiremath



http://cci.gov.in/
http://www.global.jurix.com/

IndianFarmer, 1(2): 108-113; July-2014

Padhiyar et al

Metabolomics: New approach in Plant Science and Human

Health care

Padhiyar S. M., Thummar V.D., Kheni J. V., Rathod V. M., Thakkar J. R., Ghetia
G. N., Rukam S. Tomar, M. V. Parakhia, and Dr. B. A. Golakiya
Department of Biotechnology,

Junagadh Agricultural University ,Junagadh

“Corresponding Author: rukamsingh@gmail.com

Abstract

(There are many metabolomics approaches used in a recent year, which are
parallel with functional genomics, transcriptomics and proteomics studies. The different
techniques are available for investigation of metabolites which may be useful for plant
science and for a human health care purpose. At present, metabolomics studies are carried
out in area such like plant biotechnology, crop breeding, toxicology and pharmacology. In

addition, metabolomics studies are also applied to investigate several human diseases, to

improve their diagnosis, prevention and to design better therapeutic strategies. In this

review, we are describe the use and application of metabolomics in plant research and
human disease to improve human health.)

ntroduction to metabolomics and
systems biology

Metabolomics is a newly emerging
field of "omics" research mainly dealing
with the broad characterization of the small
molecule metabolites in biological systems.
It is also a qualitative and quantitative study
of

metabolomics is the "systematic study of the

plant molecules. Particularly,
unique chemical fingerprints that specific
cellular processes leave behind”, the study
of their small-molecule called metabolite
profiles. The mMRNA gene expression data
and proteomic analyses of cell do not give
complete information while, metabolomics
of the

metabolomic,

can give quick information

physiology of that cell.

transcriptomic and proteomic are combine
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with  systems biology and functional
genomics which give a more complete
picture of living organisms.

Metabolites are the intermediates products
of metabolism. Within the context of
metabolomics, a metabolite is usually
defined as any molecule less than 1 kDa in
size. Metabolites performs different
important functions, like fuel, structure,
signaling, stimulatory and inhibitory effects
on enzymes, catalytic activity of their own,
defense, and interactions with other
organisms (e.g. pigments and pheromones).
Primary metabolites are key component
which involved in growth, development, and
reproduction of the plant. It also maintaining

normal physiological processes; so that it
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often mention as a central metabolite (e.g.
ethanol, lactic acid, and certain amino
acids). Secondary metabolites are organic
which the
of
synthesis. It is not directly involved in

growth,

compounds produced by

modification primary  metabolite

development and reproduction

Padhiyar et al
usually has an important ecological
function.  (e.g. antibiotics such as

erythromcyin and bacitracin, atropine and
pigments such as resins and terpenes etc).
Metabolome defined as the complete set of

small-molecule metabolites present within a

biological sample (cell, a cellular organelle,

an organ, a tissue, a tissue extract of plant).

processes like primary metabolites, but
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The central dogma of
molecular biology was give
information  from gene to

transcript to protein. Enzymes
then affect metabolic pathways
and hence lead to changes in the
phenotype of the organism (Fig.
1A).

However, this traditional
‘linear’ thinking is no longer true
and the cellular processes are
networked with many feedback-
loops (Fig. 1B) and thus should
be represented as dynamic
protein complexes interacting

with neighbourhoods
metabolites (Fig. 1C).

of

The  construction,  visualisation  and
understanding of these networks are
certainly a big challenge for the life

sciences, as is a full understanding of the
fluxes through metabolic neighbourhoods

and their control.

History of metabolomics
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Metabolomics first developed by Pauling in
1970. The term "metabolic profile" was
introduced by Horning, et al. in 1971. In
1974, Seeley et al. demonstrated the utility
of using NMR to detect metabolites in
unmodified biological samples. Then
Metabolomics Society founded in 2004. In

2005, the first metabolomics web database
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for characterizing human

METLIN, was developed in the Siuzdak

metabolites,

laboratory at The Scripps Research
Institute. On January 23, 2007, the Human
Metabolome Project, led by Dr. David

Wishart of the University of Alberta,

Metabolomics Work flow

Padhiyar et al

Canada, completed the first draft of the
human metabolome, consisting of a database
of approximately 2500 metabolites, 1200
drugs and 3500 food components. As late as
mid-2010, still

considered an "emerging field".

metabolomics was

W—
i

g precellys 24
Sy

y

Tissue sample collection

Sample extraction

Sample separation

0 90 100

Data analysis

Sample collection and preparation: Collect
an uniform sample sizes (e.g. hole punches
It should be

consistent (similar tissue and time of day).

in leaves) of plant part.
Quickly freeze sample in liquid nitrogen,
store samples at -80°C.
Sample extraction: The next stage of
analysis is to extract sample. There are many
different methods and the most common
ones are: (i) acid extraction using perchloric

acid (HCIO4), followed by freeze thawing,
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Electron beam

Uncharged
Fragments not
deflected

Ions deflected
according to m/z

Detection

then neutralisation with potassium hydroxide
(KOH); (ii) alkali extraction typically using
sodium hydroxide (NaOH), followed by
heating (80°C); and (iii) ethanolic extraction
by boiling the

(C2H50H) at 80°C.

Separation methods:

sampling in ethanol
There are many
different separation methods and approaches
that Gas

Capillary

one could use.
(GC)

High Performance

They are
Chromatography
Electrophoresis (CE),
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Liquid Chromatography (HPLC), Ultra
Liquid

(UPLC). Gas chromatography, especially

Performance Chromatography
when interfaced with mass spectrometry
(GC-MS), is one of the most widely used
and influential methods. It is very high
chromatographic resolution, but requires

chemical derivatization for many bio-
molecules only volatile chemicals can be
analysed without derivatization.

Detection methods: After separation Mass
spectrometry (MS) is used to identify and to
quantify metabolites. Surface-based mass
analysis has seen a resurgence in the past,
with new MS technologies focused on
minimizing background, increasing
sensitivity and reducing sample preparation.
in

Data analysis: The data generated

metabolomics usually consist of
measurements performed on subjects under
various conditions. These measurements
may be digitized spectra, or a list of
metabolite levels. In its simplest form this
generates a matrix with rows corresponding
to subjects and columns corresponding to

metabolite levels.

Application of metabolomics in Plant

Science and Human health care:

1. Plant Science

of

applications of metabolomics technologies

There are a large number

in plant sciences, including studying

development, phenotyping of genetically
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altered plants, qualitative trait analysis, and
systems biology. In the plant science,
metabolomic research is applied in studies
relating to biomass accumulation, stress
and

resistance, secondary  metabolite

production. Biomass accumulation and
resistance to certain environmental stressors
are important in plant science (plants are
potential source of energy production such
biofuel).

technologies

metabolomics
the

In addition,
be
discovery and identification of markers of

as
can utilised for
diseased and stressed plants, breeding
resistant as well as genetic modifications.
Plants are an extremely rich source
of nutrients and secondary metabolites
which are useful in medicinal and nutritional
research. Now a days, there has been
increase in the interest for plant-based
pharmaceutical compounds. Comparative
metabolomics in humans may provide for
enhanced and

diagnostic power

individualized treatment for illness and
disease.

After all, secondary plant metabolites
are useful for defense purposes, and give
plants characteristics like color. Plant
metabolites that color the plant are a best
example of this, as the coloring of a plant
can attract pollinators and also defend
against attack by animals. Secondary plant
metabolites are also used in regulation of
primary metabolic pathways. Secondary

metabolites like plant hormones, which are
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used to regulate the metabolic activity within

cells and development of the plant.
Secondary plant metabolites help the plant
maintain an complex balance with the

environment.
2. Human health care

Metabolomics was initially proposed as a
method of functional genomics but now its
applications extend. It is widely used for
comparing mutants, toxicology, drug
discovery, nu-trition, cancer, Diabetes and
natural product discovery. Metabolites are
regulate complexity present in cell, tissue or
organism. Thus, metabolic changes represent
the most direct reporters of changes in body,
in response to drug therapy or disease
The of

metabolomics the administration of

process. advantageous  role
in
metabolic and chronic diseases is well
appreciated. Metabolomics gives enough
information that helps in identifying the
molecular mechanisms responsible for the
metabolic  dysregulation and a sound
approach for intervening in the process. The
advantage of metabolic profiling strategy
over a biomarker approach can be observed
in cholesterol. The drugs act at the level of
metabolomics is a more direct measure of
the action of a drug. Therefore, measuring
the biochemical status using metabolomics
helps in knowing the how drugs work, how
manifest and also in

the disease is

identifying responders and non responders to
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treatment. Metabolomics use for treatment
of both chemo-therapy and hormonal agents.
Intermediates of choline phospholipid
metabolism have been found to be potential
biomarkers  for  monitoring  treatment
efficacy in a variety of human cancers.

An  additional  application  of
metabolomics is in the characterization of
toxic effects of drugs. It can be used as a
biomarker of hepatic, renal and lung toxicity
by analyzing various metabolites such as
glucose, lactate, lipoproteins and amino
acids which may either increase or decrease
thus providing for a recognizable pattern
associated with an organ dysfunction.
Metabolomics provide toxicity assessments
which can be used for preclinical drug
screening and for following a patient

clinically to monitor target organ effects.
Conclusion

Metabolomics is emerging science, it is fast

and cost effective process. It is new

approach of interest across a multiple
disciplines covering functional genomics,
transcriptom, proteomics, integrative and
systems biology, pharmaco-genomics, and
biomarker invention for defense purposes,
disease prognoses, diagnoses and therapy
monitoring. It has been found to have a great
potential not only as a diagnostic tool but
also helps in achieving a fully personalized

and preventive health care. Genomics and
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proteomics tell what might happens but

metabolomics tell what actually did happen.
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Abstract

(Gene silencing is a general term describing epigenetic processes of gene regulation. The term
gene silencing is generally used to describe the "switching off” of a gene by a mechanism other than
genetic modification. That is, a gene which would be expressed (turned on) under normal
circumstances is switched off by machinery in the cell Genes are regulated at either the
transcriptional or post-transcriptional level. Gene silencing can be done by two main methods,
Antisense RNA and RNAi. Antisense RNA is a single-stranded RNA that is complementary to a
messenger RNA (mRNA) strand transcribed within a cell. It is possible for RNA to form duplexes,
similar to DNA, with a second sequence of RNA complementary to the first strand. This second
sequence is called antisense RNA. The formation of double stranded RNA can inhibit gene expression in
many different organisms including plants, flies, worms and fungi. RNA interference is a novel
mechanism for controlling gene expression. In this mechanism, tiny dsRNA molecule called “small
interfering RNA”(siRNA) degrade cellular mRNA that has sequence similarity with them. As a result of
mRNA degration translation of protein will stop. It is also called post-transcriptional gene silencing or
PTGS. It is of great importance for the regulation of gene expression, participates in defense against
viral infection and keeps jumping genes under control. Gene silencing is widely used to study function
of genes and it may lead to novel therapies in the future.)

Key words: Gene silencing, Antisense RNA, RNAI, Post transcriptional gene silencing, sSiRNA

There is no single molecule where integrity is  The main aim of Gene silencing is to prevent
as vital to the cell as DNA indeed, survival of  unwanted protein synthesis.

the species depend upon the nucleotide \What is Gene silencing?

sequence intact. Copying error, breaks, Gene silencing is a general term describing
damage to the nucleotide base, if not epigenetic processes of gene regulation. The
corrected, leads to permanent changes term gene silencing is generally used to
Mutation. Most mutation are dangerous, since  describe the "switching off* of a gene by a
they used to either block in DNA replication  mechanism other than genetic modification.
or the production of defective protein leads to  That is, a gene which would be expressed
several diseases. In order to prevent such (turned on) under normal circumstances is

diseases Gene silencing plays a major role.  switched off by machinery in the cell.

[ ]
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Genes are regulated at either the
transcriptional or post-transcriptional level.
Transcriptional gene silencing is the result of
histone modifications, creating an
environment of heterochromatin around a gene
that makes it inaccessible to transcriptional
machinery (RNA polymerase, transcription
factors, etc.).

Post-transcriptional gene silencing is the result
of mMRNA of a particular gene being destroyed
or blocked. The destruction of the mRNA
prevents translation to form an active gene
product (in most cases, a protein). A common
of

silencing is RNAI.

mechanism post-transcriptional  gene
Both transcriptional and post-transcriptional

gene silencing are used to regulate

endogenous genes. Mechanisms of gene
silencing also protect the organism's genome
from transposons and viruses. Gene silencing
thus may be part of an ancient immune system
such infectious DNA

protecting from

elements.
Antisense RNA

This technique is described by two scientist
Zamecnik & Stephenson in 1978 to block the
They
oligonucleotides

expression of a

that

single  gene.
demonstrated
complementary to specific regions of viral
mMRNA inhibited This

observation marked the beginning of a new

viral infection.
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approach to inhibit gene expression is called
Antisense technology.

Antisense RNA plays major role to prevent
several diseases. The sequence of nucleotide
that contains the information for protein
synthesis is called the sense sequence. The
nucleotide chain that is complementary to
sense sequence is called antisense sequence.

Antisense technology is a form of treatment

5 .ATGGCCTGGACTTCA.. 3" Sense strand of DNA
3 .TACCGGACCTGAAGT... 5" Antisense strand of DNA

& Transcription of antisense strand

5 LAUGGCCUGGACULCA.. 3* mRNA
& Tranglation of mRNA

Metw Algm Trpm Thr w Ser = Peptide

for genetic disorder or infection. When the
genetic sequence of a particular gene is known
to be causative agent of a particular disease, it
is possible to synthesize a strand of nucleic
acid (DNA, RNA or chemical analogs) that
will bind to messenger RNA produced by that
gene and inactivate it, effectively turning that
gene “off”. This synthesized nucleic acid is
termed an “antisense” oligonucleotide because
its base sequence is complementary to the
gene’s mRNA, which is called the ‘sense’
sequence.

Messenger RNA (mRNA) is single-stranded.
Its sequence of nucleotides is called "sense"
because it results in a gene product (protein).

Normally, its unpaired nucleotides are "“read"
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by transfer RNA anticodons as the ribosome
However, RNA can form duplexes just as
DNA does. All that is needed is a second
strand of RNA whose sequence of bases is

complementary to the first strand

GEME
]

! !

Messenger RMA Antisense RMA

Translakion
I I T I] blocked

iA3d
e

Transcripticn

The second strand is called the antisense
strand because its sequence of nucleotides is
the complement of message sense. When
MRNA forms a duplex with a complementary
RNA

blocked. This may occur because

antisense sequence, translation is

. the ribosome cannot gain access to the
nucleotides in the mRNA or
duplex RNA is quickly degraded by

ribonucleases in the cell .
RNA interference (RNAI)

RNA interference commonly defined is a
phenomenon leading to post transcriptional
gene silencing (PTGS) after endogenous
roduction or artificial introduction into a cell
of small interfering double strand RNA
(siRNA)with sequence complementary to the
target gene. Where the transcription of the

gene is normal, the translation of the protein is
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proceeds to translate the message.

prevented by selective degradation of its
encoded mRNA.

RNA interference (RNAI) is a system within
living cells that helps to control which genes
are active and how active they are. Two types
RNA molecules microRNA
(miRNA) and small interfering RNA (siRNA)

— are central to RNA interference. RNASs are

of small

the direct products of genes, and these small
RNAs can bind to specific other RNAs and
either increase or decrease their activity, for
example by preventing a messenger RNA
from producing a protein. RNA interference
has an important role in defending cells
against viruses and

parasitic genes

but

transposons also in

directing
development as well as gene expression in
general. The RNAI pathway is found in many
eukaryotes including animals and is initiated
by the enzyme Dicer, which cleaves long
double-stranded RNA (dsRNA) molecules
into short fragments of ~20 nucleotides. One
of the two strands of each fragment, known as
the guide strand, is then incorporated into the
RNA-induced silencing complex (RISC). The
most  well-studied outcome is  post-
transcriptional gene silencing, which occurs
when the guide strand base pairs with a
complementary sequence of a messenger RNA

molecule and induces cleavage by Argonaut,
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the catalytic component of the RISC complex.
This process is known to spread systemically
throughout the organism despite initially
limited molar concentrations of SiRNA.

dsRMNA

siRMA umainding
(RISC acthation

=R
@g Target recogenition

Target
cleavage

mwwwwci@um

no Protein expression

!
-9,
;

J

R degradation

The selective and robust effect of RNAI on
gene expression makes it a valuable research
both

organisms

tool, in cell culture and in living

dsRNAs

introduced into cells can induce suppression of

because  synthetic
specific genes of interest. RNAI may also be
used for large-scale screens that systematically
shut down each gene in the cell, which can
help identify the components necessary for a

particular cellular process or an event such as
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Figure 3. Mechanism of action of RNAI.
Double stranded RNA is introduced into a cell
and gets chopped up by the enzyme dicer to
form SiRNA. siRNA then binds to the RISC
complex and is unwound. The anitsense RNA
with  RISC  binds
corresponding mRNA which is the cleaved by
it

complexed to its

the enzyme slicer rendering inactive
cell division. Exploitation of the pathway is
also a promising tool in biotechnology and
medicine.

In 2006, Andrew Fire and Craig C. Mello
shared the Nobel Prize in Physiology or
Medicine for their work on RNA interference
in the nematode worm C. elegans,” which
they published in 1998.

In testing the effects of antisense RNA, one
should use sense RNA of the same coding
region as a control. Surprisingly, preparations
of sense RNA often turn out to be as effective
an inhibitor as antisense RNA.

The ability of dsRNA to suppress the
expression of a gene corresponding to its own
sequence is called RNA interference (RNAI).
It is also called post-transcriptional gene
silencing or PTGS.

The only RNA molecules normally found in
the cytoplasm of a cell are molecules of
single-stranded RNA. If the cell finds
molecules of double-stranded RNA (dsRNA),

it uses an enzyme called Dicer to cut them into
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fragments containing ~21 base pairs (~2 turns
of a double helix). The two strands of each
fragment then separate releasing the antisense
strand. With the aid of a protein, it binds to a
complementary sense sequence on a molecule
of mMRNA. If the base-pairing is exact, the
MRNA is destroyed. Because of their action,
these fragments of RNA have been named
"small (or short) interfering RNA" (siRNA).

The complex of siRNA and protein is called
the "RNA-induced
(RISC).

transcription There is growing evidence that

silencing  complex™

SiRNAs can also interfere with

siRNAs can also inhibit the transcription of

genes

e perhaps by binding to complementary
sequences on DNA or

o Perhaps by binding to the nascent RNA
transcript as it is being formed.

History

Since the idea of antisense therapy was first
introduced over 20 year ago, In the mid-1970,
Zamecnik and Stephenson first demonstrated
that a synthetic oligonucleotide disrupted
protein synthesis in Rous sarcoma virus 35s
RNA in a cell-free system and also prevented
viral replication in mammalian cells. Very few
scientific papers being published in the field
from late 1970s to the mid 1980s. Their
contributions to establishing antisense therapy

were recognized after the discovery of natural
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regulation of gene expression by antisense
RNA. In the last decade, antisense RNA and
DNA techniques have been rapidly developed
and widely applied for investigating gene
function and regulation, and the modulation of
gene expression, as well as the validation of
The
oligonucliotide therapeutics has been proposed

new targets. use of antisense
for the treatment of various human diseases
such as cancer, genetic disorder, HIV hepatitis
B virus infection.

Example petunia plants in which genes for
pigmentation are silenced by RNAI. The left
plant is wild-type; the right plants contain
transgenes that induce suppression of both
transgene and endogenous gene expression,
giving rise to the unpigmented white areas of
the flower.

The discovery of RNAI was preceded first by
observations of transcriptional inhibition by
antisense RNA expressed in transgenic
plants,**8 and more directly by reports of
unexpected outcomes in  experiments
performed by plant scientists in the U.S. and
The Netherlands in the early 1990s. In an
attempt to alter flower colors in petunias,
researchers introduced additional copies of a
gene encoding chalcone synthase, a key
enzyme for flower pigmentation into petunia
plants of normally pink or violet flower color.

The overexpressed gene was expected to result
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in darker flowers, but instead produced less
pigmented, fully or partially white flowers,
indicating that the activity of chalcone
synthase had been substantially decreased; in
fact, both the endogenous genes and the
transgenes were downregulated in the white
flowers. Soon after, a related event termed
quelling was noted in the fungus Neurospora
crassa,[**°l although it was not immediately
recognized as related. Further investigation of
the phenomenon in plants indicated that the
down regulation was due to post-
transcriptional inhibition of gene expression
via an increased rate of mMRNA degradation.
This phenomenon was called co-suppression
of gene expression, but the molecular
mechanism remained unknown.

After these initial observations in plants, many
laboratories around the world searched for the
occurrence of this phenomenon in other
organisms. Craig C. Mello and Andrew Fire's
1998 Nature paper reported a potent gene
silencing effect after injecting double stranded
RNA into C. elegans. In investigating the
regulation of muscle protein production, they
observed that neither mRNA nor antisense
RNA injections had an effect on protein
production, but double-stranded RNA
successfully silenced the targeted gene. As a
result of this work, they coined the term RNAI.

Fire and Mello's discovery was particularly

119

Rathod et al

notable because it represented the first
identification of the causative agent for the
phenomenon. Fire and Mello were awarded
the Nobel Prize in Physiology or Medicine in

2006 for their work.
Mechanism of action

Briefly, both RNAi (RNA interference) and
antisense RNA induce destruction of mMRNA
inhibit or block

production of protein for a particular function

in the cytoplasm and

(e.g. inducing fruit ripening, causing cancer
etc.).
1. Antisense RNA: Antisense RNA is a

RNA strand which has a mirror image of

nucleotide bases of a mMRNA strand. When an
artificial gene (DNA) is introduced into a cell,
it produces an antisense RNA complementary
to the cell's own mRNA and forms RNA
duplex with the mRNA (see figure below).

o ¢

Ahtizense

The formation of double stranded RNA
inhibits gene expression ( = No production of

functional protein because protein synthesis
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requires single stranded mMRNA molecule as a
template).

How does RNAi work?

RNAI: But how does the double stranded

RNA cause gene suppression? Since the only
RNA found in a cell should be single stranded,
the presence of double stranded RNA signals
is an abnormality. The cell has a specific
enzyme (in Drosophila it is called Dicer) that
recognizes the double stranded RNA and
chops it up into small fragments between 21-
25 base pairs in length. These short RNA

e dsRMNA
Dicear
f'—/ —
/_-/ "\-_ ———
—_—— ,/,'_.__/./ silR MNA
b e
—m—
= = RISC
ES e ——
SilRMNA anewinding
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e RISC
Aus s oasiation weith
target RN
P—— P—]
— T — ——r
- ———
Targel ro s
= e—— cleavage
Sense — e Targmet RS
——— Antisense

fragments (called small interfering RNA, or
SiRNA) bind to the RNA-induced silencing
complex (RISC). The RISC is activated when
the siRNA unwinds and the activated complex
binds to the corresponding mRNA using the
antisense RNA. The RISC contains an enzyme
to cleave the bound mRNA (called Slicer in
Drosophila) and therefore

cause gene

suppression. Once the mMRNA has been

]
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cleaved, it can no longer be translated into
functional protein.
RNAs (dsRNAs; typically >200 nt) can be

used to silence the expression of target genes

Long double-stranded

in a variety of organisms and cell types (e.g.,

worms, fruit flies, and plants). Upon
introduction, the long dsRNAs enter a cellular
pathway that is commonly referred to as the
RNA interference (RNAI) pathway. First, the
dsRNAs get processed into 20-25 nucleotide
(nt) small interfering RNAs (siRNAs) by an
RNase Il1-like enzyme called Dicer (initiation
Then, the siRNAs assemble

endoribonuclease-containing

step). into
complexes
known as RNA-induced silencing complexes
(RISCs),

SiRNA strands subsequently guide the RISCs

unwinding in the process. The
to complementary RNA molecules, where
they cleave and destroy the cognate RNA
(effecter step). Cleavage of cognate RNA
takes place near the middle of the region
bound by the siRNA strand. In mammalian
cells, introduction of long dsRNA (>30 nt)
initiates  a antiviral

potent response,

exemplified by nonspecific inhibition of
protein synthesis and RNA degradation. The
mammalian  antiviral response can be
bypassed, however, by the introduction or

expression of siRNAs.

Application
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The suppression of protein synthesis by
introducing antisense RNA into a cell is very
useful. A gene encoding the antisense RNA
can be introduced fairly easily into organisms
by using a plasmid vector or using a gene gun
that shoots microscopic tungsten pellets coated
with the gene into the plant cells. Once the
antisense  RNA is introduced, it will
specifically inhibit the synthesis of the target
protein by binding to mRNA. This is a quick
way to create a knockout organism to study
gene function. Using antisense RNA as a tool
in this way is an exciting prospect for many

molecular biologists.
Main two applications of gene silencing

1 Antisense therapy for cancer:-

The first “antisense” drug to be tested in
chronic lymphocytic leukemia (CLL) shows
benefit in a phase 3 clinical trial for a specific
subset of patients — those who are still
sensitive to a chemotherapy drug often used to
treat this cancer. CLL, a cancer of the blood
and bone marrow, is the second most common
type of leukemia in adults. More than 15,000
new cases of the disease will be diagnosed this
year, according to American cancer society,
and about 4,500 people will die from the
cancer. Fludarabine is a newer chemotherapy
drug that is now being used as first treatment
for many patients, according to O’Brien.

Oblimersen is an experimental agent that
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inhibits the production of a protein known as
Bcl-2 in cancer cells. This protein can stop a
cell from destroying itself, and is often over
expressed in cancer. As an antisense drug,
oblimersen provides a complementary genetic
strand to the messenger RNA that produces
Bcl-2,
protein from being produced. “It gets rid of

inactivating it and preventing the

Bcl-2, and cells that have less Bcl-2 are more
sensitive to chemotherapy,” O’Brien says.

2 Antisense therapies for AIDS

Attempts are also being made to

prevent HIV infection through antisense
therapy. The target cells for HIV infection are
genetically engineered to contain a gene that
can express a complimentary copy of HIV
genome. This gene produces antisense RNA.
When the cells containing antisense RNA are
infected by HIV, it binds to viral RNA
forming a double stranded RNA-RNA hybrid
molecule. This double stranded molecule
cannot be use by the enzyme reverse
transcriptase. Consequently, a DNA copy of
the HIV genome cannot be made an
incorporated into the genome.

3 The Flavr Savr tomato

Antisense RNA methods have also been used
for commercial food production. You may
have heard of the Flavr Savr tomato. This
tomato was developed by Calgene Inc. of

Davis, California in 1991 and was approved
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by the U.S. FDA in 1994. The tomato was the
first whole food created by biotechnology that
was evaluated by the FDA. One of the
problems associated with tomato farming is
that the fruit must be picked while still green
in order to be shipped to market without being
crushed. The enzyme that causes softening in
tomatoes is polygalacturonase (PG). This
enzyme breaks down pectin as the tomato
ripens, leading to a softer fruit. Calgene
suppressed the expression of the gene
encoding PG by introducing a gene encoding
the antisense strand of the mRNA. When the
introduced gene was expressed, the antisense
strand bound to the PG mRNA, suppressing
the translation of the enzyme. The Flavr Savr
tomatoes therefore had low PG levels and
remained firmer when ripe. This meant the
Flavr Savr tomatoes can ripen on the vine and
then be shipped to market. Although the Flavr
Savr tomatoes were approved for sale in the
u.s,
wariness stopped the production of this fruit in
1997.

4 Therapeutic potential of RNA interference

production problems and consumer

in pain medicine

Chronic pain is a major public health problem,
and there is an unmet demand for new
therapeutics. However, many well-validated
molecular targets are not modified by drugs.

SIRNA has the potential to become the next
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major class of therapeutic drugs, because of its

potency and selectivity equally to all
This

technology will shortly be within the reach of

molecular targets. exciting  new

clinicians, and the number of possible
applications, including

the treatment of acute and chronic pain
syndromes is rapidly growing. Some clinical
trials using RNA. to treat human diseases have
begun, and biotechnology companies that
focus on RNAI-based therapeutics are already
publicly traded . We expect to see an RNAI-
based trial for the treatment of chronic pain in

a near future.
Other applications

Presently (early 2009) clinical trials are
underway for using siRNA molecules in the
treatment of

e AIDS (targeting an exonused by the HIV
envelope protein);

hepatitis (targeting four different sequences
in the viral genome);

some cancers (targeting a gene needed for
DNA synthesis), and other ailments

of

mutations caused by transposons moving

They protect against the danger

around in the genome
Limitations

1. Problems with Antisense technology

2. May recognized as foreign invader
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3. susceptibility to nuclease enzyme
4. Non target specific
5. Side effects (increase blood pressure)

Disadvantages with Antisense technology

1. Expensive and needed in large doses.

2. Second generation antisense molecules
(synthetic oligonucleotide) have sometimes
aptamers effects and may cause toxic side

effects.
Limitation of RNAI

1. Not every sequence works, most researches
get a success rate of about one in three.

2. Although the effects are generally thought
to be highly sequence specific, some
question marks remains as to whether or
not some of the effects seen are “off
target”.

3. Sometime activation of interferon system
occur in the host organism.

4. 1t may possible that degradation of closely

related, but non-identical, mMRNAs.
Conclusion

Only a few years after discovery of RNAI,
siRNA and miRNA have become invaluable
tool for research in the field of functional
genomics and target validation and in studying
loss of function phenotype, including loss of
pain phenotypes. There have been many
concerns that have limited the enthusiasm for

the development of Antisense oligonucleotide
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as therapeutic agents. The recent advances in
antisense technology have made this approach
to the treatment of human disease a reality.
RNAI helps in gene function establishment
and its regulation.
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he word "Nano" was derived from

the Greek word Dwarf which means

T

It can be defined as the science and

"a billionth" or a billionth of a meter.

engineering involved in the design, synthesis,
characterization and application of materials
and devices whose smallest functional
organization ranging between 1-100 nm in at
least one dimension. Nanoscale materials
have unique physicochemical properties
including ultra small size, large surface to
mass ratio, high reactivity and unique
interactions with biological systems.
Nanotechnology has the potential to
revolutionize veterinary medicine, animal
health and other areas of animal production.
In the twenty first century, nanotechnology
may offer a vast number of breakthroughs that
will advance the practice of clinical veterinary
The

pharmacological

medicine. creation of new

compounds and novel
treatment protocols are going to have a huge
impact on the health and quality of life in
animals.

In this review, we discuss the
application of nanotechnology in veterinary

medicine and animal health, especially in the

124

field of nanoparticle drug delivery and

diagnosis.
I. DRUG DELIVERY

Over the last few decades, the applications of
nanotechnology in medicine have been
extensively explored in many medical areas,
especially in drug delivery. Many advantages
of nanoparticle-based drug delivery have
been recognized. It improves the solubility of
poorly water-soluble drugs, prolongs the half-
life of drug by reducing immunogenicity,
releases drugs at a sustained rate or in an
environmentally responsive manner and thus
lowers the frequency of administration,
delivers drugs in a target manner to minimize
systemic side effects, and delivers two or
more drugs simultaneously for combination
therapy to generate a synergistic effect and
suppress drug resistance. As a result, a few
pioneering nanoparticle-based therapeutic
products have been introduced into the
pharmaceutical market and numerous ensuing
products are currently under clinical testing or
are entering the pipeline.

A few types

including polymeric nanoparticles, solid lipid

of nanoparticles

nanoparticles and dendrimers have been

widely investigated as drug delivery
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platforms, of which several products have
been introduced into pharmaceutical market.
a. Polymeric Nanoparticles

Biocompatible and biodegradable polymers
have been used extensively for controlled
drug release. Polymeric nanoparticles
possess several unique characteristics for
drug delivery. Firstly, polymeric
nanoparticles are structurally stable and can
be synthesized with a sharper size
distribution. Secondly, particle properties
such as size, zeta potential and drug release
profiles can be precisely tuned by selecting
different polymer lengths, surfactants, and
solvents the

the

organic
Thirdly,

nanoparticles typically contains functional

during synthesis.

surface  of  polymeric
groups that can be chemically modified with
either drug moieties or targeting ligands. It
has been found that lectin-conjugated
polymeric nanoparticles bind specifically to
carbohydrate receptors on cell walls of H.
pylori and release antimicrobial agents into
the bacteria.

b. Solid Lipid Nanoparticles

Solid Lipid Nanoparticles (SLNs) are made
from solid lipid or lipid blends. It is similar to
an oil-in-water emulsion where the liquid
lipid (oil) of emulsion has been replaced by
solid lipid in SLNs. SLNs are solid colloidal
particles ranging from 50 to 1000 nm in which
the active principles (drug or biologically

active material) are dissolved, entrapped,

Py
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and/or to which the active principle is
adsorbed or attached.
Solid lipids are used in the SLNs

formulations

include fatty, partial
glycerides and
waxes. Surfactants
are used as

emulsifiers to

stabilize lipid dispersion. The lipids and the
surfactants used for the preparation of SLNs
are biocompatible and chosen based on FDA
approval status; hence, these drug delivery
systems typically exhibit very low toxicity.
SLNs are safe because the preparation method
do not rely on the use of organic solvents.
SLNs can be prepared using simple, scalable
production methods. SLNs particularly those
in the range of 120-200 nm are not taken up
readily by the cells present in the RES
(Reticulo Endothelial

bypass liver and spleen filtration. SLNs are

System) and thus

favoured the controlled and targeted release
of the incorporated drug. Enhanced drug

stability and bioavailability, better control

kinetics of

over release encapsulated

Water

compound, the feasibility of incorporating

N’




IndianFarmer, 1(2):124-129; July-2014

both hydrophilic and hydrophobic drugs,

feasible large scale production and
sterilization and chemical protection of labile
incorporated compound are some other
important advantages of SLNs.

The important disadvantages of SLNs
are poor drug loading capacity, drug
expulsion during storage, relatively high
water content of the dispersions (70-99.9%)
and low capacity to load water soluble drugs
due to partitioning effects during the
production process.

c¢. Nanostructured Lipid Carriers (NLCs)
The modifications of SLNs, the so-called
nanostructured lipid carriers (NLCs), have
been introduced and it is called second
generation of lipid nanoparticles. NLCs were
introduced to overcome the potential
difficulties with SLNs. The goal to develop
NLCs was to increase the drug loading and to
prevent drug expulsion.

The mixing solid lipids with small
amounts of liquid lipids (oils) results in less-
ordered lipid matrix with many imperfections,
which can accommodate a higher amount of
drug. Because of their
NLCs

application in topical drug delivery, oral and

properties and

advantages, may find extensive

parenteral
administration of
cosmetic and

pharmaceutical

actives.
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d.Dendrimers
Dendrimers are defined as highly ordered and
regularly branched globular macromolecules
produced by stepwise iterative approaches.
The structure of dendrimers consists of three
distinct architectural regions: a focal moiety
or a core, layers of branched repeat units
emerging from the core, and functional end
groups on the outer layer of repeat units.
Dendrimers possess several unique
properties that make them a good nanoparticle
platform for drug delivery. The highly-

branched nature of dendrimers provides

enormous surface area to size ratio and allows
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microorganisms in vivo. In addition, both
hydrophobic and hydrophilic agents can be
loaded into dendrimers.

I.LDIAGNOSTIC TOOLS

Nanotechnology can be utilized as faster and
more precise diagnostic tools in veterinary

medicine. For diagnostic applications,

nanoparticles allow detection on the

molecular scale: they help identify

abnormalities such as fragments of viruses,

precancerous cells, and disease markers that

N’
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cannot be detected with traditional

diagnostics.  Nanoparticle-based imaging
contrast agents have also been shown to
improve the sensitivity and specificity of
magnetic resonance imaging.

Quantum dot particles

Quantum dot particles are tiny crystals which
are a ten-millionth of an inch in size. These
are nano-scale crystalline structures made
from a variety of different compounds, such
as cadmium selenide. Quantum dots absorb
white light and then re-emit it a couple of
nanoseconds later at a specific wavelength.
These structures offer new capabilities for
multicolour optical coding in gene expression
studies, high throughput screening, and in
vivo imaging. Today quantum dots are
considered an important advancement in
understanding of how genes work. These
particles will be instrumental in allowing
researchers to monitor reactions of cells to

certain drugs or viruses.
IHL.THERANOSTICS NANOPARTICLS

Integration of therapeutic compounds into
nanoparticles with diagnostic agents refers to
the theranostic nanoparticles (imaging and

therapy). The carbon nanomaterials are used

Kumar et al

advantageous are diagnosis and treatment of a
disease can be performed in a single setting
using combinational strategies of targeting,
imaging, and/or therapy.

Carbon Nanomaterials

Carbon nanomaterials, including fullerenes,
graphene, carbon nanotubes (CNTSs), carbon
nanoparticles or carbon dots (Cdots) and
nano-diamonds (NDs) are increasingly being
used in biomedical applications owing to
these materials’

unique, Size-dependent

functions and physicochemical properties.

Fullerenes are
composed entirely of

carbon in the form of

a hollow sphere,

ellipsoid, or tube.

Spherical fullerenes are also referred to as
buckyballs. Fullerenes belong to the class of
inorganic nanoparticles and show high
bioavailability due to their small size (~1 nm).
Owing to their small size, fullerenes can
penetrate various tissues and organelles.
Fullerenes may act as drug- and gene-delivery
carriers. Furthermore, because fullerenes are
strong anti-oxidants, they have been used as
and

neuroprotective anti-inflammatory
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Graphene exhibits unique 2-D structure and
exceptional physical and chemical properties
that lead to many potential applications.
Graphene with all carbon atoms exposed on
their surfaces, exhibit ultra-high surface area
available for efficient drug loading and
bioconjugation. Graphene has widespread
biomedical applications, ranging from
drug/gene delivery, biological sensing and
imaging, to biocompatible scaffold for cell
culture

Currently, more than, 20 nanoparticle
therapeutics are in clinical use, validating the
ability of nanoparticles to improve the
therapeutic index of drugs. In addition to the
already approved nanoparticles, numerous
other nanoparticle platforms are currently
under various stages of preclinical and
clinical development. With continued
research and  development  efforts,
nanotechnology is expected to have a
tremendous impact on medicine for decades

to come.
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