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ABSTRACT
The major goal of this review is to assess food risks of the introduction of genetically
modified (GM) crops. The author analyzes the properties of the several classes of target proteins
used in the transgenic constructions and discusses the problems that arise due to the lethal action of
GM crops, the horizontal transfer of the transgenic constructions, in other traditional organisms, and
their instability. Particular consideration is given to elevated risks of using the GM plant varieties on
human health and various environmental risks associated with their introduction in field conditions.
The authors emphasizes the requirement for assessing in detail all hypothetic risks in each particular
case of cultivating GM varieties; as a control, such assessment must involve a comprehensive
comparison with the conventional parental forms. A detail studies are required to assess the potential
environmental risks of GM crops even though the technology promises many benefits. Further we
need more and precise testing methods before making GM foods available for human consumption.
KEY WORDS: GM plants, Bt gene, Gene flow, Environmental risk.

INTRODUCTION
GM plants are widely grown all over the world, but
many constraints still tend to discourage their
commercial use in the field condition (Saleh-Lakha and
Glick, 2005). Potential risks suggested to be associated
with the use of GM are unexpected gene effects, allergenic
potential, antibiotic resistance, gene flow. GM feed safety
is presently evaluated by adopting the concept of GM
substantial equivalence, by comparison with non-GM
isogenic crops. Comparison is based on a wide spectrum
of chemical components and on livestock performance.
From the available experimental data, currently utilized
GM plants appear safe and show no effects on animals or
animal products. Hence, although they potentially exist,
safety risks caused by the use of GM plants appear to be
so low as be negligible in comparison with their potential
benefits, if appropriately designed. GM plants represent
a valuable option for future breeding, to increase yield
while reducing the use of pesticides, improve plant
adaptation to unfavourable environments, and produce
better quality crops, also from a nutritional point of view.
Nonetheless, GM crops are novel foods and the assessment
of their safety using a scientific sound approach seems
essential to protect the environment, as well as the health
of humans and livestock.
According to the information reported by the WHO, the
GM products that are currently on the international

market have all passed risk assessments conducted by
national authorities. These assessments have not
indicated any risk to human health. In spite of this clear
statement, it is quite amazing to note that the review
articles published in international scientific journals
during the current decade did not find, or the number
was particularly small, references concerning human
and animal toxicological/health risks studies on GM
foods. In this paper, the scientific information concerning
the potential toxicity of GM/transgenic plants using the
Medline database is reviewed. Studies about the safety
of the potential use of potatoes, corn, soybeans, rice,
cucumber, tomatoes, sweet pepper, peas, and canola
plants for food and feed were included. The number of
references was surprisingly limited. Moreover, most
published studies were not performed by the
biotechnology companies that produce these products.
This review can be concluded raising the following
question: where is the scientific evidence showing that
GM plants/food are toxicologically safe?
STATUS OF DEVELOPMENT OF GM FOOD CROPS
IN INDIA AND ABROAD
Fourteen food crops have been approved for contained
limited field trials in India are mentioned in Table 1. The
trials are being conducted by both public and private
sector institutions and the target traits include insect
resistance, herbicide tolerance, viral and fungal disease
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Rishikesh 249201 (Dehradun), Uttarankhand

resistance and stress tolerance. Worldwide growing of
various GM crops cultivation is:
GM foods abroad:
1. US : Corn, Soyabean and Sugar beet.
2. Canada: Corn and Sugar beet.
3. China: Rice, Soyabean and Potato.
GM foods in India:
1. Bt Cotton
2. Bt Brinjal (Controversial).
GM foods under development in India.
1. Transgenic Rice
2. Transgenic Tomato
MAKING A GENITICALLY MODIFIED (GM) PLANTS
GM plants can be defined as organisms in which the
genetic material (DNA) has been altered in a way that
does not occur naturally. The technology is often called
“modern biotechnology” or “gene technology,”
sometimes also “recombinant DNA technology” or
“genetic engineering.” It allows selected individual genes
to be transferred from one organism into another, also
between non-related species. Such methods are used to
create GM plants which are then used to grow GM food
crops.
As it turns out, nature has its own biotechnologist called
Agrobacterium tumefaciens which induces the growth of
tumours on woody plants. These tumours are engineered
by A. tumefaciens to produce a special food for the bacteria
(opines) that plants normally cannot make. These
tumours arise from a unique bacterial transformation
mechanism involving the Ti-plasmid which coordinates
the random insertion of a subset of its DNA (t-DNA)
containing opine synthase genes into a plant
chromosome. By replacing portions of the t-DNA
sequence with genes of interest (such as Cry), researchers
have been able to harness this transformational
mechanism and confer new traits to many flowering

Figure 1. An insect eating the cotton leaf.
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Figure 2. General schematic diagram showing genetically modified (GM) crop production.
plants including grasses such as corn7 and rice. Crytransformed corn varieties, called ‘Bt corn’, produce
sufficient levels of Cry proteins to provide an effective
measure of resistance against ECB and are now widely
grown in North America. A general schematic diagram
showing genetically modified (GM) crop production has
been presented in Figure 1.
GM CROPS (BT CROPS) AND PEST RESISTANCE
Bt corn, a GM crop, has been both the poster-child and
thorn-in-the-side of the plant biotechnology industry
from the late 1990’s to present. There are several versions
of this transgenic crop that each have a gene from an
insect pathogen, Bacillus thuringiensis (Bt), which encodes
a protein toxic to the European corn borer (ECB), an
insect pest that eats and destroys corn stems (Figure 2).
Bt corn has proven effective in reducing crop damage
due to ECB, yet public opposition to Bt corn has escalated

amid fears of human health and environmental risks
associated with the production and consumption of Bt
corn.
HISTORY OF BT
Bt corn draws its humble origins from France, where in
1938 Bacillus thuringiensis bacteria was grown in large
quantities and sprayed on corn crops to prevent ECB
damage. Artificial selection of Bt strains has led to the
successful targeting of many insect pests. Because no
toxic effects of Bt on humans have been detected in its
seventy years of use, it is now considered an acceptable
pest control measure for the organic food industry. To
this day, Bt is an important part of many integrated
pest management strategies. The success of the Bt spray
has been limited because the bacteria cannot survive
for very long on the plant’s surface. Bt is particularly
ineffective at controlling ECB because these insect live
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Figure 3. Genetically modified (GM) corn after the
insertion of a gene from the Bacillus thuringiensis, corn
becomes resistant to pest and kills the pest.
most of their larval life inside the corn stem, not on the
surface: sprays are only effective when the insects are
starting its journey into the stem. Thus, a means of
penetrating corn tissue with Bt is required to offer longterm anti-feeding measures against tunneling insects
such as ECB. Some facts about Bt and Bt-toxin are:
 Bacillus thuringiensis (Bt) – common soil borne
bacterium.
 Produces proteins (“crystal proteins”, Cry) that
selectively kill certain groups of insects.
 Stomach toxins, must be ingested to kill.
 Protein binds to receptors in intestines and
insect stops eating.
 Used in granular or liquid form > 30 years as a
pesticide.
 Many (> 60) different Cry proteins and effective
against different insects.
BT GENE AND MECHANISM OF BT TOXICITY
Researchers investigated how this bacterium kills
particular insects and discovered that Bt has two classes
of toxins; cytolysins (Cyt) and crystal delta-endotoxins
(Cry). While Cyt proteins are toxic towards the insect
orders Coleoptera (beetles) and Diptera (flies), Cry
proteins selectively target Lepidopterans (moths and
butterflies). As a toxic mechanism, Cry proteins bind to
specific receptors on the membranes of mid-gut
(epithelial) cells resulting in rupture of those cells. If a
Cry protein cannot find a specific receptor on the
epithelial cell to which it can bind, then the Cry protein
is not toxic. Bt strains will have different complements
of Cyt and Cry proteins, thus defining their host ranges.
The genes encoding many Cry proteins have been
identified providing biotechnologists with the genetic
building blocks to create GM crops that express a
particular Cry protein in corn that is toxic to a particular
pest such as ECB yet potential safe for human
consumption.
INTRODUCTION OF BACILLUS THURINGIENSISGM BT CROPS
Bt corn, Bt cotton, and Bt potatoes etc. are GE plants that

incorporate Bt, a natural toxin from the bacterium
Bacillus thuringiensis that is deadly to many pest species
but has low toxicity for most benign organisms,
beneficial predators, and humans. The main idea behind
GE Bt crops is that they eliminate the need for
conventional farmers those who have traditionally used
chemical pesticides—to apply insecticides to their crops,
which is better for the environment and cheaper for the
farmer. But Bt is not a new approach dreamed up in the
bowels of one the agribusiness corporations. Bt spray
has been used for decades for pest control and has been
a particularly important tool for organic farmers, who
aren’t allowed to use the highly toxic arsenal of chemical
pesticides used by “conventional farmers.” What’s new
is that the genetic engineers have figured out how to
embed the genetic characteristics of the Bt toxin directly
into some plants primarily corn, cotton, and potatoes
so that they become naturally resistant to pests.
In the past, Bt has been applied topically to plants to
control pests, but as with any other pesticide, rain
eventually washes it off and the Bt spray must be applied
again, running up the farmer’s costs and labor. Since the
Bt corn and cotton have the Bt toxin embedded as part
of the genetically engineered plant’s cells, the wash-off
problem is eliminated.
THE PROBLEMS WITH GM CROPS
All that sounds good in theory, but there is a big problem
with Bt crops. Prior use of Bt by farmers has always been
on an as-needed basis and in combination with other
insect control techniques. This intermittent use has
prevented insects from developing resistance to Bt. With
Bt corn and cotton, the insects are constantly exposed,
A.

Insect eats Bt crystals and
spores.
B. The toxin binds to specific
receptors in the gut and the
insects stops eating.
C. The crystals cause the gut wall
to break down, allowing
spores and normal gut bacteria
to enter the body.
D . The insect dies as spores and
gut bacteria proliferate in the
body.
Bt action is very specific. Different
strains of Bt are specific to different
receptors in insect gut wall. Bt
toxicity depends on recognizing
receptors, damage to the gut by the
toxin occurs upon binding to a receptor. Each insect species
possesses different types of receptors that will match only
certain toxin proteins, like a lock to a key.
It is because of this that farmers have to be careful to match
the target pest species with a particular Bt toxin protein which
is specific for that insect. This also helps the beneficial insects
because they will usually not be harmed by that particular
strain of Bt.
Figure 4. Steps involved how the insect eat the Genetically
modified (GM) crop after the insertion of a gene from the Bacillus
thuringiensis, and get killed.
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and it is thus inevitable that insect will develop resistance
to Bt. (Resistance is not a phenomenon specific to Bt insects
develop resistance to regularly applied chemical
pesticides, too.
There are a couple of aspects to the development of
resistance in genetically engineered Bt crops. First, the
obvious way: Insects eating Bt crops are constantly being
exposed to the pesticide and, over time, subsequent
generations of the insects will eventually become
resistant. But there is another factor: Because crops grow
unevenly in nature’s differing conditions and because
expression of the Bt gene is not uniform throughout the
plant, some pests will get a “sub-lethal dose” of Bt toxin,
which will facilitate the development of resistance in
the same way that pathogenic bacteria become resistant
when a patient fails to complete the full course of an
antibiotic.
BENEFITS OF GE CROPS
With the rapid growth in the global population making
it increasingly difficult to provide sufficient amounts of
food (Saleh-Lakha and Glick, 2005), one potential solution
is the use of GE crops, which might support starving

populations through increased crop yield. However, the
launch of GM foodstuffs has been impeded, in particular,
by the reluctance of different regional jurisdictions to
permit the application of GM plants (Moloney and
Peacock, 2005). The various other possible benefits of
GM crops over the traditional crops may be as
followings:
 No use of pesticides.
 Better to insect/pest resistance.
 Can be grown in stress environments.
 Drought resistance.
 Germinated earlier.
 More test and flavour.
 No repetition of undesirable and useless
nutrients.
 Herbicide resistance (Round-up Ready).
 Increased nutrient value (Golden Rice).
 Produce drugs (Vaccines).
 Alter properties of crop (polyester cotton).
HUMAN HEALTH AND ENVIRONMEN-TAL RISKS

Table 1: GM crops under development and field trials in India.
GM Crop
Brinjal

Institute/Organization
IARI, New Delhi
MAHYCO, Mumbai
MAHYCO, Mumbai
Sungrow Seeds Ltd., New Delhi
MAHYCO, Mumbai
NCPGR
MAHYCO, Mumbai
Sungrow Seeds Ltd., New Delhi
ICRISAT, Hyderabad
ICRISAT, Hyderabad
Monsanto, Mumbai

Gene used
cry1Ab
cry1Ac
cry1Ac
cry1Ac
cry1Ac
OXDC
cry1Ac
cry1Ac
cry1Ac, cry1Ab
IPCVcp, IPCV replicase
CP4 EPSPS

Mustard

IARI, New Delhi
NRCWS, Jabalpur
TERI, New Delhi
UDSC, New Delhi

CodA, osmotin bar, barnase,
barstar Ssu-maize Psy, Ssu-tpCrtI
bar, barnase, barstar

Okra

MAHYCO, Mumbai

cry1Ac

Pigeonpea

ICRISAT, Hyderabad
MAHYCO, Mumbai
CPRI, Simla

cry1Ab + SBTI
cry1Ac
cry1Ab

NCPGR, New Delhi

Ama-1

Cauliflower
Tomato
Sorghum
Cabbage
Chickpea
Groundnut
Maize

Potato
Rice

5

Directorate of Rice Research,
Hyderabad
Osmania University, Hyderabad
IARI, New Delhi
MAHYCO, Mumbai
MKU, Madurai
MSSRF, Chennai
TNAU, Coimbatore
Source: Department of Biotechnology, Government of India

Bacterial blight resistant, Xa-21,
cry1Ab, gna gene, sheath blight
resistant gna Bt, chitinase, cry1Ac
and cry1Bcry1Aa
cry1Ac chitinase, B-1,3-glucanase,
osmotin genes from mangrove
species chitinase
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The promise of this technology has been largely
overshadowed by concerns about the unintended effects
of Bt corn on human health and the environment. Cry
protein toxicity, allergenicity, and lateral transfer of
antibiotic-resistance marker genes to the microflora of
our digestive system threaten to compromise human
health (Pusztai and Bardocz, 2005). Despite these
alarming possibilities, the risks to human health appear
small based upon what is known about the bacterial
endotoxin, its specificity, and confidence in the processes
of plant transformation and screening. The task of
determining the levels of such risks, however, are
immense. Human diets are complex and variable. How
can we trace the acute or chronic effects of eating GM
ingredients when they are mixed in with many other
foods that may also present their own health hazards?
It is even more complicated to determine the indirect
risk of eating meat from animals raised on transgenic
crops. These tests take time, and the results of clinical
trials are not always clear-cut. It will likely take decades
before we can know with any certainty if Bt corn is as
safe for human consumption as its non-GM alternatives.
We currently know very little about the actual ecological
risks posed by Bt corn. Bt corn may be toxic to nontarget organisms, transgenic genes may escape to related
corn species, and ECB and other pests may become
resistant to Cry proteins. The alleged effect of Bt corn
pollen on Monarch butterfly larvae has rocketed to the
front pages of major newspapers around the world.
Some research has shown that Monarch butterfly larvae
fed their normal diet of milkweed leaves suffer a
significant decline in fitness when those leaves are dusted
with Bt corn pollen. The methodology of this experiment,
however, has been harshly criticized by members of the
scientific community.
The threat of Cry gene escape into wild populations has
been substantiated by the discovery that artificial DNA
from transgenic corn has been detected in traditional
corn varieties in remote areas of Mexico. While few
contest that such transgenes are present in the local corn
races of Mexico, there is still no evidence to suggest that
these genetic constructs are “escaping” to become
established in local corn races. We are limited to an
educated guess as to the likelihood and speed of such
genetic pollution.
MAJOR ECOLOGICAL RISKS ASSOCIATED WITH
GM CROP
Conventional breeding allows mixing and
recombination of genetic material between species that
share a recent evolutionary history. On the other hand,
genetic engineering is an imprecise, haphazard
technology and is completely different from traditional
plant breeding. With alarming regularity, biotechnology
companies have demonstrated that scientists cannot
control where genes are inserted and cannot guarantee
the resulting outcomes. Unexpected field results

highlight the unpredictability of the science, yet
combinations previously unimaginable are being field
tested and used commercially.
The nature of the process of genetic engineering produces
unpredictable effects at the genetic and cellular level,
which will inevitably have impacts at the ecological
level. The followings are some major ecological concerns
related to the introduction of GM crop in field conditions.
 Potential health hazards: Several studies on Bt crops
in particular and GM crops in general show that
there are many potential health hazards in foods
bio-engineered in this manner. GM-fed animals in
various studies have shown that there are problems
with growth, organ development and damage,
immune responsiveness and so on. It has also been
shown from studies elsewhere that genes inserted
into GM food survive digestive processes and are
transferred into the human body.They are known
to have transferred themselves into intestinal
bacteria too. Bt toxin had caused powerful immune
responses and abnormal cell growth in mice.It has
also been shown that all the Cry proteins in Bt crops
have amino acid sequence similar to known allergens
and are hence potential allergens.
 Origin of super weeds: Research suggests that bees
may be important pollen vectors over a range of
distances and farm-to-farm spread of oilseed rape
transgenes will be widespread. Pollen can also travel
for miles in the wind and integrate its DNA into the
genome of conventional plants. Genes from GE crops
can spread to wild plants and native species,
resulting in herbicide resistant superweeds. The
traditional weed then becomes a stronger
“superweed.” This outcrossing has started to
produce superweeds that are resistant to a wide
range of herbicides.
 Loss of biodiversity: With development of
transgenic crops, traditional varieties may be
eliminated as farmers will grow only GM crops to
obtain the highest yields for commercial production.
Bt (Bacillus thuringiensis) toxins are becoming
ubiquitous, highly bioactive substances in
agroecosystems. Bt crops are pumping out huge
amounts of toxin from all tissues throughout the
growing season, from germination to senescence.
Most non-target herbivore insects, although not
lethally affected, ingest plant tissue containing Bt
protein which they can pass on to their natural
enemies. The spread of transgenes into the wild and
the effect this will have on biodiversity may be
especially severe in less developed countries where
native varieties of agricultural crops exist.
 Loss of soil fertility: Many crops are engineered with
the Bt toxin in order to resist infestation from insects.
Yet root exudates from these plants release the toxin
into the soil. This stimulates major changes in soil
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biota that could affect nutrient cycling processes and
reduce soil fertility. Scientific studies have shown
that Roundup Ready soybeans are toxic to
earthworms, beneficial insects, birds and mammals
(in addition to destroying the vegetation on which
they depend for food and shelter). A study of
University of Missouri revealed that Roundup
Ready soybeans receiving glyphosate at
recommended rates had significantly higher
incidence of Fusarium on roots compared with
soybeans that did not receive glyphosate.
 Effects on non-target insects: The Bt toxin has been
shown to be lethal to non-target organisms such as
Monarch butterflies, lacewings and ladybird beetles.
The issue is broader than whether Bt toxin produced
by genetically modified crops imperils beneficial
insects. The real issue is that a strategy to establish
expression of an insecticidal compound in largescale crop monocultures and thus expose a
homogeneous sub-ecosystem continuously to the
toxin can cause irreparable damage to natural
habitats forever
 Sustainable agriculture and organic farming
threatened: The entire future of organic farming is
being threatened because pollen transfers by insects
and the wind from GE crops to organic farms. Cross
pollination can move transgenes into the crops so
that, against their intentions, farmers are growing
GE crops. Bt microbes are applied by organic
farmers as a surface agent (when one is absolutely
necessary) and will become ineffective as an
important biological insect control tool. Transgenes
may cause significant damage to that genetic
diversity, and commercialization of a few varieties
of patented seeds will also erode this vital heritage.
“Terminator” systems designed to protect seed
companies’ profits by ensuring that farmers can’t
save seed (the succeeding crop will be sterile) are a
further step away from sustainable agricultural
practices and respect for the diversity of our
agricultural heritage.
 GM crops provoke immune reactions: Research
showed significant immune system changes in
mammals fed Bt corn. GM soy and corn each contain
two new proteins with allergenic properties (Irina,
2006). GM soy has up to seven times more trypsin
inhibitor-a known soy allergen and skin prick tests
show some people react to GM, but not to non-GM
soy. Perhaps the US epidemic of food allergies and
asthma is a casualty of genetic manipulation.
GM CROPS AND CONTROVERCIES
In the past few weeks, genetically modified crops have
again been at the forefront of controversy involving
contamination of rice and grass varieties.
Environmentalists, politicians, and scientists have long
feared that the introduction of genetically modified seeds
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and plants could cause detrimental effects from “genetic
pollution,” which occurs when an engineered gene enters
another species of crop or wild plant through crosspollination (Smith, 2007). Plant ecologists, entomologists,
and population geneticists have approached the GM
crop technology and its vast application with caution
based with following controversies:
 Safety
¾ Potential human health impacts, including
allergens, transfer of antibiotic resistance
markers, unknown effects.
¾ Potential environmental impacts, including:
unintended transfer of transgenes through
cross-pollination, unknown effects on other
organisms (e.g., soil microbes) and loss of flora
and fauna biodiversity.
 Access and Intellectual Property
¾

Domination of world food production by a few
companies.
¾ Increasing dependence on industrialized nations
by developing countries.
¾ Biopiracy, or foreign exploitation of natural
resources.
 Ethics
¾ Violation of natural organisms’ intrinsic values
¾ Tampering with nature by mixing genes among
species.
¾ Objections to consuming animal genes in plants
and vice versa.
¾ Stress for animal.
 Labeling
¾ Not mandatory in some countries (e.g., United
States.
¾ Mixing GM crops with non-GM products
confounds labeling attempts.
 Society
¾ New advances may be skewed to interests of
rich countries.
GENETICALLY MODIFIED CROPS IN INDIA: THE
BT BRINJAL CONTROVERSY
This case discusses the introduction of Bt Brinjal in India
in the backdrop of the controversy surrounding
genetically modified (GM) crops in India. Monsanto
Holdings P Ltd, a US based multinational agricultural
biotechnology corporation that promoted GM crops in
India through Mahyco-Monsanto Biotech (a 50:50 joint
venture between Monsanto and Maharashtra Hybrid
Seeds Company) found itself in the center of this debate.
India, as a party to the Convention on Biodiversity and
having ratified the Cartagena Protocol (CP) is committed
to the safe handling of living modified organisms (LMOs)
or GMOs. CP provides a broad framework on bio-safety
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especially focusing on transboundary movements of
GMOs and also covers seeds that are meant for
intentional release into the environment, as well as those
GMOs that are intended for food, feed or used in food
processing.
Bt cotton was the first transgenic crop to be released in
India. After its introduction in the year 2002, there has
been a lot of controversy surrounding Bt cotton. Its
performance, impact on the environment, biodiversity
and health of cattle has been widely debated. With the
regulatory body for approving GM crops in India,
Genetic Engineering Approval Committee (GEAC),
announcing its approval for large scale field trials for Bt
Brinjal in September 2007, some analysts opined that Bt
Brinjal would have a significant economic impact on
farmers while some raised doubts on its safety and
environmental implications. The various issues related
to GM crops may be as:
 Analyze the business environment for GM crops
in India
 Study the regulatory environment pertaining
to GM crops in India.
 Understand the bio-safety protocol and its
necessity and relevance to developing countries
like India.
 Understand bio-safety governance in India: its
accuracy and lacunae.
 Discuss the role of activists and researchers in
influencing policies.
STEPS FOR ANALYSIS OF ENVIRON MENTAL RISK
ASSESSMENT OF GMOs
National Environmental Research Institute (NERI) has
carried out research and ad-visory tasks concerning
environmental risk assessment of genetically modified
organisms (GMOs), including plants and microorganisms for deliberate release and for contained
industrial use. The research includes po-pulation
dynamics, gene transfer, food chain effects and possible consequences for non-target organisms in agricultural
as well as non-agricultural ecosystems. Ecological
modelling is an integrated part of the research.
The six steps in the analysis of environmental risk
assessment of genetically modified organisms as outlined
by the guidance notes on the deliberate release into the
environment of genetically modified organisms may be
as:
1. Identification of characteristics which may
cause adverse effects.
2. Evaluation of the potential consequences of each
adverse effect, if it occurs.
3. Evaluation of the likelihood of the occurrence of
each identified potential adverse effect.
4. Estimation of the risk posed by each identified

characteristics of the GMOs.
5. Application of management strategies for risks
from the deliberate release or marketing of
GMOs.
6. Determination of the overall risk of the GMOs.
CONCLUSIONS
In broad terms, the dynamic diffusion models indicate
that future growth of Bt crops will be slow or even
become negative, depending mainly on the infestation
levels of Bt target pests. If the genes inserted in GE crops
do not function as intended, crop losses may result. GE
varieties have also demonstrated new susceptibility to
pests and diseases, for unknown reasons. A GE plant to
resist insects also has an impact upon pest populations,
since troublesome new pests that require heavy use of
insecticides can emerge as a result. With the regulatory
body for approving GM crops in India, Genetic
Engineering Approval Committee (GEAC), announcing
its approval for large scale field trials for Bt brinjal, some
analysts opined that Bt brinjal would have a significant
economic impact on farmers while some raised doubts
on its safety and environmental implications. GE crops
have repeatedly failed to perform as intended in the field
and have given rise to many ecological problems such
as genetic pollution, loss of biodiversity and sustainable
agriculture development etc. Further studies are needed
to assess the potential environmental risks of GM crops
even though the technology promises many benefits.
We need more and better testing methods before making
GM foods available for human consumption.
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ABSTRACT
The ward “nano” comes from a Greek word, í ?í ï ò, that means “dwarf”. The above ward
is usually mentioned as International System of Units (SI) to consider as a factor of 10-9. If “nano”
may consider as meter (m) then 1 nm (nanometer) = 10-9 meter. Anyhow , “nano” may considered
a “very small” particle. Moreover, it is very known factor that individual atoms are smaller than 1
nm (1 nanometer) in diameter . If we like to select 1nm material where 10 hydrogen atoms should
be present in the row. Naturally, a typical virus is about 100 nm in diameter and a bacterium is about
1000 nm in length( head to tail ) . This sophisticated nanoscale materials can observe through
Atomic Force Microscope and also by Scanning Tunneling Microscope. This atom scale structure
exhibits a tremendous functions in every sphere of life processes. The sophisticated phenomenon
of tiny small particles will be discussed in the following text.
KEY WORDS- Nanoparticles, Individual atoms, Hydrogen atoms, Nanoscale Materials, Atomic
Force Microscope , Scanning Tunneling, Microscope, Tremendous functions.

INTRODUCTION
In the present century “Nano Particle “ is very popular
term. Though nanoscale materials are magnetic
materials and can be applied in nanotechnology. In
nature, if we concentrate our ideas on living organisms
from bacteria to beetles where nanometer-shaped
protein can established the building block of their
architecture. This technology is a promising field of
research opens up in the present decade and is expected
to give major boost for innovations of new techniques
in a variety of industrial sectors in the future.
Naturally, it will be a unique phenomenon if the same is
illustrated in a broad spectrum. In the year 1959
Richard P. Feynman, Nobel Laureate Physicist,
proposed the importance of some strange particles, but
he is unable to say that these are nanoparticles. The term
nanotechnology was proposed by Norio Taniguchi of
Tokyo University in the year 1974. Later Eric Drexler in
the1980s, refers the term nanoparticles by introducing
his tiny devices and machines. This technology can
fabricate structures and also has the ability to maintain
the structural orientation of the particles. The book of
Taniguchi - “Engines of Creation : The coming era of
nanotechnology” in the year 1986 is a unique
contribution for the proper knowledge on nano-

bioapplication (Roy, 2009). As we know a nanometer(nm)
is one thousand millionth of a meter. A single human
hair is about 80,000 wide and thickness of the hair is
about 60,000 - 120,000 nanometers, a red blood cell is
approximately 7000 nm wide, a DNA molecule is
2-2.5nm and a water molecule is almost 0.3nm. The
nanometer is the unit of measurement (Goldman. 2005).
Nanoparticles should be restricted to 0.1 to 100
nanometers.The recent technology can produce as
smaller as particle called nanoparticle. The term
nanoparticle has been evolved from “Greek” Word
which means “dwarf”. The nanoparticles can produce
by means of chemical process, by electrical process and
also by means of engineering process. This engineering
is generally described as involving either a ‘top-down’
or a ‘bottom-up’ technique. Naturally, nanotechnology
is the process through
which
the design,
characterization, production and application of particle
structures, devices, systems by controlling shape and
size at nanometer scale. This technology may introduce
in a variety of field like space systems, medical diagnostic
equipments and drug delivery system (Moghimi et al.,
2005 ; Rawat, 2006 ). Thus the technology is applicable
to biochemistry, biotechnology, molecular biology,
chemistry, physics and also in all branches of life sciences
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(Liu ,2006 ). It also can apply in the field of energy storage,
production and conversion, agricultural productivity
enrichment. It is related with water treatment and
remediation, disease diagnosis and screening, food
processing and storage. This technology acts as
remediation of air pollution (Duebendorf, 2008 ).
Nanotechnology has the ability to vector and pest
detection and can control the host insect pest
attraction(Bhattacharyya et al., 2009 ) It is an important
phenomenon of molecular modeling tool. The area of
nanotechnology is as broad as the area of science itself.
This technology can range from an invisible sunscreen
or stain resistant clothing to more efficient cancer
treatments and the potential for repairing damaged
spinal cords. The element to nanotechnological system
is in nanometer. Nanoparticle compositions and
methods are disclosed for the sustained release of small
molecules to the particle tissues. The ideal nanoparticles
helps to prevent self-aggregation of the molecules, and
the consequent loss of effectiveness on the basis of their
functions.. The particle system employs layer-by-layer
self-assembly of biocompatible polyelectrolyte layers,
and layers of charged small molecules, as for example,
drug molecules, to form a multilayer nanoparticle. Thus
the small drug molecule itself acts as one of the
alternating charged molecules in the multilayer
assembly for execution its functions( Moghimi et al.,
2006). .
IMPORTANT PROPERTIES OF NANOPARTICLES :The most important thing is going to emerge from the
above study that a targeted nanoparticles should have
to develop the following essential properties, which are
as follows:a) Targeted nanoparticles posses high catalytic
activity.
b) It exhibits high mechanical property.
c) It can expose electrical conductivity.
d) Moreover, has the ability to show hardness and

strength of metals.
All above characteristics of small nanoparticles posses
a beauty for exposed its function on the tissue receptor
surface (Bhattacharyya, 2009).
BEHAVIOR OF NANOPARTICLES IN THE NATURE :Nano science is the younger science and their age is so
young. With this phenomena it exhibits a novel
behavior in the nature. Nanoparticles in the nature with
their important properties they can expose the
hydrogen storage systems based on carbon nanotubes.
Carbon nanotubes (0.l m) is required for solar cells
preparation. Quantum dots helps to prepare )
Photovoltaic cells and organic light-emitting devices.In
agricultural sector where nanoporous zeolites and
nanomembranes can purify agricultural ground water
and also fertilizer for proper penetration of these
components in plant host. Now a days soil quality ,
plant health , detection of contaminants and pathogens
of particular host can be monitored by nanosensors
and also by nanomagnets .Moreover, naencapsulation
helps in delivering herbicides to the sprcific plant host.
As we know water is essential to give strength of the
life process. Human civilization has been developed from
sea water. Recently, it has been observed that drinking
water quality is going to be change due to use of several
chemicals in the agricultural fields and also due to biocontaminants . Nanoparticles are being used to control
water pollution. Thus TiO 2 and other nanoparticles
helps in catalytic degradation of water pollutants. (
Bürgi and Pradeep, 2006; Maliyekkal, et al., 2009 ;
Pradeep, 2009 ) .
It is undoubtedly to considered today that
nanoparticle has the ability to take part in disease
diagnosis and screening, drug delivery systems, food
processing and storage, health monitoring like;
nanotubes and nanoparticles for glucose, CO(2), and
cholesterol sensors and for in-site monitoring of
homeostasis of the physiological system. Lastly it can
take part in vector and insect pest detection and also
take part in control insect–host interactions. It is also
important to propose that not all nano materials
exhibits novel execution in nature ( Maliyekkal , et al.,
2009 ).
APPLICATION OF NANOPARTICLES FROM
ELECTRONICS TO ENVIRONMENT.
Engineered nanomaterials may apply in different sector
like, electronic devise, information technology and
communications ( IT Sectors), packaging processes,
logistics phenomenon, food and agribased products,
automotive power processes, energy environment
monitoring system and maintenance mining systems
, mineral exploration and mineral processing being
saved by scientific instruments , defence sector ,
cosmetics industry , clothing system and to built ecofriendly environment. Moreover, recently - A * STAR
Institute of Microelectronics and the Institute of
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Materials Research has been develop one core-shell
structure which develops one silicon–germanium
core with a silicon outer layer to form the nanowire.
As we know that silicon combined with germanium
expose more charge carrier ability than only silicon
.Naturally, conjugated silica made nanowires helps to
manufacture transistor structures.( Jiang et al., 2009 ;
Kwong., 2010 ) Nanoscience has the potential to play an
enormous role in enhancing a range of products,
including sensors, photovoltaics and consumer
electronics. Scientists in this field have created a
multitude of nano scale materials, such as metal
nanocrystals, carbon nanotubes and semiconducting
nanowires..However, Jen Cha, a UC San Diego
nanoengineering professor, and her team of researchers,
have discovered recently one biomolecules, such as
Lithographically Confined DNA Origami, and proteins
( Hung et al., 2009 ). It is very known that Lithography
(ward derived from Greek ëßèïò - lithos, ‘stone’ + ãñÜöù
- graphï, ‘to write’) is a method fo r writing on
lithographic lime stone and that Lithographically
Confined DNA Origami can introduce in computer as
tiny computer chips. This computer chips has the ability
to create more speed and power of a specific computer.
The size of the above DNA nanostructures varies from
5 and100 nanometers, with this size of DNA exhibits
a unique functional nanochips ( Hung , et al., 2009) .
More recently , IBM researchers in collaborator with
Paul W.K. Rothemund, of the California Institute of
Technology, have made a tiny circuit boards by using
nanoscale folding of DNA, also called as DNA origami .
This targeted nanoscale folding of DNA or twodimensional shapes of DNA ( smaller than 22 nm)
developed through lithographic technology and top
down methods ( Piner et al., 1999 ; . Rothemund et al.,
2004 ;. Rothemund, 2009 ) . As we all know WatsonCrick model of DNA which is made up of ‘A’, ‘G’, ’C’, ’T’
binds strongly with its perfect complementary base
pairs. This complementary base pairs of DNA posses
all genetic information’s of the life processes. Due to
the above features of DNA , nanotechnologist started
to use this DNA origami for production of nanoscale
circuits in the present century (Rothemund, 2009).Thus
discovery of nanoengineering tools will explore
different new technology in the field of electronic
engineering. This technology integrates electrical and
optical devices on the same piece of silicon, enabling
computer chips to communicate using pulses of light
(instead of electrical signals), resulting in smaller, faster
and more power-efficient chips than is possible with
conventional technologies ( This week in nanotechnology
- December 3, 2010 ) A group of Beckman Institute
researchers have discovered a practical method for
direct writing of metal lines less than five nanometers
(5 nm) wide, a big step in creating contacts to and
interconnects between nanoscale device structures like
carbon nanotubes and graphene that have potential
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uses in electronics applications. More recently esearchers
at Delft University of Technology and Oxford University
announce new types of nanopore devices that could help
in developing fast and cheap genetic analysis. According
to them this novel method can combines man-made
and biological materials to result in a tiny hole on a
chip, which is able to measure and analyze single DNA
molecules.
IMPORTANT NANOPARTICLES ENGINEERED FOR
BENEFIT OF HUMAN BEING.
Targeted nanoparticles have been prepared for the
benefit of social life. There are several nanoparticles like,
copper, gold, quantum dots and mesoporous silica are
essential in several sectors. Moreover, recently metal
nanocolloids may prepared from silk fibroin for
production of carbon nanotubes ( Wenxing et al., 2003
) In the recent decade nanotechnology develops a
semiconductor nanocrystals superpara-magnetic iron
oxide nanoparticles which helps to track stem cells for
new life process ( Huang et al., 2005 ). Biological and
nonbiological conjugation in a tiny process helps to
detect biosensors in the physiological system. This
conjugation such as lipasemolecules covalently
attached with PEGylate legated shell of a gold
nanoparticle can take part in drug , gene delivery, and
tissue engineering manipulation in physiological
process ( Brennan et al., 2006 ). Recently carbon
nanotube helps to detect toxin in drinking water. Thus
carbon nanotube can be introduced to maintain the
water quality in nature. Naturally , the use of singlewalled carbon nanotubes (SWNTs) will be act as
future environmental sensors ( Wang et al., 2009 )
.Short RNA or nano RNA can regulate the target
specific genes.This method is very important in the
field of apoptotic cell division
(Feng and Yu., 2010). “ Nanodragster” is the recent
contribution of nanotechnology. This technology is
applicable to computer circuits, in “nanocar with
wheels made of buckyballs and also in several
molecular scientific components in the future (Vives et
al., 2009). Paper battery or supercapacitor is the useful
applications in electric or hybrid cars, where quick
transfer of electricity may exhibits. The paper
supercapacitor posses high surface area and also posses
high volume which exposed in its rapid functions (Cui,
2009) . Nanocapsules are the important process
through we can deliver several materials like, proteins,
DNA, RNA and other different drugs to the targete
tissues in a physiological system. Naturally, a novel
protein may deliver through nanocapsules in some
specific target tissue to activate the gene functions
(Yan et al., 2009). Proteins can bind the surfaces of
nanoparticles, and biological materials in general,
immediately upon introduction of the materials into a
physiological environment (Aggarwal et al ., 2009).
Moreover, protein therapies can be introduced through
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nanoencapsulation (Winkle,2010 ). Protein nanotube has
attracted consideration in the present century ,as
because , this technology is applicable to enzymatic
nanocatalysts, bioseparation through nanofilters, and
targeting nanocarriers.. In a wide nanospheres , protein
nanotubes where one end of the tube is open which helps
to release the desired micromolecules to the target
specific tissue without its structural change (Komatsu
and Qu, 2010 )
In the present century several neural diseases are
observed , one of the disease known as Alzheimer’s
disease (AD). This disease will increase more than 100
millions by 2050. Due to development of nanotechnology
Alzheimer’s disease (AD) can control by means of gold
nanoparticles which are also called as “colloidal
gold” or sometimes “nano-gold ”. This technology has
the ability to boost up the lifespan of medical implants
in the physiological process . Nano- gold now command
a great deal of attention for biomedical applications
(Neely et al. , 2009; Perez, 2010 ).
NANOTECHNOLOGY IN AGRICULTURE.
Agriculture is the backbone of most developing countries
where several recent technology needs to develop to
protect the host plants in relation to its crop protection.
One of the new technology recently develop with
nanoparticles which may consider as nanotechnology.
Nanotechnology has the potential role in agricultural
field , as because, this technology relates with new
processes. These new tools are entangled with
molecular detection of host plant diseases, types of viral
detection and also can detect crop pathogens. This
technology can improve our ideas on the biological
aspects of different crops which helps to enhance the
yields or nutritional values of crops. Moreover, a
tremendous loss of crops due to attack of insect pests.
Thus several strong insecticides have been used to
control insect pests. In the present century several new
formulations like , eco-friendly pesticides ,
allelochemicals etc. have been introduced in the
agricultural field to control pests. But our intention is
to control insect pests as early as possible. To combat
this situation new technology is inviting by several
agricultural scientists in the agricultural field. In this
context, one fo the most recent technique nano
encapsulation process have been introduced in the field.
Naturally, the question is what is nanoencapsulation ?
Nanocapsule is a process through which
micronanoparticles (mNPs) can be used to deliver the
characteristics in the particular tissues. In the near
future nanoencapsulation will be the forefront technique
to control several insect pests (Bhattacharyya et al.,
2010). Moreover , naturally occurring nano-structures
are not being taken account usually, though they are a
potentially rich source of products that meet certain
specifications (Watson and Watson, 2004). The emerging
industries based on nanotechnology have so far made

little use of ‘free’ technology available in nature
(Bhattacharyya and Debnath, 2008; Ehrlich et al., 2008).
If we would like to observe several insects (either
beneficial or destructive) most of the insect posses
nanoparticles on their surface. Here we can cite some
examples of insects like, the wings of cicada e.g., Pflatoda
claripennis (Psaltoda claripennis Ashton) and termite
e.g., family Rhinotermitidae (Zhang and Liu, 2006), other
insects are Solenopsis substitute (Fabricius, Solenopsis
invicta Buren,, Schwarziana quadripunctata
(Lepeletier), Pachycondyla marginata (Roger), species
Neocapritermes opacus (Hagen), honeybee Apis
mellifera Linnaeus, etc. where mNPs are on the surface
for execution of different functions( Gorb and Gorb,
2009 ). The above information’s leads to produce effective
nano-pesticides by leading chemical companies, they
are now formulating pesticides at nano scale like
aluminosilicate nanotubes on plant surface which are
easily accepted by insect -setae and thus mortality of
insect pest may achived . Biologically more active and
environmentally-safe pesticides as nanoemulsions may
use in the agricultural field. Nanosensors techniques
are being used in the agricultural field for monitoring
the soil conditions and crop production ( Sunandan
and Joydeep ,, 2009). Now a days Single stranded DNA
tagged with gold nanoparticles are introducing as
nanosensors to control insect pests. The nanosensor
technology and software micromolecules are
introducing for detection of insect and plant pathogens
which are highly significant biosecurity threats in
relation to public health. More recent application of
nanoparticles loaded with garlic essential oil may
consider as proper insecticides of adult Tribolium
castaneum in the stored house (Yang et al., 2009 ). ,
Antimicrobial particles like gram-negative bacteria
binding proteins (GNBPs) have the ability to hit the
several peptidoglycan recognition proteins of insects
which helps to control insect pests (Bulmer et al., 2009;
Bhattacharyya, et al., 2010 ). Now it is clear that
nano-sized materials are usually being used in
agricultural field to create more effective insecticides,
herbicides and fungicides. We are intended to propose
that advance nanotechnological methods boost up
agricultural production through use of more effective
nanomaterials.
PERSPECTIVE OF NANOTOXICOLOGY .
In the present century nanoparticles become more
widely used in the field of medical science and other
several sectors. Moreover, the beginning of nano
technology starts from the center of the spiral are C60,
a carbon nanotube, a CdSe quatum dot, an array of
semiconducting nanorods, a metal–organic framework,
a peptide amphiphile, and other gold nanoparticles
have the ability to react with several cellular receptors.
Naturally, now it is in the process to observe how
nanoparticles manipulate the molecular level of
physiology? It is clear that nanoparticles can cross
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the barrier of cell membrane and can tagged in the
specific accepter site of DNA for execution its functions.
It has been notified that the tremendous development
of nanotechnology in several essential sectors in the
present century will explore some harmful interactions
with biological systems (El-Ansary and Al-Daihan,
2009 ). Naturally, it is very essential to look after
either this nanoparticle has any toxic effect in the
physiological process or not (Oberdörster et al., 2007 ;
Murphy et al., 2008 ; Odom, 2008 ). Several advance
research on nanoparticles clearly denotes that
nanoparticles exposed its toxicity in the rigid
environmental system (Lewinski et al., 2007).
Naturally, the nanotechnology industry is expected to
produce large quantities of nanoparticles in the near
future, researchers have been worried about the
environmental impact of the global nanotechnological
revolution. A new method has been developed that
could replace nearly all of the toxic chemicals required
to make gold nanoparticles (This week in
nanotechnology - December 3, 2010).
Contribution of nanotechnology in the present centuryFrom all above scenario it has been established that
magnetic nanoparticles exposed its multitask duties and
this technology has come from the lab to the land for
nano-bio solutions, The green nanotechnology will
create a safe sustainable development of the nation.
Thus this technology will lead towards better food
quality, better agricultural production, better air, better
water resource management and also in other several
medical sectors. Therefore. consumable nanotechnology
with their nanomaterials and products will creat a
immense advancement in different sectors of the
modern world. Lastly we can quote one very important
statement of Professor Herzl , he stated “If you will it, it
is no dream”, and, one of the long-lasting wills of our
common history as humankind has been the
manipulation of Nature’s inner components. Thus , now
a days his wards are the unique one to uplift the new
tecnology as ‘Nanotechnology' in each every sectors of
life.
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ABSTRACT
The genetic variability (polymorphisms) can be a factor in COPD risk. We investigated the
potential relationship between COPD and polymorphism of the interleukin 4 (IL-4 70 bp repeats) gene. In
our study we observed the association between IL-4 (70 bp repeats) genotypes and COPD risk. A total of
400 subjects (200 cases and 200 controls). Using a case control design individuals were genotyped for IL4 using polymerase chain reaction (PCR) and restriction fragment length polymorphism techniques. The
data obtained were analyzed using multiple logistic regressions by the help of SPSS ver 11.5. The OR of
combined genotype of IL-4(Rp1-Rp2+Rp1) was showed 2 fold increase risk of COPD. In smokers, 5 fold
significantly increased risk of COPD was observed with Rp1 genotype of IL-4. The genetic polymorphism
in cytokine and IL-4 (70 bp repeats) gene may play an important role in the development of COPD.
KEY WORDS: Chronic obustructive pulmonary disease (COPD), Interleukin-4 (IL-4), Polymorphism,
Cytokine, 70 bp repeats (VNTR).

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is
characterized by the presence of airflow obstruction
that results from intrinsic airways disease (e.g., chronic
bronchitis or emphysema). In emphysema, the
parenchymal destruction with associated loss of elastic
recoil, leads to a reduction in the tethering or distending
function of the lung parenchyma on airways. Chronic
bronchitis is characterized by excessive secretion of
bronchial mucus which is manifested by productive
cough for 3 months or more in at least 2 consecutive
years in the absence of any other disease. Most patients
who have only chronic bronchitis do not have any
substantive airflow limitation and should not be
classified as having COPD (Bartolome, 2003).
Chronic obstructive pulmonary disease (COPD)
includes chronic pulmonary emphysema and chronic
bronchitis. It is the fourth leading cause of death in the
world with an increase in prevalence and mortality
(Pauwels et al., 2001; Mannino et al., 2002). It is generally
accepted that cigarette smoking is the major risk factor
for COPD. However, only 15% of smokers develop
symptomatic COPD, implying undue susceptibility
compared with the remainder of population at large
(Burrow et al., 1977; Sandford and Silverman, 2002). In
developing countries, there are several other risk factors,
including air pollution (particularly indoor air pollution

from burning fuels, poor diet and occupational exposure
to various dusts. COPD involves inflammation in the
respiratory tract (Barnes, 2003). Cytokines play a critical
role in the orchestration of chronic inflammation in all
diseases, including COPD (Barnes, 2001 & 2003).
IL-4 is a prototypic member of Th2 cytokines. It is a
potent anti-inflammatory cytokine. It reduces the
production of proinflammatory cytokines and
destructive enzymes by monocytes. The IL-4 gene is
located on the long arm of chromosome 5 (5q23–31)
together with other Th2 cytokine genes. It is present in a
cluster of cytokine genes (IL-3, -5, -9, -13, and -15,
granulocyte colony-stimulating factor, and interferon
regulatory factor) (Lebeau et al. 1989). This gene contains
a variable number of tandem repeat polymorphism
located in third intron. It consists of three 70-bp repeats
in intron-3, a rare allele with two repeats and much
rarer with four repeats (Mout et al., 1991).
On the other hand, IL-4 VNTR gene polymorphism
has been associated with rheumatoid arthritis and IL-4
C-589T with asthma (Walley and Cookson, 1996; Buchs
et al., 2000). Not much information is available regarding
the role of IL-4 gene polymorphism in COPD. There are
only a few published studies on SNPs cytokines in COPD
patients at international as well as national levels and
hence the present work was aimed to determine the
impact of genotype on the risk of COPD by evaluating
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genetic polymorphism in interleukin- 4 gene. This may
lead to detection of the host genotype susceptibility for
COPD.
1. MATERIAL AND METHODS
1.1. Study Subjects
200 pathologically confirmed COPD patients have
been recruited from Government Medical College and
Hospital, Sector 32, Chandigarh, Government
Ayurvedic College, Peprola (HP) and Government
Ayurvedic Hospitals Hamirpur (HP). Detailed data
regarding age, education, history of cigarette smoking,
spouse’s smoking history has been obtained from an
interviewer administered questionnaire. Informed
consent was also obtained from both the cases and the
controls. The present study is an extension of the earlier
one carried out in the laboratory by Dr. Hitender Thakur
(2008) and the samples collected by him have been used
in the present study. The study was approved by human
subject’s ethical committees of the involved hospitals/
institutions.
Exposure to passive smoking was assessed by
questioning spouse’s smoking history. 200 age and sex
matched apparently healthy controls were recruited in
the study. The following inclusion and exclusion criteria
were kept in mind during blood sample collections.
Inclusion criteria:
a) Chronic respiratory symptoms and signs such
as cough, breathlessness, wheezing.
b) Forced expiratory volume in 1 sec (FEV1) of less
than 80% predicted.
c) Ratio of FEV1/forced vital capacity (FVC) =0.7.
d) Subjects in age range of 19yrs to 65 yrs were
included as COPD primarily afflicts this age
group.
e) All subjects irrespective of smoking, tobacco
Intake, alcohol consumption status were
included in the study after obtaining informed
consent. Smoker healthy controls were asked to
undergo chest radiography to rule out any
abnormal pulmonary function.
Exclusion criteria :
Following parameters were included in exclusions
criteria during our sample collections:
a) Subjects with history of asthma were excluded
from study.
b) Subjects with malignancy like lung cancer or
with autoimmune disease were excluded to avoid
spurious results.
c) In the healthy smoking group individuals with
either abnormal pulmonary function or
abnormal findings on chest radiography were
excluded.

2.3. Collection of blood samples
2 ml of peripheral blood were obtained both
from cases and controls in EDTA coated vials and stored
at -800C.
2.4. Isolation of genomic DNA from blood
Genomic DNA was isolated by SDS / proteinase
K and phenol chloroform method (http:www.genomeou-edu/protocols – book/ protocols- partII.html and
Maniatis, 1989) and stored at -200C for further use.
2.5. Reagents used in study
1. Tris-EDTA buffer (pH 7.6)- The buffer was prepared
by adding 1.214 g of Tris (hydroxy methyl amino
methane) (Hi Media, India) in 10 ml of distilled water
and taking it as stock (1M), its pH was adjusted to 7.0.
0.5M of EDTA (ethylene diamine tetraacetetic acid) (Hi
Media, India) was prepared by dissolving 1.46g in 10ml
of distilled water and its pH was adjusted to 8.0 with
sodium hydroxide. Then 1ml of Tris stock (10mM) and
0.2 ml of EDTA stock (0.5 mM) were added to 98.8 ml of
distilled water to make the working solution. The
solution was sterilized by autoclaving.
2. 20X sodium citrate buffer (SSC) – 17.53 g of NaCl (Hi
Media, India) was dissolved in 80 ml of distilled water
and then 10 ml of 0.3M sodium citrate (Hi Media, India)
was added. The pH of the solution was adjusted to 7.0
with HCI. Then the final volume was made to 100ml
with distilled water. To make the final working solution,
1 ml of 20X SSC buffer was added to 19 ml of distilled
water. The solution was sterilized by autoclaving.
3. Sodium acetate (0.2M) pH 7.2 –16.40g of sodium
acetate (Hi Media, India) was dissolved in 800ml distilled
water. Its pH was adjusted to 7.2 with acetic acid. Then
the final volume was made to 1000ml with distilled
water. The solution was sterilized by autoclaving.
4. 10% sodium dodecyl sulphate (SDS) pH 7.2 – The
solution was prepared by dissolving 10g of SDS (sodium
dodecyl sulphate) (Hi Media, India) in 100ml distilled
water and stored at room temperature.
5. 50X Tris acetate buffer (TAE) - 24.2 g of tris base was
dissolved in 85 ml of distilled water. Then 10 ml of 0.5 M
EDTA and 5.71 ml of glacial acetic acid were added. The
solution was sterilized by autoclaving.
6. Ethidium bromide (10mg/ml) - 1 g of ethidium
bromide (EtBr) (Hi Media, India) was dissolved in 100
ml of water. The solution was stirred on a magnetic
stirrer. The bottle was wrapped around with
aluminium foil and stored at 4ºC.
2.6. Protocol for DNA Isolation:
1. Frozen blood samples were thawed.
2. 1ml of blood was added to 2.5ml eppendorf. Then
0.8ml IX SSC buffer was added and the contents were
mixed. The mixture was centrifuged at 10,000 rpm
for 5 minutes in a cooling centrifuge (4ºC).
3. 1ml of supernatant was removed and discarded into
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4. Again 1ml of 1X SSC buffer, was called vortexed and
centrifuged as above for 5 minutes. The supernatant
was removed taking care of the pellet.
5. 375ml of 0.2M sodium acetate was added to each
pellet and vortexed briefly. It was followed by the
addition of 25ml of 10% SDS and 5ml of proteinase K
(Bangalore Genei, India) (20mg/ml H2O), vortexed
briefly and incubated for 1 hour at 550C.
6. After checking that pellet was dissolved we added
120ml of phenol (60ml)/chloroform (57.6ml)/isoamyl
alcohol (2.4ml) (Bangalore Genei, India) to each
eppendorf and vortexed for 30 seconds. The samples
were centrifuged for 5 minutes at 10,000 rpm.
7. The upper layer was carefully transferred to 1.5ml
microcentrifuge tube, and 1ml of cold 100% ethanol
was added. The mixture was mixed gently to
precipitate the DNA.
8. The tube was kept at –200C overnight and then
centrifuged at 5,000 rpm for 2 min in a cooling
centrifuge (40C).
9. The supernatant was drained and the pellet was
dissolved in 100ml of Tris-EDTA.
10. It was stored at –20ºC after checking in 0.8% agarose
gel (Hi Media, India) (Fig.1).
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2.8. PCR- RFLP analysis
The region containing 70 bp VNTR within intron 3 of
the IL-4 gene was amplified using the primers (Sigma
Aldrich, India) given in Table 1 (Wu et al., 2003).
Table 1: Primer sequence used for amplification of
IL-4 VNTR (Wu et al., 2003)
Gene

Primer

IL-4

Forward

5’-AGGCTGAAAGGGGGAAAGC-3’

Primer sequences

Reverse

5'- CTGTTCACCTCAACTGCTCC -3'

PCR reactions were carried out in Bio-Rad Thermo
cycler using the conditions given in Table 4.8. 100ng of
genomic DNA was amplified in a 25 ml final volume
reaction mixture containing 10X KCl buffer (2.5mL),
25mM MgCl2 (2.5mL), 10 mM of each dNTP (0.5mL) (MBI
Fermentas, US), 10mM of each primer (0.5mL), 5.0mg/ml
BSA (2.5mL) (Bangalore Genei, India), 5U/1mL Taq DNA
polymerase (0.3mL) (MBI Fermentas, US) and make volume
to 25.0mL by adding double distilled water (Fig. 2).
1
2
3
4
5
6
7
8
500
bp
253
bp

183
bp
Fig. 2: Rp2 and Rp1 genotypes of IL-4 gene.

Table 2: PCR conditions for IL-4 VNTRs
S. N.

Fig. 1: Extracted Genomic DNA from the blood samples.

2.7. Estimation of isolated genomic DNA
The concentration of the isolated DNA was
calculated by spectrophotometric method using
Beckmann, UV-visible scanning spectrophotometer.
·
10μl of DNA was transferred to 990 ml Tris –
EDTA buffer (pH 7.5) in a 1ml quartz cuvette.
·
The contents were mixed well and the
absorbance was noted at 260 nm on
spectrophotometer.
·
The quantity of DNA was calculated using the
standard that 1ml of a solution with an A260
nm of 1.0 is equivalent to 50mg of double
stranded DNA.

Steps

Temperature
º

Duration

I

Denaturation 1

94 C

5 min

II

Denaturation 2

94 ºC

30 s

III

Annealing

55 ºC

30s

IV

Extension 1

72 ºC

30s

V

Extension 2

72 ºC

10 min

No. of cycles
1
35

1

The IL-4 intron 3 polymorphism PCR products, including
70 bp VNTR, were directly visualized on 2.5% agarose
gel (Hi Media, India), and each allele was recognized
according to its size. The Rp1 and Rp2 alleles were of 183
and 253 bp, respectively (Fig.2).
Lane 1,5 and 6: Rp2 253bp
Lane 2: Rp1-Rp1 183 bp
Lane 8: 100 bp DNA marker (Bangalore Genei)
Lane 3,4 and 7 : Rp1- Rp2 183, 253bp
3. STATISTICAL ANALYSIS
Age, smoking status and genotypes of all genes were
tabulated for cases and controls. T-tests and ×2 square
tests were performed to find out any difference between
cases and controls according to age, smoking status etc.
The association between polymorphisms in all genes
with the risk of COPD was estimated by computing ORs
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and 95%CI using a Multivariate Logistic Regression
Analysis which included several potential confounding
variables (e.g. age, gender and smoking status). Statistical
analysis was performed using SPSS, version 11.5 and
Epical Version 3.2.
Correlation analysis was done to establish
correlation between smoking in COPD and the various
cytokine genes.
4. RESULTS
4.1. Characteristics of Study Sample
The study included 200 COPD cases and 200
controls. The cases and controls were well matched
according to age and sex. The mean age (±SD) was found
to be 52.10±15.50 for cases and 44.26±14.42 for controls.
Individuals were divided into three habit groups:
smokers and non-smokers, users and non-users of
tobacco and users and nonusers of alcohol. In present
study smokers and non-smokers were used. Baseline
characteristics such as age, smoking status etc. for cases
and controls have been summarized in Table 3. 63% of
the cases and 50.5% of the controls were smokers. There
was a significant increase in the risk of COPD (OR 1.67,
p=0.012) amongst smokers. Males were observed to have
an increase in the risk of COPD rather than females (OR
1.53, p=0.039).
Table 3: Baseline characteristics of all COPD cases and controls
Cat.Variables

Cases (%)

Control (%) OR 95

p-valu

(%CI)
1.

Sample size 200

2.

Mean ±SD

3.

Gender

4.

200

52.10±15.50 44.26±14.42

-

Female

66 (33%)

86 (43%)

1

Male

134 (67%)

114 (57%)

1.53(1.02-2.29)

0.039

Smoking status
Never smokers

74 (37%)

99 (49.5%)

1

Smokers

126 (63%)

101 (50.5%)

1.67(1.12-2.48)

0.012

Age is reported as mean =± SD, p-value of less than 0.05
was considered significant.
4.2. DISTRIBUTION OF IL-4 (70 bp repeats)
POLYMORPHISM AMONG CASES AND
CONTROLS
The frequency of homozygous genotype (Rp2) in IL4 (intron 3, 70 bp repeats), of IL-4 was more in controls (66%)
as compared to that COPD patients (48%). The frequency of
heterozygous genotype (Rp1-Rp2) was marginaly higher in
COPD patients (29.5%) as compared to controls (27%). In
case of homozygous genotype (Rp1) the frequency was higher
in COPD patients (22.5%) (Table 4).
Table 4: Distribution of IL-4 (intron 3, 70 bp repeats) genotypes

IL-4 Genotypes
Rp2-Rp2
Rp1-Rp1
Rp1-Rp2

CASES(200)
96(48%)
45(22.5%)
59(29.5%)

CONTROLS(200)
132(66%)
14(7%)
54(27%)

The frequency of Rp1 allele was found to be high
in the cases (0.37), but lower in controls (0.21) reverse
was the use for Rp2 allele (Table 5).
Table 5: Observed allelic frequencies
Alleles
CASES
CONTROLS
Rp1
0.37
0.21
Rp2
0.63
0.79
4.3. ASSOCIATION BETWEEN IL-4 (70 bp repeats)
GENOTYPES AND COPD RISK
Positive association was observed between IL-4
genotypes and overall risk of COPD. In case of Rp1, 4 fold
increased risk of COPD was observed (OR=4.42, 95%
CI=2.20-8.99, p=0.000). No significant association was
observed Rp1-Rp2 with (OR=1.57, 95% CI=0.97-2.54)
genotype. When combined genotypes of Rp1-Rp2+Rp1
were taken into account highly significant risk of COPD
was observed (OR=2.10, 95%CI=1.38-3.21, p=0.000)
(Table 6).
Table 6: Odds ratio of IL-4 and COPD risk
Genotypes

CASES CONTROLS *OR (95% CI)

p-value

Rp2 (ref.)

96

132

1 (reference group)

Rp1

45

14

4.42(2.20-8.99)

0.000

Rp1-Rp2

59

54

1.57(0.97-2.54)

0.067

Rp1-Rp2

104

68

2.10(1.38-3.21)

0.000

+Rp1
*

OR adjusted for age and smoking status. OR, odds ratio; 95%CI,
95% confidence interval.

4.4. Effect of interaction between IL-4 (70 bp repeats)
genotypes and cigarette smoking on risk of COPD
Smoking status in IL-4 genotypes
5.38 fold (95% CI = 2.16 –13.85, p=0.001) elevated
risk of COPD was observed for smokers who had Rp1
genotypes of IL-4. In case of non smokers, no significant
association was found between any genotypes of IL-4
and non smokers on the risk of COPD (Table 7).
5. DISCUSSION
Relationship between Cytokine gene polymorphism
and risk of COPD
COPD is characterized by a slowly progressive
irreversible airflow obstruction. Many inflammatory
cells, mediators and enzymes are involved, but their
importance is not well understood yet.
There is probably a complex interplay between
genetic and environmental factors and many different
genes are involved. The genes which have been implicated in the pathogenesis of COPD are involved in the
metabolism of toxic substances in cigarette smoke, airway hyper-responsiveness, anti-proteolysis and the
inflammatory response to cigarette smoke. The present
study is based on the impact of IL-4 (70 bp repeats) gene
polymorphism in COPD.
IL-4 (70 bp repeats) showed a significant relation
with COPD as well as smoking habit. Rp1 alleles showed
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Table 7: Assessment of interactions between IL-4 genotypes and smoking habits in COPD
cases and controls
Genotypes

Rp2 (ref.)

Smokers

*

OR (95% CI)

p-values

Non-smokers

Cases

Controls

Cases

Controls

(n=126)

(n=101)

(n=74)

(n=99)

52

64

44

68

1 (reference
group)

Rp1

35

8

5.38

39

29

1.66

0.001

10

6

74

77

1.18

p-values

1 (reference
2.58

0.136

(0.79-8.68)
0.136

20

25

(0.87-3.17)
Rp2-Rp1

OR (95% CI)

group)

(2.16-13.85)
Rp1-Rp2

*

1.24

0.677

(0.58-2.64)
0.579

30

31

1.50

0.273

+Rp1
(0.71-1.98)
(0.76-2.95)
*
OR adjusted for age, gender and alcohol consumption status. OR, odds ratio; 95%CI, 95% confidence interval.
4 fold increase risk of COPD, but combined genotype of
Rp1-Rp2+Rp1 resulted in only 2 fold. The smokers
carrying Rp1 had 5 fold increased risk of disease. Hegab
et al. (2005) demonstrated that the distributions of the
haplotypes (IL-4 - 589 C/T: IL-4 VNTR; IL-4 - 33 C/T: IL-4
VNTR) in the Japanese show differences between the
COPD and the control groups. The present results are in
consonance with this study.
There have been limitations like (1) small sample
size, (2) complicated etiology of COPD cannot be
explained with only cigarette smoking as it is a
multifactorial disease, (3) fickle epidemiological criteria,
and (4) quantification the levels of cytokines, in our
study.
Besides above limitations, the present study has
several important strengths too. These include: (1)
adjustment of age, sex and alcohol consumption, (2)
recruitment of sex and age matched controls to negate
the effect of these parameters on results, (3) the controls
and cases were drawn from same ethnic population
randomly, (4) interviewing was blind to case status.
6. Conclusion
Following points are apparent from the present study:
·
Polymorphic gene IL-4 showed a significant increase
in the risk of COPD.
·
A highly significant 4 fold risk of COPD was observed
with Rp1 genotype of IL-4 gene.
·
The combined genotype of IL-4(Rp1-Rp2+Rp1) was
showed 2 fold increase risk of COPD.
·
In smokers, 5 fold significantly increased risk of
COPD was observed with Rp1 genotype of IL-4.
·
2 fold but (not significantly) increased risk was
observed in non smokers with genotype Rp1 of IL-4.
This case-control study reports for the first time
in north Indian population. Case control association
studies offer a potentially powerful approach to identify

common genetic variants that influence susceptibility
to disease, but are impaired by the impression that are
not consistently reproducible. Besides this, present
study acts as a platform for the future studies to be
conducted on COPD. The facts noted in this study will
be used by the researchers in the prognosis and
diagnosis of the disease. A small sample size is the
limitation of this study. Further studies are required with
large numbers of sample sizes to evaluate the exact role
of IL-4 (70 bp repeats) gene in north Indian population
for the development and progression of COPD.
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ABSTRACT
The human immunodeficiency virus (HIV) is the etiological agent of acquired
immunodeficiency syndrome and demonstraction of an antibody response specifically directed
against HIV proteins is accepted as evidence of infection. Westernblot is the most commonly used
test to conform Ahiv-I infection to perform the westerNblot the HIV-I antigens are separated on the
basis of their molecular weights and antibodies to each components aare detected as distint bands.
The following HIV-I antigens are currently identified in the westenblot ENVELOP( gp160,
gp120,gp41)GROUP ANTIGENS (p55,p40,p24,p18)and POLYMERASE(p51,p65 andp31). To
determine the indeterminate HIV-I and HIV-2 western blot results of HIV infected individuals. The
westernblot is the confirmatory test for HIV infection. The infected blood samples had tested
should have atleast one HIV characteristic band and any one oh HIV-2 band. We obtained information
regarding HIV risk factor and peripheral blood specimen for following test , HIV-TRI-DOT for
detection of antibodies in the blood samples.
KEYWORDS: HIV-1 & 2, Western Blot, Antigens (GAG, ENV, POL)

INTRODUCTION
Human Immunodeficiency Virus (HIV) is the
etiological agent of Acquired Immunideficiency
Syndrome (AIDS). HIV infection is now recognized
worldwide as a major public health. Hence screening
methods play an important role in disease detection.
The most common immune assay used for the detection
of antibodies to HIV-I AND HIV-2 are for the Enzyme –
Linked Immunosorbent Assay (ELISA), rapid tests and
the immunoblot or Western blot assay which are easy
to perform. (Chattopathyay et.al. 1996)
The Western blot test can be used as a more specific
and supplemental assay on human serum or plasma.
Specimen found repeatedly reactive using ELISA. The
HIV-i viral antigens
are separated
by gel
electrophoresis, electrically transferred to nitrocellulose
membrane strip, which is impregnated with a specific
HIV -2 antigen band. Each strip also has an internal
serum inbuilt quality control band. (Towbin et.al. 1979
and Gallo 1987)
In individuals infected with HIV, antigens appears
first before anti HIV but due to seroconversion the
antigen is lost and antibody develops within 1-2 months
after infection and therapy by the level of the antibody
increase . However p24 antibodies level decrease with
time in advance stage of infection as shown in the graph.
Hence, in advance stages of the infection , the p 24 band

on the HIV westernblot strip may either be light or
absent (Tedder et.al. 1988).
THE PRINCIPLE OF THE WESTERN BLOT
The HIV westernblot is manufactured from HIV1 cell line . The HIV –I viral aantigen is purified and then
separated by SDS gel electrophoresis . SDS denati\ures
viral components and yield proteins which migrate in
the gel according to their molecular weight to produce
various bands . Low molecular weight component
migrate faster and are found at the bottom of the gel.
While high molecular weight proteins remain near the
as top .They are then transferred from SDS-PAGE gel on
to nitrocellulose membrane is cut and packaged strips.
To perform the assay, the strip is incubated with the
patient serum/ plasma diluted in a buffer. Antibodies to
HIV-1and HIV-2 if present, bind to viral antigens located
on the strip. Unbound material is washed off and then
the strip is incubated with anti- human IgG conjugated
to alkaline phosphate.
After washing the unbound conjugate, substrate is
added which results in the staining of bands, if
antibodies of HIV-1 antigens are present in the sera any
two ENVELOPE and more of the following bands will be
seen. P24,p31,gp41,p51/p55.p66.gp120and gp160. If
antibodies to HIV -2 antigens are present, HIV-2 band is
also observed along with some of the other bands. If
HIV specific antibodies are not present, the band pattern
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does not meet the required criteria (Aldovini and
Walker1990).
MATERIALS AND METHODS
The infected blood samples were collected and
allow for clotting and then 1mln of serum can be
separated. The serum sample were cold stored and then
taken for assay. The samples from about 100 patients
were collected and the details of the patients are kept
secret because of ethical consideration. For, this research
about 165samples were collected and within that
samples 100 were reactive in the western blot assay.
The study was carried out from June2007-December
2008, during this 18 months several samples were taken
and finally this result is found.
SPECIMEN COLLECTION AND PREPARATION
Collect blood in a clean dry sterilized vial and allow
it to clot. The serum was separated by centrifugation
at room temperature. It is recommended that fresh
samples should be used. If serum is not be assayed
immediately, it should be stored at 2-8°C or frozen at 20°C. Serum may be stored at 2-8°C for upto 3 days and
stored frozen at -20°C for 3 months (Towbin et.al. 1979).
ASSAY PROCEDURE – RAPID ASSAY:
The test kit was brought up the room temperature
and the samples were brought up to room temperature
(25-30°C) before use and all incubations are to be carried
out on a Western Blot / Rotary Shaker (60-70 rpm) at
room temperature.
Required number of strips and trays are taken from
thefrom the kit. Place one strip in each tray with
numbered side up. Note down the strip number with
respect to samples and control on the worksheet for
correct identification. Always include strips for positive
and negative controls with each run.Working wash
buffer i sprepared s according to the number of tests to
be run.
Add 2ml of working wash buffer to each tray and
incubate the strips for atleast 5 minutes at room
temperature. Remove buffer by aspiration. Prepare
Working diluents buffer is prepare d according to the
number of tests to be run.
Add 2ml of working diluents buffer to each tray.

Add 20μl of patient sera and controls to appropriate
wells.
The trays were covered and incubated for 1
hour at room temperature (25-30°C) on a Western Blot
shaker. The care should taken to mark the cover also to
prevent interchange of covers which may lead to cross
contamination. Carefully remove covers, aspirate
solution completely from tray and discard into sodium
/ calcium hypochlorite solution.
The strip were washed with 2ml working wash
buffer 3 times for 5 minutes each with shaking.
The working conjugate solution is prepared
according to the number of tests to be run. Add 2ml of
working conjugate solution to each tray. Cover tray
with corresponding cover and incubate on Western Blot
shaker for 1 hour. Never interchange the cover of trays
to avoid contamination.
Aspirate conjugate, wash each strip with 2ml
working wash buffer 4 times for 5 minutes each with
shaking aspirate wash solution completely from the tray
at the end of the last washing.
2ml of substrate is added to the solution of each tray.
Cover tray and incubate for 0.5-15 minutes away from
the light preferably in dark till bands develop. Make a
careful decision to decide the time of incubation from
0.5 to 15 minutes. Continue to observe the reaction till
gp160/gp120/gp41 appear and stop the reaction after
their appearances so as to avoid excessive background
making the observation difficult.
However, in case the above bands do not appear,
then continue the reaction upto the point
Before strong background is formed on the strip up
to 15 minutes, whichever is earlier.
Aspirate substrate, add distilled water and wash
strips to stop the reaction. Remove the strips on paper
towels and amount on worksheet keeping numbered
side up. Observe band pattern and grade the results.
For storage keep strips in dark.
RESULTS
The presence or absence of antibodes to HIV-1, in a
serum sample is determined by comparing each strip

Gene

Description of bands observed on strip reacted with positive control
Antigen
Description

gp160

ENV

Polymeric form of gp41

gp120

ENV

Outer membrane

Molecular
Wt.(kDa)

Broad diffused band

p66

POL

Reverse Transcriptase

Discreet band

p55

GAG

Precursor protein

Fused Spread band, Single band

p51

POL

Reverse Transcriptase

gp41

ENV

Transmembrane

Appears as 2-3 different bands, diffused band

p31

POL

Endonuclease

Single band

p24

GAG

Core Protein

Broad band

p17

GAG

Core Protein

Broad band
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Fig. 1. HIV postive samples shows hiv genes presence
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Hiv negative sample and control sample wich are not showing hiv genes

PRESENCE OF VARIOUS ANTIGENS IN THE INFECTED SAMPLES
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with the negative and positive control strips. The
description of the various bands is given below –
DISCUSSION
HIV/AIDS, a global problem which leads to the
death of several million people, causes severe effects
throughout the world. Even medical advances that have
produced number of drugs that are safe and effective
against the virus, are still a major cause of death; disability and social and economical upheaval for millions
of people around the world. The HIV belongs to two
categories namely, HIV-1 and HIV-2. These two types
are mostly found
in the blood samples of the infected patients.Since then,
HIV-1 has spread rapidly throughout the country and
has been reported in every major city. Today , India has
the second largest number of HIV-1infected individuals in the world , next to South-Africa (UNAIDS and
WHO2004)Genetic analysis of HIV-1 circulating in different parts of India, the phenotypic and genotypic
analysis of HIV-1 in India indicates that they are isolated from late stage of infection.(Sathiyavathi et al.,2007)
There is also a high molecular weight non –specific
band above 160 is presumed to be a GAG-POL precursor protein. Antibodies of p24 are in excess during the
early stage and Antibody level decress with the advance stage of infection , Antibodies of p31 could be low
due to low immunity HIV -2 Band is indicative and intensity will be less than serum controle. The western
blot is the confirmatory test for HIV infection ,here we
found 100 patients were positive and reactive in the
assay,hence we continue the the samples for further research.
Generally HIV-1 are the initial stage of the infection
that are of early 5 years and the presence of HIV-2 indicates that are well developed stage of the infection. But
when both HIV-1 and HIV-2 presence indicates that the
infection is of last stage in the patients, that a period
preface to the death. gp41, C terminal of gp120 and gp36
representing the immunodominant regions of HIV-1 and
HIV-2 envelope gene structure.
An enzyme linked immune assay(ELISA) using
recombinant proteins corresponding to large segments
of the immunodeficiency virus gag ,pol, and env gene
products was developed to conform the presence of
antibodies to HIV in sera reactive whole cell derived
virion screening ELISAs .Serum samples from HIVinfected individuals (asymptomatic,acquired immune
deficiency syndrome(AIDS) related complex and AIDS).
A positive reaction was defined as reactivity against an
env and least one other (either gag or pol)HIV gene
product negative was defined as no reaction with
antigens and indeterminate was defined as reactivity
with gag or pol (or both) or with env alone. To date , the
only routinely used method for demonstrating the
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presence of hiv in vivo are enzyme linked immune
sorbent assay .In western blot the HIV proteins are
dissociated and placed on a poly acrylamide gel
slab.After electrophoresis they are transferred to a
nitrocellulose membrane by electroblotting . The
patients serum is added to the antigen preparation . The
immunogenic HIV proteins are thought to be encoded
by three genes namely gag, pol and env. The gag gene
encodes a precursor p53/55, which is then cleaved to
p24/25 and the env genes encodes the precursor protein
p160 which is cleaved to p120and p41/45.We have
collected 165 serum samples and among them 230were
indeterminate ,45 were negative and 100 samples found
positive –that infected with HIV infection . In the100
samples only 6 samples found HIV-2 and 94 were HIV-2.
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HISTOPATHOLOGICAL CHANGES IN THE KIDENY OF FRESHWATER TELEOSTS,
CIRRHINUS MRIGALA EXPOSED TO SODIUM FLUORIDE
NEETU SINGH RUHELA, PRINCE KUMAR SRIVASTAVA, SADGURU PRAKASH AND K. K. ANSARI
Department of Zoology, M.L.K. (P.G.) College, Balrampur

ABSTRACT
In the present study Cirrhinus mrigala were exposed for the period of 90 days at 5 mg/L, 10
mg/L and 15 mg/L NaF. Histopathological changes observed in kidney showed renal architecture
damage in the form of increased capsular space, shrunken glomeruli, shrunken lumen of renal
tubules and vacuolated cytoplasm. None of these changes was observed in the control group.
Key words: Fluoride, Fingerlings of Cirrhinus mrgala, Kidney histopathology.

INTRODUCTION
The release of fluorides into the environment
due to human activities such as mining and processing
of phosphate rock and its use as agricultural fertilizer,
as well as the manufacture of aluminium. Other fluoride
sources include the combustion of coal (Containing
fluoride impurities) and other manufacturing processes
(steel, copper, nickel, glass, brick, ceramic, glues and
adhesives). In addition, the use of fluoride-containing
pesticides in agriculture and in drinking water supply
also contribute to the release of fluorides in the
environment to impart stability to bone and enamel,
thereby preventing dental caries and osteoporosis to
some extent but its higher concentration is highly to
human beings and animals too. The permissible limits
of fluorides in drinking water as suggested by Bureau of
Indian Standards (BIS, 1983) vary between 0.6 to 1.2 ppm
while (WHO, 1984) permits a maximum of 1.5 ppm of it.
In addition to its toxic effects on bones and teeth, it also
causes serious effects on liver, kidney, and reporoductive
organs and also has teratogenic effect (Verma, 2004). The
kidney is the chief excretory organ of the fish and plays
an important and significant role in elimination of any
toxic substances in the body. Thus form an important
organ for pathological studies.
MATERIALS AND METHODS
The fingerlings (8 cm to 10 cm in length; 10 to 12
mg in weight) were obtained from local sources,
acclimatized to the laboratory conditions and used for
the experimental purpose. They were exposed to
different concentration (5 mg/L, 10 mg/L and 15 mg/L) of
sodium fluoride in water for a period of 90 days along
with suitable control groups kept in chlorine free water.
Fishes were sacrificed after 30, 60 and 90 days of exposure

and kidney were dissected out and processed for paraffin
embedding. The paraffin wax section were cut at 6μ
thickness and stained by the standard haematoxylin
eosin double staining method. The microphotographs
of the slides were obtained using Olympus BX 51
microscope with digital photographic attachment.
RESULTS
The results of the experiment are presented in
figure 1-4 of plate records the photomicrographs of
transverse section of kidney of control groups fig. 1 shows
the transverse section of the kidney of fingerling kept
under control condition. In this photomicrograph the
histological details of the kidney of Labeo rohita are
observed. The Bowman’s capsule (BC), glomerulus (G),
the first (PCT-I) and second (PCT-II) segments of the
proximal convoluted tubules can be clearly deciphered.
The distal convoluted tubules (DCT) are also discernible
in the photomicrograph.
Fig. 2-4 reveal the effect of fluoride toxicity on
kidney of treated fingerlings prepared after 30, 60 and
90 days of exposure to 5 ppm, 10 ppm and 15 ppm
sodium fluoride respectively. In this case the kidney
tissue shows a thick lining of Bowman’s capsule,
shrunken glomerulus (SG), increased capsular space (ICS)
with swelling and sloughing off of the epithelium of
capsule cells. The renal tabules shows shrunken lumen
(SL), Vacuolated cytoplasm (VC) and finally the normal
histology of the lumen is considerably disturbed with
the tubular lumen is completely shrunken.
In case of the renal tubules, it is observed that
the lumen of the tubules have shrunk (SL) considerably.
Large vacuoles (VC) appear in the cells lining the lumen
and the nuclei of these cells have been pushed towards
the center of the lumen. As is evident from the plate the
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Fig.1: Control after 30 days

Fig. 2: 5 mg/L NaF after 30 days

Fig. 3: 10 mg/L NaF after 60 days Fig. 4: 15 mg/L NaF after 90 days

Plate: T.S. kidney of Cirrhinus mrigala (40×) showing effect
of sodium fluoride

lumen appears to be normal even after 30 days of
exposure. But with the progressive time period the
luminar structure is disrupted. In fig. 3 the nuclei of the
cells begin to leave their normal basal position and tend
to move towards the lumen (fig. 4) and finally the normal
histology of the lumen is considerably disturbed with
the tubular lumen is completely shrunken.
DISCUSSIONS
The present study indicates that fluoride can
induce histopathological alterations in the kidney of the
teleost exposed to various concentration of it. The results
of the study also indicate that fluoride toxicity causes
many adverse but sublethal effects in the fish. Jankauskas
(1974) reported that fluoride is removed from the kidney
by glomeular filtration and approximately 1/3 rd of
ingested fluoride appears in the urine within 24hours.
He also observed that massive doses of fluoride induced
tubular necrosis, especially in the convoluted portion,
and inflammation of glomeruli. He reports that these
changes are associated with clinical finding of impaired
kidney functions like polyuria, polydipsia, increased
non-protein nitrogen etc. Kessabi et al., (1985) also

observed degeneration and tubular necrosis associated
with glomerular inflammation in experimental acute
sodium fluoride poisoning in sheep kidney. Marked
necrosis of tubular cells, atrophy of the glomeruli and
areas of interstitial inflammation of round cells were
observed by Kaur and Singh (1980) in mice kidney after
sodium fluoride administration. These results are also
confirmed in the present study where inflammation in
glomerulus, increase in capsular space and shrunken
lumen of tubules are observed. Studies have also
indicated that sodium fluoride increases intracellular
accumulation of calcium (Murao et al., 2000) and inhibits
tubular reabsorption-perhaps due to inhibition of the
active chloride pump located in the medullary portion
of the ascending limb of the Henle loop (Roman et al.,
1977). In the present study the severely shrunk lumen of
tubules are also suggestive of hindered tubular
reabsorption. In addition, clinical indicate that F toxicity
may lead to osteosclerosis and end-stage renal failure
(Lantz et al., 1987).
In this study, therefore, 15 mg/L sodium fluoride
in water caused severe pathological changes in kidney
of Cirrhinus mrigala, thereby disturbing normal
physiology.
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ABSTRACT
In the present study, water sample was collected from river Alaknanda near Srinagar town
located in District Pauri of Uttarakhand state. The water samples were tested for the presence of different
pathogenic bacteria and other chemical parameters by standards methods. The results indicated the presence
of a high degree of chemical and biological impurities in the river.
KEY WORDS: Alaknanda, water quality, Uttarakhand.

INTRODUCTION
Water exists in nature in many forms - clouds,
rain, snow, ice, fog etc. As it flows over or through the
surface layers of the earth, it dissolves and carries with
it some of almost every organic and inorganic material
it touches, including that which is dumped into it by
man. These added substances may be arbitrarily
classified as biological, chemical (both inorganic and
organic), physical, and radiological impurities. They
include industrial and commercial solvents, metals and
acid salts, sediments, pesticides, herbicides, plant
nutrients, radioactive materials, road salts, decaying
animal and vegetable matter and various types of living
microorganisms. These impurities may give water a bad
taste, color, odor, or cloudy appearance (turbidity), and
cause hardness, corrosiveness, staining, or frothing.
They may damage growing plants and transmit disease.
Water has been implicated as a medium for the
transmission of diseases for many years (Taweel and
Shaban, 2001). Many of these impurities are removed or
rendered harmless, however, in municipal drinking
water treatment plants. Water quality is the physical,
chemical and biological characteristics of water. It is
most frequently used by reference to a set of standards
against which compliance can be assessed. The water
quality is assessed in order to determine its potability,
safety of human contact and for the health of ecosystems.
A number of studies have been made worldwide to
assess quality of different river water (Menon, 1985;
Shaban and Taweel, 1999; Singh et al., 2004; Ramchandra
et al., 2006; Sood et al., 2006). However, it is mandatory
that all water reservoirs in the world must be
periodically checked for the presence of various
contaminants in order to assess its suitability for a
variety of human uses

Garhwal Himalaya is positioned almost
centrally in the long Himalaya sweep. Garhwal
Himalaya abounds in numerous small and large flowing
water systems such as rivers, streams and springs.
Srinagar is an important township situated enroute the
shrine resorts of Badrinath and Kedarnath in the district
Pouri, Uttarakhand, India. The residents of this town
and surrounding areas largely depend on river
Alaknanda for drinking and irrigation purposes.
However, people use water from some other local sources
such as hand pump etc. Since periodic assessment of
water quality of such resources is of great significance,
the present work was undertaken with the objectives of
detecting the pathogenic bacterial load of water sample
collected from different natural and manmade sources.
MATERIALS AND METHODS
The ready- to- use kit used in this study was
HIMEDIA K015-1KT HiWater TM Test Kit. All other
chemicals used in the present study were of analytical/
laboratory grade procured from Himedia Pvt ltd., India,
SRL Pvt ltd., India, Loba chemicals, India and CDH ltd.,
India
1) Collection of Water samples- The water samples
were collected from Alaknanda river near Chauras
Bridge, Srinagar (Garhwal). The water samples were
collected in sterile capped bottles in the month of
June. They were brought to the laboratory under
aseptic conditions.
2) Detection of pathogenic microorganisms: The
HiwaterTM test kit used in the present study does
not give an estimation of colony forming units
(CFUs). Instead it relies on the specific biochemical
activities of pathogenic bacteria to change the colour
of media into a particular type. This gives a
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preliminary insight of the presence of potential
pathogens in the water samples. The user manual
supplied with the kit was followed in order to detect
the pathogenic bacteria present in Alaknanda water.
3) Coliform estimation- Maximum Probable number
(MPN) estimation as described by Chakraborty and
Pal, (2008) was used for the detection of coliform
bacteria in the water sample. This number, based
on certain probability formulae, is an estimate of
the mean density of coliforms in the sample.
4) The confirmatory test for coliforms- In this test
100ìl of culture broth from each tube detected
positive for gas production was plated on EMB Agar
media.
5) Examination of Physical and chemical parametersStandard methods were used to determine
temperature, pH, alkalinity, acidity, DO, BOD, Nitrate,
H2S, Chloride and hardness of the water sample.

RESULTS AND DISCUSSION
Detection of Pathogenic organisms in water samples –
On detection with the kit used in the present study the
river water was found to be contaminated by S. serotype,
Typhimurium, C. freundii, S. serotype, Enteritidis and Vibrio
cholera. Off course it is a preliminary investigation and a
further detailed analysis involving biochemical and
molecular tools needs to be done to confirm its findings
but it is sufficiently giving insights about the alarming
situation that has reached now.
Coliform estimation- The MPN method after a
confirmatory test resulted in the estimation of 330
coliform bacteria/100 ml of water sample. A different
value have been reported by previous workers ( Semwal
and Akolkar, 2006; Sood et al., 2008) and it may be due to
their collecting the sample at different period and
different sites as the anthropological load (pilgrims etc.)
is not similar throughout the year and also varies from
place to place. The results of the current study indicate
the increased anthropogenic activities near the river and
suggest precautionary measures to prevent
contamination its water.
Estimation of physical and chemical parameters- Results
of this investigation are summarized in Table 1. The
temperature of river water was found to be around 25 0C.
To the best of our knowledge no standard temperature
ranges have been recommended by any of the agency
working in the area of water quality monitoring and its
standardization. The pH value is well within the
standard limit of 6.5-8.5. Beyond this limit the water
will affect the mucous membrane and water supply
system. The temporary hardness is due to the
biocarbonates of Calcium and Magnesium and the
permanent hardness is due to the Sulphate, Chlorides
and Nitrate salt of the same. As per the present
investigation the Alaknanda water was found to be
moderately hard (a range between 50-150mg/l). The

alkalinity refers to the capacity of water to neutralize
acid. In the present study, the alkalinity for the river
water was found to be almost equal to its hardness and
it indicates the presence of Ca and Mg salt in it. Chloride
ions to a certain limit are not harmful to human being.
Generally, in the absence of any Industrial effluent the
river water chloride values are well within the
admissible range. In the present case it was found to lie
much below the threshold value. Nitrate compounds
are increased in water due to agricultural fertilizers,
manure, animal dung, nitrogenous material ,sewage
pollution. Excess of it may lead to excessive growth of
algae. Methemoglobinemia or blue baby disease in
infants is also known to be caused by excess nitrogenous
compounds in the drinking water. In the present case,
however, the values are quite below the upper limit. In
addition to that the other parameters such as BOD, COD
were found to be slightly above the standard limits and
a detailed investigation is further required to establish
the exact cause behind this. The inorganic phosphate
concentration was found to lie near the upper limit.
CONCLUSION
The present study indicates that barring a few
parameters the quality of water of river Alaknanda near
Srinagar seems to be well within the standard limits
and therefore, can be declared fit for its use for various
human purposes. However, a variety of other potential
chemical contamination indicators such as Arsenic,
fluoride, sulphate, Iron, Magnese, Copper, Lead, Mercury,
Zinc, and Pesticides etc. needs to be tested in its water
before reaching any final conclusion. In any case
precautionary measures to stop increasing pollution
whether of human origin or of industry/agriculture
origin must be taken by the government and local
agencies/NGOs working in this area.
Table 1. Estimation of various physical and chemical
parameters of water from river Alaknanda
Parameters

Estimated value
(Average of 3 independent
estimated values)

Permissible
limit (PL)*

Temperature

24.50

N.R.

7.4

6.5-7.5

(Centigrade)
pH

Alkalinity (mg/l.) 6 0

200-600*

D.O. (mg/l.)

11.6

6.0-4.0*

B.O.D (mg/l.)

3.4

2.0-3.0*

Nitrate (mg/l.)

1.1

45-100*

H2S (mg/l.)

6.9

N.R.

Chlorides (mg/l.) 7.68

250-1000*

CO2 (mg/l.)

N.R.

9.2

Hardness (mg/l.) 5 5

300-600*

Inorganic

0.046-0.068*

Phosphate (mg/l.)

0.07

THE SCIENTIFIC TEMPER
*Permissive values as prescribed by Bureau of Indian Standards
(http://www.indiawaterportal.org.
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ABSTRACT
Bergenia ciliata (Haw.) Sternb. was collected in the vicinity of Kumaun Himalaya,
Uttarakhand, India. The fresh roots of plant were air-dried and chopped. This material was extracted
with hexane, chloroform, methanol and sterile distilled water. The organic as well as aqueous extracts
were tested for antimicrobial activity using the disc diffusion technique against 8 animal and plant
pathogenic bacteria i.e. Bacillus subtilis, Staphylococcμus aureus, Esherichia coli, Proteus vulgaris, Erwinia
chrysanthimi, Xanthomonas phaseoli, Agerobacteriaum tumefaciens and Xanthomonas campestris.
Chloroform, methanol and aqueous fractions of B. ciliata showed activity against all tested bacteria.
P. vulgaris was found to be most sensitive to the tested extracts. A weak antibacterial activity was
demonstrated by hexane fraction. In majority of tests, the extracts of B. ciliata were found more
effective than ampicillin (10μg) and erythromycin (15μg).
KEY WORDS: Bergenia ciliata, Plant extracts, Antibacterial activity

INTRODUCTION
There is a continuous and urgent need to discover
new antimicrobial compounds with diverse chemical
structures and novel mechanisms of action because there
has been an alarming increase in the incidence of new
and re-emerging infectious diseases. Another big
concern is the development of resistance to the
antibiotics in current clinical use (Rojas, 2003).
Higher plants produce hundreds to thousands of
diverse chemical compounds with different biological
activities (Hamburger and Hostettmann, 1991). Thus,
they have been used in the treatment of various human
diseases for thousands of years all over the world.
Similarly, some plants have been used by rural people
in the Himalaya for the treatment of several diseases,
including microbial infections for emetic and
strengthening effects. Most of the plants used for
medicinal purpose have been identified, and their uses
are well documented and described by different authors
(Nadkarni, 1876; Dastur, 1985; Saradamma, 1990), but
the efficacy of many of these plants is yet to be verified.
Moreover, natural plant extracts have been tested in the
laboratory against bacteria and fungi.
Natural plant products yield extracts with
antineoplastic, antimicrobial, antifungal and antiviral
activities (Lau, 1993). The first compound with
antimicrobial activity was found in the 1930s
(Goodman, 1991). Since that period the development and

use of these substances have increased because of the
appearance of resistant strains (Zinhener and Mear,
1972). Attention has turned to natural antimicrobial
agents in recent years (Daferera, 2003). There have been
many investigations on the antifungal, antibacterial
(Elgayyar et al., 2001), and antiviral (Vander Berghe and
Vietinck, 1991) preparations and individual compounds
isolated from natural sources.
Berginia ciliata (Haw.) Sternb. (Saxifragaceae) is an
ethnobotanically useful plant. In this study, we
investigated the antimicrobial activity of different
fractions of the plant and the activity is compared with
standard antibiotics.
MATERIALS AND METHOD
Plant material was collected in October, 2005 from
Nainital, India and authenticated by Dr. YPS Pangtey,
Department of Botany of the University. A voucher
specimen was deposited in the herbarium of the
Department.
Underground part (rhizome) of the plant was air
dried and powdered in an electric grinder. Fine
powdered plant materials were subjected serially to
hexane, chloroform, methanol and water. After
extraction, each extract was passed through Whatman
filter paper No.1. The filtrate was concentrated on a
rotary evaporator under vacuum at 200 C and stored at
40 C for further use.
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Microorganisms (Escherichia coli MTCC No.40, Bacillus
subtilis MTCC No.121, Proteus vulgaris MTCC No.426,
Staphylococcus aureus MTCC No.87, Agrobacterium
tumefaciens MTCC No. 609, Xanthomonas campestris MTCC
No. 2286 obtained from Institute of Microbial technology,
Chandigarh, India and Erwinia chrysanthmi and
Xanthomonas phaseoli were obtained from plant pathology
department, G.B. Pant University of Agriculture,
Pantnagar, India.
Antibacterial activity testing was done following
disc diffusion method (Bauer et al., 1966; Cruickshank,
1968). Gentamycin (10mg), Erythromycin (15mg) and
Ampicilin (10mg) were used as positive control.

Respective solvents were used as the negative control.
RESULTS
The results of present study is summarized in
table-1. Antibacterial investigation on B. ciliata rhizome
showed that out of four extracts, chloroform, methanol
and aqueous extract are active against all the tested
strains.
Inhibition by hexane extract was found significant
only against E. chrysanthimi (zoi= 10mm) and P. vulgaris
(zoi = 12mm) whereas it was less active against S. aureus
and X. campestris (zoi = 8mm), and X. phaseoli (zoi = 7mm)
and did not show any activity against B. subtilis, E. coli

Table 1. Antibacterial activity of different extracts of B. ciliata
Inhibition zone (mm)a\

Microorganisms
H

C

M

W

G

E

AB. subtilis

(+ve)

na

10

18

19

20

10

na

S. aureus (+ve)

8

9

15

13

13

8

na

E. chrysanthimi (-ve)

10

8

20

18

16

8

na

E. coli (-ve)

na

9

17

13

16

9

7

P. vulgaris (-ve)

12

12

14

14

12

na

8

X.phaseoli (-ve)

7

0

12

8

11

na

na

A.tumefaciens (-ve)

na

10

14

11

9

na

7

X. campestris (-ve)

8

12

9

12

14

7

na

a= values are average of triplicates; H,C,M,W = hexane, chloroform, methanol and aqueous extract respectively; Z,
E,A = gentamicin, erythromycin and ampicillin; na = not active .
and A. tumefaciens. Chloroform extract was found active
against all the tested strains but showed a low activity
against E. chrysanthemi and X. phaseoli (zoi =8mm) and E.
coli and S. aureus (zoi = 9mm). Significant activity was
observed against B. subtilis and A. tumefaciens (zoi= 10mm)
and P. vulgaris and X. campestris (zoi = 12mm). It is evident
from table 1 that methanol extract was significantly
active against all the strains except X. phaseoli (zoi= 9mm).
The highest activity was recorded for E. chrysanthemi (zoi=
20mm), followed by B. Subtilis (18mm) and E. coli (17mm).
Aqueous extract showed a significant activity against
all strains used except X. phaseoli. Clear zone diameter
for this fraction was recorded 19, 18, 14, 12and 11mm
against B. subtilis, E. crysanthimi, P. vulgaris, X. campestris, A.
tumefaciens respectively, whereas inhibition zone of 13mm
each was found for S. aureus and E. coli.
DISCUSSION
In this study, the antimicrobial influence of the
fractions extracted from B. ciliata against different
bacteria, all the four extracts of rhizome showed varied
degree of activity against both Gram-positive and
Gram-negative bacteria. All the tested bacteria were
found least susceptible to hexane extract followed by
chloroform fraction. Highest level of antibacterial

activity was presented by methanol and water extracts
of both parts. In general the activity shown by methanol
and water extracts was found to be almost similar with
the highest concentration of the standard (gentamicin20μg), however, it was very high as compared to the
other two standard antibiotics used i.e. ampicillin and
erythromycin. As there are reports on the widespread
resistance to ampicillin, the chloroform, methanol and
aqueous fractions of the plant can be used instead of
ampicillin.
In recent years, although technology and medicine
have developed extensively, due to decreases in natural
richness and drawbacks, some countries have made it
obligatory to use natural products for many goals
(Erturk et al., 2006). Thus, like in other countries in the
world, in India too the plants known by people are
picked and used for the treatment of various diseases
(Meckes et al., 1997).
As a consequence of this study, we will try to isolate
the compounds causing the antimicrobial activity
present in B. ciliata. A further study is planned to examine
in detail the properties of compounds of fractions.
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INSECT PEST MANAGEMENT OF TEMPERATE FRUIT CROPS
SHAHID SAMI SIDDIQUE AND RAM BABU
Zoology Department, H.N.B..Govt..P. G.College , Khatima,U.S.Nagar Uttarakhand

INTRODUCTION
There are many important fruits grown in
temperate climates such as apple, peach, pear, plum,
apricot, almond, cherry, strawberry, kiwi, walnut etc.
Unlike field and vegetable crops, fruit trees are grown
over several years in the same habitat and serve as a
permanent abode for the multiplication of insect pests.
In India, the temperate fruits are confined mostly to the
western Himalayan region. Nearly 1000 insect pests and
mites have been reported attacking temperate fruit crops
throughout the world.
Apple
In India, over 250 insect pests damage apple
with varying infestation levels. Insects like Jan Jose scale
and woolly apple aphis have been introduced along
with fruit plants and still continue to occur in most apple
growing areas as key pests. Rapid increase in area under
commercial apple cultivation in NW Himalayan region
has also led to establishment of many indigenous pests
as major and secondary pests. Nearly 20 insect pests
are considered economically important in India and
plant protection form the most important operation in
the care of apple orchards.
Table: Status of major pests of apple in India
Distribution
San Jose Scale
Most widely spread, Jammu
and Kashmir, Himachal Pradesh, Uttarkhand,
North-eastern hill states, Sikkim, Tamil Nadu
Woolly apple
Most widely spread, Jammu and Kashmir, aphid
Himachal Pradesh, Uttarkhand, North-eastern hill
states, Sikkim, Tamil Nadu
Major pests
Red spider mite
Jammu and Kashmir, Himachal Pradesh,
Uttarkhand
Apple leaf roller
Jammu and Kashmir, Himachal Pradesh,
Uttarkhand, Assam, Meghalaya, Manipur,
Arunachal Pradesh
Blossom thrips
Most widely spread, Jammu and Kashmir,
Himachal Pradesh, Uttarkhand, North-eastern hill
states, Sikkim, Tamil Nadu
Root borer
Severe in sandy and sandy-loam soil in all applegrowing regions.
Codling moth
Presently confined to Leh and Kargil region of
Jammu and Kashmir

Secondary pests
Defoliating
beetles
Leopard moth
Stem borer
Shoot borer
Indian gypsy

Tent caterpillar

Hairy caterpillars
Shot hole borer
Coreid bugs
Pentatomid bugs
Apple fruit
Apple fruit

Serious attack occur in orchards bordered
by forests
Jammu and Kashmir, Himanchal Pradesh and
Uttarakhand
Occur in all apple-growing areas on the country
Occur in all apple-growing areas of the country
Damage foliage during may-June in moth
Himachal Pradesh, Uttarkhand, Meghalaya,
Assam
Himachal Pradesh, Uttarkhand, Meghalaya,
Jammu and Kashmir, Assam, Arunachal Pradesh,
Manipur
Occur in all apple-growing areas on the country
Occur in all apple-growing areas on the country
Occur in all apple-growing areas on the country
Occur in all apple-growing areas on the country
Presently restricted to Kinnaur district moth
of Himachal Pradesh
Meghalaya, Assam, Manipur, Arunachal weevil
Pradesh

Key pests
1. San Jose scale: Quadraspidiotus perniciosus
(Diaspididae: Homoptera)

Pest
Key Pests

It is a key pest of apple, pear, peach, almond and
plum occurring on almost all temperate fruit growing
region of the country.
Damage
San Jose scale attacks all plant parts above the
ground level. It forms dense colonies on branches, trunks,
stems and spurs. Fruits and twigs often surrounded by
reddish or pinkish rings. Heavily infested plants look as
if sprayed with ash. The young plants, if not checked in
time, is killed with in 3 years. Infested fruits show a
characteristic red spots having white /grey spots. Active
from March to December (3-4 generations)

38

Insect Pest Management : Siddique, Shahid Sami and Ram Babu

Management
¾ Pruning and destruction of heavily infested
twigs in winter.
¾ Avoid using bud wood from trees infested with
scale.
¾ The parasitoids, Encarsia (Prospaltella) perniciosi,
Aphitis sp., Proclia sp., Chiloneurus sp., and
predators Chilocrus bijugus, Coccinella
septumpunctata exercise fair degree of control.
¾ Spray dormant trees in winter with 2-3% (4-6
lit/tree) miscible oils (HPTSO/SAVO-OEH/
Akrur) from end of February or between late
dormancy and green tip stage. Or spray diesel
oil emulsion at 4-6% concentration.
¾ Single application of fenitrothion 50%EC (0.05%),
chlorpyriphos 20%EC (0.02%), dimethoate
30%EC (0.03%) at first crawler emergence stage
during May. Oil sprays are compatible with
insecticides, can be mixed and sprayed for
effective control. If necessary spray again in
September-October with any one of the above
chemicals.
¾ Avoid summer spray if bio control agents are
active and found in good numbers.
2. Woolly aphid: Eriosoma lanigerum
(Pemphigidae: Homoptera)

It is a serious pest in most apple growing areas
of India.
Damage
The purplish aphid is covered with white
cottony masses on branches, twigs and main roots below
ground; multiplication is very rapid; active from March
to December, maximum activity during July-August
after rains.
Both nymphs and adults cause damage by
sucking cell sap from the aerial and subterranean parts
of the plant. The movement of woolly aphid between
aerial and subterranean parts occur through 1st instar
nymphs. Nodule like structures or galls on aerial and
underground parts are formed. Ultimately the growth
and vigour of the plants are adversely affected. The
damage is most serious in nursery plants and young
orchards.
Management

¾

Create a physical barrier for migrating aphids
about 50cm area around tree trunk should not
be disturbed and kept clean following cultural
operations.
¾ Avoid using infested nursery stock for planting.
¾ Use resistant root stocks like Merton-778, 779,
789, 993, Quince, Pyrus pashia and Cotoneaster
bracillaris.
¾ The exotic parasitoid, Aphelinus mali is an
important parasitoid of woolly aphid.
¾ Incorporation of paradichlorobenzene at 30-110
g/tree in a trench around the tree away from
the base may afford control of root infecting
aphid.
¾ Before planting dip the plants in 0.04%
chlorpyriphos solution to control and check
further spread on the aphid.
¾ Spray aerial parts of the bearing trees with
0.03% dimethoate 30%EC, or monocrotophos
36%SL during spring (march-April) and again
during summer (June-July). For root forms of
aphid, give soil application (80-100 mm deep) of
phorate 10%G (10-30gm) or carbofuran 3%G
(30-50gm) granules at 5cm deapth in the root
zone of 1-4 year old trees.
¾ Avoid spray during summer where predators
and parasitoids activity is high.
3. European red mite: Panonychus ulmi
(Tetranychidae: Acarina)

It is a major pest in almost all the apple growing
areas of Himachal Pradesh and Jammu and Kashmir.
The economic losses caused by this mite have been
estimated to be more than 30%. It attacks apple, pear,
peach, apricot, plum and walnut.
Damage
Both the young and adults suck the plant sap
from leaves and other tender parts. Mite attack cause
initial speckling on leaves and at later stage the leaves
become brownish-green colour which led to premature
leaf fall and weakening of buds. Feeding causes
production of unripe, sour, undersized and poorly
coloured fruits.
Management
¾ The pruned woods and branches which are mite
infested should be destroyed by burning.
¾ The mite population is regulated by predatory
mites such as Typhlodromous sp., Amblyseius sp.,
and Zetzellia sp., green lace wing Crysoperla sp.
¾ Treat the plants at pink bud stage and one
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month later. Combination of orchard spray oil
sulphur 0.25% at pink bud stage and later when
(2%) with lindane 20%EC (0.05%) is
the mite population exceeds 15-20/leaf.
recommended to prevent egg hatch.
¾ Spray dicofol 18.5%EC (0.05%) or wettable
Other major pests of apple
No. Insect name
Description
Management
1
Root borer, Dorysthenes
Shining, chestnut-red beetles lay eggs Avoid dry sandy soils for apple
hugelli
in soil during July-August; grubs feed plantation; remove and destroy grubs
exclusively on thick roots and other from roots of affected trees; Drench the
organic matter, their longevity is 3 1/ basin of the affected tree with 0.05%
2 years; sandy soil preferred by the chlorpyriphos 20% EC in March and
pest
again in July.
2

Tent caterpillar,
Malacosoma indica

Caterpillars feed gregariously on
leaves at night and hide during the
day in small tent-like structures of
webs; moths lay eggs in bands
(strips) around small twigs in May;
caterpillars hatch out in the next
spring

Remove and destroy egg bands during
pruning;
destroy
web
tents
mechanically in April-May or give spot
treatment with kerosene or spray
carbaryl 50%WP (0.05%).

3

Leopard moth,
Zeuzera multistrigata

White moths of attractive patterns
are seen at dusk during may to july;
eggs are laid singly in cracks of barks;
pinkish-white young caterpillars
bore into branches and stems
resulting in drying of shoots with in
1-2 years and of the plant within 3-4
years of infestation.

Kill caterpillars in tunnels by inserting
a pointed wire or insert cotton wick
soaked in petrol, chloroform or
dichlorvas and seal holes with mud. Or
insert paradichlorobenzene (0.5g) or
aluminium phosphide tablets (1-3Nos
each weighing 3gm) and seal the hole
with mud.

4

Apple blossom thrips:
Taenniothrips
rhopalantennalis,
T. flavus

Minute insects lay eggs in flower
buds and nymphs and adults scrape
tissues there. So there is no fruitsetting

Spray 0.05% fenitrothion 50%EC, or
0.02% chlorpyriphos 20%EC at early
pink bud stage or 7-10 days before
flowering.

5

Defoliating and fruit-eating
chaffer beetles: Adoretus
duvauceli, A. versutus, Anomala
dimi-diata, A. lineatopennis, A.
flavipes, A. rufiventris,
Holotrichia longiplennis,
Hilyotrogus holosericeous,
Lachnosterna
coriacea,
Melolontha furcicauda, Mimela
passerinii

Differently coloured scarab beetles.
Lay eggs in soil during rainy season;
grubs feed on vegetation under
ground till next summer; beetles come
out in June and feed on foilage and
some species also attack the tender
fruits usually during night. The
affected fruits lose their market value.

Collect beetles by shaking the infested
trees and destroy them. Operate light
traps @ 1/Ha to trap beetles from AprilSeptember. Spray the trees with 0.2%
carbaryl 50%WP twice at 7-day
intervals starting as soon as adults
appear. Soil application of phorate 10%G
(25kg/ha) / quinolphos 5%G (30kg/ha) /
chlorpyriphos 10%G (20kg/ha) around
the tree to kill grubs.

6

Apple leaf-rollers: Cacoecia
sarcosttega, C. ecicyota,C.
pomivora, C. termias, C.
subsidiaria

Polyphagous; larvae feed on the
leaves, buds and flowers; after rolling
or webbing them together,
caterpillars feed within on soft
tissues; fruit-setting is adversely
affected

Collect and destroy rolled leaves and
webbed flowers; spray 0.05%
fenitrothion 50%EC or 0.03% endosulfan
35%EC in April
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7

Apple leaf-miner, Gracillaria Young caterpillars make several
zachrysa
mines on leaf surface; later they leave
mines,
roll
young
leaves
longitudinally into tubular or coneshaped pouch and feed within; the
maximum damage during summer
(April-May) and in autumn
(September-October)

Prune heavily the affected parts and
burn them; spray neem-cake suspension
or 0.05% methyl-O-demeton 25%EC or
monocrotophos 36%SL

8

Indian Gypsy
Lymantria obfuscata

See under apricot

9.

Apple stem borer, Apriona Ashy-grey, long horned beetles with
cinerea, A. sarta, Batocera conspicuous blackish tubercles at the
rufomaculata
base of elytra. It causes damage to stem
and shoots which led to wilting and
drying of shoots /plants
Clip-off the terminal shoots with
unshed cluster of leaves in winter to
destroy stwem borer.

moth, See under apricot

Clean the hole by inserting a pointed
wire or insert cotton wick soaked in
petrol, chloroform or dichlorvas 76%SC
and seal holes with mud. Or insert
paradichlorobenzene
(0.5g)
or
aluminium phosphide tablets (1-3Nos
each weighing 3gm) and seal the hole
with mud

Almond
No.

Insect name

Description

Management

1

Almond weevil, Myllocerus
laetivirens
Other weevils: Mylocerus
undecimpus-tulatus, M.
discolor, Amblyrrhinus
poricollis

Beetles with well formed snout often Collect attacked and fallen fruits and
feed either by biting holes in the destroy.
lamina or by peripheral feeding on Spray 0.05% fenitrothion 50%EC
marginals; gradually eat up entire leaf
leaving only the midrib. Grubs feed
on the roots

2

Aphids: Brachycaudus
helichrysi, Myzus persicae,
Pterochlorus persicae

See under peach

3

Almond beetle, Mimastra
cyanura Others: Altica sp.,
Haplosoma sp., Merista sp.,
Monolepta sp.

Small beetles are seen with black spots Same as for controlling almond weevils
at the anal end of elytra. Adults
appear in swarms during May,
defoliate the trees, causing huge
losses; peak activity reaches during
July-August

4

San Jose Scale,
Quadraspidiotus perniciosus

Minor pest of almonds (see under Same as in the case of apple
apple)

Same as in the case of peach
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Apricot
No.

Insect name

1

Indian Gypsy
Lymantria obfuscata

2

3
4

5

6
7

8

Description

Management

moth, Round, greyish-brown eggs are laid
in clusters during June-July under the
bark on tree trunks and are covered
with yellowish-brown hairs; these
hatch after 8-9 months; larvae feed
gregareously at night and defoilate the
trees completely
Adults emerge from dry fruits in the
Apricot chalcid, Eurytoma
end of February; lay eggs inside young
samsonowi
fruits; grubs feed on the developing
seeds, fruit growth is arrested and
fruits fall prematurely; pupation takes
place inside the seeds; maximum
activity in April-May
Apricot weevil,
Emperorhinus defoliator
Grey weevils: Myllocerus
discolor, M. undecimpustulatus,
M. laetivirens
Apricot chafer beetles:
Anomala polita, A.
lineatopennis etc.
Peach borer, Sphenoptera
lafertei
Leaf-rollers: Cacoecia
epicyrta, C. sarcostega
Scale insects: Eulecanium
coryli, Parlatoria oleae, O.
perniciosus, Parlatoria oleae,
Quadraspidiotus perniscious

Collect and destroy egg masses, as these
are very conspicuous; Caterpillars come
down to the basin of trees at night. Place
gunny bags soaked with either
chlorpyriphos 20%EC (0.02%) or
fenitrothion 505EC (0.05%)
Collect and destroy all dropped fruits

Adults defoliate the trees during Same to those of almond weevil
summer
Symptoms similar to those of almond. Same to those of almond weevil
Adults defoliate trees during summer
See under apple

Same to those of apple

See under peach

Same as in the case of peach

Black headed green caterpillars fold
leaves April-May onwards. Attack on
fruit also is seen.
See under Apple

Spray carbaryl 50%WP (0.05%) or
malathion 50%EC (0.05%) about two
weeks before harvesting
Same to those of apple

Peach
No.

Insect name

Description

Management

1

Peach leaf curling aphid,
Brachycaudus
helichrysi

Smooth green looking aphids suck sap
from growing leaves which lead to
crinkling and curling. Growing buds
become weak and result in poor
setting and fruits fall-off prematurely

Spray 7-10 days before flowering (pink
bud stage) methyl demeton 255EC
(0.025%) or Dimethoate 30%EC (0.03%) or
Monocrotophos 36$SL (0.04%) or
Fenitrothion 50%EC (0.05%) or
Formothion 25%EC (0.038%) @ 4-8 Litres/
tree. Spray with imidacloprid 17.8%EC
0.006% also very effective.

2

Blossom thrips: Thrips
rhopalantennalis, T. flavus, T.
florum, Haplothrips sp.,
Tenuipennis sp., Frankiniella
dampfi
Peach Fruit fly Bactrocera
Zonatus
Oriental fruit fly
Bactrocera (Dacus) dorsalis

See under apple

Same as in apple. Pre-bloom spray
recommended for peach leaf curl aphid
is also effective.

3

The adult is stout, brown to dark During April-May when adult flies start
brown in colour with ferruginous appearing on leaves, spray the bait
thorax; measures 7 mm in length and consisting of 0.1% malathion 505EC + 10g
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14 mm across the wings; females has
tapering abdomen which ends in a
pointed ovipositor.
They lay eggs inside fruits; maggots
feed on pulp; fruit becomes soft,
ferments and drops. The incidence
reduces yield and quality of the fruit

sugar/ gur (in one litre of water) on the
foliage of trees or install bait stations in
the orchard by mixing 25 g gur in 10 ml
malathion and sufficient quantity of
water for making slurry.
Encourage early maturing varieties like
“Worlds Earliest”and “white giant” in
infested localities.
Do not delay harvesting of fruits. Collect
and destroy the fallen fruits

Pear
No.

Insect name

Description

Management

1

Stem borer, Sahyadrassus
malabaricus

2

Aphid, Lachnus krishnii

The larvae bores into the basal part of Syringing petrol or kerosene or
the stem.
chlorpyriphos 20%EC 0.05% into the tree
trunk.
See under peach
Same to those of peach

3

See under Apple
Scale insects: Parlatoria
oleae, O. perniciosus,
Parlatoria oleae,
Quadraspidiotus perniscious

Same to those of apple

Plum
No.

Insect name

Description

Management

1

Plum Weevil, Amblyrrhinus
pricollis
Other weevils:
Myllocerus tactivirens, M.
sabulosus, M. undecimpustulatus

Adult beetles feed on the epidermis of Same to those of almond weevil
fresh and tender leaves leaving
behind only the network of veins,
affected leaves dry up and fall serious
damage on young plantation
Cherry

No.

Insect name

Description

Management

1

Flat-headed borer,
Sphenoptera Lafertei

Small coppery black adult beetles feed
on foliage; generally attack stems and
branches exposed to the sun. The
plants become weak or die in severe
infestation.

2

4

Root borer, Dorysthenus
See under apple
hugelli
Stem borers: Aeolesthes
See under apple
Holosericea, Apriona cinerea,
B.rufomaculata
Plum scale, Eulecanium tiliae See under apple

Spray the main trunk with methyl
parathion 50%EC (0.1%) or swab the
main trunk and limbs with methyl
parathion 50%EC (0.1%).
Remove the dead bark and apply
waterproof paints on hard wood.
Cover the exposed part of the tree with
grass/gunny bags with methyl
parathion 50%EC (0.2%).
Same to those of apple

No.

Insect name

Description

1

Leaf roller, Hyplocala
rostrata

Dark, violaceous grey and orange moth Spray endosulfan 35%EC (0.05%) or
lay eggs on leaves in early-July. Insects Malathion 50%EC (0.05%) in mid-July
remain active through-out the rainy and again in mid-August.
season. Caterpillars fold leaves, feed
inside and pupate within the leaf folds

3

Same to those of apple

Same to those of apple

Persimmon
Management
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Strawberry
No.

Insect name

1

Fruit borer, Helicoverpa
armigera

2

3
4

Description

Management

The moth has V shaped speck on the
light brown forewings and a dark
border on the hindwings. The larva
is greenish with dark grey lines on the
body. Larv damages the leaves and
fruits
Defoliator, Spodoptera litura The moth has wavy white markings
on the forewings and white
hindwings. The larvae hide during
day time in the soil and active during
night feeding on the leaves.
Defoliating chaffer beetles Adults are variously coloured cause
defoliation. Grubs are root feeders.
Hairy caterpillars
Defoliate plants during June-July

Install H. armigera pheromone trap @10/
ha for monitoring adults.
Spray neem formulation 0.3%EC (3ml/lit)
or HaNPV 250LE (1ml/lit) or Bacillus
thuringiensis (Bt) (1-2gm/lit)
Collection and destruction of egg masses
and gregarious young larvae.
Install S. litura pheromone trap @10/ha
for monitoring adults.
Spray SlNPV 250LE (1ml/lit)
Same
as that of apple
Spray endosulfan (0.05%) or malathion
(0.05) on the appearance of caterpillars,
Do not spray endodulfan on fruits.
Harvest berries 7-10 days after
malathion spray.

Walnut
No.

Insect name

Description

Management

1

Walnut weevil, Alcidodes
perrectirostris

Weevils with prominent snout.
Excavate circular feeding holes on the
fruit surface. Grubs bore into the fruits
and reduce the kernels into a black
mass, attacked fruits drop
prematurely with grubs inside

Fallen fruits should be collected and
destroyed. This method is efficient only
if tree owners carry out this operation of
collection and destruction of infested
fruits on campaign basis
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EFFECT OF SODIUM FLUORIDE ON ORGANIC RESERVES OF SOME TISSUES OF
HETEROPNEUSTES FOSSILIS
PRINCE KUMAR SRIVASTAVA, NEETU SINGH RUHELA, SADGURU PRAKASH AND K. K. ANSARI
Department of Zoology, M.L.K. (P.G.) College, Balrampur

ABSTRACT
After 90 days exposure of H. fossilis to different sub-lethal concentrations of sodium fluoride
(25 mg/L, 50 mg/L and 75 mg/L), glycogen, total protein and cholesterol in kidney, brain and gill
tissues were significantly decreased. None of these changes was observed in the control group.
KEY WORDS: Fluoride, Biochemical parameters, H. fossilis.

INTRODUCTION
Fluoride is an essential trace element that helps in
mineralization, development and functions of bones and
teeth. Fluoride in very low levels has been found to help
in the prevention of dental caries as well as to lower
osteoporosis. However, excessive ingestion of fluorine
and its compounds found in water cause a crippling
disease known as ‘fluorosis’ of its profound affinity for
calcified tissues. Thus, fluoride toxicity is becoming a
matter of grave concern, as many countries have been
declared endemic for fluorisis. This makes it imperative
for scientists to focus on precise toxic effects of fluoride
on skeletal and non-skeletal tissues, so that effective
therapeutic agents can be developed. The permissible
limits of fluorides in drinking water as suggested by
Bureau of Indian Standards (BIS, 1983) vary between
0.6 to 1.2 ppm while World Health Organization (WHO,
1984) permits a maximum of 1.5 ppm of it. Hence the
present study was taken to investigate the toxic effects
of sodium fluoride on certain biomolecules in kidney,
brain and gill tissues of freshwater Catfish Heteropneustes
fossilis.
MATERIALS AND METHODS
Healthy, male fishes of equal size (15.0 ± 0.5 cm) and
weight (38 ± 2.0 gm) were collected from local fresh water
resources and maintained under standard laboratory
conditions for 15 days. The fish were divided into four
groups with 10 fish per group. Group 1 served as control.
While group II, III and IV exposed with 25 mg/L, 50 mg/
L and 75 mg/L sodium fluoride, respectively. The water
of all groups was changed on alternate days. After 90
days, all the fish were sacrificed for sampling. The
kidney, brain and gill tissues in each group were
dissected out and homogenized. The homogenate was

centriguged at 3500 rpm for 20 minutes. The supernant
was used for the estimation of glycogen, total protein,
total lipid and cholesterol by Caroll et al. (1956), Lowery
et al. (1951), Folch et al. (1957) and Rosenthal et al., (1957)
methods, respectively. The data were analysed by
student’s ‘t’ test to determine the significance of the
changes from control.
RESULTS AND DISCUSSIONS
After 90 days of exposure of Heteropneustes fossilis
to sublethal concentrations of sodium fluoride, the
glycogen, total protein, total lipid and cholesterol
contents in kidney, brain and gills were decreased
significantly in all groups of fluoride exposed fishes
(Table 1).
After 90 days exposure to sodium fluoride, the
glycogen content was significantly reduced in kidney,
brain and gill. Glycogenolysis in kidney, brain and gill
in fluoride induced fishes suggests enhanced conversion
of glycogen to glucose which increases the blood glucose
content to meet an increased energy requirement under
stress conditions. During stress condition fish need more
energy to detoxify the toxicant and to overcome stress.
Storochkova and Zhavoronkov (1983) reported that
fluoride act as activator many glycolytic enzymes,
consequently, the decrease in glycogen content in fluoride
exposed fishes. Depletion of glycogen stored in kidney,
brain and gill may be inhibition of AChE activity in brain
and gill of exposed fishes. Due to inhibition of AChE,
concentration of acetylcholine (Ach) increases which
stimulate the secretion of catecholamine that brings
about glycogenolysis and hyperglycemia through raised
levels of cyclic AMP (Gopal and Khanna, 1993; Natrajan,
1984; Nilsson et al., 1976; Terrier and Perrier, 1975 and
Begum, 2004). Sharma and Gopal (1995) have also
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observed a significant rise in lactic acid concentration
in blood and decrease in the activity of succinic
dehydrogenase (a key enzyme of TCA cycle) in C. batrachus
chronically exposed to carbaryl. They suggested that it
is an indication of the inhibition of Krebs cycle and/or a
favour of anaerobic metabolism over aerobic one due to
intoxication of pesticide to meet out the immediate
energy demand. Thus significant decline in tissue
glycogen to meet an increased energy requirement of
treated fish might be due to enhanced secretion of
catecholamine under the stress of effluents.
In the present study, protein content was
significantly decreased in kidney, brain and gills. Kidney
and gills are the main sites of degradation and
detoxification of Xenobiotics (Rao et al., 1983) and the
biochemical effects recorded seem to be the result of
greater stress on these organs. Gill et al., (1988) reported
that during the initial phase of exposure to toxicant loss
of enzymes due to tissue necrosis and increased metabolic
activity for detoxification of the toxicant might
necessitate enhanced synthesis of enzyme proteins.
Proteins are mainly involved in the architecture of the

cell. During chronic period of stress are also sources of
energy. During stress conditions fish need more energy
to detoxify the toxicant and to overcome stress. Since
fishes have less amount of carbohydrate so next
alternative source of energy is protein to meet increased
demand of energy. Decrease in protein of gill, kidney and
brain may be due to inhibition of protein synthesis
(Reddy et al., 1995) in the cells of these tissue and
interference of amino acid metabolism. Another possible
reason may be depletion of protein for its catechization
in conversion to glucose (Srivastava et al., 2002).
The decreases lipid content in gill, kidney and
brain of fluoride in exposed fishes may be due to
inhibition of lipid synthesis as well as increased
utilization of stored lipid as a source of energy to conduct
regular metabolic activity. Bat Enbury and Vanden
Bergh (1972) reported that fluoride act as inhibitor of
various enzymes like lipases, phosphatase and esterase.
It interferes with fatty acid oxidation and also inhibits
the enzyme acetyl co-A synthetase involved in fatty acid
oxidation. Thus decreased lipid content in various tissues
may be due to the inhibition of these enzymes.
The cholesterol contents were significantly
reduced in kidney, brain and gills of effluent treated
fishes. Gluth and Hanke (1985) reported that
hypocholesteremia in pesticide treated Cyprinus carpio
was due to accumulation of water in plasma. Begum
and Vijagraghavan (2001) have also observed a decline
in cholesterol content accompanied with increase in free
fatty acids in toxicant treated fishes. They suggest that
decreased level of cholesterol in these tissues may be
probably due to increased breakdown of cholesterol into
free fatty acids which are being fed to TCA cycle to meet
out the energy demands during effluent stress.
Thus it can be concluded that fluoride have
induced an energy crisis and altered carbohydrate,
protein and lipid metabolism by exerting their toxic
manifestations in Heteropneustes fossilis that are important
in their physiological activities, survival, growth and
reproduction. The observed biochemical response of
present study could be used as suitable biomarkers of
fluoride stress to aquatic animals.
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Table 1: Effect of sodium fluoride on organic reserve of H. fossilis after 90 days exposure.

Tissues

Control
Mean ± SD

25 mg/L
Mean ± SD

50 mg/L
Mean ± SD

75 mg/L
Mean ± SD

Glycogen (mg/gm wet tissues)
Kidney

7.70 ± 0.32

7.50 ± 0.60

6.90 ± 0.80*

6.40 ± 0.11*

Brain

8.30 ± 0.70

7.80 ± 0.80

6.30 ± 0.82*

5.80 ± 0.60**

Gill

5.20 ± 0.45

4.70 ± 0.50*

3.80 ± 0.40**

3.40 ± 0.30**

Total protein (mg/gm wet tissues)
Kidney

125.10 ± 1.38

113.80 ± 6.70

109.00 ± 2.98

102.90 ± 3.80*

Brain

62.00 ± 0.72

58.90 ± 1.32

54.18 ± 1.34*

51.50 ± 42.60*

Gill

57.25 ± 2.32

51.50 ± 1.60*

41.80 ± 1.80*

33.60 ± 0.50**

Total lipid (mg/gm wet tissues)
Kidney

8.10 ± 0.31

6.70 ± 0.48

5.55 ± 1.12*

4.10 ± 0.32**

Brain

65.38 ± 1.31

57.15 ± 1.30

41.10 ± 1.25**

33.12 ± 1.15**

Gill

9.18 ± 0.41

8.05 ± 0.32

7.25 ± 1.11*

6.80 ± 1.02**

Cholesterol (mg/gm wet tissues)
Kidney

32.30 ± 1.32

29.18 ± 1.32

27.32 ± 1.48

25.18 ± 1.38*

Brain

42.38 ± 0.78

38.18 ± 1.15*

35.38 ± 3.18*

31.48 ± 1.47**

1.28 ± 0.04

0.98 ± 0.08*

0.88 ± 0.06**

Gill
1.48 ± 0.18
* P <0.05; ** P < 0.001
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ABSTRACT
Halophile is a collective name ascribed to organisms capable of surviving in hypersaline
environments by their ability to maintain osmotic balance. They are capable of doing so by
accumulating salts such as KCl and NaCl within their cytoplasm to such a concentration that it
becomes isotonic with the environment. Both eukaryotic and prokaryotic group of organisms have
been identified under the category of halophiles. During the last few decades, in the wake of the
growing industrial utility of extremophilic microbes, there has been great interest among researchers
to explore hypersaline environments for halophilic bacteria with some industrial utility. They are
known to produce a variety of products such as light receptor proteins, bioplastic, enzymes,
biosurfactants etc. This article highlights some of the latest biotechnological applications of halophilic
bacteria.
KEY WORDS: halophile, bacteria, biotechnological applications

INTRODUCTION
Halophiles, the salt loving life forms are known
to require high salt concentration (5-30%) for their
growth and development. Halophiles refer to a broad
group of organisms whose members are distributed to
all three domains of life: Archaea, Bacteria and Eukarya
(Oren, 2002). Halophiles have been discovered all over
the globe in different habitats such as salt marshes, sub
terranean salt deposites, dry soil, salted meats,
hypersaline sea and salt evaporation ponds.. Majority
of them have been reported from ecological zones of
Antarctic lakes. However, a number of alkaline
hypersaline soda brines are also known to exist in
tropical zones. The halophiles are divided into three
major categories- slightly halophilic, moderately
halophiles and extremely halophilic. Slightly halophilic
or halotolerant organisms grow optimally at a
concentration of 2-5% (0.2-0.85 mol/l), moderate
halophiles at a concentration of 5-20% (0.85-3.4 mol/l)
and extreme halophiles at a concentration of 20-30%
(3.4-5.1 mol/l) of NaCl, respectively (Dasarma and Arora,
2001).
Among the three categories, moderately
halophilic bacteria are known to adapt themselves to
survive under hypersaline environment as well as
slightly saline environment (Galinski, 1993). This group
of bacteria were found to have more industrial
applications than other two groups owing to their
property to thrive in both the hyper saline and slightly
saline conditions (Vreeland, 1992).

Maintenance of life by halophiles in hypersaline
environment
Halophilic microorganisms have adapted
different mechanisms to tolerate the extremely saline
conditions (Oren, 2002). Their proteins have unusual amino
acid compositions rendering the molecules stable and
active at high ionic strength. They have excessive number
of acidic amino acid residues on their surface due to which
hydrated ions bind significantly to these proteins, thus
reducing the hydrophobicity and preventing
precipitation. This mechanism helps halophiles survive
at high salt concentration (Gomes and Steiner, 2004).
The second strategy is known as the ‘salt-in’
strategy in which the halophiles take in lots of K+ and Clions and keep Na+ concentration low in the cytoplasm.
This helps maintain high osmotic pressure from inside
the cell and maintain an osmotic balance in an
environment of high NaCl. The aerobic halophilic
archaea belonging to the Halobacteriales sp. accumulate
KCl at concentration at least as high as the NaCl
concentration in their surrounding medium. Among
eubacteria, ‘salt-in’ strategies are observed only in
Halanerobials sp. in which mostly fermentative or
homoacetogenic anaerobes are presents. The pressure of
KCl in high amount inside the cytoplasm is required for
reaching adaptation of all proteins to enable all
intracellular enzymatic systems to be active at high salt
concentration (Oren 1999; Oren, 2000).
The third strategy involves osmotic adaptation.
In this method the cell drips out all the salts from the

50

Industrial Significance of Bacteria : Joshi, G.K.

cytoplasm as much as possible and takes up the organic
solutes from the environment to the cytoplasm to
provide osmotic balance. A variety of compounds such
as glycerol, amino acids and derivatives such as glycine,
betaine and ectoine, simple sugars, sucrose and trehalose
are utilized by the cell to make this strategy effective
(Galinski, 1995).
Industrial Applications of halophiles:The ability of halatolerant or halophillic
microorganism to survive in saturated salty water
makes them different from other microorganisms. The
survival conditions have induced several biochemical
and physiological changes in this class of
microorganisms helping them to produce products of
unparallel counterparts. Because these products can
only be derived from halophiles, they have unique
industrial uses too. Some of the halophilic products and
their industrial uses are discussed below.
a) Bactereorhodopsin production
Bacteriorhodopsin (BR) and halorhodopsin are
membrane bound retinal pigments found in some
extremely halophilic archaea. BR is useful as it helps the
organisms to utilize and use light energy to generate
chlorine gradients. This is important for various
biogenetic processes.(Oren, 1994; Lanyi, 1995). BR is a
26.5 KDa protein and is known to have different types of
properties such as proton motivation, photo electric
effect and other photochemical properties. Owing to
these properties, it has several applications in many
different fields. It is used in holography as a photo
sensitive and erasable material for optical information
recording and processing. Other applications include
their use in the designing of spatial light modulators,
artificial retina, neural network, optical computers and
volumetric and associative optical memories. It is also
known to be used as photochromic material in optical
switches, logic gates (AND and OR gates) and optical
computer (Rao et al., 1998). It is used as a bioelement in
a motion sensor (Ackley and Shieh, 1998) and also as an
image sensor in a bio computer (Kikura, 1998). Another
application of BR is in the renewal of biochemical energy
i.e. the back conversion from ADP to ATP. This is
particularly useful in a system where large amount of
energy is consumed by the biochemical processes in the
form of ATP (Grob, 1997).
b) Biosurfactant production
Biosurfactants are important compounds for
remediation of oil polluted environment. They work by
decreasing the surface tension of the pollutants in an
oil-polluted environment and thus increasing its
solubility, resulting in an increase in the mobility of
hydrophobic hydrocarbons leading to enhanced rate of
its degradation. Biosurfactants are mostly used to
remove the hydrocarbon pollution and for cleaning the
storage oil tank in which large amounts of hydrocarbons
is deposited. There are reports for its use for the purpose

of pollution treatment in the marine environment
(Banat, 2000). The biosurfactants from halophiles can
also be used for in situ microbially enhanced oil recovery
(MEOR). Resistance to the prevailing harsh conditions
at the recovery sites helps them to easily cope with high
temperature, high salinity and anaerobic conditions of
oil and petroleum reservoirs. Bacillus licheniformis JF-2
under anaerobic conditions produces a biosurfactant
‘Lychenisn’ a cyclic lipopeptide (Thomas, 1993). Another
surfactant is Lychenisin A which is produced by
B.licheniformis BA S 50 and found to be thermo as well as
halotolernant capable of growing under both aerobic
and anaerobic conditions. (Yakimov, 1995.
c) Liposome production
There is growing use of liposome mediated drug
and cosmetic transport to specific target site in the
human body. Halophilic bacteria belonging to
Halobacterium cutirubrum sp. produces the ether linked lipids
instead of normal ester linked fatty acid derivatives. The
importance of ether linked lipid is that it is esterase
resistant and has high stability against chemicals and
hence greater half life (Galinski, 1992; Choquet,1999)
Owing to its greater stability it is used in designing
drugs and cosmetics that can be stored for a
comparatively longer period (Choquet,1999).
d) Bioplastic production
Some of the halophiles are reported to
accumulate a compound Polyhydroxy alkanoates (PHA)
inside their body and its properties are comparable to
that of polyethylene and polypropylene (Steinbuchel,
1997). The plastic made by these compounds known as
thermoplastics, is biodegradable and have excellent
properties such as high strength and low melting point,
similar to polypropylene. Efforts are underway to use
the thermoplastic of an archea Haloferax mediter to replace
the thermoplastics made by its nonthermophilic
counterparts so as to be used for the production of bottles
for cosmetics (Oren, 2002)
e) Food supplements and food colorants
Long chain polyunsaturated fatty acid (PUFA)
are now a day essential in our diet to minimize the fat
on the body. However, the large scale availability of PUFA
to meet our requirement had been a challenge as the
process of obtaining PUFA from fish is hard to scale up.
Alternative to fish PUFA producers came to be seen in
the form of halophilic bacteria which are recently
reported positive for this activity. It is easy to produce,
purify and get good quality and yield of PUFA from the
halophilic especially from Antarctic marine bacterial
species Shwenella and Colwellia (Nichols et al., 1993
&1999). â-Carotene is used in the food industry as a
natural food colorant. It is also used in cosmetics,
multivitamin preparation and health food products.
Canthaxanthin is used in cosmetics to prevent the skin
damage after long exposure to sun light. Various
halophilic bacteria are reported to produce it in an
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extracellular manner. An extremely halophilic bacterial
strain was reported to produce 2.06 mg total
carotenoids/g cells dry weight including 0.06 mg âcarotene and 0.7 mg canthax anthin in the presence of
25% (w/v) NaCl (Asker and Ohta, 1999).
f) Enzyme production
A variety of hydrolytic industrial enzymes such as
xylanases, amylases, proteases and lipases active at high
salt concentration have been reported to be produced
by halophiles belonging to the genera Acinetabacter,
Haloferax, Halobacterium, Halohabdus, Halobacillus, Bacillus
and Micrococus (Gomes and Steiner, 2004; Joshi et al., 2007).
Most of the halophilic enzymes have been extracted from
the moderately halophilic bacteria. However, it is the
archaeal domain that provides the main source of
extremely halophilic enzymes. Other enzymes such as
Nuclease H was reported to be produced by Micrococcus
Various subsp. Halophilus for subsequent use in the
production of flavouring agent 5’-guanylic acid and 5’inosinic acid (KameKura, 1982). Some salt resistant
halophilic bacteria have been reported to produce
amylase from Bacillus sp. which is used in treatment of
effluents containing starchy or cellulosic residues (Khire,
1992).
A thermostable type-I DNA topoisomerase has been
isolated and purified from the hyperthermophilic
methanogen Methanapyrus kandleri (Slesarev, 1997) which is
active over a wide range of temperature and salt condition.
It does not require magnesium or ATP for its activity which
makes manipulations on DNA more convenient and
efficient. It is also used for modeling novel drugs.
g) Bioremeditation:Bioremediation is another area where novel applications
have been sought and suggested for halophilic microbes.
There are many ecosystems which are polluted by the
oil spills and halophiles have evolved as a remedy for
this problem. The reverse micelles encapsulating
halophilic extremozymes may be used to reduce or
eliminate environmental hazards resulting from
accumulation of toxic chemicals and other hazardous
wastes (Gomes and Steiner, 2004). Halophiles and
Halotolerant bacteria have been proved to be very
effective in treating the oil spill in marine and arctic
environment has been seen (Deille, 1998; Margesin,1999).
CONCLUSION
Although a lot of attention has been paid worldwide to
explore halophilic bacterial diversity and look for their
biotechnological potential, there are many terrains on
the earth still left untouched for any such investigation.
Careful investigation has to be done for suggesting novel
applications for halophiles. Metagenomic tools can also
be applied to unravel the real potential of these salt
loving organisms.
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the pungent smell of formaline acts as hindrance to its
users. Most of the seed production units are not equipped
with gator rookery sprayer and face-mask required for
indoor spraying of formaline. In its absence knapsack
sprayer is used. The spraying done with this sprayer is
generally not complete and foolproof as the person engaged for this purpose cannot withstand the pungent
smell of formaline for longer time. In this way the germs
are not killed and all efforts go waste. Now a day it is a
practice to use humidifier for disinfection. But it is also
not available with every unit. Moreover, tasar grainages
are made of mud walled houses with tiled roof where
foolproof sealing and airtight condition cannot be maintained to achieve best disinfection result.
So there has always been a need for alternate or
foolproof means of disinfection. The flame gun comes as
an easy answer to this problem. Here fire works as disinfectant. The high temperature of the flame does not
spare any of the pathogens which are killed instantly as
the fire is the supreme purifier. The efficacy of flame gun
is time tested. The kerosene oil was used earlier in flame
gun (Yadav and Mathur, 2000). Its availability and purchase is a big problem for government units. So even interested to use flame gun it becomes difficult to practice
with it.
INNOVATION
It is worthwhile to mention here as to how the
innovation of Modified LPG flame gun was made. The
LPG flame gun was first developed by Raj Narian et al(
2001). The authors used heating torch, connecting pipe,
regulator and LPG cylinder to develop it. During the
year 2007 the first author was transferred to BSM&TC
Boirdadar, Raigarh, Chhattisgarh. At this centre the use
of kerosene flame gun was in practice. However, during

2008 the purchase of kerosene oil from open market at
Raigarh became very difficult as it was not available.
Likewise, the heating torch was also not available in the
market and the procurement of it from Delhi or other
places would have wasted much time. The other parts
like regulator, connecting pipe and LPG cylinder required
for the apparatus were easily available in the local market and purchased. As the disinfection of grainage buildings was urgently required, so an idea came to the mind
of first author to replace the heating torch of LPG flame
gun with the one used earlier in kerosene flame gun and
see the result. It was surprising to see that this rearrangement of different parts started working well and
in this way an invention was made.
Modified LPG flame gun
The modified LPG flame gun consists of:
1.

Heating torch fitted earlier in kerosene flame gun,

2.

Connecting pipe,

3.

Regulator, and

4.

LPG cylinder.

Heating torch: Heating torch is the actual
apparatus. It is one meter in length. One end is connected
to the rubber pipe and the other end is fixed with burner.
At the beginning of the torch on the main body is a
regulator knob. This regulator knob is used to open and
close the flow of gas.
Connecting pipe: It is a rubber tube connecting
the heating torch with regulator. The tube is tightly fitted
with heating torch on one side and regulator on the other
with help of clips. The connecting pipe of five-meter
length is found suitable for flame gun. However, it can
be purchased of any other desired size, which is easily
available in the market.
Regulator: It is the commercial regulator and
fits in the LPG cylinder. It has screws to fix with the
cylinder as also to regulate the pressure of the gas. The
regulator is connected to heating torch with the help of
connecting tube.
LPG cylinder: It is the normal 14.2 Kg LPG
cylinder and fitted with the regulator. However, the other
different sizes of cylinder available in the market can
also be fixed with above regulator through an adopter,
which is easily available in the market.
The above four parts joined together make
modified LPG flame gun.
How does the modified LPG flame gun work?
First of all heating torch is connected with the
regulator through connecting pipe. Now the regulator
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regulator knob. At the end of the work or day the gas
needs to be closed from the cylinder with the help of
regulator so that the gas of the pipe can also be used. For
flame gunning of the field, any surface of the room or
rearing /grainage equipments the flame gun is held in
one hand and the heating torch is slowly moved from
one end of the disinfecting material to the other. In this
way the entire material is flame gunned. The rearing
trays, rearing and grainage room, appliances, rearing
field and tree trunk can be conveniently flame gunned
in this manner. All the three types of flame guns viz.,
kerosene flame gun, LPG flame gun and modified LPG
flame gun are shown in plate-1 whereas it’s functioning
in plate-2. The disinfection done with flame gun is
simple and foolproof. It requires no chemicals hence
ecofriendly.
The flame gun can be used to disinfect rearing
trays, rearing room, grainage room, appliances and for
disposal of grainage waste i.e., burning of dead, rejected
and examined moth and diseased layings. In tasar culture where silkworm rearing is conducted outdoor the
flame gun can be used to disinfect field and tree trunk.
After a crop is over the flame gun can be used to burn
silkworm litter on the ground. Besides Mulberry and
Tasar, it can conveniently be used in Eri and Muga sector also.
It takes eight hours time to empty one cylinder.
Flame gunning of a model tasar grainage is conveniently
completed within one hour with this machine. So the
cost of disinfection comes to Rs. 44/- only for a tasar
grainage, which is quite economic and foolproof than
any other means of disinfection involving chemicals. For
field use two workers are required per day with one set
of apparatus, one for moving the heating torch and the
other for displacing the cylinder. In this way five cylinders and ten mandays are required to complete the flame
gunning of one hectare plantation and refilling charge

of five cylinder comes to Rs. 1750/-. The cost of mandays
is not calculated as every unit is having sufficient numbers of permanent skilled farm worker. Likewise, the
cost of flame gunning of rearing trays, room, grainage
room and other appliances can also be calculated which
is always less than the cost of any other chemical being
used. One thing is certain that flame gun fully, serves its
objectives i.e. it kills the pebrine spore completely and
thus contain the disease incidence to the maximum extent. Bansal et.al. (1997) also proved the effectiveness of
flame gunning in killing the pebrine spore.
Merits of Modified LPG Flame gun
·

Useful application of kerosene flame guns lying
unused since long at different centres.

·

The heating torch of modified flame gun being one
meter in length and attached with handle, the person
can use the flame gun while standing and there is
no need for additional handle.

·

Its flame being wider, the disinfection work is
completed quickly.

·

The consumption of gas is more or less similar to
LPG flame gun.

·

The modified LPG flame gun is quite convenient,
economic and can effectively be used in seed
production units of Mulberry, Tasar, Eri as well as
Muga culture.
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ABSTRACT
In the pursuit of finding an alternative for the fossil fuel which is continuously being
depleted, biodiesel has attracted a lot of attention as a renewable source. But the biodiesel production
from plant oils is not very cost-effective and it has led to explore the possibility of the potential of
microbial lipids for the same. Rhodotorula sp. has been a target of increasing attention for the
producing microbial lipids as raw material for the biodiesel production. Rhodotorula glutinis has been
found to be most promising as modulated culture conditions have shown that it can be exploited for
increased lipid production which can be used in biodiesel technnology.
KEY WORDS: Biodiesel, microbial lipids, Rhodotorula glutinis.

INTRODUCTION
Rising prices of energy fuel, awareness of
environment security at global scenario, concerns about
petroleum supplies are drawing considerable attention
to find renewable biofuels. Biodiesel, a mixture of fatty
acid methyl esters derived from animal fats or vegetable
oils, is rapidly aquiring the status as an alternative
source of energy. However, biodiesel derived from
conventional petrol or from oilseeds or animal fat cannot
meet realistic need, and can only be used for a small
fraction of existing demand for transport fuels and
moreover they are not cost effective.
Microbial lipids as a raw material for biodiesel has
become a target of increasing attention for exploring its
use and one of the prime areas of the current research
interests in the microbial lipid by Rhodotorula sp. (Antoni
et al.,2007, Liu and Zhao,2007, Li Q et al.,2008, Alberto
A. et al, 2010) Most of the studies have been carried out
on Rhodoturula glutinis. Studies of Chao C. et al.(2007)
explored a strategy to convert agricultural and forestry
residues into microbial lipid, which could be further
transformed into biodiesel. After biodiesel was
produced by transesterification, the fatty acid esters
were analyzed by GC-MS. The results revealed that the
composition of biodiesel was quite similar to biodiesel
from vegetable oil. Therefore R.glutinis could be
considered as a potential strain to convert lignocellulosic
hydrolysates into a raw material for biodiesel
production.
Lignocellulosic biomass can be utilized to
produce biodiesel as oleaginous microorganism can use

both glucose and pentose. Theoretically corn straw can
produce biodiesel 233kg and glycerol 22.8 kg per ton.
(Dai et al., 2007). As a result the energy conversion
efficiency is about 55%.The isolated R.glutinis has shown
great promise for industrial application because it could
assimilate a wide range of sugars (xylose as the main
component) present in the hydrolysate, and withstand
the inhibitors produced by the hydrolysis procedure.
Biodiesel production is the process of producing
the biofuel, biodiesel, through either transesterification
or alcoholysis of lipids. It has been demonstrated that
the new process which combines bioengineering and
transesterfication is feasible and efficient for the
production of high quality and low cost biodiesel from
microbial oil.The author in this review proposed that
Rhodoturula has potential to greatly reduce the price of
lipid production, which can be used to produce biodiesel.
OPTIMUM GROWTH CONDITION OF RHODOTURULA
In the effort of optimizing the growth conditions, the
culture media used contained a source of carbon,
nitrogen, phosphorus, potassium, magnesium, zinc and
iron in most of the studies and it was found that the
optimum growth temperature condition for R.glutinis
is 22 oC and 30 oC and Lipid production is best at acidic
pH. (Alberto A et al, 2002, Dai et al, 2007, Feiyan Xue et al,
2007, Khalid M et al., 1990) In order to determine
modulations in culture conditions of Rhodoturula for
enhanced lipid production different factors of culture
media were taken in to account by various researchers.
EFFECT OF TEMPERATURE:
To find out an adequate temperature for the growth of
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yeast under conditions, assays were carried out using
culture temperature of 20, 25, 28, and 37 oC. In the
experiments the specific growth rates of R.glutinis L-1816
was monitored at the temperature indicated using the
basal media without peptone for 72 hrs with 2%wt: vol
glucose as a carbon source. The result suggested that 28
o
C is the optimum temperature of growth with a specific
growth rate value of 0.198 ±0.006 per hour. (Claudio M.
et al., 2006)
Alberto A. et al., 2002 found that when R. glacialis AS 4.7,
an oleaginous psychrophilic yeast which was isolated
from glacial environments, was cultured batch wise at
different temperature, it grew abundantly at all the
temperature in range between -3 to 20 oC. Despite its
origin, the strain abundantly grew and accumulated
lipids up to 20 oC. Similarly to other psychrophilic
oleaginous yeasts (Rossi et al, 2009), the growth
temperature did not influence the yield coefficient of both
biomass and lipid production, but had significant effect
on growth rate and thus on volumetric productivity of
lipid. Based on both the highest growth rate and
volumetric productivity, the optimal temperature for
lipid production was 15 oC. The unsaturation index (UI)
progressively increased from 0.81 to 1.49 as the growth
temperature decreased from 20 to -3 oC mostly due to á
–linolenic acid which was absent at 20 oC and accounted
for 29% at -3 oC. These observations are in agreement
with previous studies on oleaginous species
demonstrating that decreasing growth temperature
caused an assimilatory response and resulted in a higher
length and degree of unsaturation of fatty acid.
EFFECT OF pH:
In the experiment conducted by Claudio M. et al.,2006
found that R. glutinis L-1816 showed activity of lipid
production at acidic pH . The effects of the acid culture
media on the growth of the yeast strain, with an initial
pH of 4.0, 5.2, and 7.0 were also studied. Cho et al. showed
an important biomass production at an initial pH of
between 4.0 and 7.0. It was analyzed the effect growth

of maintaining the pH stable during the whole growth
period using phosphate citrate pH 5.2 as buffers. Their
result showed that there are no statistical differences in
the specific growth rate of the yeast using media at a
constant pH of 5.2. Furthermore the biomass
concentration value at the end of the growth period
showed differences of less than 6%. Since growth of this
yeast is effected by neutral pH and these values are
observed in our studies in batch cultures, it is therefore
important to control this parameter in continuous
culture.
EFFECT OF C/N RATIO AND C/P RATIO:
In the studies by Alberto A. et al (2002) it was observed
that the oleaginous strain R. glacialis AS 4.7 accumulates
high amount of lipids with in lipid culture when it is
cultured in medium with high C: N ratio. Most of lipid
accumulation occurred when R. glacialis AS4.7 exhausted
a nutrient from the medium, but glucose still remained.
Glucose continued to be assimilated by the cells and
was converted into TAG at approximately. The same
rate at which lipid was synthesized during the balance
phase of growth .The extent of the carbon excess has
major positive effects on lipid production. The extent of
carbon excess has major positive effect on lipid
production. The lipid content of biomass glucose
conversion into lipids, lipid concentration and lipid
productivity were all maximum with 120 g/L g glucose
(68%, 16%, 19g/L AND 0.054g/L/hr)
Siguo Wu et al., 2010 observed that Lipid accumulation
by Rhodosporidium toruloids Y4 was directly linked to the
carbon to phosphorus (C/P) molar ratios of the culture
media. Moreover such lipid accumulations were effective
regardless of the presence of high amounts of nitrogen
sources. Thus cellular lipid content and lipid yield were
62.2% and .205g/g glucose, respectively, using a medium
with carbon to nitrogen (C/N) molar ratio of 6.1 and a C/
P molar ratio of 9552. This work suggested that
phosphorus limitation can be equally effective and
efficient to mediate lipid accumulation which in turn
provides opportunities to produce microbial lipid more
economically using natural or waste materials with high
nitrogen content.
EFFECT OF DIFFERENT SUPPLEMENTS IN
CULTURE MEDIA
The effect of different supplementation of the
fermentation media was investigated in various studies
in order to optimize conditions for enhanced lipid
production from Rhodotorula.
EFFECTS OF SALTS:
The effect of exogenous supply of different concentration
of salts on the growth and lipid production by
Rhodotorula glutinis was studied and it was found that
the amounts of lipid production were markedly affected
by the nitrogen level in the medium, reaching its
maximum at 5g/L(NH4)2SO4 concentration. The lipid
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productivity was decreased with increase in the
nitrogen level in the medium. Several yeasts could
accumulate large amounts of lipid when grown with an
excess of carbon and a deficiency of nitrogen.
Weak growth and low lipid yields were maintained upon
using medium formulation free from NaH2PO4 . The
addition of 0.5g/L of the salt allowed the best
fermentation yields. On the other hands varying level
of the following salts K2SO4, ZnSO4.7H2O.and FeCl3 in
the cultivation medium of the experimental yeast have
almost no effect on the fermentation studies. ( Khalid M.
et al. ,1990)
Influence of cultural conditions on lipid production by
mutant strain of Rhodotorula glutinis MTCC
1151Mutant of was studied and it was observed it
produces high level of lipid (63.6% of biomass) as
compared to parent strain (56.7% biomass) .Maximum
lipid yield was found with 5% of glucose using
ammonium sulphate (0.2%) as a nitrogen source under
shake flask conditions after 4 days of incubation at 28
o
C. The ability of ammonium sulphate to replace
comparatively very costly yeast extract is highly
appreciable and recommended. (Pathak R and Yadav
NK, 1997)
EFFECT OF SOME NATURAL AND OIL ADDITIVES:
In this study, the response of the experimental yeast to
some natural additives has been examined. Corn steep
solid (CSS) was superior in lipid accumulation by the
tested yeast (62.4 % lipid on dry weight basis) as
compared with the lipid content of the cells grown in
absence of additives (37%). The supplementation of the
fermentation medium with cotton seed oil (CSO) at a
level of 10g/L supported maximum yeast activities. The
simulation of lipid production in several fungi due to
the addition of some lipid materials has also been
recorded. (Khalid M.et al. ,1990)
EFFECT OF MONOSODIUM GLUTAMATE WASTE
WATER:
Microbial lipid as a raw material for biodiesel can be
produced by R.glutinis with the monosodium glutamate
waste water as control and the effect of adding glucose
to the MSD wastewater on the lipid production was
studied by Feiyan X. et al., 2007. Three different strategies,
including initial addition, fed batch addition, and glucose
fed back addition were attempted. The result showed
that the addition of glucose was found favorable not
only for cell growth but also for lipid synthesis. Of the
three addition method glucose fed batch addition was
most efficient one. About 25g/l of biomass, 20% of lipid
content and 45% of COD degradation were obtained
respectively.
EFFECT OF GLYCEROL:
During the transesterification The ester bond in the TAG
are broken leaving behind two products fatty acid
methyl ester and glycerol that could provide an
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inexpensive carbon source to grow oleaginous yeast
R.glutinis. experiments were conducted to examine the
effects of different growth substrates on TAG
accumulation and fatty acid production by R.glutinis.
yeast cultured 24hrs on medium containing dextrose,
xylose, glycerol, dextrose and xylose, xylose and glycerol
or dextrose and glycerol accumulated 16, 12, 25, 10, 21,
and 34% TAG on a dry weight basis respectively. Lipids
were extracted from R.glutinis and transesterified to fatty
acid methyl esters. The result showed a difference in
degree of saturation for the carbon source tested. It was
observed that the cells cultivated on glycerol alone have
the highest degree of unsaturated fatty acids at 53%
while xylose has lowest at 25%. R.glutinis can be
cultivated on all sugars tested as single carbon substrates
or in mixtures. Thus it was suggested that glycerol may
be used as secondary or primary carbon substrate.
(Emily R. et al., 2008)
EXTRACTION OF LIPID
Various solvents and solvents combination have been
suggested as extractants, The common method of
determining lipids in microorganism is by extraction
with organic solvents such as a mixture of chloroform
and methanol. Most lipid analysis used chloroformmethanol (2:1 volume) as suggested by Folch et al. 1957.
The endogenous water in the tissue is a ternary
component of the system. It is not always recognized
that how important it is that the proportion of
chloroform, methanol and water in the combined phases
should be as close as possible to 8:4:3 (by volume)
otherwise selective loses of lipid may occur. The Bligh
and Dyer method: chloroform –methanol may be used
as a best lipid extractant ,but it is certainly not the safest
from environment and health standpoints .Ethyl acetate/
ethanol mixtures have been suggested also. Biochemists
must be aware of the extraction should carried out
immediately after the removal of tissues from living
organism. Plants are best extracted with isopropanol to
kill off lipolytic enzymes. (Bligh E.G. and Dyer W.J.,1959)
The importance of sonication has not been mentioned in
yeast lipid extraction by earlier investigations. Although
it was found that sonication was satisfactory when
handling a small number of samples. Perchloric acid
disruption was superior for the pretreatment of large
number of samples. (Wang L.W. et al., 1993)
ANALYSIS OF LIPIDS
There are various methods for analyzing lipids and a
combination of these methods has been used and the
results were compared. A short extraction period is
followed by separation and evaporation of the solvent
phase and estimation of the extracted lipid
gravimetrically (Nair et.al.,1989). This procedure
requires relatively large amounts of sample. A recent
method of estimating lipid is by using low resolution
nuclear magnetic resonance and enzymatic glycerol
estimations was used by Moreton (1989) to determine
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lipids in a lipid accumulating yeast, Apiotrichum curvatum.
This alternative procedure requires less than 1% of the
sample used by the conventional gravimetric method
and returns similar results. The spectrophotometric
method has the additional advantage of being sensitive
only to ester groups and hence non-lipid impurities are
ignored.The results were obtained from spectroscopic
method correlated well with those of the gravimetric
method. (Wang L.W. et al., 1993)
FUTURE PROSPECTS
Biodiesel has become more attractive recently because
of its environmental benefits, and the fact that it is made
from renewable resources. With the rapid expansion of
biodiesel, microbial oils might become one of the
potential oil feedstocks for biodiesel production in the
future. Use of oleaginous yeast Rhodotorula as a
prospective alternate source of microbial lipid
production that can be converted into a technology for
producing biodiesel promise a great future. In the past
researches much work has been done on production of
lipids from Rhodotorula glutinis using different economical
substrates like industrial products, byproducts and agro
waste as substrates e.g. beet molasses, MSD wastewater,
lignocellulosic waste. Thus there exist a possibility of
using other wastes also and varying growth conditions
that can quantitatively and qualitatively enhance the
lipid production. Keeping in mind that in the present
times the oil prices are increasing every day and airpollution has risen to alarming rates, there is more and
more awareness for using biodiesel. Also mutagenic
studies on Rhodotorula glutinis can be done to explore
possibilities of mutant strains for enhanced lipid
production that can be converted into a technology for
producing biodiesel. Therefore the microbial lipids by
Rhodotorula glutinis still remain a valuable tool in
optimising its potential for biodiesel production.
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ABSTRACT
The world’s third largest freshwater stores are in the Himalayan glaciers. The potential loss
of this water resource from climate change in 21 st century has serious impact on environment and
India’s national security as well. Sometimes known as “The Third Pole”, the Himalayan glaciers
contain the world’s third largest store of freshwater after the Antarctic and Arctic. Since the ecology
of the region is so finely balanced, with glacier runoff providing a regular pattern of melt water into
the region’s largest rivers and acting as a backup supply of water in the event of monsoon failure.
Even minor climate changes can have a devastating environmental effect on the life blood of more
than 25% (1.3 billion People) of the world’s population. This source is not inexhaustible and with
accelerated melting of Himalayan glaciers the water shortages in the long run would be the cause
interstate and intrastate conflicts as millions of lives would be at stake in the region. Sea levels
threaten to rise higher than previously anticipated. And water supplies are increasingly at risk from
both melting glaciers and extreme climate events, such as droughts and floods. These changes
threaten not only the climate, but also security and stability of India. The melting of Himalayan glacier
due to climate change also poses a complex security challenge in the form of forced migration and
resource based conflicts. Thus, the melting of Himalayan glacier due to climate change poses a
systemic challenge to India’s national security. Therefore, it is necessary to understand how India and
its neighbours viewed climate change and its impact. What is the impact of Climate Change on water
resources and livelihoods in the greater Himalayas rising temperatures lead to less precipitation in the
form of snow? Does climate change and melting of glaciers create security problems for India? Will it
become a critical driver in our relations with the neighbouring countries? Will there be implications of
climate change for internal security? The scope of this paper is to understand the geopolitical dimensions
of climate change and it’s implications for India’s national security.
Key Words: Glacial Recession, Rising Sea Levels, Extreme Weather, Changing the Dynamics of
Conflicts, Ethnic invasion and civil war.

INTRODUCTION
Climate change poses a systemic challenge to
India’s national security. Its consequences are being
increasingly viewed as the foremost problem of the 21st
century. It challenges at national, regional and global
levels are enormously demanding and interconnected
and have obvious implications in terms of human
security. Climate change has added to the uncertainty
and disputes surrounding distribution of dwindling
natural resources like water, land and food grains, and
loss of biodiversity, collapse of ecosystems and frequent
disasters and migration amongst the vulnerable strata
of society. Security analysts and academicians have
warned for some time now that climate change threatens
water and food security, the allocation of resources, and
coastal populations, threats which in turn could increase
forced migration, raise tensions and trigger conflict. 1 In
order to assess the role of climate related factors,
particularly in the context of Himalayan regions and to

provide greater clarity about the potential sources of
instability and conflict in the future.
2. GEOGRAPHY OF HIMALAYA AND ITS GLACIERS:
Himalaya is forming a broad continuous arc for
nearly 2600 km (1600mile) along the northern fringes of
the Indian subcontinent, from the bend of the Indus River
in the Northwest to Brahmaputra River in the East. The
Himalayas range, averaging 320 to 400 km (200-250 mile)
in width, rises sharply from the Gangetic Plain. North of
this mountain belt lies the Tibetan Plateau (Qing Zang
Gaoyuan).The Himalayas forms the earth’s highest
mountain region, containing 9 of the 10 highest peaks in
the world.
Before the introduction of machines in the warfare
Himalaya was playing the role of natural guard to
protect our Northern Frontiers. The period from
mechenised warfare to till date, more or less, it played
its important role to secure our borders. But the further
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role is changing. It may cause grievous conflict between
different surrounding countries along with major
powers of the world for its God gifted resource of
drinking water. Till now it was producing sufficient
water for its surrounding countries but as for the
population of these countries are increasing the need of
himalayan water is also increasing. And in the contrast,
due to global warming and other various causes the
water of Himalayan Rivers are coming down.
The Himalayas have the largest concentration of
glaciers outside the polar caps. The world’s third largest
freshwater stores are in the Himalayan glaciers. That is
why; they are called the “Water Towers of Asia.”2 The
Himalayas lie to the north of the Indian subcontinent
and to the south of the central Asian high plateau. They
are bound by the Indus on the west slope of Mt Nanga
Parbat (near Gilgit), and in the west, by river Jaizhug
Qu on the eastern slope of Mt Namjabarwa. The
Geological Survey of India claims that the Himalayan
glaciers occupy about 17 per cent of the total
mountainous range (Vohra 1978)3 (as compared to 2.2%
in the Swiss Alps), while an additional 30 to 40 per cent
area has seasonal snow cover.
In the whole of the Himalayan range, independent
geologists claim that there are 18,065 small and big
glaciers with a total area of 34,659.62 km2 and a total ice
volume of 3,734.4796 km3.The major clusters of glaciers
are around the 10 Himalayan peaks and massifs: Nanga
Parbat (Gilgit), the Nanda Devi group in Garhwal, the
Dhaulagiri massif, the Everest-Makalu group, the
Kanchenjunga, the Kula Kangri area, and Namche
Bazaar. The Indian Himalayan glaciers are broadly
divided into three-river basins of the Indus, Ganga and
Barahmaputra. The Indus basin has the largest number
of glaciers (3,538), followed by the Ganga basin (1,020) and
the Barahmaputra (662). The principal glaciers are: Siachen
72 km; Gangotri 26 km; Zemu 26 km; Milam 19 km and
Kedarnath 14.5 km.4
Table 1: A Status of the Glacier Inventory of Indus Basin5
Basins
Numbers
Glacierised
Ice Volume
of Glaciers
Area(Km2)
(Km3)
Jhelum
133
94.0
3.0
Satluj
224
420.0
23.0
Others
3398
33382.0
Total
3755
33896.0
26.0
Source: Kaul et al. 1999
Table 1.2: A Status of the Glacier Inventory of GangaBrahmaputra Basins6
Basins
Numbers
Glacierised
Ice Volume
of Glaciers Area(Km2)
(Km3)
Bhagirathi
238
755.0
67.0
Tista
449
706.0
40.0
Brahmaputra 161
223.0
10.0
Others
640
2378.0
Total
1488
4062.0
117.0
Source: Kaul et al. 1999

The Himalayan glaciers feed seven of Asia’s great
rivers: the Ganga, Indus, Barahmaputra, Salween,
Mekong, Yangtze and Huang Ho- ensuring a year-round
water supply to hundreds of millions of people in the
Indian subcontinent. But, due to climate change, about
70 per cent of glaciers are retreating at a startling rate in
the Himalayas. The Kathmandu based UN OrganisationInternational Centre for Integrated Mountain
Development (ICIMOD) has found that global warming
is having serious impact on the amount of snow and ice
in the Himalaya. It has serious implications for
downstream ware availability as up to 50 percent of
the average annual flows in the rivers are contributed
by snow and glacial melting. ICIMOD (2009)7 clearly
pointed out that the warming in the Himalaya has been
much more than the global average-for example, 0.6
degrees Celsius per decade in Nepal, compared to the
global average of 0.74 degree Celsius (IPCC 2007a).8 The
climate change is real and happening now and it is
causing a serious impact on fragile ecosystems like
glaciers. Seventy per cent of the worlds freshwater are
frozen in glaciers. Glacier melt buffers other ecosystems
against climate variability. Very often, it provides the
only source of water for humans and the biodiversity
during dry seasons.
The potential loss of this water resource from
climate change in 21st century has serious impact on
environment and India’s national security as well.
Sometimes known as “The Third Pole”, the Himalayan
glaciers contain the world’s third largest store of
freshwater after the Antarctic and Arctic. Since the
ecology of the region is so finely balanced, with glacier
runoff providing a regular pattern of melt water into
the region’s largest rivers and acting as a backup supply
of water in the event of monsoon failure. Even minor
climate changes can have a devastating environmental
effect on the life blood of more than 25% of the world’s
population. This source is not inexhaustible and with
accelerated melting of Himalayan glaciers the water
shortages in the long run would be the cause interstate
and intrastate conflicts as millions of lives would be at
stake in the Region.9 Sea levels threaten to rise higher
than previously anticipated. And water supplies are
increasingly at risk from both melting glaciers and
extreme climate events, such as droughts and floods.
The melting of Himalayan glacier due to climate change
also poses a complex security challenge in the form of
forced migration and resource based conflicts. Thus,
the melting of Himalayan glacier due to climate change
poses a systemic challenge to India’s security and
stability as well.
3. IMPACT MECHANISMS OF CLIMATE CHANGE:
As global warming continues to increase the
atmosphere temperature, it will lead to a continuous
shift of zero temperature line (snow line) toward higher
altitude. Thus glaciers will receive more liquid
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precipitation and less monsoonal solid precipitation.
Shift in snowline will result in lesser input to glacier
mass balance during summer periods. Therefore, higher
atmosphere temperature and more liquid precipitation
at higher altitude in the Himalayas will lead to rapid
retreat of glaciers and downstream flooding in the
coming future (Hasnain 2002, Kadota et al. 1993).10 The
Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC) clearly established that
warming of the climate system was ‘unequivocal’ and if
the annual emission of Greenhouse gases remains are
today’s levels, by 2050 it will be 550 parts per million.11
This means a potentially catastrophic mean global
temperature increase of 5 degree Celsius. Global
warming is causing Himalayan glaciers to rapidly
retreat, threatening to cause water shortage for
hundreds of millions of people who rely on glacierdependent rivers in China, India and Nepal. A global
conservation group-World Wildlife Fund for Nature
(WWF) warned in its report that the greatest
concentration of ice on the planet are now receding at
an average rate of 10 to 15 meters (33 feet) per year.12 The
rapid melting of Himalayan glaciers will first increase
the volume of water in the rivers and seas, causing
widespread flooding and then droughts as river run dry.
The depletion of Himalayan glaciers has various effects
on Himalayan region. In the coming years the speedy
melting of glacier may cause floods in Himalayan River’s
resulting destruction of agriculture, lands and human
installations in this region. There would be more dengue,
more malaria, and more diarrhoea.13
The Inter-Governmental Panel on Climate Change
(IPCC) also established that the range of global average
surface warming over the period of this century vary
from 0.3oC to 6.4oC. The corresponding average rise in
sea levels ranges from 0.18m to 0.59m, excluding the
impact of dynamic changes in the ice flow.14 In Southern
Asia, the mean annual increase in temperature by the
end of the century is projected to be around 3.8oC in the
Tibetan plateau and 3.3oC in South Asia.15
While there is still an ongoing debate over the pace
at which the temperature is expected to rise over the
coming century, potential mechanisms by which the
change will affect the region are clear. These are: the
changes to subcontinent’s river systems that flow from
the Tibetan plateau to the Indian Ocean, and, rising sea
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levels and their impact on river-deltas and low-lying
islands.16 In addition, a third mechanism pertinent to
the this study: extreme weather—cyclones, droughts,
floods etc., that do not exclusively result from global
warming but are both vitiated by it and complicate our
response to the disasters it causes.
3.1-Himalayan Glacial Recession:
The impact of global warming is perhaps already
upon the Himalayas. Himalayan glaciers have been in a
state of general retreat since 1850 and recent publications
(Dyurgerov and Meier 2005) 17 confirm that, for many,
the rate of retreat is accelerating. On the Tibetan Plateau,
the glacial area has decreased by 4.5% over the last
twenty years and by 7% over the last forty years
(CNCCC 2007)18 indicating an increased retreat rate.
Glacier retreat in the Himalayas results from
“precipitation decrease in combination with
temperature increase. The glacier shrinkage will speed
up if the climatic warming and drying continues” (Ren
et al. 2003). 19The 30.2 km-long Gangotri Glacier is
receding rapidly: the rate of retreat in the last three
decades has been found to be more than three times the
rate during the earlier 200 years or so. The average rate
of recession has been computed by comparing the snout
position on 1985 toposheet map and the 2001
panchromatic satellite imagery and the result shows
that average recession for this period is about 23 m/yr.20
The enhanced rate of glacial retreat is attributed to the
increased anthropogenic contribution to the climate on
account of greenhouse gas emissions contributing to
global warming.

In the next decades the melting of the Himalayan
glaciers could lead to several problems. Several Asian
rivers receive huge amounts of their waters from these
glaciers. Regarding an accelerated glacial melt the
Ganges for example could be subjected to increasing
seasonal influences. This means that the availability of
freshwater will change, which has an effect on irrigation
and thereby food production for e.g. in the Indo-Ganges
area.
As the earth’s temperature continues to rise,
mountain glaciers are melting throughout the world.
Nowhere is this of more concern than in Asia. It is the
ice melt from glaciers in the Himalayas and on the
Tibetan plateau that sustain the major rivers of India
and China, and the irrigation systems that depend on
Table 3: Impact of Climate Change on Ongoing Conflicts in the Indian Subcontinent

Conflict System &
Impact Mechanism
Jammu & Kashmir
India-China border
Bangladesh ‘Ethnic
Invasion’
Pakistani separatism
Sri Lankan civil war
Nepal civil war

Glacial
Recession
High
High
High

Rising
Sea Level
High

Extreme
Weather
Medium
Medium
High

Net Assessment
Risk of war, motivated in part by the quest for Water Resources
Risk of natural disasters in India, worsening India-China Relations
Risk of mass migration into India

High
High

Medium
High
-

Medium
Medium
High

Risk of existential crisis in Pakistan and Ethnic Conflict
Risk of mass migration, and of Ethnic Conflict
Risk of natural disasters and mass migration into India due to social Unrest
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them, during the dry season. “Indeed, the projected
melting of the glaciers on which these two countries
depend presents the most massive threat to food security
humanity has ever faced,” says Lester R Brown,
environmentalist and president of the Earth Policy
Institute, a non-profit research organisation based out
of Washington DC.21Lester R. Brown also warned that
the way Indian glaciers were melting because of climate
change, the Ganga may turn into a “mausmi nadi’’ before
the turn of this century as its origin - the Gangotri glacier
- was shrinking at an alarming speed.22
According to Remote Sensing Observation, it is
estimated that above 90% of the glaciers are receding.
This is also substantiated by some ground based
monitoring. Some glaciers are expanding, particularly
in the Karakorum, or at least the terminus positions are
advancing. The Indian Space Research Organisation’s
Space Applications Centre (SAC) using data from the
Indian Remote Sensing satellite (IRS) has observed that
the major Himalayan glaciers have shrunk by 21% in
the last 40 years.23 The glaciers of the Himalayan region
are under a big environmental threat. Recent studies
prove clearly the fact that the glaciers are melting away.
One concludes that with a 2ºC increase by 2050, 35% of
the present glaciers will disappear and runoff will
increase, peaking between 2030 and 2050 (Qin, 2002).24
In 2008 a Chinese research team verified for
approximately 20 glaciers in the Himalayan highlands
that they had lost roughly more than five percent of
their area during the recent 45 years.25 The satellite
pictures show that the famous or rather infamous for
being the world’s highest battlefield Siachin glacier
which is 70 Km long and 5-10 km wide is shrinking
rapidly and showing increasing number of blue lakes
within its expanse. 26 One of the world’s biggest
watersheds is the third pole “The Tibet Plateau’; on
which depends more than 25% of the world’s population,
which feeds more than 10 rivers that flow out of it.27
This source is not inexhaustible and with accelerated
melting of Himalayan glaciers the water shortages in
the long run would be the cause internal and external
tensions as millions of lives would be at stake. Both the
food and water scarcity issues in these parts have the
potential to cause cascading ripple effects all over the
globe. The melting of glaciers and global warming would
completely change the methods of logistics support to
the forces in Siachin and other higher reaches of India.
The shortfall in the agriculture produce that is
bound to be the result would affect not only the
respective country but the entire globe. In addition to
the glacial melt the rapidly melting Arctic ice and
permafrost, is also a cause for concern. The increasing
levels of sea is driving the anxiety levels of coastal
populace and smaller island nations like Maldives are
already looking at the prospect of searching for an
alternate country to live.

The glaciers on the Tibetan plateau are the source of
Asia’s biggest rivers, including the Brahmaputra, the
Indus, the Sutlej and several of the northern tributaries
of the Ganges that irrigate the subcontinent.
Geopolitically the source of most of these rivers, except
the main Ganges, lies in China. On the other hand, the
melting of the Himalayan glaciers as a result of the rise
in the earth’s temperature will first increase the drainage
through the major river systems into the ocean, followed
by reduction in the their volumes once the glaciers begin
to disappear. It is projected that some of the mightiest
Himalayan Rivers might end up as seasonal, monsoonfed rivers like those in southern India. Towards the
southern tip of India, the problem of Lakshadweep island
loosing land mass is yet another cause for concern.
Serious security repercussions of such occurrences are
obvious. For example the reduced seasonal flow of Indus
River water is fast becoming a hotspot of concern
between India and Pakistan.
3.2-Rising Sea Levels:
India is definitely a country facing huge challenges,
especially due its rapid demographic development. But
also with respect to the environmental context as the
outcomes of human economic activity cannot be limited
in a singular region. In other words, there will be further
obstacles with regards to prospective development
caused by global warming. West Bengal, for instance, is
a region that is somewhat situated above sea level. In
addition, the neighbouring country of Bangladesh will
also be affected by rising sea level in the ongoing 21st
century. The Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC)
clearly established that warming of the climate system
was ‘unequivocal’ and if the annual emission of
Greenhouse gases remains are today’s levels, by 2050 it
will be 550 parts per million. This means a potentially
catastrophic mean global temperature increase of 5
degree Celsius. The United Nations’ Intergovernmental
Panel on Climate Change (IPCC) estimates that sea-level
will rise 9 to 88 cm by the year of 2100 with a 50 per cent
probability of sea-level rising to 45 cm.28 That would
imply seas rising and submerging half of Bangladesh.
Glaciers would melt, leading first to floods and then
droughts as river run dry. There would be more dengue,
more malaria, and more diarrhoea.29
The rise in global sea levels—due to the melting of
polar ice caps and glaciers around the world—is
expected to result in the submergence of low lying areas:
including river deltas, coastlines and small islands.
These places highly populated regional cities like
Karachi, Dhaka, Mumbai, Kochi and Mangalore at risk.
The entire country of Maldives could disappear under
the Indian Ocean by the middle of the century. In
addition, the coastline could advance inland across
several heavily populated parts of Bangladesh, Sri Lanka,
Myanmar and Pakistan (as indeed, several parts of
India). A gradual loss of land in the Ganga-Brahmaputra

THE SCIENTIFIC TEMPER
Delta due to the rising sea is displacing migrants in large
numbers leading to illegal migration- yet another area
of concern.
The potential for large-scale migrations of people –
both within countries and across borders – has been
described as ‘perhaps the most worrisome problems
associated with rising temperatures and sea levels
which could easily trigger major security concerns and
spike regional tension.’30 On the other hand the local
politicians got an opportunity to strengthen their vote
banks by sympathizing with these so called migrants
for their short term gains ignoring the long term damage
that would be caused to the already poverty stricken
country. Indian Governments during their successive
tenures also turned a blind eye to this brewing up
problem which ultimately was eating up into its
resources, employment opportunities, health, literacy
and above all acting as the gravest internal security
threat.
3.3-Extreme Weather and Water Resources:
In addition, climate change risks worsening the
impact of natural disasters like cyclones, floods and
droughts that affect the subcontinent. This could take
several forms: increasing the intensity of cyclones or
floods, changing the geographical area where these occur,
occurring at increased frequencies and, in general,
complicating adaptation efforts. For instance, a cyclone
of record strength striking a river delta that is itself
deluged as a result of glacial recession would transform
the disaster into a much more complicated one.
The impact of climate change on water resources
and livelihoods in the greater Himalayas is very
worrisome. Gradual shift of the snowline due to
progressive increase in atmospheric air temperature
and release of the water from snow and ice melting
makes the water level constant in Himalayan Rivers.
Rising temperatures lead to less precipitation in the form
of snow. This reduces the snow cap and also in a longerterm causes reduction in the size of glaciers. This in turn
influences very seriously the discharge of water in the
pre monsoon period. The rivers carry less water. More
water in summer and less in winter have to be expected.
The consequence in the mountains is increased
vulnerabilities in the form of flash floods and landslides.
Less water in the pre monsoon period will affect the
availability of water for irrigation and will affect food
security.31 Mumbai and the backwaters of Kerala are
threatened by rising sea level. Last-mentioned region
(backwaters of Kerala) is a huge producer of crops
thereby any land loss would have fatal effects on food
security in this region.32 It is estimated that the retreat
of glaciers will affect the water supply of roughly 750
million people across South Asia and China. According
to Wendy Barnaby, editor of People and Science
magazine, the United Nations issued a warning in
February 2009 that climate change harbors the potential
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for serious conflicts over water. Therefore; water could
become the “energy crisis” in the 21st century.
These scenarios have the potential, to degenerate into
an international conflict though the timelines cannot be
predicted with any certainty. With worsening of water,
land and food situation, and its impact upon the
vulnerable populations of weak nations, not only affect
the neighbouring states but even the far off countries of
the West would face the heat of climate change induced
large scale migrations from Bangladesh and Maldives
etc. The river sharing agreements between nations is
already under tremendous stress, in addition wherever
the fault lines exists these stresses are further
concentrated forcing countries to approach the World
Bank seeking intervention on sharing of river waters.
4. CHANGING THE DYNAMICS OF CONFLICTS:
Global climate change, by its very nature, is a transnational phenomenon. While its impacts will not respect
political frontiers, the sources of climate-related
problems and those at risk from them might well be on
different sides of national boundaries. This situation is
further complicated when the boundaries themselves
are unclear, contested or both. As states react to climate
change issues in line with their self-interests,
asymmetries in risk perceptions. The existence of
unresolved inter-state disputes is likely to complicate
ongoing conflicts.
33

The following table interposes the impact
mechanisms of climate change against the ongoing
conflict dynamics in India as well as in South Asia.34
4.1 Jammu and Kashmir:
General Pervez Musharraf had argued in 1990, that
the Kashmir dispute was interdependent on the
distribution of the Indus river waters between India
and Pakistan, and that “if one were resolved the other
wouldn’t exist.” 35 He further contended that a fair
distribution of the waters, from the Pakistani
perspective, is a prerequisite for the resolution of the
conflict over Jammu & Kashmir. This view underlines
the fact that despite the World Bank-mediated Indus
Waters Treaty (IWT) surviving intact over half a century
of tensions with India; Pakistani strategists view even
the current sharing arrangements as sub-optimum.36
Both the protracted legal tussle between the two
countries over the Baglihar dam37—which was largely
settled in India’s favour— and proposals to divide
Kashmir with rivers as boundaries38 suggest that water
is an ever important factor in Pakistan’s strategic
calculations. At the same time, Pakistan has been
unsuccessful in managing its water resources39 to the
satisfaction of all its provinces, with the lower riparian
provinces wary of Punjab’s efforts to develop water
resources. It is possible to envisage that water deficient
Pakistan will continue to adopt the proxy-war strategy
in an attempt to secure a more advantageous territorial
settlement. It is also possible that it might use its militant
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proxies to deter, threaten and sabotage watermanagement infrastructure in Jammu & Kashmir. As
water shortages worsen, Pakistan might notice that
their shares of the benefits of the IWT evaporate, making
it less costly to target water projects on the Indian side.
Even if a bilateral consultative arrangement is in place,
it is possible that an act of sabotage would trigger of
events leading to another war between the two
countries.
4.2 Indo- China Border In the summer of 2004, a large landslide dammed up
the Pareechu River in Tibet creating an artificial lake.
By August, Indian authorities downstream feared that
the bursting of the ‘dam’ would result in flooding in
populated areas in Himachal Pradesh.40 The same month
another artificial lake was found on the Tsangpo River,
also in Tibet. While the two countries had agreed to share
weather information after a similar incident caused a
disaster in 200041, Chinese authorities were blamed for
being tardy in alerting their Indian counterparts. In the
event, both countries improved their hydrological and
satellite based remote sensing capabilities but not before
the Indian armed forces had mobilised for disaster
management. Such events have the capacity to
exacerbate bilateral tensions, especially if India suffers
a major natural disaster either due to lack of warning or
worse, by a Chinese act to protect its own interests. With
such incidents projected to become more frequent,
bilateral relations will be characterized by mutual
distrust, making any border settlement extremely
difficult. China, as the upper riparian, could also decide
to unilaterally divert the waters of the Himalayan
rivers—particularly the Brahmaputra42—flowing into
India. Such an act could severely affect the livelihoods of
the population in Arunachal Pradesh and Assam.
Brahma Chellaney warns that a mega-rerouting by
China would “constitute a declaration of water war”
over India and Bangladesh.43
4.3 Bangladeshi Ethnic invasion –
One of the main reasons India went to war with
Pakistan in 1971 was because of the refugee crisis: over
10 million East Pakistanis fled to India to escape the
brutal repression of the West Pakistani army. The influx
of Bangladeshi migrants since then has already
reshaped the ethnic-religious balance in the states
adjacent to Bangladesh.44 The issue of illegal immigrants
has plagued India’s relations with Bangladesh.
Bangladesh is badly affected by the adverse impacts of
climate change as Bangladesh government is not in a
position to cope with it due to their poor economic
resilience. The illegal migrants provide breeding
grounds for terrorism and other forms of class struggles
all around causing an adverse impact on security of a
vast population of India.
The glacial retreat could cause not just an overflow
of rivers within countries, but more significantly, a cross

border overflow into countries that already have a
history of tension. The arctic ice melt may open new
navigable routes bringing cheers to some but its affect
on the coastal populations around the neighbouring
countries of India would be terrible. The disappearance
of inhabitable land due to rise in sea level even at the
scale projected by IPCC would spell trouble for India
and its neighbours. India may then see an influx of
almost 20 million humans pushing their way towards
a safe haven. The resentment against these migrants
would come to fore with political and armed movements
against them resulting in ethnic conflicts. Subversive
elements are being pushed by ISI in the garb of
environmental migrants to implement its sinister design
of ‘Greater Bangladesh’.45 It is a challenge for India to
manage its borders.
Over the next few decades as water-shortages
damage its agriculture-based economy, and rising sealevels reduce land availability, the Bangladeshi pressure
cooker could well explode—triggered by an extreme
cyclone, for instance—spilling millions of people into
India.
4.4 Pakistan SeparatismWater shortages and rising sea levels could sharpen
Pakistan’s inter-provincial fault-lines. Sindh is
vulnerable on both counts: its highly populated coastline
is threatened by rising sea levels, while its agricultural
lands depend on the Indus River for irrigation. A
perception that it is being exploited by an insensitive
Punjab province—much like in East Pakistan in 1971—
could trigger off violent separatism.
Counterinsurgency operations by the Pakistan
army could turn into ethnic killings leading to a flow of
refugees into adjoining Indian states. Baloch separatists
could take advantage of the situation in Sindh to escalate
their own insurgency. In the worst case, this could
stretch and break the Pakistani army and cause the
collapse of the Pakistani state—an event of profound
geopolitical consequences.
4.5 Less Agricultural Land and more civil war–
Mass migration into India is also indicated from Sri
Lanka and Nepal, where the mechanisms of climate
change could add a new dimension to ethnic conflict.
Rising sea levels in Sri Lanka’s northern and eastern
provinces could result in greater pressure on the ethnic
Tamil population, leading to a range of conflict scenarios
including massive ethnic killings. Similarly, the flooding
and drought could exacerbate the ethnic dimension of
the Nepalese civil war resulting in mass killings. Extreme
weather events—cyclones, flash floods and unrelated
natural disasters like earthquakes—could precipitate the
refugee crisis. The near certainty is the disappearance of
the Maldives under the Indian Ocean. There is no
ongoing ‘conflict’ as such in Maldives, but rising sea
levels will cause its population to seek refuge in other
countries, including India.

THE SCIENTIFIC TEMPER
5. SUGGESTIONS:
Even the best international conventions and
agreements mean that climate change and the effects of
atmospheric pollution will continue to affect the world
during the coming 50 years. The Himalayas and the
Tibetan plateau as highly sensitive mountain systems
will be particularly affected and will feel the
consequences of climate change dramatically. In no
mountain region of the world will the effects be as
directly linked with livelihood systems as in the
Himalayan region. Therefore, we can suggest the
following adaptation methods:
1. In general we have to say that poverty, and lack of
infrastructure and basic services to the rural
population are so important that any adaptation
agenda is very close to the traditional development
agenda – a sustainable one. We can make the
difference between short, medium and long-term
measures.
2. Immediately we have to be aware that changing
rainfall patterns, melting glaciers and droughts
create new vulnerabilities. Early warning systems,
risk mapping, creating awareness and capacity
development are immediately required. Flood and
flash flood risk mitigation, e.g. early warning
systems, improved infrastructure (embankments,
river training). Adaptation in the mountains also
means that we have to learn from the communityadopted and adapted practice: communities have
learned to deal with hazards and we cannot expect
that governments will be able to intervene
everywhere. Often it can only create enabling policy,
institutional and financial environments.
3. Watershed development, rain and snow or ice
water harvesting and storage are becoming priority
issues. This leads to very concrete programmes: how
can we reduce the outflow of water when we have
too much, to make it available when we need it most.
Conservation and management of wetlands are
important. We should also scale up interesting
regional experience of farm level water harvesting
– e.g., water ponds.
4. Hydropower generation, ecotourism, and the
conservation and management of biodiversity are
unique assets which contribute to strengthening
resilience and adaptation. But we should move a
step further: climate change and global warming
on the one hand and economic development with
the growing middle class on the other.
5. A higher percentage of the population is changing
their way of living; and there is an increasing
awareness among them about the importance and
relevance of ecosystem services in the mountains.
These services are partly considered as public goods
and have no market currently. We have to create
awareness for these services and to put a price tag
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on them.
6. We might have access also to carbon funds. But let
us not forget about the low hanging fruit as well:
remittances are four times as important as
development cooperation funds in Nepal. Let us
devise clever policies to tap these resources. If we
have the energy for designing and implementing
good policies for the use of remittances, especially
targeting rural areas, and we do better foreign aid
coordination, then we have already made a good
start towards climate change adaptive development.
7. Climate change poses a real threat to the Himalayan
region and its large rivers and to the inhabitants of
their basins. The challenges ahead are of regional
and overarching nature. The countries of the greater
Himalayan region need to seek common solutions
to common problems. Regional cooperation needs
to advance in order to address the ecological,
socioeconomic, and cultural implications of climate
change in the Himalayas. The international
community, including donors, decision-makers, and
the private and public sectors, should be involved
in regional cooperation ventures. This is of
particular importance to achieve sustainable and
efficient management of trans-boundary Rivers.
6. CONCLUSION:
The Hindu philosophy of Karma is very apt in this
context “Do not aspire for results but act and only then
there would be a result”. The relationship between
climate change and security is here to stay and it would
be narrow-minded on the part of the security
establishment to not take cognizance. The political
compulsions of public posturing should not deter the
establishment towards combating the changing security
scenario in their backyard. Failure to recognise the
devastating implications of climate change on peace and
security could prove to be very costly resulting in the
worldwide instability and retarded development not
to mention – loss of human life.
Thus, the need of the hour is of a coordinated
effort and a collective vision, a vision of a world where
we are able to co-exist with nature giving back as much
as we take. It is therefore incumbent on individual states
to act in their own self-interest: co-operating with other
states where possible, but acting unilaterally where
necessary. The consequences of global warming would
thus be felt much after the “Copenhagen Agreement”,
even if all nations were able to rise above their
competitive positions and arrive at an agreement. The
existing state of affairs does not bode well for the coming
decades. Nations would have to come out of rhetorical
posturing if human tragedies such as draughts and
famines are to be avoided. Climate change impacts and
responses are trans-boundary issues.
Therefore, in addition to national discourses on
linkage between climate change, mitigation and
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adaptation measures and development efforts, regional
collaboration is necessary to formulate co-coordinated
strategies. Society will also need to improve its
adaptation strategies, and level structural inequalities
that make adaptation by poor people more difficult.
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INTEGRATED MANAEMENT OF BRINJAL SHOOT AND FRUIT BORER,
LEUCINODES ORBONALLIS GUEN.
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ABSTRACT
Among different IPM modules tested against shoot and fruit bore, Leucinodes orbonallis
Guen, modules M4 using spinosad + Metarhizium anisoplae + Chelating agent Fe-EDTA+ cartap
hydrochloride was found most effective causing minimum shoot infestation (7.47%) and fruit infestation
of 23.21%, 21.09% and 23.60% at 3rd, 7th and 11th days after spraying respectively and giving
highest yield (81.82q/ha).
KEY WORDS : Shoot and fruit borer, IPM brinjal, Leucinode orbonallis.

INTRODUCTION
Brinjal or egg plant has wide spectrum of use
for maintaining the human health and essentially a
source for building economic trading for farmers.
Among the several insect pests that infest brinjal crop.
Shoot and fruit borer, Luecinodes orbonallis Guen, is most
important, noxious and cosmopolitan pest causing
serious damage to shoots of seedling at vegetative stage
and fruits at the times bearing until the harvest of fruits.
The pest accounts for 44.11% and 55.40% fo shoot
infestation and 62.50% and 55.40% of fruit infestation of
number and weight basis, respectively (TRIPATHI et al.
1996). while SINGH et al. (2001) reported 48.30% losses
in yield of brinjal fruits considering importance of the
pest, different harmful chemical insecticides have been
used, which has caused environmental pollution
upsetting nature’s balance, pest resurgence, residual
toxicity and human health hazards However, one can
not avoid the use of chemical insecticides Therefore, it is
necessary to use only safer, selective, economical and
ecofriendly formulations We evaluated different
manager practices integrating cultural mechanical and
microbiological components in different combinations
as modules to find an effective, economic and sustainable
management of L. orbonalis.
An experiment was conducted with a view to
test the efficacy of different IPM modules against L.
orbonalis in Kharif, 2008-2009 in the field of Department
of Zoology, Dr. Shahid, Haldwani DIBER. laboratory,
Variety Varuna was sown by using Randomized Block
Design and replicated four times with a spacing of 60 x
60 cm. There were six IPM modules tested along with
controls (Table) Evaluation of different modules was

undertaken by recording per cent shoot and fruit
infestation and yield. Frequent field visits were made to
ascertain the level of infestation. The treatment
application were initiated on attaining ETL (5%
infestation) and later spraying was done at and interval
of fifteen days. Per cent fruit infestation was recorded
on 3rd, 7th and 11th days after spraying (DAS) for which
five plants per plot were selected and labelled (JOTWANI
and SARUP, 1963), Per cent shoot infestation was also
recorded.
Per cent shoot infestation was comparatively lower in
module M4 (spinosad + M.anisoplae + Fe- EDTA + cartap
hydrochioride) (7.47) followed by M5 (9.40) and M1 (6.65)
which were at par with each other (Table).
Figures in parenthesis are sine transformed value M1=
(weekly removal of affected shoot + spinsad@ 0.005) +
Bik 1kg/ha + cartap hydrochloride 50 SP @ 0.5%): M2=
(spinsad + 45 EC @ 0.05% + sunhemp as a barrien crop +
FE- EDTA 0.05% + garlic and chrysanthemum extract 1%
+ cartap hydrochloride 50 SP @ 0.1); M4= (spinsad + 45
EC @ 0.01% + Manisoplae 205 kg/ha + 45 FE-EDTA 0.5% +
cartap hydrochioride 50 SP @ 0.5); M5= (Coriander
intercropping spinsad + 45 EC (1:1) @ 0.01% + Garlic and
chrysanthemum extract 1% + FE- EDTA 0.5% + endosulan
35 EC @ 0.05%;) M6 = (confider 17.8 SL @ 0.01 + endosulfan
35 EC @ 0.05% monocrotophpos 36 WSC @ 0.05 +
cypermethrin 25 EC @ 0.005); M7 = Untreated control.
As regards fruits infestation on 3rd, 7th, and
th
11 DAS, module M4 was found Superior recording
minimum fruit infestation of 23.21%, 21.09% and 23.62%
respectively followed by M1 (weekly removal of affected
shoots + spinosad + Btk + cartap hydrochioride) having
25.97%, 24.47%, and 26.11%, respectively Earlier,

IPM : Siddique, Shahid Sami , et al.

70
Modules

%shoot infestation

Percent fruit infestation
Yield q/ha
3DAS
7DAS
11DAS
M1
9.65(18.06)
25.97(30.54)
24.47(29.33)
26.11(30.65)
65.55
M2
13.59(21.54)
30.58(33.54)
31.47(34.26)
21.18(34.54)
71.74
M3
15.55(23.13)
35.30(36.39)
34.96(36.21)
35.23(36.31)
57.14
M4
7.47(15.77)
23.21(28.76)
21.09(29.22)
23.62(28.89)
81.82
M5
9.40(17.82)
28.61(32.18)
30.81(33.71)
30.25(33.33)
66.58
M6
22.28(28.14)
41.22(39.87)
41.15(39.85)
38.55(33.33)
46.58
M7
35.45(36.54)
50.40()45.25
53.56(47.14)
58.74(50.05)
21.34
F test
Sig.
Sig.
Sig.
Sig
SE
1.24
1.45
2.24
1.12
CD at 5%
2.45
4.08
4.71
3.33
CV%
7.60
8.25
8.95
6.18
Table : Effect of different IPM modules on shoot & fruit infestation and yield in brinjal (mean values).
BYLEMONS and SCHOONEJIANS (2000) reported the
effectiveness of spinosad because of its contact, stomach
and systemic action with long residual effect it was also
true with cartap hydrochioride (NAITAM and MALI,
2002) M. anisoplae was effective against L. orbonalis by
deforming the larvae (RAJ and SATPATHY, 1996) while
DADMAL (2003) reported affectivity of chelating agent
due to its antibiotic effect on larvae and by causing
sterility, There were also significant differences in the
yield recorded in different modules, being highest in
module M4 (81.82q/ha) thus module M4 proved to be
most economical and effective.
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ABSTRACT
Antibiotics resistance effects become an ever-increasing therapeutic problems. Natural
products of higher plants may possess a new source of antimicrobial agents with possibly novel
mechanisms of action. Calotropis Procera shows limitless ability to synthesize aromatic substances,
most of which are phenols or their oxygen-substituted derivatives. Most are secondary metabolites,
These substances serve as plant defense mechanisms against predation by microorganisms, insects
and herbivores. When these substances isolate with four different solvents(Hexane, Chloroform,
Butanol, Methanol ) one by one ,then some extracts showed great potential to inhibit the growth of
four different bacterial strains like: Pectobacterium Carotovorum, Xenthomonas Compestris, E. Coli and
Stephylococcus aureus
KEY WORDS : Antibacterial activity, Calotropis Procera, Hexane extract, Chloroform extract,
Methanol extract etc.

INTRODUCTION
The use of and search for drugs and dietary
supplements derived from plants have acelerated in
recent years. While 25 to 50%of current pharmaceuticals
are derived plants ,none are used as antimicrobials.
Plants have an almost limitless ability to synthesize
aromatic substances, most of which are phenols or their
oxygen-substituted derivatives. (Geissman 1963). Most
are secondary metabolites. These substances serve in
plant defense mechanisms against predation by
microorganisms, insects and herbivores. Some others
compounds like terpenoids give plants their odors, while
quinones and tannins are responsible for plant Pigment
( Marjorie Murphy cowan ,1999).
Plants of the milkweed family are herbs, shrubs with
thick, milky juice. They have sometimes been used for
laxative, expectorant, diuretic, emetic purposes, and for
wart removal. All members of this family are toxic. The
plant has been taken to study was Calotropis procera. Hole
plant is rich to contain medicinal property(Kumar and
Arya 2007 ), such as:-secretion of the root bark of
Calotropis Procera is used to treat skin diseases,
enlargements of abdominal viscera, intestinal worms,
cough, ascites, anasarca, elephantiasis. Hole plant is used
to treat eczema , diarrohea ( Kew, 1985) and Jaundice (
Jan et al. 2009). Flowers are considered to improve
digestion , catarrh. The leaf ash is used to treat ascites
and enlargements of abdominal viscera. Stem is used as
tooth brush having the property of curing toothache (
Zabihullah et al. 2006, Jan et al. 2008 ). Smokes of leaves
with latex used to treat cough, leprosy, elephantiasis,
asthma and paralysis ( Bhogaonkar et al. 2007 ). A
powerful bacteriolytic enzyme ( Shukla et al. 1961), a
very toxic glycoside Calactin, Calotropin D 1, Calotropin

D 2, Calotropin F1, Calotropin F 2 and a non toxic
protealytic enzyme Calotropin has been identified in
latex of this plant. Toxic glycoside Calactin takes part in
defense mechanism of plant to protect from insects and
grasshopper attack. The alcoholic extract of leaves and
roots were found to have anticancer activity against
human epidermal carcinoma of the nasopharynx in
tissue culture ( Dhar et al. 1969 ).
MATERIALS AND METHOD
Fresh stems of plant Calotropis Procera were collected
from Naini area of the Allahabad region. The plant was
identified by the experts of the S.H.I.A.T.S., Allahabad.
Plant stems were dried at 20-250C in shed and ground
to the fine powder using with grinding machine and
followed two steps of the extraction :(1) 100 gm. Powdered plant material were socked in
Hexane for 3 days, then filtered it. This plant material were socked again in Chloroform for 3 days, then
filtered. Socking were continued with butanol and
then methanol for 3-3 days again, followed with their
increasing polarity. All extracts were concentrated
in vacuum desicator.
(2) 100 gm. Powdered plant material was taken in to
the soxhlet and treated with four different solvents
(Hexane, Chloroform, Butanol, Methanol) one by one
followed by increasing their polarity, each extract
was collected after 3 days.
Finally four cold ( from socking ) and four hot
(from soxhlet ) extracts were obtained.
Test microorganisms :Bacterial strains were supplied by Microbial Type Culture Collection (MTCC), Chandigarh, India. The bacterial strains were Xenthomonas Compestris, Pectobecterium
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Carotovorum, Escherichia coli, Staphylococcus aureus.
Preparation of inoculums:Stock culture were maintained at 4 °C on slopes of
nutrient agar. Active culture for experiments were
prepared by transferring a loop full of cells from the
stock cultures to test tubes of Mueller- Hinton broth
( MHB), that were incubated without agitation for 24
hr. at 37 °C. To 5 ml of MHB, 0.2 ml of culture was
inoculated and incubated till it reached the turbidity
equal to that of the standard 0.5 Mc farland solution
(Mcfarland et al 1907).
Antimicrobial Testing :Kirby-Bauer method was followed for disc diffusion assay
( Baur et al, 1966) In vitro antimicrobial activity was
screened by using Mueller –Hinton Agar (MHA). The
MHA plates were prepared by pouring 15 ml of molten
media into sterile petri plates. The plates were allowed to
solidify for 5 min. and 0.1 % inoculums of each bacterial
suspension was swabbed uniformly in separate MHA
plates and it was allowed to dry for 5 min.
Four cold and four hot extracts were loaded on 5
mm sterile individual discs. The loaded discs were
placed on the surface of the medium and the extracts
were allowed to diffuse for 5 min. and the plates were
kept for incubation at 37°C for 24 hrs. Negative control
was prepared using respective solvent. At the end of
incubation inhibition zone formed around the disc
were measured in millimeter
RESULTS AND DISCUSSION
Infectious diseases account for high proportion of health
problems in the developing country es. results of the
research showed that the plant Calotropis procera belongs
to the family Ascelepiadaceae is rich as source of phenolic
compounds and their oxygen substituted derivatives,
which are responsible for antibacterial activity in different
extracts. Antibacterial activity of different extracts against
four bacterial strains shows in table 1:Table 1:- Antibacterial activity of extracts with different
solvents against 4 bacterial strains.
Extracts
P. Caroto- X. compe-Escherichia Staphyvorum
stris
Coli
lococcus
aureus
Hexane(cold)
Hexane(hot)
+
CHcl3(cold)
+
+
+
CHcl3(hot)
+
+
Butanol(cold)
Butanol(hot)
Methanol(cold)
+
+
+
+
Methnol(hot)
+
+
+
+
+ Showing inhibition, - Not showing inhibition

Largest potential to give antibacterial activity showed
by methnolic extract of the plant, MeOH extract shows
higher inhibition zones against Pectobacterium carotovorum,

Xenthomonas Compestris, Escherichia Coli and Staphylococcus
aureus while butanol extract did not show any activity
against any bacterial strain used in the research.
Chloroform extract in cold (socked) condition is also
showed great potential to inhibit the growth of Pectobacterium
Carotovorum , Xenthomonas Compestris and Staphylococcus aureus.
But it was not effective for the strain of E. Coli.
Table 2:- Presentation of zone of Inhibition in mm. on petry
plates through disc diffusion method.
Extracts
P. Caroto- X. compe-Escherichia Staphyvorum
stris
Coli
lococcus
aureus
Hexane(cold
Hexane(hot)
2.5 mm CHcl3(cold)
5 mm
3 mm
7 mm
CHcl3(hot)
2 mm
7 mm
Butanol(cold)
Butanol(hot)
Methanol(cold) 15 mm
8 mm
8 mm
12 mm
Methnol(hot)
12 mm
10 mm
8 mm
11 mm

Chloroform extract in hot (soxhlet) condition did not
effected the growth of two plants pathogenic strains like
Pactobacterium Carotovorum and X. Compestris, but it have
potential against E. Coli and S. aureus . Hexane extract
(through soxhlet) showed inhibition zone against P.
Carotovorum and other bacterial strains was not effected.
It is concluded that, the medicinal plant Calotropis Procera
have large possibilities to use it as antimicrobial pouch
,due to its toxicity against many infectious micro organisms.
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ABSTRACT
In recent years much attention is being paid to explore the correlation of varying factors to
ground water arsenic poisons. Herein, this has been investigated that ground water samples of Ballia
(U.P) meet to exceed the Bureau of Indian standard (BIS) limits for the arsenic and iron of these water
samples provide evidence ample discrepancy with waste standards. Here, it was investigated that out of
150 selected sources of water,91 samples have all analyzed parameters beyond desirable limits and water
from these sources can’t be used for drinking purpose without special treatment. The expected outcome
of the present work is to explore the mobilization of arsenic in gangetic plains by correlating the various
contributing factors in water arsenic poisonings and developing concern to initiate the remediation
measures to tackle this present crisis in drinking water reclamation process.
KEY WORDS:

Ground water, Physico-chemical Properties, BIS, Ballia, Remediation.

INTRODUCTION
Arsenic is the 20th abundant rare earth crust metal
associated with the areas of gold, silver, copper, lead,
zinc, nickel cobalt, antimony and bismuth all of which
belongs to the same group in periodic table .The major
source of surface and ground water pollution is
injudicious discharge of untreated industrial effluents
directly into the surface water bodies resulting surface
and ground water pollution described by Nasrullah,et
al.,(2006) and Malik et al .,(2009). ground water
pollution .Now it has been reported that Arsenic not
only affect the habitats where it is disposed but also
reaches for all places via percolation and leaching such
as underground waters. Arsenic always present as
allotropes of phosphate .In many biochemical reaction
arsenic replace the phosphate and disturb the oxidative
phosphorylation of mitochondria that affect the
formation of ATP which is main source of energy this
process is called arsenolysis.
In 1984 groundwater arsenic contamination was
discovered in lower Ganga plains of West Bengal (Garai
et al., 1984). Only in1985 was arsenic situation in west
Bengal and consequent suffering of people brought to
light (Chakraborti et al., 2002). In 1992 identified arsenic
groundwater contamination in lower plain area (Terai)
of Nepal came to notice (Shrestha et al., 2003). During
our study we selected the Ballia District to understand
the problem of arsenic affected blocks (Table-2).
Millions of people are drinking groundwater with
elevated concentration of arsenic. (I.e. 0.01PPm, WHO

standard.) Geological and hydrobiological character of
alluvial soil govern the mobility of arsenic in ground
water. Widespread arsenic contamination of groundwater
has led to a massive epidemic of arsenic poisoning in
Bangladesh and neighboring countries. In Uttar Pradesh
Ballia, Bahraich and Gazipur is the most affected place of
arsenic mainly area nearby Gangatic plains.
Arsenic is known to cause arsenicosis owning to
its manifestation in drinking water “the most common
species being arsenate [HAsO4;2-As(V)] and arsenite
[H 3 AsO 3 ; As(III) ]”.Chronic arsenic exposure
contaminated drinking water induced dermal lesions
skin cancer leucomelanasis. (Fig-2)
The main objective of this paper is to study of the
present situation of arsenic contamination in Uttar
Pradesh based on arsenic analysis of india mark hand
pump water and make people aware stressing the need
for remedial actions to avoid shocking situation.
MATERIALS AND METHODS
All the chemicals which are used in the study
were of analytical grade (Merk, Germany). All the
glassware’s and samples bottles were soaked in hot
water and rinsed with laboratory dish soap (Lavolene)
for at least 2h and then rinsed with deionized water. As
stock solution (1000 mg/l) was prepared by dissolving
Sodium arsenite in de-ionize water and stored in
airtight polythene terphthalate (PET) bottles at a
temperature less than 2ÚC.further working solution
were freshly prepared from stock solution for each
experimental run.
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Dr. C P M Tripathi has been actively engaged
in the research activities since July, 1973 to
date. Worked for Ph.D. degree on the control
of reproduction in flesh-fly Sarcophaga
ruficornis (Fabr.) by using the chemosterilant
thiourea. The primary target of thiourea in
female Sarcophaga were the follicle cells in
the ovarioles, which undergo structural
transformations inhibiting the transport of
nutrient materials into the nurse cells and of
yolk into the oocytes. The subnormal eggs
produced are not viable (Experientia, 1976; J.
Med.Entomol.,1980). Thiourea drastically affected the synthesis of
RNA (Ind. J. Exp. Biol., 1979) and DNA (J.Ent.Res., 1981).
For the last twenty five years, actively working on the
Biocontrol of Insect Pests of Pulses, Oil seeds, sugarcane, vegetables
and cotton for evolving bio-intensive IPM strategies (Agric
Ecosystem & Environment, 2003; Biol. Agric & Hortic, 1999,
200; Insect Science & application, 2000, Biocontrol, 2006, 2007,
2008, 2009). It was observed that the age (Biol. Agric. & Hortic.,
1983; 1997) quality of food plants (Canadian J. Zool., 1985) and
the presence and absence of males (Entomophaga, 1988) drastically
affects the parasitising behaviour of the parasitoids.
As Full Bright Scholar at Texas A&M University, U.S.A.,
worked on the effect of kairomone extracts of Helicoverpa
armigera on the behaviour of the parasitoid Campoletis chloridae
in the wind tunnels designed by Prof. S.B. Vinson.
For the first time, successfully experimented (at Institute
of Arable Crops Rothamsted, Harpenden, U.K.) and observed
the effects of aphid sex pheromone components, on aphid
parasitoid activity, in arable field margins. The presence of
aphid sex pheromones (+)-(4aS, 7s, 7aR) -nepetalactone, in 50l
of ether, significantly increased parasitisation by the generalist
parasitoid Praon volucre on the plants adjacent to the vials and on
plants placed 20 cm away (Biocontrol Science & Tech. 1998).
Successful experiments were also conducted and are still in progress
by using the other aphid Sex pheromone nepetalactol. The results
obtained during the field trials are very encouraging for the prospect
of using aphid sex pheromones to manipulate parasitoids in order
to improve aphid population control.
The quality of food plants also has been found to affect the preypredation relationship between the mustard aphids and the predator
Coccinella septumpunctata (J. Appl. Ent., 1999, Phytophaga,
2000). The experiments conducted demonstrate, that after 24h
period of starvation the Coccinella septumpunctata grub satiated
in 85 min after eating 31.57±7.12 mustard aphids. Again 24-36h
of deprivation, the maximum appetite was attained. To be used as
a bio agent, 24h starved grubs are the best (J. Appl. Ent., 2002,
2003, 2004).
We evaluated temperature effects on the development, survival,
fecundity, progeny sex ratio and life-table parameters of C.
chlorideae to optimize its quality and efficiency, both in field and
laboratory (BioControl, 2009). Newly emerged parasitoid
Campoletis show maximum reproductive fitness and this attribute
can be implemented to optimize its quality and efficacy both in
field and laboratory for successful biocontrol of the pod borer,
Helicoverpa armigera (BioControl, 2010).

The area and population of UP situated in
upper and middle Ganga plain are 238,000 km2 and 166
million (Census 2001), respectively. We focused the
several block of Ballia district (area 3168 km 2 ,
population 2.75 millions). Fig.1 show the ground water
contamination in UP.
The Hand pump water, samples were collected
from different block of Ballia district
and analyzed
for arsenic by flow injection – hydride generationatomic absorption spectrometry (AAS). The physico-

Fig1- Centre of attention of Arsenic rich Area in UP

Fig 2 : Advanced stage of Arsenicosis Patient.

chemical parameters and other heavy metals were
analyzed following the standard Methods of APHA
(2005).
RESULTS AND DISCUSSION
The Gangetic plain is an area relatively rich in
water resources; however, the current water
exploitation and utilization have only reached a relative
low degree. The blanket study survey in summer
(March, 2010) season of Ballia district of Uttar Pradesh
were preferred after conducting the literature survey
and evaluating the people size, development of
socioeconomic and water consumption need of these
districts. During the study survey, it was found that
this endemic parts of gangetic plains rely on only
groundwater sources for drinking water purposes in
absence of any alternate source.
The physico-chemical parameters studied of
groundwater includes pH, hardness, Total Alkalinity,
Total dissolve solid, conductivity, Nitrate, fluoride.
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Table 1- physico-chemical characteristics of Groundwater
samples.
SN Ph
Hardness Alkalinity TDS Nitrate Fluoride
Mg/l
Mg/l
Mg/l (Mg/l)
1
7.6
160
72
437
7.36
0.15
2
7.7
120
96
109
5.78
0.22
3
7.7
160
88
683
3.68
0.95
4
7.5
120
96
248
4.52
0.17
5
7.6
120
64
339
7.7
0.20
6
7.0
120
52
915
5.7
0.11
7
7.6
120
60
256
4.34
0.04
8
7.5
120
56
229
4.26
0.22
9
7.6
120
68
281
5.96
0.20
10 7.1
120
60
399
3.18
0.16
11 7.6
140
64
261
5.82
0.19
12 7.5
120
52
283
9.9
0.17
13 7.6
120
60
240
7.02
0.12
14 7.7
120
52
269
6.92
0.15
15 7.7
120
48
265
4.5
0.19
16 7.5
120
56
293
3.74
0.26
17 7.7
120
48
224
2.78
0.13
18 7.6
120
80
315
6.38
0.23
19 7.6
120
76
295
3.94
0.20
20 7.5
120
112
319
5.1
0.17
21 7.0
120
96
259
7.76
0.19
22 7.6
120
84
229
3.78
0.34
Table2- Arsenic concentration in samples of Groundwater.
Block

Belhari
Bairiya
Murli
chhapra
Revati
Maniyar
Bansdih
Total

No Of total Upto

(10-40)

(40-50) Above50

HPs tested 10ppb

ppb

ppb

ppb

25
25
25

11
12
13

05
07
06

02
02
02

07
04
04

25
25
25
150

11
03
09
59

06
03
06
33

02
03
01
12

06
16
09
46

Physico-chemical parameters are shown in table -1. The

pH of the water was always found in alkaline range i.e
(7.0-7.7). Total hardness ranges from 120-160 mg/l, total
hardness is within the prescribed limit of BIS (300-600
mg/l). Alkalinity ranges from 110-149 mg/l. Alkalinity is
the cause of carbonate and bicarbonate ion and its salts.
It is in the prescribed limit of BIS i.e (200-600) .Fluoride
was found within prescribed limit of (0.6-1.5 mg/l ).
The presence of high level of nitrate in drinking
water due to excess of decayed vegetable, animal matter,
industrial effluent, use of pesticides has become a very
serious problem. The World Health organization has
recommended that water containing high levels of
nitrate in water 45 mg/l should not be used for drinking
and food preparation. Bureau of Indi an standard
prescribed highest desirable limit for nitrate is 45 ppm
and maximum Permissible limit is 100 ppm .we found
nitrate is within prescribed limit.. The total dissolve

75

Table 3- Various heavy metal concentrations in ppm of
(Belahari block)
S a mp l e
s i te s
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Cd2+
0.0 030
0.0 006
0.0 003
0.0 001
0.0 060
0.0 001
0.0 010
0.0 011
0.0 008
0.0 001
0.0 004
0.0 005
0.0 008
0.0 010
0.0 005
0.0 001
0.0 005
0.0 005
0.0 004
0.0 002
0.0 004
0.0 003

Cr
(Total)
0.0 010
0.0 018
0.0 014
0.0 056
0.0 060
0.0 200
0.0 129
0.0 155
0.0 023
0.0 397
0.0 018
0.0 017
0.0 072
0.1 074
0.0 067
-

Cu 2+

Fe2+

Mn2+

Ni 2+

0.0 050
0.0025
0.0 146
0.0 094
0.0 081
0.0025
0.0238
0.0 096
0.0 109
0.0 056
0.0 100
0.0014
0.0 050
0.0 022
0.0 006
0.0 038
0.0 033
0.0001
0.0013
0.0012
0.0017
0.0120
0.0 012
0.0 026
0.0038

0.9600
1.2 400
1.2440
1.2680
0.8610
0.8 138
1.3 300
1.2600
1.3400
1.3300
1.1890
1.2 680
1.2500
1.3400
0.8490
1.2800
1.1470
1.3 006
1.0 836
0.8 798
1.3 396
1.2 516
0.3762
1.2036
1.1 767

1.2 783
-

0.0128
0.0037
0.0157
0.0157
0.0017
0.0081
0.0077
0.0044
0.0093
0.0067
0.0086
0.0028
0.0023
0.0024
0.0057
0.0064
0.0078
0.0065
0.0098
0.0098

P b

2 +

0.0105
0.0121

0.0239
0.0097
0.0123
0.0172
0.0017
0.0032
0.0077
0.0226
0.0030
0.0744
0.0070
0.0054
0.0010
0.0043
0.0002
0.0067

solid within permissible limit of 500mg/l except sample
no 3 and 6 .
On the basis of As and other heavy metal
analysis Our study has concluded that Ballia district
was most affected part with struggling groundwater
arsenic contamination as this is main drinking water
source. Our group has investigated that drinking water
samples of Ballia (UP) in India meet to exceed the Bureau
of Indian Standard (BIS) limits for the arsenic that
provides evidence ample discrepancy with drinking
water standards. Here, it was investigated that iron
was also identified above their recommended
permissible limit as set by BIS i.e , 10 ppb (table 3).
Out of 150 sources of ground water, 91 samples
have all analyzed parameters beyond desirable limit
and water from these sources can’t be used for drinking
purpose without special pretreatment. 59 sources of
water have some parameters more than desirable limit
but still within permissible limit, water from these
sources can be used for drinking purpose in absent of
alternate source. Ballia district is our main arsenic
contamination site as conducting the blanket survey of
these areas for arsenic. Arsenic along with iron was
investigated above their permissible limits during the
study.
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ABSTRACT
Swertia chireta is an indigenous medicinal plant which are used for variety of ailments.Moreover,
several phytochemicals are present in this plants.The major bioactive compound within the plant is
xanthones.This plants are the mojor source of secondary metabolites, like flavonoides and triterpenoid
etc . Naturally, the plant Swertia chireta posses a multiple source of different biological component
which are solely responsible for different physiological activities.
Naturally, bioassay of this plants were investigated with the hexane.Hexan extract of aerial
parts of the Himalayan plant, Swertia chirata Buch.Ham. ex Wall.(Gentianaceae) resulted in the isolation
of seven polyoxygenated xanthones, fraction Sc-1 – Sc-7. Out of seven compounds extracted from this
plant , five components ( Sc - 3 - Sc-7) exhibited antioxidant activity at different magnitude of
potency.The paper deals with these facts.
KEYWORDS

Swertia chirata; aerial parts; antioxidant activity; seven polyoxygenated xanthones.

INTRODUCTION
Considerable attention has been focused on
plants which are source of natural antioxidant
compounds and medicinal value, because most of them
have modulatory role on physiological functions and
biotransformation reactions involved in the
detoxification process(Ahsan, et al., 2009, Kumar ,et al.,
2011 ).
Excessive free radical production has been
implicated in the process of diabetes mellitus,
arteriosclerosis,ischemia-reperfusion
injury,
liverdisease,
inflammation,
renal
failure,
neurodegenerative disorders, aging, carcinogenesis and
various other diseases in human [ Bulkley, 1983,
Dormandy, 1983,]. The increased oxidative stress can
be reduced by various phytochemicals obtained from
plants having antioxidant property. The compounds of
Swertia chirata Buch., Ham. (Gentianaceae), reduce free
radical activity and thereby protect the cells from
oxidative damage and thus may possess therapeutic
activities [Tiwari,2004,Selvamathy et al.2010].
The Himalayan plant Swertia chirata Buch., Ham.
(Gentianaceae), commonly known as ‘Chirayita’ or
Kirata-tikta’ in Sanskrit, is well known for its
multifarious therapeutic value since the era of ‘Atharva
Veda’ (Charak Samhita) and is widely used in the Indian

System of Medicine as crude drug. It is used as an
antimalarial, a bitter stomachic, febrifuge, anthelmintic,
as remedy for scanty urine, epilepsy, ulcer, diabetes,
bronchial asthma, melancholia and certain type of
mental disorder. [Chatterjee and Pakrashi, 1995,
Mandal, et al., 1997.]
Chemical investigations on Swertia chirata by the
present authors include the first isolated dimeric
xanthone, ‘chiratanin’ from higher plant, a large
number of polyoxygenated monomeric xanthones, the
bitterest secoiridoid glycoside, amarogentin and
triterpenes[Mandal and Chatterjee,1987, Mandal, et al.,
1997.]. Previously, we have biologically studied
amarogentin and the crude aqueous extract of Swertia
chirata
which exhibited significant cancer
chemopreventive potential as well as anticarcinogenic
activity on DMBA induced mouse skin carcinogenesis
model[Saha,et al., 2004, Saha, et al., 2006 ]. We also
examined the mixture of six monomeric xanthone
derivatives for antiinflammatory property on animal
models and got significant activity [Mandal, et al., 1992].
Based on the above details , the present study was
directed the efficacy of Swertia chirayita, against ethanol
(EtOH), extract of aerial parts of Swertia chirayita
Buch. Ham. (Gentianaceae).
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MATERIALS AND METHODS.
Experimental
Plant material
Swertia chirata (aerial parts), collected from a
plant supplier of Kolkata, was authenticated by Dr.
M.N.Das, Ex-Research Officer (Pharmacognosy),
National Research Institute for Ayurvedic Drug
Development (NRIADD), Kolkata. The plant specimen
has been preserved in the Herbarium of NRIADD,
Kolkata.
Extraction and Isolation
The bioassay guided fraction of the hexane
extract of aerial parts of Swertia chirata led to the isolation
of seven oxygenated xanthones from Sc-1 to Sc-7 shown
in the table-1 in accending order of the phenolic
character of the xanthones. All the compounds have
been isolated by column chromatography on silica gel
and purified by crystallization from appropriate
solvents. The xanthones (Sc-1 - Sc-7) have been
characterised by spectral analysis ( UV, IR, PMR,CMR,
MS) and by comparative study with the available
literature data [Mandal, et al., 1992. ] .
Biochemical Estimation.
Total antioxidant status (TAS)
TAS was estimated by the method [13] based
on the inhibition of radical cation, ABTS+[2,2-azinobis(3-ethylbenzthiazoline-6-sulphonic acid)] which has
a characteristic long wavelength absorbance maxima
at 734 nm. ABTS + is formed by interaction with
potassium per sulphate.
Reagent required
i)
ABTS
ii)
Trolox
iii)
Potassium per sulphate
iv)
PBS (Phosphate Buffer Saline)- 5mM
Method
ABTS radical cation (ABTS+) was formed from
7mM ABTS in PBS ( pH 7.4) solution by reacting with
2.45 mM potassium per sulphate ( final concentration)
keeping at room temperature for 16hr. As ABTS and
Potassium per sulphate react stoichiometrically at a
ratio 1:0.5, this resulted incomplete oxidation of the
ABTS. Oxidation of the ABTS commenced immediately,
but the absorbance was not maximal and stable until
more than 6 hr elapsed. ABTS solution was diluted with
PBS to an absorbance of 0.7 (±0.02) at 734 nm and
equilibrated at 30ÚC.
After 16hr of formation of ABTS+, 10ìl solution
of active compound (1mM) was incubated with 1 ml
diluted ABTS solution and the change in colour
intensity was measured at 734 nm after 6 minutes
exactly. Similarly the inhibition of colour against the
solvent blank was estimated by the absorbance at 734

nm and its reading was substracted from that of active
compound. Here trolox was used as a standard
antioxidant and the result was expressed as mM Trolox
equivalent.
RESULT
The present report furnishes results of
antioxidative study of seven tetraoxygenated
xanthones presented in Table-1.The total antioxidant
status(TAS) was estimated against the standard
antioxidant, Trolox. All the compounds have been
isolated by column chromatography on silica gel and
purified by crystallization from appropriate solvents.
The xanthones (Sc-1 - Sc-7) have been characterised by
spectral analysis ( UV, IR, PMR,CMR, MS) and by
comparative study with the available literature data
as we have discussed earlier. [Mandal, et al., 1992. ]
(Table-2). Moreover, total antioxidant status –TEAC, is
the millimolar concentration of a Trolox solution having
the antioxidant capacity equivalent to a 1.0mM solution
of the substances under investigation and described in
the table-3.
Table 1: Xanthones isolated
Name of Molecular Mp.0C Yield
compound fo rmu la
(%)
(M+)
Sc-1
C16 H14 O6 14 0
0.045
(302)
Sc-2
C16 H14 O6 203-204 0.005
(302)
Sc-3
C15 H12 O6 18 5
0.061
(288)
Sc-4
C14 H10 O6 224-225 0.152
(274)
Sc-5
C14 H10 O6 27 4
0.238
(274)
Sc-6
C14 H10 O6 19 6
0.004
(274)
(Acetate)
Sc-7
C13 H8 O6
>360
0.006
(274)

from Swertia chirata
Chemical name

1,3,7-Trimethoxy
-8-hydroxy xanthone
1-Hydroxy 3,5,8Trimethoxy xanthone
1,8-dihydroxy 3,5,
-dimethoxy xanthone
1,7,8-Trihydroxy 3
-methoxy xanthone
1,5,8-Trihydroxy- 3
-methoxy xanthone
1,5,6-Trihydroxy- 3
-methoxy xanthone
1,3,7,8-Tetrahydroxy
xanthone

Reference
11
12
5,12
12
5,11
5,11
5,11

DISCUSSION
A compound can exert antioxidant activity in
various ways. It can directly scavenge various reactive
oxygen species (ROS) such as super oxide radicals,
hydrogen peroxide, lipid peroxides, hydroxyl radical
etc. It can also inhibit the formation of such species by
reacting with their promoter namely, iron and copper
orgenerate the enzymes or it can enhance the activity
of other antioxidants [Mathur, et al., 2011, Abirami and
Gomathinayagam, 2011].
Although ROS can help the immune system
clean out extrusive microorganisms and excessive ROS
can also react with biological molecules such as DNA,
proteins and phospholipid and ultimately cause
oxidative damage in tissue and free radical- related
diseases such as inflammation, heart disease, diabetes,
gout, cancer etc [Slater,1984]. For aerobic organisms,
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Spectroscopical
Name
UVëmax,in
of the
ETOH(nm)
compound
Sc-1
250,268,330

Table-2
data of Xanthones Sc-1 – Sc-7
IR, ímax
1H-NMR
in KBr(Cm-1)
2900,,1650,
1620,1600,
1570 1480

Sc-2

230,254,
275,330

3100,1655,
16251610,
1600,1570
1480

Sc-3

249, 273
& 325

3150, 1660,
1620, 1600,
1550 1420

Sc-4

254, 265,
32 7

3450, 3100,
1650, 1615,
1600, 1570
1480

Sc-5

255, 279,
335 & 393

3500, 3150,
1655, 1620,
1600, 1560
1480

Sc-6

249, 277
& 315

3460,
1650,
1610,
1570

Sc-7

247, 266,
331 & 385

3300, 3150,
1667, 1613,
1590 1470

3100,
1625,
1600,
1450

ä(CDCl3): 4.02, 3.93, 3.85,
(C-1, C-3, C-7 0Me), 6.36,
6.39 (d, J=2HZ each; C-2
and C-4-H), 6.71, 6.55, (d,
J=10HZ each, C-5 and C6-H) 11.77 (C-8-OH)
ä(CDCl 3): 3.81, 3.93, 3.93
(C-3, C-5, C-8-OMe), 6.28,
6.44 (d, J=2HZ each, C-2 &
C-4-H), 6.65, 6.85 (d,J= 9
HZ each C-5, C-6-H), 13.08
(C-1-OH)
ä(d 6-DMSO): 3.86, 3.92
(C-3, C-5-OMe ), 6.29, 6.48
(d, J= 3HZ each, C-2 & C4-H ), 6.65, 7.17 (d, J= 9HZ
each, C-6, C-7-H ), 11.30,
11.88 (C-1 & C-8-OH )
ä(d6-DMSO): 3.92 ( C-3OMe), 6.30,6.35 ( d, J= 2HZ
each, C-2,C-4-H ), 6.65,
6.72 ( d, J= 10 HZ each, C5 & C-6-H ), 11.77, 11.82
(C-1 & C-8-OH)
ä(d6-DMSO):3.81 ( C-3OMe), 6.27, 6.49 ( d, J=2.5
HZ each, C-2 & C-4-H),
6.54, 7.15 ( d, J= 9HZ each,
C-6 & C-7-H ), 11.1- 12.0
(C-1 & C-8-OH )
ä(d6-DMSO): 3.90 ( C-3OMe), 6.35, 6.55 ( d, J=
2HZ each, C-2 & C-4-H),
7.06, 7.89 ( d, J=10HZ each,
C-7 & C-8-H), 7.55, 10.04
(C-5 & C-6-OH), 12.76 (C1-OH)
ä(d6-DMSO): 6.20, 6.34 (d,
J= 3HZ each, C-2 & C-4-H)
6.88, 7.26 ( d, J=10HZ each,
C-5 & C-6-H ), 9.25 ( br.s,
C-3 & C-7-OH) , 11.53,
11.73 (br.s, C-1 & C-8-OH)

the major system of defense against oxidative damage
is the use of ‘antioxidant’ enzymes to convert excessive
ROS into non toxic compounds. An imbalance between
the amount of ROS and antioxidant enzymes is a
problem for our health. So, daily intake of foods
containing antioxidants is necessary [Re,et al., 1999 ,
Halliwell and Gutteridge , 1984].
S.chirata is a Himalayan medicinal plant
traditionally used in India. The use of this plant is also
found in China and Nepal ( Phoboo et al., 2010 ). It is
used to treat the different ailments for a long time. The
reason and progress of some of these ailments, in some
ways, are related to damage caused by ROS. For
example, oxidants have been considered to be involved
in the early stages of carcinogenesis,[ Hochstein and
Attallah,1988] whereas oxygen free radicals have
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played an important role in the development of the longterm complications of diabetes.[ Boynes,991,
Krishnamurthy, et al., 2006] Although the intake of
antioxidantsmay not completely cure the disorders, it
can reduce the oxidative stress in our body and
consequently reduce the progress of diseases[Fasalu
Rahiman , et al., 2011]
In this study, seven tetraoxygenated
xanthones have been isolated from S.chirata in pure
form. All the seven compounds were evaluated for their
antioxidant potential along which three compounds Sc5, Sc-6 and Sc-7 exhibited a very significant antioxidant
property compared to the standardantioxidant, Trolox,
a vitamin-E derivative. A promising antioxidant
activity has been reflected in Sc-5 and Sc-6 as their
activities are more than double as compared to Trolox.
We have previously reported that, the extract
and the pure compounds of S.chirata are effective in
inflammation and cancer in animal models [Mandal,
1992, Mandal (Sarkar) , 1980, Ghosal, et al., 1973].
Oxidative stress is common in both the above mention
diseases. Our present finding is possibly partially
related to that effectiveness. The study clearly indicates
that the extract of Swertia chirata possesses antioxidant
property. Further research is necessary for elucidating
the active potent component of Swertia chirata out of the
seven components of this plant . Moreover, studies are
in progress to know the specific gene functions in
relation to antioxident activity of the Swertia chirata in
the several physiological processes.
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ABSTRACT
Antipsychotics drugs like chlorpromazine, haloperidol, clozapine, risperidone, olanzapine
and many other are commonly used in psychiatric medicine. Approximately one third of pregnant
women with psychotic symptoms use antipsychotics at least once. Although adequate and well-controlled
studies have not been done in any one of these antipsychotic drugs, animal studies have revealed
evidence of teratogenic or embryo/fetotoxic effects in all of them. Use of typical drugs like
chlorpromazine and haloperidol shows congenital malformations like skeletal malformations, central
nervous system (CNS) defects, cleft palate, cardiac abnormalities, decreased fetal growth, and fetal
death. The extrapyramidal symptoms and respiratory distress in infants born to mothers treated with
these medications is also reported. Effects of antipsychotic use in lactating mothers are mostly unknown.
With increase in the use of newer psychotropics, there is a growing concern in relation to the teratogenicity.
As, it is not possible to carry out prospective studies in pregnant women and as a result physicians caring
for such patients have to rely on case reports, case series, and retrospective studies. Available evidence
shows that the safety of these drugs in pregnancy is still unresolved and the decision to prescribe
antipsychotic drugs in pregnancy should be taken in the light of severity of mental disease and drugs
should be prescribed only when the potential risk to the foetus from exposure is outweighed by the risk
of untreated maternal disorder. In this review we discussed the current evidence of the teratogenic risks
with antipsychotic drugs commonly used to treat psychiatric disorders.
KEY WORDS- Antipsychotic drugs, pregnancy, teratogenicity

INTRODUCTION
Among CNS disorders, psychosis is one of the
most common disorder with an annual estimated
prevalence of 0.01 to 0.05 % of all the world population
(van Os et al, 2009). The lifetime risk of developing
psychosis is probably between 0.7 to 0.9 % (Delieu et al,
2009). In European countries prevalence of psychosis is
between 2.5 to 5.3 in 1000 person (Naqvi, 2008).
Although population based surveys in the developed
countries like United States, Netherland and New
Zealand, have found somewhat higher prevalence rates
for psychotic symptoms, 28%, 17.5% and 20.1%
respectively, while in Britain, the prevalence of
psychotic symptoms is approximately 5.5% (Jenkins,
2010). The annual psychotic symptom rate is about 3.9%
in African countries. The prevalence of psychosis was
observed 6.0% in rural Africa, while rates of disorder
were unsurprisingly lower 0.7% in a population-based
urban sample ( Jenkins, 2010). Schizophrenia is
estimated to affect more than 33 million people in
developing countries (Chisholm et al, 2008). Bipolar
disorder accounts for about 11% of the neuropsychiatric
disease burden in developing countries (Bale et al, 2001).
Between 25 and 50% of patients in developed countries
with bipolar disorder attempt suicide and as many as

15% are successful (Bale et al, 2001). In India, about 4.3
to 8.7 million people are suffering with psychotic
disorders (Hicks, 2010). The prevalence of psychosis is
higher in women than man in the world population
including India. The typical age of onset is late
adolescence or early adulthood, placing women at risk
for episodes throughout their reproductive years
(Yonkers et al, 2004). Hormonal fluctuations, emotional
stress and other factors such as personal and social
changes in the women of childbearing age set them on
stage of psychosis. In pregnant women the annual
incidence of psychosis has been reported to be 7.1 cases
per 100,000 (Duran et al, 2008). The etiology of psychosis
and its manifestation are difficult to interpret in women
if they become pregnant or expected to be pregnant
during psychosis. Women with a history of psychotic
disorder are at a higher risk of psychiatric illness
because it has high rates of unplanned pregnancies,
particularly two fold risk of post-natal depression
(USPSTF, 2009).
TERATOGENICITY OVERVIEW
Birth defects are known to occur in 3-5% of all
newborns (Lather et al, 2011). They are the leading cause
of infant mortality in the United States, accounting for
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more than 20% of all infant deaths. Seven to ten percent
of all children will require extensive medical care to
diagnose or treat a birth defect. And although significant
progress has been made in identifying the etiology of
some birth defects, approximately 65% have no known

or identifiable cause. It was previously believed that
the mammalian embryo developed in the impervious
uterus of the mother, protected from all extrinsic factors.
However, after the thalidomide disaster of the 1960s, it
became apparent and more accepted that the developing
embryo could be highly vulnerable to certain
environmental agents that have negligible or non-toxic
effects to adult individuals.
Teratogenic agents cause approximately 7% of
congenital malformations. Earlier, Wilson (1977)
considered chemical agents putatively being
responsible for 4-6% of birth defects (Pellizzer, 2005).
Till to date, about 100 known substances have been
explored as potential human teratogens and more are
expected to join this class as potential teratogenic agents
(Brent, 2004). It includes drugs and other chemicals.
Exposure to teratogens can result in a wide range
of structural abnormalities such as cleft lip, cleft palate,
dysmelia, anencephaly, ventricular septal defect.
Exposure to a single agent can produce various
abnormalities depending on the stage of development
it occurs. Specific birth defects are not characteristic of
any single agent.
Much research remains to be done because the
magnitude of the problem of medication use during
pregnancy may be somewhat underestimated because
65–70 percent of birth defects have an unknown
etiology. This may include unreported medically
prescribed medication with teratogenic potential, use
of alcohol and/or drugs of abuse, and other preventable
causes of birth defects (i.e., congenital anomalies and
other pregnancy complications due to drug and
chemical exposure are unique because they are
potentially preventable). Clinicians find it difficult to
use the narrow window of opportunity to intervene in
medication use during pregnancy because pregnant
women do not present for prenatal care until
embryogenesis is complete (i.e., after 58 days
postconception). Intervention is further complicated
because many women are not aware of the potential
adverse effects of drugs and chemicals on pregnancy. A
review published in 2010 identified 6 main teratogenic
mechanisms associated with medication use: folate
antagonism, neural crest cell disruption, endocrine
disruption, oxidative stress, vascular disruption and
specific receptor or enzyme-mediated teratogenesis
(van Gelder et al, 2010).
PSYCHOSIS AND PREGNANCY
A psychotic episode can be significantly affected
by mood. While people experiencing a psychotic episode
in the context of mania may form grandiose delusions.
Stress is known to contribute to and trigger psychotic
states. A history of psychologically traumatic events,
and the recent experience of a stressful event, can both
contribute to the development of psychosis. Short-lived
psychosis triggered by stress is known as brief reactive
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psychosis, and patients may spontaneously recover
normal functioning within weeks (Jauch et al, 1988). In
some rare cases, individuals may remain in a state of
full-blown psychosis for many years, or perhaps have
attenuated psychotic symptoms (such as low intensity
hallucinations) present at most times.
Maternal psychosis is associated with higher
rates of prenatal substance abuse, obstetrical
complications, and infant death. Women with psychosis
have very less ideas about pregnancy that complicate
their perinatal course or aberrant parenting styles that
may impair child development. It means there is a high
risk of obstetric complications, some evidence of stillbirths and neonatal deaths, and some evidence of an
association with sudden infant death syndrome also
(Howard, 2005). A study investigating the psycho-social
outcomes of pregnancies in women with a history of
psychotic disorder, 27% of women with psychotic
episode and 38% with non-psychotic depression in the
first year after birth were reported (Howard et al, 2004).
Another aspect of mental illness during
pregnancy is the possible direct effect of maternal illness
per se on the fetus. Pregnancy and the post–partum
period appear to confer an even greater risk for women
with bipolar disorder. Psychotic relapse during
pregnancy is rare but women with a history of affective
psychosis are at a high risk of post-partum relapse.
Several lines of investigation have demonstrated that a
history of psychosis increases the risk for post-partum
psychosis (PPS). Rates of relapse are estimated at 3050% during the post-partum period.
Weighing the risks and benefits of treating
pregnant and breastfeeding women with antipsychotics
requires assessment of clinical effectiveness versus the
risks of toxicity to mother, fetus, neonate and children
in later life. It is thought that one solution may be to
cease therapy with these medications when pregnancy
is contemplated or confirmed. However, women who
stop taking medications during pregnancy experience
high relapse rates (Cohen et al, 1998). Suicidal behaviour,
poor self-care, inadequate nutrition and poor antenatal
clinic attendance, with a consequent lack of fetal
monitoring, can all present risk to the fetus.
ANTIPSYCHOTIC MEDICATIONS
All major classes of psychotropic medications,
including antipsychotics, can be assumed to diffuse
readily across the placenta to the fetus or to be excreted
into milk. The mechanism of this transfer depends on a
number of pharmacokinetic factors, such as (1) the
drug’s lipid solubility, (2) its molecular weight, (3)
maternal blood levels, (4) plasma protein binding, (5)
oral bioavailability in the mother and the infant, (6) the
pKa (pH at which the drug is 50% ionized) (Pacifici et al,
1995) and (7) the half-life of the drug in maternal and
neonatal circulation. Of these many factors, perhaps
the two most important and useful are the lipid
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solubility and the molecular weight of the drug.
Compounds with a molecular weight less than 600 are
relatively permeable, and those with a molecular
weight greater than 1,000 are considered relatively
impermeable (MacKay et al, 1976).
Antipsychotic drug development has come a
long way, from the serendipitous discoveries of
chemicals by trial and error. Chlorpromazine came to
the attention of psychiatry through a convoluted
history (Lehmann and Ban, 1997). It came in the world
market in 1952. It had taken almost 60 years to develop
chlorpromazine since Ehrlich’s clinical observation of
methylene blue in 1891 from an antimalarial, to an
antihistamine, to an anesthetic, and eventually to an
antipsychotic medication.
Although chlorpromazine remained the most
prescribed antipsychotic agent throughout the world
since 1960s and early 1970s, many drugs with similar
antipsychotic efficacy but different chemistry, potency,
and side-effect profiles were introduced into the market
(Shen, 1994). Among the 40 or more antipsychotic drugs
were introduced to the world by 1990 (Poldinger and
Wider, 1990) viz. trifluoperazine, thioridazine,
chlorprothixene, thiothixene, haloperidol, etc. The last
of this series approved by the US Food and Drug
Administration
(FDA)
was
loxapine,
a
dibenzodiazepine, in 1975 (Shen, 1994). Despite this
proliferation of antipsychotic drugs, only 11 depot
preparations of eight different compounds were
marketed in the world by 1990 (Poldinger and Wider,
1990; Shen, 1998). Of these, only two (fluphenazine and
haloperidol) were available in the US market (Shen,
1994).
In 1954, 2 years after chlorpromazine first came
into clinical use, acute extrapyramidal symptoms (EPS)
including parkinsonism, dystonias, and akathisia
began to be described and recognized as side effects
associated with the use of chlorpromazine and
reserpine . In a 1961 report (Ayd, 1961), the prevalence
of EPS in patients treated with antipsychotic drugs was
estimated as 38.9%. The majority of clinicians and
pharmacologists became convinced of an absolute
connection between EPS and the clinical effectiveness
of antipsychotic drugs. This attitude was reinforced
with the introduction of haloperidol in 1958 by Haase
and Janssen (Hippius, 1996). Tardive dyskinesia
induced by chlorpromazine and its related
antipsychotic drugs has been recognized as a concern
since 1959 after the first report from France (Hippius,
1989). German psychiatrists working with G. Stille at
Wander Pharmaceuticals in Bern, Switzerland, in the
early 1960s worked to refute the concept that EPS and
antipsychotic efficacy were linked (Hippius, 1996). Their
work led to the introduction of clozapine, an
antipsychotic with no EPS or minimally associated EPS
(Shen, 1994). Clinical confirmation of this profile for
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clozapine was provided in open studies by Austrian
(Gross and Langner, 1966) and German (Bente et al, 1966)
investigators in 1966, and later by Swiss researchers
(Angst et al, 1971) in a double-blind study in 1971. The
Wander Company, the manufacturer of clozapine at that
time, found itself in a bizarre situation. Clozapine was
briefly marketed and quickly withdrawn (Hippius,
1989). Besides the embarrassment of lacking of EPS, the
initial enthusiasm for Clozapine was further dampened
by reports from Finland that life-threatening incidents
of agranulocytosis were associated with Clozapine
treatment (Idanpaan-Heikkila et al, 1997).
However, enthusiasm for the drug was
maintained by a small cadre of clinical investigators
and G. Honigfeld at Sandoz, who observed that
Clozapine was remarkably effective in treatmentresistant patients. This led to a landmark double-blind
study of clozapine in a well-defined group of treatmentresistant patients whose blood cell counts were closely
monitored during treatment (Idanpaan-Heikkila et al,
1997), and ultimately to its introduction to the US market
in 1990. Clozapine was first marketed in association
with an intimately linked system of blood monitoring
and drug availability in patients previously
demonstrated to be treatment-resistant. Its initial use
in studies and clinics established that it was useful not
only for treating positive symptoms (such as
hallucinations, delusions, disorganized behavior, and
disorganized speech) associated with schizophrenia but
also for treating negative symptoms (such as severe
social withdrawal, inactivity, apathy, affective
flattening, and poverty of thought) (APADSMMD, 1994).
This activity rapidly destroyed the general conviction
that the efficacy and EPS profile were linked, and led to
an emerging concept of “atypical” antipsychotic drugs.
Although no precise definition of this concept has ever
been established, a drug with the property of
“atypicality” shows a clinical profile with a low
propensity to induce EPS (or EPS-sparing (Copoloy, 1997)
and with efficacy for the negative symptoms of
schizophrenia. Other characteristics commonly
identified as atypicality are an efficacy in treatmentrefractory patients and, sometimes, a failure to induce
a serum prolactin elevation.
Clozapine’s success quickly led to the
development of other atypical antipsychotic drugs. The
first of these, risperidone, was approved in 1994 (Marder
and Meibach, 1994), olanzapine in 1996 (Beasley et al,
1996), sertindole in 1997 (in some countries outside of
the United States) (VanKammen et al, 1996), and
Quetiapine in 1997 (Arvantis and Miller, 1997). Due to
cardiac safety concerns raised by the FDA (Drici et al,
1998), the manufacturer of Sertindole has abandoned
an effort to seek a US marketing license. Ziprasidone
(Prakash et al, 1997) was still under regulatory review
as of February 1999. All atypical antipsychotic drugs
currently marketed in the United States belong to the

group of mixed receptor antagonists (Fleischbacker,
1995). Risperidone is an improvement from the chemical
structure of haloperidol; olanzapine and quetiapine are
derived from that of clozapine. Among the mixed
receptor antagonists, clozapine, olanzapine, and
Quetiapine can be logically categorized as multireceptor.
Clozapine analog antagonists, and risperidone,
sertindole, and ziprasidone can be grouped together as
serotonin/dopamine antagonists (Shen, 2004). The
chemical structures of typical antipsychotic drugs in
the former class have a three-ring nucleus, but those in
the latter class do not. As a group, all of these marketed
atypical antipsychotic drugs have been demonstrated
in double-blind clinical trials to have reduced or
minimal EPS at clinically effective doses and some
efficacy in treating the negative symptoms of
schizophrenia (Beasley et al, 1996; Marder and Meibach,
1994; VanKammen et al, 1996; Arvantis and Miller, 1997).
However, only clozapine has been demonstrated to
provide efficacy in treatment refractory schizophrenic
patients. In addition, none of these drugs except
risperidone (Shiwach and Carmody, 1998) show
elevated serum prolactin levels after chronic
administration.
The attempt to explain how atypical
antipsychotic drugs work and how they differ among
themselves has caught the imagination of many basic
scientists and clinicians. The comparison of the ratio of
plasma Ki (pKi) values for serotonin 2A (5-HT2A) and
dopamine 2 (D2) binding activity has been most
strongly proposed as providing the potential
pharmacological basis of the unique clinical effects of
atypical antipsychotic drugs (Meltzer et al, 1989), but
relationships between D2 and D3, D4, and (á2 have also
been proposed (Pickar, 1995). Researchers are still trying
to interpret the information for the receptor profiles of
atypical antipsychotic drugs. (Arnt and Skarsfeldt,
1998). However, pKi values involving variable
neurotransmission of the drugs are still useful to predict
side effects, as shown elsewhere (Richelson, 1990).
CLASSICAL APDS DURING PREGNANCY AND
BIRTH DEFECTS
For several decades, carabamazepine was
assumed to be safer for the treatment of epilepsy during
pregnancy than phenytoin or the other hydantoins. In
1993, a case report was published that reported a
suicide attempt by a nonepileptic gravida during the
period of spinal closure. The result was a fetus with a
very large meningomyelocele (Little, 2007). In 1989, Jones
et al. published a case–control study of carabamazepine
and concluded that the study drug was the cause of an
increased frequency of birth defects (Little, 2007). Other
epidemiologic studies throughout the 1990s were
conducted, and in 2006 the association of neural tubes
defects with carabamazepine exposure during early
pregnancy is generally accepted as causal, and the risk
is quantified at about 1 percent, compared to about 0.1
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percent in the general population. Quantitative
estimates of risks for birth defects (strength and
statistical significance of associations between agent
exposures in pregnant women and abnormalities in
their offspring) are obtained only through
epidemiological studies.
Chlorpromazine is a derivative of aliphatic
phenothiazines, and it readily crosses the placenta
(Singh and Padmanabhan, 1978). Studies on
phenothiazines in general and chlorpromazine in
particular have concluded that there is no increase in
morphological or developmental abnormalities
associated with that treatment (Wisner and Perel, 1996).
Animal reproductive studies in rodents and monkeys
have shown that doses higher than maximum human
therapeutic doses can cause teratogenic effects such as
cleft palate and anomalies of the central nervous
system, eye, and skeletal system (Hannah et al, 1982).
Fetotoxic effects such as fetal death, decreased fertility
and viability, and decreased fetal weight gain (Hannah
et al, 1982) visual disturbances (Lancet 1971) and
behavioral abnormalities (Umemura et al, 1983), are also
reported, but embryotoxic effects are not reported.
Adequate and well-controlled epidemiologic studies to
determine the teratogenic potential of chlorpromazine
have not been done in pregnant women.
Many clinical studies have shown the safety
and efficacy of low-dose chlorpromazine during all
stages of gestation (Harer, 1956) or to promote analgesia,
amnesia, and sedation during labor. However, there are
some instances of marked idiosyncratic falls in blood
pressure, which could be dangerous to the mother and
the fetus (Harer, 1956; Potts et al, 1961).
In a case report 52 women who were given
chlorpromazine during late pregnancy, 3 women
receiving high doses (500 to 600 mg daily) gave birth to
neonates with respiratory distress and cyanosis
(Sobel,1960). Extrapyramidal signs have been also
reported in several infants born to women who were
treated with chlorpromazine during late pregnancy,
suggesting a withdrawal syndrome (Levy et al, 1974).
The frequency of these complications appears to be low,
and they are usually transient, though some may last
for several months. In one study involving 142 neonates,
in utero exposure to chlorpromazine during the first 4
months of pregnancy did not result in a significantly
higher risk of congenital anomalies (Slone et al, 1977).
Similar results were found in other studies also
(Heinonen et al, 1977). In a prospective study of 12,764
women contrasting results were observed; a higher
number of birth defects occurred in neonates of 189
women receiving chlorpromazine, during the last
trimester (Rumeau-Rouquette et al, 1976). In a
metanalysis of data (74,337 live births) on outcome
following first trimester phenothiazines exposure in an
effort to assess evidence of overall increased risk,
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conferring an additional risk of 4 in 1,000 (Altshuler et
al, 1996).
Chlorpromazine is excreted in the breast milk of
nursing mothers in low concentrations up to 3% of
maternal daily dosage per kilogram of body weight
(Yoshida et al, 1998). An another study found no adverse
effects in 6 neonates nursed by mothers taking
chlorpromazine, of whom four were nursed for 3
months, one for 7 weeks, and one for 1 month (Ayd,
1964). Estimations based on data collected from five
lactating women taking the drug showed that the
nursing infant would be expected to ingest between
0.03% and 1.3% of the lowest pediatric dose (Wiles et al,
1978).
Studies indicate that Haloperidol (HAL) readily
crosses the placenta in both animals and humans. The
potential reproductive toxicity of haloperidol has not
been adequately evaluated in animals. However,
reproductive studies at doses equivalent or higher than
the recommended human dose have revealed
teratogenic effects such as cleft palate, micromelia, and
central nervous system and skull malformations (Singh
and Singh, 2004; Singh and Singh, 2001). Fetotoxic effects
such as fetal death and decreased fetal and postnatal
growth have been reported in rats, mice, and hamsters.
Long-lasting alteration of behavior in rats and mice
(Singh and Singh, 2002; Williams et al, 1992) and
embryotoxic effects such as embryonic death in
hamsters (Gill et al, 1982) have also been reported.
No adequate and well-controlled studies to
determine fetal risk associated with haloperidol have
been done in humans. The pregnancy outcomes for 98
women receiving small doses of haloperidol (0.6 mg)
twice daily, 92 received haloperidol during the first
trimester, and 6 received haloperidol during the second
trimester showed no effect on intrauterine survival,
neonatal survival, birth weight, or sex ratio, no
malformations were observed in the offspring. Lowdose haloperidol in the first trimester of pregnancy has
no detrimental effect on the weight of the fetus, the
length of pregnancy, fetal or neonatal mortality or
incidence of malformations (Van Waes and Van de Velde,
1969). However, a separate report describes two cases
of severe limb malformation in infants of mothers
treated with haloperidol during the first trimester.
Haloperidol causes increased incidence of fetal
resorption, delayed delivery, and neonatal death at
doses 2- to 10-fold higher than the maximum doses used
in humans (Dollery, 1999). Although haloperidol is
significantly excreted in breast milk, no adverse effects
in nursing infants have been reported (Stewart et al,
1980; Whalley et al, 1981). Animal studies have shown
that haloperidol excreted in milk causes drowsiness and
impairment of motor activity in the breast-fed offspring.
Studies in animals indicate that Fluphenazine which
belongs to the piperazine phenothiazine group, readily
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crosses the placenta and accumulates in fetal tissue
(Nath et al, 1996). Two studies in which rats were treated
with doses up to 100 mg/kg orally throughout
pregnancy found no adverse effects in the offspring
(Shepard, 1992). Contradictory results were reported
in pregnant mice given this drug, with a significantly
higher incidence of skeletal defects, dilated ventricles,
and reduction in fetal weight and length (Abdel-Hamid
et al, 1996). Multiple malformations in chick embryos
and cleft palate in fetal mice have been reported (Szabo
et al, 1974).
Although no adequate, well-controlled studies
have determined the teratogenicity of fluphenazine in
humans, however, a retrospective study (Brougher,
1960) involving 244 patients taking fluphenazine and
150 controls, detected congenital anomalies in 2.7% of
the 226 live and stillborn infants in the exposed group
compared with 3.5% among 143 live and stillborn
deliveries in the control group. Also, the incidences of
spontaneous abortion, perinatal mortality, premature
birth, and twinning in the two groups were similar.
Currently available clinical data have not shown any
teratogenic effects, except for occasional case reports of
congenital anomalies (Donaldson et al, 1982; Cleary,
1977). The bulk of the worldwide clinical experience
with this drug indicates that pregnant women can be
treated with fluphenazine without any ill effects on
them or their infants (King et al, 1963). Even though
fluphenazine, like other phenothiazines, may be
excreted into breast milk, neither the drug nor its
metabolites have been quantified in human milk, and
its effect on nursing infants is unknown.
The potential reproductive toxicity of thiothixene
has not been adequately evaluated in animals. One
reproductive study in mice and rabbits given 90 mg/
kg/day showed a decrease in conception rate and litter
size and an increase in resorption rate, but revealed no
teratogenicity (Owaki et al, 1992). To date, no adequate
and well-controlled studies on thiothixene therapy
during pregnancy have been done in humans. However,
this drug should be used during pregnancy only when
the physician believes the expected benefits exceed the
possible risks to the fetus. There are neither reports on
the pharmacokinetics of thiothixene in relation to breast
milk nor reports on the effects of this drug on nursing
infants. Hence, caution is advised, since chemically
related phenothiazines are excreted in breast milk and
are reported to cause tardive dyskinesia and possible
drowsiness in the breast-fed infant.
ATYPICAL APDS DURING PREGNANCY AND
BIRTH DEFECTS
Clozapine, a dibenzodiazepine derivative,
readily crosses the placenta. Animal reproductive
studies in rats and rabbits have shown no teratogenic,
fetotoxic, or embryotoxic affect at doses approximately
2 to 4 times the human dose (Physician’s Desk Reference,
1999). Presently, no epidemiologic studies show an

association between congenital anomalies and
gestational clozapine therapy in humans. There are
many clinical case reports of no apparent fetal adverse
effects associated with the use of clozapine before and
during gestation (Barnas et al, 1994; Dickson et al, 1998).
One of these reports described 14 women who were
known to have been exposed to clozapine during
gestation with no known adverse sequelae in their
newborns (Lieberman et al, 1992). In a case report a
woman receiving 200 to 250 mg daily during second
trimester and 150 mg during third trimester of
pregnancy did not show any teratogenicity and
abnormality. On the other hand 5 congenital
malformations and 5 perinatal syndromes in 61
children exposed to clozapine were reported (Dev and
Krupp, 1995). Clozapine is concentrated into breast milk
(Physician’s Desk Reference, 1999; Barnas et al, 1994) and
has been known to cause sedation, decreased suckling,
restlessness or irritability, seizures, and cardiovascular
instability in the nursing infant.
Risperidone is a benzisoxazole derivative and
an atypical antipsychotic agent that is chemically
unrelated to other antipsychotic agents. Evidence
indicates that risperidone easily crosses the placenta.
Animal reproductive studies in rats and rabbits have
shown no evidence of teratogenic potential at doses
higher than the maximum human therapeutic dose but
fetotoxic effects such as increase in pup deaths and a
significant increase in the number of stillborn pups are
reported (Grover et al, 2006; Levinson et al, 2003).
Although no adequate, well-controlled studies to
determine teratogenicity of risperidone in gestational
women have been done, even though reports of animal
fetotoxicity exist. In a recent report describing two cases
of risperidone treatment before and throughout
pregnancy, no complications were observed (Ratnayake
and Libretto, 2002). In another case report treatment
throughout the pregnancy no teratogenicity is reported
(Rodriguez-Salgado, 2008). In a case report agenesis of
corpus callosum is reported (Grover and Avasthi, 2004).
Risperidone and its metabolite 9-hydroxy-risperidone
are excreted into animal milk in concentrations greater
than or equal to plasma concentrations. At present, it is
not known whether the drug is excreted in human
breast milk, though it is suggested that it may cause
adverse effects, such as behavior changes, in breast-fed
babies.
Olanzapine is an atypical antipsychotic agent
belonging to the thienobenzodiazepine group. It is
known to cross the placenta (Physician’s Desk Reference,
1999). Animal reproductive studies in rats and rabbits
have revealed no evidence of teratogenic effects at doses
equivalent to 9 and 30 times higher than the human
recommended doses respectively, but have shown
increased resorption, increased number of nonviable
fetuses, and decreased fetal weight. In a study it was
observed that 5% to 14% of olanzapine crosses human
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placenta unchanged during a period of 4 hours
(Schenker et al, 1999). A study in which 23 pregnancies
were followed suggested a favorable risk-to-benefit
ratio for the fetus and infant following olanzapine
exposure, since spontaneous abortion, prematurity, or
major malformation in offspring did not occur
(Goldstein et al, 2000). Perinatal complications were
observed in some cases with no major malformations
(Ernst et al, 2002; Levinson et al, 2003). Evidence suggests
that olanzapine is excreted in rat milk, but its excretion
in human breast milk has not been studied (Goldstein
et al, 2000). In a case report of lactation exposure, no
adverse effects were noticed in breast-fed infant.
Embryo/fetal toxicity in the form of skeletal
ossification delays reduced fetal body weight and
increased incidence of carpal/tarsal flexure in rat fetuses
and in rabbits at 1.2 and 2.4 times the maximum human
dose of Quetiapine, a dibenzothiazepine derivative was
observed (Montvale, 2001). An increase in fetal and pup
death, and decrease in mean litter weight at three times
the maximum human dose were also found. In case of
human being there are very few reports of quetiapine
use during pregnancy. In one case, the 24-year old
woman was treated with lithium (1500mg/day) for
bipolar disorder, (which was discontinued on her
getting pregnant) and with quetiapine, which was
maintained at 25mg/day throughout pregnancy. She
delivered a healthy infant with no malformations. In
the other case, woman who received unknown dose of
quetiapine delivered a healthy infant at 38 weeks with
Apgar scores of 9 and 10 at 1 minute and 5 minutes,
respectively. In another case reported no abnormality
during the pregnancy, delivery and in the postnatal
period after using quetiapine throughout the pregnancy
(Tenyi et al, 2002). Levinson et al found three live births
with no malformations and one stillbirth. Quetiapine
has been found to be excreted in milk of lactating
animals. However excretion in human milk may be
possible. Therefore, caution should be exercised in
prescribing quetiapine during lactation.
Studies in animals suggest that ziprasidone is
associated with anomalies such as ventricular septal
defects, other cardiovascular malformations, and
kidney alterations. In some studies evidence of
developmental delays, possible teratogenic effects and
increased still births, at doses similar to human
therapeutic doses are reported (Montvale, 2001).
However, there is no evidence that these resulted from
maternal toxicities. There are no adequate and wellcontrolled studies in pregnant women. Ziprasidone
excretion and that of its metabolites in human milk is
not known at present.
Aripiprazole showed developmental toxicity
including teratogenic effects in rats and rabbits. When
pregnant rats were treated with 10 times the MRHD,
slightly prolonged gestation, stillbirths, decreased fetal
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weight, undescended testes, delayed skeletal ossification
and increased incidences of hepatodiaphragmatic
nodules and diaphragmatic hernia along with postnatal
effects of delayed vaginal opening and impaired
reproductive performance have been observed.
Similarly, pregnant rabbits treated with 11 times the
maximum human therapeutic doses of aripiprazole
during period of organogenesis were found to have
increased fetal mortality, skeletal abnormality and
decreased fetal weight. There are no adequate and wellcontrolled studies in pregnant women. It is not known
whether aripiprazole can cause fetal malformations
when administered to pregnant women or can affect
their reproductive capacity. Aripiprazole is excreted in
milk of lactating rats, but its excretion in human milk is
not known.
MACHENISM OF ACTION ANTIPSYCHOTIC
DRUGS
Immediately after the clinical introduction of
drugs for psychosis, clinicians observed that patients
taking these medications exhibited a Parkinson-like
syndrome of tremor, akinesia, and rigidity (Haase and
Janssen, 1965). This drug-induced parkinsonism
strongly suggested that antipsychotic drugs were
interfering with dopamine pathways in the human
brain, because Parkinson’s disease was known to be a
disease of insufficient dopamine neurotransmission.
This clinical observation gave birth to the dopamine
hypothesis of psychosis and antipsychotic drug action
(Van Rossum, 1967). Although it was suggested that
chlorpromazine and haloperidol blocked “5hydroxytryptamine (serotonin) and monoaminergic
(noradrenaline and dopamine) receptors” (Carlsson and
Lindqvist, 1963), it was not possible at that time to
conclude which of the 3 pathways was selectively
affected by antipsychotics. This is because the turnover
of noradrenaline, serotonin (5-HT), and dopamine were
all simultaneously affected by the antipsychotics
(Carlsson and Lindqvist, 1963; Anden et al, 1964). Anden
and others speculated that chlorpromazine and
haloperidol “reduce the elimination rates of these”
metabolites of noradrenaline, 5-HT, and dopamine
(Anden et al, 1964). Although Anden and others (Anden
et al, 1970) subsequently found that antipsychotic drugs
in vivo had a greater effect on dopamine turnover than
on noradrenaline turnover, direct in vitro evidence for
the selective blockade of dopamine receptors was found
only later (Seeman et al, 1976). The multiple clinical and
adverse effects of various antipsychotic drugs depend
on the combination of receptors occupied, but the
dopamine pathway is the primary common target for
all antipsychotic drugs. More specifically, “no drug has
yet been identified with antipsychotic action without
a significant affinity for the D2 receptor” (Su, 1997).
There are 5 types of dopamine receptors in human
beings (Seeman et al, 1996). Types 1 and 5 are similar in
structure and drug sensitivity (Sunahara et al, 1991),
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and these 2 receptors are referred to as the “D1-like”
group or class of receptors. Dopamine receptor types 2,
3, and 4 are also similar in structure and are, therefore,
grouped together as the “D2-like” group. Dopamine
receptors 2, 3 and 4, however, have significantly
different sensitivities to antipsychotic drugs. Although
the D1-like receptors are often mentioned as a primary
target for antipsychotic drugs (Lidow et al, 1998).
These findings indicate that the D1-like
receptors are not clinically relevant in the therapeutic
action of these drugs. First, D1 antagonists do not
clinically improve psychotic signs and symptoms
(Karlson et al, 1995). Second, therapeutic maintenance
dosages of various antipsychotic drugs occupy low or
negligible levels of D1 receptors in the brains of patients
with psychosis (Farde and Nordstrom, 1992). For
example, therapeutic dosages of haloperidol occupy less
than 5% of the dopamine receptors in the brain putamen
of schizophrenia patients (Farde and Nordstrom, 1992).
Although therapeutic dosages of some antipsychotic
drugs, such as clozapine, occupy approximately 36% to
59% of brain dopamine D1 receptors (Nordstrom et al,
1995), there is no currently known reason to believe
that these occupied D1 receptors contribute to the unique
properties of clozapine. Third, for the D1 dopamine
receptor, the binding constants (that is, the dissociation
constants, also referred to as the inhibition constants,
or Ki values) of various antipsychotic drugs (Seeman
and Niznik, 1988) are very much higher than the
concentrations of antipsychotic drugs found in the
cerebrospinal fluid or in the plasma water of patients
(Seeman and Tallerico, 1998). In other words, if the free
concentrations of antipsychotic drugs were as high as
the values for the binding constants at D1, the drugs
would be toxic or lethal to patients. Of the 3 D2-like
receptors, only the D2 receptor itself is blocked by
antipsychotic drugs in direct relation to their clinical
antipsychotic potencies (Seeman et al, 1976; Creese et al,
1976). Although this long-known relation is sometimes
criticized as simply a relation between the D2-blocking
concentrations and the clinical dosages at which EPS
first appear, it is important to note that the
concentrations of antipsychotics which block D2
receptors in the brain are precisely identical to the
concentrations found in the spinal fluid or plasma
water (that is, corrected for drug binding to the plasma
proteins) of patients whose psychotic symptoms are
successfully controlled by antipsychotics. It is known
that the clinical efficacy of antipsychotics is associated
with a blockade of 60% to 80% of D2 receptors in the
brain (Seeman and Tallerico, 1999; Kapur et al, 1999).
Clozapine and quetiapine, however, have
consistently been apparent exceptions. For example, in
patients taking therapeutically effective antipsychotic
dosages of clozapine, this drug only occupies between
0% and approximately 50% of brain dopamine D2
receptors, as measured by various radioligands using

either PET (Kapur et al, 1999) or SPET (Su et al, 1996;
Pickar et al, 1996). The atypical antipsychotics occupy
many different types of receptors under therapeutic
conditions, the apparently low occupancy of D2 by
clozapine suggest that D2 is not the major antipsychotic
target for clozapine (Brunello et al, 1995). D2 is not the
common target for all atypical antipsychotic drugs, but
it is 5-HT system or in the balance between 5-HT and
dopamine. However, the apparently low occupancy of
D2 by clozapine and quetiapine is readily explained by
the fact that these 2 antipsychotics rapidly dissociate
from the dopamine D2 receptor (Seeman and Tallerico,
1999). This also holds for remoxipride and amisulpride.
In vitro test suggest that D2 receptors release clozapine,
quetiapine, remoxipride, and amisulpride at least 100
times faster than they release haloperidol or
chlorpromazine (Kapur and Seeman, 2001). These in vitro
data match those found clinically for clozapine,
quetiapine, and haloperidol in schizophrenia patients
and healthy volunteers. It has been found by PET (using
[11C]raclopride) that the human brain (striatum)
occupancy of D2 by quetiapine and clozapine rapidly
falls off within 24 hours, in contrast to that for
haloperidol, which maintains its D2 occupancy constant
over 24 hours (Gefvert et al, 1997; Kapur et al, 2000). Thus,
the rapid release of clozapine and quetiapine from
dopamine D2 receptors and their replacement by
endogenous dopamine would readily account for the
low D2 receptor occupancy shown by these atypical
antipsychotics. It is important to emphasize that the
rapid release of clozapine and quetiapine is a molecular
event which occurs quickly, regardless of the clinical
dosage used. In other words, even though high dosages
of clozapine and quetiapine may be used, these drugs
continue to go on and off the D2 receptor rapidly,
allowing extensive and frequent access of endogenous
dopamine to the receptor. Hence, it appears that some
antipsychotics, such as clozapine and quetiapine,
occupy D2 receptors only transiently throughout the
day. As just mentioned, PET imaging of patients with
schizophrenia reveals that the D2 receptor occupancies
by clozapine and quetiapine wear off quickly after an
oral dosage, and patients may show no occupancy what
so ever within 48 hours of the last dose, in contrast to
typical antipsychotics, which may continue to occupy
D2 receptors for days. This may explain why psychotic
relapses of patients on clozapine and quetiapine occur
soon after withdrawal of the antipsychotic (Seeman and
Tallerico, 1999), much earlier than after withdrawal of
conventional antipsychotic drugs such as haloperidol
or chlorpromazine.
As reported by Kapur and others (Kapur et al,
2001), the single most powerful predictor of atypicality
is the low affinity to, and fast dissociation from, the D2
receptor-not high affinity to any other receptor. This
hypothesis is supported by their findings that clozapine
and isoclozapine have identical potencies on many
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cloned receptors (including muscarinic M1, dopamine
D1, dopamine D4, 5-HT1A, and 5- HT2A receptors) but
differ five fold in their potency only on D2 receptors.
Thus, in several tests of atypicality (for example, early
activation of certain genes, catalepsy in animals, and
prolactin elevation), clozapine behaves like an atypical
antipsychotic. Isoclozapine, however, behaves like a
conventional antipsychotic. In addition to blocking
dopamine receptors, the new atypical antipsychotic
drugs also block 5-HT receptors. Although it has been
suggested that the blockade of 5-HT2A receptors may
alleviate the parkinsonism caused by D2 blockade
(Meltzer et al, 1991), most data do not support this
principle. Although it has long been known that the
stimulation of 5-HT1A receptors in animals can alleviate
catalepsy caused by D2 blockade (Wadenberg, 1992),
there do not appear to be any antipsychotics that have
this 5-HT1A-stimulating action combined with D2blocking action. It has recently been proposed that the
stimulation of 5-HT2A receptors by an inverse action is
an important contribution to atypical antipsychotic
action (Weiner et al, 2001). However, because a few
important atypical antipsychotics (including
remoxipride and sulpiride) have no such stimulating
action, it is unlikely that this feature contributes to
atypical antipsychotic action. Finally, although the
authors (Weiner et al, 2001) propose that M100,907 has
the desired stimulating action, this compound has
shown no antipsychotic activity in humans.
So, it can be said that atypicals clinically help
patients by transiently occupying D2 receptors and
then rapidly dissociating to allow normal dopamine
neurotransmission. This keeps prolactin levels normal,
spares cognition, and obviates EPS. One theory of
atypicality is that the newer drugs block 5-HT2A
receptors at the same time as they block dopamine
receptors and that; somehow, this serotonin-dopamine
balance confers atypicality. This, however, is not borne
out by the results. While 5-HT2A receptors are readily
blocked at low dosages of most atypical antipsychotic
drugs (with the important exceptions of remoxipride
and amisulpride, neither of which is available for use
in Canada) the dosages at which this happens are below
those needed to alleviate psychosis. In fact, the
antipsychotic threshold occupancy of D2 for
antipsychotic action remains at about 65% for both
typical and atypical antipsychotic drugs, regardless of
whether 5-HT2A receptors are blocked or not. At the
same time, the antipsychotic threshold occupancy of
D2 for eliciting EPS remains at about 80% for both typical
and atypical antipsychotics, regardless of the
occupancy of 5-HT2A receptors.
CONCLUSION
Currently available data indicates that there
are no antipsychotic preparations on the market that
can be considered entirely appropriate or completely
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safe for expectant and nursing mothers. On the other
hand, there have been some studies and case reports of
fetal malformations, such as congenital heart disease,
perinatal deaths, neurological dysfunction with
extrapyramidal manifestations, respiratory distress,
rhinorrhea, jaundice, hypotension, and neonatal
withdrawal associated with the use of antipsychotics.
However, the extensive review of congenital
malformations in the infants of women who received
antipsychotics during pregnancy reveal the occurrence
of only very few cases of congenital defects, the
incidence of which are neither higher nor lower than
the control groups. Furthermore, some of these
antipsychotic drugs (e.g., olanzapine, ziprasidone,
aripiprazole) are newer agents and there may not be
much experience with them during pregnancy and
breastfeeding, unlike that with older agents such as
haloperidol or chlorpromazine, where there appears to
be an increased risk of congenital malformations on
exposure to phenothiazines between weeks 4 to 10 of
gestation (Patton et al, 2002). In general, many
antipsychotics have been reported to have no apparent
adverse consequences during pregnancy. However more
research is needed to expand our knowledge about the
effects of both psychiatric treatment and available
treatments on maternal and fetal health.
In summary, the perinatal risks of psychosis
mandate that treatment should not be discontinued
routinely without full consideration of the risk of
relapse to the mother, which itself may have adverse
effects upon carrying the fetus to term as well as
neurodevelopment. The clinician must make a riskbenefit assessment that weighs the risks of untreated
mental illness against the potential harm of using
psychotropic medications to manage this condition in
both fetus and mother. For these reasons, clinicians need
to help mothers weigh both fetal and neonatal risks of
exposure to the drugs against the potential risk they
and their infant may incur if the psychiatric illness is
not treated. Weighing the risks and benefits of treating
pregnant and breastfeeding women with antipsychotics
requires assessment of clinical effectiveness versus the
risks of toxicity to mother, fetus, neonate and children
in later life.
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ABSTRACT
Design for the Environment (DfE) probably had its origins in 1974 it works to prevent
pollution, and the risk pollution presents to humans and the environment. The DfE program provides
information regarding safer electronics, safer flame retardants, safer chemical formulations, as well as
best environmental practices. DfE employs a variety of design approaches that attempt to reduce the
overall human health and environmental impact of a product, process or service, where impacts are
considered across its life cycle.
KEY WORDS: life cycle assessment; sustainable product packaging; waste management.

INTRODUCTION
Design for Environment (DfE) aims to minimize
environmental impacts and use resources efficiently. The
aim of DfE is to promote sustainable Products. Simply
stated, sustainable Product development consists of
meeting the needs of the current population or Market
without compromising the ability of future generations
to meet their needs. DfE considers the environmental
impact of a product throughout its entire life cycle,
including raw material acquisition; processing;
manufacturing and assembly; product use, service, and
repair; retirement; and treatment and disposal. A lifecycle assessment is conducted to gain an understanding
of these impacts.
Material
procuremen
t

A life cycle assessment
Material
processing

Recovery

Manufact

Recycle
Use

End of Life

Reuse

A life-cycle assessment includes three phases of analysis:
(1) inventory, (2) impact, and (3) improvement.

During the inventory analysis, all energy and
raw material requirements, emissions to air and water,
solid wastes, and other releases are quantified for the
product throughout its entire life cycle. During the
impact analysis, the effects of the resource requirements
and wastes generated are qualitatively and/or
quantitatively assessed. The improvement analysis
evaluates the opportunities to reduce the environmental
impact on the production, use, and retirement of the
product. This assessment naturally leads into product
design and DfE. Therefore, environmental considerations
should be included as design criteria, as are legal,
cultural, performance, and cost criteria. Design
objectives that minimize environmental impact include
the following:







Use recycled or renewable sources of raw
material.
Design a product to be more energy efficient.
Make a product with a longer useful life.
Increase reliability, Simplify maintenance
Increase durability
Design for adaptability

Plan for product remanufacture or reuse
Make a product that is easier to recycle or
that, when disposed of, has less
environmental impact.
These types of objectives take different forms
for different products. For example, in the electronics
industry—in which technology changes rapidly—
extending the useful life of a product might involve
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making a computer more easily upgradable or
adaptable. However, for the textile industry, an example
of extending the useful life of a product would be to make
carpeting or a piece of apparel more durable.
Traditional Textile design looks at fibre blends,
fabric weights, colour, pattern and finishing types. Textile Designers explore techniques to create new patterns,
new hand and finishing processes for a product. Environmental issues make designing much more complex
because it requires a more thorough knowledge of production processes than ever before. Some of the major
problems are due to the complexities of the textile processing chain. Understanding the impacts of raw materials, use of chemical substances, processing and production methods requires a high degree of technical
knowledge.
THE TEXTILE INDUSTRY
From the early days of the industrial revolution, the
textile industry has been seen as a major polluter of rivers .Textile effluents were generally all directed to watercourses, often with no prior treatment to remove contaminants. The textile industry is energy-, water-, and
chemical-intensive. Within the industry, the majority
of energy, water, and chemicals consumed is for wet
processing. Most wet processing involves treatment
with chemical baths, which often require washing, rinsing, and drying steps between key treatment steps. Consequently, wastewater is generated, having a very diverse range of contaminants that must be treated prior
to disposal, About 200 litres of water are required to
produce 1 kg of textile, on the average. Textile manufacturing is also a chemically intensive industry and, therefore, the wastewater from textile processing operations
contains processing residues from preparation, dyeing,
slashing, and various other operations.Many processes
in textile mills produce atmospheric emissions. Air emissions from chemical finishes, dyeing process residues,
and assembly/fabrication residues can include formaldehyde and amine. Other air emission sources may include ,solvent-based cleaning activities (facility cleanup,
maintenance, parts cleaning, and print screen cleaning).
Wastewater treatment systems for mixed liquor and

spent processing baths with dye carriers and solvent
scours, Warehouses (formaldehyde emissions from
stored fabric), and) spills. Pollutants may include mineral oil, knitting oils, fibre finishes, softeners, hydrocarbons, urea, and volatile disperse dye carrier components
that are desorbed from the fabric during subsequent
heat setting, drying, and curing.
ENVIRONMENTAL IMPACT OF TEXTILES FIBRES
Fibre Growth
 displaces land for crops
leaches nutrients from soil
contaminates soil and water through use of
chemicals such as pesticides, biocides and
herbicides
 weakens crop strain
 uses energy and water, which are finite
resources
Harvesting
 chemicals such as defoliants, are borne by the
air. They are a human health hazard on contact
and/or by breathing



significant use of chemical defoliants and fuel
powered machinery
Production Cleaning
 use of strong chemicals
 waste to landfill
 water pollution by detergents, soaps, bleaches


 by-product: lanolin from wool scouring
 chemicals and fuel emissions
 noise and dust
Textiles and energy
 Energy consumption is evident throughout the
total life cycle of textiles, from use of farm
machinery, to transport to processing plants),
to manufacture (including finishing and dyeing),
distribution, sales and disposal.
Spinning
 dust and noise
 loose fibres can be breathed in
 noxious fumes
 solid waste: cones and pallets
Fabric Production
 uses finite resources



Finishes


dust and noise
releases fumes from chemicals
uses energy and water, which are finite
resources
toxic by-products and fumes from POP
chemicals such as PCBs, Dioxins, heavy metals,
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dyes, resins etc
VOCs emanate from fabric and garment
handling health hazards
storage of waste – used dye

uses energy and water, which are finite
resources
Garment Production
 waste from off-cuts
 dust
 health hazard through handling of fabric and
other processed products
 chemical residues from the application of
finishes
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design for recycling;
design for energy efficiency;
design for disposability;
Hazardous material minimization.



 dry cleaning uses chemicals
 solid waste: packaging, inks, plastics, hangers
Distribution
 air pollution
 use of fuel, which is a finite resource, for
distribution
Consumer Use and Disposal
solid waste: packaging
excess consumption because of frequently
changing fashions
 emissions from waste incineration and/or
dumps
 care of products, by washing, ironing, dry
cleaning: water pollution, energy and chemical
use
DESIGN FOR ENVIRONMENT IN TEXTILE



Design for Environment (DfE) in Textiles attempts to
reduce the impact of product (Textile) design upon the
environment. It takes into account the whole life cycle going beyond just the use of recycled materials or proper
packaging or disposal.
It is an umbrella term describing techniques used to incorporate an environmental component into textiles and
clothing before they enter the production phase. DFE
seeks to discover product innovations in textiles that
will meet cost and performance objectives while reducing pollution and waste throughout the life-cycle of a
textile. A wide variety of techniques are available, and
they fall into two broad categories:
1. Techniques that are used to identify the environmental impact of a Textile product throughout its life cycle
such as life-cycle assessment;
2. Techniques that help Textile designers improve the
environmental performance of their products.
Analysis tools can be used to identify broad environmental issues, but improvement techniques are needed
in order to solve any problems identified.
The most common DFE practices used include:

Design plays a crucial role in the innovation of environmentally responsible textile products. That function can
take the form of either DFE strategies or concept demonstrators.
DFE strategies are sufficiently broad to be used at the
product planning and problem definition stage of the
design process. Concept demonstrators, on the other
hand, are a tangible vision of the possible product of the
future
Raw materials
- Design for resource
conservation
- Design for low impact
materials
Use
- Design for energy
efficiency
- Design
for
water
conservation
- Design for minimal
consumption
- Design for low-impact
use
- Design for low impact
chemicals
- Design for durability

Manufacturing
- Design for cleaner
production of textiles
Distribution
- Design for efficient
distribution
End of life
- Design for re-use of
textiles
- Design for recycling
- Design for safe
disposal.

GUIDELINES FOR ECODESIGN
1.
Strictly
comply
with
the
law
2. Conserve energy : Energy consumption: often
underestimated
3. Conserve resources : Use a minimum of material
4. Facilitate disassembly and collection : Do not
design products, but life cycles
5.
Facilitate
reuse
and
recycling
6. Minimize final waste to be land filled
7. Develop products with long life time
8. Develop products that last in the marketplace ;
Natural materials are not always better
CONCLUSION
Traditionally, the environmental impacts associated
with the textile industry are spread throughout the life
cycle of fabrics and there are different issues at every
stage of production, use and disposal. Therefore, it can
not be said that a single fibre is more environmentally
benign than another. Designers should try to specify a
textile which is manufactured from renewable or
recycled resources , produces little or no waste
throughout its life cycle, is not reliant on polluting or

84

Eco Design : Rena Mehta

toxic chemicals throughout its lifetime, is long-lasting
and durable, requiring little or no care, uses minimal
energy and resources from growth to manufacture, uses
minimal water consumption during its life cycle, is
reusable, recyclable or biodegradable.
It’s therefore important to carefully understand the
functional aspects of conventional textile products and
explore the potential for designing new, sustainable
services as opposed to simply redesigning existing
products. The future in textile design and production
can be greener and more sustainable and this might
create totally new design and market opportunities.
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GROUND WATER QUALITY OF JAGDISHPUR INDUSTRIAL AREA (U.P.)
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ABSTRACT
Ground water samples from bore wells of Jagdishpur Industrial area, district Sultanpur at
present district C.S.M. Nagar (U.P.) were analysed for the assessment of the physico-chemical
parameters with reference to BIS, 1998 standards for drinking water. Research findings revealed that,
values of several parameters cross their permissible limit and pointing out to the necessity of proper
treatment to disposal of municipal waste, industrial waste and domestic waste in that area.
KEY WORDS: Ground water quality, Jagdishpur industrial area.

INTRODUCTION
The post independence period in the country
witnessed developmental programmes in various fields
prominent among them were rapid industrialization,
green revolution, urban development and protected
water supply to rural and village mass. The
implementation of these programme resulted in an
unprecedented rush for the exploitation of ground water
resources, in fact these water resources are becoming
the dumping place for all that waste materials produced
by human activities including toxic pollutants and hence
creating a problem of water pollution, ground water is
no exception to this. Once the ground water resources
get polluted the effect map persist for decades or longer.
The reclamation of surface water is easier than ground
water. Hence pollution of ground water due to any cause
is very important. In this paper an effort has been made
to know the quality of water whether it is suitable for
drinking purpose or not.
MATERIALS AND METHOD
STUDY AREA
Jagdishpur is Tehsil head quarter of C.S.M.
Nagar. It is situated at a distance of 65 Km. West from
Sultanpur district and 75 Km. East from Lucknow.
Jagdishpur has mainly rural or semi urban Environment
where major land use in the agricultural activity.
COLLECTION OF SAMPLES
Sampling of Ground water was done during Jan.
2011. High grade plastic bottles of one liter capacity were
used, which were thoroughly cleaned and prior to filling,
were rinsed with the water being sampled. Ten samples
were collected from public hand pumps after running

them for 15 to 20 minutes, so as to avoid errors due to
water contained with in the pipes.
ANALYSIS OF SAMPLES
The analysis of water done using procedure of
standard methods (APHA, 1995) and to analyse the
water samples, which are very essential to know the
water quality for drinking purpose, carried out water
analysis. The findings of the present investigations are
summarized in Table-1, and it has been made with BIS
1998 drinking water standards Table-2 which provides
comprehensive picture of physico-chemical
characteristic of ground water in the study area.
The parameters like pH, Electrical conductivity,
Total dissolved solids were measured in the field at the
time of sample collection, using water analysis kit
(ELICO). Turbidity of water samples were measured
using Nephalometer. Total hardness, calcium,
magnesium and Alkalinity by the titrimetric method,
while chloride estimation was done by Argentometric
method,
sulphate
and
phosphate
by
spectrophotometeric method (APHA, 1995).
OBSERVATION AND DISCUSSION
A total of ten numbers water-samples were
taken from different locations of Jagdishpur. Three
samples were taken from residential area (S1 S2 S3), three
samples from market area (S4, S5, S6), and two each from
agricultural fields (S7, S8) and solid waste dumping sites
(S9, S10).
The pH value of the study area falls 7.1 to 8.4
and is well within the permissible limits prescribed for
drinking water standards. However, higher values of
pH hasten the scale formation in water heating
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apparatus and reduce the germicidal potential of
chlorine (Mohapathra and Purohit, 2000).
Electrical conductivity values of the samples
were observed and recorded as 480 to 1250 µmhos/cm.
It also shows that all the water-samples collected for
present observation fall well within the permissible
limits (750-2000 µmhos/cm).
It is indicating high mineralization in that area
and also presence of higher concentration of acid, base
and salts in water, higher will be the EC (Kataria and
Jain, 1995).
TDS values of the water-samples are 310 to 1320
mg/l and are well within the desirable limits of 1000
mg/l except the sample number S9 and S10. These two
stations- S9 and S10 are the solid waste dumping area.
Here the local municipal authority adopted a common
method for the disposal of solid municipal wastes by
deposition on land. During percolation process, leachates
from solid waste dumping sites may reach the ground
water table and alters the quality of the water. Foster
and Hirata, 1987, also concluded that the amount of
dissolved solids increase with depth and with the time
and distance the water has traveled in the ground.
Landfills can be any area of land used for the deposition
of mainly solid wastes and they constitute important
potential sources of ground water pollution (Everett,
1980). Olaniya and Saxena (1977) also reported ground
water pollution from refuse leaches in the vicinity of
dumping sites detectable through increased TDS of
water.
In the present study turbidity values vary from
1.8 to 30.7 NTU. Here all water-samples are well within
the permissible limits except for the samples S3, S5, S9, S10
which are highly turbid indicating leaching down of
suspended colloidal particle in the ground water due to
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TABLE-1
Physico-chemical Characteristics of Ground water quality data of Jagdishpur Industrial area
S.No. Physico- chemical

Sample Numbers

Parameters
S1

S2

S3

7.1

7.4

S4

7.5

S5

7.8

S6

S7

S8

S9

S10

8.4

7.2

7.9

7.3

7.6

1.

pH

7.2

2.

EC

830

480

740

1250

1150

590

870

760

840

870

3.

TDS

760

790

520

960

310

720

670

830

1260

1320

4.

Turbidity

8.6

1.8

28.9

10.4

28.4

12.4

10.4

2.20

30.7

29.8

5.

Total Hardness

290

620

680

510

572

580

620

610

660

650

6.

Ca

25.3

55.6

50.2

58.4

144.2

86.4

70.2

122.6

55.2

29.8

7.

Mg

25.64 114.2

121.9

116.6

119.6

125.4

121.2

117.3

122.7

126.2

8.

Alkalinity

351

560

148

152

124

332

571

357

484

9.

Cl

125.2 182.2

127.6

225.9

140.6

456.5

732.4

660

620

684

10.

SO4

130

49

112

84

154

164

150

185

162

11.

2+
2+

2-

346
152

PO4
0.16 0.15
0.08
0.22
0.24
0.16
0.22
0.24
0.18
0.18
NOTE: All the parameters are expressed in mg/l (ppm), except pH and Electrical conductivity (µmhos/cm).
3-
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TABLE-2
Comparison of Ground water quality data with Drinking water standards
(BIS, 1998)
Parameters
BIS, 1998
Observed values
P

E

Range

Mean

6.5-8.5

<6.5->8.5

7.1-8.4

7.54

1.

pH

2.

EC

750

2000

480-1250

838

3.

TDS

500

1000

310-1320

814

4.

Turbidity

5

25

1.8-30.7

16.36

5.

TH

100

600

290-680

579.2

6.

Calcium

75

200

25.3-144.2

69.79

7.

Mg++

50

150

25.64-126.2

111.07

8.

Alkalinity

200

600

124-560

342.5

9.

Chloride

200

600

125.2-732.4

395.4

10.

Sulphate

200

400

49-185

134.2

11.
Phosphate
0.25
0.40
0.08-0.38
0.18
NOTE:
P=Permissible limit; E= Excessive limit. All the parameters are expressed in mg/l (ppm), except pH
and Electrical conductivity (µmhos/cm).
the improper dumping of wastes in that site.
Generally groundwater is less turbid since sand
is a good filtering media. If an aquifer receives a leachate
from the domestic solid waste and industrial waste
water points which may result in increasing turbidity
in ground water (Knight, 1951).
The hardness values generally found to vary
from 290-680 mg/l, only 4 samples (S1, S4, S5, S6) were
found to be well within the excessive limit and rest all
samples cross their excessive limit. Calcium values vary
from 25.3-144.2 mg/l and it shows it was well within
the permissible limit prescribed for drinking water
quality standards. The water quality results for
magnesium values ranges between 25.64-126.2 mg/l, the
prescribed drinking water standards for magnesium is
50-150 mg/l.
The more amount of total hardness, and
magnesium contents are may be due to the Ground
water of the region presenting the low natural quality,
in other words depth of the wells and the nature of the
geological materials with which the ground water comes
in contact may influences the quality of water. The
Ground water chemistry is controlled by the
composition of its recharge components as well as by
geological and hydrological variations (Narayana and
Suresh, 1989).
The hard water causes a toughening of some
vegetables, notably beans and peas and in textile
finishing. However, excess amount of total hardness,
calcium, magnesium accounts an scale formation in
boilers, pipelines, utensils and consume more detergents
in washing process (Ramaswamy and Rajaguru, 1991).
Alkalinity values ranges between 124 mg/l to

560 mg/l. Only 3 samples (S4, S5, S6) were found to be well
within permissible limit and rest samples were found
well within excessive limit. When alkalinity of water
exceeds the excessive limits, it is likely to produce
incrustation sediments deposits, difficulties in
chlorination, certain physiological effects on human
systems etc.
Chloride levels found to be 125.2 to 732.4 mg/l.
Here all samples were well within the permissible limits
except the samples S7, S8, S9, S10. These four sampling
stations are to be located on agricultural field and solid
waste dumping sites. The contamination of chloride in
ground water is usually attributed to improper
dumping of municipal excreta particularly urine contain
chloride in an amount about equal to the chloride
consumed with food and water. Chloride in excess
imparts the salty taste to water and people are not
accustomed to high chloride are subjected to laxative
effect (Raviprakash and Krishna Rao, 1989).
The present investigation data reveals for
sulphate values ranging between 49-185 mg/l and were
well within the permissible limits, for drinking water
standards. Sulphate in ground water takes place the
break down of organic substances in the soil, However
geological, hydrological and geomorphologic
characteristic shows remarkable variations and also the
human influences (Alexander, 1961).
Phosphorus is also an essential elements for
sustained primary productivity in the ecosystem. The
farm of phosphorus discussed here is Ortho-phosphate.
Phosphorus amount in natural water is very low,
domestic wastes, industrial effluent and agricultural
runoff is major sources of phosphorus in water. Hence
its high concentration is indicative of pollution. In the
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present study the phosphate value varies from 0.08-0.24
mg/l which are well within the permissible limit for
drinking water standards.
CONCLUSION
Present investigation is a step in the direction
to observe the size and extent of the problem of ground
water quality in Jagdishpur Industrial Area. The reason
for higher values of physico-chemical parameters at
certain sampling locations is due to unscientific disposal
of urban solid wastes and landfill. Here the leachate
perecolates through solid wastes and contaminates the
groundwater. The depth of the well and nature of the
geological materials which comes in contact may also
influence the quality of the water. Concerned with the
study area, there is no proper drainage system and due
to a regular addition of large amount of sewage and
detergents from the residential localities and market area
the water quality is getting from bad to worse. These
contain both sanitary and non-sanitary components. It
can be concluded that groundwater of the study area in
some localities are not suitable for drinking purpose.
The need of a suitable dumping site and the proper
management of solid waste in this area is suggested on
the basis of present study. However, work on
microbiological analysis of the water samples is also
suggested.
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