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FOREWORD

Our learned professors of Science faculties bring out this

review book containing fourteen articles on topics different

but academically very relevant to the opening of our

studentsí mind. Although the articles deal with separate

problems, these entail no isolation, and thus help us form a

synthetic view about the matters treated therein. I firmly

believe this issue will touch the cognitive faculty of our

students and earn appreciations of general readers. I extend

my thanks to the departments.

Prof. Mrinalkanti Chakraborti

President, Governing Body
Berhampore Girlsí College

PREFACE

ëScience Reviewí is a compilation of different topics in

General Science like Physics, Chemistry, Biology and

Environment Science etc. and can be treated as a reference

text for selected topics. The topics are spread over a various

field of interest such as physics behind paintings, rare-earth

pyrochlores, immunity, fever, in-vitro fertilization,

surrogation, cancer, stem cell, heart disease and the like.

The editors tried to publish such type of title that will be

helpful for not only scientists in this field but also all the

scientists or teachers who are not aware on the recent

development in the other fields of research. The articles are

kept in a well-documented, simple format and language, and

are made simple to make it useful to even refreshers, young

scientists and also students.

To shape out this title the encouragement and valuable

suggestions of Prof. Mrinalkanti Chakraborti, President,

Governing Body, Berhampore Girlsí College and Prof. Keya

Ghatak, Teacher-in-Charge, Berhampore Girlsí College is

sincerely acknowledged.

Lastly, any typographic mistake, inaccuracies or ambiguities

if any, in this title is highly regretted. However, the editors

are not responsible for any inaccuracies of information in

any article of this title.

Dr. Smritiratan Tripathy
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PHYSICS BEHIND PAINTINGS

Madhumita Nandy*

ABSTRACT

Context based physics is widely accepted. It shows the role
of physics in everyday life phenomena, in technological aspects
integrating science and other cultural fields. In particular, art
is a very stimulating field in which one can find opportunities
to build physics knowledge in connection with other cultural
fields. While physical properties of materials undeniably
constrain what artists can accomplish, the creative process must
transcend physics or else cease to be creative.

Introduction

Art and Physics seems to be two different poles. But ex-
planation of the effect of a painting the requirement of science
specially physics is necessary which will help us to understand
the role of applied science.
In particular, art is a very stimulating field in which one can
find opportunities to build physics knowledge in connection
with other cultural fields.

Painting or drawing is much more complicated than many
people think. It has a lot to do with physics. The main physics
behind drawing is light waves. The object of this article is to
introduce physics into colour effects in painting and different
form of arts.

*Associate Professor & Head

Department of Physics, Berhampore Girlsí College
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Optical properties of paintings

Discussion on drawing and painting are about the main
physical process which is connected to the interaction between
matter and electromagnetic (e. m.) waves. The quality of
painting as we see depends on when viewed under different
sources of light especially with a spectrum different from that
of sunlight.  The quality of vision and resolution of a painting
depend on white light reflection, refraction, absorption and dif-
fraction of e. m. waves.

The usual perception of colour is it being property of an
object. Light being a neutral entity gives luminosity to things.
But artists know well the final result of their work is given by
the interaction of light with their paintings. Also, they are very
skillful at using different types of materials   various ways in
order to give their paintings certain characteristic and to
convey surprising effect.

Light is essential for drawing or any other kind of art. Light
allows us to see an objectís shape, colour and the shadow on it.
Being able to see all these things, makes it possible to draw or
paint a three dimensional object on a paper.  Different objects
reflect a specific colour or a type of light because of their
different wavelengths.

Light lets us see objects and its colours by the process of
reflection. White light is where all the colours in the spectrum
of visible light are present.  Colours and beauties of nature
usually enchanted people. But they do not consider that all of

Science Review, Vol-1, 2016 ISBN: 978-81-917259-2-5



12  Physics Behind Paintings

colours, shades, brightness and contrasts of a painting will look
completely different when we illuminate it with monochromatic
light or using light source having different spectrum than the
natural one. Different interactions are produced by infrared light
and X-rays with pigments and chemical elements used in
pictures, selecting what is possible to see with a suitable
detector or eye. One can realize how the same painting may
look different depending on the wavelength of the incident light
and on the kind of detector used. This helps people to
overcome the ideas of light as a neutral entity and colour as
property of the illuminated object.

Role of physical phenomena of light in painting

As far as the visible light is concerned the physical
phenomena underlying interaction with matter are reflection,
refraction and absorption and these factors play the main role
which originates the sensation of colour, intensity and
brightness, when one look at a painting. Oil painting on a linen
substrate which gives the surface roughness to the picture, so
that light is diffused in every direction and therefore its
intensity is nearly uniform. In case of painting on a canvas light
is reflected very effectively and this gives animation to the
painting and a highly illuminated light reach the observer.
Observing these painting one can recognize that the luminosity
of the object depends how much light it conveys to the point of
observation by reflection and diffusion. Light before being
reflected must penetrated the surface of painting and travel into
it. It is the phenomena of transmission and refraction. Many
artists use optical properties of enamels. They apply

11  Physics Behind Paintings

these are result of the interaction between visible light and the
material of the lighted bodiesí surface and its structure.  Space
is the only true black because there is nothing for light to
reflect off of. An example of light reflection creating colour is
ruby. When we look at it we see it as colour red. This is
because red light is reflected off of ruby into receptors of our
eyes, and all other colours are absorbed into it.

When artists trying to draw or paint, they have to look at an
object and effect of light and shadow on it. The object reflects
light and create colour. But there are also shadows. Solid
objects allow light to diffract or bend slightly around it and get
gradually darker until there is barely any light reaching it, on
the side away from the light wave.  Unless we know how to
look at light instead of just the object it is difficult to precisely
draw a picture. Looking for light and dark spots of the object is
what makes it look 3D on a paper. So we have to keep in mind
that instead of just looking at the shape one has to pay more
attention to the light on it.

The observation of a painting depends on three factors
 i) the observer, ii) the light and iii) the nature of painting itself.
 Instead of taking eyes just as detectors of light intensity we
have to take into account of the observerís perception, the
treatment of the physiological structure of the eye and the
image formation and interpretation.

As far as the light is concerned, the painting appearance
depends crucially by the illuminating light source. In particular
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non- Newtonian fluid has varying viscosities, depending on how
much stress it receives. Paints falls in this category. Viscosity
of paint partly determines how far the paint will spread before
drying.

Thus instability causes the paint to mix together and other
physical process help what the painting will look like.

Applied Physics and Arts

Researchers of Havard School of Engineering and Applied
Sciences have demonstrated a new way to customize the colour
of metal surfaces by using overlooked optical phenomena.

A commonly occurred visual on a wet day on road when
thereës a thin film of oil and we see all different colours. These
colours appear because the crest and troughs in light waves
interfere with each other as they pass through oil into water
below and reflect back into air. Some colours get boost in
brightness while other colours are lost.

Physicists have discovered that even a very glossy
atomically thin film can be made to reflect a particular range of
colours.  The findings open up new technique of visual arts. In
this case, waves bounce many times so the material has to be
transparent. If light absorbing film, much thinner than
wavelength of light used, e.g., Germanium be used then one
can see large interference effect. If a structure is made of two
elements, say Gold and Germanium one can get colours one
chooses by varying the thickness of the film. The absorbing
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several coloured transparent layer on a white background so
that light could penetrate into them, strike the background so
that after penetrating light could strike the background and
reflected towards the observer. It is the phenomena of
transmission and refraction. In any painting, the origin of colour
is the illuminated surface where light is not absorbed.

While observing a painting from a distance eye canít
distinguish separately two adjacent brush strokes. An image is
formed on retina due to the sum of the diffraction patterns by
light and the result is an overlapping effect of colours. This is
the reason for a particular brightness of painting made with the
technique of pointillism. The analysis of pointillism paintings
recognize the role of phenomenon of diffraction in everyday
life and find motivation to fully explore it both in a
phenomenological way and by wave description of light.

Fluid dynamics and Art

When a controlled amount of paints of a colour is poured on
another colour of paint onto a flat surface and allow it to spread
ñ the mixing and infiltration of colours resulted from an
imbalance between the paintsí densities. When a dense fluid is
poured on less dense fluid the top fluid moves downward
causing the two fluids to mix. Different colours of paints have
different densities because of the varying compounds used to
make pigments. According to fluid dynamics there are two types
of fluids: Newtonian and non-Newtonian. A Newtonian fluidís
viscosity or its resistance to flow does not change even when
exposed to stress. Water is an example of Newtonian fluid. A



GENERAL INFORMATION ABOUT

RARE-EARTH PYROCHLORES

Pabitra Halder*
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Germanium coating traps certain colours of light while
flipping the phase of the others, so that the crests and troughs
of the waves line up closely and reflect one pure vivid colour.

Conclusion

This article attempted to explain work of art in a scientific way
as a complex whole phenomena connected to the interaction
between the matter and e. m. waves. To overcome the idea light
as a neutral entity that simply confers brightness to things, a
discussion about basic phenomena of reflection, refraction and
absorption of light is explained.  Moreover, this article tries to
clarify that colour is perceived by the eye retina and does not
exists on the object itself.

References

1. Physics and Arts at the University: Dr. D. Sebestyen ,
Obuda University e- Bulletin, Vol. 2, No. 1,2011

2. Nature Materials (online) Oct 14, 2012

*Assistant Professor
Department of Physics, Berhampore Girlsí College.

ABSTRACT

The complete electronic configuration of rare earth shows
variable oxidation states. These additional oxidations states
also show stability due to presence of either half-filled or
completely filled or empty 4f sub-shell. Pyrochlore structure of
general formula A

2
B

2
O

7
 showing the 6-fold coordination of B

and 8-fold coordination of A atoms. The different rare-earth
compounds with the pyrochlore structure exists a wide
diversity of properties such as oxygen ion conductivity,
superconductivity, ferro-electricity, unusual magnetic
behaviour, e.g., long-range ordered, spin-glass, spin-ice and
spin-liquid phases, optical, nuclear and catalytic behaviour.
Electronic materials such as high permittivity ceramics,
thermistore, thick film resistors, switching elements, MHD
power generation and as heating elements are the practical
application of rare-earth pyrochlore.

INTRODUCTION

The term "rare earth" is the English translation of French
word ëterre rareí (ëterreí refers to an oxide). Rare earth (RE)
elements were first isolated from mineral oxide and became
known to the world wide with the discovery of the black
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17  Rare-Earth Pyrochlores

mineral "ytterbite" (later renamed to gadolinite). These
materials are actually rare in past and very difficult to isolate
individually and take a lot of skill to do that. Nevertheless,
recently, ion-exchange and other modern methods have made
it possible to extract all the rare-earth elements in highly pure
form and in substantial quantities at quite reasonable prices. It
is too easy to estimate the purity of the presently available RE
samples. Commercially, the purity is better than 99.9 %.
All the RE elements with the exception of Promethium (Pm),
are now obtainable commercially as highly pure oxides or in
metallic forms and also in various salts. Promethium is an
artificial element and highly radioactive and special techniques
are therefore needed for handling it.

The rare-earths are characterized by progressive filling of
the 4f or 5f-shells of their electronic configurations. These
elements are classified as two groups,

i) Lanthanides: This series comprises the fifteen
metallic chemical elements from lanthanum (57La) to lutetium
(71Lu), which fill their 4f sub-level progressively and

ii) Actinides: The actinide series encompasses the 14
metallic chemical elements with atomic numbers starting from
90Th to 103Lw filling the 5f electron shell, respectively.

The complete electronic configuration of Lanthanides can
be written as 1s2 2s2p6 3s2p6d10 4s2p6d10f0-14 5s2p6 d0-1 6s2. These
elements show variable oxidation states but the degree
of variability is less compared to the transition elements. The
most stable oxidation state of Lanthanides is +3, i.e., they are
trivalent. They may also divalent (+2) (62Sm, 63Eu, 70Yb) and
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tetravalent (+4) (58Ce, 59Pr, 65Tb) oxidation states. These
additional oxidations states also show stability due to presence
of either half-filled or completely filled or empty 4f sub-shell.

Structure of pyrochlores

The general formula of pyrochlores can be written as
A2B2O6O/, with four crystallographi cally non-equivalent kinds
of atom, where B ion is at 16c (which is the origin of the cubic
pyrochlore), A, O and O/ are at 16d, 48f, and 8b, respectively.
The ideal pyrochlore structure has a space group of  and its
coordination number is eight. The crystallographic position, site
symmetry, and atomic coordinates of the pyrochlore structure
are shown in Table 1.1.  The structure is composed of two types
of cation coordination polyhedron (Fig. 1.1).

In pyrochlores, A-ions (ionic radius ~ 1 Å) are being surrounded
by 8 oxygen atoms and they are located within a distorted cube
(scalenohedra) containing six equally spaced O/ atoms at a
slightly shorter distance from the central ions. The shorter
B-ions (ionic radius ~ 0.6 Å) are being surrounded by six
oxygen atoms and these are situated within trigonal anti-prisms
with all the six anions are at equal distances from the central
ones. The location of the last six oxygen ions are determined
by one positional parameter, called the oxygen x parameter.
The value of the unknown oxygen x parameter can be
determined by the methods of X-ray or neutron structure
analysis. The coordination polyhedral change their shape with
the oxygen x parameter. The value of x = 0.3125 corresponds
a perfect octahedral coordination of B-ion and a distorted
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hexagon of A-ions. For x = 0.375, all the A-ions are located
exactly at the corners of the cube forming a perfect cubic
symmetry, while that of B-ions are at the centre of a highly
distorted octahedron (trigonal anti-prism). In other words the
B-ions are at the centre of a cube of oxygens with two body
diagonal oxygens missing (Fig. 1.2). Again, when x = 0.275,
the six oxygen ions are found in equatorial plane
perpendicular to [111] axis forming a hexagonal symmetry.
For 0.275 < x < 0.375, there is a three-fold inversion axis, so
the symmetry is D

3d
.  This D

3d
 trigonal distortion of

crystal-field symmetry modifies the free-ion energy level of
rare-earth ions and thereby modifies the various thermo-
physical properties, particularly at low temperatures.

Ion Position
Site

symmetry
Atomic coordinates

Table 1.1: Pyrochlore (A2B2O6O/) Structure Data
(origin at 16c) for the space group 

Fig. 1.2: Change in shape of coordination polyhedral of A and
ions with 48f oxygen parameters x in A2B2O6O/ structure.
 Coordination around B becomes a regular octahedron for
x = 0.3125 (5/16) and for x = 0.375 (3/8) the coordination around
A becomes a regular cube.

Fig. 1.1: Pyrochlore structure of general formula A
2
B

2
O

7

showing the 6-fold coordination of B and 8-fold coordination
of A atoms.
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Properties of pyrochlores

Since there are a hundred different rare-earth compounds
with the pyrochlore structure, there exists a wide diversity of
properties. As a result pyrochlores can display a wide range of
bulk properties including oxygen ion conductivity,
superconductivity, ferro-electricity and unusual magnetic
behaviour, e.g., long-range ordered, spin-glass, spin-ice and
spin-liquid phases. However, these are intimately related to their
stoichiometry, electrical and crystallographic properties. Some
of these pyrochlore oxides can also show optical and nuclear
properties.

1. Electrical properties

Pyrochlores of the type R
2
M

2
O

7
 where M is from group IV

elements (Si, Ge, Sn, Pb, Ti, Zr, and Hf) are electrical
insulators, as expected from these d0 or d10 electronic
configurations. When the d shell is partially filled,
semiconducting properties are normally observed with
generally low activation energies. Except for the low-spin d6

situation, the conduction mechanism is most likely electron
hopping between the M sites. For Pt4+ (5d6), the t

2g
 band is filled

and the activation energy presumably related to excitation into
the empty e

g
 band. The fact that the conduction mechanism of

the Pt4+ compounds differs from the others is supported by the
properties when A3+ is not a rare earth. Such compounds are
metallic for Ru4+, Rh4+, Os4+ and Ir4+ but semiconducting for
Pt4+. Mixing narrow d bands with the broad post-transition metal
6s or 6p bands broadens the t

2g
 band to allow metallic

conductivity, but it does not destroy the gap between the t
2g

 and
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e
g
 bands. This measurement was made on Eu

2
Ru

2
O

7
 crystal.

The vanadate pyrochlores R
2
V

2
O

7
 (R = Lu, Yb, Tm, Y) are

unique because they are ferromagnetic Mott-insulators,

contrary to the observation that ferromagnetism leads usually

to metallic character. Furthermore, Lu
2
V

2
O

7
 exhibits a

negative magnetoresistance (MR). The band gap of the

antiferromagnetic state is about 0.62 eV, which is almost twice

that of the ferromagnetic state for this compound. For Lu
2
V

2
O

7
,

the transition from the lower Hubbard band of the V4+ 3d or-

bital to the upper Hubbard band is E = 2.41 eV. Upon cooling,

the activation-type electrical resistivity shows an anomalous

drop within the temperature range of 70±130 K. Below the

transition temperature, the resistivity shows no

appreciable temperature dependence.

For pyrochlores of the type R
2
Mo

2
O

7
, the increased

delocalization apparently results in metallic conductivity for

larger rare-earth cations. Oxygen ion conductivity has also been

studied in various pyrochlores, such as Gd
2
Zr

2
O

7

2. Magnetic properties

Ferromagnetism has been reported for R
2
M

2
O

7
 pyrochlores

where M is V, Mn or Mo. However, the magnetic properties

are complex, which, at least, is due to frustration. The M

cations may be viewed as clustered into tetrahedral units which

shares corners to form infinite, interesting chains.

Antiferromagnetic M-M interactions would be expected to

dominate via M-O-M super-exchange. However, these

interactions are frustrated by the tetrahedral arrangement. So it
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is impossible to arrange the spins so that all interactions

between spins are anti-parallel. This frustration of the

antiferromagnetic interaction apparently frequently allows

the ferromagnetic interaction, which might be expected to be

weaker, to dominate. The presence of frustration inhibits the

formation of long-range-ordered spin ground states, spin-glass,

spin-ice and spin-liquid states.

3. Optical properties

McCauley (1969) studied the luminescence of Eu3+ in

R
2
M

2
O

7
 pyrochlores where M was Ti, Zr, Hf, Sn or a mixture of

Ti and Sn. Brixner (1984) described the luminescence of Eu3+,

Tb3+ and Ti4+ in the pyrochlore La
2
Hf

2
O

7
. The absorption and

luminescence spectra in Y
2
Ti

2
O

7
 and Gd

2
Ti

2
O

7
 single crystals

were given by Antonov et al. (1977). Berdowski and Blasse

(1986) have reported on the luminescence and energy

transfer properties of Eu
2
Ti

2
O

7
 and Gd

2
Ti

2
O

7
: Eu. The

temperature dependence of the reflectance of the spin glass

materials R
2
Mo

2
O

7-d
 (R = Sm, Gd, and Ho) has been

measured for frequencies from 40 to 4000 cm-1. The FT-IR,

Raman spectra, photoluminescence characteristics of Eu
2
Sn

2
O

7

were explored.

4. Nuclear properties

          Mössbauer studies of Fe in the R
2
FeSbO

7
 series were

analysed by Y.M.Jana and P.halder (2015). Mössbauer studies

have also been carried out for Eu, Gd, and Dy in various R
2
M

2
O

7

pyrochlores. The highly anisotropic environment of these
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compounds leads to a very large electric field gradient at the

rare-earth cation site. The axial electric field gradient (EFG) at

the Eu site of cubic pyrochlore Eu
2
Z

2
O

7
 (where Z = Ti, Ru, Ir,

Mo, Sn, Zr, Pb, Pt, and Hf) has been measured by the nuclear

g-ray resonance of the 21.6-keV state of 151Eu. The EFG is the

largest in Eu
2
Ti

2
O

7
, and the smallest in Eu

2
Pb

2
O

7
. The

Mössbauer studies of Gd
2
Ti

2
O

7
 and Gd

2
Sn

2
O

7
 have been

performed by Bonville et al. (2003). Mössbauer spectra for the

Gd
2
FeTaO

7
 and Y

2
FeTaO

7
 samples at 80 K and 5 K were

measured. For the sample measured at 5 K, a hyperfine

magnetic splitting is present, revealing that some magnetic

order has appeared at this temperature.

Applications of pyrochlore

Pyrochlore- type oxides in various  devices and other

applications is due to their wide spectrum of properties such as

electrical, magnetic, dielectric, optical and catalytic behaviour.

The practical applications of rare-earth pyrochlore oxides are

given below

1. Electronic materials such as high permittivity ceramics,

thermistore, thick film resistors and switching elements.

2. Electrodes in MHD power generation and as heating

elements.

3. Useful role in the radioactive waste disposal.

4. Semiconductor electrodes for solar energy conversions.

5. Solid electrolytes materials.



COMPLEMENT SYSTEM IN IMMUNITY:

AN OVERVIEW

Bhaskar Mahanayak*

ABSTRACT

Complement system is formed by some heat labile serum
proteins. These proteins have effector functions in both humoral
and cellular immunity. There are altogether more than 30
different proteins take part in complement system. These
proteins are activated by three different pathways viz.
Classical, lectin and alternative pathway under stimulation of
different substances. All the three pathways ultimately converge
to a single pathway to form membrane attack complex or MAC
which cause microbial cell lysis. Some active components of
this system act as potent anaphylatoxin and induces
inflammatory reactions. They also enhance phagocytosis by
opsonisation and take effective role in clearance of immune
complexes. Different complement receptors are expressed by
different cells of the body for their binding. Regulation of
complement system is performed by some molecules to
protect the host cells from complement mediated damage.
Deficiencies of some complement components produce primary
immunodeficiency diseases. There are also some specific
mechanisms by which pathogenic microbes protect themselves
from complement mediated damage. Understanding of
complement activation and its regulation is important for
generation of therapeutic drugs.

*Assistant Professor & Head
Department of Zoology, Berhampore Girlsí College.
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INTRODUCTION

A large group of proteins present in the blood serum of

our body form complement system in immunity. This system is

very important for protection of our body from invading

pathogenic microorganisms and some other defects in our body

such as necrosis of tissue and formation of tumour cells.

Approximately 30 protein molecules are present in this

system. These molecules normally remain in inactive

condition in circulatory system but as soon as any infection

takes place, they become active by breaking into two pieces.

The complement activation process shows sequential reactions

called complement cascade. These active substances initiate

various reactions, the end products of which form an effective

barrier against the infection. The active substances of

complement components are extremely labile in nature. They

undergo spontaneous inactivation after completion of their work

in target area. Thus, these molecules form such a wonderful

system which maintains a round-the-clock surveillance against

foreign pathogens and some other defects in our body.

HISTORICAL BACKGROUND

In 1894 Pfeiffer discovered that cholera bacilli (Vibrio

cholerae) were dissolved or lysed in vitro by addition of guinea

pig anti-cholera serum. Heating the serum at 56oC for 30

minutes abolished this activity, but did not abolished the

activity of antibodies against the bacilli, since the heated

serum could still transfer immunity passively from one guinea
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pig to another. Pfeiffer discovered that the some heat-labile

components present in immune as well as normal serum, were

necessary for the lysis of V. cholera in vitro.  A few years later,

Jules Bordet confirmed that bacteriolysis by immune serum

required a heat-labile component that he termed ìAlexineî. The

term complement, applied some years later by Ehrlich, displaced

ìAlexineî and is used to denote the heat-labile components in

normal serum which, together with antigen-bound antibodies,

exhibit a variety of biological properties, one of which is the

ability to lyse cells or micro-organisms. Complement consists

of a group of serum proteins that act in concert and in orderly

sequence to exert their effect. These proteins are not

immunoglobulins, and their concentrations in serum do not

increase after immunization. Bordet discovered that the action

of complement, in the presence of appropriate antiserum,

results in the lysis of red blood cells. Based on this

observation, Bordet developed the complement fixation test.

Now we know that the complement system plays a major role

in host defence and the inflammatory process (part of the

innate immune system) in addition to lysis, the activation of

complement results in the generation of many powerful

biologically active substances. Activation of the complement

cascade has widespread physiologic and pathophysiologic

effects.

ACTIVATION OF COMPLEMENT COMPONENTS

Complement  components  c i rculate  in  serum in
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functionally inactive forms, many of which are proenzymes. In
a proenzyme, the enzymatically active sites is masked. The
removal of inhibitory fragment exposes the active site. The
activation of the complement system is a sequential enzyme
cascade in which the cleavage of the proenzyme complement
component of one step results in the production of a proteolytic
enzyme that catalyses the splitting of the complement
component of one step results in the production of a proteolytic
enzyme that catalyses the splitting of the complement
component for the next step. Cleavage of complement
components produces two fragments, one large and another
small. The large fragment acts as proteolytic enzyme and the
small fragment induces inflammatory reactions that attract other
immune cells to the site of infection. The reaction sequence of
complement component activation can be divided into early
and late stages. In the early stage,
There are three different pathways, classical, lectin
(mannose binding protein) and alternate, all of which result in
the activation of C5 complement component. In the late stage
of complement activation, all the pathways converge to a
single pathway to for a macromolecular component called
membrane attack complex or MAC.

1. CLASSICAL PATHWAY

The classical pathway is triggered primarily by immune
complexes (containing antigen and IgG or IgM) in the
presence of complement components 1, 4, 2, 3, Ca++ and Mg++

cations. They react in the order C1q, C1r, C1s, C4, C2,
C3, C5, C6, C7, C8 and C9. While IgG1, IgG2 and IgG3
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(most effective) can activate complement, IgG4 is not able to
activate at all. C1 is the first complement component to
participate in classical pathway. It is composed of C1q, C1r
and C1s. Binding of C1q to Ag-Ab complexes results in
autocatalysis of C1r. The altered C1r cleaves C1s and this
cleaved C1s is capable of cleaving both C4 and C2. Activated
C1s enzymatically cleaves C4 into C4a and C4b. C4b binds to
the Ag-bearing particle or cell membrane while C4a remains a
biologically active peptide at the reaction site. C4b binds C2,
which becomes susceptible to C1s and is cleaved into C2a and
C2b. C2a remains complexed with C4b whereas C2b is released.
C4b2a complex is known as C3 convertase. C3 convertase, in
the presence of Mg++, cleaves C3 into C3a and C3b. C3b binds
to the membrane to form C4b2a3b complex whereas C3a
remains in the microenvironment. C4b2a3b complex functions
as C5 convertase, which cleaves C5 into C5a and C5b.
Generation of C5 convertase marks the end of the classical
pathway. C5b initiates the formation of membrane attack
complex. C1qrs can also bind to a number of agents including
some retroviruses, mycoplasma, poly-inosinic acid and
aggregated IgG, and initiate the classical pathway

2. ALTERNATIVE PATHWAY

Alternative pathway is so called because it bypasses the
requirement of antigen-antibody complex, C1, C2 and C4
complement components. It begins with the spontaneous
activation of C3 in serum and requires Factors B and D and
Mg++, all present in normal serum. A C3b-like molecule (C3i)
is generated by slow hydrolysis of native C3. C3i binds factor B,
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which is cleaved by Factor D to produce C3iBb. C3iBb cleaves
native C3 into C3a and C3b. C3b binds factor B, which is again
cleaved by Factor D to produce C3bBb (now C3 convertase).
C3b has very short life and unless stabilized by membrane or
molecule present on many pathogens, it is quickly inactivated.
In the absence of such a molecule, it binds quickly to RBCs via
the C3b receptor (CR1), and decay accelerating factor (DAF)
prevents the binding of Factor B. Another serum protein, factor
H, can displace factor B and bind to C3b.
Binding of factor H makes C3b more susceptible to factor I,
which then cleaves it into many fragments (iC3b, C3d, C3e).
C3 convertase generated in the classical pathway is also
regulated by DAF, CR1 and Factor I. Certain bacteria or their
products such as peptidoglycan and polysaccharides can
stabilise C3b. Thus, C3b bound to such a surface becomes
relatively resistant to the action of factor I. Binding of another
protein, properdin, further stabilizes this complex. Hence the
alternative pathway is also known as the properdin pathway.
Stabilized C3 convertase cleaves more C3 and produces
C3bBb3b complex (C5 convertase), which cleaves C5 into C5a
and C5b. C5b initiates the formation of membrane attack
complex. The alternative pathway provides a means of
non-specific resistance against infection without the
participation of antibodies and hence provides a first line of
defence against a number of infectious agents. Some of the
microbial components, which can activate the alternative
complement cascade, include lipopolysaccharide (LPS) from
Gram negative outer membranes (mainly Neisseria), teichoic
acid from Gram positive cell walls, certain viruses, parasites,
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heterologous red cells, zymosan from fungal and yeast cell walls
and some parasite surface molecules. Aggregated
immunoglobulins (particularly IgA), cobra venom factor (CVF)
and other proteins (e.g. proteases, clotting pathway products)
also can activate the alternative pathway.

3. LECTIN PATHWAY

Three proteins initiate this pathway namely a mannan-
binding lectin/protein (MBL), and two mannan-binding
lectin- associated serine proteases (MASP1 and MASP2), all
present in normal serum. MBL binds to certain mannose
residues on many bacteria and subsequently interacts with
MASP1 and MASP2. The MBL-MASP1-MASP2 complex is
similar to Ab- C1qrs complex (of classical pathway) and leads
to activation of C4, C2 and C3. The rest follows as in classical
pathway.

COMPLEMENT ACTIVATION PATHWAYS

Source: Coico R., Sunshine G. (2009)
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FORMATION OF MAC

C5 convertase, generated by any of the pathways described
above, cleaves C5 into C5a and C5b. C5b instantaneously binds
C6 and subsequently C7 to yield a hydrophobic C5b67
complex, which attaches quickly to the plasma membrane.
Subsequently, C8 binds to this complex and causes the
insertion of several C9 molecules. The insertion of membrane
attack complex causes formation of a hole (100 Å) in the
membrane thus lysing the cell. If complement is activated on
an antigen without a lipid membrane to which the C567 can
attach, the C567 complex may bind to nearby cells and initiate
bystander lysis.

MAJOR BIOLOGICAL ACTIVITIES OF COMPLEMENT

SYSTEM

Activation of complement system generates a wide range
of biological activities, these can be grouped into the
followings:

1. Opsonic function (opsonization): Opsonization is a
procedure by which one molecule (either complement protein
or antibody) binds to disease causing pathogen in one hand and
phagocytic cells on the other hand. This process of opsonisation
increases the phagocytosis of pathogenic microbes multi fold
than without opsonisation. This is because phagocytic cells do
not have receptors to directly bind with the microbes but they
have receptors for opsonin molecules (either complement
protein or antibody). These opsonin molecules can directly bind
to surfaces of pathogenic microbes and their simultaneous
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binding with phagocytic cells attaches these cells to the
microbes and enhances phagocytosis. Opsonization occurs as
activated complement components form a coating over the
surfaces of pathogenic organisms or immune complexes, which
facilitates the process of phagocytosis by neutrophils and
macrophages. C3b and C4b are the major opsonins generated
by the system. A fragment of C3b which is called iC3b also has
opsonic activity.

2. Activation of inflammatory response: The second
major function associated with complement activation is the
generation of inflammatory response by the production of
anaphylatoxins. The smaller fragments of complement
components such as C5a, C3a, C4a etc. act as potent
anaphylatoxins.  These substances interact with receptors
expressed on many different cell types and cause increasing
permeability of blood vessels, leading to local accumulation of
fluid or oedema. The anaphylatoxins act as chemo-attractants
and chemically attract phagocytic cells (neutrophils and
macrophages), antibodies and other immune cells to the site of
infection. These substances also cause smooth muscle
contraction. The accumulated blood and other tissue fluid
produces redness in the site of infection.

3. Lysis of the target cells (cytotoxic function): In the
final stage of the complement cascade,  the membrane of the
target cell is inserted by a hydrophobic ëplugí into the target
cell lipid membrane bilayer which is called membrane attack
complex or MAC. It is formed by C5bC6789 protein molecules
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which form a pore on the surface of target cells. This causes
osmotic disruption and lysis of the target cell (e.g., bacteria
and tumour cells are attacked, leading to cell death).

4. Enhancing B cell responses to antigens: B cells or B
lymphocytes are very important cells of immune system which
produce antibody molecules. The binding of complement
component C3d or C3dg to complement receptor 2 or CR2 on
the B cell surface induces B cell activation leading to enhanced
production of antibodies.

5. Controlling formation and clearance of immune

complexes: When antibodies binds to multivalent antigens,
cross linking between the antibody molecules takes place. This
cross-linking produces large antigen-antibody complexes that
increase in size and becomes insoluble. Formation of this
insoluble antigen-antibody complexes is also controlled by
complement proteins. These complexes cause precipitation in
various tissues of the host such as skin, kidney, blood vessels
etc., inducing inflammation and damaging surrounding cells.
Complement proteins also have important role in efficient
clearing of these insoluble complexes form the body.
Deposition of complement component on a large antigen-anti-
body complex breaks it into smaller pieces that can be cleared
by phagocytic cells. Deposition of complement component C3b
on the antigen-antibody complex also allows binding to
erythrocytes by CR1 receptors. The erythrocytes clear the
complexes from the circulation by transporting them
through the circulation to liver and kidney where these are
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phagocytosed by phagocytic cells.

6. Removing dead and dying cells: cells dying by
necrosis can activate complement component, leading to C4b
and C3b deposition on the cell surface. These necrotic cells are
then cleared by interacting with CR1 or CR3 on phagocytic
cells. C-reactive protein, the acute phase protein and
component of the inflammatory response also binds to
damaged and necrotic cells and activates the classical
complement pathway. Recent evidence indicates that cells
dying as a result of apoptosis may trigger complement
activation. In all these situations complement removes dead or
dying cells from the tissues and contributes to homeostasis.

7. Response to viruses: complement system plays a role in
defense against viral infection. C1 can bind directly to and
become activated by the surface of several viruses, including
type C retroviruses, lentiviruses, HIV-1 and HTLV-1. In
addition, MBL of the lectin pathway binds to and is activated
by mannose residues on the surfaces of HIV-1, HIV-2 and
influenza virus. Antibodies generated in response to these
viruses mediate further binding and activation of the classical
pathway on the surface of the virus. Repeating subunits on the
viral capsids or membrane surfaces activate the alternative
pathway. Binding of complement proteins leads to opsonisation
and enhanced phagocytosis of viruses. Complement binding
also interferes with the ability of the virus to interact with the
membrane of its target cells and thus blocks viral entry into the
host cell.
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FUNCTIONS OF COMPLEMENT PROTEINS

Source: Kindt T., Goldsby R., Osborne B. (2007)

REGULATION OF COMPLEMENT ACTIVATION

As the complement system acts non-specifically, it is

potentially self-damaging besides attacking microorganisms and

harmful pathogens. Thus to protect innocent bystander self-cells,

elaborate regulatory mechanisms are operative to confine the

complement activation to designated targets. Firstly,

complement components are extremely labile in nature. These

components undergo spontaneous inactivation as they diffuse

away from target cells. This rapid hydrolysis restricts

complement components from binding to nearby self-cells of

the site of infection. Secondly, there is a series of complement

components that act as regulatory proteins which inactivate

various complement components in classical, alternate

and lectin pathways. One of such regulatory protein is C1

esterase inhibitor (C1INH) which inhibits the production

of C3b by combining with and inactivating Cq1rs complex.
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This prevents formation of the C3 convertase, C4b2b. In

classical pathway, formation of C3 convertase (C4b2a) is also

regulated by C4BP (C4b binding protein), DAF (Decay

accelerating factor), CR1 (Complement Receptor1) and MCP

(membrane cofactor protein). All these proteins can bind

individually to C4b and displace the activated enzyme

component C2a. Then factor I cleaves C4b on the cell surface

to iC4b which in turn cleaved into C4c and C4d. C4c is

released into fluid phase and C4d remains attached to the cell

surface. C4c and C4d do not continue the complement cascade

and have no known biologic activity. In alternative pathway,

formation of C3 convertase (C3bBb) is regulated by factor H,

DAF, CR1 and MCP. Binding of these proteins with the C3Bb

results into dissociation of Bb from the cell surface. Factor I,

then, cleaves  C3b firstly into iC3b and finally to C3c and C3d.

the breakdown products, iC3b, C3c and C3d do not continue

the complement cascade.     Regulatory proteins promote or

inhibit complement activity and protect self-cells from lysis.

The terminal pathway of complement activation and the

formation of MAC are also strictly regulated. The association

of terminal pathway components C6 to C9 with C5b on the cell

surface would form a MAC that could damage or lyse innocent

bystander cells of the host as MAC binds to the cell surface

non-specifically. Both membrane associated proteins and fluid

phase proteins prevent this from occurring. CD59, a widely

distributed membrane protein, prevents lysis by binding to C5b

to C8 complex on the cell surface and preventing C9

polymerization. Serum protein, Vitronectin and Clusterin are
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fluid phase proteins that bind to C5b6, C5b67, C5b678 and

C5b6789 and prevent their interaction with cell membrane of

host cells.

REGULATION OF COMPLEMENT PATHWAYS

Source: Coico R. , Sunshine G. (2009)

COMPLEMENT RECEPTORS

Many of the fragments of complement proteins produced

during activation bind to specific receptors on the surface of

immune cells. This is an important mechanism for the

mediation of the physiological effects of complement,

including uptake of particles opsonized by complement, and

activation of the cell bearing the receptor. There are four

receptors for the three fragments of the complement

component C3. These fragments are C3b, iC3b and C3dg. These

fragments bind to the membranes of the target cells. The four

different receptors for these opsonic fragments are named as

complement receptors 1 to 4 (CR1, CR2, CR3, and CR4).
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Besides these, there is also receptor for complement protein C5a.

1. CR1 (CD35): It is a receptor for C4b, C3b, and iC3b.
CR1 functions as an opsonin (cofactor in factor I cleavage of
C3b to C3dg), and also clear the antigen-antibody complexes.
On B cells, CR1 and CR2 mediate the lymphocyte activation.
When on red cells or platelets CR1 picks up the opsonized
immune complexes or bacteria and transport them to
mononuclear phagocytic cells.

2. CR2 (CD21): It binds iC3b, C3dg, Epstein-Barr virus,
and alpha interferon CR2 involved in the activation of B
lymphocytes. CR2 on B lymphocytes function as an accessory
receptor to antibody in activating specific immune responses.
Immune complexes, containing cross-linking antigen and
complement are more effective at activating B cells than
antigen alone.

3. CR3 and CR4: Both are calcium dependent, and
belong to the leukocyte (Beta-2) integrin family of adhesion
molecules. Both bind to fibrinogen and iC3b. CR3 binds to
zymogene, certain bacteria, and ICAM-1 (inter cellular
adhesion molecule). CR4 is found on both myeloid and
lymphoid lineages, where it may be important receptor for
particles opsonized with iC3b.

4. C5a Complement Receptor: Two small fragments
of complement proteins C3a and C5a can trigger the
degranulation of mast cell, and are known as anaphylatoxins.
The effects of the anaphylatoxins C3a and C5a are mediated by
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binding to specific receptors. Receptors for C5a are found on
all cells derived from myeloid lineage (neutrophils, eosinophils,
basophils and mast cells, monocytes and macrophages). The
C5a receptor is homologous in structure to several receptors
mediating chemotactic signals, including the f-met-leu-phe
receptor (binding bacterial peptides) and receptors for the
chemokine, IL-8. Following receptor binding, C5a is
internalized and degraded to inactive peptide fragments; this is
an important mechanism for regulating and limiting C5a
activity.

COMPLEMENT DEFICIENCY AND THE DISEASES

Deficiency in complement components has relation with
the generation of many diseases, such as , asthma, lupus
erythematosus, glomerulonephritis, various forms of arthritis,
autoimmune heart disease, multiple sclerosis, inflammatory
bowel disease, paroxysmal nocturnal hemoglobinuria, atypical
hemolytic uremic syndrome and ischemia-reperfusion injuries,
and rejection of transplanted organs. The complement system
is also becoming increasingly implicated in diseases of the
central nervous system such as Alzheimer's disease and other
neurodegenerative conditions such as spinal cord injuries.
Deficiencies of the terminal pathway predispose to both
autoimmune disease and infections (particularly Neisseria
meningitidis, due to the role that the membrane attack
complex plays in attacking Gram-negative bacteria). Mutations
in the complement regulators factor H and membrane cofactor
protein have been associated with atypical haemolytic uremic
syndrome. In addition, dysregulation of complement function
in the eye has been suggested to play a role in age related macular
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degeneration, the leading cause of visual impairment and
blindness in developed countries. A single amino acid change
in the complement regulator factor H, is associated with an
almost threefold increased risk of developing this disease.
Mutations in the C1 inhibitor gene can cause hereditary
angioedema, an autoimmune condition resulting from reduced
regulation of the complement pathway. Mutations in the MAC
components of complement, especially C8, are often implicated
in recurrent Neisserial infection.

EVASION OF COMPLEMENT MEDIATED DAMAGE BY

MICROBES

There are various mechanisms shown by microbes by which
they protect themselves from complement mediated lysis. Gram
positive bacteria are generally resistant to complement
mediated lysis because of their thick peptidoglycan cell wall,
which prevents insertion of MAC into the inner membrane.
Some bacteria possess elastase that inactivates C3a and C5a,
which are the key components of inflammatory reaction.
Certain resistant strains of gram negative bacteria produce
increased amount of lipopolysaccharide in their cell wall , which
results in the formation of smooth variety of microbes and
prevents the insertion of  MAC into the bacterial membrane so
that MAC complex is released from the bacterial cell surface
rather than forming a pore. In Neisseria gonorrhoea, the
resistant strains show non-covalent interactions with MAC,
thereby preventing insertion into the outer membrane of
bacterial cell. Some other species of bacteria, fungi, Candida
albicans, protozoa, Trypanosoma cruzi, and viruses like
Vaccinia, Herpes simplex and Epstein Barr virus mimic certain
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complementary regulatory proteins thereby inhibiting the
complement cascade.

CONCLUSION

Thus, the complement system in immunity plays a key
effector role in both innate and antibody mediated adaptive
responses to microbial pathogens. Complement activation is a
cascade of reactions that sequentially generates biologically
active molecules. The major biological activities of
complement proteins are activation of opsonin molecules (which
enhance phagocytosis of microbes by immune cells) and
generation of inflammatory responses by anaphylatoxins which
attract other immuno-reactive cells to the site of
infection. Complement activation also results in the direct
lysis of pathogens. In addition to these, complement proteins
enhance B-lymphocyte responses to antigens, controlling the
formation and clearance of immune complexes, removal of
dead and dying cells and also show responses to viruses. The
activity of complement proteins is tightly regulated by several
regulatory proteins. These regulatory proteins are found in fluid
phase and on the surface of many mammalian cells.
Complement regulatory mechanisms prevent the destruction
of innocent bystander cells from complement mediated
damage. Deficiencies of complement complements, regulators
of complement pathways or receptors for complement
components may result in increased susceptibility to infection
or the development of inflammatory conditions. Some microbes
also have evasive mechanisms from complement mediated
damage. Complement deficiencies, role of complement
receptors, mechanism and regulation of complement functions
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and microbial evasion mechanisms are the thrust areas of
modern research for better understanding of immune system
and generation of therapeutic drugs.
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by pyrogens (fever-producing substances). Pyrogens usually
come from a source outside the body and, in turn,
stimulate the production of additional pyrogens inside the body.
Pyrogens tell the hypothalamus to increase the temperature set
point. In response, our body begins to shiver; our blood vessels
constrict (close); we get under the covers in an attempt to reach
the new temperature that is higher than our baseline. However,
other pyrogens can be produced by the body, usually in response
to inflammation; these are referred to as cytokines (also termed
endogenous pyrogens).

Pyrogens (fever-producing substances) that come from
outside the body include the following:

 Viruses
 Bacteria
 Fungi
 Drugs
 Toxins

Body temperature measurements are usually measured by
temperature devices inserted on or into the rectum, mouth,
axilla (under the armpit), skin, or ear (ear thermometers). Some
devices (laryngoscopes, bronchoscopes, rectal probes) may have
temperature-sensing probes that can record temperature
continually. The most common way to measure body
temperature was (and still is in many countries) with a mercury
thermometer; because of glass breakage and the possibility of
subsequent mercury contamination, many developed countries
use digital thermometers with disposable probe covers to
measure temperature from all of the body sites listed above.

FEVER: IS NOT A SEPARATE ILLNESS

 Gopa Barman*

ABSTRACT

A fever is when the body's temperature is higher than
normal. Fever is the body's natural response to infection.
Raising the body temperature helps the body to fight off the
infection, so it is not always necessary to treat the fever.
However, children with fever often feel uncomfortable and
unwell and using measures to bring down their temperature
can help.

A fever is a high temperature when the body's tempera-
ture rises above 37.5C (99.5F). The normal body temperature
is between 36C-37C (96.8F-98.6F). The high temperature or
fever often lasts around two to three days.

Cause of fever

A fever isn't a separate illness. Fever or a high temperature
is usually a normal response to an infection as the body fights it
off. Part of the brain called the hypothalamus may decide to
regulate the body's temperature to a higher level. The
hypothalamus is like a thermostat for the body. It maintains
normal temperature through heating mechanisms, such as
shivering and increased metabolism, and cooling mechanisms,
such as sweating and dilating (opening) blood vessels close to
the skin.
Fever occurs when the body's immune response is triggered

*Assistant Professor
Department of Chemistry, Berhampore Girlsí College,

Science Review, Vol-1, 2016 ISBN: 978-81-917259-2-5
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Low-grade fevers range from about 100 F-101 F; 102 F is
intermediate grade for adults but a temperature at which adults
should seek medical care for an infant (0-6 months). High-grade
fevers range from about 103 F-104 F. Dangerous temperatures
are high-grade fevers that range from over 104 F-107 F or higher
(extremely high fevers are also termed hyperpyrexia). The
preceding fever values may vary somewhat according to the
condition and age of the patient, but they offer a reader a way
to judge the terms "low," "high," and "dangerous" when they
are used in reference to fever in the medical literature Other
terms are used to describe fever or fever types:

Prolonged or persistent fever is fever lasting longer than about
10-14 days; these are usually low-grade fevers.

ï Constant fever is also termed continuous fever; it is
usually low-grade fever and does not change by much (by about
1 degree F over 24 hours).

ï Chronic: Fever lasts longer than three to four days; some
physicians consider intermittent fevers that recur over months
to years as "chronic" fevers.

ï Intermittent: Temperature either varies from normal to
fever levels during a single day, or fever may occur one day
and recur in about one to three days.

ï Remittent: Fevers come and go at regular intervals.

ï Hyperpyrexia: Fever that is equal to or above 106.7 F
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constitutes a medical emergency.

FEVER IN CHILDREN

Infections are by far the most common cause of fever in
children. Infections of the upper respiratory tract, such as colds
and flu, are very common, especially in preschool children.
Young preschoolers can have five to ten infections each year.
These infections are caused by a virus and get better on their
own without antibiotics. Some infections, like ear infections
and some throat infections, may be caused by bacteria. If your
child has a bacterial infection, he or she will get better much
quicker if antibiotics are prescribed by a doctor. Fever may also
be caused by other factors, such as prolonged exposure to the
sun on a hot day.

In older children, fevers are more frightening than they are
harmful. Theyíre usually just a sign that the body is fighting an
infection. The main reason to treat your child is to make him or
her feel better. When your child is achy and fussy, you may
want to give him or her some medicine to bring down the fever.
Fevers often run from 38° to 40°C and are usually a result of
viral illnesses lasting just a couple of days.
There are various ways to help our child feel better.

ï Give your child plenty to drink to prevent dehydration
(not enough fluid in the body) and help the body cool itself.
Water, clear soups, popsicles, and flavoured gelatin are good
choices.If your child isnít getting enough fluids, donít force
him or her to eat if he or she doesnít feel like it.
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 ï Keep your child quiet. Moving around can raise the
temperature even more.

ï Keep the room temperature at about 21°C (70°F) to 23°C
(74°F).

 ï Dress your child in light cotton pyjamas so that body
heat can escape.

ï Donít over bundle your child. Overdressing can trap body
heat and cause your childís temperature to rise.

Call your doctor if your child has any of these warning signs

ï Changes in behaviour
ï Severe headache
ï Constant vomiting or diarrhea
 ï Skin rashes
ï Dry mouth
ï Sore throat that doesnít improve
ï Earache that doesnít improve or pulling at ears
ï Stiff neck
ï Fever persisting over several days
ï Stomach pain
ï High-pitched crying
ï Swelling on the soft spot on the head
ï Irritable
ï Unresponsive or limp
 ï Not hungry
ï Wheezing or problems breathing
ï Pale
ï Whimpering
ï Seizures
ï Sore or swollen joints
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FEVER IN ADULTS

Illnesses caused by viruses are among the most frequent
causes of fever in adults. Symptoms can include a runny nose,
sore throat, cough, hoarseness and muscle aches. Viruses also
may cause diarrhea,vomiting, or an upset stomach.

In most cases, these viral illnesses will improve simply
with time. Antibiotics will not treat a viral infection.
Symptoms can be treated using decongestants and anti-fever
medications bought over the counter. Ifdiarrhea or vomiting
occurs, then the person needs to be encouraged to drink fluids.
Gatorade or sports drinks will help replace lost electrolytes. If
fluids are not staying down, then medical care should be sought.
Viral illnesses can last as long as one to two weeks.

The influenza virus is a major cause of death and serious
illness in the elderly. Symptoms include headaches and muscle
and joint aches, as well as the other common viral symptoms,
including fever. Vaccines against seasonal influenza as well as
H1N1influenza are available. Also, antiviral medications can
be administered to fight the influenza virus immediately after
the symptoms start. This illness usually occurs during the
winter.

Bacterial fever

Bacterial illnesses causing fever can affect almost any organ
system in the body. They can be treated with antibiotics.

ï Central nervous system (brain and spinal cord)
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infections can cause fever, headache, neck stiffness, or
confusion. A person may feel lethargic and irritable, and light
may irritate the eyes. This could represent meningitis or a brain
infection, so the person with these symptoms should access
medical care immediately.

ï Lower respiratory system infections, including
pneumonia andbronchitis, can cause fever. Symptoms include
coughing, difficulty breathing, thick mucus production, and
sometimes chest pain.

ï Upper respiratory system infections occur in the throat,
ears, nose, and sinuses. A runny nose, headache, cough, or sore
throataccompanied by a fever may indicate a bacterial
infection, but a viral infection is the most common cause.

ï Infection of the genitourinary system may cause a
person to have a burning sensation when urinating, blood in
the urine, the urge to urinate frequently, and back pain along
with a fever. This would indicate an infection in the bladder,
kidney, or urinary tract. Antibiotics would treat such an
infection.

ï If the reproductive system is affected, people often see
a discharge from the penis or vagina and have pelvic pain along
with the fever. Pelvic pain and fever in women may represent
pelvic inflammatory disease (PID), which can cause
significant damage to the reproductive organs. In this case, the
person and any sexual partners should see a physician.

ï Gastrointestinal system (digestive system) infections are
indicated by diarrhea, vomiting, stomach upset, and sometimes
blood in the stool. Blood in the stool can indicate a bacterial
infection or other type of serious illness. Abdominal pain may
be caused by an infection of theappendix, gallbladder, or liver,
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and medical care should be accessed.
ï The circulatory system (including the heart and lungs)

can be invaded by bacteria. There may not be any specific
symptoms with the fever. A person may feel body aches, chills,
weakness, or confusion. The condition known as sepsis is
present when bacteria enter the bloodstream. An infection of a
heart valve with resulting inflammation (endocarditis) can
occur in people who had heart surgery in the past and in people
who use IV drugs. This condition requires hospitalization and
immediate treatment with IV antibiotics.

ï Skin, the largest organ in our body, can also be the source
of a bacterial infection. Redness, swelling, warmth, pus, or pain
occurs at the site of the infection. An infection may result from
trauma to the skin or even a clogged pore that becomes an
abscess. The infection can spread to the soft tissues beneath
the skin (cellulitis). Sometimes the infection needs to be drained.
Antibiotics are often needed. In addition, skin can react to some
toxins by producing a skin rash; for example, the scarlatina
rash that can occur after a strep throat infection causes scarlet
fever (skin rash is bright red and diffuse, with some skin that
develops scaling and desquamation, or skin peeling off).

Fungal fever

Fungal infections can affect any organ system. Often a
physician can identify these infections through a physical
examination. Sometimes further testing is required and in rare
instances, fungal fevers may require a biopsy to diagnose the
infection. An antifungal medication will usually treat the
infection.
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Animal exposure fever

Certain people who work with animals can be exposed to rare
bacteria that can cause fevers. In addition to the fever, the
person may have chills,headache, and muscle and joint aches.
These bacteria can exist in livestock, in unpasteurized dairy
products, and in the urine of infected animals.

Travelers' fever

Anyone who travels, especially outside the United States, may
develop fever after exposure to various new foods, toxins,
insects, or vaccine-preventable diseases.

Drug fever

A fever that occurs after starting a new medication, without
another source, may be a drug fever. The fever can occur at any
time after starting the drug and should go away after the drug is
stopped. Some drugs that have been associated with fever
include beta-lactam antibiotics,procainamide (Procanbid),
isoniazid, alpha-methyldopa, quinidine (Quinaglute Dura-Tabs),
and diphenylhydantoin.

ï An immediate fever may be caused by an allergic
response to the medication or a preservative in the medication.

Blood clot fever

Occasionally a blood clot can develop in a person's leg and
cause swelling and pain in the calf. Part of this clot may break
off and travel to the lungs (pulmonary embolus). This may cause
chest pain and trouble breathing. In either case, a person may
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develop a fever because of inflammation in the blood vessels.
A person with any of these symptoms should go to the hospital.

Tumor fever

Cancer can cause fever in a variety of ways. Sometimes the
tumor makes pyrogens, chemicals which cause a fever on their
own. Some tumors may become infected. Tumors in the brain
may prevent the hypothalamus (the body's thermostat) from
properly regulating the body temperature. Many of the
medications that a cancer patient takes can cause a fever.
Finally, immune systems in cancer patients may be weakened,
which makes them prone to various infections.

Environmental fever

Occasionally, a very high body temperature can be reached when
the body becomes overheated. This condition is called
hyperthermia. This often occurs with strenuous exercise or when
the body is exposed to hot or humid weather. Certain drugs that
alter a person's behavior may prevent that person from taking
shelter from the heat. People with hyperthermia may be
confused, lethargic, or even comatose. They may have an
extremely high temperature and may not be able to sweat.
Hyperthermia is treated differently than other causes of fever;
it is a medical emergency. The affected person must be cooled
immediately.

Many people have medical illnesses that prevent their immune
system(defense system) from working normally. This may make
it easier for a fever-causing infection to invade their body.
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A fever in a person with limited ability to fight off infection
can be very dangerous. The collagen vascular diseases and
autoimmune diseases (for example, systemic lupus
erythematosus, rheumatoid arthritis, polyarteritis nodosa) may
be associated with fever. Many diseases of the immune system
produce fever, because of inflammation.

The following are causes of a weakened immune system:
ï Cancer
ï Cancer treatments
ï Immunosuppressive medication, such as for organ trans

plants
ï Steroid therapy for a long time
ï HIV
ï Age older than 65
ï Absence of the spleen (after surgical removal of the

spleen)
ï Sarcoidosis (a condition characterized by an unusual

form of inflammation, leading to the formation of
so called granulomas, that may occur anywhere in the
body)

ï Lupus
ï Malnutrition
ï Diabetes
ï Heavy alcohol or drug use

Any person with one of these illnesses or conditions and a
fever should see a doctor or go to a hospital's emergency
department quickly. It is important for the proper treatment to
be started right away. Quick action may save the person's life.
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Home Remedies for Fever in Adults

People can make the diagnosis of fever at home by taking a
person's temperature with a thermometer.

There are several ways to bring down (reduce) a fever. In
general, a fever can be reduced with ibuprofen (Advil,
Motrin,Nuprin) or acetaminophen (Tylenol and others). Both
medications help control pain and reduce fever. Alternating
doses of each will also work and prevent accidental overdose
of one drug. At times, a combination of both acetaminophen
and ibuprofen will be needed to stop the fever. Cool bath water
or cool towels applied to a person's skin may also help reduce
fevers; cool fluids taken orally will also rehydrate and cool a
person.

Aspirin is not the first choice drug for fever reduction; it should
not be used in children. Aspirin may be toxic in large doses in
adults or cause Reye's syndrome in children. Do not give aspi-
rin to individuals 18 years or younger unless directed by a phy-
sician to give a specific dose.

ï Ibuprofen stops the hypothalamus from raising the body
temperature. It comes in 200 mg tablets purchased over the
counter at a drugstore. It's OK to take one to two tablets every
four hours to decrease one's temperature. Use the lowest
possible effective dose. Children's doses are based on the child's
weight.

ï Side effects of ibuprofen include nausea and vomiting,
which may be prevented if the medication is taken with food.
Rare side effects include diarrhea, constipation, heartburn, and
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stomach pain. People with stomach ulcers or kidney disease,
pregnant women, and those with an aspirin allergy should avoid
ibuprofen.

ï Acetaminophen is also effective at reducing a fever. It
comes in 325 mg tablets or 500 mg tablets over the counter. It
may also be available in liquid formulations. Again, one to two
tablets every four hours should be used to eliminate a fever.
Like many other medications, children's doses are based on the
child's weight. The total dose should not be more than 3 grams
(equivalent to six of the 500 mg tablets) per 24 hours in adults.

ï Side effects are rare, but some people are allergic to the
medication. Extremely large doses (overdose) may cause liver
failure. Therefore, people with liver disease and chronic
alcohol users should avoid this medication.
o Common brand names of acetaminophen are Aspirin Free
Anacin,Feverall, Genapap, Panadol, Tempra, and Tylenol. Read
the product label for specific ingredients described as
acetaminophen. Many other drugs contain acetaminophen in
combination with other drugs so medicines should be checked
to ensure that the total dose, even with combination medicines,
should not exceed 3 grams in 24 hours.

ï A fever can cause anyone to become very dehydrated.
Drink plenty of fluids. Attempts to cool the skin may only make
a person more uncomfortable. This may also cause shivering,
which will actually increase the body temperature if the fever
is being caused by an infection. Further therapy depends on the
cause of the fever and the accompanying symptoms. Basic cold
symptoms can be treated with over-the-counter medications.
ï If the fever is caused by exposure to hot weather or
overexertion (for example, heat stroke, hyperthermia, and heat
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exhaustion), the technique is different from treating any other
fever. Neither acetaminophen nor ibuprofen will be effective.
The person needs to be cooled immediately. If the person is
confused or unconscious, seek emergency medical help
immediately. While waiting for help, remove the person from
the hot environment and remove his or her clothes. The body
should be cooled with a wet sponge, and a fan should be
directed over the person.

Fever Diagnosis

A very thorough physical examination will be done in an effort
to find the source of the fever. After the history is taken and
physical examination is performed, the physician may know
the cause of the fever. If the physician is not sure at this point,
he or she may order certain tests to help make the diagnosis.
Examples of diagnostic tests that may be ordered are

ï a blood test to measure the white blood cell count,
ï strep throat culture,
ï sputum sample,
ï blood culture,
ï urine analysis,
ï urine culture,
ï stool sample,
ï spinal tap (lumbar puncture),
ï X-ray films or CT scan,
ï liver function tests,
ï thyroid function tests.

Based on the results of these tests, the physician usually will
be able to find the cause of the fever. More specific tests,
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including imaging tests, may be done if needed if the initial
tests do not suggest a cause for the fevers.

FUOs (fevers of unknown origin) are challenging, and often
specialists need to be involved to help determine what further
diagnostic testing may be needed (for example, endoscopy, PET
scanning, echocardiography, or radionucleotide studies).

Treatment for a fever

The treatment of a fever depends on its cause. In most cases,
except in hyperthermia, acetaminophen or ibuprofen can be
given to lower the temperature. Fluids may be given by mouth
or IV to preventdehydration, if necessary.

ï Viral illnesses usually resolve without medical
treatment. However, medications to help with specific
symptoms can be given. These may include medications to
lower fever, help with congestion, soothe a sore throat, or
control a runny nose. Viruses that cause vomiting and diarrhea
may require IV fluids and medications to slow down the
diarrhea and stop nausea. A few viral illnesses can be treated
with antiviral medications.Herpes and the influenza virus are
examples.

ï Bacterial illnesses require a specific antibiotic that
depends on the type of bacteria found or where it is located in
the body. The physician will determine whether the person is
admitted to the hospital or sent home. This decision is based
on the illness and the person's overall health status.
ï Most fungal infections can be treated with an antifungal
medication.
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ï Drug-induced fever is eliminated when the medication
is stopped.

ï A blood clot requires admission to the hospital and
blood-thinnermedications.

ï Any person with an illness that inhibits the immune
system will be evaluated closely and usually admitted to the
hospital.

ï Environmental heat exposure requires aggressive
cooling in the emergency department. The person's clothes will
be removed, a cooling fan and cool mist will be used, and his
or her vital signs will be monitored closely. Hyperthermic people
will be admitted to the hospital.

CONCLUSION

Most fevers are caused by viral infections. Make sure your child
drinks plenty of fluids. Babies under six months with a high
temperature should be seen by a doctor. See a doctor if you
seems very sick.
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ACHIEVING SUSTAINABLE
DEVELOPMENT THROUGH WOMEN

EMPOWERMENT: ROLE OF SELF HELP
GROUPS IN INDIA

 Subhasree Chakraborty*

ABSTRACT

Globalization has both positive and negative impacts on
developing countries. Thus, to reap the full benefits of
globalization, achieving the various goals of sustainable
development are most important. The definitions and
dimensions of sustainable development are widespread.In the
nutshell,it refers to a path along which the maximization of
human well-being for todayís generation does not lead to
declines in future well-being where human well-being includes
satisfaction of economic needs, aspirations for a clean and
healthy environment, and preferences in terms of social
development.This approach acknowledge the vital role of
women in environmental management and thus argues that their
full participation is necessary for achieving the goals of
sustainable development. Since poverty, pollution and women
are closely related, therefore, poverty alleviation and women
empowerment are central issues of this approach.

The core elements of empowerment have been defined as
agency, awareness of gendered power structures, self-esteem and
self-confidence (Kabeer 2001). This awareness ensues through
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participation in self help groups (SHGs).In India, self help group
approach are widely used to dent poverty and facilitate women
empowerment. The inherent assumption of SHG is that through
participation in the groups, women will gain, generate and
acquire power, and improve their ëpositioní within the family
and the society.

Impact studies reveal that social impact of participation
in self help groups is more pronounced than economic impacts.
Membership in SHGs results in an increase in social
recognition of self, status of family in the society,mobility, size
of social circle and involvement in intra family and
entrepreneurial decision making.Insome parts of the country,
SHGs are also taking up new roles and responsibilities that lie
at the very core of livelihood security for the poor. SHGs are
also actively engaged in natural resource management.
However, there are some issues which call for attention like
low representation of women in micro-enterprise, gender
mainstreaming, low per capita loan, regional imbalances etc.

INTRODUCTION

Participation in the process of globalization has resulted
in mixed impacts for the world economy. In the era of
globalization, many countries have experienced a significant
increase in economic growth rate, per capita income, trade
openness etc. Yet the twin problems of poverty and inequality
have not been solved. While there is evidence that the poor
have in many cases benefited from global economic growth,
there is also evidence that inequality has increased. Loss of
employment opportunities, deforestation and desertification,
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environmental degradation, loss of ecological balances are some
other important ill effects of globalization which would
hamper the development of nations in the long term. No doubt,
mitigating the ill effects of globalization is a great challenge
before the developing nations. In this context, sustainable
development appears to be an effective approach through which
nations may reap the full benefits of globalization while
mitigating the negative effects as far as possible. It is the
process that encompasses almost all the challenges of
globalization.The guiding principles of sustainability cut across
ecological, economic, social and cultural dimensions and there
obvious tradeoffs (Saxena, 2010).

SUSTAINABLE DEVELOPMENT: ITS ORIGIN &

CONCEPT

The term ësustainable developmentí was first used at the
time of the Cocoyoc Declaration on Environment and
Development in early 1970. However, it is first articulated for
a wide audience by the World Commission on Environment
and Development only after the report Our Common Future
was published in 1987. The report put emphasis on the need
for sustainable development and expressed: ìSustainable
Developmentis the development that meets the needs of the
present without compromising the ability of future generations
to meet their own needsî (Saxena, ibid). FAO1 (1991) linked
the concept of environmental management to sustainable
development by stating that ìSustainable development is the
management and conservation of the natural resource base and

1Food and Agricultural Organization
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the orientation of technological and institutional change in such
a manner as to ensure the attainment and continued
satisfaction of human needs for present and future generations.
Such sustainable development (in agriculture, forestry and
fisheries sectors) conserves land, water, plant and animal
genetic resources, is environmentally non-degrading,
technically appropriate, economically viable and socially
acceptableî. Thus, it refers to the development that not only
generates economic growth but distributes its benefits
equitably, that regenerates the environment rather than
destroying it and that empowers people rather than
marginalizing them. Though the definitions and dimensions of
sustainable development are widespread, in the nutshell,it
refers to a path along which the maximization of human
well-being for todayís generation does not lead to declines in
future well-being where human well-being includes
satisfaction of economic needs, aspirations for a clean and
healthy environment, and preferences in terms of social
development.Hence, it calls for ìimproving the quality of
human life while living within the carrying of the supporting
ecosystemî.

Agenda 212 stands as a comprehensive blueprint for
action to be taken globally by governments, United Nations
Organization, development agencies, NGOs and independent

2In order to frame the path in which Sustainable Development can be achieved,
representatives of more than 178 countries participated in the UN Conference on
Environment & Development (UNCED) held in Rio De Jeneiro , Brazil, during the
period 3rd to14th June, 1992. The outcome of the conference is the programme of
action for Sustainable Development which is known as Agenda 21 or Earth Summit
or Rio declaration on Environment & Development.
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sector groups, in every area in which human activity impacts
the environment. It isthe program of action for sustainable
development which is based on 27 principals and covered the
issues from biodiversity and water quality to role of women,
children and organized labour in delivering sustainable
development. Basically, it called for sustainable development
through participation.Spectacular emphases has been put on
human being, equitable distribution of resources, poverty
elimination, women empowerment, state intervention etc.
Following are the few principles of Agenda 21which are
contextual:

ï Human beings are at the centre of concerns for
sustainable development. They are entitled to a healthy
and productive life in harmony with nature.

ï The right to develop must be fulfilled so as to equitably
meet development and environmental needs of present
and future generations.

ï Women have a vital role in environmental management
and development. Their full participation is therefore
essential to achieve sustainable development.

ï Indigenous people and their communities and other
local communities have a vital role in environmental
management and development because of their native

Source: Saxena (ibid.)
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knowledge and traditional practices. States should
recognize and duly support their identity, culture and
interests and enable their effective participation in the
achievement of sustainable development.

LINKAGE BETWEEN POVERTY, POLLUTION AND

WOMEN: NEED FOR WOMEN EMPOWERMENT

From time immemorial, women contributes significantly
in household and environmental management. They have the
primary responsibility for nutrition, child care and household
management. Rural and indigenous women are also closely
associated with environmental management. They are often the
primary users and managers of land, forest, water and other
natural resources. Rural women spend major parts of their day
growing food, gathering fuel-wood, cooking and carrying
water. Moreover, they constitute half of the population but
possess a very little of the resource base. Further, they lack
much behind their male partners in terms of education, income
earning, access to property and social security. Besides, they
are often the victims of domestic violence, oppression and male
domination, and vulnerable to high risk diseases. All these
factors act as the stumbling blocks to poverty reduction and
sustainable development.

In 1972, the then Prime Minister of India, Mrs. Indira
Gandhi emphasized, at the UN Conference on Human
Environment at Stockholm, that the removal of poverty is an
integral part of the goal of an environmental strategy for the
world. Poverty and a degraded environment are closely
inter-related, especially where people depend for their
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livelihoods primarily on the natural resource base of their
immediate environment. The survival needs of the poor force
them to continue to degrade an already degraded environment.
Removal of poverty is therefore a prerequisite for the
protection of the environment. Thus, restoring natural systems
and improving natural resource management practices at the
grassroots level are central to a strategy to eliminate
poverty.Further reduction in poverty in terms of increasing
access to credit available to poor women and rural women in
particular helps in economic and social empowerment of the
poor.

Bruntdland commissionís report, Our Common Future,
also emphasized that there is a direct relation between
pollution and poverty. It thus placed poverty elimination at
the centre of sustainable development and since women
constitute an overwhelming majority of the worldís poor so
their advancement is regarded as the cornerstone of
sustainable development.Similarly, Agenda 21 admitted that
women plays a crucial role in environmental management and
hence their full participation is a must for sustainable
development. It also put emphasis on the global action for
women towards sustainable development.The Beijing
declaration (1995)3 pointed out that empowerment, full
participation and equality of women are the foundations for
peace and sustainable development. It further states that
sustainable development policies that do not involve women

3 The Beijing Declaration was a resolution adopted by the UN at the end of the
Fourth World Conference on Women on 15 September 1995. The resolution adopted
to promulgate a set of principles concerning the equality of men and women.
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and men alike will not succeed in the long run.
In the beginning of the 21st century, the Millennium

Development Goals (MDGs) also placed poverty elimination
and women empowerment at the top of the priority.
Millennium Development Goals bring to the forefront the
importance of human development in the context of
sustainable economic and social development. The important
Millennium Development Goals are Poverty Reduction,
Promoting Gender Equality and Empowering Women and
Ensuring Environmental Sustainability.

Other international organizations like World Bank, OECD4,
UNDP5 also considers women empowerment and poverty
reduction as vital instruments for sustainable development. The
World Bank in its World Development Report (2001),
recognized empowerment as one of the three pillars of poverty
reduction. It has suggested that empowerment of women should
be a key aspect of all social development programmes.
Moving one step ahead, UNDP claim that women have adopted
to environmental change much before scientists had given it a
name. According to them, women possesí abundant
information about their surrounding environment and this can
be harnessed as a vital source to shape environment policies6.
Clearly, UNDP views gender equality and womenís
empowerment as a pathway to achieving the MDGs and
sustainable development. Similarly, OECD emphasizing
the need for enhancing the role of women in protecting the
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environment addressed ëwomen empowermentí as a
prerequisite for sustainable development and MDGs (OECD,
2011). Recently, United Nations (2012) also mentioned that
rural women as powerful catalysts for sustainable development
and agents against poverty are undeniable.

WOMEN EMPOWERMENT: DEFINITION AND

DIMENSION

Empowerment is a process which strengthens the innate
ability of a human being by way of acquiring knowledge, power
and experience. It is regarded as a means of creating a social
environment in which one can make decisions and make choices
either individually or collectively for social transformation
(Hashemi and Riley, 1996). Sen (1999) has defined
empowerment as an expansion in individualís agency i.e.
expansion in oneís ability to act and bring about change, whose
achievement can be judged in terms of her own values and
objectives. United Nations (2001) defines empowerment as the
processes by which women take control and ownership of their
lives through expansion of their choices. The expansion in the
range of potential choices available to women includes three
inter-related dimensions: resources which include access to and
future claims to both material, human and social resources;
agency which includes the process of decision-making,
negotiation, deception and manipulation that permit women to
define their goals and act upon them; and achievements that
are the well-being outcomes that women experience as a result
of access to resources and agency (Kabeer, 2001). The World
Bankís ëEmpowerment and Poverty Reduction: A Sourcebookí

4 Organisation for Economic Co-operation and Development
5 United Nations Development Programme
6 Source: ameyaa International%20 womens % 20 day 11
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describes empowerment as the ìexpansion of assets and
capabilities of poor people to participate in, negotiate with,
influence, control, and hold accountable institutions that
affect their livesî.

On the other hand, Mayoux (2000) defined empowerment
as ìa multidimensional and interlinked process of change in
power relationsî. This definition dealt with four types of
power : (i) ëPower withiní, enabling women to articulate their
own aspirations and strategies for change; (ii)ëPower toí,
enabling women to develop the necessary skills and access the
necessary resources to achieve their aspirations; (iii) ëPower
withí, enabling women to examine and articulate their
collective interests, to organize, to achieve them and to link
with other women and menís organizations for change; and
 (iv) ëPower overí, changing the underlying inequalities in
power and resources that constrain womenís aspirations and
their ability to achieve them. These power relations operate in
different spheres of life (e.g., economic, social, political) and
at different levels (e.g., individual, household, community,
market, institutional).

However, Kabeerís(2001) definition of empowerment
contains both the process and agency elements, and also
implicitly distinguishes ëempowermentí from the general
concept of ëpowerí. She defined empowerment as the
expansion in people's ability to make strategic life choices in a
context where this ability was previously denied to them. It
refers to the processes by which those who have been denied
the ability to make choices acquire such ability (Kabeer1998,
1999). In her view, agency (the ability to define oneís goals and
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act upon them), awareness of gendered power structures,
self-esteem and self-confidence are the core elements of
empowerment.

SELF HELP GROUP: INDIAN CONCEPT

The following two vital processes have been identified as
important for empowerment. The first is social mobilization
and collective agency as poor women often lack the basic
capabilities and self-confidence to counter and challenge
existing disparities and barriers against them. Thus, change
agents are often needed to catalyse social mobilization
consciously. Second, the process of social mobilization needs
to be accompanied and complemented by economic security.
As long as the disadvantaged suffer from economic
deprivation and insecurity of livelihood, they will not be in a
position to mobilize (UNDP 2001). It is assumed that
increasing womenís knowledge and access to micro-finance
services will lead to individual economic empowerment through
augmenting womenís decision making power about savings and
credit use, to set up micro-enterprises, and increasing incomes
under their control. This in turn is assumed to enable women to
initiate broader social and political changes.

Self help group approach has the potential to satisfy both
these objectives. Usually, self-help group is a small group of
10 to 20 poor women who come together on voluntary basis to
accumulate savings through thrift and self management, in
order to prove their credit worthiness to financial institutions.
The concept builds on mutual trust and help, shared
ownership, peer pressure, emphasizing group solidarity
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and togetherness (Shashikala 2007).Thus, the focus of self-help
groups rests on to develop the capability of the disadvantaged,
particularly women, and to organize them, so that they can deal
with socio-political and socio-economic issues that affect their
lives as laid down in the SGSY guideline: ìThe SHG approach
helps the poor to build their self-confidence through
community action. Interactions in group meetings and
collective decision making enable them in identification and
prioritization of their needs and resources. This process would
ultimately lead to the strengthening and socio-economic
empowerment of the rural poor as well as improve their
collective bargaining power.î

In India, providing financial credit through self help groups
(SHGs) has received much attention during the last few
decades as an instrument to address poverty alleviation and
facilitate women empowerment. The Self Help Group-Bank
Linkage Programme (SBLP)7 , pioneered by NABARD in 1992,
has emerged as the largest and the fastest growing community
based microfinance programme in the world resulting in
credit-linkage of more than 4.85 million SHGs as on 31 March
2010.The programme aimed at providing a cost effective
mechanism for providing financial services to the ìunreached
poorî. However, the SHG movement gained momentum from

7 The first step towards setting up SHGs was taken by Mysore Resettlement and

Development Agency (MYRADA) during early 1980s, which built upon rural chit

funds and informal lending networks to evolve a credit management group. After a

pilot project with MYRADA in 1991-92, NABARD worked actively to frame the

legal and financial structure for SHGs and induce bankers to develop and adopt a

fresh lending strategy.
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1999 onwards after mainstreaming by government under
Swarnajayanti Gram Swarojgar Yojana (SGSY)8 where
formation of SHGs became the principal mode of poverty
alleviation through self-help and development of
microfinance.Since its inception, up to December 2010, 40.04
lakh SHGs have been formed under the SGSY, with women
SHGs accounting for about 68 per cent of the total (Budget
Document 2011).It is interesting to note that SHGs with
exclusive women members are more sustainable than those of
men members.

PARTICIPATION IN SHGS: IMPACT ON WOMENíS LIFE

Impact of participation in self help groups is not similar
across the states. It rather depends on several factors like
region, religion, social and cultural background. For example,
physical and financial performances of groups are much better
in south India relative to other parts of the country. However,
impact assessment studies have revealed that participation in
SHGs in most of the cases have changed the perception of
women regarding self and society. Few studies revealed that
the social impact of these programmes on the household is

8 The Swarnjayanti Gram SwarojgarYojana (SGSY) is a major self-employment
scheme launched in April, 1999 after restructuring and combining the IRDP with
allied programmes i.e. TRYSEM, DWCRA, SITRA, GKY, and MWS. It has been
designed as a holistic self employment scheme aimed at providing sustainable
income to rural BPL families through income generating assets / economic
activities so as to bring them out of the poverty line. The main objective of the
SGSY has been to organize the identified families into groups and assist them in
coming out of poverty by providing them income generating assets through a mix of
bank loan and government subsidy. Funding is shared between the centre and the
State in the ratio of 75:25.
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greater than the economic impact (Puhanzhendi and Satyasai,
2000). In fact, during the first ten years of SGSY programme9

reveals that only a handful of self help groups have taken up
economic activity.  Moreover, a large number of studies found
that a number of SHGs that take up economic activities are not
only relatively few but even fewer among them are successful.
Most of the SGSY led SHGs remain crowded in low
productivity, primary sector activities resulting in small income
gain for the group members.

Interestingly, self help groups are quite successful in
facilitating social empowerment. They are successful to aware
the marginalized and rural poor about the basic services and
programme benefits to which they are entitled. In certain areas,
participation in SHGs has reduced child mortality, improved
maternal health and ability of the poor to combat disease through
better nutrition, housing and health-especially among women
and children. It has also contributed to reduce dependency on
informal moneylenders and other non-institutional lenders in
rural areas (Karmakar, 2009).Further, empowerment of tribal
women through SHGs has in several locations reduced the
exploitation by vested interests (Rao & Farrington, 2006).

In general, participation in SHGs results in an increase in
social recognition of self, status of family in the society,mobility,
size of social circle and involvement in intra family and
entrepreneurial decision making. Interaction with village
panchayats has improved because of the solidarity within the
groups. It also resulted in improved formal banking habit of

9  See appendix 1 for physical performance of SGSY during 1999-2000 to 2008-09
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poor women (Mahendra, 2005). Participation in SHGs, in many
cases, enabled women to explore different avenues for
livelihood. There are many SHGs in South India, who collect
and sale honey, organic milk, preserve fruit for jams, produces
natural soaps, grow organic herbs etc. Few SHGs are also
involved in ëFair Trade Movementí which helps group
members earn a fair price for their products in the global
market. Ability of women to take collective action has
essentially improved. Further, they have been able to raise voice
against social odds like underage marriages,women and child
trafficking, domestic violence, menís alcoholism etc. Several
womenís self-help groups promoted in IFAD-supported
initiatives in India act as service providers (e.g. setting up tree
nurseries) or as substitutes for contractors (e.g. in soil and
moisture conservation work). Here, womenís SHGs have been
linked to Joint Forestry Management initiatives, so that both
can gain by providing environmental services under the Clean
Development Mechanism (CDM) and influence policy at the
national and international level. In karnataka, few women SHGs
are also working on watershed management.

As Ramesh (2007) pointed out ìThe SHGs network in
Andhra Pradesh under Indira Kranthi Patham (IKP)
programme are performing some non-traditional role, which
are praise worthy. These includes marketing of commodities
like Amize, Neem, Soyabean, Coffee, Lac and Red gram and
developing linkages with exporters and processors directly;
Distribution of Old- age Pensions; Implementation of
community based food security system; and Setting up bulk milk
coolers and milk procurement centers. However, the most
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important intervention through SHG network of IKP relates to
non-pesticide management (NPM) in agriculture, particularly
cottonî.

CONCLUSION

No doubt, self-help groups have provided members with
ready access to credit where networks are strong and, because
they encourage womenís participation, have increased womenís
bargaining power and status in the family. There are evidences
that the womenís participation in savings and credit activities
in SHGs have led to an improvement on some of the
agency-related indicators of womenís empowerment, and have
also begun to change some of the relationships. Moreover, in
some parts of the country, SHGs are taking on new roles and
responsibilities that lie at the very core of livelihood security
for the poor.

However, there are some issues which need careful
attention. While the increase in confidence and the ability of
women to take collective action is evident, the purpose of
social actions and decisions accruing from them need to be
looked at more critically. Gender mainstreaming is necessary
to make empowerment of women more significant and pro
sustainable development. Further, emphasis should be there for
inclusion of the poorest of the poor in order to ensure growth
process inclusive. Finally, despite significant women
empowerment taking place in many parts of the country, there
is low representation of women in natural resource
management. Thus to make SHG members more active in
protecting natural resources and surrounding environment,
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rigorous action programme needs to be carried out by the
self- help promoting agencies. Finally, emphasis should be given
on income generating activity so as to ensure regular income
and hence economic security of the group members which was
the primary objective of the SHG concept.
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IN  VITRO  FERTILIZATION

Alka Mondal*

ABSTRACT

In vitro fertilization [IVF] allows women with serious
reproductive issues to have their own biological children and
also helps with male infertility, due to low sperm count or low
sperm motility. In 30% of cases the problem is in the man; in
45%, the problem is in the woman; in 20%, there  are problems
in both  partners; and in 5% no cause can be found. In this
case, In vitro fertilization seems to be quite beneficial.

IVF,i.e., remove mature ova, fertilizing them with sperms
outside the body  but performed in the laboratory, and
implanting  one or more of them in uterus at the four-cell stage.

INTRODUCTION

ëíIn vitroíí means processes taking place in a test tube,
culture dish, or elsewhere outside a living  organism.
IN  VITRO FERTILIZATION  is a process by which an egg is
fertilized  by  sperm outside the  body: in vitro (in glass). The
resultant  embryo formed is then  placed back into the womanís
womb.

PRINCIPLE

Oocytes arrested at the metaphase stage of meiosis II are
retrieved prior to ovulation from the ovary by laparoscopy. The
oocytes are placed in a culture dish with medium and mixed

*Guest Lecturer
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with sperm. The medium condition promotes sperm activation
in vitro, a necessary requirement for the fertilization process.
The egg-sperm interactions relieve the meiosis II arrest of the
egg. This results in the formation of two haploid sets of
chromosomes, one set that will fuse with the haploid set of
chromosomes contributed by the sperm, and a second that is
discarded (the second polar body). The fertilization process
results in the formation of an embryo that undergoes a number
of cell divisions in vitro. The embryo is transferred back to the
uterus at the eight-cell stage (2.5 days after onset of
fertilization) using a thin needle. The embryo will divide
further in the uterus until it reaches the blastula stage and
thereafter implant into the wall of the uterine lining, the
endometrium. Further embryo development will take place at
this location.

Fig.  The principle for IVF as developed by Edwards.

The initial experience  with IVF involved women with tubal
disease, but early  in the 1980s, the treatment was extended  to
individuals with male factor infertility, unexplained infertility,
endometriosis and immunologic causes for infertility.
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Multiple  steps are required to complete an IVF procedure as
follows-

ï Monitoring  ovarian  response
ï Oocyte retrieval
ï Oocyte culture
ï Fertilization
ï Embryo transfer.

Robert G. Edwards, the physiologist  who developed  the
IVF treatment, was awarded  the Nobel Prize in Physiology or
Medicine in 2010.

The first successful birth of a ëítest tube babyíí , Louise
Brown, occurred in 1978. Louise Brown was born as a result of
natural  cycle IVF  where no stimulation was made.

The second  successful birth of a test tube baby occurred
in India just 67 days after Louise Brown  was born. The girl,
named Durga conceived in vitro using the methods of Subhash

Mukhopadhyay, a physician and researcher from Kolkata.

With egg donation and IVF, women who are past their
reproductive years or menopause can still become pregnant.
Adriana  Iliescu held the record as the oldest woman to give
birth using IVF and donated egg, when she gave birth in 2004
at the age of 66, a record passed in 2006.

What  causes  of  Infertility  can  IVF treat?

When it comes to infertility, IVF may be an option if you or
your partner have  been diagnosed with:
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ï Endometriosis
ï Low sperm counts
ï Problems with  the uterus or fallopian tubes
ï Antibody  problems that harm  sperms or eggs
ï The inability  of  sperm to  penetrate or survive in the

cervical  mucus
ï An unexplained  fertility problem.

DELIVERY  RATES  PER  IVF CYCLE  ARE  SHOWN  IN

THE  TABLE  BELOW- USA  NATIONAL  DATA

NATIONAL  AVERAGES  SART  &  CDC  DATA
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What  are  the  advantages  of  in  vitro  fertilization?

The main advantage of  IVF, is that it allows women with
serious reproductive issues to have their own biological
children, according to the American Pregnancy  Association. It
helps women with ovulation disorders, blocked or
removed fallopian tubes or other fertility problems to conceive
children.

IVF also helps with male infertility, due to low sperm count
or low sperm motility, states the American Pregnancy
Association. Couples who are concerned about genetic
disorders can have the embryo tested before implantation,
minimizing the risk of the baby having a genetic disorder or
chromosomal abnormality, states Penn Medicine.

Women who conceive through IVF do not have to worry
about unplanned, multiple births or giving birth to triplets or
quadruplets, states the Advanced Fertility Certer of Chicago.
With IVF, the doctor only inserts the agreed number of
embryos into the womanís uterus.

IVF is becoming increasingly effective. While only 5.3
percent of women had a live  birth from IVF in 1985, that
number has increased to 30 percent in 2009, states the Advanced
Fertility Center of Chicago. While the chance of success
decreases as a women ages, women under the age of 35 had a
41 to 43 percent  chance of a live birth through IVF, states the
American Pregnancy Association.

CONCLUSIONS

Robert G. Edwards has developed this method to treat human
infertility. This discovery represents a monumental medical
advance that can truly be said to confer the ìgreatest benefit to

YEAR PERCENTAGE OF  IVF  CYCLES
RESULTING   IN   A  LIVE  BIRTH

1985 5.3
1987 8.3
1989 11.3
1991 12.9
1993 15.8
1995 18.7
1997 24.0
1999 25.2
2001 27.0
2003 28.3
2005 27.8
2007 29.0
2009 30.0

IVF success rates are improving over time as knowledge and
technology  advances.
SART: Society  for  Assisted  Reproductive  Technology
CDC: Centers for   Disease Control.
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mankindî. Human IVF has radically changed the field of
reproductive medicine. Today, 2-3% of all newborns in many
countries are conceived with the help of IVF and many
individuals that turn to an infertility clinic can be helped. IVF
has also opened up new ways to treat many forms of male
infertility. The development of IVF recognized by Nobel Prize
in Physiology or Medicine has touched the life of millions of
infertile people, giving them an opportunity to have children.

SOURCES

ï Williams Textbook of Endocrinology; 9th Edition; Page
No.: 1133-1143.

ï Americanpregnancy.org
ï Advancedfertility.com
ï Pennmedicine.org
ï Advanced-medicineprize2010.pdf
ï Ganongís Review of Medical Physiology ;23rd edition.

RECENT ADVANCES IN ìSURROGATIONî

Moumita Samaddar*

ABSTRACT

It is often a devastating and life changing experience for
women to discover that for one reason or another they cannot
become pregnant and have children of their own. Today there
is a big option for the childless couples, which brings smile on
their face, is ìSurrogacyî. Surrogation is not like a regular
adoption, it is a ìbig optionî for the intended couples who
despite to start a family, but suffering from so many causes of
infertility.

Introduction

Surrogacy is an arrangement between a woman and a couple or
individual to carry and deliver a baby. It is also called
ìmothering by proxyî. For many years, surrogate pregnancy
was a somewhat risky method by which intended parents could
attempt to have a child. The process was lengthy and
expensive. The first recognized surrogate mother arrangement
was made in 1976. The issue of surrogate motherhood came to
national attention during the 1980s, with the ëBaby Mí case.
Surrogacy is a hot topic in the Indian media right now and
newspapers, magazines and TVs are full of talk-shows and
reports as to how India is poised to become the next surrogacy
outsourcing capital of the world. Therefore my present review
work is an attempt to make an overview on ìSurrogationî.
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Types of surrogacy

 There are 2 special types of surrogacy:

A)  Gestational Surrogacy: Gestational surrogacy is more
common of the two types of surrogacy. Gestational surrogacy
means that an embryo is formed from the Invitro fertilisation
(IVF) of an egg by a sperm, and then the embryo is implanted
into the surrogateís uterus where the baby is carried throughout
the pregnancy. The gestational surrogacy babyís genes are not
linked to the surrogate mother genes.

B) Traditional or Natural Surrogacy: Traditional surrogacy is
when the surrogate mothers egg is fertilised using the male
partners sperm of the intended couples through IVF. Traditional
surrogacy is also known as ëNatural surrogacyí is legally not
allowed in many countries, including India. The baby resulting
from Traditional surrogacy is genetically linked to the
surrogate mother.

What are the Legal aspects of surrogation in India?

The legal aspects surrounding surrogacy are very complex
and mostly unsettled. Surrogacy is legal in India, as recognised
by the ëSupreme Court of Indiaí in 2002. But India does not yet
have a legislation controlling Surrogacy. There are two legal
aspects to gestational surrogacy agreements: the contract will
outline the rights and responsibilities of the intended and the
surrogate as well as compensation, medical and psychological
screening, selective reduction policy, insurance and
finalization of parental rights.
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Why the surrogate motherhood is being a painful task?

A surrogate mother is someone who gestates (conceives
and carries within the uterus) and then gives birth to a child for
another person or couple, with the full intention of handing the
child over to that person or couple after the birth. Surrogating
motherhood a very emotional and critical experience through-
out the pregnancy. It is a painful task, especially if you look
into the very fact that the surrogate mother will have to give the
birth to the baby after keeping it in her womb for 9 months.
Indeed, this requires a large heart and patience too, and
therefore, not every woman has the instincts or patience to
become a surrogate mother.

Why do people consider surrogacy?

Surrogacy is not a common procedure compared with other
forms of assisted reproductive treatment. A surrogacy arrange-
ment could be considered if:

ï A woman is unable to become pregnant as she had a
hysterectomy or is missing part of her uterus, uterine
lining, ovaries or other parts of the genital tract.

ï A woman may have a health condition that makes
pregnancy dangerous or she may not be able to carry a
baby to term.

ï A couple in a male same-sex relationship may wish to
have a child using their sperm.

ï A woman, who has embryos in storage with her male
partner, dies and the man wishes to use the embryos to
have a child.
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How the screening process of surrogacy has been done?

There are long lists of tests which can be done before the IVF
treatment. In surrogacy it is important to have a screening
through infectious disease, done on the male partner, which
would include Hepatitis - A, B, C; Human Immuno Deficiency
Virus (HIV) and even the screening procedure will be done for
detecting Cephalexin Gonorrhoea.

What are the procedures for the selection of the surrogate

mother?

ï A married lady with the consent of her husband and if
needed, of all family members only becomes a
surrogate mother.

ï They come with a reference from a reliable person.
ï The couple may appoint a coordinator to supervise and

coordinate the whole treatment till handing over the
child.

ï The couple is informed about the background of the
surrogate mother.

ï If the couple finds her suitable, a couple surrogates
meeting is organized and these couple are interact with
each other.

ï If both the parties are satisfied, the treatment is started.

When embryos of the couple are ready, they are transferred in
the uterus of the surrogate mother. The mother is given
medicines, which help implantation of embryos and their
development. The medicines support pregnancy also if she
conceives in that attempt. Blood of surrogate is checked for
presence of pregnancy on day 13 and 15 after embryo transfer.
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If pregnancy test is positive, pregnancy support drugs are
continued. Mother is regularly observed and treated for
pregnancy care. If pregnancy is negative, the drugs are stopped.
The surrogate gets her period. Same attempt is repeated.

Medical risks of Surrogacy

There are certain medical risks of surrogacy, these can include:

ï Effects on child born as a result of the treatment. IVF
treatments have a greater chance of producing multiple
births, which increases the chance of the baby being
born prematurely.

ï There is also the small risk of Ovarian
Hyper-stimulation Syndrome (OHSS), which can cause
stomach pains, nausea, vomiting, shortness of breath.
However this is very rare.

ï There is also the rare risk of transfer of Human Immuno
Deficiency Virus (HIV) or Hepatitis.

What are the Advantages of surrogation?

The most important points are that, in surrogate pregnancy:

ï There is no risk of child bearing and childbirth on
female partner.

ï The procedure is legal and the couple becomes legal
partners of the child born.

ï The names of genetic parents are mentioned as the
names of mother and father of the child.

ï The couple gets a child with 100% their own genetic
inheritance.
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What are the Disadvantages of surrogation?

Surrogacy is an option for infertile couples, but there are

disadvantages to going this route:

ï It is possible that the surrogate will experience difficult

emotional and psychological problems when it comes

time to hand over the child she has carried and

delivered.

ï Surrogacy doesn't come cheaply. Some couples simply

cannot afford to go this route, which entails paying for

IVF, doctor's visits and testing.

ï It is a highly controversial topic and can involve many

legal complexities.

Conclusion

The birth of a child is a momentous and often life-changing

process, and surrogate parenting will produce enormous fears

and emotions for both the would-be parent and for the woman

undergoing pregnancy with another womanís child in her womb.

We need to remember that surrogacy is useful for only a very

small group of women. Surrogate pregnancy should be treated

as a high risk psychological experience. From the above

review work it is concluded that surrogacy or surrogate parenting

is one of the most advanced method of developing a child and

making the hopeless couples seek hope that they will become

parents like many others in the world. Surrogacy can be seen as

a Philanthropic work that is only ever seen within the human

species.
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BREAST CANCER

Sabina Khatun*

ABSTRACT

Breast cancer is a malignant tumour that starts in the cells
of the breast tissue. Signs of breast cancer may include a lump,
a change in breast shape, swollen lymph nodes, bone pain,
dimpling of the skin and red scaly patch of skin. Risk factors
for developing breast cancer include female sex, obesity, lack
of physical exercise, drinking alcohol, hormone replacement
therapy and ionization radiation. BRCA1 and BRCA2 gene
mutations cause breast cancer. It may be treated by the biopsy
of cancering lump, surgery, radiation and chemotherapy and
hormonal therapy, mammographic screening. The medication
tamoxifen or raloxifen may be used in an effort to prevent breast
cancer.

INTRODUCTION:

Ancient Egyptians were the first to note this disease more than
3500 years ago. In 460 B.C, Hippocrates, the father of
Western, described breast cancer is a humoral disease. He also
suggested that cancer caused by the black bile. In 1680, French
physician Francois de la Boe Sylvius suggested that cancer come
from a chemical process that transformed lymphatic fluid from
the acidic to acrid. In 1955, Georg Carlie suggested that cancer
was not localized but rather is spread throughout the body.
Recently, breast cancer is a malignant tumour that starts in the
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breast tissue. Signs of breast cancer may include a lump in the
breast, a change in breast shape, dimpling of the skin, fluid
coming from the nipple, or a red scaly patch of skin. In those
with distant spread of the disease, there may be bone pain,
swollen lymph nodes, shortness of breath, or yellow skin.

Risk factors for developing breast cancer include female
sex, obesity, lack of physical exercise, drinking alcohol,
hormone replacement therapy during menopause, estrogen
exposur,  ionizing radiation, early age at first mensturation,
having children late or not and older age. About 5-10% cases
are due to genes inherited from personís parents, including
BRCA1 and BRCA2 among others.

Breast cancer are classified based on the different clinical
parameter such as molecular marker, histological and
biological parameter. Histologically, it is two types - ductal
carcinomas i.e cancer developing from the duct and lobular
carcinomas i.e cancer developing from the lobule. In addition,
there are more than other sub types of breast cancer.

The diagnosis of breast cancer is confirmed by taking a
biopsy of the cancering lump. Once the diagnosis made,
further tests are done to determine if the cancer has spread
beyond the breast and which treatments it may respond to. The
medications tamoxifen and raloxifen may be used in an effort
to prevent breast cancer in those who are at high risk of
developing it. Surgical removal of both breasts is another
useful preventive measure in high risk women. In addition, a
number of treatments may including surgery, radiation and

Science Review, Vol-1, 2016 ISBN: 978-81-917259-2-5
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lobules of the breast, where breast milk is produced. When it
breaks out of the lobules, itís considered invasive lobular
carcinoma. Biological type refers to expression of hormone
receptors, such as estrogen receptor(ER) and progesterone
receptor(PR) and HER2( human epidermal growth receptor 2).

STAGES OF BREAST CANCER

The stage of breast cancer is one of the most important factors
in evaluating treatment. It is usually expressed as a number on
a scale of 0 through IV. The stages are ñ

Stage 0 (non-invasive, carcinoma in situ): there is no evidence
of cancer cells breaking out of the breast in which they started,
or off getting through to or invading neighbouring normal
tissue.

Stage I: The tumour measures up to two centimetres and no
lymph nodes are involved.

Stage II (invasive): The tumour measures between two to five
centimetre, or the cancer has spread to the lymph nodes under
the arm on the same side as the breast cancer.

Stage III (locally advanced): In this stage, the tumour in the
breast is more than two inches in diameter across and cancer is
extensive in underarm lymph nodes or tissues near the breast.

Stage IV (metastatic): In this stage, the breast cancer has spread
beyond the mammary lymph nodes to other parts of the body
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chemo therapy, hormonal therapy. Breast cancer reconstruction
may take place at time of surgery or at a later date. In those in
whom the cancer has spread to other parts of the body,
treatments are mostly aimed at improving quality of life and
comfort.

WHAT IS BREAST CANCER?

Breast cancer is a malignant tumour that starts in the cells
of the breast tissue. A malignant tumour is a group of cancer
cells that can grow into surrounding breast tissues or spread to
distant areas of the body. The disease occurs almost entirely in
women, but men can get it. Normally the female breast is made
up mainly of lobules (milk ñ producing glands), ducts (tiny
tubes that carry the milk from the lobules to the nipple), and
stroma (fatty tissue and connective tissue surroundings the ducts
and lobules, blood vessels and lymphatic vessels).

TYPES OF BREAST CANCER

Breast cancer is classified based on different clinical
parameter such as molecular marker, histological and
biological parameter. According to molecular marker breast
cancer classify in five sub- types like luminal A, luminal B,
HER to enriched, triple negative breast cancer and normal like
breast cancer. According to histological parameter breast
cancer are two type Ductal carcinoma and lobular carcinoma.
Ductal carcinoma is the most common types of breast cancer.
It forms in the lining of a milk duct within the breast. Ductal
carcinoma can remain within the ducts as a no invasive cancer
(ductal carcinoma in situ) or it can be break out of the ducts
(invasive ductal carcinoma). Lobular carcinoma i.e starts in the
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near to or distant from the breast.

SYMPTOMS OF BREAST CANCER

The first noticeble symptom of breast cancer is a lump
that feels different from the rest of the breast tissue. More than
80% of breast cancer cases are discovered when the women
feels a lump. In the early stage, pain usually does not occur in
the lump of breast. But in later stage, pain may occur due to
involvement of deeper structures like muscle, ribs etc.,
resulting in severe excruciating pain which increases with chest
movements.

Indications of breast cancer other than a lump may include
thickening different from other breast tissue, one breast tissue
becoming larger or lower, a nipple changing position or shape
or becoming inverted, skin puckering, or dimpling, a rash around
a nipple, discharge from the nipples and swollen beneath the
breast or armpit.

RISK FACTOR

Risk factor can be divided into two catagories-

Modifiable risk factors (things that people can change
themselves, such as consumption of alcoholic beverages). And
fixed risks factors (things that cannot be changed, such as
biological sex). The primary risk factors of breast cancer are
female sex and older age, others potential risk factors include
genetics, lack of child bearing, higher levels of certain
hormones, certain dietary patterns, and obesity. Recent studies
indicate that exposure to light pollution is a risk factor for the
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development of breast cancer. Smoking tobacco appears to
increase the risk of breast cancer, with the greater amount
smoked and the earlier in life that smoking began, the higher
risk. Abortion increased the risk of developing   breast cancer.

GENETIC FACTOR

Some genetic susceptibility may play a minor role in most
cases. Genetics is believed to be the primary cause of 5-10% of
all cases. The risk of breast cancer before the age of 80 is
7.8%-13.3% and breast cancer between 40-50 is double that of
general population. In less than 5% of cases, genetics plays a
more significant role by causing a hereditary breast ñovarian
cancer syndrome. This include those who carry BRCA1 and
BRCA2 gene(tumour suppressor gene) mutation. This
mutation account for up to 90%of the total genetic influence
with a risk of breast cancer of 60-80% in those affected. Other
significant mutation include p53, PTEN, STK11, CHEK2, ATM,
BRIP1, PALB2.

PATHOPHYSIOLOGY

Breast cancer like other cancers, occurs because of an
interaction between an environmental factor and genetically
susceptible host. Normal cells commit cell suicide(apoptosis)
when they are no longer needed. They attach to other cells and
stay in place in tissues. Normal cells become cancerous when
they lose their ability to stop dividing, to attach to the other
cells, to stay where they belong, and to die at the proper time.
Normal cells are protected from cell suicide by several protein
clusters and pathways. One of the protective pathways is PI3/
AKT and other is RAS/MEK/ERK. Normally the PTEN
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protein turns off the PI3/AKT pathway when the cell is ready
for cell suicide. In some breast cancers, the gene for PTEN
protein is mutated, so the PI3/AKT pathway is stuck in the on

position and the cancer cell does not commit suicide.

Abnormal growth factor signalling in interaction between

stromal cells and epithelial cells can facilitate malignant cell

growth and over expression of leptin leads to increased cell

proliferation and cancer. The inherited mutation in BRCA1 and

BRCA2 genes can interfere with repair of DNA cross links and

DNA double strand breaks(known functions of encoded

protein).  This mutation caused by the carcinogens. GATE-3

directly controls the expression of estrogen receptor and other

genes associated with epithelial differentiation, and the loss of

GATE-3 leads to loss of differentiation and poor prognosis due

to cancer cell invasion and metastasis.

TREATMENT

The main treatment for breast cancer are surgery,

radiotherapy i.e the treatment involving the use of high energy

radiation, chemotherapy i.e a type of cancer treatment with

medicine used to kill cancer cells, hormone therapy, biological

therapy,  mastectomy i.e surgical  removal of one or both  breast,

breast cancer screening, mammographic screening i.e the

process of using low- energy x-rays to examine the human breast

and it is harm or good. Most types of breast cancer are easy to

diagnose by microscopic analysis of a sample- or- biopsy of

the affected area of the breast. Other options of biopsy include

a core biopsy or vaccum- assisted breast biopsy, which are
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procedure in which a section of the breast lump is removed, or
an excisional biopsy in which entire lump is removed.

PREVENTION

Women may reduce their risk of breast cancer by
maintaining a healthy weight, drinking less alcohol, being
physically active and breast feeding their children. These
modifications might prevent 38% of breast cancer in US. The
benefits with moderate exercise such as brisk walking are seen
at all age groups including post- menopausal women. Marin ñ
3 polyunsaturated fatty acids appear to reduce the risk. Removal
of both breast before cancer may be prevent risk of breast
cancer. The selective estrogen receptor modulators s(such as
tamoxifen) reduce the risk of breast cancer but increase the
risk of thromboembolism and endometrial cancer. They are thus
not recommended for the prevention of breast cancer in women
at average risk but may be offered for those at high risk. High
consumption of soy-based foods may reduce risk.

CONCLUSION

This review emphasize that breast cancer is malignant
tumour in breast tissue and is an aggressive disease in women
than men. It occurs due to biological sex, older age, mutation
in BRCA1 and BRCA2, estrogen exposure, certain dietary
patterns, alcoholic consumption, light pollution and obesity. It
may be treated by the surgery, radiotherapy, chemotherapy,
surgery, hormone therapy and biopsy. In addition, tamoxifen
and raloxifen medicines are used for the breast cancer
treatment.
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INDUCED BREEDING IN I.M.C

& EXOTIC CARPS

Upasana Datta*

ABSTRACT

Carps are seasonal breeders. On attaining proper age,
the gonads start maturing gradually with the advent of
breeding season. Reproduction in fish is a balance between the
activities of hormones secreted by endocrine glands and the
environmental cues that trigger the physiological state and the
endocrine glands to secrete hormone. When environment
influences favourably to secrete more GnRH than Dopamine,
gonadotropins are released from pituitary and breeding
commences. Based on this fact induced breeding technique has
been established and dose determination of pituitary extract
for induced breeding in I.M.C and exotic carps is cited in this
review article.

Introduction

1. What is induced breeding?

By induced breeding we mean injecting fish to spawn.
The medicine which is introducecd within the body of fish is
hormone. This hormone may be of two types; Natural hormone
and Synthetic hormone. In 1957 Dr. Hiralal Chowdhury
successfully spawnned Indian Major Carps by injecting
pituitary gland extract in the Cuttack Research sub-station of
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the Central Inland Fisheries Research Institute, ICAR.Applying

this technique, exotic carps like Grass carp and Silver carps are

successfully spawnned in 1962. [1] However, the concept was

applied successfully in Brazil only in 1934 by Von Ihering and

his collabrators.The Russian scientists also sucessfully applied

the technique on Sturgeons in 1937.

2. Why Induceed breeding is neccesary?

Collection of these spawns from river and their

stocking in ponds for cultivation have several disadvantages-

1)There are only few centres of seed collection. 2)The total

amount of carp seed collected from these centre  is inadequate

to meet the huge demand of seed required for advanced method

of mixed culture through the country. 3)Moreover, the stocks

of seed collected from river include a mixture of economical

and non economical species. Sorting out of economical

species out of this mixture is tideous job. Therefore, the

necessity of breeding carps in captivity was felt urgent  to

ensure a dependable source of quality seed of carps. After a

long period of intensive research a technique of breeding carp

has been developed and is used commercially through out the

country.

The main objectives of Induceed breedind are

i)To get pure seed of a desired species for culture. ii)To ensure

availibility of seed in adequate quantity iii)Sustained

production of seed over along period (generally 5 to 6 months

for carps extending from March to August).

Science Review, Vol-1, 2016 ISBN: 978-81-917259-2-5
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gonadotroph cells of the pituitary to secrete Gonadotrophic

hormones. Dopamine is an antagonist of GnRH is also
secreted by hypothalamus. It prevents gonadotrophs to release

gonadotropins. When environment influences favourably to

secrete more GnRH than Dopamine, gonadotropins are released

from pituitary and breeding commences. Excess secretion of

gonadotropins negetively feed back to secrete more Dopamine

which then stops release gonadotropins. Gonadotropins released

from the anterior pituitary are known as GtH. These hormones

play a vital role in regulating the developmet of testis and ovary

and spawning. In higher vertebrates gonadotropins are of two

types-FSH and LH. Fish gonadotropins are proportinately poorer

in FSH than mammals, but contain normal amount of LH

[Figure 1].

According to some authors there are only one GtH in fish which

they termed as LH-like in physiological action.[2] However, the

other authors who believe that fish have two GtHs. But these

two GtHs cannot be classified as FSH and LH; rather than these

are classified as GtH1 and GtH2. GtH stimulates  two hormones

in ovary:- Oestradiol 17b and 17a,17a-20b-diOH Prog and

three hormones in the testis:- Testosterone,11-ketotestosterone

and 17a,17a-20b-diOH Progesterone. Oestradiol 17b initiates

vitellogenesis in ovary and rest of the maturation i.e chromosme

condensation, extrusion of first polar body and Germinal vesicle

breakdown (GVBD) are initiated by 17a, 20b-diOH

Progesterone .The spermatogenesis process in testis is

completed by testicular hormones. [3,4]
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3. Breeding habit of carps

Carps are seasonal breeders. On attaining proper age,

the gonads start maturing gradually with the advent of

breeding season. Both light and temperature govern sexual

development and spawning activities of carps.Rain is also a

vital environmental factor that influence maturation f gonads.

Proper maturity of carps in natural habitats depends to a large

extent on rainfall and monsoon floods. If monsoon is delayed

there is also a delay in reaching full maturity and spawning of

carps, while continuous and excess rainfall may induce early

matuirity. Sudden dilution of river and pond water as very

favourable influence on the full maturity and spawning of

carps.With the onset of monsoon the rivers carry a lot of fresh

water and the carps ascend against the water current and

migrate to adjacent shallow areas for spawning purposes. They

undergo a brief sex play which probably stimulates the

pituitary gland to secrete hormones resulting in induction of

ovulation and spawning.

4.Hormonal Background of breeding

Reproduction in fish is a balance between the activities

of hormones secreted by endocrine glands and the

environmental cues that trigger the physiological state and the

endocrine glands to secrete hormone.

5. Hormones that play key role in fish reproduction are

as follows

GnRH secreted by the Hypothalamus induces the
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7.0. Techniques of Induceed breeding through

Hypopysation: [Table 1] difference between them

7.1.Brood fish management

One of the most important pre-requisite of induced breed-
ing by Hypophysation is the availability of brood fish, which
respond easily to the pituitary extract.

7.1.2: Quality of ideal carp brood fish

 i)Carps of 2-4 years old and of 2-5 kg weight respond best
to hypophysation. ii)The brood fish should be healthy and
free of any infection. iii)There should be minimum deposit
of fat in the body .iv)In brood male carp a gentle pressure
near the abdomen results in milk ooze out.v)In brood fe-
male carp the abdomen becomes soft, buldging, slightly
swollen with pinkish vent [Table 2]. However, this may be
deceptive in case of  Grass carp because of excessive feed-
ing and in Catla due to  fat deposition.

7.2. Collection and preservation of Pituitary Gland

The gland should preferably be collected from market from
severed heads of carps of fully ripe gravid fishes, as the gland
is most potent at the time of breeding or just before spawning.
Glands collected from immature or spent fishes usually do not
give satisfactory results. Most suitable time in India for
collection of pituitary glands of major carps is during May to
July months, as the majority of carps attain advanced stages of
their maturity during this period. Common carp (Cyprinus
carpio) is a perennial breeder. Its mature individuals can be
obtained almost all the year round for the collection of glands.

Figure 1: Hormonal background of breeding

6.Physio-chemical conditions prevailing during natural

spawning in river

High turbidity, low pH (6.2-7.6), low total alkalinity
(80-90 mg/L as CaCO

3
), moderate dissolved oxygen

(6.0 mg/L), water temperature  range of 270 ñ 290 C, increased
conductivity of water and abrupt rise of water level have been
recorded as conductive for spawning in natural condition.

Table 1: Difference between hypophysation and induced

breeding

Hypophysation  Induced breeedig

i) Hypophysation is a technique in
which pituitary gland of fish is
processed to extract gonadotropin,
which is then injected to gravid
female and male fish to spawn.

i) Fish may be induceed to spawn
with the help of synthetic hormone
or other inducing agents.

ii) The term Hypopysation is
applicable only when pituitary extract
is used.

ii) The term Induceed breeding is
used in broad sense when any
inducing agent is used to induce fish
to spawn which may be pituitary
extract or synthetic hormones such
as Ovatide, Ovaprime ,HCG etc

109  Induced Breeding



112  Induced Breeding

Table 3: The dose as evolved by experimentation in the Cuttack

Research Substation (CIFRI, ICAR) for Indian and Chinese

carps are as follows

Sometimes the chinese carps are given three doses in a
gradually increasing order at an interval of three hours, the to-
tal dose being 16-20mg/kg.[5]

Knockout Dose

During late in the season females are often injected with single
knock out dose usually at 10-14 mg/kg body weight of ripe
females of IMC and 16-20 mg/kg body weight of ripe females
of grass carp and silver carp.

7.4.Application of synthetic hormones for breeding of carps

Now a days except pituitary extract, many synthetic hormones
like WOVA-FH, OVATIDE, OVAPRIM, H.C.G are used
successfully. These synthetic hormones recuire only single dose.
The common dose for all carps is 0.10-0.20 ml ovaprim / kg
body weight of males and 0.25-0.80 ml ovaprim / kg body

Table 2: Difference between male and female IMC on the

basis of Secondary sexual characters during breeding

season

Male brood Fish Female brood fish

i) Males show roughness on the
dorsal side of the pectoral fin, Total
spread area of pectoral fin is more in
male

i) Pectoral fin with smooth surface
in female, total spread arwa is less.

ii) Maleís absomen shows relatively
flat belly with small pit like vent.

ii) Female show soft swollen belly
and reddish or pinkish vent

iii) By slight pressing on abdomen
white semen will release.

iii) By slight pressing on abdomen,
egg will release in breeding season
and blood will releases in other
season.

The glands are usually collected from freshly killed fishes. While
collecting gland,fish should be wiped to clean the blood with
cotton or tissue paper. If water is used to clean the gland, the
chemical composition will be weaken and readily soluble in
water. The pituitary glands can be preserved by three methods:
Absolute Alcohol,Acetone and Freezing.

7.3.Determination of dose of pituitary extract:[Table 3]

Determination of proper dose is most important for successful
spawning. It depends on several factors:

a)Species of fish
b)Size and stage of sexual maturity of the fish
c)Potency of the gland
d)Ecological factors of breeding.

I.M.C/
Exotic carps

species

1st dose in
Female brood
fish (mg/kg

body weight)

Time interval
between 1st

and 2nd dose

2nd dose in
female brood
fish (mg/kg

body weight)

1st dose in
male brood
fish (mg/kg

body weight)

Rohu 2-3 mg 6 hr 6-8 mg 3-4mg

Catla 3-4 mg 6 hr 8-10 mg 4-5 mg

Mrigel 1-2 mg 6 hr 4-6 mg 2-3 mg

Silver carp 4-6mg 8 hr 12-16 mg 5-6 mg

Grass carp 3-4 mg 8 hr 10 -14 mg 4-5 mg
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amount of gland and volume of extract required for injection
required for injection. After homogenization the gland extracts
itself can be injected when intraperitoneal injection is used.
But when intramuscular injection is used the extract is further
centrifuged at 3000 rpm for 10 minutes and only the
supernatant is used for injection.

7.6.Method of injection

Intra-muscular injection is the most common practice in India
and it is less risky in comparison with the other  methods.
Intramuscular injections are usually given at the caudal peduncle
or shoulder regions near the base of the dorsal fin at an angle of
450 [Figure2].

8.Spawning

After the injection, the brooders are released immediately
inside the breeding hapa. Spawning normally occurs within
6-8 hours after the second injection ñ Effective Dose.

Figure2. insertion of syringe at 450 angle at the caudal

penduncle

Fertilised eggs of major carps appear like shining glass beads
of crystal clear transparency while the unfertilised ones look
opaque and whitish. Fully swollen eggs of the Indian major
carps measure 2.5 mm in diameter, the largest being that of

weight of females.[,6,7] Female catla is found to respond
positively for a dose range of between 0.4-0.5 ml/kg, while
rohu and mrigal respond to lower doses of 0.35 ml / kg and
0.25 ml / kg respectively. Among exotic carps, silver carp and
grass carp are bred at doses ranging between 0.40-0.60
ml / kg.[8,9]

7.5.Preparation of pituitary extract

Two males against each female make a breeding set. To
make a good matching set, the weight of the males together
should be equal to or more than the female.1-3 pituitary glands
are effective for a pair of fish. Preserved glands are weighed.
This is essential for accurate determination of the dose to be
given according to the weight of the breeders. To get a more
accurate weight, a gland should be weighed after two minutes
of its removal from alcohol. The pituitary extract should be
prepared just before the time of injection. The quantity of gland
required for injection is at first calculated from the weight for
the breeder to be injected. The glands are then selected and the
required quantity of glands is taken out of the phials. The
alcohol is allowed to evaporate, if the glands are alcohol pre-
served ones. The glands are then macerated in a tissue
homogeniser by adding a measured quantity of distilled water
or common salt solution or any physiological solution which is
isotonic with the blood of the recipient fish. The most
successful results of induced breeding in the Indian major carps
have so far been obtained with distilled water and 0.3%
common salt solution. Usually ,0.2 to 0.6 ml extract is
considered adequate for brood fish ranging between 1 to 4 kg.
The volume of water or salt solution should be adjusted to the
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as- Catla showed a R.F of 2,50,000 eggs / kg of fish. In case of
Rohu and Mrigal it is 3,00,000 eggs / kg of fish and 2,80,000
eggs / kg of fish respectively. In case of Grass carp and Silver
carps R.F after induced breeding found to be 80,000 eggs / kg
of fish and 2,00,000 eggs / kg of fish  respectively [Table 4]. So
induced Fertilisation results immediately. Soon after
fertilisation, the eggs swell up considerably owing to
absorption of water.

Breeding is a blessing for us and we live in the era of induced
breeding. But we have to consider that many species of fish
will not readily reproduce under certain culture conditions.
Others will but not necessarily when the farmer desires. In these
cases, induced breeding can be of great value. Two techniques
are commonly used, sometimes in conjunction with one
another. The first is manipulation of the culture environment to
mimic some important quality in the fishís natural environment.
The second is injection of hormones to stimulate spawning.
The hormones may be natural hormones taken from fish or other
animals or synthetic analogs of naturally occurring hormones.
Methods vary from species to species and situation to
situation. However, at least two generalizations can be drawn.
First, brooders are very vulnerable to rough handling. Care
should always be used to avoid damaging these valuable
animals. Second, a fish that does not have mature gametes will
not produce viable eggs or sperm no matter how many times it
is injected with hormones. Ripeness is the result of
environmental factors working over a period of time leading to
maturation of the gonads and production of viable eggs. Many
procedures have been developed for inducing fish to undergo
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catla and the smallest of rohu. The developing eggs are retained
in the breeding hapa undisturbed for a period of at least 4-5
hours after spawning to allow the eggs to get properly
water-hardened. After this, the eggs are transferred to hatching
hapa. Approximately 14 hours after fertilisation eggs hatch out.
The grass carp and silver carps require stripping to release eggs
and milts. The stripped out eggs are taken in a tray. The tray is
gently shaked to initiate fertilisation. The fertilised eggs are
transferred to hatchery.

Table 4:-Relative fecundity (R.F) of I.M.C and Exotic carps

after successful induced breeding[10]

9.Coclusion

Culture of carps in confined water is an age old practice in
India. In recent years the induced breeding techniques of carp
culture have undergone revolutionary changes so as to increase
the production and meet the increasing demand of carps as food
fish. After successful induced breeding the relative fecundity
of I.M.C and Exotic carps have increased to a satisfactory level

Species Fecundity

Catla 2,50,000 eggs / kg of fish

Rohu 3,00,000 eggs / kg of fish

Mrigal 2,80,000 eggs / kg of fish

Grass Carp 80,000 eggs / kg of fish

Silver Carp 2,00,000 eggs / kg of fish

Common Carp 1,20,000 eggs / kg of fish
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the last steps of spawning. Farmers should thoroughly research
the procedures that have been developed for their species of
fish through experimentation and select those that best suit the
circumstances. In addition, once the fish have spawned, there
are many techniques involved in incubating and caring for the
eggs and caring for the hatched fry. These too must be
thoroughly researcher.
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Y RNA AS CANCER BIOMARKER ñ
A NEW HOPE FOR CONTROL TREATMENT

Ananya Ghosh*

ABSTRACT

Noncoding Y RNAs are identified as essential factors for
chromosomal DNA replication in human cell nuclei. Relative
expression levels of all 4 human Y RNAs (hY1.hY3,hY4,hY5)
were determined  in extracts from human solid tumours,
corresponding non-malignant normal tissues and culture
derived cells. Y RNAs are over expressed in solid tumours than
non-malignant cells. A functional requirement of Y RNAs for
cell proliferation was investigated in systematic survey for loss
of function by RNA interference(RNAi).  So the noncoding hY
RNAs have potential both as new cancer biomarker and as
molecular target of  anti proliferative intervention. Their
functional requirement for cell proliferation in cultured cell
identifies them as a novel targets for the development of
potential antiproliferative intervention and cancer treatment.

INTRODUCTION

Cancer is a disease characterised by uncontrolled cell
proliferation at wrong time and place in a given tissue.
Chromosomal DNA replication is the major driving force for
cell proliferation both during normal development and in
cancer.

A naturally occurring molecule, gene  or characteristic by
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which a particular pathological or physiological process
disease can be identified. So a cancer biomarker refers to a
substance or process that is indicative of the presence of cancer
in the body. Proteins like Cdc6, MCM, Ki-67 directly involved
in chromosome replication provide molecular biomarkers for
cell proliferation and cancer. Antibodies specific for Cdc6,
MCM, Ki-67 allow detection of proliferating cells in tumour
tissues and normal tissues.

In addition to proteins noncoding RNA are also involved
in regulation of biological processes. The expression patterns
of noncoding microRNA are altered in many human cancers.
Many miRNAs are over expressed in cancer, suggesting they
may function as oncogenes, e.g. miR-17-92 cluster in
lymphomas. Conversely, the expressions of some miRNAs are
reduced in malignancies, suggesting they may function as
tumour suppressor gene, e.g. let-7 in lung cancer.  A different
class of noncoding RNAs termed Y RNAs has been shown to
be functionally required for chromosomal DNA replication in
mammalian cell nuclei. These were identified as RNA
component of soluble ribonucleoprotein, which are detected
by sera from patients suffering from systemic lupus
erythematosis. In eukaryotes, the small noncoding Y RNAs act
as novel factors for chromosomal DNA replication in human
cell free system.

Y RNA

Y RNA  is a small noncoding RNA. They are component
of Ro-60 protein particle which is target of autoimmune
antibodies of  in patients with systemic lupus erythematosis or
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conserved secondary structure containing at least 3 stem
structures. A small internal loop separate 1 and 2 stem, while a
larger pyrimidine rich internal loop separates stem 2 and 3. Stem
1 contains highly conserved sequences, corresponding to Ro60
protein binding site. Sequence variation of Y RNA in different
organism lies within large internal loop and 3rd stem structure.
The size of the loops varies from 13 to 36nt. Stem, loop and 3í
poly U region responsible for interaction. Stem is most con-
served region.

    (112nt,35.7kDa)  (101nt,32.2kDa)  (93nt,30.0kDa) (83nt,27.6kDa)

Fig: Structure of different hY RNA molecule

There is a long stem(stem1+stem2) formed by base
pairing the 5í and 3í end of all these molecules. In this region
contain most highly conserved nucleotides i.e. the binding site
for Ro60 protein and also important element for nuclear export
of Y RNA. The central region of  Y RNA is dynamic in nature
and thus this is readily available for interaction with other
nucleic acids which might be important for its function. The
stable base paired stem of hY 3 served as handle for protein
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Sjogrenís syndrome (is a systemic autoimmune disease, can
affect any part of the body and it is both a type II and a type III
hypersensitivity reaction in which bound antibody-antigen pairs
precipitate and cause a further immune response.).

Fig: Butterfly syndrome of lupus erythematosis
Four Y RNA species in human have been characterised.

These are -
1) hY1 RNA ( hY 2 is a truncated form of  hY1
2) hY3 RNA
3) hY4 RNA
4) hY 5 RNA.

Each  hY RNA  is encoded by a single functional gene,
which is transcribed by RNA pol III  by  an upstream type 3
promoter. The Y  RNA genes have been conserved during
vertebrate evolution, even though different numbers of active
Y RNA genes exist in different species due to gene losses,
duplications and rearrangements.

STRUCTURE OF Y RNA

Several Y RNA sequences have been described from a
variety of organism.  The small RNA molecules are fold into
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The role of Y RNA in DNA replication

The propagation of life relies on the efficient and timely
replication of the cellís genetic material. During cell division
in all organisms, parental DNA gives rise to two identical
daughter strands, each inheriting one original strand.

Figure:  Y RNAs, associated binding proteins, and regions
involved in DNA replication.

All Y RNAs have at least two main stems separated by a
large internal pyrimidine-rich loop. The most conserved region
between the Y RNAs is the stem at the 3//5/  end. This is where
the Ro60 protein binds, and involves the important cytosine
bulge that is crucial for this interaction .The region implicated
in chromosomal DNA replication is boxed in blue. Nucleolin
binds to the large internal loop structure; however, the binding
sites of DNA replication associated proteins Cdt1 and Cdc6
are still to be established. Y RNAs have a 3/ poly (U) tail and a
5/ triphosphorylated guanine residue (pppG), except for Y5,
which has pppA.

123  Y RNA as Cancer Biomarker

and the central region served as fishing net for interaction with
molecules.

FUNCTION

Two functions have been described for Y RNAs in the
literature:1) As a repressor of Ro60, and 2) as an initiation
factor for DNA replication, Mutant human Y RNAs lacking
the conserved binding site for Ro60 protein still support DNA
replication ,indicating that binding to Ro protein and
promoting DNA replication are two separable functions of Y
RNAs. Although Y RNA-derived small RNAs are similar in
size to microRNAs, it has been shown that these Y RNA
fragments are not involved in the microRNA pathway.

So the main functions of Y RNA are:

 Initiation of DNA replication.-
ñhY RNAs identified in fractions that are required for
in vitro replication assays
ñDegradation of RNA in vitro or knock down in HeLa
cells impaired replication

 Effect on Ro60 protein.- binding of Y RNA may mask
regions in Ro60 required for nuclear localization.

There is also another function of Y RNA together with Ro
protein that is UV resistance in mammalian cell and bacteria.
Y RNA bound with Ro protein may be involved in recognition/
repair of nuclear damage.
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be identified by seeing if arrested nuclei can then initiate DNA
replication .

Krude and his colleagues identified Y RNA as a essential
factor for DNA replication . They isolate Y RNA from
cytosolic extract.

Fractionation of cell extracts and purification of hY RNA

FIG:  Schematic diagram of fractionation step

Initial fractionation of human cytosolic S20 extract on Q
Sepharose was performed exactly as detailed before. Fraction
QB was diluted in 50 Mm Tris-HCl, pH 8.2, 1 mM EGTA, and
1 mM dithiothreitol (DTT) to adjust the KCl concentration to
150 mM and loaded onto arginine-Sepharose (A equilibrated
in 150 mM KCl, 50 mM Tris-HCl, pH 8.2, 1 mM EGTA,
and 1 mM DTT. The material flowing through the column
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In eukaryotes, chromosomal DNA replication is tightly
regulated and is closely linked to the cell cycle, occurring in
S phase. Eukaryotic cells start DNA replication through the
assembly of the multiprotein pre-replicative complex (pre-RC)
in the G 1 phase of the cell cycle. This is initiated with the
assembly of the six-subunit, origin recognition complex (ORC),
which in turn recognises specific sites where DNA replication
initiation occurs called autonomously replicating sequences.
The Cdc6 and Cdt1 proteins then interact with the ORC and
facilitate the recruitment of the minichromosome maintenance
proteins Mcm2 ñ 7 together; these proteins form the pre-RC in
G 1 phase nuclei. Activation of the pre-RC and the formation
of DNA replication forks occurs during the transition to S phase
and involves a second group of factors. These proteins include
the two kinases Cdk2 and Cdc7. Other initiation  factors are
then recruited, including Cdc45, Mcm10, the GINS complex
and replication protein A. Origin DNA is then unwound, and
the three DNA polymerases (DNA pol, DNA pol, and DNA
pol) are recruited and commence replication. It was shown that
S-phase cells contain factors that could induce G1, but not G2
phase nuclei, to prematurely trigger DNA replication. More
recently, the development and optimisation of a human
cell-free system to study DNA replication was established,
which has resulted in further replication factors being
uncovered . In this cell-free system, isolated cell cycle-arrested
template nuclei synchronised in late G 1 phase are prepared,
which are licensed to replicate, but lack active DNA
replication forks. Then, by adding cytosolic extracts from
proliferating cells containing initiation factors or combinations
of specific cellular fractions, novel DNA replication factors can
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Identification of human Y RNA as essential factor for DNA

replication

Using this cell-free system, Krude and colleagues
identified the non-coding Y RNAs as essential factors for
chromosomal DNA replication. When the cytosolic extract from
actively proliferating cells was fractionated by anion exchange
chromatography, this gave rise to two essential fractions called
QA and QB. QA contains RPA and QB contains PCNA factor
and atleast 1 replication factor. QB was further separated into
fractions ArFT and ArE by ion exchange chromatography.
Fractions QA, ArFT, and ArE were sufficient to initiate DNA
replication when added to template nuclei. ArFT contains bulk
of proteins. Surprisingly, fraction ArE was found to be
composed mainly of nucleic acids rather than proteins, and it
was from this fraction that Y RNAs were purified. The QA and
ArFt fractions alone were not sufficient to significantly drive
DNA replication in isolated nuclei from human somatic cells,
with only 15 % of nuclei replicating in the presence of these two
fractions . However, when the purified Y RNAs were added along
with these two protein fractions, the proportion of replicating
nuclei increased in a dose-dependent manner to 50 %.

Sequence of  Y RNA involve in DNA replication

 The requirement for Y RNAs for DNA replication was also
seen in mouse cell nuclei, where interestingly, human Y RNAs
could also initiate mouse DNA replication, indicating that these
factors are evolutionary conserved. A new motif in the
double-stranded upper stem of Y RNAs was identified, which
is evolutionarily conserved within vertebrate Non-vertebrate
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(termed ArFT) was collected. Bound material (termed ArE)
was eluted in 350 mM KCl, 50 mM Tris-HCl, pH 8.2, 1 mM
EGTA, and 1 mM DTT. The RNA present in fraction ArE was
further purified by extraction with phenol-chloroform and
precipitation in isopropanol (31). RNA was separated
according to molecular mass on a Superdex-200 HR10/30
column (Amersham Biosciences) in TE buffer (10 mM
Tris-HCl, pH 8.0, 1 mM EDTA). RNA was detectable between
7 ml and 20 ml of elution volume. RNA contained in each
fraction was concentrated by ethanol precipitation and analyzed
by agarose gel electrophoresis . RNA was visualized by
staining with EtBr. Inverted images are shown in the figure.

FIG: visualisation of RNA purified from ArE. The RNA
present in fraction ArE was purified by phenol extraction and
isopropanol precipitation, separated on 2% neutral agarose gel,
and visualised by staining with EtBr(lane RNA). A ladder of
multimeric 100bp DNA fragments was used as molecular weight
marker( lane M). An inverted image of fluorescent gel is shown.
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RNA ñ further supporting the functional redundancy of Y RNAs

in this process. In another study, using fluorescently labelled
Y RNAs, it was shown that Y RNAs act in a ë catch and release
í mechanism whereby Y RNAs associate with the unreplicated
euchromatin in the late G 1 phase of the cell cycle, and are
displaced once initiation has taken place. Around 20 ñ 70 % of
hYRNAs associate with nuclei in G 1 phase cells, whereas only
4 ñ 10 % associate in G

2
 . It was further shown that hY1, hY3,

and hY4 co-localise with each other on euchromatin sites, but
not with hY5, which was enriched in nucleoli. Although it was
previously shown that the upper stem region alone was suffi-
cient to reconstitute DNA replication in template nuclei , it was
demonstrated that the loop domain of the Y RNAs was required
for targeting Y RNAs specifically to euchromatic sites. Y RNA
mutants where only the upper stem maintained a wild-type
sequence showed non-specific site binding across the nucleus,
including heterochromatic region.

Human Y RNAs appear to associate with DNA replication
Factors. This was demonstrated by conducting RNA pull-down
assays where agarose beads are coupled to the 3/ termini of the
Y RNA  . All four Y RNAs interact with members of the origin
recognition complex (ORC 2 and 3 interacted with hY1, 3, 4,
and 5 and ORC 4 and 6 interacted with hY1, 3 and 5 only).
Furthermore, Cdt1, Cdc6, and the DNA unwinding protein
DUE-B all interacted with the Y RNAs. None of the proteins
associated with DNA replication elongation such as Mcm2 ñ
7, CMG, and the DNA polymerases bound to the Y RNAs,
supporting earlier work that these non-coding RNAs are
specifically involved in the initiation stage of replication .
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Y RNAs could not reconstitute DNA replication in vertebrate

systems. Importantly, the structure of the Y RNAs was shown

not to be the contributing factor that initiated DNA replication.

Instead, a conserved double-stranded 9-basepair motif sequence

in the upper stem of the Y RNAs identified in screens of hY1

mutants was sufficient to drive DNA replication in the

presence of protein fractions QA and ArFt. This motif was found

to have a consensus sequence of 5/ -GUAGUGGG-3/ on the 5/

strand and 5/ -CCCACUGCU-3/ on the 3/ strand. This motif

was not found in non-vertebrate Y RNAs. The addition of this

double-stranded sequence alone was sufficient to drive DNA

replication without the requirement of the other protein bind-

ing domains of the Y RNA (again, in the presence of QA and

ArFt). Interestingly, the same results were not observed with

the addition of this sequence in DNA from.

Function of Y RNA in chromosomal replication

To investigate exactly how Y RNAs facilitate chromosomal

DNA replication, Krude and colleagues degraded Y1 and  Y3

RNA at different time points of the cell cycle and monitored

replication track extension rate (or the rate at which nascent

DNA is polymerised). They found that Y RNAs are required

for the establishment and initiation of DNA replication forks,

but are not required for the elongation of actively replicating

DNA. Additionally, the stability of the DNA replication fork

was not affected by depleting the Y RNA population. The

reduction in the amount of single-stranded nascent DNA by

degrading Y3 RNA could be negated by the addition of Y1
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ELEVATED hY RNA EXPRESSION IN HUMAN

TUMOURS

To assess the role for hY RNAs in cancer, it must be
determined the relative expression levels in human solid
tumours and corresponding healthy non-malignant tissues. The
overall range of relative expression levels of Ki-67 mRNA
expression overlaps between normal and tumour samples, but
the mean Ki-67 mRNA expression was 1.6-fold higher in
tumour samples compared with normal tissue samples.
Overall, the mean relative expression levels of  all 4 hY RNs
are increased in tumours  compared to normal tissue, ranging
from 4-fold for hY4 to 13 fold for hY1.

Fig: Elevated hY RNA expression in tumours. The relative
expression of these RNAs in tumour samples compared to
corresponding normal tissue samples.

Depletion of hY RNAs inhibits chromosomal DNA

replication in late G1 phase  nuclei

To see the effect of depleted hY RNA in chromosomal
DNA replication in late G1 phase nuclei, some experiments
are done. These are:
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Y RNA and cancer

EXPRESSION PROFILE OF  Y RNA IN HUMAN

TISSUES

Expression levels for each of 4 hY RNAs were determined

by quantitative RT-PCR and expression levels were normalised

to HPRT mRNA, which show very low variation in expression

levels between different human tissues and cell types. All 4 hY

RNAs and Ki-67 m RNA were expressed in all tissues

investigated. The relative expression level of 4 h Y RNAs

varied far less between different tissues than Ki-67 mRNA.

2 important things in this case are-1) expression levels of hY

RNAs do vary with tissue type. 2) the expression of hY1, hY3

and hY4 RNAs are to some extent linked but expression of

hY5 RNA and Ki-67 mRNA appear largely separated.

FIG: Relative expression levels of hY RNA in human tissues. [a=adipose tissue,
b=bladder,c=brain,d=cervix,e=colon,f=oesophagus,g=heart,,h=kidney,i=liver,

j=lung,k=ovary,l=pancreas,m=prostate,n=skeletalmuscle,o=smallintestine,
p=spleen,q=testes,r=thymus,s=thyroid, t=trachea]
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After depletion of hY1 RNA by anti hY1 in late G1 nuclei,
the% of G1 phase nuclei replicating in the cytosolic extract
was restored by addition 0f hY3, hY4, hY5 RNA.The
depletion of hY3 is also restored by hY1 RNA. These
experiment demonstrate that the 4 hY RNA functionally
replace each other.

Fig: Functional substitution of 1 depleted hY RNA in the
extract by other by different hY RNA.

Recent work of Y RNA  on chromosomal replication

A functional role for hY RNAs in mammalian
chromosomal DNA replication and proliferation of human
cultured cells is difficult to reconcile with knockout
experiment in mice. Deletion of Y RNA-interacting protein
Ro-60 leads to reduced levels of homologous mouse Y1 and
Y3 RNA expression levels in adult brain tissue and embryonic
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After treatment with RNase A in isolated late-G1 phase
nuciei, the relative amounts of all tested RNAs present in
cytosolic extract were reduced by 3 to 4 orders of magnitude.
Importantly, this treated cytosolic extract no longer increased
the proportion of replicating G1 phase nuclei invitro.

Single stranded antisense DNA oligonucleotides
complementary to hY RNA sequences at the 3í side of the single
stranded loops are directed for specific degradation of  hY RNA.
This process is not applicable for hY5 RNA.

After specific depletion of hY1 or hY3 RNA,the treated
cytosolic extract no longer increased the proportions of
replicating late-G1-phase nuclei significantly. Depletion of the
least abundant hY4 RNA resulted in a partial inactivation of
the replication activity of the extract.

FIG: Specific degradation of hY RNA invitro
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hY RNA expression levels to be used to from clinical
prognoses. A detailed clinical followup study with a large
number of cases is now warranted in which individual case
history to be linked to individual hY RNA levels in malignant
and corresponding normal tissue sample.
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stem cells. Ro60 knockout mice are viable  no proliferation
defects in mutant cells. The different observations in these 2
mammalian systems may be due to different quantative
requirements of human and mouse Y RNA for chromosomal
DNA replication and cell proliferation, to physiological
differences between model systems or to different consequences
of the pathway by which Y RNAs are degraded.

CONCLUSION

The feasibility of specifically degrading hY1 and hY3 RNA
in intact human cells, thereby causing a cytostatic arrest of cell
proliferation, suggest that these RNA should be consider
therapeutic intervention. Human Y RNAs can substitute
for endogenous mouse Y RNAs in supporting chromosomal
DNA replication in isolated mouse cell nuclei, indicating some
degree of functional conservation of Y RNAs between primate
and rodents. The next step would be to assess feasibility of
RNAi directed, antisense oligonucleotide-directed degradation
of Y RNAs in accessible tissues and there their tumours in mice.

So, noncoding Y RNA are expressed at significantly
higher levels in several human solid tumours compared to
non-malignant tissue. This property identifies them as novel
cancer biomarkers with promising diagnostic potential. In
addition their functional requirement of cell proliferation in
cultured cells identifies them as novel targets for development
of potential anti-proliferative intervention and cancer treatment

At present, we do not have access to patient history data,
therefore we yet cannot evaluate the potential of relative
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BIOTECHNOLOGY :
SCOPE AND FUTURE IMPORTANCE

Ankush Pal*

ABSTRACT

Biotechnology consists of controlled use of biological
agents, such as microorganisms or cellular components for
beneficial use. Biotechnology has rapidly emerged as an area
of activity having marked realized as well as potential impact
on virtually all domains of human welfare ranging from food
processing, protecting the environment to human health and
agricultural science.

Biotechnology, broadly defined, includes any technique
that uses living organisms (or parts of organisms) to make or
modify products. Biotechnology, therefore, deals with the
application of science and engineering to the direct or indirect
use of cells from plants, animals or micro-organisms, in their
natural or modified forms, for the production of goods and
services for human welfare. It is a multidisciplinary activity
with high potential of economic development and for
improvement of human and animal health and crop productivity.

The basic components of biothechnology are biology,
chemistry and engineering. Intermediate areas of overlap
are biochemistry, biological engineering and chemical
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organisms for new, better or more products. The last approach
is considered as true biotechnology by most researches in this
Recombinant DNA technology is the intentional
recombination of genes from different sources by artificial
means. This is the basis for the creation of new genetic
varieties of organisms which are called ìtransgenicsî. This is
the foundation of ìbiotechnological or gene revolutionî with
limitless potential for industrial and agricultural applications.
The process of r DNA technology typically involves
1) finding of location of the genomic sequence with desired
trait, 2) isolation of DNA sequence by restriction enzyme,
fragmentation, southern blotting and other techniques,
3) identification of the desired DNA sequense by labeled probes,
4) insertion of the gene into cloning vector (plasmid or other
types.) 5) transaction of E.coli with the Cloning vector
carrying recombinant plasmid and 6) sometimes the genes
multiplied using a cloning vector is transferred into an
expression vector where expression of the product of the gene
is better facilitated.

The possible commercial exploitation of biotech especially
microbial biotech appears to be limitless. Achievements so far
made to mention a few are : 1) Production of pharmaceuticals
like antibiotics, steroids, vaccines & human proteins have
revolutionized the human health care system; model cases are
penicillin and insulin production, 2) production of vitamin,
amino acids, organic acids and diverse enzymes especially the
development of overproducing strain for these products, 3) shift
in the next line production of solvents and fuels like alcohols,
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engineering which in turn, have led to three aspects of biotech
in recent times : 1) Molecular biology and genetic
engineering, 2) Biophysics and biomedical engineering and 3)
Microbial biochemistry and biochemical engineering, other
overlapping areas, such as environmental biotech and
engineering, fermentation engineering enzyme engineering and
food and agricultural engineering, are also well developed in
most of the advanced countries. Industries based on
biotechnology earn about 40% of total GNP in Japan and about
33% in USA. In contrast in India we have less than 2% of
industrial income corning from biotechnological processes - a
very dismal situation indeed. One vital reason for this is lack of
trained manpower and without which industries would not
venture to invest in this areas of research and development.
The UGC, DBT and India Government are encouraging
training courses for development of reasearcher and skilled
workers for the development of biotechnology in this country.

Biotechnology approaches can be divided into four basic
types : 1) Classical industrial microbiology which invloves
fermentation of a raw materials using a microbe to obtain the
product (production of alcholic beverages and sour milk by
mecrobial confrontation has a prehistoric root in both eastern
and western cultures), 2) In modern biotechnology, new
organisms are discovered and used for newer products,
3) Efficient strains are developed by selection, mutation or
genetic manipulation other than recominant DNA tech for
quantitative and qualitative increase of older and new products
and 4) use of r DNA technology to ìengineerî transgenic
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biosensor production. In this new field of bio-electronics,
living microbes or their enzymes or organcelles are linked with
electrodes and biological reactions are converted into
electrical currents. In a biosensor, the biological reaction and
the reaction products are used to produce the electrical signal.

Major breakthroughs in molecular biology and genetic
engineering have opened, a very glittering horizon of the
application and success of biotechnology. The high-tech areas
are vigorously pursued by the developed countries and
the competitions are very keen. The priorities of developing
countries with regard to biotech R & D are varying widely. The
government of the Philipines, for example has emphasized
research on antibiotics, vaccines and bimass production.
Brazil emphasizes large-scale production of ethanol for use as
biofuel for motor vehicles and thereby reducing the import of
petrolium. India (DBT) emphasized programme of genetic
engineering of crop plants, tissue culture, enzyme engineers,
vaccines, alcohol production and rural biotechnology.

In India nearly 70% people and their livelihood are village
and wide areas of rural biotechnological application can cause
large-scale economic development. A few examples
possessing high potentials are given below:-

1) Bioenergy : Production of biogas using waste and a
consortium of microorganism.

2) Biofertilizers

a) N
2
-fertilizer production by using Rhizobium,

Azospirillum and other bacteria.
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methane, hydrogen and hydrocarbons; alcohol is the model case
of classical and modern high-tech biotechnology 4) bioleaching
of metals ores and secondary and tertiary recovery of oil by the
use of microorganisms are extensively used in many advanced
countries, 5) food biotechnology especially the prosessing of
foods, fermented foods and diary products of diverse type and
alcholic beverages are booming with newer and better products
and 6) production of single cell protein (SCP) using yeasts,
diverse methylaphilous bacteria and alga like Spirulina is of
great commercial importance in many developing countries like
India.

Another important area where microbial biotechnology is
of direct benefit to mankind is bioremediation of anthropogenic
pollutants of water, land and air. Bacteria in nature cause
degradation of large number of xenobiotic compounds. The
degradation of petroleum hydrocarbons by bacteria
(Chakrabortyís bugs) is now of historical importance. To
eliminate the nonbiodegradable plastic pollution menace of 20th

century, microbiologists, biochemists, polymer engineers have
developed bacteria produced biodegradable plastiscs-the
so-called polyhydroxy alkanoates-(IC1, 1998). There are two
ways of pollution control - one is stoppage or reduction of
dumping of pollutants into the environment; the other is
scavenging of long persisting pollutants from the environments.
Bioremediation of toxicants from air, water and land through
microbial biotechnology appears to be of great potential in the
corning decades of the 21st century.

A rapid developing area of microbial biotechnology,
arousing intense international scientific interest, is that of
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genetically modified microorganisms like Anthrax, Small-pox
virus, Plague bacterium and others is in the research programme
of America and other countries and they have developed many
of them. Misuse of biotechnology should be mentioned and
prevented.
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b) Vermicompost - using earth worms excellent
N

2
 - fertilizers can be produced.

c) P-fertilizers - Solubilizer and accumulator microbes
like fungi, bacteria and mycorrhizae (Ecto-and
Endomycorrhizae)

3) Bioinsecticides : using virus (Baculoviruses), Bacteria
(Bacillus thrungiensis & others) fungi, Nematods and
protozoa.

4) Aqua culture : using pituitary hormone fish culture
and fish breeding in rural ponds can produce high
quality protein food.

5) Clonal propagation of useful trees :

a) Classical stern & branch culture and rooting of
disease free stocks.

b) Cell culture and meristem culture of fruit and
flowering plants in rural set up.

6) Mushroom culture : Excess straw is used and good
protein food is obtained. The spent substrate is of many
use in rural affairs especially as fertilizer, animal feed,
fish feed and biogas production.

7) Selection and cultivation of plants having great

economic output by co-operative basis :

a) Stevia rebaudiana - the plant contains sweet
glycoside stevioside and others which are 100-300
times sweeter than.

b) Medicinal Plants - Many can be cultivated to earn
money by co-operative basis.

Like all other technology biotechnology can be used for
destruction of human and animals. Biological warfare using
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MSC may be a useful source of paracrine factors that protect

RGC and stimulate regeneration of their axons in the optic nerve

in degenerate eye disease. NSC may have potential as both a

source of replacement cells and also as mediators of paracrine

treatment.

INTRODUCTION

Stem cell research in the field of ophthalmology over the past

two decades has advanced knowledge and treatment

dramatically. Stem cells are functionally defined as (a) cells

that can self-renew and provide ongoing populations of

identical daughter cells with the same unrestricted

proliferation potential and (b) cells that are multipotent and

able to give rise to all cell lineages in a particular tissue. Stem

cells repopulate damaged or lost tissue either through

differentiation into tissue appropriate cells and or by releasing

paracrine signaling molecules to recruit inflammatory cells and

other tissue progenitor cells. As such, these cells have a key

role in therapeutic tissue regeneration. From the establishment

of the location of corneal epithelial stems cells to promising

developments in diagnosis and treatment of ophthalmic

diseases, an enhanced understanding of stem cells in

ophthalmology offers promising diagnostic and therapeutic

advances.

WHAT ARE STEM CELLS?

Every organ and tissue in our bodies is made up of specialized

cells that originally come from a pool of SCs in the very early

STEM CELL- THE NEW TREATMENT
PARADIGM IN OPTHALMOLOGY

Sharmistha Sarkar *

ABSTRACT

Stem cell therapies are being explored extensively as
treatments for degenerative eye disease, either for replacing
lost neurons, restoring neural circuits or, based on more recent
evidence, as paracrine-mediated therapies in which stem
cell-derived trophic factors protect compromised endogenous
retinal neurons from death and induce the growth of new
connections. Retinal progenitor phenotypes induced from
embryonic stem cells/induced pluripotent stem cells (ESCs/
iPSCs) and endogenous retinal stem cells may replace lost
photoreceptors and retinal pigment epithelial (RPE) cells and
restore vision in the diseased eye, whereas treatment of injured
retinal ganglion cells (RGCs) has so far been reliant on
mesenchymal stem cells (MSC). Here, we review the
properties of non-retinal-derived adult stem cells, in particu-
lar neural stem cells (NSCs), MSC derived from bone marrow
(BMSC), adipose tissues (ADSC) and dental pulp (DPSC),
together with ESC/iPSC and discuss and compare their
potential advantages as therapies designed to provide trophic
support, repair and replacement of retinal neurons, RPE in
degenerative retinal diseases. We conclude that ESCs/iPSCs
have the potential to replace lost retinal cells, whereas
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BACKGROUND

The human cornea is highly specialized. The refractive index
of a normal cornea is 1.376 and is essential to maintaining
clarity of visual images on the retina. The cornea receives
nutrition via glucose from the aqueous humour and oxygen
through the tear film, although the peripheral cornea gets
oxygen from the corneoscleral limbus. The cornea is composed
of five layers: the epithelium, Bowmanís layer, the stroma,
Descemetís membrane and the endothelium. The epithelium is
composed of stratified squamous epithelial cells. These cells
make up about 5% of corneal thickness. Perilimbal basal
epithelial cells give rise to superficial cells which then
desquamate into the tear film over a period of one to two weeks.
Constant renewal of the epithelial cells is essential to the
corneaís visually essential role of light transmittance and
refraction. With each blink, superficial epithelial cells may be
shed into the tear pool, and these cells must be constantly
repopulated from epithelial stem cells. The stroma is also
essential to the maintenance of clear vision. It is composed of
keratocytes in a lattice arrangement, which reduces light
scattering by destructive interference. The lattice is smaller than
the wavelength of visible light, an essential characteristic to
maintaining corneal clarity. Corneal transparency also depends
on corneal hydration which depends on the endothelial pump.
The endothelium is especially susceptible to damage as
endothelial cells do not proliferate and cell loss leads to
enlargement and spread of neighboring cells to cover the
defect. Thus, each layer of the cornea is essential to
 maintaining clarity of visual images. The discovery of the
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embryo (ESCs). Throughout our lives we rely to a much more
limited degree on rare deposits of SCs in certain areas of the
body (adult SCs) to regenerate organs and tissues that are
injured or lost, such as our skin, our hair, our blood, and the
lining of our gut.

APPLICATIONS FOR STEM CELLS IN OPHTHALMOLOGY

1. CORNEA

Scarred and degenerative corneas represent 1 prime area of

research for the use of SCs. Because of a lack of donated human eye

bank corneas for transplantation, particularly in populous nations

such as India and China and the emerging regions, the use of SCs to

regenerate damaged corneal tissues could become highly valuable

in those countries, where blindness due to damaged corneas is

prevalent.
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TREATMENT

In certain severe ocular diseases with corneal compromise,

treatment of limbal stem cell deficiency was initially

demonstrated to be effective via transplantation of limbal

allografts, autografts or keratoepithelioplasty . Limbal allografts,

however, carry a high risk of rejection because of the presence

of specific antigens which are more likely to stimulate an

immune response . As a result, they require long term

immunosuppression. In addition, cadaver grafting, which in

cases of severe bilateral disease is sometimes the only option,

has a high failure rate compared to living related donor in the

treatment of total limbal stem cell deficiency . This form of

grafting has been associated with poor clinical outcomes.

Prolonged inflammation due to the ongoing disease process

can also destroy corneal stem cells and substantially increases

the risk of any surgical intervention in these cases. As such,

limbal transplantation is contraindicated in patients with

severe dry eye given the low chance of survival of the graft.

Given these factors, it is important that an extensive ocular

evaluation is performed including eyelid position and function,

ocular surface lubrication and presence or absence of dry eye

syndrome, visual potential of the eye, condition of the fellow

eye and systemic health of the patient (especially when allografts

are planned and immunosuppression is required). Treatment of

ocular or systemic comorbidities is essential to the long-term

success of stem cell transplantation in the eye, just as in other

organ systems. The following general algorithm for surgical

intervention in cases of stem cell deficiency was proposed.
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location of corneal epithelial stems cells at the limbus
(the junctional zone between the cornea and conjunctiva) was
one of the first major stem cell advances in the field of
ophthalmology, and was proposed in the early 1970s.

PATHOLOGY

The protective microenvironment which maintains the stem cell
population and allows for self-renewal is extremely important.
Any disruption in this environment can damage the stem cells
and cause pathologic changes with significant consequences,
such as occurs in limbal stem cell deficiency. There are
congenital and acquired forms of limbal stem cell deficiency.
For example, aniridia is a congenital ocular disease associ-
ated with limbal stem cell deficiency. More commonly, limbal
stem cell deficiency develops due to local tissue injury. Stevens
Johnson syndrome ocular cicatricial pemphigoid, chemical or
thermal burns, severe contact lens keratopathy, surgical
damage to the limbus and other cicatrizing disease can all
lead to a deficiency in these important cells. Typically, when
limbal stem cell deficiency occurs, the neighboring
conjunctival cells (normally hindered by limbal cells) migrate
over the cornea and cause conjunctivalization (corneal
neovascularization,ppearance of goblet cells and an irregular
epithelium). The result of this overgrowth is poor vision,
corneal opacity, surface irregularity and patient discomfort.
In the cornea, the identification of limbal stem cells has
enabled advances in not only the diagnosis of corneal disease
but also in treatment options for patients with severe limbal
stem cell deficiency.
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shown to have similar success rates. Ex vivo cultured oral
mucosal epithelium has also been used to treat limbal stem cell
deficiency . While ex vivo expansion has the advantage of
limited donor site morbidity because it only requires a small
biopsy, it necessitates techniques, takes time to generate the
limbal stem cells and is very costly. What about the niche
environment? The success of limbal stem cell transplantation,
whether ex-vivo or in-vivo, is also not surprisingly dependent
on the limbal stem cell niche environment. Processing of
cultured limbal stem cells may become more efficient and
treatments more efficacious as these factors are elucidated. In
fibroblast cultures from the cornea, limbus and sclera of donor
ocular tissue, only corneal and limbal fibroblasts supported
limbal epithelial precursor culture establishment; limbal
fibroblasts also had significantly better growth. Scleral
fibroblasts had increased myofibroblast formation, which
inhibited limbal epithelial stem cell growth, possibly
preventing proliferation of limbal epithelial stem cells towards
the sclera. These surrounding fibroblasts thus regulate the stem
cell enrivonment. In addition, in the rabbit model, corneal
stromal inflammation was associated with poor graft outcome.
The environment in which the cultured epithelial graft cells are
placed is therefore important for the long term therapeutic
effect. How does this translate into clinical applications?
Improved success of cultured limbal epithelial grafts may be
obtained by ìdebridingî the wound of myofibroblasts. Stromal
tissue substitutes that provide a good scaffold and hinder growth
of myofibroblasts may lead to improved clinical outcomes.
Transplantation with surrounding conjunctival tissue may lead
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1. Partial stem cell deficiency with no involvement of the
visual axis, aggressive lubrication

2. Partial stem cell deficiency with visual involvement,
sequential sector conjunctival epitheliectomy (SSCE)

3. Partial stem cell deficiency with pannus, SSCE with a
sector limbal transplant

4. Total unilateral stem cell deficiency, autolimbal
transplantation

5. Total bilateral stem cell deficiency use of allografts from a
living related or cadaver donor For partial stem cell
deficiency, amniotic membrane transplantation with
superficial keratectomy is also a viable treatment option.
The details of the surgical procedures are beyond the scope
of this chapter, but the extensive algorithm summarizes
the significant advances that have taken place in terms of
our understanding of the anatomy, pathology and treatment
options for stem cell deficiency in the cornea.

FURTHER STEM CELL APPLICATIONS AND NEW

ADVANCES

Limitations of the aforementioned treatment modalities have
led to treatment of unilateral or bilateral total stem cell
deficiency with ex vivo expansion of limbal derived cells with
or without a substrate . Ex vivo transplantation uses cells from
a small biopsy sample which are cultured to generate cohesive
sheets of corneal epithelium. This epithelium can then be
transplanted . Several techniques are used for producing ex vivo
cultured limbal epithelial cells for transplantation. The explants
culture system and the suspension culture system have been
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OUTER RETINA: PHOTORECEPTORS AND RETINAL

PIGMENT EPITHELIUM

2.1.1 BACKGROUND

Photoreceptors are the retinal cells that initiate vision by
converting photons of light into chemical signals. In humans,
photoreceptors are divided into rods and cones, which are
responsible for dim, achromatic and brighter color vision,
respectively. The center of the retina is more cone-dominant
and the periphery more rod-dominant. Throughout the retina,
photoreceptors are in close, critical contact with an adjacent
layer of supportive cells, the retinal pigment epithelium (RPE).
The RPE is responsible for phagocytosis of photoreceptor outer
segments, critical to the constant replenishment of the
membranous discs that house the photoreceptorsí
photon-conversion machinery. The RPE is also responsible for
the replenishment of critical photopigments in the
photoreceptor outer segments.

PATHOLOGY

AGE-RELATED MACULAR DEGENERATION

Primary degeneration of either the photoreceptors or RPE leads
to eventual degeneration of the other, and in either case
degenerative loss of vision. Such pathologies are observed in a
number of diseases, including common diseases like macular
degeneration, and less common diseases such as retinitis
pigmentosa. Age-related macular degeneration (ARMD) is one
of the most common causes of blindness worldwide . ARMD
usually affects older adults and occurs in ìdryî and ìwetî forms.
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to improved clinical results even in cadaver grafts. It is
possible this frill of conjunctiva possesses factors which
enhance clinical outcomes of transplantation. Co-transfer of
limbal stem cells with other stem cells, such as mesenchymal
cells, may also lead to improved outcomes by inhibiting local
inflammation and improving healing through
immunosuppressive properties of these cells. Furthermore,
human amniotic membrane may serve as a niche for limbal
stem cells, possibly through the suppression of apoptosis and
expression of certain growth factors .

2. RETINA

The retina is developmentally an outgrowth from the forebrain,
and like the rest of the central nervous system, exhibits
neurodegenerative diseases that prove devastating to affected
patients. Retinal degenerations often end with the death
of retinal neurons, such as rod and cone photoreceptors
in age-related macular degeneration and retinitis pigmentosa
and retinal ganglion cells in optic neuropathies such as
glaucoma . Although it may be possible to salvage these cells
before they die, for example, using neurotrophic factors or stem
cells or gene therapy, for the many patients who have lost these
cells, the challenge remains to figure out a way to replace them
and thereby restore vision.
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peripheral vision first, causing tunnel vision and ultimately
blindness in many people. In the late stages of the disease, when
most or all photoreceptor cells in the retina have been destroyed,
stem cells may someday be able to take the place of the
destroyed cells. Earlier in the disease, stem cells could
potentially be used to deliver drugs to the retina to help
preserve at-risk cells and slow vision loss.

2.1.3 CURRENT TREATMENT

Wet ARMD is currently treated with success using anti-VEGF
antibodies, dry ARMD is slowed slightly by nutritional
supplementation, at least in the later stages. Both of these sets
of degenerative processes have in recent years become the
target of a number of newer therapeutic approaches designed
to slow, halt, or even reverse the disease process. Neurotrophic
factors such as ciliary neurotrophic factor (CNTF) may
provide neuroprotection. Gene therapy delivered with viral
vectors may replace the defective gene . However, both forms
of the disease eventually lead to loss of photoreceptors and RPE
cells, and these are not replaced through endogenous
reparative mechanisms once lost. Thus there is considerable
motivation to bring stem cell therapies to treat these diseases.

2.1.4 STEM CELL RESEARCH AND OPPORTUNITIES

Significant steps forward have been made in using stem cells to
replace photoreceptors and retinal pigment epithelium to address
these diseases. Stem cells may prove therapeutic in two regards.
As more commonly conceived, they may differentiate into the
cell type lost in the disease, take up that cellís connections, and
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In dry ARMD, deposits called drusen accumulate between the
retina and the choroid, and slow degeneration of RPE and later
photoreceptors leads to localized ìgeographicî atrophy and
central vision loss. In wet ARMD, new, leaky blood vessels
grow up from the choroid behind the retina, leading to acute
vision loss. Retinitis pigmentosa is a collection of genetic
diseases that generally start with night blindness and then
continues on to tunnel vision, reflecting a pathology that
affects rod photoreceptors in the peripheral retina earlier in the
disease. Hundreds of different mutations in dozens of different
primary genes lead to similar pathologies,including RPE
hypertrophy, migration and proliferation and photoreceptor
death. Interestingly, these mutations may be found in either the
photoreceptor or RPE cells, reinforcing the mutual
interdependence of these two cell types.

RETINITIS PIGMENTOSA

Retinitis Pigmentosa (RP) is a group of inherited diseases that
causes a progressive degeneration of the specialized
light-sensing retinal cells, the photoreceptors, deep within the
retina. It affects 1.5 million children and adults worldwide and,
except for a few rare forms, has no effective treatments.
Unlike age-related macular degeneration, RP affects
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outer limiting membrane of the retina . A number of cell sources

may prove valuable for replacing photoreceptors, although

direct comparison of different cell sources has not yet been

performed. One study recently examined retinal progenitors

isolated from different developmental stages, and found that

donor cells from retinas at an age close to photoreceptorsí peak

birthdate in vivo demonstrated the greatest integration after

transplantation , and postmitotic rod precursors reintegrated

synaptically in the photoreceptor layer better than multipotent

progenitor cells. Transplantation of immature rods improved

visually evoked potentials in mouse models of retinitis

pigmentosa, either by direct synaptic input or by improving the

function of the residual photoreceptors. Can we harvest retinal

stem cells from patients? Recently, it was demonstrated that in

adult humans, a small population of stem cells reside at the

edge of the retina, called the ciliary marginal zone . It is unclear

where these cells come from during development, or whether

they have any normal role to play in the retina. Importantly,

however, if you remove them from the eye into cell cultures,

they can proliferate and be induced to differentiate into all the

cell types in the retina, including rods and cones. Such a

technique could benefit patients by offering a source of retinal

progenitor cells that are autologous (from the patient

themselves), or allogeneic (from a matched donor), for example.

However, many questions remain, including how to optimally

support these progenitor cellsí proliferative capacity, and how

to guide their differentiation into specific retinal neurons such

as photoreceptors or retinal ganglion cells.
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thereby replace that cellís function. However, it turns out stem
cells also have remarkable properties of neuroprotection. How
do stem cells protect other cells from degenerating? One key
way likely involves their expression and secretion of
neurotrophic factors and immune system modulators that deter
invading immune cells from creating neuronal death. Their
neuroprotective activity can be further enhanced by
transducing them with vectors that further increase their
expression of specific neurotrophic survival factors. An
attraction to harnessing the neuroprotective effects of stem cell
transplantation is that it does not require any specific
differentiation and integration: the transplanted cells need only
persist locally, for example in the vitreous or subretinal space.
Success with such approaches has been demonstrated in rat
and mouse models of retinitis pigmentosa .A major advantage
in thinking about cell replacement therapy approaches for these
diseases is that photoreceptors and RPE cells only have to
interact with local, neighboring cells to carry out their full roles
in retinal physiology. A number of stem cell therapies are
approaching human clinical investigation now, including trials
in the United Kingdom, Israel and the United States. All three
of these are directed at the use of stem cellderived RPE cells
implanted subretinally to resume the function of lost RPE and
thereby protect photoreceptors from further degeneration.
Similar approaches for photoreceptor replacement have
demonstrated some success  and may be aided by treatments
that manipulate the host retinal environment to encourage
grafting and integration, for example through steroid treatment,
matrix metalloproteinase manipulation , or disruption of the
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Within the retina, there are decreased numbers of retinal
ganglion cell bodies in glaucoma, and this likely reflects death
by apoptosis. The number of retinal ganglion cells lost
correlates with the visual field deficit. In addition to the retinal
ganglion cell body loss, there is loss of the ganglion cell axons,
manifested by segmental loss of the nerve fiber layer, increased
cup-to-disk ratio, thinning of the optic nerve and chiasm,
changes in post-synaptic cell counts within the lateral
geniculate nucleus (the main target of retinal ganglion cell axons
in higher animals), and even the cerebral cortex. Other optic
neuropathies include optic neuritis, ischemic optic neuropathy
and compressive optic neuropathy, commonly associated with
a tumor or aneurysm. Examples of these tumors include
cavernous hemangioma, hemangiopericytoma, fibrous
histiocytoma, lymphoma, and schwannoma. In addition,
enlargement of the orbital extraocular muscles themselves, as
in Graveís ophthalmopathy, may compress the optic nerve and
lead to death of retinal ganglion cells (see Section 5).
Traumatic optic neuropathy and optic nerve transection are less
commonly observed in humans but have been the best studied
causes of retinal ganglion cell death in animal models. In
humans, direct transection or even concussive injury to the optic
nerve injures axons and leads to retinal ganglion cell death back
in the retina. Optic neuritis is the most common inflammatory
optic neuropathy in young adults. Demyelination itself does
not immediately cause loss of retinal ganglion cells; many
rounds of inflammation and demylination eventually lead to
axon loss, which again clinically appears as optic atrophy and
loss of the nerve fiber layer. What mechanisms induce retinal
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2.2 INNER RETINA AND OPTIC NERVE

2.2.1 BACKGROUND

Retinal ganglion cell axons originate at the retinal ganglion cell
bodies in the inner layer of the retina. Retinal ganglion cells
receive synaptic signals from inner retinal bipolar and
amacrine cells, and project this visual information down their
axon in the nerve fiber layer. The optic nerve begins at the
optic nerve head or optic disk, and from there through the orbit
and optic canal to the chiasm, optic tract and into the brain.

2.2.2 PATHOLOGY

The inner retina and optic nerve are commonly involved in
disease, resulting in retinopathy and optic neuropathy, and thus
visual loss. Vein occlusions, in which the inner retinal
circulation is compromised, are the most common cause of
inner retinal injury, damaging retinal ganglion cells as well as
amacrine cells but sparing the outer retina including
photoreceptors . Less common, retinal artery occlusions have
the same effects. More specific damage to retinal ganglion cells
occurs when the ischemic insult is observed at the optic nerve
in arteritic and non-arteritic anterior ischemic optic
neuropathies. This is generally accompanied by a pale disk and
loss of optic nerve axons. Ischemia in either location may
result from hypotension or from occlusive or embolic
disease.Glaucoma is the most common optic neuropathy and
the most common cause of irreversible blindness worldwide.
Glaucomatous optic neuropathy is distinguished by a distinct
morphology of progressive excavation of the nerve head
without significant pallor of the remaining neuroretinal rim.
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the companyís very small embryonic- like SCs (VSELs) in the
treatment of glaucoma and agerelated macular degeneration
(AMD), and Stemedica claims to be working with the Fyodorov
Eye Institute in Moscow on a glaucoma program.

2.2.3 CURRENT TREATMENT

Current treatment for optic neuropathies and optic nerve and
retinal ischemias is directed almost exclusively at reducing risk
factors for disease progression. For example, primary
open-angle glaucoma therapy is focused on reducing the only
known modifiable risk factor, intraocular pressure (discussed
in section 8, below). Retinal and optic nerve ischemia
treatment is directed at reducing identifiable risk factors such
as uncontrolled diabetes or hypertension. All of these treatments,
however, are directed at reducing disease progression or
|preventing recurrence. There are no current treatments able to
restore function already lost once retinal ganglion cells die or
their axons are severed in the optic nerve. Thus, there is
considerable clinical need for novel therapeutics directed
at enhancing function through restoration of lost cells
and connectivity, as well as improved approaches to
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ganglion cell death in glaucoma and other optic neuropathies?
Glaucoma, for example, has been extensively modeled in
animals . Studies of tissue from human patients with glaucoma
and non-human primates and other mammals with
experimental glaucoma confirm changes at the optic nerve head,
such as with respect to bowing out of the lamina cribrosa,
intra-axonal accumulation of organelles (consistent with
blocked axonal transport), and Wallerian degeneration distal to
the lamina cribrosa . Whether due to mechanical trauma of
axons, ischemia, generation of nitric oxide (Neufeld, 1999;
Neufeld et al., 1997), or other causes, axonal injury causes
changes in retinal ganglion cells, eventually resulting in death.
Increased intraocular pressure perturbs rapid anterograde and
retrogradeaxonal transport at the lamina cribrosa . This may
cause retinal ganglion cells to be deprived of neurotrophic
factors or other survival signals produced by brain targets.
Studies in experimental animals have shown that injury to the
optic nerve, for example from increased intraocular pressure in
experimental glaucoma, blocks the retrograde transport of the
neurotrophic factor hereditary form of glaucoma, optineurin,
may in its mutated form contribute to retinal ganglion cell
sensitivity to optic nerve insults by failing to adequately
participate in retrograde transport of neurotrophin signaling
complexes, or by redox dysregulation.

GLAUCOMA

There are only a few research programs using SCs for the middle
areas of the eye, specifically in treating glaucoma. NeoStem
has said it is working with Schepens Research Institute using




