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Abstract
Dielectric relaxation measurements on alkyl methacrylates (methyl

methacrylate, ethyl methacrylate and butyl methacrylate) with phenols (p-cresol, p-
chlorophenol, 2, 4-dichlorophenol and p-bromophenol) have been studied at
microwave frequency 9.37 GHz in dilute solution of carbon tetrachloride at 308K.
Different dielectric parameters like dielectric constant  and dielectric loss  at
microwave frequency, static dielectric constant o and dielectric constant   at optical
frequency have been determined. The relaxation time and activation energy have
been determined using the measured dielectric data. The results show a linear
dependence of relaxation time on alkyl chain length of acrylic esters and acidity of
phenols and also on the nature of the solvent. Comparative study of free energy of
activation for the dielectric relaxation and viscous flow suggest the fact that the process
of viscous flow involves greater inference by neighboring than does dielectric
relaxation, as the latter takes place by rotation only whereas the viscous flow involves
both the rotational and translational forms of motion. The validity of the single frequency
equation of Higasi et al. for multiple relaxation time (1) is found to be function of the
hydrogen bonding strength of phenolic hydrogen whereas the group rotation relaxation
time (2) is a function of the steric interaction of proton donor. The relaxation time is
maximum at 50:50 mol% ratio.
Keywords: Acrylic esters, phenol derivatives, Dielectric relaxation
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1. Introduction
Dielectric relaxation studies of binary mixtures of polar liquids in microwave region

provide useful information about self association, solute-solute interaction and solute-solvent
type of molecular association [1-7]. Because of its significance in quite different sphere of
biology and chemistry, hydrogen bonding has long been the focus of interest in liquid state
physics [8]. Dielectric relaxation studies on a verity of mixtures of hydrogen bonded liquids
have been performed at microwave frequencies by many workers [9-14] in recent past.
Phenols are strongly associative in liquid state and undergo hydrogen bonding [15] with
many solvents. Magee and Walker [16] investigated phenol in number of non-polar solvents,
and found that even at the lowest concentration the relaxation time of alcohol is lengthened
by intramolecular association due to either solute-solute or due to hydrogen bonding of
phenol to the  electron cloud of solvent or due to both factors. Recently, we studied [17]
dielectric relaxations in 1-propanol and its mixtures with phenol over a range of
concentrations at the lower microwave frequencies ranging from 0.2 GHz to 3.0 GHz
using VNA and found molecular interaction of bond breaking character in the mixtures.
Alkyl methacrylates are industrially important chemicals, precursors in the synthesis of
polymers and used as adhesives, paints, binders and emulsifiers [18]. Dielectric relaxation
investigations, specially in polar liquids dissolved in non-polar solvents have always been
of considerable interest to a large number of workers [19-22]. Such studies are very
useful in understanding the molecular structure and the molecular forces. Rewar and
Bhatnagar [23] have reported the dielectric properties of butyl acrylate, butyl methacrylate
and iso-butyl methacrylate in the microwave region at different temperatures.  Madhulika
khatry and Gandhi  [24] have studied the dielectric relaxation behaviour of n-butyl acrylate,
allyl-methacrylate, isobutyl-methacrylate and isobutyl-acrylate in non-polar solvent at
different temperatures. Dielectric parameters for dimethyl formamide-phenol and dimethyl
acetamide-phenol were reported by Tucker et al. [25]. Recently our research group [26 
31] has investigated the complex formation of acrylic esters with proton donors (alcohols)
in non-polar solvents using FTIR spectroscopic method. The study of the H-bonds of the
type O– H O=C occupies a position of considerable importance as it relates to the
study of biopolymers. Thus the study and knowledge of dielectric properties of the ternary
mixtures of acrylic esters with polar associating liquids in non-polar solvents is expected to
provide useful and vital process parameters for efficient design of transesterification process
of industrial interest. Keeping both the industrial and scientific interests in mind, an attempt
has been made in the present work to study the hydrogen bonding between free hydroxyl
group of phenol and the carboxyl group of ester using dielectric method. This study is
expected to provide better understanding of the nature of molecular orientation process.

Dielectric Relaxation Studies of Molecular Association: Complexing of  Alkyl
Methacrylates with Phenol Derivatives in the MW Region.
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2.  Experimental
The static dielectric constant were measured by heterodyne beat method at

308 K using a commercial instrument, Dipolemeter DM 01 supplied by Wissenschaijftlich
Technische Werkstatter, Germany operated at 220 volts. The refractive indices were
measured by an Abbe’s refractometer.  The measurement of dielectric constant at an
angular frequency ( ) and dielectric loss (), were carried out in the X-band microwave
frequency of 9.37 GHz. The viscosities were measured with the help of Oswald’s
viscometer.

The temperature of all these measurements were maintained at 35  0.1 C using
a water circulating thermostat. E. Merck variety of methyl methacrylate, ethyl methacrylate,
butyl methacrylate and 2,4-dichlorophenol, distilled samples of p-cresol and p-chlorophenol
and recrystallized p-bromophenol were used. The physical parameters of all the chemicals
used here have been checked against their literature values.   The proton donors (phenols)
and the acceptors (methacrylates) under study were separately dissolved at the same
molar concentration (0.3 mol. L-1) in the solvent carbon tetrachloride. Their dielectric
constants were measured separately. Then the two solution were mixed in different
proportions but with the total concentration kept at a fixed value and were subjected to
the dielectric constant measurements. As the maximum deviation of dielectric constant for
all the systems studied occurs at equimolar ratio of the solutes, it is presumed that the
deviation is due to the formation of 1:1 complexes alone.

3. Evaluation of dielectric parameters
According to Higasi method [15], the average relaxation time (1) is described by

(1) = a  (a  a ) (1)
while the overall dielectric relaxation (2)  is given by,

(2) = (ao  a  ) a  a (2)

o   = )2()1( 

o   may be called the mean relaxation time.
where  is the angular frequency ao , a ,  a and  a are defined by equation  (3)

o    = o1 + ao w2
   = 1 + a w2 (3)
  = 1 + a w2

in which subscript 1 refers to the pure solvent and 2 refers to the solute, 0 refers to the
static frequency and  refers to the infinite or optical frequency measurements and w2  is
the weight fraction of the solute.
The molar free energies have been calculated using the Eyring’s equation,

 = (h   kT) exp ( F  RT)  (4)
 = (Nh  V) exp (F  RT)  (5)

 F. Liakath Ali Khan, B. Thamizhkko and  A. Aathif  Basha
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where, h is the Plank’s constant, k Boltzmann constant, N Avogadro number and V is the
molar volume.
4. Results and discussion

The ternary systems selected were methacrylate (methyl, ethyl and butyl) with
proton donors (p-cresol, p-chlorophenol, 2,4-dichlorophenol and p-bromophenol) using
carbon tetrachloride as solvent. The relaxation time , of methacrylates  (methyl ethyl and
butyl) with proton donors  (p-cresol, p-chlorophenol, 2,4-dichlorophenol and p-
bromophenol) in carbon tetrachloride at 308K have been provided in Tables 1-3.

A perusal of Tables 1-3 shows that, the value of relaxation time increases with
increasing chain length of methacrylates and acidity of phenols. The increase in relaxation
time may be due to the increase in effective radius of the    rotating unit. The observed
higher value of BMA can be attributed to the larger size of BMA molecule in comparison
to MMA molecules. In these systems, the complex formation is likely to occur between
H+ of phenols and O- of C=O group of ester. Oxygen atom is sp3 hybridized and in the
ester structure there is a lot of voids available for O-H to penetrate and enter into
complexation components. Carbon tetrachloride is a symmetrical and a non-polar molecule.
But each chlorine atom in this molecule is highly polarizable due to its three lone pair of
electrons and therefore it can function as an electron donor. There is, therefore, a possibility
of interaction between the positive hydrogen of hydroxyl group and a chlorine atom of the
carbon tetrachloride molecule. The potential hydrogen bonding nature of the carbon
tetrachloride molecule may therefore contribute to increasing the relaxation time [28].

It has been found that two opposing effects namely specific interactions between
C=O group of ester and –OH group of alcohol and non–specific dispersion interactions,
i.e breaking of intermolecular hydrogen bonds in phenols are possibly operative in these
mixtures. The relative size of both ester and phenol molecules determines the predominance
of a particular type of interaction over the other. Our results show that the relaxation time
is larger at 1:1 mole ratio of methacrylates with phenols. The relaxation time decreases
conspicuously for the other mole ratios but are higher than either of the components.
Saxena et.al [35] studied the H-bonding in some carbonyl + phenol derivative systems in
different compositions. They also observed that the relaxation time of ternary mixtures is
always much greater than either of the polar solutes in the inert solvent.    The relaxation
time for dilute solution of p-cresol, p-chlorophenol, 2,4-dichlorophenol and p-bromophenol
observed in the present study ranges between 14 and 35 ps.

With excess of phenols, the relaxation time of methacrylate + phenol system show
slight increase. This result is in agreement with the earlier investigations of Tucker et.al
[25]. The result also shows that the molecular association between acrylates and phenols
is maximum at 50:50 mol% ratio and then decreases at other mol %. From this we conclude
that the 1:1 complex is dominant in acrylate-phenol systems.

Dielectric Relaxation Studies of Molecular Association: Complexing of  Alkyl
Methacrylates with Phenol Derivatives in the MW Region.
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The relaxation time  increases with increasing acidity of proton donor in complex
systems. The relaxation time of methacrylates with 2,4-dichlorophenol is less than that of
methacrylate with other phenol complexes due to steric hindrance and inductive effect.
For all the systems, values of (2) are significantly different from (0) and (1), beyond any
experimental errors. This result confirms the presence of both intermolecular and
intermolecular relaxation processes. Higher values of (2) indicate that contribution of
intramolecular relaxation is higher in comparison to intermolecular or overall molecular
relaxation.  The relaxation time increases with increasing alkyl chain length of ester and
acidity of proton donor (phenols), indicating that the degree of cooperation for reorientation
of the molecules increases with increasing length and the bulk of cluster increases. The
relaxation time increases with increasing chain length with the fact that the relaxation time is
directly related to the size of the molecules [34-39]. The higher values of relaxation time
observed for p-bromophenol with alkyl methacrylate, suggested that p-bromophenol is
more acidic than other phenols.

The molar free energy of activation for viscous flow F and the free energy F
are calculated for alkyl methacrylate (methyl methacrylate, ethyl methacrylate and butyl
methacrylate) with phenols  (p-cresol, p-chlorophenol, 2,4-dichlorophenol and p-
bromophenol) in carbon tetrachloride and given in Table–4. It is evident from our data that
the F is   F .

This is in agreement with the fact that the process of viscous flow, which involves
both the rotational and transnational forms of motion, faced greater interference from
neighbors than dielectric relaxation, which takes place by rotation only [30]. Smyth [40]
pointed out that the relaxation time of a proton donor increases as the acceptor ability of
the solvent environment increases. Similarly for a given proton acceptor, the relaxation
time must increase with the proton donor ability of the donor solute. Our results are in
accordance with this conclusion.
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Table–1 The values of dielectric constants and relaxation times for various weight 
fractions, Methyl methacrylate with phenol derivatives in carbon tetrachloride 

 
Ratio of 

 Phenol :  ester 
Weight 
fraction 

W2 

 
 

 
 

 
o 

 
 

Relaxation time (ps) using Higasi’s 
method 

(1) (2) (0) 
 p-cresol   

1 : 3 0.021 2.498 0.148 2.622 2.228 11.78 14.15 12.91 
1 : 2 0.023 2.512 0.207 2.723 2.231 15.67 17.21 16.43 
1 : 1 0.025 2.523 0.236 2.892 2.234 19.58 26.40 22.33 
2 : 1 0.028 2.487 0.225 2.811 2.235 18.43 24.32 21.52 
3 : 1 0.029 2.451 0.217 2.718 2.237 17.23 20.78 19.27 

 p-chlorophenol   
1 : 3 0.027 2.472 0.162 2.647 2.235 16.19 18.24 17.18 
1 : 2 0.028 2.488 0.205 2.792 2.237 22.63 25.04 23.80 
1 : 1 0.031 2.508 0.222 2.879 2.241 25.58 28.22 25.79 
2 : 1 0.032 2.478 0.213 2.808 2.243 23.54 26.16 23.74 
1 : 3 0.034 2.446 0.204 2.732 2.245 20.09 23.67 21.23 

 2,4-dichlorophenol   
1 :3 0.020 2.471 0.193 2.652 2.230 13.41 15.84 14.57 
1 : 2 0.023 2.453 0.178 2.667 2.232 16.61 20.49 18.45 
1 : 1 0.026 2.468 0.241 2.789 2.234 19.76 22.49 21.08 
2 : 1 0.028 2.453 0.236 2.745 2.236 19.07 20.89 19.96 
1 :3 0.031 2.432 0.233 2.722 2.238 18.22 21.02 18.59 

 p-bromophenol   
1 :3 0.025 2.456 0.213 2.705 2.236 16.97 19.74 18.30 
1 : 2 0.027 2.462 0.223 2.839 2.239 23.10 28.55 25.68 
1 : 1 0.030 2.451 0.356 3.229 2.242 29.91 36.90 33.22 
2 : 1 0.031 2.446 0.312 2.946 2.243 25.70 29.06 26.37 
1 :3 0.033 2.422 0.233 2.761 2.245 23.73 25.79 24.13 

 
 

Table–2 The values of dielectric constants and relaxation times for various weight 
fractions, Ethyl methacrylate with phenol derivatives in carbon tetrachloride. 

 
Ratio of 

 Phenol :  ester 
Weight 
fraction 

W2 

 
 

 
 

 
o 

 
 

Relaxation time (ps) using Higasi’s 
method 

(1) (2) (0) 
 p-cresol   

1 : 3 0.023 2.422 0.179 2.590 2.232 13.62 15.85 14.69 
1 : 2 0.025 2.461 0.193 2.687 2.233 16.30 19.77 17.95 
1 : 1 0.027 2.503 0.227 2.893 2.236 19.46 29.46 23.94 
2 : 1 0.029 2.475 0.211 2.822 2.237 20.97 27.78 24.13 
1 : 3 0.031 2.463 0.198 2.758 2.240 18.21 25.16 22.58 

 p-chlorophenol   
1 : 3 0.029 2.436 0.168 2.633 2.237 17.79 19.80 19.29 
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1 : 2 0.031 2.457 0.195 2.785 2.238 23.35 28.40 25.75 
1 : 1 0.032 2.573 0.253 3.120 2.241 24.55 36.51 29.94 
2 : 1 0.033 2.421 0.213 2.833 2.243 23.98 32.66 27.99 
1 : 3 0.035 2.411 0.204 2.785 2.244 24.78 30.96 27.34 

 2,4-dichlorophenol   
1 : 3 0.024 2.432 0.149 2.598 2.235 16.89 18.81 17.82 
1 : 2 0.026 2.472 0.191 2.752 2.237 18.02 24.88 21.18 
1 : 1 0.027 2.521 0.289 3.101 2.242 23.13 33.83 27.97 
2 : 1 0.028 2.489 0.243 2.911 2.243 21.84 29.32 25.30 
1 : 3 0.032 2.443 0.226 2.822 2.246 20.19 28.11 23.91 

 p-bromophenol   
1 : 3 0.032 2.378 0.198 2.613 2.237 25.14 20.04 22.45 
1 : 2 0.033 2.394 0.211 2.785 2.238 27.84 31.29 29.51 
1 : 1 0.035 2.469 0.269 3.125 2.243 35.49 41.18 38.23 
2 : 1 0.037 2.433 0.247 2.865 2.245 34.76 35.14 34.95 
1 : 3 0.038 2.426 0.221 2.817 2.247 28.49 31.33 29.87 

Table–3 The values of dielectric constants and relaxation times for various weight 
fractions, Butyl methacrylate with phenol derivatives in carbon tetrachloride. 

 
Ratio of 

 Phenol :  ester 
Weight 
fraction 

W2 

 
 

 
 

 
o 

 
 

Relaxation time (ps) using Higasi’s 
method 

(1) (2) (0) 
 p-cresol   

1 : 3 0.025 2.388 0.188 2.611 2.234 17.07 20.03 18.49 
1 : 2 0.027 2.422 0.201 2.689 2.236 21.48 22.43 21.95 
1 : 1 0.029 2.493 0.233 2.948 2.245 26.23 32.98 29.41 
2 : 1 0.031 2.486 0.225 2.897 2.248 22.21 30.85 26.18 
1 : 3 0.033 2.471 0.204 2.794 2.249 20.63 26.74 23.48 

 p-chlorophenol   
1 : 3 0.030 2.347 0.172 2.622 2.238 20.60 27.01 23.58 
1 : 2 0.032 2.395 0.197 2.857 2.241 26.19 39.62 32.21 
1 : 1 0.035 2.475 0.248 3.115 2.248 38.42 43.58 40.92 
2 : 1 0.036 2.438 0.221 2.918 2.250 34.08 36.51 35.27 
1 : 3 0.039 2.423 0.213 2.832 2.252 31.83 32.42 32.31 

 2,4-dichlorophenol   
1 : 3 0.026 2.288 0.154 2.501 2.234 19.12 23.36 21.13 
1 : 2 0.028 2.355 0.167 2.621 2.235 22.20 26.90 24.44 
1 : 1 0.031 2.568 0.211 3.008 2.240 32.39 35.21 33.77 
2 : 1 0.032 2.453 0.208 2.822 2.241 24.39 29.96 27.03 
1 : 3 0.033 2.378 0.201 2.674 2.243 21.62 24.87 23.19 

 p-bromophenol   
1 : 3 0.034 2.311 0.175 2.614 2.239 31.44 29.24 30.32 
1 : 2 0.035 2.384 0.188 2.836 2.241 33.42 40.60 36.83 
1 : 1 0.038 2.422 0.208 3.228 2.253 40.84 65.43 51.70 
2 : 1 0.039 2.401 0.192 2.911 2.256 33.42 44.85 38.72 
1 : 3 0.041 2.387 0.187 2.789 2.259 31.58 36.30 33.86 
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Table-4  The activation energies at 1:1 stoichiometric ratios of methacrylate + phenol 
systems in carbon tetrachloride at 308K 

System Activation energy 
F (kJ mol-1) F  (kJ mol-1) 

Methyl methacrylate + p-cresol 12.48 12.96 
Methyl methacrylate + p-chlorophenol 13.74 14.08 
Methyl methacrylate + 2,4-dichlorophenol 12.66 12.89 
Methyl methacrylate + p-bromophenol 14.05 14.68 
Ethyl methacrylate + p-cresol 12.88 13.12 
Ethyl methacrylate + p-chlorophenol 13.97 14.27 
Ethyl methacrylate + 2,4-dichlorophenol 12.93 13.19 
Ethyl methacrylate + p-bromophenol 14.22 14.57 
Butyl methacrylate + p-cresol 13.13 13.87 
Butyl methacrylate + p-chlorophenol 14.15 14.91 
Butyl methacrylate + 2,4-dichlorophenol 13.07 13.64 
Butyl methacrylate + p-bromophenol 14.43 15.13 
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Abstract
The kinetic of oxidation of IBC unavailable with Cobalt(III) complexes of a-

hydroxy acids and in perchloric acid medium in the presence of micellar.The increase
in the rate is observed to increase in the concentration of the Surfactant.The kinetic
and stoichiometric results have been accounted by a suitable mechanism.

Keyword:PentaammineCobalt (III) Complexs, Cetyltrimethy lammoniumbromide, a-
hydroxy acids, Isoquinoliniumbromochromate(IBC).

Introduction
Isoquinoliniumbromochromate (IBC) was found to be a mild reagent for the

oxidation of organic compounds. Oxidation kinetics of primary, secondary and allylic
alcohols, substituted benzyl alcohols, aliphatic aldehydes, aromatic aldehydes, heterocyclic
aldehydes, cyclohexanones, ß-diketones, aliphatic and aromatic carboxylic acids, styrenes,
substituted cinnamates, and 2-naphthols, were carried out by various authors. The mildness
of IBC was demonstrated effectively in the oxidation of diols where a single hydroxyl
group was oxidized to give hydroxy carbonyl compound as the product. A mechanism
involving the C-C bond cleavage leading to the formation of aldehydes as the product was
proposed. The formation of ketoacids by the C-H cleavage of the alpha-hydroxy acids
was reported with many chromium (VI) oxidants. In the case of complexes, the hydroxy1
group of the bound ligand is free for oxidation with C-Hcleavage leading to the formation
of keto complexes. Formation of aldehydes as a product is possible with decarboxylation
and synchronous C-C cleavage accompanied by an induced electron transfer to the Co
(III) in the complex and one electron transfer to the oxidant. The contest between the
mechanisms becameinteresting and produced definite results when mild oxidizing agents
like IBC were kinetically followed.

International Journal of Science and Humanities
ISSN : 2394 9236 Volume 3 , Issue No: 2(2017) pp. 149-157
© Islamiah College Publications
http://www.islamiahcollege.edu.in

           



150

Experimental

Isoquinoliniumbromochromate (IBC)

Isoquinoliniumbromochromate was prepared by the method as follows.  Chromium
trioxide (10g, 0.1 mol ) was dissolved in water ( 15 ml ) add cooled to 0oC.  To this
solution hydrobromic acid ( 17 ml, 48% ) was added slowly with vigorous stirring then
isoquinoline (13 ml, 0.1 mol) was added drop wise during 10 minutes.  The reaction
mixture was cooled for 2 – 3 hrs and filtered.  The resulting yellow orange needles were
dried and recrystallised.  The purity of reagent was checked by iodometric method.

CarbanatopentaammineCobalt(III) nitrate.

A solution of 300 gm. of Cobalt (III) nitrate hexahydrate (1.03 mol) in 500ml of
water was thoroughly mixed with a solution of 450 gm. of ammonium carbonate (4.68mol)
in 450 ml of water and 750ml of can. Aqueous ammonia (sp. Gr. 0.90, 28% NH3).  A
stream of air bubbled slowly through the mixture for 24 hours.  After the mixture has been
cooled in ice-salt bath overnight, the product was collected on a filter, washed with not
more than 50ml of ice-cold water, followed by alcohol and ether and dried 50oC (yield
180 gm.{64%}).  This crude material was purified by recrystallisation from water.  The
180 g of solid was dissolved, with stirring, in 550ml of water at 90oC.  The solution was
filtered and the filtrate was cooled in ice-bath.  The crystals were collected, washed with
50ml of ice-cold water followed by alcohol and ether and dried at 50oC.

PentaammineCobalt(III) complexes of a-hydroxy acids

The monomeric Cobalt (III) complexes of Lactic, Mandelic and Glycolic acids
were prepared as their perchlorates following the procedure of Fan and Gould 10 mol of
ligand was dissolved in 20ml of methanol taken in a 50 ml R.B.flask and a pellet (0.50 to
1.00 g) of sodium hydroxide was added.  About 0.40 g of finely powdered
Carboanatopentaammine Cobalt (III) nitrate was added and the mixture was refluxed at
70oC for 2 hours.  It was then cooled under ice for 30 min.  About 3 ml of 70% perchloric
acid was added dropwise while shaking the mixture and was cooled again under ice for 1
hour.  The Cobalt (III) complex precipitated as perchlorate and was filtered through a
sintered glass crucible, washed well with ethanol followed by diethyl ether,   dried and
preserved in a desicator.

Product analysis

Co(II) was estimated after the completion of reaction by induced electron transfer
in pentaammine Cobalt (III) complexes of a –hydroxy acids in presence of HClO4  is

Kinetic Study of Pentaammine Cobalt (III) Complexes of A - Hydroxy Acids by
Isoquinolinium Bromo Chromate (IBC) in Micellar Medium
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Co(II).  After nine half-lives, the reaction mixture was diluted to 10 times with Conc. HCl
allowing the evolution of chlorine to cease and then measuring the absorbance of blue
chloro complex Co(II) as 692 nm [?=560 dm3 mol-1 cm-1].  It was found that 35%
decrease in absorbance in Co (III) complexes of a –hydroxy acids evidencing the induced
electron transfer.  The absorbance measurement made with corresponding amount of
isoquinoliniumbromochromate only diluted with Con. HBr 10 times was used as blank
correction.

Stoichiometric Data for IBC oxidation of Co (III) bound and unbound a –hydroxy acids in
the presence of CTAB

[CTAB] = 2.00 x10-4mol dm-3[HClO4] = 1.00 mol dm-3Temperature = 31 ± 0.2oC

10-3[Compound] 

mol dm-3 

102[IBC]Initial 

mol dm-3 

102[IB C]Fin al 

mol dm-3 

103[IBC] 

mol dm-3 

[Compound]: 

[IBC] 

Lactic acid     

1.00 1.00 0.929 0.71 1.00:0.71 

2.00 2.00 1.857 1.43 1.00:0.71 

4.00 2.00 1.717 2.83 1.00:0.70 

Mandelic acid     

1.00 1.00 0.937 0.63 1.00:0.63 

2.00 2.00 1.872 1.28 1.00:0.64 

4.00 2.00 1.741 2.59 1.00:0.64 

Glycolic acid     

1.00 1.00 0.939 0.61 1.00:0.61 

2.00 2.00 1.877 1.23 1.00:0.61 

4.00 2.00 1.751 2.49 1.00:0.62 

Co(III)-Lactato     

1.00 1.00 0.967 0.33 1.00:0.33 

2.00 2.00 1.933 0.67 1.00:0.33 

4.00 2.00 1.861 1.39 1.00:0.34 

Co(III)-Mandelato     

1.00 1.00 0.974 0.26 1.00:0.26 

2.00 2.00 1.947 0.53 1.00:0.26 

4.00 2.00 1.889 1.11 1.00:0.27 

Co(III)-Glycolato     

1.00 1.00 0.970 0.30 1.00:0.30 

2.00 2.00 1.935 0.65 1.00:0.32 

4.00 2.00 1.869 1.31 1.00:0.32 
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Results and Discussion

The kinetic data for the oxidation of alpha-hydroxy acids and their complexes by
IBC in presence of perchloric acid is summarized in the Table. The reaction, catalysed by
perchloric acid, shows a totalsecond order dependence on the substrates and the oxidant.
Among the alpha-hydroxy acids, there was asmaller difference in the rate of the reaction
between lactic, glycolic acids and mandelic acid which was not observed with other
chromium halochromates. An explanation for the higher reactivity of lactic acid involving
C-H cleavage was given based on the higher acidity of C-H proton. In the present
investigation, the absence of such an observation leads to C-C cleavage. The product
analysis confirmed the formation of aldehydes due to C-C eleavage and not keto acids as
a product. IBC undergoes two electron transfer and the overall reaction between IBC and
alpha-hydroxy acid could be written as:

Rate = K [alpha-hydroxy acid] [IBC]

 Dependence of rate on  [-hydroxy acid]

 [IBC] = 2.00 x10-3mol dm-3[HClO4 ] = 1.00 mol dm-3 Temperature = 31 ± 0.2oC

[α-hydroxy acid] 104k1s-1 102K2 dm-3 mol-1 S-1 
Lactic acid   

1.00 0.975 0.975 
2.00 1.950 0.975 
4.00 3.892 0.973 
6.00 5.844 0.974 
8.00 7.801 0.975 

Mandelic acid   
1.00 0.568 0.568 
2.00 1.138 0.569 
4.00 2.274 0.568 
6.00 3.404 0.567 
8.00 4.542 0.568 

Glycolic acid   
1.00 0.366 0.366 
2.00 0.732 0.366 
4.00 1.456 0.364 
6.00 2.192 0.365 
8.00 2.982 0.366 
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2 + log [ -hydroxy acid]
De pe nden ce  of rate on   [α  -hyd roxy acid] w ith  m ic ell e 
[Lact ic  ac id] = 2.00 x 10 -2m ol dm -3[ IBC] =  2.00 x10 -3m ol dm -3[HClO4 ] =  1.00 m ol 
dm -3 
[CTA B] = 1.00 x 10 -4m ol dm -3Te mperature =  31 ± 0.2oC  

[α -hyd roxy aci d] 104k 1s -1 102K 2 dm -3 mol- 1 S -1 
Lactic acid   

1.00 1.147 1.147 
2.00 2.294 1.147 
4.00 4.583 1.145 
6.00 6.877 1.146 
8.00 9.178 1.147 

M an delic acid    
1.00 0.884 0.884 
2.00 1.768 0.884 
4.00 3.540 0.885 
6.00 5.301 0.883 
8.00 7.074 0.884 

Glycolic acid    
1.00 0.570 0.570 
2.00 1.141 0.570 
4.00 2.272 0.568 
6.00 3.415 0.569 
8.00 4.561 0.570 
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2 + log [ -hydroxy acid]

Mechanism

The reaction exhibits first order dependence on the concentration of Cr (VI).The reaction
shows Arrhenius dependence and thermodynamic parameters evaluated are in the expected
order for a bimolecular reaction.Of the three complexes Co (III) lactato reacts faster than
Co(III) mandelato and Co(III) glycolato complex. The cobalt(III) bound a –hydroxy acid
complex gets oxidized at a higher rate than the unbound ligand and there is 100% reduction
at cobalt (III) centre.The rate of IBC induced electron transfer in Cobalt(III) complexes
of a –hydroxy acids increases in the presence of CTAB much more then without CTAB.1.00
mol of cobalt(III) complex reacts with nearly 0.35 mol of IBC yielding 100% cobalt(II)
and 100% carbonyl compound. Similarly 1.00 mol of a –hydroxy acids react with nearly
0.65 mol of IBC, yielding 100% of carbonyl products and CO2.

Kinetic Study of Pentaammine Cobalt (III) Complexes of A - Hydroxy Acids by
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Summary

Earlier studies on induced electron transfer reaction involved mainly one equivalent
oxidant Ce(IV) and  Cobalt(III) complexes  [(NH3)5CoIII-L]2+  with bound ligands
featuring conjugated fragments.  In all these reactions, ultimately reduction at cobalt (III)
center has been achieved due to the generation of a radical at the bound organic ligand by
the one equivalent oxidant.  But the percentage of Cobalt(III) formed differed from reaction
due to partitioning of the reaction path.

An induced electron transfer reaction has been attempted presently with
Isoquinoliniumbromochromate and pentaammine Cobalt(III) complexes of a –hydroxy
acids in the presence of Cetyltrimethyl ammonium bromide (CTAB) medium.  The reaction
exhibits second order kinetics and in the case of Mandelato complex the amount of
Cobalt(III) reduced corresponding to nearly 20% of initial concentration and the amount
of Cobalt(II), aldehyde and CO2 formed 20% while nearly 70% of its converted to keto
acid Cobalt(III) complex.  With increasing detergent concentration as increase in the rate
is observed.  Added CTAB enhance the rate of oxidation of reaction much more than
witoutmicellar medium.  Similar trends have been observed in lactato and glycolato Cobalt
(III) complexes.

IBC oxidation of pentaammine Cobalt(III) complexes of a –hydroxy acids in micellar
medium has been attempted in this reaction the rate of oxidation shows first order kinetics
each in cobalt(III) and chromate induced electron transfer in [(NH3)5CoIII-L]2+
complexes of a –hydroxy acids readily yield 100% of cobalt(II) with nearly 100% of C-C
bond cleavage products  suggesting that it behaves mainly as one equivalent oxidation in
micellar medium with unbound ligand also it behaves only as C-C cleavage agent rather
than C-H cleaving agent.
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Abstract
The human heart is about the size of our 0wn fist and is mainly divided into

four chambers namely two ventricles and two atria. The ventricles are the chambers
that pump blood and atrium are the chambers that receive blood. Among which both
right atrium and ventricle make up the “right heart, and the left atrium and ventricle
make up the “left heart.”  The right and the left region of the heart are separated by
the wall of muscle called septum. The right ventricle pumps the blood to the lungs for
re-oxygenation when it gets filled up by the pulmonary arteries. The right semilunar
valves close and prevent the blood from the pulmonary veins after blood passes through
the pulmonary arteries.
Keywords: Human heart, Artery, Granitum and Allium Sativum

Introduction

Human body consists of heart, brain, lungs, digestive organs, skeleton etc. The
important organ heart is very strong tissue in cardiac mussule. Some times or more then
people affected in heart disease caused by bad collestral, life style.  Different type of heart
disease such as namely congential heart disease, coronary artery disease dilated cardio
myopathy, atherosclerosis, anginapectories etc.

Medicinal plants phytochemicals are cure in cardiovascular diseases some medicinal
plants name areAllium sativum, Zingiber officianal,  Terminalia arjuna, punica granitum,
hibiscus rosa sinsenses. These are plants protect in cardiovascular diseases.

Human Heart
The human heart is an important muscular organ involved in pumping blood to

different parts of the body with the help of  three segments of the circulatory system:

1. The pulmonary  circulation ( heart and lungs ),

International Journal of Science and Humanities
ISSN : 2394 9236 Volume 3, Issue No: 2(2017) pp. 158-182
© Islamiah College Publications
http://www.islamiahcollege.edu.in



159

2. The systemic circulation (body systems) and

3. The coronary circulation (blood vessels of the heart).

The coronary circulation is an essential system to the heart as it circulates blood
from the main artery – that comes from the heart. It also plays a vital role in supplying
oxygen, nutrients and removing carbon dioxide and other wastes through the circulatory
system.

Structure of the Human Heart

The human heart is about the size of our 0wn fist and is mainly divided into four
chambers namely two ventricles and two atria. The ventricles are the chambers that pump
blood and atrium are the chambers that receive blood. Among which both right atrium and
ventricle make up the “right heart, and the left atrium and ventricle make up the “left
heart.”  The right and the left region of the heart are separated by the wall of muscle called
septum. The right ventricle pumps the blood to the lungs for re-oxygenation when it gets
filled up by the pulmonary arteries. The right semilunar valves close and prevent the blood
from the pulmonary veins after blood passes through the pulmonary arteries. Then the
oxygenated blood is received by the left atrium from the lungs via pulmonary veins.

S. Jaishankar and   H.S. Muthumohamed
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1. The Pericardium

As we all know our heart is situated to the left side of our chest and is present
within a fluid-filled cavity described as the pericardial cavity. The walls and lining of the
pericardial cavity are a special membrane known as the pericardium.

The pericardium is a fiber membrane found as an external covering around the
heart. It protects the heart by producing serous fluid to lubricate the heart and prevent
friction between the heart and its surrounding organs. Apart from the lubrication, the
pericardium also helps by holding the heart in its position and by maintaining a hollow
space for the heart to expand itself when it is full. The pericardium has 2 exclusive layers—

· Visceral layer directly covers outside of the heart.

· Parietal layer forms a sac around the exterior region of the heart that contains the fluid
in the pericardial cavity.

2. The Structure of the Heart Wall

The heart wall is made up of 3 layers:

· Epicardium – This is the outermost layer of the heart and a thin layer of membrane
that protects and lubricates the outer its section.

· Myocardium – This is a muscular layer and consists of muscle tissue. It contributes
to the thickness and responsible for the pumping action.

· Endocardium – It is the innermost layer that lines within the heart and keeps blood
from sticking and prevents the formation of harmful blood clots.

3. Chambers of the Heart

The four chambers are as mentioned below:

· Left atrium

· Right atrium

· Left ventricle

· Right ventricle

Atria are thin, less muscular walls and smaller than ventricles. These are the blood-
receiving chambers that are carried to the heart by the large veins.

Cardio Protective Effect of Medicinal Plants
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Ventricles are larger and more muscular chambers of pumping and push blood out
to the circulation. These are connected to larger arteries that deliver blood for circulation.

The right ventricle and right atrium are smaller than left chambers. Their walls
consist of fewer muscles compared to the left portion and the size difference is based on
their functions. The blood from the right side flows through the pulmonary circulation while
blood from the left chambers is pumped to the complete body.

4. Blood Vessels

· The blood vessels are the tubes that deliver blood to all parts of a body.

· Veins supply deoxygenated blood to the heart via inferior and superior vena cava
that drains into the right atrium.

· Capillaries are very small, tube-like vessels which form a network between the arteries
to veins.

· Arteries are muscular-walled tubes, mainly involved in supplying oxygenated blood
away from the heart to all other parts of the body. Aorta is the longest artery that
leaves the heart and gives off smaller branches.

5. Valves

These are the fibrous flaps of tissues that are present in cardiac chambers between
the veins. They ensure unidirectional flow and prevent backflow of blood. There are two
types of valves.

· Atrioventricular valves are present in every ventricle and atrium. The valve between
the ventricle and right atrium is the tricuspid valve, and the one which is found between
the left ventricle and atrium is known as the mitral valve.

· Semilunar valves are present in the large arteries and ventricles. An aortic valve is
present between the aorta and left ventricle, and a pulmonary valve exists between
the pulmonary artery and right ventricle

Facts about Human Heart

· The Heart pumps around 5.7 liters of blood in a day throughout the body.

· The heart is situated at the center of the chest and points slightly towards the left.
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· On an average, the heart beats about 100,000 times a day i.e, around 3 billion beats
in a lifetime.

· The heart weight is around 280 to 340 grams (10 to 12 ounces) in male and 230 to
280 grams (8 to 10 ounces) in the female.

· An adult heart beats about 60 to 80 times per minute and newborn babies heart
beats faster than an adult which is about 70 to 190 beats per minute.

Types of Heart Disease

Cardiovascular disease is the leading cause of death in the United States. More
than 62 million Americans have some form of cardiovascular disease. At Covenant
HealthCare, we want to see individuals live a long and healthy life. That’s why we’re
working hard to tackle the issue of heart disease here in mid-Michigan.

There are many different types of heart disease. Some are congenital (people are
born with heart problems), but a majority of heart diseases develop over the course of
time and affect people later in life. You’ll find some of the most common heart diseases
listed below.

Coronary Artery Disease

Blockage in the coronary arteries is called coronary artery disease—a condition
in which the heart muscles don't get enough blood and oxygen. The most serious effect of
coronary artery disease is sudden death without warning. This usually happens in individuals
who have had heart attacks or other heart damage.
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Silent Ischemia

A form of coronary artery disease in which the blood flow to the heart muscle is
reduced but produces very little pain or symptoms. When discomfort is experienced, it is
usually during physical exertion.

Angina

Angina is discomfort or pain that occurs when your heart is not getting enough
oxygen and nutrients. Angina may be caused by a narrowing of the arteries or muscle
spasms in the coronary arteries. These spasms may be induced by cigarette smoke, cold
temperatures, strong emotions, and other sources. It is important to note that angina isn't a
heart attack and doesn't usually cause permanent heart damage, even though it causes
pain.

The causes of angina are generally atherosclerosis or coronary artery spasm. Angina
is not the same for everyone. While it usually occurs when the heart is working harder than
normal, such as after a meal or during physical or emotional stress, it can also occur when
resting.

Traditionally, angina occurs primarily in the chest and radiates down the left arm.
However, it can be any discomfort that radiates in the chest, across the shoulders, in the
upper back, arms (both left and right), neck, throat, or jaw.

Heart Attack (Myocardial Infarction)

Part of the heart muscle can be damaged or die as a result blood flow is blocked.
If the blockage is brief, and the heart eventually receives enough blood, oxygen, and
nutrients, the damage is often reversible. This is why it is especially important for the heart
attack victim to get medical help fast.

Arrhythmia

Sometimes the heart’s electrical system does not function normally. It may race,
become slow, irregular, skip beats or sometimes the heart’s electrical signal does not move
in the proper sequence. This causes the heart to beat faster or slower than normal, or
erratically. These abnormal rhythms are called arrhythmias. They can cause a variety of
symptoms: dizziness, fainting, fatigue, shortness of breath and chest pain or rapid palpitations
that may feel like flutters or pounding of the heart. If left untreated, arrhythmias can be life
threatening. 
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Peripheral Arterial Disease

Like the heart, all tissues of the body need oxygen and other nutrients to survive
and work. Fatty plaques or atherosclerosis can also affect arteries that supply oxygen-rich
blood to other areas of the body. For example, peripheral arterial disease (PAD) occurs
when the flow of oxygen-rich blood to the legs and feet is blocked or decreased. This
blockage in the vessels deprives the feet and legs of oxygen and nutrients, and produces
symptoms usually in the thigh, calf muscle and feet.

Prevention and control

Antioxidant Phytochemicals for the Prevention and Treatment of Chronic Diseases

Chronic diseases such as cardiovascular diseases (CVD), diabetes and cancers
are global health problems, and cause death and disability to millions of people. It has
been demonstrated that fruits, vegetables and grains exert a protective effect against the
development of these chronic diseases. This protective role can be mainly attributed to the
phytochemicals in them, which are defined as bioactive non-nutrient compounds in fruits,
vegetables, grains, and other plants. So far, about 10,000 phytochemicals have been
identified, and still a large percentage remains unknown. These identified phytochemicals
include tannins, flavones, triterpenoids, steroids, saponins, and alkaloids . The protective
role of phytochemicals may be associated with their antioxidant activity, since overproduction
of oxidants (reactive oxygen species and reactive nitrogen species) in the human body is
involved in the pathogenesis of many chronic diseases. In order to provide an extensive
and deep understanding of antioxidant phytochemicals in human health and diseases, this
review, summarizes and discusses their sources and health benefits, with special attention
paid to the potential mechanisms of action in the prevention and treatment of chronic
diseases.

Sources of Antioxidant Phytochemicals

Antioxidant phytochemicals exist widely in fruits, vegetables, cereal grains, edible
macrofungi, microalgae, and medicinal plants. Common fruits, such as berries, grape,
Chinese date, pomegranate, guava, sweetsop, persimmon, Chinese wampee and plum
are rich in antioxidant phytochemicals . In addition, wild fruits, such as the fruits of Eucalyptus
robusta, Eurya nitida, Melastoma sanguineum, Melaleuca leucadendron, Lagerstroemia
indica, Caryota mitis, Lagerstroemia speciosa and Gordonia axillar also have high antioxidant
capacities and total phenolic contents. Besides, fruits wastes (peel and seed) also contain
high contents of antioxidant phytochemicals, including catechin, cyanidin 3-glucoside,
epicatechin, gallic acid, kaempferol, and chlorogenic acid . Some vegetables, such as
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Chinese toon bud, loosestrife, penile leaf, cowpea, caraway, lotus root, sweet potato leaf,
soy bean (green), pepper leaf, ginseng leaf, chives, and broccoli are found to have high
antioxidant capacities and total phenolic contents. Among cereal grains pigmented rice,
such as black rice, red rice and purple rice, possess high contents of antioxidant
phytochemicals (flavones and tannins) . Among selected Chinese medicinal plants the highest
antioxidant capacities and phenolic contents are found in Dioscorea bulbifera, Eriobotrya
japonica, Tussilago farfara and Ephedra sinica, and several flowers including edible and
wild ones also have high contents of antioxidant phytochemicals.

Polyphenols and carotenoids are the two main kinds of antioxidant phytochemicals,
and they contribute the most to the antioxidant properties of foods/plants. For example, -
carotene, quercetin, myricetin and kaempferol are the main antioxidant phytochemicals
found in Cape gooseberry and anthocyanins and ellagitannins are the major antioxidant
compounds among the phytochemicals of strawberry. In addition, flavonoids isolated from
Euterpe oleracea pulp present an important antioxidant activity measured by oxygen radical
absorbance capacity . Natural polyphenols are the most abundant antioxidants in human
diets, and their radical scavenging activities are related to substitution of hydroxyl groups
in the aromatic rings of phenolics . The plant variety, geographic region, growing season,
and storage can all influence the concentrations of polyphenols in food. Dietary polyphenols
could be classified into five classes: flavonoids, phenolic acids, stilbenes, tannins and
coumarins. Flavonoids can be further categorized as flavonols, flavones, flavanols,
flavanones, anthocyanidins, and isoflavonoids . Total phenolic content and total antioxidant
activity in phytochemical extracts of different fruits may have a direct relationship. When
the fruits contain higher total phenolic contents, they possess stronger antioxidant activity
For example, the scavenging activity of grape seed extract against ABTS radical was
strongly linked with the level of phenolic compounds. Carotenoids are a group of
phytochemicals that are responsible for the yellow, orange and red colors of the foods. -
Carotene, -carotene, lycopene, lutein and cryptoxanthin are the main carotenoids in the
diet and human body, and fruits and vegetables are the major sources of carotenoids in
human diet. For example, tomato is rich in lycopene, which is also responsible for its
characteristic red color.

 Prevention and Treatment of Antioxidant Phytochemicals for Several Chronic
Diseases

Overproduction of oxidants in human body can cause an imbalance and lead to
oxidative damage to large biomolecules such as lipids, DNA, and proteins. This damage is
responsible for the pathogenesis of several human diseases, including CVD, certain types
of cancers, and aging. Thus, antioxidant phytochemicals could play an important role in the
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prevention and treatment of chronic diseases. Phytochemicals are demonstrated to have
antioxidant abilities not only in vitro but in human studies. Consumption of fruits and
vegetables with high contents of antioxidant phytochemicals is proven to increase the
antioxidant capacity of serum/plasma. For example, the total antioxidant capacity of serum
was increased significantly following consumption of red wine, strawberries, vitamin C or
spinach in elderly women, and the plasma vitamin C levels and serum urate levels also
increased significantly. However, the increased vitamin C and urate levels could not fully
account for the increased total antioxidant capacity in serum. The results were in
agreementwith results from another study, which found that plasma antioxidant capacity
was significantly increased by consuming 10 servings of fruit and vegetables each day for
15 days. This increase could not be explained by the increase of -tocopherol concentration
in the plasma. Perhaps, the increased total antioxidant capacity could be explained by
increased polyphenols because a study found that 19 of the 25 anthocyanins present in the
blueberries could be detected in human serum. The appearance of total anthocyanins in
the serum contributed to an increase in serum antioxidant capacity . In addition, polyphenols
may enhance the total oxidant-scavenging capacities of human blood by binding to red
blood cells. Furthermore, the antioxidant activity of apples may mainly come from phenolics
and flavonoids because the vitamin C in apples with skin accounts for only 0.4% of the
total antioxidant activity. The additive and synergistic effects of phytochemicals in fruit and
vegetables could be responsible for their potent antioxidant activities

Chronic inflammation is another important factor that may cause or assist in the
pathogenesis of many chronic diseases including CVD, cancers, and type 2 diabetes (T2D)
. Most antioxidant phytochemicals have been found to have anti-inflammatory action.
Phytochemicals including resveratrol, anthocyanins, and curcumin, can reduce inflammation
via inhibition of prostaglandin production and nuclear factor- B activity, enzyme inhibition,
as well as increase of cytokine production. Usually, antioxidant phytochemicals possess
strong antioxidant and free radical scavenging abilities as well as anti-inflammatory action,
which are also the basis of other bioactivities and health benefits

Protective Action on Cardiovascular Diseases

Cardiovascular disease is the leading cause of death and disability in developed
countries. Epidemiological studies have shown that flavonoids are linked to reduced
incidence or mortality from CVD among adults in Europe and the United States. The
etiology of CVD is very complex, and overproduction of oxidants is one of the main
pathogenic factors. Oxidative damage can cause endothelial cell injuries and deleterious
vasodilator effects. It has been shown that antioxidant polyphenols could modify molecular
events towards an improvement in endothelial function, and therefore play an important
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role in the prevention of CVD. Flavonoids from Euterpe oleracea pulp showed
atheroprotective effects in vitro. Another study indicated that total flavonoids of Flos
chrysanthemi showed vasodilating effects and protected vasodilator reactivity from
oxidative stress, which was mediated by endothelium-derived hyperpolarizing factor.
Macrophage scavenger receptors take up oxidized low-density lipoprotein to promote
cholesterol ester accumulation and foam cell formation, which is another factor contributing
to atherosclerotic disease. In animal models, quercetin attenuated atherosclerosis by
interfering with foam cell formation and pro-oxidant/proinflammatory response, which were
key proatherogenic activities of macrophages.

Polyphenols could also protect the cardiovascular system, not only from oxidative
stress but other damage because they possess other physiological effects, such as blood
pressure reduction and inflammation decreasing action. Dehydroglyasperin C (an antioxidant
compound of liquorice) attenuated proliferation and migration of human arterial smooth
muscle cells, which was induced by platelet-derived growth factor. Since accumulation of
vascular smooth muscle cells plays a key role in the formation and development of lesions
in atherosclerosis, dehydroglyasperin C may be beneficial to CVD. In addition, a study
showed that seven phenolic acids from blueberries exerted potential atheroprotective
effects. Platelet aggregation and adhesion under pathophysiological conditions can cause
thrombosis and blockage of coronary arteries, which is associated with the pathogenesis
and severity of CVD. Antioxidant polyphenols could modify molecular events towards
inhibition of platelet aggregation. Stilbenoids (isolated from Gnetum macrostachyum), which
possessed antioxidant and anti-inflammation activities, showed inhibitory effects on human
platelet aggregation and adhesion. In addition, phlorizin (a polyphenol found in apple)
possessed strong antioxidant activity, and prevented diabetic macrovascular complications
in diabetic mice. Since diabetic macrovascular complications are important causes of CVD,
phlorizin may be beneficial. Furthermore, anthocyanins were also demonstrated to have
protective action against several cardiovascular risk factors.

Except for polyphenols, other antioxidant phytochemicals such as crocin, lycopene
and allicin also show protective activities for CVD. Crocin, a natural antioxidant carotenoid,
inhibited platelet aggregation and protected oxidative stress-induced apoptosis of platelets
. In addition, several studies indicated that people consuming a Mediterranean diet with
high amounts of tomato products had a lower cardiovascular disease risk because lycopene
could improve endothelial function of CVD patients. Furthermore, allicin, an antioxidant
organosulfur compound from garlic, was found to protect the cardiovascular system by
inducing vasorelaxation and alleviating cardiac hypertrophy, angiogenesis, platelet
aggregation, hyperlipidemia and hyperglycemia. Therefore, antioxidant phytochemicals
could be good candidates for preventing and treating CVD through direct antioxidant
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activity as well as their other bioactivities (such as anti-inflammation and preventing platelet
aggregation and adhesion).

Antioxidant phytochemicals and their target chronic diseases.

Classification Antioxidants Chronic Disease 
   
 crocin CVD 
 lutein diabetes; 
 cataract; macular 
  
carotenoids  degeneration 

 
 lycopene CVD; 
 diabetes; 
  cancer 
 zeaxanthin cataract; macular 
 degeneration 
  
 anthocyanins CVD 
flavonoids dehydroglyasperin C CVD 
 phloretin diabetes; CVD 
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Classification Antioxidants Chronic Disease 
 k e a m p f e r o l obesity; 
 diabetes; 
  cancer; 
 m o r in  h y p e r te n s io n  
f la v o n o ls   C V D ; 
 quercetin obesity; 
 cancer; 
  A D ; 
  h y p e r te n s io n  
  diabetes; 
 catechin cancer; 
f la v a n o ls   A D  

epicatechin diabete s 

 
 epicatechin gallate cancer 
 epigallocatechin 

gallate 
aging 

 e r io d ic ty o l  A D  
 hesperetin A D  
flavanones n a r in g e n i n  obesity; 
 diabetes; 
  A D  
flavones l u te o l in  obesity 
 d a id z e in  diabete s 
is o f la v o n o id s  genistein obesity; 

diabetes; 

 
  cancer 
o r g a n o s u lf u r   C V D ; 

a ll i c in  obesity; 

c o m p o u n d s 

 aging 
  
phenolic acids caffeic acid obesity 

chlorogenic acid obesity 
 f e r u lic  a c i d  diabetes 
 b u t e in  diabetes; 
 cancer 
  
  u l c e r a t iv e  c o li tis ; 
  obesity; 
 c u r c u m i n  diabetes; 
 cancer; 
p o l yp h e n o ls   aging; 

 A D  
  
  C V D ; 
  obesity; 
 r e sv e r a tr o l  diabetes; 
 cancer; 
  
  aging; 
  A D  
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Antioxidant phytochemicals showing preventive and/or therapeutic effect by human studies.

Phytochemicals Disease 
  
 improved endothelial function in 
lycopene CVD patients on optimal 
 secondary prevention 
allicin reduced total blood cholesterol, 

LDL and raised HDL 

 
 resulted in improved diabetes 
pycnogenol control, lowered CVD risk factors, 

and reduced antihypertensive 

 
 medicine use 
 associated with lower population 
 rates of dementia in European 
flavonols countries, New Zealand, 
 Australia, USA and Canada at a 
 large-scale population level 
curcumin potential therapeutic capability in 

UC patients 

 
 contributed to the prevention of 
flavonoids hypertension in a prospective 
 study in men and women 
quercetin reduced blood pressure in stage I 

hypertensive patients 
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Material and Methods:-

Allium sativum
Kingdom: Plant Kingdom
Division: Dicotyledon
Order: Lilliales
Family: lilliacae
Genus Species: Allium sativum

Vernacular name: Eng: Garlic: Tella-Gadda:
Beng: Lashar, lashar, lashun, resun; Guj:lasan;
Hin:lahsan; Kan:bellyli; San: Kashuna and Tam
Valli-Pundu.

Description: An annual glabrous, bulbous herb with pungent odour. Buld short, consists
of several smaller buls (called cloves) and us surrounded by a thin, white or pinkish sheath.
Leaves flat and narrow, attenuate-acute at the apex; nerves parallel. Flowers white or
Pink with bulbils in globosed head covered with a large bract.

Habitate: Cultivated all over the country.

Propagation: By cloves (Segments of bulbs).

Part Used: Bulbs.

Chemical Constyituents: The essential oil obtained from the bulbs contains allicin, dially 1
disulfide, allyl proply 1 disulfide and other
sulfur compounds.

Zingiber officinale

Kingdom: Plant Kingdom
Division:  Dictoryledon
Order: Zingiberales
Family:  Zingiberacae
Genus and species: Zingiber officinale

Vernacular Name: Eng: Ginger; Hin: Adarak;
Kan; Ardraka; Mal: Incl, Erukkailanus; San:
Ardrakam; Tam: Inci; Tel: Allamu Ardrakamu.

Description: A slender, perennial rhizomatous herb; leaves linear, sessile, glabrous; flowers
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Yellowish green in oblong, cylindric spikes, ensheathed in a few scarious, glabrous bracts;
fruits oblong capsules. The rhizomes are white yellowish brown colour, irregularly branched,
somewhat annualated and laterally flattened. The growing tips are covered over  by a few
scales. The surface of the rhizome is smooth and if broken a fewfibrous elements of the
vascular bundles project out from the cut ends.

Habitate: Cultivated throughout India,  run wild in some place in the Western
glats.

Propagation: By rhizomes.

Parts Used: Rhizomes (raw as well as dry).

Chemical Constituents:  a-Curcumene,  a-Curcumene, b-D-curcumenne; a-
bergamotene, b-and camphene, g-bisabolene, b-bourbornene, d-borneol and its acetate,
calamine, d-camphene, car-3-ene, a-cedrol,citral,citronellol.

Terminalia arjuna
Kingdom: Plant Kingdom
Division: Dictoryledon
Order: combretales
family: Combretaceae
Genus species: Terminalia arjuna

Vernacular Name: Eng: Arjun; Hin: Arjun, Kahu, Kahua; Kan: Maddi, Vaidairya;
MAl:Nirmarutu, VEnmarutu, MArtut, Pulamatti; San: Arjunah, Kakubhah; Tam: Attumarutu,
Nirmarutu, VEllaimartutu, Marutu; Tel: Erranmaddi.

Description: A large evergreen tree with butteressed trunk and spreading crown with
dropping branches, bark smooth, grey outside and flesh coloured inside, flaking off in
large flat pieces; laves simple, subopposite, oblong or elloptic, coriaceous, pale dull green
above, pale brown beneath, often unequal sided nerves 10-15 paris, reticulare; flowers
white in panicles or wings, the linear braceteoles; fruits ovoid or oblong with 5-7 short,
hard angles or wings, the lines on the wings oblique and curving upwards.
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Habitate: Throughout India.

Propagation: By seeds.

Parts Used: Bark.

Chemical Constituents: Arjunolic acid, tomentosos acid, B-sitosterol, ellagic acid,
saponin and leucodelpahinidin. Bark contains a  crystalline compound arjunine, a laactone,
ajunetin, essential oil, tannin pyrocatechol, large quantities of calcium salts and traces of
aluminium and magnesium salts, reducing
sugars and colouring matter.

Punica granatum
 Kingdom: Plant Kingdom
Division: Dictoryledon
Order: Punicales
Family: Punicaceae
Genus Species: Punica granatum.

Characters: Small tree;  branchelets
often spinesunt; leaves  simple, opposite,
short-petioled, narrowly elliptic
lancedate, obtuse, entire, glabrous, to
8x2.3 cms; flowers bright led, solitary,
axillary, short- predically calyx tube funnel shaped, thick, coriaceous, orange coloured,adnate
to the overly below, lobes 5-7 triangalous, persistant on the fruit; petals 5-7;  stomen
numerous, overly inferior, rubes long, stigma capitates, fruit a large globose berry, yellowish
re when ripe, up to 10 cm across, with a thick, coriaceous rind crowned with the persistant
calyx lobes; seeds many, surrouned by a succulent pinkish white pulb.

Habitate: Commanly  cultivated as a ornamental and fruits.
Parts for used in Medicine: Fruits,Leaves, Roots
Propagation: Seeds, vegetative method.
Chemical Constituents:

Apigenin, glucoside, betulinic acid, callisterphin, tannins, cyanin, dolphin, lipids, mannityl,
polyphenols,  genistin.
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Hibiscus rosa-sinensis
Kingdom: Plant Kingdom
Division: Dictoryledon
Order: Melvels
Family: Melvaceae
Genus Species: Hibiscus rosa-sinensis.

Vernacular Name: Japa,java. Rudra
puspam; Eng: Red hisbiscus, rose of china,
Chinese hibiscus; Hin: Jasum; Beng: Joba; Tel:
java pushpamu dasana; Tam: Semparuthi; Kan:
dasavala and Mal: Chembaruthi.

Description: An evergreen woody, glabrous, showy shrub, 5-8 ft. high; leaves bright
green, ovate, ebtire below, coarsely toothed above; flowers solitary, axillary, bellshaped,
with pistil and stamens projecting from the center; capsules roundish, many seeded.

Habitate: Commonly cultivated as a garden ornamental shrub from sea-levelto 500m.
Propagation: By seeds and vegetative method.
Part Used: Leaves and flowers.

Chemical Constituents:Taraxey1 acetate, beta-sitosterol, campestrol, stigmasterol,
cholesterol, reogosterol, lipids, citric, tartaric and oxalic acids, fructose, glucose, Sucrose,
flavonoids and flavonoid glycosides. Hibiscetin, cyaniding and cyalin glucosides.
Alkanes.Phytochemicals (Garlic, Punica Granatum, Hisbiscus Ginger, Terminalia Arjuna
Phytochemicals) used in cardiovascular disease.

GARLIC:-

Phytochemicals
These are typical phytochemicals found in garlic: garlic contains flavonoids and

sulphur-containing compounds: diallyl sulphate, alliin, ajoene, allicin.

Benefits of garlic

Garlic is used to lower cholesterol and blood lipids and to protect blood vessels.
Raw garlic is also used for its anti-bacterial and anti-viral properties. 

Anti-bacterial and anti-virus

Fresh garlic is an effective remedy against infections. When raw garlic is crushed a
strong oxidant allicin is formed which has strong antibiotic property. 
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Heart disease

Garlic helps to reduces blood pressure and reduce blood lipid levels. Garlic
improves the elasticity of blood vessels and increasing blood circulation, relieving cramps
and circulatory disorders. Allicin and ajoene help to prevent the aggregation of platelets,
thereby reducing the risk of strokes but prolonging the bleeding and clotting times of wounds.

Anti-inflammatory

Many scientific studies have shown fresh garlic and garlic powder have anti-
inflammatory action. This action is related to the sulphur compounds in garlic.

Punica Granatum Phytochemicals

 The preliminary phytochemical screening tests may be useful in the detection of
the bioactive principles and subsequently may lead to the drug discovery and development.
Further, these tests facilitate their quantitative estimation and qualitative separation of
pharmacologically active chemical compounds. The phytochemical screening in the present
study, has revealed the presence of triterpenoids, steroids, glycosides, flavonoids, tannins,
carbohydrate and vitamin C in the peel extract; triterpenoids, steroids, glycosides, saponins,
alkaloids, flavonoids, tannins, carbohydrate and vitamin C in the whole fruit extract and
triterpenoids, steroids, glycosides, saponins, alkaloids, tannins, carbohydrate and vitamin
C in the seeds extract. Further the presence of different phytoconstituents in the three
different extracts may be responsible for the therapeutic properties of pomegranate.
Flavonoids and tannins are phenolic compounds and plant phenolics are a major group of
compounds that act as primary antioxidants or free radical scavengers. Since these
compounds were found to be present in the extracts, it might be responsible for the potent
antioxidant capacity of pomegranate .The secondary me taboJ it e s (phytochemicals) and
other chemical constituents of medicinal plants account for their medicinal value. For
example, saponins have hypotensive and cardiodepressant  properties. Glycosides are
naturally cardioactive drugs used in the treatment of congestive heart failure and cardiac
arrhythmia .The presence of saponins in whole fruit and seeds extract and glycosides in all
the extracts might play a role in the cardioprotective potential of pomegranate.

Hisbiscus

Herbal medicines have unique therapeutic properties and therefore, used in rural
areas to cure different diseases. The crude phytochemicals (total phenols, flavonoids, tannins,
carbohydrates and protein), vitamins (thiamine, niacin, riboflavin and ascorbic acid) and
trace elements (calcium, phosphorus and iron) were determined quantitatively from the
flowers of Hibiscus rosa sinensis and Hibiscus syriacus. The secondary plant products
such as phenols, tannins and flavonoids were found maximum in Hibiscus syriacus whereas
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the primary metabolite namely carbohydrates and protein were higher in Hibiscus rosa
sinensis. All the vitamins were higher in Hibiscus rosa sinensis than Hibiscus syriacus. The
trace elements such as calcium and phosphorus were greater in Hibiscus syriacus whereas
the content of iron was higher in Hibiscus rosa sinensis.

Ginger and Its Constituents

Ginger (Zingiber officinale), a member of the Zingiberaceae family, is a popular
spice used globally especially in most of the Asian countries. Chemical analysis of ginger
shows that it contains over 400 different compounds. The major constituents in ginger
rhizomes are carbohydrates (50–70%), lipids (3–8%), terpenes, and phenolic compounds.
Terpene components of ginger include zingiberene, ß-bisabolene, a-farnesene,ß-
sesquiphellandrene, and a-curcumene, while phenolic compounds include gingerol,
paradols, and shogaol (Figure 2). These gingerols (23–25%) and shogaol (18–25%) are
found in higher quantity than others. Besides these, amino acids, raw fiber, ash, protein,
phytosterols, vitamins (e.g., nicotinic acid and vitamin A), and minerals are also present.

Figure 2: Ginger, ginger rhizome, and its major active components: 6-gingerol, 6-
shogaol, and 6-paradol.

The aromatic constituents include zingiberene and bisabolene, while the pungent
constituents are known as gingerols and shogaols. Other gingerol- or shogaol-related
compounds (1–10%), which have been reported in ginger rhizome, include 6-paradol, 1-
dehydrogingerdione, 6- gingerdione and 10-gingerdione, 4- gingerdiol, 6-gingerdiol, 8-
gingerdiol, and 10-gingerdiol, and diarylheptanoids . The characteristic odor and flavor of
ginger are due to a mixture of volatile oils like shogaols and gingerols.

Ginger

Ginger has been used as a spice as well as medicine in India and China since
ancient times. It was also known in Europe from the 9th century and in England from the
10th century for its medicinal properties. Native Americans have also used wild ginger
rhizome to regulate menstruation and heartbeat. Ginger is thought to act directly on the
gastrointestinal system to reduce nausea. Therefore, it is used to prevent nausea resulting
from chemotherapy, motion sickness, and surgery . Ginger is known as a popular remedy
for nausea during pregnancy. Ginger is also used to treat various types of other GI problems
like morning sickness, colic, upset stomach, gas, bloating, heartburn, flatulence, diarrhea,
loss of appetite, and dyspepsia (discomfort after eating). According to Indian Ayurvedic
medicinal system, ginger is recommended to enhance the digestion of food .

Besides these, ginger has been reported as a pain relief for arthritis, muscle soreness,
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chest pain, low back pain, stomach pain, and menstrual pain. It can be used for treating
upper respiratory tract infections, cough, and bronchitis. As an anti-inflammatory agent, it
is recommended for joint problems . Fresh juice of ginger has been shown to treat skin
burns. Active component of ginger is used as a laxative and antacid medication. It is also
used to warm the body for boosting the circulation and lowering high blood pressure.
Because of its warming effect, ginger acts as antiviral for treatment of cold . Ginger is also
used as a flavoring agent in foods and beverages and as a fragrance in soaps and cosmetics.

Terminalia Arjuna Phytochemicals

Phytochemical screening showed the active compounds presence in high
concentration, such as phytosterol, lactones, flavonoids, phenolic compounds and tannins
and glycosides. The antimicrobial activity of extract showed that greater inhibition zone
against Gram negative bacteria than Gram positive bacteria. This methanolic extract showed
a promising antioxidant activity, as absorption of DPPH redicles decreased in DPPH free
radical scavenging assay. Flavonoids components having antioxidant property present in
the methanol extract at a level of 199.00 mg quercetin equivalent/g of dried methanol
extract in colorimetric method.

Cardio protective role in medicinal plant

Herbal Medicine for the Treatment of Cardiovascular Disease:-

Herbs have been used as medical treatments since the beginning of civilization and
some derivatives (eg, aspirin, reserpine, and digitalis) have become mainstays of human
pharmacotherapy. For cardiovascular diseases, herbal treatments have been used in patients
with congestive heart failure, systolic hypertension, angina pectoris, atherosclerosis, cerebral
insufficiency, venous insufficiency, and arrhythmia. However, many herbal remedies used
today have not undergone careful scientific assessment, and some have the potential to
cause serious toxic effects and major drug-to-drug interactions. With the high prevalence
of herbal use in the United States today, clinicians must inquire about such health practices
for cardiac disease and be informed about the potential for benefit and harm. Continuing
research is necessary to elucidate the pharmacological activities of the many herbal remedies
now being used to treat cardiovascular diseases.

Since the beginning of human civilization, herbs have been an integral part of society,
valued for both their culinary and medicinal properties. Herbal medicine has made many
contributions to commercial drug preparations manufactured today including ephedrine
from Ephedra sinica (ma-huang), digitoxin from Digitalis purpurea(foxglove), salicin (the
source of aspirin) from Salix alba (willow bark), and reserpine from Rauwolfia
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serpentina (snakeroot), to name just a few. A naturally occurring ß-adrenergic blocking
agent with partial agonism has been identified in an herbal remedy.1 The recent discovery
of the antineoplastic drug paclitaxel from Taxus brevifolia (pacific yew tree) stresses the
role of plants as a continuing resource for modern medicine.

Congestive heart failure

A number of herbs contain potent cardioactive glycosides, which have positive
inotropic actions on the heart. The drugs digitoxin, derived from either D purpurea(foxglove)
or Digitalis lanata, and digoxin, derived from D lanata alone, have been used in the treatment
of congestive heart failure for many decades. Cardiac glycosides have a low therapeutic
index, and the dose must be adjusted to the needs of each patient. The only way to control
dosage is to use standardized powdered digitalis, digitoxin, or digoxin. When 12 different
strains of D lanata plants were cultured and examined, their total cardenolide yield ranged
from 30 to almost 1000 nmol/1 g.6 As is evident, treating congestive heart failure with
nonstandardized herbal drugs would be dangerous and foolhardy.

Some common plant sources of cardiac glycosides include D purpurea (foxglove,
already mentioned), Adonis microcarpa and Adonis vernalis (adonis), Apocynum
cannabinum (black Indian hemp), Asclepiascurassavica (redheaded cotton bush),Asclepias
friticosa (balloon  cotton),  Calotropis  precera (king's  crown), Carissa
spectabilis (wintersweet),  Cerebra  manghas (sea  mango), Cheiranthus
cheiri(wallflower), Convallaria majalis (lily of the valley, convallaria), Cryptostegia
grandiflora (rubber vine), Helleborus niger (black hellebore), Helleborus viridus,Nerium
oleander (oleander), Plumeria  rubra (frangipani), Selenicerus  grandiflorus(cactus
grandiflorus), Strophanthus hispidus and Strophanthus kombe (strophanus),Thevetia
peruviana (yellow oleander), and Urginea maritima (squill). Even the venom glands of the
animal Bufo marinus (cane toad) contain cardiac glycosides.8Recently, the digitalislike
steroid in the venom of the B marinus toad was identified as a previously described steroid,
marinobufagenin. Marinobufagenin demonstrated high digoxinlike immunoreactivity and
was antagonized with an antidigoxin antibody.

Hypertension

The root of R serpentina (snakeroot), the natural source of the alkaloid reserpine,
has been a Hindu Ayurvedic remedy since ancient times. In 1931, Indian literature first
described the use of R serpentina root for the treatment of hypertension and psychoses;
however, the use of Rauwolfia alkaloids in Western medicine did not begin until the
mid1940s. Both standardized whole root preparations of R serpentina and its reserpine
alkaloid are officially monographed in the United States Pharmacopeia. A powdered whole
root of 200 to 300 mg orally is equivalent to 0.5 mg of reserpine.
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Reserpine was one of the first drugs used on a large scale to treat systemic
hypertension. It acts by irreversibly blocking the uptake of biogenic amines (norepinephrine,
dopamine, and serotonin) in the storage vesicles of central and peripheral adrenergic neurons,
thus leaving the catecholamines to be destroyed by the intraneuronal monoamine oxidase
in the cytoplasm. The depletion of catecholamines accounts for reserpine's sympatholytic
and antihypertensive actions. Reserpine's effects are long lasting, since recovery of
sympathetic function requires synthesis of new storage vesicles, which takes days to weeks.
Reserpine lowers blood pressure by decreasing cardiac output, peripheral vascular
resistance, heart rate, and renin secretion. With the introduction of other antihypertensive
drugs with fewer central nervous system adverse effects, the use of reserpine has diminished.
The daily oral dose of reserpine should be 0.25 mg or less, and as little as 0.05 mg if given
with a diuretic. Using the whole root, the usual adult dose is 50 to 200 mg/d administered
once daily or in 2 divided doses.

Angina pectoris

Crataegus hawthorn,  a  name  encompassing many Crataegus species  (such
as Crataegus oxyacantha and Crataegus monogyna in the West and Crataegus pinnatifida in
China) has acquired the reputation in modern herbal literature as an important tonic for the
cardiovascular system that is particularly useful for angina. Crataegus leaves, flowers, and
fruits contain a number of biologically active substances, such as oligomeric procyanins,
flavonoids, and catechins. From current studies, Crataegus extract appears to have
antioxidant properties and can inhibit the formation of thromboxane as well.

Also, Crataegus extract antagonizes the increases in cholesterol, triglyceride, and
phospholipid levels in low-density lipoprotein (LDL) and very low-density lipoprotein in
rats fed a hyperlipidemic diet; thus, it may inhibit the progression of atherosclerosis. This
hypocholesterolemic action may be due to an up-regulation of hepatic LDL receptors
resulting in greater influx of plasma cholesterol into the liver.Crataegus also prevents
cholesterol accumulation in the liver by enhancing cholesterol degradation to bile acids, as
well as suppressing cholesterol biosynthesis.

Atherosclerosis

In addition to its use in the culinary arts, garlic (Allium sativum) has been valued for
centuries for its medicinal properties. Garlic is one of the herbal medicines that has been
examined more closely by the scientific community. In recent decades, research has focused
on garlic's use in preventing atherosclerosis. Garlic, like many of the other herbal medicines
discussed previously, has demonstrated multiple beneficial cardiovascular effects. A number
of studies have demonstrated these effects that include lowering blood pressure, inhibiting
platelet aggregation, enhancing fibrinolytic activity, reducing serum cholesterol and triglyceride
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levels, and protecting the elastic properties of the aorta.

Consumption of large quantities of fresh garlic (0.25 to 1.0 g/kg or about 5-20
average sized 4-g cloves in a person weighing 78.7 kg) has been shown to produce the
beneficial effects mentioned earlier. In support of this, a recent double-blind cross-over
study was conducted on moderately hypercholesterolemic men that compared the effects
of 7.2 g of aged garlic extract with placebo on blood lipid levels. This study found that
there was a maximal reduction of 6.1% in total serum cholesterol levels and 4.6% in LDL
cholesterol levels with garlic compared with placebo.

Conclusion

Herb have  been used has medical treatments since the beginning of civilization
and some derivatives (eg, aspirin, resperpinie and digitalis) have become mainstays of
human pharmacotherapy. For cardiovascular diseases, herbal treatments have been used
in patients with congestive heart failure, systolic hypertention, angina pectoris,
atheroselerosis, cerebral in sufficiency, venous insufficiency and arrhythmia.

Some medicinal plants allium sativum, zingiber officinale, punica granutm, terminalia
arjuna, hibiscus rosa sinses are used for the treatment of cardiovascular disease.

Allium sativum (Garlic) phytochemical contains flavonoids and sulphur containing
compounds: diallyl sulphate, allin, ajone. Garlic used to decrease lower cholesterol, blood
lipids and protect blood vessels . Raw Garlic is also used for anti-bacterical and anti-viral.
Garlic helps to reduce blood pressure, blood lipid levels. It improves the elasticity of
blood vessels and increasing blood circulation, releving cramps and circulatory disorder.

Ginger: The major constituents in Ginger rhizomes are carbohydrates, lipid, tarpens,
phenolic compounds. Ginger has been reported as a pain relief for arthritis, musclesoenes,
chestpain. Ginger is also used in regulate menstruation and heart beat.

Punica grantum(pomegranate) phytochemicals are triterpenoids, steroids, glycosids,
flavonoids, tannin, carbohydrate and vitamins c. saponins as hypotensive and cardio
depressant properties. Glycosids are used in the treatment of congentive heart failure and
cardiac arrhythmia.

Terminalia arjuna phytochemicals are sterol, lactons, flavonoids, phenolic
compounds tannin, glycosids. The anti microbial activity of extract showed that great
inhibistion zone against gram negative bacteria than gram positive bacteria. Phyto sterol,
lactons is also cure in cardiovascular disease and strength heart.

Cardio Protective Effect of Medicinal Plants



181

Hibiscus: The secondary plant product such as phenols, tannins and flavonoids were found
maximum in hibiscus. Carbohydrate, protein were higher in hibiscus rosa sineses. It purifier
blood. Phenols, tannins might play role in the cardio protective
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Abstract

This study was designed to investigate the ameliorative effect of (–)
epigallocatechin-3-gallate (EGCG) on Fenvalerate induced biochemical alterations
in human erythrocytes in vitro. Erythrocytes are useful model to study the interaction
of pesticides with biological membranes. Pesticides are thought to exert damaging
effect on bio membranes through free radical generation; therefore antioxidants can
play a crucial role in offering protection against pesticide induced oxidative damage.
EGCG is a potential antioxidant, known to be able to protect cells against oxidative
damage. The biochemical parameters chosen to evaluate the effect of EGCG were
lipid peroxidation (LPO), antioxidant enzymes, non enzymic antioxidants and
membrane bound ATPases of erythrocytes. Following in vitro exposure, Fenvalerate
caused a significant induction of oxidative damage in erythrocytes as evidenced by
increased levels of thiobarbituric acid reactive substances (TBARS), and decreased
levels of enzymic and non enzymic antioxidants. However, EGCG pretreatment
significantly restore the activities of antioxidant enzymes and membrane bound
ATPases to near normal level. The beneficial effects of EGCG observed here
presumably reflect the ability of this flavonoid to protect cells from the toxic effects of
pesticide poisoning with reference to Fenvalerate.
Key words: EGCG; Fenvalerate; Erythrocytes; Antioxidant activity, oxidative damage

Introduction

Blood is composed of a yellowish fluid, called plasma (55%), in which are
suspended millions of cells that constitute 45% by volume of whole blood. In an average
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adult, the volume of the blood is about one – eleventh of the body weight and the volume
of blood in an average adult is 4.7 - 5.0 liters (Tavares-Dias and Morares, 2007). In
blood, normal erythrocyte function depends on the intactness of cell membrane which is
the target for many xenobiotics including pesticides. Pesticide exposure can alter the
membrane permeability of erythrocytes (Sing, 2004). The involvement of reactive oxygen
species (ROS) have been implicated in the toxicology of pyrethroid pesticide. Synthetic
pyrethroids were developed as the best alternative to organophosphorus and carbamate
pesticides; however, these insecticides have also proved to be detrimental to human beings,
fish, and domestic animals by altering various metabolic activities [Adhikari et al. 2006].

The mature erythrocyte contains high concentrations of Hb and functions as an
oxygen transporter. The erythrocyte retains a collection of enzymes, proteins, carbohydrates,
lipid, anions and cations, all of which are required in balance, for effective metabolism of
cells. Erythrocytes are known to be very susceptible to oxidative stress induced by high
oxygen strains, which can result in degenerative changes in hemoglobin, the cell membrane,
and enzymes required for normal erythrocyte function (Lux, 2016). Oxidative stress may
block the ionic pump leading to disturbances of ions and water movement from the
erythrocyte membrane, which may induce cellular swelling and probable lysis called
hemolysis. Previously studies also reported that pesticide and xenobiotics are capable of
inducing hemolysis and destruction of erythrocytes (Magedira mani et al., 2014). Hence
the present study we designed to evaluate the Fenvalerate induced Oxidative stress in
erythrocyte in vitro model.

Flavonoids is a group of natural substances with variable phenolic structures and
are ability to reduce oxidative stress induced by xenobiotics and pesticides (Robert J
Nijveldt et al., 2001). More than 4000 varieties of flavonoids have been identified, many
of which are responsible for the attractive colors of flowers, fruit, and leaves. An important
effect of flavonoids is the scavenging of oxygen derived free radicals. In vitro experimental
systems also showed that flavonoids possess anti-inflammatory, anti-allergic, antiviral, and
anti-carcinogenic properties (Robert J Nijveldt et al., 2001). Green tea is one of the major
flavonoid. Natural Green tea polyphenols have recently attracted considerable attention
for preventing oxidative stress-related diseases including cancers, cardiovascular and
degenerative diseases [Trevisanato et al., 2000]. Green tea and its constituent catechins,
namely (–)-epicatechin (EC), (–) epicatechin-3-gallate (ECG), (–)-epigallocatechin (EGC),
(–) epigallocatechin-3-gallate (EGCG), are best known for their antioxidant properties
[Dufresne et al., 2001]. Moreover, only EGCG has two triphenolic groups in its chemical
structure and therefore, these specific structural characteristics must affect anti-oxidative
potency [Liao et al., 2001]. EGCG has received special attention for its anti-cancer, anti-
oxidant, anti-viral, anti-neurodegenerative, anti-apoptotic, vasorelaxant and hypoglycemic
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activities [Khan et al., 2007, Syed et al., 2007]. EGCG has been studied for its anti-
oxidative, anti-inflammatory, anti-tumorigenic and anti-senescent properties [Higdon et
al., 2003]. In vitro studies have reported EGCG as both a pro-oxidant and antioxidant
because of its unique ability to auto-oxidize and to act as a hydrogen donor [Mandel et al.,
2004]. Hence the present study is designed to ameliorative detrimental effect of Fenvalerate
induced Oxidative stress in erythrocyte in vitro model by EGCG.

Materials and method

Chemicals

All fine chemicals including BSA, GSH and EGCG were purchased from Sigma
chemical co., USA.  All other chemicals used were of good quality and analytical grade.
Fenvalerate =97% Synonym: a-Cyano-3-phenoxybenzyl a-(4-chlorophenyl)-iso-valerate.
Empirical Formula (Hill Notation) C25H22ClNO3. Molecular weight 419.90 purchased
from Sigma chemical co., USA.

Isolation of erythrocytes

The erythrocytes were isolated by the method of Rizvi and Zaid (2005).  Venous
blood was collected from healthy individuals after an overnight fast using EDTA as
mandelanticoagulant.  After two hours, the blood sample were centrifuged at 4ºC for 10
minutes at 1000 x g to remove plasma and buffy coat and the isolated erythrocytes were
washed 4 to 5 times with 0.154 mol/l NaCl and finally packed erythrocytes were obtained.
These packed erythrocytes were used for incubation with fenvalerate and EGCG.

Experimental design

Erythrocyte incubation with fenvalerate and EGCG

Isolated erythrocytes at a hematocrite of 10% (10 volumes of erythrocytes to 90
volume of phosphate buffer saline, pH 7.4) were treated for 1 hour with a dose of 100
ppm of fenvalerate and 0.1M EGCG at 37 ºC.  The erythrocytes incubated in buffer
without pesticide was used as control.

Segregation of experimental groups

Erythrocytes incubated with fenvaletate and/ or EGCG as given below and the protocol
was repeated for six times.

Group I - Erythrocyte alone

Group II - Erythrocyte incubated with 100 ppm of fenvalerate

Group III - Erythrocyte incubated with 100 ppm of fenvalerate & 0.1M EGCG

Group IV - Erythrocyte incubated with 0.1M EGCG
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Biochemical Assays

The total protein content was estimated by the method of Lowry et al., (1951).
The ratio of hemolysis was calculated from the equation as described by Pieniazek et al
(2004). The level of lipid peroxidation was assayed by Ohkawa et al. (1979), The activity
of total superoxide dismutase (SOD) Misra and Fridovich, (1972), Catalasze (CAT) Abi
et al., (1983), glutathione peroxidase (GPx) Rotruck et al., (1973) Glutathione-S-
transferase (GST) Habig et al., (1974), Glutathione reductase (GR) Carlberg and mannervik,
(1975) in erythrocytes were estimated by the respective methods. Reduced glutathione
Moron et al., (1979), Vitamin C Omaye et al. (1979), were estimated by the respective
methods the membrane bound ATPasers like Na+/K+ ATPase Bonting (1970), Mg2+
ATPase Ohnishi et al (1982), Ca2+ ATPase Hjerten and Pan (1983) were estimated by
the respective methods.

Statistical Analysis

 All data were analyzed with SPSS/10 student software.  Hypothesis testing methods
included one way analysis of variance (ANOVA) followed by LSD.  The values are
expressed as mean + S.D. and results were considered significantly different if P<0.05.
Statistically significant variations are compared as follows: Group I Vs Group II, Group I
Vs Group III and Group III Vs Group IV.

Results and discussion

Effect of EGCG on hemolysis

The percentage of hemolysis is showed in figure 1.  The percentage of hemolysis
was significantly increased in group II as compared to control group I. However
administration of EGCG decreases the hemolysis in group III. There is, no significant
difference was observed between control and EGCG alone treated groups.

Figure 1: Effect of fenvalerate and EGCG on the level of hemolysis in the
erythrocytes of control and experimental groups.

Ameliorative Effect Of (-) Epigallocatechin Gallate (EGCG) On
Fenvalerate Induced Oxidative Stress in Erythrocytesa



187

Results are expressed as mean ± SD for 6 different sets of experiments. Values
are considered significantly different at P < 0.05 with post-hoc LSD test. Statistically
significant variations are compared as followsa fenvalerate-induced vs control. b fenvalerate-
induced + EGCG treated vs fenvalerate-induced. : a,b indicates P < 0.05 and NS indicates
non-significant.

Pesticides were shown to increase hemolysis in erythrocytes [Nasuti et al., 2003].
Pesticide like 2, 4-dichlorophenoxyacetic acid reported to decrease oxygen affinity of
haemo-protein and free radicals production leads to hemolysis [Pieniazek et al., 2004,
Bukowska et al., 2006]. In vitro exposure of fenvalerate caused a significant induction of
oxidative damage in erythrocytes as evidenced by increased percentage of Hemolysis.
However, in the present study EGCG prevent the factors responsible for the hemolysis
and reduced the hemolysis in erythrocytes.  Previously EGCG has been shown to protect
RBCs against hemolytic damage under in vitro conditions [Chen and Deuster, 2009;
Pawlikowska-Pawlega et al., 2003.]

Effect of EGCG on lipid peroxidation

The levels of lipid peroxidation, in experimental groups are shown in figure 2. The
level of lipid peroxides increased significantly (P<0.05) in erythrocytes incubated with
fenvalerate in group II, when compared to control group I. Co treated with EGCG decreases
the levels of lipid peroxidation (P<0.05) in group  III. However, no significant difference
was observed between control and EGCG alone treated groups.

Pesticides have been shown to enhance the production of reactive oxygen species
(ROS), which in turn generate oxidative stress in different tissues (Mehta et al 2009).  In
fact, one of the molecular mechanisms underlying the toxicity of some pesticides seems to
be lipid peroxidation (LPO). As a consequence, these compounds can disturb the
biochemical and physiological functions of the cells (Mansour 2009). A Thio barbituric
acid reactive substance (TBARS) is an index of lipid peroxidation.

A. Nafeez Ahmed,  V.  Magendira Mani and A. Amjad  Hussain
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Results are expressed as mean ± SD for 6 different sets of experiments. Values
are considered significantly different at P < 0.05 with post-hoc LSD test. Statistically
significant variations are compared as followsa fenvalerate-induced vs control. b fenvalerate-
induced + EGCG treated vs fenvalerate-induced. : a,b indicates P < 0.05 and NS indicates
non-significant.

The increase in TBARS is an indication of an increased level of oxygen free radicals.
The erythrocytes and their membranes are very sensitive to oxidative damage due to their
content of unsaturated fatty acids, which are continuously exposed to high concentration
of oxygen (Ney et al., 1990).  Lipid peroxidation in erythrocyte membrane can be monitored
by evaluating conjugated diene formation which is the first step of oxidative damage in
polyunsaturated fatty acids. The oxidative index was used as a relative measurement for
conjugated dienes in lipid extract [Gabbianelli et al., 2002].  The increase in TBARS and
conjugated diene in the present study indicates the increase in oxidative stress induced by
fenvalerate in erythrocytes. In previous studies fenvalerate pesticide was shown to increase
lipid peroxidation in experimental animals and in vitro study [Yousuf et al., 2006]. In previous
reported that pyrethroid -induced peroxidative damage in all tissues and gills of fish in
particular during a short-term subacute exposure regimen [Sayeed et al. 2003]. In the
present study, Fenvalerate may induce oxidative stress, leading to the generation of free
radicals and causing lipid peroxidation, in erythrocytes. However, TBARS were found to
be significantly reduced in erythrocytes pre incubated with EGCG.  EGCG can act as
scavengers of free radicals caused by ROS and prevent free radical induced membrane
damage (Fang et al., 2002). This could the possible reason for decrease in the level of lipid
peroxides in group III.

Effect of EGCG on Antioxidant defence system:

Enzymic antioxidants

 Table.1. represents the enzymic antioxidant status (SOD, CAT, GR, GPx, and
GST) in the erythrocytes of control and experimental groups. A significant decrease (p <
0.05) in the activities of antioxidants was observed in fenvalerate induced in group II.
These adverse changes in the antioxidant enzyme profile were reversed to near normal
values in EGCG treated groups. There is no significant changes in antioxidant profile were
observed in control and EGCG alone treated groups.

Non-enzymic antioxidants

Table.2. represents the non-enzymic antioxidant status (GSH, Vitamin-C, Vitamin-
E) in the control and experimental groups. A significant decrease (p < 0.05) in the activities
of these non-enzymic antioxidants was observed in the administered with fenvalerate. EGCG
administered along with fenvalerate administered groups significantly upturned the activities
of these antioxidants towards normal values.

Ameliorative Effect Of (-) Epigallocatechin Gallate (EGCG) On
Fenvalerate Induced Oxidative Stress in Erythrocytesa



189

ROS play an important role in oxidative damage to cellular compartment which leads to
cell injury and death. ROS such as the superoxide radical, the hydroxyl radical and hydrogen
peroxide are produced in most cells under physiological conditions and their levels are
regulated by a number of enzymes and physiological antioxidants (Ye et al., 2004).  When
the production of ROS exceeds the capacity of the cell to detoxify them, oxidative stress
develops that is harmful to the integrity of biological tissues.  The erythrocytes particularly
vulnerable to oxidative stress, which are continuously exposed to high concentration of
oxygen caused by a mismatch between the production of free radicals and the ability to
scavenge them (Sharma and Gupta, 2001).

Endogenous antioxidant enzymes are responsible for preventing and neutralizing the free
radical induced oxidative damage. The antioxidant enzymes, such as SOD, CAT, Vit-C
and Vit-E constitute a major supportive team of defense against free radicals induced
damage (Gopinath et al., 2011). Reports suggest that dietary intake of antioxidants such
as vitamin C and vitamin E may be useful to reduce the risk of oxidative damage (Prakash
et al, 2013).

Table 1: Effect of fenvalerate and EGCG on the activities of SOD, CAT, GPx,
GST and GR in the erythrocytes of control and experimental groups.

Particulars Control 
Erythrocytes 

Erythrocytes + 
fenvalerate 

Erythrocytes + 
EGCG + 

fenvalerate 

Erythrocytes 
+EGCG 

SOD 1.6±0.12 
 

1.9±0.02 
 

1.65±0.03 
 

1.65±0.01 
 

CAT 21.2 ± 1.78 17.2±1.9 22.22 ±5.80 21.2 ± 3.11 

GPx 135.2 ±1.64 
 

102.8±1.92 
 

 
111.2±1.92 

 

 
136.8±1.48 

 

GST 0.09 ± 0.007 0.05 ±0.004 0.076 ±0.005 0.087 ±0.006 

GR 1.78 ± 0.07 0.87 ± 0.04 1.67 ± 0.04 1.76 ± 0.05 
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Units: SOD - 50% inhibition of epinephrine auto oxidation / min/ mg protein; CAT-
µmole H2O2 consumed/min/mg protein; GPx - µgm of GSH consumed /min/mg protein;
GST - µmoles of 1 – chloro - 2- 4 - dinitrobenzene formed/min/mg protein and GR - µgm
GSSH utilized/min/mg protein
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In the present study, reduced enzymic and non-enzymic antioxidant activities were observed
in the fenvalerate treated erythrocytes due to the excessive production of free radical
generation and increased utilization of enzymes to scavenge the excessive free radical.
While the erythrocytes are treated with EGCG the activities are increased when compared
to the fenvalarate treated group.  The increased antioxidant status shows that impaired
redox homeostasis status caused by the fenvalerate is modulated by EGCG treatment.
Polyphenols possess ideal structural chemistry for free radical scavenging activities.  The
chemical activities of polyphenols in terms of their reducing properties as hydrogen or
electron donating agents predict their potential for action as free radical scavenger (Rice-
Evans, 1995, 1996).  EGCG by scavenging the free radicals and chelate the metal ions
thereby reduces the level of lipid peroxidation in erythrocytes Preventing them. This shows
EGCG has the ability to scavenge the free radicals and restores the antioxidant status. This
observation is report that EGCG ameliorates oxidative stress by restoring the status of
antioxidant enzymes (Khan et al., 2011).

Table 2: Effect of fenvalerate and EGCG on the activities of GSH, VIT-C &
VIT-E in the erythrocytes of control and experimental groups.

Particulars 

Control 
Erythrocytes 

Erythrocyte
s + 

fenvalerate 

Erythrocytes + 
EGCG + 

fenvalerate 

Erythrocytes 
+EGCG 

GSH(μ moles/mg 
protein) 

 
2.6±0.15 

 
1.4 ± 0.023 

 
4.55±0.09 

 
2.8 ± 0.1 

VIT-C  1.89 ± 0.07 0.86 ± 0.05 1.60 ±0.07 1.86 ±0.065 

VIT-E  1.3 ±0.05 0.6 ± 0.02  1.57 ±0.03 1.39 ±0.04 

 

Effect of EGCG on membrane bound enzymes:

Ca2+ ATPase, Na+-K+-ATPase and Mg2+-ATPase are responsible for the
transport of  Ca2+, Na+/K+ and Mg2+-ions respectively, across the membrane at the
expense of ATP hydrolysis.  The activities of membrane bound enzymes like Na+- K+-
ATPase, Mg2+-ATPase and Ca2+ ATPase in different experimental groups are presented
in Table 3. The activities of Na+- K+-ATPase, Mg2+-ATPase and Ca2+ ATPase decreased
significantly (P<0.05) in erythrocyte incubated with fenvalerate  as compared to erythrocytes
alone. However these enzyme activities increased significantly (P<0.05) in erythrocytes
incubated with both fenvalerate and EGCG in group III.  However, no significant difference
was observed between control and EGCG alone treated groups.

Ameliorative Effect Of (-) Epigallocatechin Gallate (EGCG) On
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Table 3: Effect of FENVALERATE and EGCG on the activities membrane
bound ATPases in the erythrocytes of control and experimental groups.

The Ca2+-ATPase is the major active calcium transport protein responsible for
the maintenance of normal intracellular calcium levels in a variety of cell types.  The
intracellular sodium concentration is maintained by a balance between sodium influx down
and sodium efflux against the electrochemical gradient.  Under baseline conditions, sodium
influx occurs via the fast sodium channels, while sodium efflux occurs mainly through Na+-
K+ ATPase. Membrane fluidity has a strong influence on important membrane functions
such as the conformation and thus the activity of membrane associated enzymes (Rizvi et
al., 2005).  The role of oxidative damage of membrane by pesticide contributes to the
alteration in the activities of membrane bound enzymes. In previous studies, damage to
RBC membrane by organophosphate altered activities of membrane bound enzymes (Sing
et al., 2004). Numbers of dietary compounds have been shown to influence membrane
characteristics such as fluidity, stability and susceptibility to membrane oxidative damage
(Peck, 1994; Gutteridge and Haliwell, 1992). Previous studies have reported that
supplementation with antioxidants prevents inhibition of Na+- K+ ATPase and/or Ca2+
ATPase activity (Pekiner et al., 2002). In the present study, the membrane lipid peroxidation
and protein degradation by fenvalerate free radicals may be the factor for the decrease in
activities of these membranes bound enzymes. However EGCG treatment restores the
activities of membrane bound ATPase and improves the membrane fluidity of the
erythrocytes. This observation shows that EGCG has the ability to strengthen the membrane
fluidity by increasing the membrane bound enzymes.

Conclusion

The protective effect of EGCG on Fenvalerate poisoning in human erythrocyte was studied
using in vitro model.  Oxidative stress was proposed to be an important reason for the
pesticide toxicity.  Hence this work was designed to biochemically evaluate the protective

Particulars 

Control 
Erythrocytes 

Erythrocytes + 
fenvalerate 

Erythrocytes + 
EGCG + 

fenvalerate 

Erythrocytes 
+EGCG 

Na+/K+- 
ATPases(units
/mg protein) 

6.55±0.14 2.4±0.07 3.9±0.07 6.4±0.09 

Ca2+- 
ATPases(μmol

/min/mg 
protein ) 

11.6±1.08 5.0±0.25 7.0±0.29 11.9±0.74 

 

A. Nafeez Ahmed,  V.  Magendira Mani and A. Amjad  Hussain



192

effect of EGCG against pesticide poisoning by assessing the hemolysis, lipid peroxidation,
enzymic and non-enzymic antioxidants enzymes, membrane bound enzymes. Thus it is
concluded that EGCG may provide a protective option in the pesticide poisoning.
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Abstract

Many metals occur in  traces in the earth’s crust. Metals like  Pb,Hg,Zn,Cd
are heavy metals. Some of the heavy metals are beneficial to organisms in traces. But
if excessive levels of heavy metals enter environment through human activities, they
endanger health and survival of  humans and other organisms.

Many toxic inorganic and organic compounds and heavy metals from sources
mentioned above, are deposited and buried in the soil by water. They reach the water
bodies when washed off from soil by water. Humus, the organic material present in
the soil (which also makes the soil look green) has high affinity for heavy metal cations
and extract them from water that passes though the soil. Roots of crops and other
plants pick up these compounds along with water and pass  on to plants and then
plants to animals.

Heavy metals are also retained in the soil by adsorption on mineral particles
present in the soil and precipitation reactions.

In water, particles with adsorbed heavy metals settle to the bottom and then
sediments may accumulate over them. But if organisms consume these, then heavy
metals enter the food web.

 Nowadays, pollution becomes increasingly prevalent in our daily life. In some
areas, it has a fairly negative impact on our health. Among all the pollutions, heavy
metal is an important part which should never be neglected. To improve the
environment we reside requires reducing the pollution; to reduce the pollution demands
for having a good knowledge of  the pollution degree in the areas we live; to acquire
the situation of pollution, we need to collect the pollution concentration .In this topic,
attempt is done to study their effectiveness and the findings.

Biological removal methods by using various low materials were found be
very effective methods with the percentage removal above 90 percent.

Key words: Heavy metal, Metal toxicity, Biofilter.
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1.  Introduction

A heavy metal is one whose density is more than 5g cm-3.some heavy metals are
lead, cadmium, mercury, arsenic ,selenium, as also iron, copper, manganese, selenium,
zinc, etc. All these metals have atomic number greater than 20. Low concentrations of
metal like iron, copper, zinc and some others are essential for organisms. They are called
‘trace metals’. On the other hand metals like lead, mercury, cadmium and some others are
toxic to organisms above a certain concentration.

A trace metal is defined as one which occurs in 1000 ppm (parts per million or mg/
litre) or less in the earth’s crust.

Distinctive approaches have being used to decontaminate the environment from
pollutants. However , many of the ways are used but the method required high amount and
no long term high effects. Thus the new approach is followed which include the organic
procedure which is inexpensive and efficient system of treating metal-bearing effluents as
these method may just furnish a possible method out to steel elimination from contaminated
environment.

2. Sources of Heavy metal

 Lead: Lead is a very severe pollutant.

Occurrence:   0.1% by weight of Pb occurs in the earth‘s crust in rocks and soil. It occurs
naturally in some plants.

Anthropogenic sources: Human activities have increased the quantity of lead in the
environment. Some such anthropogenic sources are:

(i) Soil forms a dumping ground for Pb from mining, smelting , sewage and agricultural
sludge;

(ii) From vehicle exhausts: Tetraethyl lead is mixed with the petrol for improving efficiency
of intemal combustion engines of vehicles. Fuel evaporating from fuel tank and
carburetters and unburnt fuel from mopeds and motor bikes release compounds of
Pb through automobile exhausts and it accumulates as dust.

(iii) Lead is also released from industries and reaches the soil from accumulating as dust.
Pb goes into potable (fit for human consumption) water from lead pipes and lead
storage tanks. Pipe joints also have Pb insoldering which may be carried along with
water flow.

(iv) It is released from lead acid batteries.

A.Vilvanathan and A.Nazim Ahmed
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Mercury

Metallic mercury is relatively inert and nontoxic. On inhalation it reaches blood
and them to central nervous system and causes severe damage.

Occurrence:  Mercury is present in the earth’s crust. It also reaches the environment from
volcanic gases and evaporation from oceans. Mercury exists as metallic mercury, inorganic
salt, and organic methyl mercury. Soil bound mercury is converted into dimethyl mercury
by the action of anaerobic bacteria. Mercury is also present in traces in fossil fuel and
minerals. Plants take up mercury from soil and release it as mercury vapour during
transpiration as mercury in volatile.

Anthrophogenic sources: Mercury has been in the environment for long even earlier
than the 20th  century. It reaches the environment in the following ways;

(i) While extracting gold and mercury from the ores.

(ii) Burning of fossil fuels releases mercury vapours into the environment. Coal in India
has high mercury content. If low grade coal is used in thermal power plants, mercury
which has a high vapour pressure and high combustiontemperature escapes into the
atmosphere and condenses as dust particles.

(iii) Wastes from paper, plastic, caustic soda and chlorine industries release mercury into
the environment.

Antimony: Antimony can be assimilated through inhalation of Sb salt or oxide dirt,
ingested with (contaminated) foods or fluids, or absorbed transdermally. Inhalation could
occur in industrial areas where smelting or alloying is finished (mainly with copper, silver,
lead, tin). Sb is present in tobacco at 0.01% by using weight; about 20% of that is mostly
inhaled by means of cigarette smoking. Antimony compounds are generally used for
fireproofing plastics and textiles, and this element could also be discovered in battery
electrodes, ceramics and pigments. Antimony may also be absorbed with the standard use
of firearms or dealing with of gun powder.

Arsenic: Arsenic is a reactive metal, forms a varities of compounds, either inorganic
or natural. Arsenate derivative of arsenic are often identified to be extra toxic and are most
of the time of geological origin. These can be located in agricultural soil and groundwater
used for consuming or irrigation, industrially, arsenic and its compounds are regularly used
in the construction of pesticides, herbicides and pesticides as good as in semiconductor
manufacturing to improve copper and lead alloys throughout batteries manufacturing system.

Cadmium: cadmium is highly toxic metal.

Occurrence: The natural sources of cadmium are volcanic activity, spray from oceans and
forest fires.

Heavy Metal Pollution
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Anthropogenic sources: Humans activity add more cadmium to atmosphere than
natural sources. Coal mining, non-ferrous metal mining, refineries, coal combustion, ,burning
of refuse(water matter) iron and steel industries and phosphate fertilizers are main sources
of cadmium. Tobacco containing cadmium is finely dispersed in air when released with
cigarette smoke. Cadmium is chemically very similar to zinc. It also occurs with zinc minerals.

3. Heavy Metal toxicity

Extraction and trading of metals have been in practice since early days. Heavy
metals like iron, copper and lead have been useful in so many ways. With growth of human
population, industrialization, enormous increase in vehicular traffic and use of chemical
fertilizers and pesticides, our environment has been contaminated with heavy metals. Heavy
metals may also be present in water bodies, underground water in some areas which are
close to the minerals which occur in nature. In India several villagers in west Bengal are
suffering from sores and ulcers due to arsenic poisoning from drinking water. In Minamata
,a fishing village in Japan, mercury poisoning hit many villagers.

Heavy metals cannot be removed rapidly from the environment. These are not
detoxified (made harmless) by organismsthrough metabolic activity (biochemical reactions
within the body). Heavy metals are also not broken down into simpler products by
microorganisms. In another words, they are non-biodegradable. Thus heavy metals
accumulate in the environment and have harmful effects on organisms causing heavy metal
pollution.

• Bioaccumulate organisms have a capacity to neutralize some toxins while others are
retained in their tissues known as bioaccumulation.

• Biomagnifyconcentration of some toxic metals gradually increase in successive trophic
level through food chain. Such bio magnification may make food unsuitable for
consumption and thus causes sickness.

4. Toxic effects of Heavy metals

  Toxic effect of Lead: Lead is a severe toxicant. Some of the toxic effects of  Lead are
discussed below:

(i) After getting into human body Lead reaches blood and through circulation gets into
soft tissues. Lead however ultimately deposits in the bones replacing calcium.

(ii) Absorption of lead is higher in children and in people suffering from calcium deficiency.
It can bioccumulate and remain in the human body for many years. During old age and
illness Lead moves back from bone to bloodto increase level of Lead in blood and
becomes toxic: it may reach the brain and cause brain damage, convulsion and
behavioural disorders.
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(iii) Lead interferes with haemoglobin formation and causes anaemia due to deficiency of
haemoglobin. Lack of haemoglobin may further cause kindly and brain damage.

(iv) Acute toxicity of Lead may be fatal.

Toxic effects of Mercury:   People in Japan suffered from a disease called Minamata
disease due to the consumption of Mercury poisoned fish.

Toxic effects of Antimony: Exposure of skin can produce rashes or “antimony spots”
which resemble small pox and chicken pox. Certain molds can produce the highly neurotoxic
stibine gas from antimony; cetyicholinestelase  activity is inhibited with stibine.

Toxic effects of Arsenic: Early indicators of Arsenic publicity are immoderate perspiration,
muscle tenderness or weakness and changes in the skin pigmentation.

Toxic effects of Cadmium: Cadmium is a cumulative poison. It is retained in the
body for a long time and causes

(i) Hypertension(high blood pressure)

(ii) Heart ailments

(iii) Kidney damage

(iv) Destruction of  red blood cells

(v) Damaged  mitochondrial function of cells.

5. Methods of removing Metal pollution

Following methods have been  used by various researchers for removal of heavy metals

• Biosorption

• By bacteria and microorganium

• Activated sludge process

• Biofilter

• Others

Biosorption

Mane et.al.have used pretreated algal biomass to remove one of the heavy metal
namely selenium. They used algae isolates Viz., Spirogyra sp and Nostoc commune for
this experiment. They treated the biomass using chemical treatment and used it for selenium
removal. Also they used live algae for the purpose and compared the results with the
earlier treated biomass. They able to remove selenium to considerable extent. They also
observed  that pretreatment of biomass with NaOH showed increase on biosorption of

Heavy Metal Pollution
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selenium by approximately in comparison with living biomass. Also the research indicated
that acetic acid treatment significantly increased the biosorption of selenium. Wang and
Chen have carried out survey of the biosorption used for heavy metal removal.

By bacteria and microorganism

Illhan et.al has tried removal of chromium, lead and copper ions by microorganism
from industrial wastewater. They investigated the effect of pH, temperature, initial
concentration on the metal removal. The optimum  pH values were observed to be 2,3.5,4.5
respectively for these three metals. At the optimized conditions the biosorption values
were found to be 88.66, 100, 44.94 mg/l respectively for Chromium ,Lead  and Copper
ions. They concluded that staphylococcus saprophytics was suitable mainly for lead and
chromium. The removal of heavy metals by using native accumulator plant was tried by
chehregani et.al.

Activated sludge process
Hasaniet.al.used fixed activated sludge system for treatment of wastewater

containing heavy metal compounds Chromium, Lead and Nickel). They carried out studies
related to compatibility and  performance of fixed  activated sludge reactor (FAS). They
observed that COD removal efficiency in the FAS is about 96% and the acclimation time
for microorganisms is short. During investigation they observed that Chromium, Lead and
Nickel removal efficiency in the fixed activated  sludge at concentration of 1mg/lit, was
84%,75% and 80% respectively, by increasing concentration of them  to 5 mg/lit, the
removal percentage increased to 90%, 84%and 87% respectively. Mechanism of activated
sludge process was studied by pagnanelli et.al.

Biofilter

Srivastava and Majumder have carried out review on treatment of heavy metals
mainly Nickel by using novel biofiltration technique. They discussed the various parameters
of the biofiltration processes, their mechanism for heavy metals removal along with the
kinetics of biofilters and its modeling aspects.  They concluded that there is a high possibility
for effective application of biofilter for removal of toxic heavy metals from contaminated
water in large scale. The success in microbial cloning technique may improve the removal
efficiency and  hence the reduction in treatment cost. Trickling filter was used for removal
of heavy metals by Dermou et.al. They observed that the use of indigenous bacterial
populations provides a certain advantage and ensures durability under various operating
conditions. They operated the system in three different ways i.e. batch, continuous and
sequencing batch reactor (SBR) with recirculation. The use of an attached growth system
provides the necessary surface for the development of  biofilm structures. Bioflims provide
highbiomass concentration per unit volume, while bacteria can remain in the reactor for
unlimited time, thus allowing the bacteria better  adjustment to the environmental conditions.
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Others

A study in the effects of the heavy metals Copper, Lead and  Zinc on biofilm and
planktonic pseudomonas aeruginosa was undertaken by Teitzel and Parsek. They examined
the effects of the heavy metals Copper, Lead and Zinc on biofilm and planktonic
pseudomonas aeruginosa. They used  rotating biological contractor for the purpose of
generating bioflim and free swimming cultures. The bioflims were observed to be 2 – 600
more resistant to heavy metals than free swimming cultures. They concluded  that the
extracellular polymeric substances that encase a biofilm may be responsible for protecting
cells from  heavy metal stress by binding the heavy metals and  retarding their diffusion
within the biofilm..  Cr by chemical precipitation and by biological method. The treatment
of tannery waste by using chemical and biological treatment was carried out by Abdulla
et.al. they used the chemical precipitation method for chromium removal in the first stage
removal and then they usedbiological method for removal of residual Chromium from the
supernant of chemical precipitation method. Their results showed that isolate S65 is the
most efficient isolate where nearly 97% of Chromium was removed over   4 hours period.
They concluded that the combination between the chemical precipitation and the biological
removal of Chromium from tanning wastewater make it meet the environment safely.

6. Conclusion

In conclusion,t he influence of heavy metal like Lead, Mercury, Antimony, Arsenic
and Cadmium could have highly negative impact on the tissues as well as they include
biochemical and haematological changes. Pollution of the water bodies should be monitored
regularly and by means of an integrated approach. This  level of monitoring could produce
sufficient information to implement better management strategies, which would reduce the
present negative impacts.   Heavy metal toxicity can be prevented by proper disposal of
industrial effluents ,use of unleaded petrol and educating masses about toxicity of metals.
Metals already accumulated can be removed by using aquatic plants which take them up
or by covering contaminated sediments with clean soil. We could predict what the
environment we reside will  be in future, and the significance of environment protection will
become a highlight of our life. Therefore, we are able to avoid the trend of environment
deterioration,and make our environment better and better.
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Abstract
The kinetic of oxidation of N-PCC unavailable with Cobalt(III) complexes of

a-hydroxy acids and in perchloric acid medium in the presence of micellar. The increase
in the rate is observed to increase in the concentration of the Surfactant. The kinetic
and stoichiometric results have been accounted by a suitable mechanism.
Keyword: Pentaammine Cobalt(III) Complexes, Ammonium lauryl sulphate, a-
hydroxy acids,  N-methyl piperidinium chlorochromate(N-PCC).

Introduction
N-methyl piperidinium chlorochromate (N-PCC) was found to be a mild reagent

for the oxidation of organic compounds. Oxidation kinetics of primary, secondary and
allylic alcohols, substituted benzyl alcohols, aliphatic aldehydes, aromatic aldehyde,
heterocyclic aldehyde, cyclohexanones, ß-diketones, aliphatic and aromatic carboxylic
acids, and styrene’s, substituted cinnamates and 2-naphthols, and were carried out by
various authors. The mildness of N-PCC was demonstrated effectively in the oxidation of
diols where a single hydroxyl group was oxidized to give hydroxy carbonyl compound as
the product. A mechanism involving the C-C bond cleavage leading to the formation of
aldehydes as the product was proposed. The formation of ketoacids by the C-H cleavage
of the alpha-hydroxy acids was reported with many chromium (VI) oxidants. In the case
of complexes, the hydroxy1 group of the bound ligand is free for oxidation with C-H
cleavage leading to the formation of keto complexes. Formation of aldehydes as a product
is possible with decarboxylation and synchronous C-C cleavage accompanied by an
induced electron transfer to the Co (III) in the complex and one electron transfer to the
oxidant. The contest between the mechanisms became interesting and produced definite
results when mild oxidizing agents like N-PCC were kinetically followed.
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Experimental

 N-methyl piperidinium chlorochromate

N-methyl piperidinium chlorochromate (N-PCC) was prepared by the method as
follows.  Chromium trioxide (10g, 0.1mol) was dissolved in water (15 ml) add cooled to
0oC.  To this solution hydrobromic acid ( 17 ml, 48% ) was added slowly with vigorous
stirring then N-methyl piperidine (13 ml, 0.1 mol) was added drop wise during 10 minutes.
The reaction mixture was cooled for 2–3 hrs and filtered. The resulting yellow orange
needles were dried and recrystallised.  The purity of reagent was checked by iodometric
method.

Carbanatopentaammine Cobalt(III) nitrate.

A solution of 300 gm. of Cobalt (III) nitrate hexahydrate (1.03 mol) in 500ml of
water was thoroughly mixed with a solution of 450 gm. of ammonium carbonate (4.68mol)
in 450 ml of water and 750ml of can. Aqueous ammonia (sp. Gr. 0.90, 28% NH3).  A
stream of air bubbled slowly through the mixture for 24 hours.  After the mixture has been
cooled in ice-salt bath overnight, the product was collected on a filter, washed with not
more than 50ml of ice-cold water, followed by alcohol and ether and dried 50oC (yield
180 gm.{64%}).  This crude material was purified by recrystallisation from water.  The
180 g of solid was dissolved, with stirring, in 550ml of water at 90oC.  The solution was
filtered and the filtrate was cooled in ice-bath.  The crystals were collected, washed with
50ml of ice-cold water followed by alcohol and ether and dried at 50oC.

Pentaammine Cobalt(III) complexes of a-hydroxy acids

The monomeric Cobalt (III) complexes of Lactic, Mandelic and Glycolic acids
were prepared as their perchlorates following the procedure of Fan and Gould 10 mol of
ligand was dissolved in 20ml of methanol taken in a 50 ml R.B.flask and a pellet (0.50 to
1.00 g) of sodium hydroxide was added.  About 0.40 g of finely powdered Carboanato
pentaammine Cobalt (III) nitrate was added and the mixture was refluxed at 70oC for 2
hours.  It was then cooled under ice for 30 min.  About 3 ml of 70% perchloric acid was
added drop wise while shaking the mixture and was cooled again under ice for 1 hour.
The Cobalt (III) complex precipitated as perchlorate and was filtered through a sintered
glass crucible, washed well with ethanol followed by diethyl ether,   dried and preserved in
a desiccator.
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Product analysis

Co(II) was estimated after the completion of reaction by induced electron
transfer in pentaammine Cobalt (III) complexes of a-hydroxy acids in presence of HClO4
is Co(II).  After nine half-lives, the reaction mixture was diluted to 10 times with Conc.
HCl allowing the evolution of chlorine to cease and then measuring the absorbance of blue
chloro complex Co(II) as 692 nm [=560 dm3 mol-1 cm-1].  It was found that 35% decrease
in absorbance in Co (III) complexes of a –hydroxy acids evidencing the induced electron
transfer.  The absorbance measurement made with corresponding amount of N-methyl
piperidinium chlorochromate       (N-PCC) only diluted with Con. HBr 10 times was used
as blank correction.

Stoichiometric Data for N-PCC oxidation of Co (III) bound and unbound a –
hydroxy acids in the presence of ALS

[ALS] = 2.00 x10-4 mol dm-3 [HClO4] = 1.00 mol dm-3 Temperature = 31 ± 0.2oC

10-3[Compound] 
mol dm-3 

102[N-PCC]Initial 
mol dm-3 

102[N-PCC]Final 
mol dm-3 

103[N-PCC] 
mol dm-3 

[Compound]: 
[ N-PCC] 

Lactic acid     
2.00 1.00 0.929 0.71 1.00:0.71 
3.00 2.00 1.857 1.43 1.00:0.71 
5.00 2.00 1.717 2.83 1.00:0.70 

Mandelic acid     
2.00 1.00 0.937 0.63 1.00:0.63 
3.00 2.00 1.872 1.28 1.00:0.64 
5.00 2.00 1.741 2.59 1.00:0.64 

Glycolic acid     
2.00 1.00 0.939 0.61 1.00:0.61 
3.00 2.00 1.877 1.23 1.00:0.61 
5.00 2.00 1.751 2.49 1.00:0.62 

Co(III)-Lactato     
2.00 1.00 0.967 0.33 1.00:0.33 
3.00 2.00 1.933 0.67 1.00:0.33 
5.00 2.00 1.861 1.39 1.00:0.34 

Co(III)-Mandelato     
2.00 1.00 0.974 0.26 1.00:0.26 
3.00 2.00 1.947 0.53 1.00:0.26 
5.00 2.00 1.889 1.11 1.00:0.27 

Co(III)-Glycolato     
2.00 1.00 0.970 0.30 1.00:0.30 
3.00 2.00 1.935 0.65 1.00:0.32 
5.00 2.00 1.869 1.31 1.00:0.32 

 

Redox Reactions of Pentaammine Cobalt (III) Complexes of A - Hydroxy
Acids by N-Methyl Piperidinium Chloro Chromate (N-PCC) in Micellar
Medium



207

Results and Discussion

The kinetic data for the oxidation of alpha-hydroxy acids and their complexes by
N-PCC in presence of perchloric acid is summarized in the Table. The reaction, catalyzed
by perchloric acid, shows a total second order dependence on the substrates and the
oxidant. Among the alpha-hydroxy acids, there was a smaller difference in the rate of the
reaction between lactic, glycolic acids and Mandelic acid which was not observed with
other chromium halochromates. An explanation for the higher reactivity of lactic acid involving
C-H cleavage was given based on the higher acidity of C-H proton. In the present
investigation, the absence of such an observation leads to C-C cleavage. The product
analysis confirmed the formation of aldehydes due to C-C cleavage and not keto acids as
a product. IBC undergoes two electron transfers and the overall reaction between N-
PCC and alpha-hydroxy acid could be written as:

Rate = K [alpha-hydroxy acid] [IBC]

D ep end ence o f rate on  [ -hydroxy acid ] 
 [N-P CC] =  2 .00 x10 - 3 mol  dm -3 [H ClO 4] =  1 .00 mol  dm -3  T empe rature =  31 ±  
0 .2oC   

[α-h yd roxy acid] 104k 1s-1 102 K 2 d m -3 m ol -1  S -1 
L ac tic acid   

1 .00 0.975 0 .975  
2.00 1.950 0 .975  
4.00 3.892 0 .973  
6.00 5.844 0 .974  
8.00 7.801 0 .975  

M an d el ic acid    
1 .00 0.568 0 .568  
2.00 1.138 0 .569  
4.00 2.274 0 .568  
6.00 3.404 0 .567  
8.00 4.542 0 .568  

G lycol ic acid    
1 .00 0.366 0 .366  
2.00 0.732 0 .366  
4.00 1.456 0 .364  
6.00 2.192 0 .365  
8.00 2.982 0 .366  
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2 + log [  -hydroxy ac id ]  
Dependence of rate o n [  -hydr oxy acid] with  m icelle 
    [Lac tic  ac id] = 2.00 x10 -2 mol  dm -3     [N-PCC] =  2.00 x10 -3 mol  dm -3 [H ClO 4] 
= 1.00 m ol dm -3 
    [A LS] = 1.00 x10 -4 mol  dm - 3   Tem perature =  31 ± 0.2oC 
 

[α-hyd roxy acid] 104k 1s-1 102K2 dm -3 m ol- 1 S -1 
Lac tic acid    

1.00 1.1 47 1.147  
2.00 2.2 94 1.147  
4.00 4.5 83 1.145  
6.00 6.8 77 1.146  
8.00 9.1 78 1.147  

Mand elic ac id    
1.00 0.8 84 0.884  
2.00 1.7 68 0.884  
4.00 3.5 40 0.885  
6.00 5.3 01 0.883  
8.00 7.0 74 0.884  

G lycolic ac id    
1.00 0.5 70 0.570  
2.00 1.1 41 0.570  
4.00 2.2 72 0.568  
6.00 3.4 15 0.569  
8.00 4.5 61 0.570  
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2 + log [-hydroxy acid]

Mechanism

The reaction exhibits first order dependence on the concentration of Cr (VI). The
reaction shows Arrhenius dependence and thermodynamic parameters evaluated are in
the expected order for a bimolecular reaction. Of the three complexes Co (III) Lactato
reacts faster than Co(III) Mandelato and Co(III) Glycolato complex.  The cobalt(III)
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bound a –hydroxy acid complex gets oxidized at a higher rate than the unbound ligand and
there is 100% reduction at cobalt (III) centre. The rate of N-PCC induced electron transfer
in Cobalt(III) complexes of a-hydroxy acids increases in the presence of ALS much more
then without ALS. 1.00 mol of cobalt(III) complex reacts with nearly 0.35 mol of N-PCC
yielding 100% cobalt(II) and 100% carbonyl compound. Similarly 1.00 mol of a –hydroxy
acids react with nearly 0.65 mol of N-PCC, yielding 100% of carbonyl products and
CO2.

                  Nmpy+                 Nmpy+ 
cl    O            K1   cl          O  

                    
                                Cr           +    H+     `                         Cr 

          O             O                           K-1    O           OH 
 

           
              Nmpy+  
    H     O       cl              O   

0C             -       C            C       O-CoIII          +                        Cr+ 
      
                                       OH                  O                     OH 
               

 
            

             H     O      
                              -   C              C             O       COII I     +   H2O  
           
            O        
             Nmpy+ 
                O      O 
 
  Cr                                               Slow 
                                                  O    cl 
                                                
 
                                            O         
      
             C                       H      + CO2   +   CoII     +  Cr (IV)  
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Abstract

In-vitro influence of mercury toxicity was tested on fresh water fish
Cirrhinusmrigala. The 96 h LC50 value in the acute toxicity test was 0.23 ppm for
mercury against the test fish. The results showed a decrease in biochemical constituents
with respect to increases in exposure periods. Activities of amylase, maltase and
invertase were suppressed to a minimum strength when exposed to Hg. When
experimental days progressed, all these enzymes showed only their presence and the
activities were found to be very minimum. Absence of protease and lipase enzymes
was observed in both control and experimental fishes. Among the 3 physiological
grouping of bacteria, lipolytic bacteria were found to be high followed by caseinolytic
and amylolytic bacteria. During accumulation periods, the number of these groups
reduced substantially with maximum 95% of amylolytic bacterial population in mid
gut which is followed by caseinolytic bacterial population.

Key words: Acute toxicity, biochemical composition, Cirrhinusmrigaladigestive
enzymes, gut micro flora, mercury toxicity

Introduction

High level of urbanization and industrialization led to an inevitable generation of
domestic wastes and industrial effluents, which strongly increase the back ground level of
toxic trace metals such as mercury, lead, copper and cadmium in natural waters1. Mercury
contamination of fish and fish-eating mammals is a global public health concern. The risk is
greatest for population whose per capita fish consumption is high and in areas where
environmental pollution has elevated the average mercury content of fish. In India average
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per capita fish intake is high and Hg levels in the locally available fish are often elevated2

(25 of 56 varieties tested contained more than 0.5 mg/kg). Not surprisingly the International
Safety Council of UN rates methyl mercury – an organic form of mercury – as one of the
six most serious pollution threats to the planet. The first global study on mercury has said
recently that India could be one of the dozen hot spots after the rise in mercury emission
over 30 years3.

The reaction and survival of aquatic animals depend not only on the biological
state of the animals but also on the toxicity, and type and time of exposure to the toxicant4.
Though there are plenty of literature available on mercury and its toxic effect on various
organisms5-13, little information is available on the in – vitro study on impact of Hg in
Cirrhinusmrigala, an important fish supplement in India.

Biochemical profile and gut micro flora in fish are proved to be sensitive indices
for evaluation of fish metabolism under metabolic stress. The present study was carried
out to investigate LC50 value of Hg inC. mrigala, and the impact of sub lethal concentration
of Hg in gut micro flora, physiological grouping of bacteria and biochemical parameters.

Materials and Methods
Major carp, Cirrhinusmrigala in the weight group of 3 to 4 gms were chosen for

this study. Acclimatization to laboratory conditions for 2 weeks was done using dechlorinated
tap water that had the following physical chemical parameters such as temperature (270 ±
20C); pH (7.1 ± 0.5); dissolved oxygen (3.9 ± 0.5 mg/l) and chlorine residual level and
ammonia were below detection limits according to the standard experimental procedure14.
The water was changed on alternate days and the fish were fed ad libitum on a formulated
fish diet prepared from ground nut oil cake and rice bran in the lab.

Acute toxicity test

Six well acclimatized fish were randomly transferred from the stock to each
experimental tank containing 10 liters of water. Fish were unfed for 96 hours during
experiment. This practice minimizes enzyme depletion and metabolic waste accumulation14.
For the present study, renewable bioassay was adopted according to ASTM standard
methods15. The tests consisted of a control and seven concentration groups (0.050, 0.10,
0.20, 0.25, 0.30, 0.35 and 0.40 ppm), three replicates per group, with 6 fish in each
replicate. Every day the fresh concentrations were prepared from the stock to make the
concentration constant throughout the experimental study16. At the beginning of the test
and every 24 hours the symptoms and the number of death fish were recorded. The result
of the median lethal concentration (LC50) at 24, 48, 72 and 96 hours were computed using
the EPA probit analysis computer programme17.
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Sub lethal exposure

The sub chronic exposure experiment consisted of control and treated (fish exposed
to 1/10th of LC50 of mercury) groups, three replicate per group, with 6 fish in each replicate.

A static system was used in all the aquaria and was renewed twice a day and
aerated tap water was used as diluents. The experimental regime was maintained in the lab
for 28 days and samplings were done at the 7th, 14th, 21st and 28th days. Fish were fed
daily with formulated feed.

Mercury concentration in fish muscle
The experimental fishes were sacrificed and muscle was removed immediately to

analyse the accumulation of mercury by following the standard method18. Total mercury
concentration was analysed in mercury analyzer (MA 5800, Cold vapour technique).

Biochemical tests

The tissue was homogenized with 1 ml of Tris-HCL buffer and used for estimation
of protein, carbohydrate and lipid by standard methods19-21.

Enzyme studies
The gut of the experimental fish was dissected and differentiated into fore gut, mid

gut and hind gut. Each part was homogenized separately and supernatant was diluted into
20 ml with distilled water and used for qualitative assessment of digestive enzymes by
adopting the standard method22.

Gut micro flora

The control and experimental fish were analyzed for the distribution of gut micro
flora in the different regions such as fore gut, mid gut and hind gut. All fishes were washed
with sterilized distilled water and were dissected ventrally using sterile scissors and the
entire digestive tract of the fish was removed aseptically and kept in the sterile petri dish.
Then it was separated in to fore gut, mid gut and hind gut. Separated gut regions were
homogenized using 1 ml of sterilized distilled water. It was transferred to conical flask
containing 99 ml of sterile distilled water. The contents were mixed thoroughly by rotary
shaking for the uniform distribution. Then they were kept as such for 24 hours in an incubator
at room temperature. Serial dilutions were done with 1 ml of the above sample up to
required number of dilutions. The samples were then plated in Nutrient agar medium by
pour plate method for enumeration of bacterial colonies.

Physiological grouping of bacteria

Caseinolytic, lipolytic and amylolytic bacteria were enumerated by streak inoculation
method using respective media.

In Vitro Influence of Mercury on Biochemical Compositions, Digestive
Enzymes and Gut Micro Flora in Cirrhinus Mrigala (Hamilton)
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Results

LC50

The LC50 values of mercury for the common carp, Cirrhinusmrigalain 12 hour
time intervals clearly showed the relationship between the concentration of the mercury
and the percentage of mortality. There was no mortality at 0.10 ppm and below
concentration, where as 100% mortality could be recorded at 0.35 ppm and above
concentrations. The 96 hours LC50 is the basic value in the acute toxicity test and it was
0.23 ppm for mercury against the test fish (Table 1).

At higher concentration of mercury, the test fishes showed irregular swimming
activity, excess mucous secretion, rapid opercular beats and weight loss. The body colour
changed from silver to black. Finally they lost their equilibrium and settled at the bottom
and died. Clotting of blood on the gill surface was also observed from the death fishes.
Bioaccumulation

Bio-accumulation of mercury in the muscle of the experimental fish is shown in
figure 1. The mercury concentration in the muscle of the control fish was found to be
1.200µg/g. During the experimental period, the mercury concentration increased steadily
and attained a value of 14.410µg/g at the end of the exposure period. A significant positive
correlation (p > 0.001) was obtained between the metal in muscle and number of days.
Total amount of accumulation of mercury in muscle tissue was 13.2µg/g.
Biochemical profile

Results of the biochemical profile of the control and experimental fish are given in
the figure 2. The results showed a decrease in biochemical constituents with respect to
increases in exposure periods. The percentage of protein declined suddenly on day 7 of
exposure and showed substantial reduction during further exposure times. The lipid showed
abrupt decreases with a minimum reduction of 53% and maximum of 92.
Depletion of carbohydrate content was directly proportional to the exposure period of the
toxicant. The percentage reduction of carbohydrate was found to be 85.7 at the end of
accumulation period. The obtained biochemical estimation values were subjected to statistical
analysis and showed significant values at p < 0.005.
Enzyme analysis

The qualitative assessments of digestive enzymes in fore gut, mid gut and hind gut
of control and exposed fishes during accumulation period are shown in Table 2.

Higher activities of amylase and maltase and meager activity of invertase were
noticed in fore gut of control fish. During accumulation periods, these enzymes showed
their presence but their activities were suppressed to a minimum strength. The control fish
showed same trend of enzyme activity in mid gut also but during accumulation, maltase
showed higher activity during initial period of exposure whereas, amylase and invertase
showed feeble activity. When experimental days progressed, all these enzymes showed
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only their presence and the activities were found to be very minimum. Hind gut showed
minimum enzyme activity in control fish. Likewise in the experimental fishes also same
trend continued till the end of the experimental period. Absence of protease and lipase
enzymes was observed in both control and experimental fishes.
Total viable bacterial count

Among the gut regions, hind gut was found to harbour more number of total
heterotrophic bacteria (THB) followed by fore gut and mid gut.

Reduction of total heterotrophic bacteria (THB) of gut regions of test fish exposed
to sub lethal concentration of mercury for 28 days of exposure were also estimated and
their results are given in Table 3. Compared to control fish those after the acute exposure
had significantly lower THB in gut regions with maximum reduction of 94, 89 and 86 % in
fore gut, mid gut and hind gut respectively at 28th day of exposure.

Results of physiological grouping of bacterial population such as caseinolytic,
lipolytic and amylolytic of the control fish and test fish during accumulation period are
shown in the figure 3 to 5. Among the 3 physiological grouping of bacteria, lipolytic bacteria
were found to be high with 350, 275 and 185 x 104c.f.u. / g in fore gut, mid gut and hind
gut respectively, followed by caseinolytic bacteria with 250, 95 and 290 x 104c.f.u. / g and
amylolytic bacteria with 235, 85 and 240 x 104c.f.u. / g in fore gut, mid gut and hind gut
respectively in control fish. During accumulation periods, the number of these groups reduced
substantially with maximum 95% of amylolytic bacterial population in mid gut which is
followed by caseinolytic bacterial population.

Table 1. Log – dose / probit regression line for LC50 experiments.

Statistics
SW = 8.784 SWX = 12.268 X Bar = 1.397 SWY = 46.086    Y Bar = 5.247
SWX x X = 17.185 SWY x Y = 253.146 SWXY = 65.089      b Value = 13.093
Regression Equation Y = 13.093x – 13.04
If Y = 5.0 then X = 1.378.
This corresponds to dose of 0.239 Variance = 0.0006
Chi-square = 1.16 (with 4 Degrees of freedom p) Lower Limit = 1.3293
Log Dose = 1.3778 Upper Limit = 1.4262

 
Dose 

% 
No. Mr. % Log 

dose 
Emp. 
Pro 

Exp. 
Pro. 

Work 
Pro. 

Wt. 
Coef 

Weight 
W WX WY Y 

0.10 6 0.00 1.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.06 
0.20 6 16.67 1.30 4.05 4.05 4.03 0.44 2.63 3.43 10.61 4.00 
0.25 6 50.00 1.40 5.00 5.32 4.99 0.62 3.70 5.17 18.44 5.27 
0.30 6 100.00 1.48 7.33 6.35 6.87 0.30 1.81 2.68 12.45 6.30 
0.35 6 100.00 1.54 7.33 7.23 7.31 0.09 0.55 0.85 4.03 7.18 
0.40 6 100.00 1.60 7.33 7.99 6.04 0.02 0.09 0.14 0.54 7.94 
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Figure 1. Level of mercury accumulation in muscle of C. mrigala during
exposure periods.

Figure 2. Changes in biochemical compositions of C. mrigala exposed to sub-
lethal concentration of mercury
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Figure 3. Changes in caseinolytic bacterial population in gut regions of C.
mrigala exposed to sub-lethal concentration of mercury
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Figure 4. Changes in amylolytic bacterial population in gut regions of C.
mrigala exposed to sub-lethal concentration of mercury
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Figure 5. Changes in lipolytic bacterial population in gut regions of C. mrigala
exposed to sub-lethal concentration of mercury

Table 2. Qualitative assessment of digestive enzymes in three different regions of C. 
mrigala during accumulation period. 

Period  Regions  Amylase  Maltase Invertase Protease Lipase  
Initial  
(0 Day) 

Fore gut  
Mid gut 
Hind gut 

+++ 
+++ 
+ 

++ 
++ 
+ 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

 
7th Day 

Fore gut  
Mid gut 
Hind gut 

++ 
+ 
+ 

+ 
++ 
+ 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

 
14th Day` 

Fore gut  
Mid gut 
Hind gut 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

 
21st Day 

Fore gut  
Mid gut 
Hind gut 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

 
28th Day 

Fore gut  
Mid gut 
Hind gut 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

Note: + Present;  +++ Actively present;  - absent 
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Discussion
In this study the observed LC50 value of mercury in C. mrigalawas found to be

0.23ppm and showed dose dependant mortality. The value observed was well within the
range suggested by Eisler24 who reported that the toxic concentration of mercury for different
fish species ranged between 0.1µg/l and 200µg/l.Mohan23 observed that the 48 hours
LC50 value of mercury for mrigala fry was 0.16 ppm.

The observed 100% mortality in 0.35 ppm and above concentrations for the test
fish was quite indicative of the toxic nature of the metal. The test fish showed different
behavioural changes such as abnormal swimming, rapid opercular beat and imbalance in
higher concentration. Similar behavioural changes were also reported by many authors at
various situations25,26. The dead fish showed clotting of blood in the gill region and excess
mucous secretion. Metals usually get accumulated in the gills of fishes and due to this the
metal ion would precipitate gill secretion causing death by asphyxiation27,28.

Bioaccumulation of mercury in muscle of the test fish showed the increasing trend
during exposure periods with a significant positive correlation against exposure days. The
amount of accumulation was higher compared to other similar studies at different situations29-

32 However, Zhan and Wong33 reported higher level of mercury accumulation in black
bass (56.7µg/g); big head (33.8µg/g), grass carp (26.3µg/g) and the lower level in common
carp (18.9µg/g) and tilapia (13.7µg/g).

Depletion of all the biochemical constituents in the clearly demonstrated the obvious
toxic effects of mercury on the biochemical parameters of C. mrigala.

Table 3. Distribution of total viable heterotrophic bacterial population during the 
accumulation period in C. mrigalaand the percentage of reduction are given in square 

bracket. 
 

Days Fore gut Mid gut Hind gut 

0 150 x 104 

(40 %) 
60 x 104 

(44 %) 
190 x 104 

(32 %) 

7 85 x 104 

(66 %) 
40 x 104 

(55 %) 
125 x 104 

(55 %) 

14 35 x 104 

(86 %) 
25 x 104 

(72 %) 
80 x 104 

(71 %) 

21 24 x 104 

(90 %) 
18 x 104 

(80 %) 
65 x 104 

(77 %) 

28 15 x 104 

(94 %) 
10 x 104 

(89 %) 
40 x 104 

(86 %) 
Control 250 x 104 90 x 104 280 x 104 

 

In Vitro Influence of Mercury on Biochemical Compositions, Digestive
Enzymes and Gut Micro Flora in Cirrhinus Mrigala (Hamilton)



221

Depletion of protein content observed in the muscle of C. mrigala as a result of
mercury toxicity. Ramalingam and Ramalingam34 investigated that the stress condition
influenced the conversion of tissue protein in to soluble fractions, reaching in the blood for
immediate utilization. In protein, tertiary structure is maintained chiefly by four bonds and
hydrogen bond is paramount importance. Syverson35reported that the mercury could disrupt
the hydrogen bonding of protein molecule such disruption would breakdown the peptide
chain and of the free amino acids. This finding is also supported by results of various
authors36,37.

Total lipid was significantly reduced in the experimental fish due to mercury exposure
and it could be proved that the mercury interfered on the lipid metabolism. The present
findings were also in accordance with the works of various authors38-40Vincent et al.,
(1995), Sornarajet al., (1995) and Saraswathy, (1998).

The reduction of carbohydrate content in the tissue was found to be due to the
utilization of stored carbohydrate to meet the extra energy requirements during given
condition. The disturbance in the carbohydrate metabolism was considered as one of the
most outstanding biological lesions due to the activity of heavy metals41.

The results of qualitative assessment of enzyme activity in gut of the control and
experimental fish could not be comparable because of brevity of information in the field.
However the presence of pepsin, trypsin, and protease enzymes in teleost fishes was
reported42and observed amylase activity in gold fish and blue gill sunfish and maltase activity
in common carp and red sea bream, lipase activity in the intestinal content of the gold fish,
esterase activity in different digestive organs of rainbow trout and lipolytic activity in carp
and killifish. Generally heavy metals bind with –SH group in protein and which in turn
naturally inhibit the enzyme activities. Lesser activity of acid phosphatase in fishes living in
polluted water was also reported43. Decreased activity of the acid phosphatase in the
metal treated fingerlings was observed and opined that it could be due to the direct inhibitory
action of metal or combining with –SH group44. The above findings could be corroborated
for the reduced enzyme activity in the present study also. From the available literature
cited above and from the present findings it could be concluded that the enzyme activity of
the intestine considerably reduced due to the toxicity of the mercury.

Gut micro flora in the test animal could not be compared with other works because
of dearth of information available. Ramesh45observed the distribution of luminous
microflorain the gut of Chanoschanos. Henebry46 observed the presence of bacterial
population in the gut of silver carp (Hypophalmichthysmolitrix). Presence of bacterial
load from the gut of oil sardine was observed47. Simudu and Hasuo48recorded the maximum
bacterial population was found in the gut of Japanese flat fish.

The presence of high bacterial load in the hind gut followed by fore gut and mid gut
regions of C. mrigalacould be an indication of the physiological activity of the gut that
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helps in digestion. This could be substantiated to observation of no or feeble enzyme
action in that region in the present study. The results of herterotrophic bacterial population
of different regions showed the different bacterial counts. The same trend was reported49for
the same test fish and also reported that wherever the enzyme activity was feeble the
particular area was found to harbour more bacterial population and suggesting the probable
role of bacteria in digestion.

The physiological grouping of bacterial population counts were examined by the
presence of caseinolytic, lipolytic and amylolytic bacterial activity. The result showed that
amylolytic bacterial population was present in few numbers initially. At the same time the
lipolytic and caseinolytic bacterial population were present in large numbers in the test
animal where the protease and lipase enzymes were totally absent in the gut. It could be
suggested that the lipolytic and caseinlytic bacterial population, capable of producing lipase
and protease enzyme respectively, might play a role in digestion. Sugita50 reported that the
amylase producing ability of the intestinal micro flora in cultured fishes like channel,cat fish,
eel and tilapia.

The gut microflora and physiological grouping of bacteria reduced considerably
after the experimental period of 28 days due to the metal toxicity. But the results could not
be comparable because of brevity of information in the field of physiological grouping of
gut microflora. However the reduction in amylolytic, proteolytic, lipolytic bacterial population
in gut micro flora of Cirrhinusmrigala on exposure to cadmium and similar trend was
reported in a mollusk Telescopioum telescopium51 due to copper toxicity.

The toxic nature of the metal mercury was evident from the increasing trend in the
biochemical components, feeble enzyme activity, trimming down of gut micro flora and
physiological grouping. However the present study showed that apart from the above said
factors, the reduction in gut micro flora such as caseinlytic, lipolytic and amylolytic bacterial
population responsible for the release of enzyme protease, lipase and amylase respectively
could also be responsible for the probable malfunctioning of the digestive system. Hence it
could be concluded that the heavy metal mercury not only responsible for interfering the
gut microbial population of the test animal and availability of bacterial enzyme for digestion
could also be significantly reduced.

Conclusion
To conclude, it  is clear that administ ration of mercury causes a

significant change in biochemical composition in the experimental fish,
C.mrigala. Considerable reduction of microbial population and
enzyme activity was also noted in the gut region. Therefore, necessary actions should
betaken to  avoid long exposure of C. mrigala to mercury in order
to minimize the risk of adverse health effects.
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Abstract 

In this paper, we study different kinds of fuzzy compactness notions that have been 
introduced up to this time. We give some alternative characterizations also we show which 
fuzzy compactness notions are extensions and which are not. Moreover, we want the 
fundamental property of compactness in topological spaces, namely, the Tychonoff theorem 
on products, to be fulfilled in the more general setting of fuzzy topological spaces. We see 
for which notions there is a product theorem and we study the implications that exist 
between the different notions.  
Keywords: -compact, Strong Fuzzy Compact, Ultra – Fuzzy compact, Tychonoff Theorem 
 
1. Introduction 

Zadeh introduced the fundamental concept of fuzzy sets, which formed the 
backbone of fuzzy mathematics. He introduced yet another very useful concept, 
namely, fuzzy singletons. The basic concepts and general properties of fuzzy 
topologies were formulated and investigated. However, due to the lack of a proper 
fuzzification of point, one was unable to study convergence or local properties in 
fuzzy topology. Fortunately, Zadeh’s introduction of fuzzy singleton provided the 
key to this problem. Based on this notion, the concept of fuzzy points is introduced. 

In the year 1968 C.L. Chang introduced the concept of fuzzy topological spaces 
as an application of fuzzy sets to  topological spaces. Since Chang applied fuzzy set 
theory to topology, many topological notions were introduced in fuzzy setting. 
Fuzzy topology is generalization of topology in classical mathematics, but it also 
has its own macked characteristics. Also it depends the understanding of basic 
structure of classical mathematics, offering new methods and results, and obtains 
significant results of classical mathematics. 
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A Comparative Study on Various Compactness in
Product Fuzzy Topological Spaces

2. Preliminaries 
Let  be a space of points. A fuzzy set  in  is characterized by a 
membership function  from  to the unit interval  
Definition 2.1.Let  and  be fuzzy sets in . Then 

 
 

 
 

 
 More generally, for a family of fuzzy sets,  and the intersection, 

 are defined by  

 

 
The symbol  will be used to denote the empty fuzzy set  for all  in 

For  we have by definition   for all  in  
Definition 2.2.A fuzzy topology is a family  of fuzzy sets in  which satisfies the 
following conditions: 

(a)  
(b) If then  
(c) If for each  then  

is called a fuzzy topology for  and the pair  is a fuzzy topological space 
(fts).  Every member of  is called a open fuzzy set (or simply open fuzzy set). 
Definition 2.3.A fuzzy topological space is compact iff each open cover of the 
space has a finite subcover. 
Definition 2.4.Given a family of fuzzy topological space  the
fuzzy topology  defined as above is called the product fuzzy topology for 

and  is called the product fuzzy topological space. 
 Let  is a fuzzy topological space. 
- A family of fuzzy subsets  is called (resp. ) shading iff for all 

there exists a  such that  (resp. ). 
- If  is any set then  is the family of finite subsets of  
-  denotes the unit interval and  is  equipped with the topology 
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- If  is a fuzzy topology on  then  is the  ini tia l topology on  for the 
fam ily of functions  and the  topological  space  

Definition 2.5. is quasi-fuz zy com pact i ff for all families  such 
tha t  there  exists  such that  
Definition 2.6. Let  is com pact  i ff each shading fam ily 
in  has a finite  shading subfam ily.  
Definition 2.7. Let  is com pact  iff each 

shadingfam ily in  has a  finite shading subfamily. 
Definition 2.8. is st rong f uzzy compact  iff it is α- compact for each  
Definition 2.9. is ultra -fuzzy com pact  iff  is compact. 

3.Product Theorems 
Theorem 3.1.If  is a fam ily of fuzzy topological spaces, 

then is compact iff for a ll  is compact . 
Proof. It  is clear tha t  is a com pact  iff  is compact.  We 
have   and that   is compact iff for a ll 

  is com pact, which again means that for a ll compact. 
 It follows a t once from the  previous theorem and from the  definit ion of 
strong fuzzy compactness tha t we also have a product theorem  for strong fuzzy 
com pactness. 
Theorem 3.2. If is a family of fuzzy topologica l spaces, 

then is strong fuzzy com pact iff for all  is strong 
fuzzy compact. 
Theorem 3.3. If is a family of fuzzy topologica l spaces, 

then is ul tra-fuzzy compact iff for all  is ultra -fuzzy 
com pact . 
4.Implications 
Strong fuzzy com pactness im plies fuzzy compac tness and we can even prove the 
following more general r esult. 
Counterexam ples 
 Let  For a ll  let   denote the characteristic  funct ion of 

Fora ll  le t  in sm allest te rms and then put 
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Let  
 

and let  

 
Let  be the fuzzy topology on  generated by 

 
Then we can show the next result: 

is fuzzy compact and for each  is the discrete topology on  
To prove this take  and  such that Now foreach 

  there is  and  such that  and suchthat 

 
Suppose that there exists  such that for all Then this implies 
that for all  Now choose  suchthat  with 

 Then for all  and for all  

 

 

 

 
There are only a finite number of ’s for which  so that we have 
which is a contradiction. Thus for all  there is  such that which 
proves that  is fuzzy compact. 

Now for all  we have that 

 
If  is irrational then And if  then and 
since  we can choose  such that  
  



231S.Soundararajan,  R. Sathish Kumar and S.N. Mohamed Assarudeen

Then  and we have 

 

 
Thus  
 This shows that  is discrete for all Consequently for no 

 is compact. This shows at the same time that fuzzy compactness does 
notimply strong fuzzy compactness or compactness for some  

Since this example also shows that fuzzy compactness does not
imply ultra-fuzzy compactness. 

It remains to be shown that strong fuzzy compactness does not imply ultra-fuzzy 
compactness. To see this take again  and let  be generated by 

Then we have the following result,
is strong fuzzy compact but not ultra-fuzzy compact. 

Indeed for all  we have that 

 
so that any cover of  in  must contain Thus for all is compact 
which means that  is strong fuzzy compact.  Yet as is easily seen 
is discrete, so that  is not ultra-fuzzy compact. 
 is compact iff  is compact. For strong fuzzy compactnessnotice 
the following. For all  let Then from the Tychonoff theorem fortopological 
spaces it follows that  is strong fuzzy compact iff is compact. 
For ultra-fuzzy compactness the definition itself states that  is ultra-fuzzy compact iff 

 is compact. is compact iff  is compact. Let  Then 
for all  put  Then it is easily verified that 

is a topology on  and that  is quasi-fuzzy compact iff
 iscompact. Moreover in each case the relation between the fuzzy topological 

space andthe associated topological space is functorial. We leave it to the interested reader to 
show that  are indeed functors from Fuz to Top. 
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and 
 

 
For compactness (resp. compactness) we have 

 
 

(resp. 

 
 

and 

 
For strong fuzzy compactness we have 

 

 
(where for all ) and (where for all  
 For ultra-fuzzy compactness finally we have  i.e., 

 
 

and 

 
5. Compactness in Product Fuzzy Topological spaces 

 
Definition 5.1.  A fuzzy topological space is countably compact if every countable
open cover of the space has a finite sub cover. 
Definition 5.2.  Let  be a space of points. Let  be a subset of A family  of 
fuzzy sets is a cover of  iff  for all  
Theorem 5.3.Let  be a finite family of compact (countably
compact) fuzzy topological spaces. Then product fuzzy topological space  is 
also compact (countably compact). 
Proof. It suffices to show that the theorem is true for the case In this case, 
the product fuzzy topology can be characterized as follows: 
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where  is the fuzzy set in  with membership function 

 
We shall prove the theorem for the case of compactness only since the case of

countable compactness is similar. 
Let  be an open cover of the product fuzzy topological space

Let 

 
Let  be any point in . Consider the subset of . For any  let 

 be the subfamily of  such that iff  for at least one 

point  and Consequently,  forms an open cover of the subset 

. To see this, only note that if  be definition of ,there exists a countable 

subfamily of  such that  

 
hence for  large Without loss of generality, one can assume that

is a subfamily of  Do this for all  ; oneconcludes that 

 contains a cover of  

Let   Then  is an open cover  since for any 

there exists a countable subfamily  of  such that 

; consequentyly,   By compactness of 

 there exists a finite subcover of  say   To each select one 

such that   The finite family  thus constructed will be called 

 and the finite family of the corresponding ’s will becalled  Members of  are 
- open fuzzy sets. Let their intersection be Then ’s is open in  Do this for 

all  and for all  Clearly, thefamily  forms an open cover 
of  
 By compactness of  there exists a finite sub cover, say 
Finally,  forms a finite subcover of . It isfinite since its a finite 
collection of finite families. To see it is a cover,note that for any  there exists a 

 such that Therefore,  for all  On the other hand, there 

exists  such that Select a member of with  as the first coordinate, 
say Then  since  
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Proof.Let  be any space of points. Let  be any positive integer.Let  be the 
fuzzy set in  with membership function  for all Let 

 and let Then  is a compact (countablycompact) 
fuzzy topological space since  is the only open cover of  However, 
theproduct fuzzy topological space of the countable family 

 isnot compact (countably compact). 
 To see this, note that the fuzzy set has membership function 

 
By definition of product fuzzy topological space, the family 

 
is used to generate the product fuzzy topology  by first taking the finite 
intersectionsand then the unions of these intersections. Clearly, the product fuzzy 
topology thusgenerated is exactly  itself. 

The family  is an open cover (countable open 
cover) of  which has no finite subcover.  

Tychonoff’s theorem fails in product fuzzy topological spaces. 
Theorem 5.4. There exists a countable family of compact (countably compact) 
fuzzy topological space’s such that their product fuzzy topological space is not 
compact(countably compact).  

A Comparative Study on Various Compactness in
Product Fuzzy Topological Spaces

Conclusion 
 In this paper, we studied different kinds of fuzzy compactness notions that havebeen 
introduced up to this time. We have come across several product theorems infuzzy 
topological spaces. We observe that finite product of compact fuzzy topologicalspaces in 
fuzzy compact whereas Tychonoff’s theorem fails in product fuzzytopological spaces. 
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Abstract
Eugene Gladstone O’Neill was one of the most famous playwrights of the

20th century. He set out to create meaningful drama at a time when the American
dramatists were dramatists were locked into standard commercial practices.  He battled
ill health and depression throughout his adult life, drank heavily at times, and in his
later years suffered from an undiagnosed neurological disorder that made writing
difficult.  This paper mainly compares the study of two female characters.
Keywords: O’Neill, Dolly, Lizzy and Sue

Main Theme
Eugene Gladstone O’Neill was one of the most famous playwrights of the 20th

century. He set out to create meaningful drama at a time when the American dramatists
were dramatists were locked into standard commercial practices.  He battled ill health and
depression throughout his adult life, drank heavily at times, and in his later years suffered
from an undiagnosed neurological disorder that made writing difficult.  This paper mainly
compares the study of two female characters.

O’Neill experimented with different styles, subjects, and techniques.  Roudane
quotes, “Arguably, contemporary American drama has its origins in the figure of Eugene
O’Neill” (22).  All his plays deal with serious themes except Ah, Wilderness! which was
a sentimental comedy.  In his plays, we can find any one of the three themes: the characters
fighting against their environment, quest for prosperity and quest for identity.  According to
Jonathan L Chambers, the expressionistic plays of Elmer Rice and Eugene O’Neill are in
the tradition of German mystic expressionists whose characters lament and struggle with
internal forces but ultimately accept their defeats (42).

Eugene O’Neill’s plays portray the other side of America many would like to
ignore.  “In the face of seemingly relentless American optimism, Eugene O’Neill’s plays
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reveal an America many would like to ignore, a place of seething resentments, aching
desires, and family tragedy, where failure disappointment are the norm and the American
dream a chimera”. (Diggins 507)

  This paper is an attempt to compare Eugene O’Neill’s female character Mrs.
Knapp (in the play Warnings) with Shakespeare’s female character Lady Macbeth.  The
play Warnings consists of two scenes: Scene I takes place in James Knapp’s flat and
Scene II is set in the section of the boat deck of the SS Empress, showing the wireless
room about two months later.   In the play James Knapp and Mary Knapp have five
children – Charles (15), Dolly (14), Lizzie (11), Sue (8), and a one year girl baby.  Due to
financial crisis, Mary Knapp has to do all chores by herself.

       As a wireless operator, Mr. Knapp has the responsibility of receiving and sending
messages.  Sometimes due to low signal, the message cannot be heard or sent properly.
Based on the years of experience, the hearing loss differs.  It seems that Knapp’s career in
the sea started when he was young and still he is continuing in the same job.  So there is a
greater chance of hearing loss at high frequency.  Also he has the fear of losing his job.

             Unable to hide his suffering and hide the truth about his hearing problem, he
admits, “I’m losing my hearing- that I’m liable to go stone deaf at any moment” (90 TOAP).
Mrs. Knapp is not empathetic with her husband.  She scolds her by calling him a fool and
a coward.  She adds further, “And this is all the thanks I get for slavin’ and workin’ my
fingers off! What a father for my poor children! Oh, why did I ever marry such a man?”
(92 TOAP)  At last he decides to go to word and says ironically that this will be his last
trip.

When he is in the sea trip, the ship hits a derelict and is sinking gradually.  The
message is to be sent to other ships nearby to get help immediately.  Now he has lost his
hearing completely and has gone deaf. Captain Hardwick comes to his room and asks
whether he has received any message from other ships, Knapp doesn’t reply as he could
not hear. Finally, he reveals to Captain that he has gone completely deaf and he shoots
himself to death with a revolver and dies.  Mr. Knapp is not a victim of external forces;
instead he is portrayed as a pushover. Instead of consoling her husband, Mrs. Knapp
tortures him with her reproaches.

Mrs. Knapp can be compared to Lady Macbeth in some aspects.  Lady Macbeth
is one of Shakespeare’s most villainous female characters. She is more ambitious than her
husband. She manipulates Macbeth with her cunningness.  In the beginning of the play,
Macbeth could be seen as a free man, capable of choice between good and evil.  But
Lady Macbeth threw into the scale all the weight of her influence by questioning her man-
liness.

Eugene O’Neill’s Mrs. Knapp and Shakespeare’s Lady Macbeth:
A Comparative Study of Two Female Characters
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In Lady Macbeth’s mind, being a woman - especially a woman with the capacity
to give birth and nurture children —interferes with her evil plans. Femininity means com-
passion and kindness, while masculinity is synonymous with “direst cruelty.” When Lady
Macbeth says that her husband is “too full o’ the milk of human kindness,” she’s implying
that Macbeth is too much like a woman in order to wield a monarch’s power (1.5.15-11).
And she uses this notion of Macbeth’s “kindness” against her waffling husband when she
pushes him to murder the king: “When you durst do it, then you were a man” (1.7.49-16).

Conclusion

Normand Berlin, in his book O’Neill’s Shakespeare, says that we cannot break
O’Neill away from Shakespeare, though the former is chiefly influenced by Strindberg and
Nietzsche (1).We cannot draw an exact line of similarity between the two, because Mrs.
Knapp is not blood-thirsty when compared to Lady Macbeth. Mrs. Knapp struggles to
satisfy the basic needs of her family and this burden makes her to compel his husband to
go for work. But in the case of Lady Macbeth, the passion for power and authority drives
her to instigate Macbeth. Even though the financial status of Lady Macbeth and Mrs.
Knapp is different, we find similarity in the way they influence their husband respectively.
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Abstract
               Stress is the word which every living thing and even non-living thing experi-
ences. It cannot be denied that the newly born baby cries due to the stress which it
faces when it came out from the mother’s womb to this world.  This child faces this
stress every now and then throughout his/her life.  But actually recognizes, though of
late, when it comes during working tenure.  This stress at work often creates its impact
on so many factors including job satisfaction.  Therefore the researchers have made a
humble attempt to study the relationship of this occupational stress on job satisfaction
of Information Technology Professionals especially when both the couples are em-
ployed.
Key Words: Occupational Stress; Job Satisfaction; Dual Career; IT Professionals

Introduction
            The researchers wish to compare the relationship of stressors at ‘work’, on the
job satisfaction of Dual Career IT Professional Couples in Bengaluru City of South India
which is proclaimed as IT hub of India.  The researchers strongly believe that the stress
and job satisfaction are interconnected and interlinked.  It is inevitable to have a stress-
free job environment. However, the quantum of stress will vary depending upon lot many
factors like nature of the job, type of individual, stuff of  the employee, knowledge of the
work, personality of the superiors, cooperation of the peer members, nature of the indus-
try and more particularly the nature of spouse’s role and many more like this.    It is also a
proven fact that the less the stress, the more the satisfaction one gets out of his/her
job. On the contrary, when the level of stress is high, the possibilities are greater that the
employees face negative impact of it on their job satisfaction which will go to the extent of
complete job dissatisfaction and the employees may go out of the present job.

Once such Industry which evidences high level of stress is undoubtedly the Infor-
mation Technology Industry in which most of the employees are not experiencing full sat-
isfaction out of their jobs.  Therefore it has become need of the hour to be more vigilant
about the level of stress one experiences and level of satisfaction he/she feels by being in
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the present job.  So that measures can be taken to avoid the extremeness in their decisions
of quitting the job or leaving the Industry.
Need and Significance of the Study

Most studies in the area have focused mainly on the inter-role conflicts of married
women (Hall and Hall, 1979)1.  Some studies have focused on the effect of the wife’s
employment on her husband’s well being.  Few have attempted to examine work-family-
stress and its outcomes for both partners, but they have generally focused on finding the
overall inter-role conflict or conflict between work and other specific roles such as profes-
sional versus spousal or professional versus self.  Few more have focused on dual earners
but from the different field. None have focused on dual earners serving in the same IT
sector which is evident for all time stress.  Thus, there is a lack of complete and compre-
hensive information and a need arises for further researches.
Research Problem

The researchers strongly view that Indian-dual career couples, in contrast to simi-
lar couples in other parts of the world (where the single parent family or the nuclear-family
system is a more common way of life) are facing and confronting lot more pressures and
conflicts in their attempts to meet the varying and contrasting demands of work and family
roles.  The pressures are likely to be high, primarily because of the Indian socio-cultural
context, where the joint-family-structure and the extended family system, with its emotion-
ally loaded familial bonds and close-knit character, is the dominant way of life.  Hence, the
researchers found the dual-career couples in India, about whom not enough data and
information is generated and available, as interesting source materials for exploring and
furnishing new insights into the problems of stress. Indian dual career couples were con-
sidered an interesting study material for one other reason also.  It is a commonly known
fact that the socio-cultural ethos in the sub-continent is quite different because of its strong
social and family support system.  In the face of industrialization, modernization, urbaniza-
tion, globalization and growth in the standards of education and economy levels of the
aware and interested, rapid transformation is taking place in the social fabric and social
structure of the nation.  The typical joint-family structure, especially in urban areas and
amongst the educated lot, is rapidly getting destroyed and substituted by nuclear and close
single families.  Both male and female members are fast sharing the burden of family in-
come equally.  But it is still very true that despite these quick changes and transformations,
working couples in India can still bank on a plethora of familial support when in crisis.
Regular, cheap, hired and dependable help is much more easily and conveniently available
in India than in most other parts of the world, whether developing or developed.  Family-
support, either from wife’s side or from the husband’s is a very common feature in most
Indian families, irrespective of whether they are nuclear in structure or placed in some
metro or cosmopolitan town-and that too, help that is willingly, eagerly and readily given.
How do dual-career couples, within this kind of supportive environment and social-con-
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text, respond to and cope with the stress which emanates from work, and its impact on the
Job Satisfaction.  Do the two genders respond differently and adopt differential coping
strategies; is the feeling of stress and satisfaction with the job, differential in respect to their
genders? -These are some very pertinent questions that triggered the interest and attention
of the researchers, especially because of the exponential and voluminous growth of women
in the work force of IT field.

It has been observed that present large segment of young educated-women’s
population in India (most probably in other countries also) show preference to IT Industry
over other sectors in the society.  This may be due to its attractive monetary benefits,
respectability in the society, pleasant and ever young work environment, inherent challeng-
ing feature, tour and travel opportunities, holiday packages, quick opportunity for career
development etc.,  Do these things won’t be challenged by the level of stress one experi-
ences and its impact on job satisfaction as a result of it? is also a worth noting question
which emerges in the minds of researchers.
Review of Literature

Hall & Hall (1979)1, have identified that dual career couples face unique problems
in their work, family and personal arenas of life.  Gupta (2011)2 argue that the potential for
stress arising from the work and family domains work-family interface is heightened in
case of dual career couples. The two career partners are more challenged and are re-
quired to make greater efforts and adjustments while attempting to strike a balance be-
tween the simultaneous demands and pressures of two important areas, viz., their careers
and their family.  The study by Tripti Singh, Avantika Singh et.al.,(2007)3 shows that dual
career couples experience higher levels of stress, family-conflict, overload, role - ambigu-
ity and role-conflict than single career couples.  The risk for conflict between the two roles
becomes all the more serious because individuals in such relationships have to face simul-
taneous and conflicting demands and pressures of two careers with that of family (Bebbington
A.S., 1973)4.  Resolving of such conflicting demand is not only difficult, but is likely to
threaten the peace of mind, quality of work and the process of family-integration.  For
married women the reciprocal interaction between work-life and family-life takes on greater
significance.  Although these women are assuming the demanding new role of an em-
ployee, they are typically not free to relinquish any of their previous traditional roles.  For
instance, the major responsibility of household work and parenting chores still appear to
be the province of women (Chaudhary A, 1990)5.  “Motherhood” is the prescribed socio-
cultural mandate for women by most societies.  The notion and belief that women are
fulfilled-adults only when they have children, still holds social significance and is an ac-
cepted norm for measuring a woman’s womanhood and worth in society, at least in India.
Consequently, married women who obtain paid employment typically experience signifi-
cant role expansion, coping with which is no easy feat.  Such an expansion has repercus-
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sions not only for the women themselves but also for their families and their employing
institutions.  These workingwomen can anticipate varying degrees of role -conflict and
role-stress (Yu-Ying Lu, 2007)6.  The multiple role stress significantly impairs the mental
health and well being of the wives, though not of husbands, in dual career families (Catherino,
So-Kum Tang et.al., 2001)7.  Yu-Ying Lu, (2007)6 conclude that conflicts between work
and family roles reduce employees’ perception of quality of family-life, which in turn can
lead to absenteeism, affecting assistance with child and dependent care, employee sup-
port programmes and career path alternatives were some of the measures to minimize
stress and maximize employees sense of control over their lives, sustain a manageable
career progression and balance career and family demands (Adams G.A, King L.A. et.al.,)8.
Family friendly policies that meet the changing work related needs of both the employees
and employers are considered beneficial to the organization as well as to the employees,
leading to a win-win situation for all concerned (Tripti Singh, Avantika Singh et.al.,(2007)3.

Chaudhary A (1990)5 found that high level of spousal support leads to higher level
of job satisfaction.  The most interesting fact that came out from their study was that
although high level-spousal support significantly reduces the work-stress-level of the male
partners, no such relation exists in the case of women.  The above findings raise the ques-
tion as to why women’s stress level is not reduced to the same extent as that of their male
partners.  Researches on dual-career couples have also indicated that the country to which
the couple belong and where they are employed also plays an important moderating role in
relation to the impact of spousal support, and on work stress levels.  The researchers
attribute the reason for this to differences in marriage norms among cultures, differences in
the job characteristics between countries or a combination of these and other factors.

Lahiri D K & Srivastava S (1987)9 also found gender differences in terms of
satisfaction with one’s job in their study on role stressors, social support, and well being
among two-career couples.  Women in the sample reported lower job satisfaction level
than men.  Work-role stressors were negatively related to the job satisfaction of both
genders; but family role-stressors and work-family-conflict had no relationship with job
satisfaction for both genders.  These findings were consistent with the result reported by
Luo Lu, Robin Gilmour et al. (2006)10, who found strong support for linkages between
conflicts within a given domain (eg. Work conflict) in contrast to prior findings by Noor
N.M. (2003)11 according to which direct intrusiveneess of work-role stressors within the
family domain or family-role stressors into the work-domain were considered as the causes
of lower job satisfaction or dissatisfaction with job/family or burnout.  The findings also
showed work-role-stressors and work-family-role stressors (and not work-family-con-
flict) are associated with heightened life stress among women.  These results highlight the
high salience of work role for couples in a two-career relationship and also imply that for
women their family role is far more important than it is for men.  Gender differences in the
relationships among stressors and indicators of well being underscore the need for addi-
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tional researches in the area of the demographic characteristics of the spouses and exam-
ining the structural variables likely to influence the experiences and attitudes of men and
women in a two-career relationship
Important Definitions

For Clarity and better understanding of the research, few definitions and a brief
description of the major issues and the theoretical foundations in respect to the various
concepts have been included in the following paragraphs.
Dual Career Couples

A dual career couple may be defined as two persons engaged in a life-style in
which each individual pursues a career role along with a committed love relationship.

Hopkins J and White P (1978)12 define dual-career couples as individuals who,
rather than being simply employed, have “jobs which require a high degree of commitment
and which have a continuous developmental character.” They define a dual-career family
as “one in which both heads of household pursue careers and at the same time maintain a
family life together.” Johnson and Johnson (1977)13 discuss other characteristics that are
implied in this lifestyle, including high levels of career responsibility, economic rewards,
social prestige, and personal investment of time and energy on the part of both partners.
The number of couples currently pursuing this lifestyle is difficult to determine since career
involvement is a more important determinant than income. What’s relatively certain, how-
ever, is that the number of couples is increasing and will continue to do so in the decade
ahead. The fact that married women are going to work and working more consistently
than ever before is undeniable.
Occupational Stress

Occupational Stress which is otherwise known as Work-Role Stress or Job stress
which is generally defined as the person-environment misfit.  When there is misfit of an
individual’s skills and abilities or needs in the environment, it threatens the individual’s well
being.  Strain and tension occur and stress is the natural result.  Work related stress (pro-
duced by such factors such as role ambiguity, role overload and career frustration) can
provide such strain symptoms as irritability, fatigue, preoccupation, depression, and anxi-
ety (Brief, Schuler & Van Sell, 1981)14.

Klitzman S., House J.S. (1990)15 described work-stress as ‘any characteristics
of the job environment which poses a threat to the individual.’  According to Cooper and
Marshal (1997)16, occupational stress is negative environmental factors associated with
the job.  Shaw and Riskind (1983)17 defined job stress as a condition wherein job related
factors impact the worker and change (disrupt or enhance) his psychological condition
such that the person (mind and or body) is forced to deviate from normal functioning.
Karve R (2010)18 has suggested six sources of stress: a) Task-based Stress b) Role-
based Stress c) Stress intrinsic to the behaviour setting d) Stress arising from the physical
environment itself e) Stress arising from the social environment in the sense of interper-
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sonal disagreement and f) Stress within the person-system which the focal person ‘brings
with him’ to the situation.

Cooper and Marshall (1976)16 proposed seven sources of managerial stress: a)
Intrinsic Job b) Career Development c) Role in the Organisation d) Organisational Struc-
ture and Climate e) Relationships within the organization f) Extra Organisational Sources,
namely, company vs. Family demand, company vs. own interest etc., and g) the individual
himself/herself.
Job Satisfaction

Job satisfaction is an attitudinal concept central to work psychology (Bass &
Barnett, 1972)19.  Bullock (1952)20 defined job satisfaction as an attitude, which results
from a balancing and summation of many likes and dislikes experienced in connection with
one’s job.  Locke (1969)21 defined job satisfaction as ‘a pleasurable or positive emotional
state resulting from the appraisal of ones’ job values or job experience.’  According to
Wexley and Yukl (1977)22 job satisfaction is the way an employee feels about his job.  Ilies
& Judge (2004)23 have defined job satisfaction as a latent evaluative tendency of ones job
that accounts for the covariation between work stimuli and responses is manifested through
discrete evaluative states during the working day.

Seybolt (1976)24 supported the idea that job satisfaction is a function of the per-
son-environment interaction.  Although a number of factors (such as wages, opportunity
for achievement and advancement, security, company, management, social aspects of job,
communication, benefits etc.) are related to the job satisfaction, it is the interaction among
these factors rather than any one of them in isolation, that accounts for job satisfaction.

Pestonjee (1987)25 identified ‘the job itself’, ‘the management’, ‘personal adjust-
ment’, and ‘social relations’ as the constituents of job satisfaction.  He referred to the first
two constituents as ‘on the job’ factors, and to the latter two as ‘off-the-job’ factors.
Objectives of the Study
Based on the research questions, the following objectives can be derived for the purpose
of formulating hypotheses.

1. To study the level of occupational stress gender wise amongst the dual career IT
Professionals.

2. To study the level of job satisfaction gender wise amongst the dual career IT
Professionals.

3. To know the relationship of Occupational Stressors with that of Job Satisfaction
of both the genders of dual career IT Professional Couples.

4. To suggest measures to reduce the stress among both the members of dual career
IT professionals so as to improve the job satisfaction among them.

Hypotheses
Based on the above objectives, the following hypotheses have been formulated

concerning the nature of the relationship between stressors and job satisfaction.
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1. The level of occupational stress will be higher for females as compared to their
male companions.

2.  Both male and female members of dual career IT Professional couples facing high
level of occupational stress will have significantly lower job satisfaction than those
facing low levels of stress.

3. Occupational role stressors will be negatively related to job satisfaction of both
the genders of dual career IT Professional Couples.

Research Methodology
Population

The researchers have targeted six major firms in the information technolology sec-
tor, namely, 1) Tata Consultancy Services (TCS) 2) Cognizant Technology Solutions (CTS)
3) Infosys 4) Wipro 5) HCL and 6) Microsoft Corporation India (Pvt.) Ltd., situated in
Bengaluru City of Karnataka State of South India which is considered as the IT Hub of
India.  These six IT companies are amongst the top IT companies of India as per a study
ranking entitled ‘Top Six IT Companies’ conducted by InfoCorp Pvt. Ltd. which is avail-
able in its website and also made available on The Hindu, Bangalore Edition, of 2nd Janu-
ary 2017.  All categories of IT Company employees are included in the population.
Sampling Design
Sample

The researchers have studied 30 dual career IT Professional Couples working in
the same field of Information Technology as a sample.  They have targeted Benagaluru city
of south India which is said to be the IT hub of India.

The researchers by adopting Quota-Cum-Accidental Sampling method have se-
lected five individuals from each of the six companies mentioned above whose spouses
are also serving in the IT sector either in the same firm or elsewhere who agreed to be our
respondents along with the spouses which constitute 30 couples and 60 respondents in
total.  The researchers have not differentiated respondents based on their designation.
The researchers have personally visited the above mentioned IT Companies and requested
the Public Relation Officers of the Companies and explained about the study and made the
request for the provision of respondents who are ready to become a part our study along
with their spouses.  Based on the lists obtained from them, on a particular date, contacted
all the couples of the kind and the five couples have been selected who responded first to
our communication.  Hence, the sampling technique adopted for this study is ‘Quota Cum
Accidental Sampling’.
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Analysis of Data

For the purpose of analysis though there are so many higher order tools present
today apart from commonly used statistical tools like correlation, regression, t-test, etc the
researchers have objectively restricted themselves with only one basic analytical tool called
frequency distribution so as to prove that with even simple analysis quality research is
possible.  This humble attempt is to encourage such simple tools in the research endeavor
and to reduce the dependency on both high end so called sophisticated but confusing tools
and also on bad  practice of outsourcing data for analysis.
 The frequency distribution is presented in the following table.
 Table No. 1 – Level of Occupational Stress and Job Satisfaction of IT Profes-
sionals

It is clear the above table that around 85 % of the male respondents are experi-
encing moderate level of occupational stress as against 13.33% who experience high level
of stress.

Amongst the female respondents the no. of persons experiencing high level of
stress is comparatively more i.e., 26.67 % of them are with high stress as against 73.33%
who experience moderate level of stress.

It is very interesting to note that none of the respondents irrespective of gender
experience low level of stress.

Fourth fifth of the male respondents experience high level of job satisfaction whereas
in case of female respondents only 66.67% are highly satisfied with their job.  13.33
percent of the male respondents are moderately satisfied as against the their female counter
parts which is 20%.  Though there is no case with low level of stress in both the genders

LEVELS 

O c c u p a t i o n a l  S t r e s s  
(OS) 

J o b  S a t i s f a c t i o n   
(JS) 

F r e q u e n c y P e r c e n t a g e Frequency P e r c e n t a g e 
M A L E F EM ALE  M A L E F E M A L E MAL E  FE M ALE  MALE F E M A L E  

High 2 4 13.33 26.67 12 10 80.00 66.67 

Moderate 13    11 86.67 73.33   2 3 13.33 20.00 

Low - - - -   1 2   6.67 13.33 

Total 15    15 100.00 100.00 15 15 100.00 100.00 
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still there are 6.67% of the respondents experience low level of job satisfaction and femi-
nine records 13.33% in this regard.
Testing of Hypotheses
Hypothesis 1

To test the following hypothesis the researchers have used the results of percentile
analysis given in table no. 1 and on that basis the hypothesis is being dealt with.

“The level of occupational stress will be higher for females as compared
to their male companions.”
This hypothesis is true as it is evident from the analysis that there is 100% hike in

Occupational Stress of female respondents when compared to male respondents.  Males
13.33% of male respondents agreed of high occupational stress where as in case of fe-
males this percentage is just double i.e., 26.67%.

Therefore it can rightly be concluded that the level of occupational stress will be
higher for females as compared to their male counterparts.
Hypothesis 2 and 3

 To test the following hypothesis the researchers have used the results of fre-
quency distribution given table no. 1 and on that basis the hypotheses are being dealt with.

 “Both male and female members of dual career IT Professional couples
facing high level of occupational stress will have significantly low job sat-
isfaction than those facing low levels of stress.”
“Occupational role stressors will be negatively related to job satisfaction
of both the genders of dual career IT Professional Couples.”
Both the hypotheses ha ve been rejected based on the analysed information.  It is

astonishing to know that considerably high percentage of respondents 80% and 66.67%
in both the genders respectively have accepted of experiencing high job satisfaction who
actually experience either high amount or moderate amount of occupational stress.  More-
over, not even a single male or female has agreed to have experienced or experiencing low
level of stress.

Therefore, it can rightly be concluded both these hypotheses are only a myth and
there is no such opposite relationship as far as occupational stress and job satisfaction is
concerned.
Findings of the Study

The analysis and its interpretation as shown earlier result in the following out-
comes.
1. Majority of male respondents i.e., 85% are having only moderate stress even in this IT

profession which is acclaimed of stress bound environment.  In case of female respon-
dents also the percentage of employees with moderate stress is considerable one i.e.,
73.33%. This figure is though lesser than their male counterparts by 11. 67% still
considerable.  This much of high percentage of employees both male and female come
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under this category does not mean that the stress level has come down in their field.
Rather, the employees have learnt a lot to cope with the stress situation and hence its
severity has come down resulting in moderate level.  Psychologically, this will boost
them further to cope with as the level is only moderate and not high.  The difference
between gender also show the fact that the females are in the dual career and therefore
comparatively they feel difficult to cope with the stressful situations when compared to
males.  The seventy plus percent among females reveal that majority of them have
learnt a lot to face the stressors both at work place and also at family lives.

2. Only a 13.33% of male respondents are experiencing high level of stress purely be-
cause they have put in very less period in the field of Information Technology and
almost all of them are newly wedded and trying their level best to cooperate with their
female counterparts as they too are in the same field and experiencing the same stress-
ful situations.  However, the percentage of female employees with high stress level is
almost double the male counterparts i.e., 26.67% purely because the impacts of dual
career environment largely affect females than males.

3. By being in the stressful situation continuously have neglected some of the stressors as
of least importance or not given due importance resulting in cessation of stress factor
in relation to certain stressors, the listing of the same is also difficult because it depends
on personality of the individual and the time when they are experienced.  This is the
reason that none of the respondents, irrespective of gender, have not agreed to be of
experiencing less stress.  This can be seen from another perspective also that the
experience of stress in the IT field is not so simple that it can be categorized under this
classification of low level of stress.

4. Male employees are comparatively more satisfied with their job as against their female
counterparts.  By being in the bonded relationship of marriage it is but natural that the
dual career females are discharging both the duties at a time and many a time their
family role interferes into the occupational role which eats away a considerable por-
tion of satisfaction at the job.  This also tells us one important aspect called ‘male
dominancy’ which is an ever burning issue as far as India is concerned.  Though we
acclaim that IT sector is one such sector where male and female are considered at par
with each other.
In cases of couples who are in dual role also are not categorizing the work related
functions and home related functions based on gender, they are only partially true as it
is evident from the deviation of male respondents and female respondents when it
comes to job satisfaction.  Otherwise both would have been at the same level to prove
the above given acclaims.

Suggestions for Stress Control
It is a known fact that overemphsising the achievement oriented work cultures and

simply linking employee motivation with material incentives may not always increases job
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satisfaction among employees.   The stress factor is intangible and cannot be quantified so
easily, and thus neglected.  It is a great hidden cost for the companies.  In recent times,
many companies are waking up and are taking stress as a serious concern for their em-
ployees.

Dual career employees were considered at par with any other employee.  Only
recently companies have started differentiating them from the mass so as to identify spe-
cific stressors and offering solutions to them.

Following are few suggestions to reduce the stress among dual career IT profes-
sionals and thereby increase their satisfaction in the job to achieve a overall development
on the part of the company.
1. Exclusive stress management workshops for dual career employees have to be ar-

ranged at the cost of IT companies by appointing counseling experts.
2. There are so many private consultant psychologists and counselors are available who

conduct regular programmes on their own in which dual career couples can enroll
themselves to get an idea of tackling their issues concerned.

3. Human Resource Policies have to be redesigned in such a manner to suit the couples.
4. Redesign and redistribution of roles can be done in such a manner that it should not

give a kind of overload feeling.
5. If the couples are in the same organization, breaks during working hours should be

given in such a manner that the couples find time to have a small conversation with
each other.

6. If the couples are in the same field, on possibility, can be made as members in the same
project which will reduce to large extent the dual role stress.

7. Work autonomy to be given to these couples without entrusting lot many restrictions
on them.

8. When it comes to career planning, these couples should be given extra care and see to
that both the members are not starting their journeys in the opposite direction.

9. The companies are expected to hold family day at frequent intervels.
10. Joint sessions have to be allocated for the couples in de-stressing programmes like

yoga, gym, spa and such other events.
11. Residential facilities to be offered at free of cost or at concessional rate to live there

jointly.
12. Work-from-Home option to be given at their convenience.
13. If the couples work in the same organization and their nature of work and office hours

coincide, vehicles may be given in the place of separate transportation facility.
14. Vacation tours should be given as family vacation trips at their own choice.
15. Career Breaks may be given so as to quit for sometimes by one from the pair and be

back and join later.
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Conclusion
The most important thing for individuals to remember is that stress is created by

people’s reactions to situations, rather than the situations themselves.  Workplace stress is
not only a threat to the individual health of employees working in IT companies but also
brings down the organisational productivity in the long run.  Managing stress in growing
economies like India that too in a sector like IT industry has become quite a challenge as
there is a mismatch between existing health infrastructure and the pace at which IT industry
is expanding.  The Government and the policy makers have to assist the IT companies in
bringing stringent rules and guidelines for the organisations and develop adequate health
infrastructure inside the companies as well as outside the company’s compound.  The
thrust should be more towards promoting preventive healthcare practices.

The IT companies should consider its employees as its valuable asset. Each and
every employee working at different capacities plays an important role in the development
of the organisation.  Therefore, understanding, accommodating and giving sympathetic
approach to manage the IT employees’ stress will certainly increase the job satisfaction
among them and in turn organisational productivity and effectiveness will improve.
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Abstract
Kanchipuram, known as one of the seven sacred cities of India, is situated at

12.50 North Latitude and 79.43 East Longitude. A Historical City at a distance of 76
kms South-West of Chennai which is situated on the banks of River Vegavathi, a tribu-
tary of Palar river at an elevation of 83 miters above MSL. The city covers an area of
11.72 SQ.Km.

In 1st July 1997, the Chengalpattu – MGR district has been splitted into two as
Kanchipuram and Tiruvallur District.1 On the same day, TirukalukundramTaluk de-
marcated by bifurcating the Chengalpattu Taluk. Thus the new Kanchipuram District
is formed on 1st July 1997 comprising of eight Taluks, Via Kanchipuram, Uthiramerur,
Chengalpattu, Tirukalukundram, Tambaram, Sriperumbudur, Cheyyar and
Madrandakam like all ancient cities Kanchipuram is also situated on the banks of a
river, Vegavati.
Key Word: Vegavathi, Kanchipuram, Uthiramerur and Chengalpattu

Introduction
The Cholas ruled from the 14th to the 17th centuries, the Vijayanagara Empire

from the 10th to the 13th century. There are some famous temples in the city.Kanchipuram
is one of the ancient, beautiful and sacred cities of South India known for its temples. The
structure of the Ekambareswarar discusses in detail in this chapter. It is divided into two. (i)
The structure of the temple, (ii) The sculpture and paintings of the temple.Let’s see about
them
(I) Temple Building Structure

The structure of the temple means temple buildings, Mandapas, garrison, the stat-
ues of God and its place, Before discussing the structure of the temple we should know the
philosophy of the temple.
Gopuram

The Gopuram in the temple considered as the existence of God. In the main gate of
Ekambareswarar temple Rajagopuram was constructed. In which the human being figures,
animals, birds and unusual figures can be seen. Its main aim was to exhibit all the living
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beings in this world. Single gate in the Rajagopuram is existing. Similarly five entrance in
the Rajagopuram shows five objects of human being. KanchiEkambareswararRajagopuram
has the higher of 192 feet. Generally in all Siva Temples, in the entrances of Rajagopuram
in the right side Vinayaga and in the left side Lord Muruga will exist. But in the
Ekambreswara temple unusually in the right side Lord Muruga and in the left side Lord
Vijayaga is situated. The Rajagopuram was constructed by Krishnadevaraya in 1510 A.D.

In which we can see the scene the figures of Krishnaderaya discussing with the
administrative officials in the Rajagopuram. It was situated in the Southern side of the
temple. after crossing the Rajagopuram the devotes can Pass Arthamandapam,
Magamandapam, AbidegaMandapam, AlangarMandapam, Sabamandapam and then they
will reach the central sanatorium of the temple and worship the God.

Animal Sacrifice Place, Kodimayam and the vehicle of Lord Siva, Nandi and
Central Sanatorium is existing, where the statue of Lord Siva is existing and the devotees
use to worship with great religious fervor. Before entering the town Kanchipuram, we can
see the Rajagopuram of Ekambreswara temple from the distance itself. The people who
are worshipping this Rajagopuram will be freed from all their sins, it is the faith of the
people. In front of the Rajagopuram Sixteen Pillar Mandapa and Four Pillar Mandapa are
situated. The devotees before entering the temple, they use to worship first the God Vinayaga
and later only they use to reach the Central Part of the temple. Every year in the Avani
month on the day of Amavasi fourth day a festival has been celebrated.
Nandavannam

Within the Ekambareswara temple a flower garden is situated. It was called as
‘NatarajaNandavanam’ In which for the Puja of Ekambareswara, the specific flowers like
Alari, Paneer, Masipattiram, Semparuthi are grown. Neem and coconut trees also planted.
It was used by the people to perform Puja in the temple.
Thousand Pillar Mandapa

Adjacent to the Rajagopuram, in the right side thousand Pillar Mandapa is situ-
ated In which the statues of Lord Siva and Umaiammai are situated in a damaged condi-
tion. During the period of later Chola, the hundred pillar Mandapa was constructed and it
was changed as thousand pillarMandapa during the Vijayanagar period. In the Mandapa
to house the Elephant a mandapa also situated. In the thousand pillarMandapa every year
a great marriage between the God and Goddesses is conducted. In the northern side ‘a
pallavaGopuram’ constructed. On the right side of the GopuramVikadaChakaraVinayagar
and in the left side Lord Subramaniam were existing.
Siva Gangai Pond

The devotes who are visiting the temple use to had holy dip in order to wipe out
their sin. It was constructed during the Vijayanagar rule. It was with the donation of the
devotees and TamilNadu Hindu Temple Endowments the SivagangaiPonda was reno-
vated in 1971. In Kanchipuram to have a holy dip during the week days, seven ponds are
existing.
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Dwarapalakas
After KarikalaChola statue, in the entrance of the temple Dwarapalakas are situ-

ated. In the temples entrance eight feet height Dwarapalakas with beauty are existing. It
had four hands. Generally the entrance guard of Siva temples will have four hands. In the
Vishnu temple usually the entrance guard will have two hands. The entrance guard state in
the temple stood as best specimen of sculpture.
Bavithra Mandapa

In this Mandapa black stone pillars with height and breath are seen. The Pillars
were decorated with full sculptural work.
Vagana Mandapa

In this Mandapa different animal and peacock vehicles of God are situated. The
beautiful sculpture work also found. It was construed by the Vijayanagar Kings. Adjacent
to this Mandapa a store room also there, where the temple things were housed.
Karbagraha

In the Ekambareswara temple yearly once the sun light falls on Siva Linga, such a
way technically it was builted. On the both sides of Karbagraha they women status which
were made of iron can be seen. In the central part of the temple the Ekamareswara god
stood as a mud lingam. The Siva devotees after worshipping Ekamareswara god, the will
cross ArthaMandapa, Maghamandapa, on the way in the first round sixty three Nayanmars
statues are situated.

Velaikambar, Kalakambar, MathalaMageswarar, Margandeswara, Agathiswarar,
Samdeswara, Perumal were also residing in the different place of temple.
Sabanayakar Mandapa

At present it is called as ‘NayarMandapa’. It was constructed by the Chola Kings.
During the Festival days the decorations and Abisehkas is done to the God and Godess in
the same mandapa. Likewise umamageswara, chandrasekara, Sri Kanda Sivachariyar
statues were also preserved in the temple. In the backside of Ekambareswara statue, in
the right side PanchagamugaVinayagar also existing.
Panchaga Vinayagar

The statue of though small in size but beautiful and attractive. Three face Vinayaga
if we see minutely five few Vinayaga can be seen.
Ekambareswara Temple Sculpture

The sculptural work in the temple is very technical than painting. Human being,
animal, bird, tree, plant, Mountain, and sea, the figure of God etc., and imaginary were
beautifully inscribed on the stone is called as sculptural work. The sculptural work from
the Rajagopuram to inner side of the temple beautifully carved out. The temple pillars from
top to bottom will attract the viewers. The development of sculptural work took place in
different period. It can be divided into Sangam period, Pallava period, Chola period,
Vijayanagar period.

Sculpture and Painting of Kanchi Sri Ekambareswarar Temple - A Study
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Sangam Period
Karikalachola during the 2nd century Kanchipuram was beautified. Apart from this

there is no information related to sculpture in the Sangam period.
Pallava Period : (610-846 A.D.)

In the thousand Pillar mandapa of Ekambareswara temple the gopuram was called
as pallavagopuram because it may be constructed during the pallava period. The sculp-
tural work in the gopuram are simple in nature, short nose, broad chest can be seen in
these work. In the Bavithramandapa pillar the tittles of the Mahendravaram were inscribed.
In one of pillar the marriage of Umadevi with God in front of Thirumal was depicted
beautifully. The marriage ceremony, the Saints worship were depicted in the bottom. Lord
Siva in the form of Someskandar resided in the SabanayakarMandapa in the temple. It
was made with the donation of RajashimaPallava. In the backside of Central sanatorium
the figure of Someskandar was situated. It also installed during the Rajashima period. In
the second compound of the temple the figures of the Lions carved out beautifully. It
exhibit the development of sculpture under the Pallava rule.Similarly in the left side in the
tenth pillar the dancing pose is situated, below it under the standing pose of the Sculpture
the rabbit has under the feet. It was situated in the western part of the pond of the temple.
It is called EdbaswaraMandapam. In the base of the mandapaSiruthondaNayanarsacrifice
his son and the flesh of it cooked, the event was carved out as a great sculpture. Siruthondar
and his wife sacrificing their son for the cause of God that situation was in a real manner
portrayed.

The pillar which are made during heMahendraVarman period generally its western
and base side in a square shape, central part eight part shape. Such kind of pillars we can
see in Ekambareswara temple.

After the pallava period during the chola period a great development in the field of
sculpture took place.
Chola Period (907 – 1246 A.D.)

AgathiyarMandapa and Saba NayakarMandapa in the Ekambareswara temple
were constructed during the Chola period. In this mandapa opposite to urchavamoorhty,
two pillars are situated, in that on the bird one side Rathi and in the next side Manmadan
likewise in the opposite pillar on the parrot one side Rathi and in the other side mammadan
was carved out. Such beautiful pillar sculpture is existing in the temple.

In the mandapa, in this first pillar Manunidhicholan for the cause of justice sacrifice
his son under the wheel of the chariot was exhibited beautifully. Simarly a cow running the
bell scene also carved out naturally. Early chola temples were constructed on the style of
pallavas. Anyhow the special features of chola period also situated in these sculptures.

The sculpture of the early chola has special features. The figures of human being
and animals exhibited naturally. Apart from that outside of the wall small shells and in each
corner the figures of God were stored. Such kind of sculpture can be found in the
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Thirukachimayanam as well as in Arthamandapam which architectural beauty. For ex-
ample in the outside the ThirukachimayanamLingath power history was explained. In the
Kachimayanam, the statute of Brahman, Dakshinamoorthy were beautifully depicted.
Ekambareswara temple architecture and beauty was in the style of Southern Temples of
Tamilnadu. There is no foreign Clements in this architecture, purely indigenous in nature. It
was constructed on the basis of TamilNadu artisan work. The temple was excelled in
Architectural and in sculptural work.
Vijayanagar Rulers Period (1345-1641 A.D)

The Rajagopuram of Ekambareswara temple was constructed in 1509 A.D. by
the Vijayanagar ruler Krishnadevaraya, who was the lover of Art. For that source material
is available on the first step of the Gopuram outside on the top. There Krishnadevaraya
had a meeting with his close associates was depicted beautifully.

The Vaganamandapam in the Temple was constructed by the Vijayanagar rulers.
When we study the Vijayanagar period, immediately one can recollect their contribution to
the development of Art and Architecture. The temples along the pillars and the figures of
horse, elephant, Tiger and on the top of the animals the sitting lot of soldiers were beauti-
fully depicted. The soldiers on the top of the horses, on their top and in the bottom,
different figures can be seen in the mandapas were constructed during Vijayanagar period.

In the thousand pillar mandapa of Ekambareswarar temple was decorate with the
pillars in the different and difficult technique by the Vijaanagar rulers. Therefore central
part of the pillar, without open right, number of figures sculptures were situated. In this
pillars the scene of running horse, horse ready to run with the dangerous animal part were
carved out. Some of the animal figures without joining also seen. In certain pillars instead
of animal figures many small posts were made. The pillars which were constructed with
beautiful are during the Vijayanagar period but all the pillars were not in the same style. But
the sculpture in the pillars attract the people much.

In certain pillars the rope of the horse the stick and the leg iron rings though small
in nature but excellent art was applied on it the figures of human beings in the buildings
which were constructed during the vijaynagar period were big during those days the mili-
tary soldiers pose speak the art of sculptured developed.
Special Sculptures in the Temple

After worshipping the main god in the inside of the temple while passing through
the steps in one of the pillar the sculpture of narasimha dividing erannian sculpture in the
opposite betradnar sculpture is the best specimen of sculpture. In the first pillar of mandapa
the god in the form of meditation standing pose near ambigai ,gods right eye closing with
the right hand and the left eye closing with left hand was depicted in the  sculpture below
the nandimunivar statues were installed. They also very beautiful to look. In the inside of
the wall the sun god sculpture stands in a beautiful manner. Like that inside the wall lingas
and thousand eight lingas in one stone carved out with architectural beauty.
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In front of the Rajagopuram where the sixteen pillar mandaparavana with ten heads,
thirumal in the form of tortoise worshipping lingam, markandayan during his last days
trying to fold with hands, kannapar taking his eyes out to fix it to the lingam are depicted in
the sculpture in a beautiful manner. In the four pillar mandapavikadachakaravinayagar with
round wheel, sivas on the rabbit, murugarvalli, with elephant on the top of peacock also
depicted in the sculpture.

In the thousand pillar mandapa on the pillars simha, kalasam, thadai, kumbam
,palagai, podigaietc were decorated with beautiful art. The sculpture of the Ekambareswara
Temple not only to the artisans, to the historical to the research scholars as the source of
information to reconstruct the history of Tamilnadu.
Paintings of the Temple

During the ancient period the king and the people were very much interested in
painting. Along with the people, the ruling class specially the pallava rulers considered the
painting as a pastime. Hence, in course of time the painting Art gain more importance
every day. The Pallava ruler Mahendravarman contributed very much for the development
of painting. Hence he was called as ‘Vichitrachittan’ as well as ‘Chitrakarapuli’. He wrote
the painting work ‘Dakshinachitra’ but it is not available for the detail study. The develop-
ment of painting in the Ekambareswara temple during the period of pallava and chola and
for the study of their contribution there is no source material available. But some of the
paintings developed in the temple during the Vijajanagar period scatterly seen in the temple
area. During the vijayanagar period in the Ekambareswara temple at thousand pillarMandapa
the colourful paintings were painted. Those paintings were disappeared but it speak how
for painting was painted. The paintings were disappeared but it speak how for painting
was developed under the Vijayanagar period. It also shows the talent of the Artisans. Next
to Ekambareswara statue, in the Northern side of first round wall buildings the paintings of
Vijayanagar are existing even today.

In the paintings of Vijayanagar period Yellow, safran, block colours were used in
the paintings. The development of painting continues during the period of Nayakkas after
the Vijayanagar rule. If we see deeply we can are able to see the paintings of Vijayanagar
period in certain places in a damaging condition. The Northern part of the temple was not
properly maintained or renovated. Now many trees were grown in this area thickly.
Tamilnadu Archeological survey department and Tamilnadu National social service stu-
dents of KanchipuramPachiyappa college students jointly cleared the Bushes in the temple
area in 1977. After that only one of the colourpainting of Vijayanagar period had been
seen. In which a dancer in his hand had a drum and dance performed. It was painted
beautifully. Different Colour flowers work, group of birds, different type of buildings were
stood as part and parcel of the painting work. This painting may be developed during the
period of Krishnadevaraya.

In 1956 MailaiChinni.Venkataswamy visited the Ekambareswara temple and he
mentioned in his book. While he mentioning about the temple, he saw the paintings of
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Anna Paravai in the BavithiraMandapa, Peacok, Parvathi, Parameswaran, Lakshmi,
Kalaimagal in a damaged condition. Though those paintings were in run condition, its
major portion was in well condition.

Hence Ekamareswara temple was constructed with well plan and its additions
were constructed by Pallava, Chola and Vijayanagar rulers. It stood as a best specimen of
Temple architecture in South India.
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Abstract
In the era prior to Nationalization of Banks, key sectors of the Economics

including agriculture remained thoroughly neglected in terms of availability of insti-
tutional credit. The Industrial sector at that time accounted for about 15% of national
output, it appropriated 2/3rd of commercial bank credit. Till 1990’s,Indian banking
system was almost monopoly of the government and the system was characterized by
low profitability and productivity. In 1993-94, RBI allowed the entry of private sector
and foreign banks in the banking industry, which led to greater competitions among
banks. As these banks entered into the market with attractive and innovative products
and services through E-channels like ATM’s, Debit/Credit/Smart Cards, Internet bank-
ing, Tele-banking, Mobile banking, EFT’s, etc. public sector banks, are forced to
provide prompt and reliable customer services and offer a variety of hi-tech banking
products and services to attract them. Application of latest technology acts as an
instrument of strategy in Indian banking too. A review by SBI revealed the impact of
Electronic Banking in terms of showing the importance of bank networking using a
diverse range of systems. In this study the opportunities for the future with the elec-
tronic banking in general and in particular have been analyzed with a sample of 100
customers of Chennai.
Key Words: Banks, Technology, Internet Banking, E-banking and its perspectives,
SBI, etc.,

Introduction
Worldwide, the fast moving developments on the internet affects all aspects of soci-

ety. Banking is not an exemption to it. Banks and Financial Institutions are service provid-
ing organizations. Technology has always had profound impact on our civilization. Proper
utilization of technology strongly influences business competitiveness. Banks have tradi-
tionally been in the forefront of harnessing technology to improve their products, services
and efficiency. They have, over a long time, been using electronic and telecommunication
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networks for delivering a wide range of value added products and services. Bank increas-
ingly uses the popularity of PC’s easy access to Internet and World Wide Web (WWW).This
acts as a channel for receiving instructions and delivering their products and services to
customers. Internet banking both as a medium of delivery of banking services and as a
strategic tool for business development, has gained wide acceptance internationally and is
fast catching up in India with more and more banks entering the fray. India can be said to
be on the threshold of a major banking revolution with net banking having already been
unveiled. The facility of accessing their accounts from anywhere in the world by using a
home computer with Internet connection, is particularly fascinating to Non-Resident Indi-
ans and High Net worth Individual having multiple bank accounts. Costs of banking ser-
vices through the Internet from a fraction of costs through conventional methods. Rough
estimates assume teller cost at Re 1 per transaction, ATM transaction cost at 45 paise
Phone banking at 35 paise, and internet banking at 10 paise per transaction. The cost
conscious banks in the country have therefore actively considered use of the Internet as a
channel for providing services. Internet banking is experiencing a rapid growth and has
become an efficient way to market their products and services. The Internet banking is as
safe as traditional methods remote banking & off-line processing capabilities circumvent
the problems posed by Internet traffic. Vendors are able to provide wide ranging supports
to banks wishing to formulate and implement an effective Internet banking solution.

Objectives of the Study

1.To Understand the Meaning of E-banking and its impact on Banking Sector.

2.Toanalysethe factors that affect bank administration through Internet Banking.

3.To Identify the factors affecting the customers in availing Internet Banking Ser-
vices.

Need for the Study

The Introduction of Social Control over banks in Indi in 1968 and the subsequent
nationalization of major commercial banks in 1969 and 1980 led to a phenomenal trans-
formation in the banking industry. The liberalized atmosphere in the Indian Commercial
banks is to integrate with international financial market. In this transformation the major
burden is on the public sector banks. These banks have to work under competitive pres-
sure and so they have to produce competitive products to face the changing financial
market of our country. The modern banking has to process volumes of information. There-
fore, introduction of appropriate technology is the only solution to achieve timeliness, ac-
curacy and better customer service. To achieve these goals banks have to invest heavily in
latest technology to offer its clients a wide range of high quality services.

Perspectives of Internet Banking: A Study With Reference
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Review of Literature

VepaKamesam has outlined briefly the direct impact of information technology in
the banking sector to combat competition in his article on information technology chal-
lenges to banks. The financial services dependent on connectivity between branches for
updated information used in clearance are the primary beneficiaries of computerization.
Networking has enabled better funds management, asset-liability management, electronic
data inter change through effective staff training programmes have been emphasized.

The promising role played by internet banking has been traced by Bill Stone man
for its effective working. He has suggested the deployment of funds by banks to establish
support activities. The risk of losing the customers to other banks who practice strength-
ened online relationships as a means of effective customer service has been identified.

In an article, John D.Hawker, the U.S. Comptroller of the currency discusses the
latest issues pertaining to regulation of online banks. Although people are still skeptical
about putting their hard earned monies in a vital bank, more and more households are
banking online, Internet banking has its own set of risks, apart from the traditional risks
faced by the banks.

Hasan has found that online banking has emerged as a significant strategy for banks
to attract customers. Almost 75% of the Italian banks have adopted some form of internet
banking during the period of 1993-2000. Higher likelihood of adopting active internet
banking activities by larger banks, banks with higher involvement in off-balance sheet
activities, past performance and higher branching network.

N.K.Thingalaya has observed that older private sector banks will give way to
new banking concepts, management and services in his article on The Future of Indian
Banking. The need for the banks to formulate new policies to keep abreast with multina-
tional banks that are supported by effective publicity campaigns has been suggested by the
author.

Methodology

Chennai City is purposively chosen for the present study, as it is one of the major
metropolitan cities of India. In Chennai different types of banks are available with wide
variety of services. This study was conducted to capture the perceptions of Internet bank-
ing to whether E-banks are preferred over the additional banks or not. The methodology
adopted for this study is based on the primary and secondary data. The study is based on
a sample of 100 customers, working with internet banking and having experience in feeling
with customers through internet banking. Judgmental sampling statistics will be performed
for making analysis.
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Application of Statistical Tools

Data have been analyzed with the help of percentage method, ranking and weighted
average score (WAS) method and Chi-Square test. The respondents were asked to re-
spond on a 5 point likert scale (ie) Strongly Agree, Agree, Natural, Disagree, Strongly
Disagreefor various statements.

Limitations of the Study
1.The Study is conducted only in Chennai City.
2.Sample Size is limited to 100.

Analysis of Data & Interpretation 
Table 1 

Sex-wise classification of Respondents 
Sex     Number of Respondents              Percentage 

Male                     61                    61 
Female                     39                    39 
                Total                     100                    100 

 
Table 2 

Age-wise classification of Respondents 
                  Age     Number of Respondents             Percentage 
         Below 30 Years                      11                  11 
         31-40 Years                      66                  66 
         41-50 Years                      12                  12 
         Above 50 Years                      11                  11 
         Total                      100                  100 

 
Table 3 

Marital Status of Respondents 
Marital Status    Number of respondents               Percentage 

               Single                    43                     43 
               Married                     57                     57 
               Total                    100                     100 

 
Table 4 

Monthly Income Level of Respondents 
          Income Level Number of Respondents              Percentage 
         Below 10,000                        21                    21 
         10,000-20,000                        27                    27 
         20,000-30,000                        40                    40    
        Above 30,000                        12                    12 
        Total                        100                    100 

 
Table 5 

Educational Level of Respondents 
Educational Level     Number of Respondents                Percentage 

                 UG                      41                     41 
                 PG                      51                     51 
                 Any Other                      08                     08 
                 Total                      100                     100 
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Table 6 

Computer Knowledge of Respondents 
Computer Knowledge     Number of Respondents              Percentage 

                 Yes                     100                    100 
                 No                     000                   000 
                 Total                     100                   100 

 
Table 7 

Type of Bank 
         Type of Bank     Number of Respondents                  Percentage 
Nationalized Banks                     25                        25 
Private Banks                     75                        75 
      Any Other Banks                     00                        00 
      Total                     100                        100 

 
 

Table 8 
Period of Usage of Internet Banking 

Period of Usage      Number of Respondents               Percentage 
< 1 Month                     08                        08 
                1-6 Month                     16                     16 
                6-12 Month                     31                     31 
>1Year                     45                     45 
                Total                     100                     100 

 
 

Table 9 
Name of the Bank 

Name of the Bank     Number of Respondents Percentage 
    State Bank of India                  20                    20 
    Union Bank                  05                    05 
    Centurion Bank                  25                    25 
    ICICI                  29                    29 
    Standard Chartered                  21                    21 
    Total                  100                    100 

 
Table 10 

Reasons for Choosing the Particular Bank 
Reasons for 
Choosing 

    Number of Respondents                Percentage 

    Traditional Bank 
Accounts 

                    43                     43 

    Excellent Service                     40                     40 
    Others                     17                     17 
    Total                     100                     100 
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Table 11 
Traditional & Internet Bank Account 

Reasons     Number of Respondents Percentage 
                    Yes                        82                        82 
                    No                        18                        18 
                    Total                        100                        100 

 
Table 12 

Reasons for Opening Internet Banking Account 
Reasons for Opening Internet 

Banking Account 
                      Ranking 

                     Convenience                          1.32 
Curiosity                          4.50 
                     Better Rate                          6.00 
                     Safe & Secure                          3.00 
                     Low Service Charges                          5.23 
                     Easy To Maintain                          2.10 

 
Table 13 

Different Services Offered by Internet Banking 
         Services 
Offered 

     Number of respondents                 Percentage 

 Download Personal 
Bank Transaction 
activity 

                    11                      11 

Check Balance On-
Line 

                    49                      49 

Apply for Customer 
Loans 

                    06                      06 

Inter account Transfer                     09                      09 
Online Bill Payment                     20                      20 
Others                     04                      04 
Total                     100                      100 

 
                                                          

Table 14 
Activities Performed in On-Line 

Activities Performed     Number of Respondents                  Percentage 
             Tax Filing                       17                       17 
Purchase or Sale of a 
Product 

                      14                        14 

        Neither of These                       69                       69 
               Total                       100                       100 
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Table 15 

Frequent Usage by the Respondents Per Month 
                Time       Number of Respondents                 Percentage 
< 1 Time                       10                     10 
            1 – 3 Times                       28                     28 
           3 – 8 Times                       32                     32 
            8 – 12 Times                       19                     19 
           Above 12 
Times 

                      11                     11 

            Total                       100                     100 
 

Table 16 
Payment through Internet 

Number of Times 
Payment Made 

     Number of Respondents                Percentage 

< 1 Time                       26                      26 
                   1 – 3 
Times 

                      20                      20 

                   4 – 8 
Times 

                      34                      34 

                   9 – 12 
Times 

                      14                      14 

                   Over 12 
Times 

                       06                      06 

                    Total                        100                      100 
 

Table 17 
Safety in Internet Banking 

            Particulars     Number of Respondents                Percentage 
                Yes                      82                     82 
                No                      18                     18 
                Total                      100                     100 

 
Table 18 

Risks in Internet Banking 
                Particulars     Number of Respondents                   Percentage 
                    Yes                       88                         88 
                    No                       12                         12 
                    Total                       100                         100 
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Findings, Suggestions & Conclusions
The findings of the demographic characteristics of customers and marketing ser-

vices, using percentage and X2 test to find out the following facts namely gender, educa-
tional qualification, marital status etc. Moreover the association between the demographic
variables and marketing services in SBI Chennai city are positively significant at 1 percent
level as shown in X2 value is concerned. The introduction and growth of technology has
been considered whilst acknowledging that providing a quality service is viewed as a key
strategic factor in establishing competitive advantage. Due to this, research was carried
out to establish relationship between technology and service quality in banking industry
and it was established that there is a direct relationship between technology and service
quality in the banking industry through use of correlation analysis, percentage and means.
The E-Banking customers seems to be quite satisfied in the areas like Security, Efficiency,
Accurate Records, Convenience, Accurate Transactions. The respondents indicated that
security and operation of the electronic banking lies in the “Keep up Good work” Quad-
rant. From the importance/performance point, it is important that the financial institutions
wanting customers to use and be satisfied with banking technology must implement per-
sonalized aspect to the service. The banks should install some ATM’s in supermarkets,
learning institutions and in other places and the management should also improve their
ATM’s systems so as to minimize the waiting time in the queue. This will improve the
efficiency in the service delivery and boosts customer confidence. The banks should pro-
vide statements for every transaction that has been conducted electronically. This will
enable the customers to verify accuracy of all transactions including the transaction confir-
mation. According to “Lovelock”, customer feedback is an established concept of stra-
tegic planning. Therefore, it is recommended that performance of banking institutions should
be monitored on a regular basis. Internet banking is changing the banking industry and is
having the major effects on banking relationships. The net banking, thus, “now is more of
a norm rather than an exception in many developed countries” due to the fact that it is the
economical way of providing services. Banking is now no longer confined to the traditional
brick and mortar branches, where one has to be at the branch in person to withdraw cash
or deposit a cheque or request a statement of accounts, it is a time and need to scan and
anlayse the market and respond to the needs of customers and to generate awareness
regarding the advantages of Internet banking. In true Internet banking, any inquiry or trans-
action is processed online without any reference to the branch (anywhere banking) at any
time. Providing Internet banking is increasingly becoming a need to have than a nice to
have Banking services.
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Abstract
     The present study investigates the customer’s perception in buying decisions on
branded mobile in Vaniyambadi. The need to understand the emerging markets and
consumers has become a big challenge for the corporate world especially in creating
and managing a powerful brand loyalty. Purchasing decisions include many factors
that most consumers are not even aware of it. Five steps are involved in nearly every
purchase made namely, need recognition, information search, evaluation of alterna-
tives, purchase decision, and post purchase behavior. Even the simplest purchases
can include any or all of these steps. Purchases are further influenced by such things
as personal, psychological, and social issues. Mobile phone is a smart communica-
tion media. It is not a one-way communication like pager. Cellular communication
basically gives the power of an advanced telephone system card. Cellular communi-
cation works like the radio set which is normally used. The handset or Mobile Phone
is in fact an own private radio transmitter and receiver, very similar to the Walkie-
talkies used by Police and Security Personnel. The key difference is that a cellular
phone network is connected to the fixed line or conventional telephone system allow-
ing additional access to the telephone world.
Keywords: Brand Loyalty, Customers Loyalty and Smart Phones

Introduction

      The growth of mobile phones have been phenomenon in the 21st Century. Almost
everyone possesses a mobile phone. Smartphone are revolutionary and magical product
that is literally ten years ahead of any other mobile phone. Rapid technological development
and short product life have been the characteristics of the industry. Mobile manufacturing
and operating developing companies are pushing Smartphone technology so hard, the
new Smartphone with higher speed and more features are coming out every year. In general,
most Smartphone customers are young and middle age groups. They often consider
Smartphone as a means of leisure, simplicity in life, social connectives and information
access.
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     Nowadays, Internet has become an indispensable part of our life. Many kinds of devices
are used to surf online every day. People are not satisfied to use PC indoors or carry a
heavy notebook outdoors. With the development of mobile communications technology
and integrated circuit technology, mobile phones are becoming more and more powerful.
Mobile phones are not only capable of calling, sending SMS, but also able to access
Internet. Smartphone have emerged and popularized very quickly.

Importance of the Study

      In a competitive and brand conscious market like India, building brand loyalty of
Smartphone is a challenging task. The companies need to assess the prior experiences and
future aspirations of consumers to possess their brands. Every year there are many new
models of Smartphone being launched into the market, each one with its own specific
designs and features and yet there are customers who remain loyal to their preferred
brands. We have decided to choose this topic in order to understand the major reasons
for any consumers to buy a certain Smartphone despite its cost and features. One of the
key dimensions of Brand Loyalty is the reason that is why are customers loyal to certain
brands? Through this research we will identify the main factors that are responsible for
creating brand loyalty amongst customers and if it would act as a motivational force that
influences them to go for a Smartphone re-purchase decision.

Brand Loyalty can be defined in many terms. It is a multidimensional construct. However,
our key focus is on the following three approaches

a. Brand Loyalty in terms of repurchase/ repeat purchase behavior,

b. Brand Loyalty in terms of promoting the brand and recommending to friends/family
and

c. Brand Loyalty in terms of not switching to another brand if prices are set higher.

Statement of the Problem

                 There are many factors that can affect this process as a person works through
the purchase decision. The number of potential influences on consumer behavior is limit-
less. According to the black box model of consumer behavior, there are two main stimuli
that is related to buyers response towards buying a certain product, Both are categorized
as environmental factors which are environmental stimuli and marketing stimuli. The mar-
keting stimuli are planned and processed by companies, whereas the environmental stimuli
are given by social factors. These two stimulus consists of different elements whereas can
cause different influences on consumer behavior towards buying decisions. In consumer’s
mobile phone buying behavior, both can influence buying decisions. But, which one can be
much more influencing than the other in terms of buying decisions .When interviewing two
subjects regarding the process involved, it becomes apparent that each individual, al-
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though having very similar needs, underwent slightly different thought processes to arrive
at a decision.

Objective of the Study

To find a solution for the research problem, the following four specific objectives are
formulated.  .

1. To study the various factor influencing the brand loyalty among Smartphone users.

2. To study the switching behaviour of other brands among Smartphone users.

3. To study about the satisfaction level of Smartphone user

4. To offer few suggestions for loyalty building.

Research Methodology
This section describes research design, data collection and interview schedule and

development efforts used in this study. The sampling plan used for the final study is discussed
in detail along with data collection procedures and data analysis.

Sampling Plan and Data Collection

The Smartphone users in Vaniyambadi are selected as a suitable target group to
test the proposed research model. Mainly the focus is on the leading brand preference for
mobile phone and the attitude of consumers. The main reasons for selecting this topic are
availability of a higher number of brand loyalties of Smartphone.

The methodology of the study is based on the primary, as well as secondary data.
The study depends mainly on the primary data collected through a well-framed and
structured interview schedule, to elicit the well-considered opinions of the respondents.
Proportionate random sampling is adopted to obtain responses from the smartphone users
in Vaniyambadi. This study is a descriptive type of methodology. The secondary data are
collected from journals, books, dailies, periodicals, articles, and websites.

Research Instrument Development
Five different constructs are needed to test the proposed conceptual model. Multi

item, five point Likert’s scales are used to measure all the five constructs. Enlisting measures
of rural consumer behaviours are used for all its elements and are adapted to the context of
the study.

Pilot Study

A pilot study is conducted to validate the interview schedule and to confirm the
feasibility of the study. The pilot study is conducted with a sample of interview schedules
covering the divisions of Vaniyambadi.
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Sampling Size and Design

The study area comprises of Vaniyambadi and they are classified by the researchers
to justify the sampling procedure adopted in the research.

 A convenient random sampling method was used to collect various perceptions
of brand loyalty of Smartphone users in Vaniyambadi selected through lottery method.
The sample size is 150 respondents.

Analysis of Data
In order to analyze the data and interpret the various results, the researchers have

used different statistical tools like simple percentage method, Chi-square test and ANOVA.
The results are presented in the form of single frequency tables, cross tables and also
different types of charts and diagrams
Hypotheses
H1: There is a significant relationship between gender and acceptance of nature of brand
and brand loyalty.
H2: There is a significant relationship between Age and acceptance of nature of brand and
brand loyalty
H3: There is a significant relationship between Education and acceptance of nature of
brand and brand loyalty
H4: There is a significant relationship between occupation and level of satisfaction of
branded Smartphone.
Review of Literature
The Dream Catchers Group (2008) investigated if demographic variables or if telephone
features included on phones students already owned were predictive of young consumers’
perceptions of bundled features. In addition, this study set out to determine if there were
any significant differences in students’ perceptions of bundled features across demographic
variables (rural vis-a-vis HBCU, gender, grade level, cellular telephone brand, major, and
age).
 Shibashish, Chakraborty and Kalyan Sengupta (2008) endeavors to make a de-
tailed study on important demographic variables of customers affecting brand switching of
customers. This study will highlight pertinent aspects of prediction of switching proclivity
of customers from one service provider to another.
Ramakrishnan Venkatesakumar, D. Ramkumar and P. Thillai Rajan, (2008),
confirms that Brand loyalty and brand switching behaviour of the consumers are evergreen
issues of research and strategic importance to the marketers and academic researchers.
The current research aims to address the significance of product attributes in brand switching
behaviour through multi-dimensional scaling and results suggest that a set of product
attributes trigger the intention to switch the current brand
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Analysis and Interpretation of Data
Data analysis and interpretation is the process of assigning meaning to the col-

lected information and determining the conclusions, significance, and implications of the
findings. It is the central step in any research process. The goal of this chapter is to provide
answers to the questions that are in the mind of the researcher

                            Table: No.1
Brand awareness towards Smartphone by the respondents

 Sources: primary data

          It is understood from the above table that 30% of the respondents are aware about
the  Smartphone brand through the Advertisements, 27% of the respondents are from
friends, 22% of the respondents are awareness of Smartphone brand through the rela-
tives, and 21% of the respondents are from other.
        Hence the majority (30%) of the respondents are aware about the Smartphone brand
through the Advertisement

 Table: No.2
    Respondents level of satisfaction towards the brand choice

Awareness of Smartphone No of respondents Percentage 
From Advertisement 45 30 
from Friends 40 27 
From relatives 33 22 
from other 32 21 

Total 150 100 
 

 Level of satisfaction No of respondents Percentage 

Highly satisfied 89 59 

satisfied 7 5 

Neutral 13 9 

Dissatisfied 18 12 

Strongly Dissatisfied 23 15 

Total 150 100 
Sources: primary data
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From the study it is understood that 59% of the respondents are highly satisfied

towards their brand of Smartphone, 15% of the respondents are strongly dissatisfied,
12% of the respondents are dissatisfied to current brand of Smartphone, 9% of the re-
spondents are neutral, 5% of the respondents are agree to current brand of Smartphone.

Hence the majority (59%) of the respondents are highly satisfied towards their
present brand of Smartphone

Table No:3
           Respondent’s opinion to recommend the brand to their friends

Sources: primary data

           From the above table it discover that 35% of the respondents are neutral to rec-
ommend to friends to buy same current Smartphone brand, 24% of the respondents have
disagreed, 20% of the respondents are agree to recommend to buy same current
Smartphone brands, 13% of the respondents are strongly agree, 7% of the respondents
are strongly disagree to buy to recommend same current Smartphone brand.

Hence, the majority (35%) of the respondents are neutral to recommend their
friends to buy same current Smartphone brand.

Table.No:4
Gender of the Respondents and level of acceptance towards the Nature of

Brands and brand loyalty

 Respondents opinion No of respondents Percentage 
Strongly Agree 19 13 
Agree 30 20 
Neutral 53 35 
Disagree 36 24 
Strongly Disagree 12 8 

Total 150 100 

Gender of 
the 

respondents 

level of acceptance towards the Nature of 
Brands and brand loyalty 

Total 

Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Male 0(0) 
(0) 

2(2.3) 
(100) 

48(55.8) 
(52.7) 

28(32.6) 
(59.6) 

8(9.3) 
(88.9) 

86(100) 
(57.3) 

Female 1(1.6) 
(100) 

0(0) 
(0) 

43(67.2) 
(47.3) 

19(29.7) 
(40.4) 

1(1.6) 
(11.1) 

64(100) 
(42.7) 

Total 1(0.7) 
(100) 

2(1.3) 
(100) 

91(60.7) 
(100) 

47(31.3) 
(100) 

9(6.0) 
(100) 

150(100) 
(100) 
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H0: There is no significance relationship between gender and acceptance of nature of
brands and brand loyalty.
H1: There is significance relationship between gender and acceptance of nature of brands
and brand loyalty

Chi-Square test

Since the level of significance is more than 0.05, null hypothesis is rejected.
It is concluded that there is a significance relationship between gender and

acceptance of nature of brands and brand loyalty.

Age of the respondents and level of acceptance towards the nature of brands
and brand loyalty

H0: There is no significance relationship between age of the respondents and acceptance
of nature of brands and brand loyalty.
H1: There is significance relationship between age of the respondents and acceptance of
nature of brands and brand loyalty

Table.No:5
ANOVA

Since the level of significance is more than 0.05, the null hypothesis is accepted.
Hence, It is concluded that there is a significant relationship between age of the respon-
dents and acceptance of nature of brands and brand loyalty.

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 7.375a 4 .117 

 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 4.195 4 1.049 1.396 .238 

Within 
Groups 108.898 145 .751   

Total 4.195 4    
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Table.No:6
Education of the respondents and level of acceptance towards the nature of

brands and brand loyalty

H0: There is no significance relationship between Education of the respondents and ac-
ceptance of nature of brands and brand loyalty.
H1: There is significance relationship between Education of the respondents and accep-
tance of nature of brands and brand loyalty

Chi-square test

Since the level of significance is less than 0.05, the null hypothesis is accepted.
It is concluded that there is no significant relationship between education of the respon-
dents and acceptance of nature of brands and brand loyalty.
Occupation of the respondent and level of acceptance towards the satisfaction

level of a Branded Smartphone
H0: There is no significance relationship between occupation of the respondent and level
of acceptance towards the satisfaction level of a branded smartphone.
H1: There is significance relationship between occupation of the respondent and level of
acceptance towards the satisfaction level of a branded Smartphone.

Educational 
qualification 

level of your acceptance towards the nature 
of brands and brand loyalty 

Total 

Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Below SSLC 0(0) 
(0) 

2(5) 
(100) 

30(75) 
(33) 

8(20) 
(17) 

0(0) 
(0) 

40(100) 
(26.7) 

HSC 1(2.1) 
(100) 

0(0) 
(0) 

39(83) 
(42.9) 

6(12.8) 
(12.8) 

1(2.1) 
(11.1) 

47(100) 
(31.3) 

Degree 0(0) 
(0) 

0(0) 
(0) 

16(32) 
(17.6) 

27(54) 
(57.4) 

7(14) 
(77.8) 

50(100) 
(33.3) 

Other 0(0) 
(0) 

0(0) 
(0) 

6(46.2) 
(6.6) 

6(46.2) 
(12.8) 

1(7.7) 
(11.1) 

13(100) 
(8.7) 

Total 1(0.7) 
(100) 

2(1.3) 
(100) 

91(60.7) 
(100) 

47(31.3) 
(100) 

9(6.0) 
(100) 

150(100) 
(100) 

 

  Value Df Asymp. Sig. (2-sided) 

Pearson Chi-Square 45.018a 12 .000 
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Table.No:7
ANOVA

Since the level of significance is less than 0.05, the null hypothesis is accepted.
It is concluded that there is no significance relationship between occupation of the respon-
dent and level of acceptance towards the satisfaction level of a branded Smartphone
Findings
1. It is observed from the study that the majority (30%) of the respondents are awareness

of smartphone brand through the advertisements.
2. From the study majority (59%) of the respondents strongly                        agree that

they are satisfied with current brand of Smartphone are satisfied.
3. It is found that the majority (35%) of the respondents are neutral to recommend their

friends to buy same current Smartphone brand.
4. It is concluded that there is no significant relationship between gender and acceptance

of nature of brands and brand loyalty.
5. From the study it is concluded that there is no significant relationship between age of

the respondents and acceptance of nature of brands and brand loyalty.
6. It is concluded that there is no significant relationship between Education qualification

of the respondents and acceptance of nature of brands and brand loyalty.

7. It is concluded that there is no significant relationship between occupation of the
respondent and level of acceptance towards the satisfaction level of a branded
smartphone.

Suggestions
1. After analyzing the various factors relating to brand loyalty and Smartphone users, it

is observed there is people believe in branded items. Consumer brand loyalty goes
out of the window when grocery and drugstore shoppers are offered in-store promo-
tions on their smart phones, a new survey shows.  The least brand-conscious group

 Sum of 
Squares 

Df Mean 
Square 

F Sig. 

Between 
Groups 49.823 4 12.456 6.895 .000 

Within 
Groups 

261.938 145 1.806 
  

Total 311.760 149    
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consists of below 25-years old, shoppers, with 53 percent say they would switch
brands if they receive a mobile offer for a competing product while in a store.

2. This indicates that a large majority of shoppers are making brand decisions while they
are in the stores, providing a unique opportunity for brands and retailers to influence
pre-purchasing decisions via a customer’s smartphone

3. For years, brands have relied on traditional in-store shopper marketing tactics such
as end cap displays, dump bins and sampling programs to influence the purchase
decisions that are being made in the store.

Conclusion
The brand loyalty among Smartphone users in Vaniyambadi town is positively

related to the brand loyalty towards Smartphone. In order to improve brand loyalty among
Smartphone the marketers take necessary steps to improve the feature for their products
the competition, and they should also consider the various factors that influence the cus-
tomers to purchase the particular brand of Smartphone. Due to the present competition in
the market the producers of the Smartphone, should  produce the Smartphone with good
quality with lower price.
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Abstract
Advertising may be in the form of printed material such as magazine

advertisement, pamphlets, posters and billboards, etc. it may also be radio or television
advertising or even electronic advertising on the internet. Advertising also involves
all forms of promotion and sponsorship. So the different vehicles for advertising a
product can be categorized as print media, broadcast media, direct mail advertising
media, outdoor media, electronic media, promotional advertising media and
miscellaneous advertising media. Advertising is an art of persuading others to purchase
what the marketer has Advertisement is one of the major tools that the leading business
firms use for persuasive communication. This is a study on the impact of advertisements
on children’s buying behavior. Children have become the prime influencers on purchase
decisions of their parents and other family members directly or indirectly.
Keywords: Purchase decision, Buying Behaviour, Advertisement

Introduction
               Advertising may be in the form of printed material such as magazine advertisement,
pamphlets, posters and billboards, etc, it may also be radio or television advertising or
even electronic advertising on the internet. Advertising also involves all forms of promotion
and sponsorship. So the different vehicles for advertising a product can be categorized as
print media, broadcast media, direct mail advertising media, outdoor media, electronic
media, promotional advertising media and miscellaneous advertising media. Advertising is
an art of persuading others to purchase what the marketer has Advertisement is one of the
major tools that the leading business firms use for persuasive communication. The
effectiveness of advertising depends on the extent the advertising message is received and
accepted by the target audience. It analyzes the influence of different advertisements on
children, the most preferred media by children, and the extent to which children affect the
buying decision of their parents. Creation of product awareness depends on persuasive
communication with buyers and potential Buyers. Nowadays, marketers are trying to attract
children through various advertisements as most children spend lots of time in watching the
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television. They also enjoy seeing advertisements and have wonderful recall capability.
In view of the globalization and privatization of the Indian economy, the competition in the
consumer markets has gone up by many folds.  In this highly competitive market, business
organizations are leaving no stone unturned for coming out with flying colours in the market
by creating greater awareness and long-run acceptability of their brands and products.
Creation of awareness mostly depends on persuasive communication with the buyers and
potential buyers. And here comes the role of advertisement.
Advertising as a Tool for Influencing Children’s Behavior
               Most children not only purchase products of their own choice but also influence
the buying decision of their parents and other family members directly or indirectly. As a
wide range of products and services are consumed or used by children, many companies
tend to target them. This has led to markets trying to understand the buying psychology or
behavior of children. The children can become the initiator or influencer in purchase of any
preferred product. Markets are well aware about this concept. So, they use advertisement
as a tool to influence children’s behavior.
Children – the target Audience
 Advertisements targeted towards children are carefully researched and designed

to maximize their impact. Effective advertising refers to informing about the right
product at the right time through the right medium.

 The television medium has in fact become an attractive and important place to
advertise.  On an average, children spend two hours a day in watching television.

 Children between the age of ten and fifteen spend about 20 hours per week watching
TV. Nowadays, marketers pay special attention to target children as they are
considered by many, the most vulnerable audience, since they are easily lured by
advertisement. With their amazing recall capability, children remember the
advertisements and the names of products.

 Television has become the main medium for advertisements and many companies
prefer to advertise their products through this medium as it has wider audience.
Most children remain glued to the television and enjoy what they see.

 The marketer tries to attract children by various means of media, especially through
advertisements in the TV and Magazines; Children initially take advertisements as
entertainment, and being softhearted, get attracted towards the offers made by
advertisements. However, another new emerging media is World Wide Web.

 These days many children have started using the internet and browse through
hundreds of websites of their own interest. Marketers have observed both children’s
increasing use of the internet and the ability of the internet to provide a unique
communication environment.

Objectives of the Study
     This research work is an attempt to study the impact of advertisements on children’s
buying behavior. The study was carried out with the objectives which are enumerated
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below
 To study the attitude of children towards advertisements.
 To know the most preferred media by children
 To know the extent to which children affect the buying decision of their parents.

Sampling Design
A total of 500 respondents (children) from a few selected cities in Chennai were chosen
for the survey.  The cities included Washermenpet, Anna Nagar, Adyar, Thiruvanmiyur,
and Tambaram.  The sample constituted 500 school going children below 15 years (100n
from each city) and was drawn the convenience sampling method.
Data Collection
           The primary data was collected through questionnaires and partially through
interviews.  A multiple choice questionnaire was designed for this purpose.  The
questionnaires were filled by students in the presence of their teachers to ensure that the
data collected was authentic.
Analysis and Interpretation

Source: Primary Data
      Children get product related information from various media sources.  Table 1 shows
52% children get their information through television advertisements 18% from hoardings
and displays at shops, and another 19% from newspapers and magazines.  Television
advertisements as per the above data, is their main source.  As an auditory and visual
medium, television provides more information to children and leaves lasting impact.  The
hoardings which are displayed on roadsides are also important sources of information.
The table also shows the only 6% children get information from the radio.

Table 1 : Media as Informational Source  
Source of Media % of children 

Television 52 

Newspaper / Magazines 19 
Radio 6 
Hoardings on the Roadside or Display 
at Shops 

18 

Others 5 
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Source: Primary Data
Table 2 shows that 85% children watch TV programs regularly while regular radio listeners
are only 6%.  It points out the fact that spread of TV audience is wider than radio listeners
among children.  TV, being the audio-visual medium, is most enjoyed by children.
Approximately 27% children read the magazines and newspapers regularly.  Most of the
children are habitual of those programs what they see or listen regularly.  They also show
their interest in reading particular magazines or columns in newspapers and time to time
wait for them.  However, it’s the electronic media that enjoys a wider audience when
compared to the print media.

Product  Advertisements Liked by Children

    Children like various advertisements as per their choice and preference.  They enjoy the
contents of the advertisement.  They show keen interest in some of the products because
of their advertisements.  Children remember many products due to their advertisements
and most of the time they recall the advertisement immediately after seeing the product.  A
majority of children like advertisements which relate to food product and soft drinks.
They find fun in such advertisements and feel that the product is fun to eat or drink.

Table 2: Spread of Different Media Among Children 
 Frequency of Media % of children 

Regular Sometimes Never 

TV Watchers 85 15 - 
Newspaper / Magazines Readers 27 50 23 
Radio Listeners 6 23 71 

 

T able 3 : Advertisements Liked by Children  
Product Category % of children 

Food Products 36 

Soft Drinks 28 
Entertainment Products 13 
Toys 7 

Fashionable and Trendy Clothes 4 

Others T hings 12 

 
Source: Primary Data
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      The data in Table 3 shows that 36% of the children like the advertisements which
relate to food products.  They find these ads really attractive.  They even reprise the jingles
while eating or drinking an advertised product.  Thirty-one percent of the children like the
advertisements on soft drinks.  Advertisements influence the purchase decisions of children.
They are the key decision-makers when it comes to buying food products like ice creams,
soft drinks, chocolates, etc.  even those advertisements that feature motorbikes, toothpastes,
etc., are popular among children.

Role of Children in the Buying Decisions of Parents

    Children not only help their parents in doing various chores but also help them in their
buying decisions.  Parents seek for the opinion of children regarding their choice and
preference about various products.  They purchase some products of their own choice,
but are influence by others in numerous household purchase decisions.  Due to influential
impact of children in families, some purchase decisions are highly dominated by children

Source: Primary Data
    From Table-4, it appears that almost all parents seek the opinion of their children before
buying any product which the family uses.  In this way most of the children help their
parents in their buying decision.  At times children end up buying a particular product on
behalf of their parents because of an urgent need or the lack of time to buy a product.
Most often the need comes from parents or other elder family members, but they ask
children to make the actual purchase.  According to the study, only 4% children before
purchasing products,  however, children become stubborn and forcefully ask their parents
to purchase products which they want.  Parents keep a control on the purchase requests
of their children.  The Table 5, shows the opinion of children regarding the way their
parents react to their purchase requests.

 

Table 4 : Role of Children in Parents’ Buying Decisions 
Role of Children % of children 

Help parents in their buying decisions 96 

Do not help p arents in their buying 
decisions  

4 
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Source: Primary Data
    An overwhelming 60%(52+8) respondents agreed that their parents agree/accept their
purchase requests.  They said that their preferences and purchase requests were hardly
ignored by their parents.  Fifty two percent of the children were of the opinion that their
parents generally consider their purchase requests.  Only 40% (9+31) respondents revealed
that their parents mostly rejected their purchase requests. Most parents see the products
from their utility and safety point of view and then consider the purchase requests of children
accordingly.
Effect of Advertisement on the Buying Behavior of Children
    Advertisements have a major impact on the buying behavior of children.  They lure
children in trying the advertised brands.  Some advertisements target various desires or
wants of children and influence them in purchasing that product.  Advertisements also
influence their attitude and purchase behavior.  To what extent advertisements influence
the buying behavior of children is shown in Table 6.

Source: Primary Data

Table  5 : Opinion of Children Regarding the Way their Parents React to 
Purchase Requests 

Opinion % of children 
Agree 8 

Mostly agree, but disagree sometimes 52 
Disagree 9 
Mostly disagree, but agree sometimes 31 

 

Table 6 : Influence of Advertisements on Buying Behavior of Children 
Influence % of children 

Often 7 

Sometimes 72 
Rarely 17 
Not at all 4 
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    A total of 72% of the respondents were of the view that ads did sometimes evoke their
desires in buying a product.  For purchasing an advertised brand, children use their pocket
money or ask their parents to buy for them.  Only 7% respondents said that they wanted
to buy a product soon after they saw the advertisement.  Nearly 21% of the children
expressed that advertisements rarely or never influenced them in buying something.
Influence of Advertisements for Buying Advertised Brands
    Advertisements generally have a positive as well as a negative impact on children.  They
bring a change in the attitude and mindset of children through various psychological
approaches.  Some advertisement influence the purchase behavior in such a manner that
children begin to insist their parents to purchase the advertised brand for them.  The Table
7 shows the data relating to the influence of advertisements in forming pestering nature of
children

Source: Primary Data
    Some times, 58% of children confessed to pestering parents to purchase certain products
after watching an ad.  While 13% of children rarely insist their parents about buying a
product, 26% don’t insist at all to have the advertised product.  Only a very small percentage
of 3% of respondents candidly revealed of often pestering their parents to buy products
after watching advertisements.

Findings

 The study observed that for certain products categories like personal care products
and dress materials, children tell preferences to their parents, but the final decisions
regarding the purchase of such products are taken by their parents.  Parents at their
own interest purchase some products.  Here children say a little about such products
like vehicles, electronic goods, grocery items etc.

 It is observed that TV advertisements are most preferred by children.  Television is the
largest information supplier to them.  Eighty-five-percent children like watching the
TV.

 

Table 7 : Influence on Advertisements 
Influence % of children 

Often 3 

Sometimes 58 
Rarely 14 
Not at all 25 
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 When asked to recall advertisements, most of the respondents recalled advertisements
of food products and soft drinks immediately.  Among the soft drink ads most of the
children recalled celebrities like Shah Rukh Khan, Sachin Tendulkar, Aamir Khan and
Aishwarya Rai.  It was observed that among various kinds of celebrities, movie starts
and sports personalities are easily remembered and the respondents are quick to recall
the ads which celebrities endorse.

 It is observed that children play a vital role in their parents’ buying decisions.  A large
number of parents seek the opinion of their children before purchasing the products
specially meant for them.

 The study highlights the spread of different media among children.  It is found that most
of the children like to watch TV.  Marketers are of the view that televisions are the best
media for advertising.  Children are also influenced by displays or hoardings found on
the roadside.  Newspapers and magazines also occupy a significant place.  It shows
that radio has least approach to this age group.

 It has been observed that children get interested to purchase the product after viewing
its advertisements.  They are eager to purchase a product, if any offer is made on that
product.

 It was found that most of the respondents were aware about the celebrity
advertisements.  Among various celebrities, movie stars, sports personalities have much
influence on children.  A total of 58%  children were interested in buying the product
advertised by their favorite celebrities.

 The study reveals that children consider various product features while purchasing a
product.  They are attracted by the packing and the bonanza schemes, offered for
product promotions.  Most importantly the purchase behavior of children is price
sensitive.  They get information about products from various sources but before
purchasing them, 58% children don’t consult their parents.

 Another observation has been that children insist their parents to purchase advertised
brand for them.  Sixty-one percent children committed that they usually force their
parents to buy advertised products.

Conclusion

The study also revealed that children find advertisements exciting.  They think that the
purpose of advertisements is to entertain.  Some children were also of the opinion that
advertisements provide information about new arrivals.  The study reveals that children
help their parents in their buying decisions and parents mostly react positively to the purchase
request of children.  Most of the time, parents ask the choice or opinion of their children
before purchasing family products.  They prefer to purchase such products, which are not
only liked by them, but also liked by their children.
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Abstract

Electronic information access is occupy a wide role in Higher educational
institutions.  Whether it is a Engineering College, Arts and Science College or Uni-
versity e-resources is essential part of Teaching, learning and research. This paper
describe the usage pattern of electronic resources by the Under-graduate and Post
graduate students in Engineering college libraries. Objective- of the paper is to know
the availability of e resources, awareness about the resources, level of usage and sat-
isfaction and barriers during the access of e resources. Research Design- A system-
atic questionnaire has adopted for data collection.  Questionnaire was distributed to
users of libraries among the selected engineering colleges. After collected were ana-
lyzed by using SPSS software. Findings- it is found from analysis is Under graduate
students preferring Google as their search engine on the other hand Post graduate
students prefers Delnet and open access resources. Suggestions- were recorded in the
analysis is to improve infrastructure facility in the colleges.
Keywords: SPSS, DELNET, NPTEL, AICTE and PROQUEST

1.  Introduction
            In the digital information era , library and information centres are attaining more
number of online resources because of its perceived benefits, such as easy access to infor-
mation and its comprehensiveness.  Electronic information’s are valuable tools for Teach-
ing, Learning and Research.  Now – a –days internet as essential part of human beings.
Every higher educational institutions is providing internet  and wifi facility to their faculty,
students and research scholars. The rapid technological development has save the time of
students, research scholars, teaching faculty, and life long learners. The quality has silently
replaced the quantity of library collection during the present scenario. This is most impor-
tant part related to electronic resources. According to All India Council for Technical Edu-
cation (AICTE) subscription of electronic resources mandatory for their libraries.   There
were many electronic resources viz.DELNET, PROQUEST, SCOPUS, Information and
Library Network (INFLIBNET).  On the other hand Ministry of Human Resources De-
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velopment, Government of India has taking initiatives to provide open/ free electronic
resources for higher education and development, they are National Digital Library(NDL),
National Programme on Technology Enhanced Learning (NPTEL). Apart from that Di-
rectory of Open Access Resources, Directory of Open Access Journals, ShodhGanga-
Thesis repository, Open Journal access system and many more open sources available for
education and research.
2.  Review of Literature

Srilakshmi,B and Sridhar,K (2018)  investigated the access and use of e-
resources by the faculty members and students in university of madras, the study was a
quantities approach using questionnaire to gather the data and information from a total
respondents of 120.  The study recommends that the establishment of basic arrangement
that support the effective use of online resources acquired by the  library are put into
maximal use by the library patrons thereby  ensuring the accomplishments of the libraries
unbiased which is satisfying the users information needs.Raja,I et al., (2018)  investi-
gated the infrastructure  and Internet facilities for Faculty members to access online re-
sources with special reference to Engineering Colleges in Thanjavur District, Tamil Nadu.
Total no of questionnaires 110 were distributed among faculty members of engineering
colleges in Thanjavur to collect relevant data. 96%(110) Faculty members have responded
where 106 responses were collected to the Library Internet/Browsing centre during working
hours.  Majority (58%) of the Engineering college library internet centre during working
hours are from 8am to 4pm.   For 100% availability of internet browsing facility in the
institutions for members of the faculty and the researchers, 100%  institutions for internet
centre are maintaining log book and provide user statistics in the internet centre/library.
Internet bandwidth (45%) of institution has 2 MBPS bandwidth to meet the needs of the
faculty.  Jegan, P and Jayaprakash,M (2018) studied to understand the internet usage
pattern of  post graduate students in government arts college salem. The study reveals that:
Majority of the respondents were male. While 51 % (47) of the respondents are satisfied
with the internet services offered in the college library, 34 % (32) of the respondents are
very much satisfied with the quality of internet services being provided in the college li-
brary. Only 15 % (14) of the respondents are not satisfied with the internet services of-
fered in the college library.
3.  Objectives
1. To findout  the Engineering colleges in Vellore District
2.To study the availability of electronic information resources in the Engineering colleges
3. To know the users preference in electronic resources.
4. To study the impact of electronic resources among the academic users
5.  To identify the awareness about the Open Source resources
6.  To find out the problems faced by the users while using electronic resources.
7. To measure the users- level of satisfaction on electronic resources

Electronic Resources Usage By UG & PG Students In Libraries: With Special
Reference To Engineering Colleges In Vellore District
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8. To indentify the availability of infrastructure  facility of the  colleges under study
4.  Research Methodology

 A systematic questionnaire has designed to collect data from the engineering col-
lege library users. There were 1500 Questionnaire distributed to concerned college library
users.  There were 1290 questionnaire  were received back that is response rate is 86%.
After received the questionnaire they are edited and fed into computer MS-Excel for
further analysis. SPSS software 2.0  utilized  for data analysis.
5.  Sampling plan

 There were more than 20 Engineering colleges in Vellore District affiliated to
Anna University, Tamil Nadu.  There were  15 Engineering colleges  randomly  selected
for data collection and Geographical area of study also taken in to account.
6. Data Analysis & Discussions

Table. 1. Name of the Engineering Colleges in Vellore District Under Study

 
S.N
o 

 
Name of the Institution 

No.of 
Questionnaire  

distributed 

No.of 
Questionnaire 
Received back 

 
Percentage 

1 Adhiparasakthi College of Engineering ,  
Kalavai 

100 
92 92% 

2 Annai Mira College of Engineering and 
Technology, Arappakkam 

 
100 86 86% 

3 Bharathidasan Engineering College, 
Natramballi 

100 
72 72% 

4 C. Abdul Hakeem College of Engineering & 
Technology ,  Melvisharam 

 
100 95 95% 

5 Ganadipathy Tulsi's Jain Engineering 
College, Kaniyambadi 

 
100 79 79% 

6 Global Institute of Engineering and 
Technology, Melvisharam 

 
100 80 80% 

7 Kingston Engineering College,  Katpadi  
100 93 93% 

8 Podhigai College of Engineering and 
Technology, Tirupattur 

 
100 86 86% 

9 Priyadarshini Engineering College, 
Vaniyambadi 

100 
94 94% 

10 Ranipettai Engineering College,  Walajapet 100 91 91% 
11 Saraswathi Velu College of Engineering,  

Sholinghur 
 

100 84 84% 
12 Shri Sapthagiri Institute of Technology,  

Nemili 
100 

83 83% 
13 Sree Krishna College of Engineering, 

 Anaikattu 
100 

86 86% 
14 Sri Nandhanam College of Engineering & 

Technology, Tirupattur 
 

100 85 85% 
15 Thanthai Periyar Government institute of 

Technology, Thorapadi 
 

100 84 84% 
 TOTAL 1500 1290 86 % 
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6. Data Analysis & Discussions
                    Among the 20 colleges, 15 colleges were selected for data collection. It is
observed from the Table No.1 total 86% of respondents were filled questionnaire and
visiting to their library daily. Among the 1290 respondents, there were four colleges viz.
Aadhi Parasakthi college of Engineering, C.Abdul Hakeem College of Engineering & Tech-
nology, Kingston Engineering College and Priyadarshini Engineering College were inter-
ested to  responded.

Table.2 Frequency of visit to the Library

Table.3 Purpose of visiting to the Library

Frequency No. of Respondents Percentage 

Every day 915 71% 

Once in a week 180 14% 

Twice a week 113 8.6% 

Once in a month 60 4.7% 

Rarely 22 1.7% 

 

Purpose No. of Respondents Percentage 

To borrow books 520 40.3 

To consult reference 160 12.4 

Browse Internet 480 37.20 

To make 

CD/Print/Photocopy 

80 6.20 

To use e-mail 50 3.87 
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Table .4 Commercial  e-Resources availability in the Libraries

Table 5. Open source e-Resources availability in the Libraries

Table.6 Barriers on Accessing the e-resources

e-Resources No.of Respondents Percentage 

DELNET 783 60.69% 

INFLIBNET 298 23% 

PROQUEST  55 4.2% 

SPRINGER - - 

SCIENCE 

DIRECT 

- - 

SCOPUS - - 

IEEE 103 7.98% 

OTHERS 51 3.95% 

   

 

e-Resources No.of Respondents Percentage 

DOAJ 613 47.51 

DOAB 415 32.17 

NATIONAL DIGITAL 

LIBRARY 

116 8.9 

SHODHGANGA 102 7.9 

OTHERS 44 3.4 

 

Barriers No.of 
respondents % Rank 

Interface Design Problem 85 6.58 4 
Hard to ask for immediate help 60 4.65 6 
Instability of e-resources 55 4.26 7 
Need more equipment and internet 
access point 605 46.89 1 

Discomfort with e-reading 215 16.66 2 
Complex access procedure 110 8.52 3 
Downloading 50 3.87 8 
No continuity in internet access 65 5 5 
No assurance for long term 
preservation 45 3.48 9 

Total 1290 100  
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The above table explains barriers faced by the respondents while accessing  elec-
tronic resources in their place of work.  The maximum of 29.1%(210) of the respondents
were of opinion that they need more equipment and internet access points.  It is also noted
that 17.3% (125) of respondents were facing the same problem.

Table.7 Opinion on length of time accessed to download e-document or article:

It is observed from the above table that  maximum number of users, 48.6% (627)
of  respondents  were using less than 10 minutes to download e-document or article from
e-resources available in the libraries.

It is also pointed out that 20.2% (261) of  respondents   were using upto 20
minutes to download an article or e-document.  It is evident from the table that respon-
dents with different types of colleges do differ in downloading  e- document or article since
the chi square value is significant at 0.05 level.

Table.8 Rating of Digital Resources in future

Minutes Respondents 

Less than 10 Minutes 627  (48.6%) 

11-20 Minutes 261  (20.2%) 

21-30 Minutes 202  (15.5%) 

31-40 Minutes   79    (5.8%) 

41-50 Minutes   67    (5%) 

More than 50 Minutes   54    (4%) 

                     Total 1290 
 

Advantages Engineering Colleges 

 Mean Rank 

Increase considerably 4.40 3 

Increased to some extent 4.47 1 

Remain the same 4.42 2 

Go down to some extent 4.32 4 

Terminate almost completely 4.11 5 
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The future trend of Digital Resources is analysed in which the present position of
e-resources increased to some extent (4.47)  and placed in  first position responded by
Engineering College respondents.  It is increased considerably (4.40) and  ranked in  sec-
ond position.    It is also viewed that  present e-resources and its trend will be increased to
some extent (3.87) which is ranked in second position.
7. Findings:
 It is found from the analysis that 71% of respondents using the library daily
 It is observed from the analysis 53% using DELNET
 It is found from the analysis 21% respondents utilizing INFLIBNET as their

academic pursuit
 There were 480 (27.20%)  respondents utilizing internet for their academic

work
 It is observed that UG students are interested in Google as their search engine
 In case of postgraduate students they satisfied with DELNET, INFLIBNET and

PROQUEST  resources for their project and study
 In case of faculty they mostly prefers PROQUEST and other commercial

resources for  their teaching and learning purpose
8. Suggestions
 It is suggested that to increase more no of computers in the colleges
 It is suggested that User awareness programme and Orientation programme to

be required to utilize the e-resources effectively
 It is also suggested enough UPS Systems to be provided for un interrupted

power supply
 Suggestions were given to increase internet band width speed for quick access

and download materials
 It is also suggested that to increase more No of commercial resources/database

for their teaching and learning purpose
9.Conclusion
            In this current scenario Electronic information is life line for  the higher education
and research.  The above analysis reveals that electronic resources dominating the tradi-
tional resources in libraries.  The students prefers  the e-resources  for their assignment
and project purpose.  According to S.R.Ranganathan electronic resources  saves the time
of the users.  The study reveals that most of the UG students prefers google as their search
engine and PG Students prefers both the resources.  On the other hand faculty prefers
proquest and other commercial resources for teaching and learning.  Overall observations
from the study that enough orientation cum user awareness programme to be needed for
effective utilization of e-resources.  The Management and the Library science profession-
als contribution is need of the hour for enhance the open access resources and commercial
resources effectively.
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