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Extraction of Natural Dye from Ixora coccinea
(Linn.) Flowers for Cotton Fabric Colouration

Monali U. Ghurde ', M. M. Padwad’, V. R. Deshmukh®, S. N. Malode®

“23Department of Botany, Vidyva Bharati Mahavidyvalaya, Amravati, Maharashtra, India

*P.G. Department of Botany, Govt. Vidarbha Institute of Science & Humanities, Amravati

Abstract: In the present study, experiments were carried out to use an extract isolated from floral petals of Ixora coccinea (Linn,) with
aqueons and methanol as a natural dye. The dye potential of the extract was evaluated by dyeing on cotton fubrics under the normal dyeing
conditions and tested for their colour fastiess to washing propertics. The pigments were isolated from fresh flowers of Ixora coccinea
(Linn,) and studied in order to understand the process of dying during cotton cloth coloration using different mordants such as Alum,
Copper sulphate, ferrous sulphate and Stannous chloride. The various shades were obtained by Ixora coccinea (Linn.)Flower on corion
Sfabrics. Aqueous extract without mordant (Control) exhibits Windser cream 6860 shade that is matched with Walnut cream 8778, Riverbed
Sand 8462, Dark ash 8776 and Pampered Pink 8696 shudes obtained in Alum (5%), Copper sulphate (2%), Ferrous sulphate (2%) and
Stannous chloride (2%) respectively. Shades generated in fné}gfma‘f were all unique and different than control. The resulis revealed that the
Methanelic extract of Ixora coccinea (Linn.) flower extracted more pigments and exhibits dark shades on cotton fabric as compared to
agqueons, Methanol Control exhibits bright Rose petal 0208 shade that is matched with shades obtained in respective maordanis i.e. Sparrow
feather 8659, Quarry stone 8658, Digital grey 8312 and Dash of pur ple respectively. The shade obtained is matched with Asian-puint eolor
shades card which makes it easier for the user to communicate abour the shade without actually sendt')!g sample. The changes in shades of
some of the colors have been noticed after washing with soap. The Spectroscopic analysis of dye color have also been made for identificarion
of certain bonding /functional groups present in the dye extract, the technique can used to identify the interaction of the dye with mordents.

Secondly, mordanting with the different metal salts exhibited variation in color hue because of their ability to form coordination complexes
with the dye molecules, which resulted in different shades to cotton fabrrc;s These findings revealed that the extract of floral petals of Ixora

coccinea (Linn). can be used for cotton fubric coloration,

Keywords: [xora coccineq, Natural dye. Mordents, Asian paint charts, Cotton fabric.

1. Introduction

Nature expresses itself in a wide spectrum of calours all
around us, Dyeing is an ancient art and it was practicised
during the Bronze Age in Europe. Primitive dycing techniques
were included sticking plants to fabric or rubbing crush
pigments into cloth. The method became more sophisticated
over time but presently there s an excessive use of synthetic
dyes. The production and application of which release vast
amount of waste and unfixed colourants, causing serious
health hazards and disturbing the ecco-balance of nature.
Currently ecological considerations are becoming an important
factor in the selection of consumer goods all over the world.
Natural dyes are known for their use in the selection of food
substrata, leather as well as natural protein fibres like wool,
silk and cotton as the major areas of application since
prehistoric time. Dyeing is an antiquated art as well as modemn

science complex. Presently there is an excessive use of

synthetic dyes estimated at around 10,000,000 tonns per
annum [3], the production and application of which release
vast amount of waste and unfixed colorants causing serious
health hazard and disturbing eco-balance of nature [4]. Natural
dyes are the colours derived from plants and animals or insect
matter without any chemical processing [10].[9]. They can
offer not enly a rich and varied source of dye stuff, but also
the possibility of an income through sustainable sale of these
dye plants. But the certain problems with the use of natural

dyes in the textile dyeing are colour yield, complexity of

dveing process, reproducible results, limited shades and
inadequate fastness properties[11[,[13] but these problems can
be overcome by using chemicals called mordants. Mordants
are the metal salts which produce an affinity between dye and
fabri [15L[12]. In general, it has been observed from the
literature that the identification of natural dyes in textiles
involves selective extraction of dyes and comparison of each
dye by various characterization lechniques, viz. UV-Visible
and IR spectroscopy, TLC, HPLC, ecotoxicity (LD-30) and
bio-assay, including methods of identitication of vegetable
dyes on cellulose fibres, animal fibres and man-made fibres.
UV visible spectra of any colourant/dye show its peaks at
predominating wavelength, indicating main hue. For natural
dyes, the spectra specially indicate different peaks for mixed
colourants available in their extract in both UV and visible
region. UV/ Visible spectroscopic studies of different
natural dyes were carried out [1] using different solvents for
extraction.

Ixora coccineg Linn. (Rubiaceae) is also known as Jungle
Geranium or Flame of the Woods or Vetchi in Ayurveda. [t is
a common flowering shrub native to Asia. The plant is a
dense, much branched evergreen shrub, commonly 4-6 ft (1.2-
2m) in height, but capable of reaching up to 12t (3.6 m).
Leaves are sessile to short-petiolate, glossy, leathery, oblong
and are about 10 cm long, with entire margins and are
arranged in opposite pairs or whorled on the stem, stipules
basally sheathing, Flowers small, sessile, tubular and are
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arranged in dense rounded clusters, calyx lobes short,
triangular, persistent.corolla tube usually 1-1.5 inches long,
lobes lanceolate to evate, acute or somelimes obtuse, Fruit
fleshy and reddish black. The plant is traditionally used as
hepatoprotective, Chemoprotective, antimicrobial,  anti-
oxidant, anti-mitotic and anti-inflammatory activities [14].

The present work has tried to document the methodology of

dye extraction from [xora coccinea (Linn.) flowers, also to
study the interaction of dye with different mordants for
variation in shades on cotton fabric. The shade obtained is

matched to the Asian paint colour shade which makes it easier

for the user to communicate about the shade without actually
sending sample. Second part of study is spectroscopic analysis
of dye colour, for identification of certain bonding

elements/functional groups present in the dye extract; the
technique can used to quantitatively indentify the presence of

these groups.
2. Materials and Methods

2.1 Materials

1) Source: A dark red healthy variety of [xora coccinea
(Linn.) flowers were collected from the campus of
VidyaBharati Mahavidyalaya, Amravati.

2) Substrate: Cotton fabric were obtained from Khadi-
Gramodhogh Amravati and used for dyeing.

3) Chemicals: 5% Alum, 2% copper sulphate, 2% ferrous
sulphate, 2% stannous chloride

2.2 Methods

a) Extraction of Dye

Fresh floral petals of Ixora coccinea (Linn,) were crushed
dissolved and boiled in water and methanol at 80°C for 2hrs
and were found floral petals to discharge color in methanol
very easily than water. Increasing the quaniity of floral petals
accompanied with the inercase in color strength and depth in
color [9]. It was observed that, color of the dye extract was
dark red. The solution was filtered for immediate use.

br) Pre- treatment (Scouring of cotton):

Cotton fabric were washed in a solution containing 0.025 g/ L
sodium carbonate (Na,CO;) and 0.06 g / L non- ionic
detergent solution at 50°C for 25 min. keeping the material to
liquor ratio 1 : 40, The scoured material was thoroughly
washed with tap water and dried at room temp. The scoured
material was soaked in clean water for 30 minutes prior to
dyeing or mordanting [41.[6].

¢) Mordanting

Accurately weighed scoured cotton fabric cotton samples were
treated with different metal salt before dying. The mordant 2%
(owf) was dissolved in water to make liquor ratio 1: 40. The
wetted samples were dipped into the mordant solution and
then brought to heating. Temperature of the dye bath was
raised to 80°C over a period of half an hour and left at that
temperature for another 30 minutes. The mordant material was
then rinsed with water thoroughly squeezed and dried. The
cotton fabrics soaked in various mordants are used
immediately for dyeing because some mordants are very
sensitive to tight.

d) Dying

The mordant cotton fiber was dyed with dye extract. Keeping
M: L ratio as 1: 40; however, for cotton dyeing it was used
directly. Dying was done by the conventional dyeing method.
After dveing, the dyed material was washed with cold water

-~ and dried at room temperature. [t was then dipped in brine for
~dye fixing. After this it was washed with non- ionic detergent

and dried under shade.

e) UV- Visible Spectroscopic study

{JV visible spectra of any colorant/dye show its peaks at
predominating wavelength, indicating main hue. For the
natural dyes, the spectra specially indicate different peaks for
mixed colorants available in their extract in both UV and
visible region. 190nm to 1100nm UV-VIS spectroscopic
analysis was carried out on UV-VIS Elico-spectrophotomeler.

3. Results and Discussion

‘The objectives of this study were to evaluate the light fastness
of natural dyes extracted from Jxora coccinea flowers and the
effect of some commonly use mordants to fix colour and to
obtain different shades on the cotton fabric, The natural dyes
present in plants and animals are pigmentary molecules, which
impart colour to the materials. These molecules containing
aromatic ring structure coupled with a side chain are usually
required for resonance and thus to impart colour. There is a
correlation of chemical structure with colour, chromogen-
chromophore with auxochrome [8]. Mordants play very
important role in imparting color to the fabric. The mordants
used in combination in different ratios gave varying shades,
Better color strength results are dependent on the metal salt
used [5]. The resistance of a dye or pigment to
chemical or photochemical attack is an inherent
property of the dye chromophore, but at the same time
the auxochrome may also substantially alter the fastness.
Wash fastness of dye is influenced by the rate of diffusion
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of dye and state of dye inside the fiber, The dye extracted
from xora flowers exhibits good to excellent wash fastness.
Secondly, they have a tendency to aggregate inside the [iber
and hence exhibit good wash fastness. Mordants used in the
present study also have the effect of insolubilizing the dye,
making it color fast. Present study indicated that a changes
of some colours in the dyed samples of cotton fabric with
different mordents (Plate No. I and IT). Natural dyes mostly
require a mordant to be fixed onto the fiber. The cotton fabries
were dyed with chemical mordants. It was observed that, the
dye uptake was good in pre-mordanting method as shown in
photoplate 1/11. Various hues of color were obtained from pre-
mordanted cotton with alum, copper sulphate, ferrous sulphate
and stannous chloride. They have an affinity for the dye and
the fiber that forms an insoluble precipitate with the dye in the
fiber [4]. Different type of mordanis and method of
mordanting significantly affect the rate and extent of photo
fading. The various shades were obtained by Ixora coccineq
(Linn.) flower on cotton fabric. Methanolic extract of Ixorg
coccinea (Linn.) extracted more pigments as compared to
aqueous, Among all the shades, the shades obtained in
aqueous and methanolic extract on cotton fabric. in control
(without mordants) exhibits light shades i.e. Windsor cream
6860 and Rose petal 0208 respectively. Aqueous extract

without mordant (Control) exhibits light shades i.e.Windsor

cream 6860 that is matched with Walnut cream 8778,

Riverbed sand 8462 Dark ash 8776 and Pampered pink 8696
shades were obtained in A}um (5%), Copper sulphate (2%),

Ferrous sulphate (2%) and Stannous chloride (2%)
respeetively (Photo Plate — I). Shades generated in mordants
were all unique and different than control.

Plate 1: Color obtained an cotton cloth by using Different

Mordamb with aquwua dye extract afier wash
i i
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Methanolic extract of Ixora coccinea (Linn.) extracted more
pigments as compared to aqueous. Methanol control exhibits
bright and light shadeRose petal 0208 that is matched with
Sparrow feather 8659, Quarry stone 8658, Digital grey 8312
and Dash of purple 7160 were obtained in Alum (5%), Copper
sulphate (2%) Ferrous sulphate (2%) and Stannous chloride
(2%) respectively (Photo Plate —II). Significant variations
were obtained in this group; Alum (2%) and Copper sulphate
(2%) generated light shades i.c.Sparrow feather 8659 and
Quarry stone 8638 respectively whereas, 2% Ferrous sulphate
and Stannous Chloride generated unique and dark shades to
cotton fabric exhibitsDigital grey 8312 in Ferrous sulphate and
Dash of purple 7160 in Stanmous chloride. Comparatively
Ferrous sulphate (Digital grey 8312) and Stannous Chloride
(Dash of purple 7160) of methanolic extracts and copper
sulphate (Riverbed sand 8462) of aqueous extracts fixes color
to the fabric more deeply as compared to the rest of the
mordants in  both aqueous as well as methanolic
extracts.Sample dyed with [xora dye exract by using the
mordants ¢xhibits good light wash fastness (Photoplate 1 and
11).Wash fastness of the dye is influenced by the rate of
diffusion of dye and state of dye as well as tendency to
aggregate inside the fibre. Methanolic extracts gencrated
unique shades in all mordants. Thus various light and brighter
shades were obtained by using different mordants on cotton
fabric. Ferrous sulphate and Copper Sulphate have the ability
of forming co-ordination complexes [6]. Good light fastness
by usmg copper sulphalc ancl ferrous sulphabe as a mordants

dye uptake as well as prolccth the uhmmuphore from
photolync degradation [4]. The use of copper or ferrous
sufphaie gives high resistance to fading, whereas stannous
chloride or alum does not. Both aqueous and methanol
extracts generated unique shades in all mordants. Natural dyes
have better biodegradability and generally have hlgher
compatibility with the environment, They are non-toxic, non-
allergic to skin, non-carcinogenic, easily -available and
renewable [6].

Pl'a'_'t?e 1: Color obtained on cotton cloth by using Different
Mordants with Methanol dye extract after wash
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The Analysis of UV- VIS Spectroscopy:

The Pigments obtained from UV-VIS spectrum of
Ixoracoccinea(Linn.) flowers extracted in distilled water and
methanol is shawn in Table I with absorption at 190 nm to
1100 nm, Absorption spectrum shown in Table I indicated that
after an addition of different mordants in aqueous extracted
dye, the arganic pigments showed polarity towards the cotton
fabric.UV analysis of the dye extract gives, Absorption at
maximum wavelength for aqueous dye extract at 525 nm for
anthocyanins, 535nm for cyanidin, 538 nm for betalains, 430
nm for ¢hl a, chl b at 450 nm, 500nm for carotenoids, 475nm
for xanthophyll, 618nm for phycocyanin and 576 nm for
phycoerythrin . The red/pink color was obtained with
interaction of anthocyanins, betalains and carolenoids at
520nm, 538nm and 500 nm.With addition of mordent alum
2% the polarity of bonds increases and attachment organic
compound firmly to the chromophore loosely or tightly
accordlfig’ to formation of bonding is complex structure (Table
1). After )aei%g.mn of alum to extracted aqueous flower
extracted dyes anthocyanin peak at 5320nm, cyanidin at 535nm,
betalins at  538nm, Chloa at 430nm, Chlo b at
642nm,carotenoids at  500nm, xanthophylls at 475nm,
phycocyanin at 623nm while phycoerythrin peak at 490nm.

Table 1: UV-Vis absorpnon spectrum of Aqueeus and "vlethanu! thracted dye pigments. ;md its interaction with Different
Mordents from fxora coccinea(Linn,) flowers (Rcd}

Pigments Aqueous | Aqueous | Aqueous | Aqueous | Aqueous | Methanol | Methanol | Methanol | Methanol | Methanol
extracted | extracted | extracted | extracted | extracted | extracted |« cx(raclcd extracted | extracted | extracted
dves dye + dyes+ dye +2% | dye +2% dyes. fdye + dye + dye +% | dye+%
without | 5% Alum 2% Ferrous | Stannous | without | 5% Y% Ferrous | Stannous
mordant (nm) Copper su]phate Chioride | mordant Alum Copper sulphate | Chloride
(nm) sulphate (nm) (nm) ~{nm) {nm) sulphate (nm) {nm)
{(nm) ; (nm)

Anthocyanins 525 520 526 520 527 T 518 520 520 521 524
Cyanidin 535 535 535 5335 335 535 535 335 535 535
Betalains 538 538 538 538 538 476 538 538 538 538

Chla 430 430 430 430 430 430 430 430 436 436

Chl b 450 642 640 640 458 640 454 | =450 640 458
Carotenoids 500 500 500 400 400 500 400 500 500 400
Xanthophyll 475 475 450 475 475 475 445 445 475 425
Phycocyanin 618 623 618 620 623 618 626 618 618 618
Phycoerythrin 576 490 576 576 376 576 490 376 490 490
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Each mordent produced unique and dark shades to the cotton
fabric, might be due to the interaction of chl a and ¢hl b with
the other red colored pigment which helps to fix the color
more to the fabric (Photo plate- I) With the addition of alum
and other different mordents in methanolic extracted dye, the
organic pigments mainly carotenoids, xanthophylls
anthocyanin, betalains and phycoerythrin showed polarity
which owes unique shades to the cotton fabric while the
mordants like ferrous sulphate and stannous chloride
generated dark and bright shades to the cotton fabric as
compared to other mordents that might be due to the
interaction of chl a and chl b with the other red colored
pigment which increases polarity of bonds that helps to fix the
color more deep to the fabric (Photo plate- II) . The dye
absorption for the dyes extracted from Mimusop selengi and
Terminalia arjuna showed that depending on the
concentrations of dyes in the dye bath, the dye absorbed on the
fiber varies from 21.94 % 10 27.46 % and from 5.18 % 1o
10.78% respectively [2].
most of the barks contain flavonoid moiety.

4. Conclusion

The present study revealed the dyeing potential of [xora
coccinea (Linn.) flowers as a source for cotton dyeing, The
whole process of extraction and dyeing is ecologically
safe.Different shades of color were obtained by using different
chemical mordants in both the solvent systems.Good light and
washing fastness exhibited by the dved cloth is because of the
mordants used. Both the solvent extracts exhibits unique
shades and affix it deeply to the cotton fabric.Spectral analysis
showed different binding affinity with different chromophore
groups within the plﬁments which can acts as chelating agents
affix to the fabric and gives different shades to th fabric.
Ixora dye has good scope in the commercial dyeing of textiles.
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(5)  Users must have a computer and access to the internet to use the library thus certain
popl;lations will have limited or no access to the library. This is especially so for remote or
rural populations, or for populations living in poverty.

(6)  Digital libraries must keep up with rapi(;i changes in technology ( including Software,
Hardware and the Internet) otherwise, the resources it provides will quickly become out
dated or inaccessible.

CONCLUSION :

Today, Information Technology plays great role in higher education, Librarians are
knowledge centers with full of information & for proper utilization of information
technology that in computer technology provide fast & easy access to information. It provide
fast information in any form, any time & any where. Hence now terms come. Digital
library, virtual library etc. So for the development of library Information technology is very
useful, because in today’s time fast growing world Development in library without
technology is not possible. So use Internet with information technology and do better
development in this E- WORLD of Library.
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CAUSES OF POVERTY IN INDIA
( Dr. Arunsingh D. Chauhan

\ Associate Professor in Sociology
Vidya Bharati Mahavidyalay, Amravati/

!

INTRODUCTION \

A large proportion of Indla‘ﬁ poor are 11vmg in ~ poverty. Lack of resources or asset-lessens -
lack of access to land, water, forests, housing, credit, literacy, capital — are all characteristics
of poverty and that the poor are often hungry, lacking in shelter and clothing, sick and not

cared for, illiterate and not schooled, and more vulnerable to events outside their control, as
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well as lacking in voice and power in the institutions of the state and society. Poverty in India
is widespread, and a variety of methods have been proposed to measure it. The official
measure of Indian government, before 2005, was based on food security and it was defined
from per capita expenditure for a person to consume enough calories and be able to pay for
associated essentials to survive. Since 2005, Indian government adopted the Tendulkar
methodology which moved away from calorie anchor to a basket of goods and used rural,
urban and regional minimum expenditure per capita necessary to survive. The World Bank
has Isimilarly revised its definition and benchmarks to measure poverty since 1990, with
$1.25 per day income on purchasing power parity basis as the definition in use from 2005 to
2013. Some semi-economic and non-economic indices have also been proposed to measure
poverty in India; for example, the Multi-dimensional Poverty Index placed 33% weight on
number of years spent in school and education and 6.25% weight on financial condition of a
person, in order to determine if that person is poor. The different definitions and different
underlying small sample surveys used to determine poverty in India, have resulted in widely
different estimates of poverty from 1950s to 2010s. In 2013, the Indian government stated
21.9% of its population is below its official poverty limit. The World Bank, in 2010 based on
2005's PPPs International Comparison Program, estimated 32.7% of Indian population, or

~ about 400 million people, lived below $1.25 per day on purchasing power parity basis.!

According to United Nations Development Programme an estimated 29.8% of Indians lived
below poverty line in 2009-2010. From the above analysis of secondary data the main

objectives of this paper is To find out main causes of poverty in India.

Causes of Poverty in India — According to Puja Mondal Four main causes of poverty in

India are as follows —

1. Climatic factors :- Climatic conditions constitute an important cause of poverty. The hot
climate of India reduces the capacity of people especially the ruralites to work for which
production severely suffers. Frequent flood, famine, earthquake and cyclone cause heavy
damage to agriculture. Moreover, absence of timely rain, excessive or deficient rain affect

severely country’s agricultural production.

1 2. Demographic factors :- The following demographic factors are accountable for poverty in

India.

(i) Rapid growth of population :- Rapid growth of population aggravates the poverty of the

people. The growth of population exceeds the rate of growth in national income. Population
m

13




growth not only creates difficulties in the removal of poverty but also lov
income which tends to increase poverty. The burden of this reduction in per

borne heavily by the poor people. Population gmwth at a faster rate increases
which tends to lower the wage rate.

(i) Size of family :- Size of the family has significant bearing on rural poverty
the size of family, the lower is the per capita income, and the lower is the stan

The persistence of the joint family system has contributed to the health and earnin

of the ruralites.

3. Personal causes :- The following personal causes are accountable for poverty in".

(i) Lack of motivation:- Lack of motivation is an important cause of rural pov

ruralites do not have a motive to work hard or even to earn something. This accounts

poverty of the ruralites.

(ii) Idleness:- Most of the rural people are lazy, dull and reluctant to work. Hence they
poverty. '

4. Economic causes:- The following economic causes are accountable for poverty in India.

(i) Low agricultural productivity:- Poverty and real income are very much interrelat .
Increase in real income leads to reduction of the magnitude of poverty. So far as agricultural
sector is concemed, the farmers even today are following the traditional method of g

cultivation. Hence there is low agricultural productivity resulting in rural poverty.

(ii) Unequal distribution of land and other assets:- Land and other forms of assets =
constitute sources of income for the ruralites. But, unfortunately, there has been unequal
distribution of land and other assets in our economy. The size-wise distribution of operational

holdings indicates a very high degree of concentration in the hands of a few farmers leading

to poverty of many in the rural sector.

(ili) Decline of village industries:- At present consequent upon industrialization new

them in terms of quallty and price. As a result they are closed down. The workers are thrown

out of employment and lead a life of poverty.
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m
(iv) Immobility of labour:- Immobility of labour also accounts, for rural poverty. Even if

higher wages are offered, labourers are not willing to leave their homes. The joint family
system makes people lethargic and stay-at-home. The ruralites are mostly illiterate, ignorant,
conservative, superstitious and fatalistic. Poverty is considered as god-given, something pre-

ordained. All these factors lead to abysmal poverty in rural India.

(v) Lack of employment opportunities:- Unemployment is the reflection of poverty.
Because of lack of employment opportunities, people remain either unemployed or
underemployed. Most of these unemployed and underemployed workers are the small and

marginal farmers and the landless agricultural labourers.

5. Social causes:- The following social causes are accountable for poverty in India.

(i) Education:- Education is an agent of social change and egalitarianism. Poverty is also
said to be closely related to the levels of schooling and these two have a circular relationship.
The earning power is endowed in the individual by investment in education and training. But
this investment in people takes away money and lack of human investment contributes to the
low earning capacity of individuals. In this way people are poor because they have little

investment in themselves and poor people do not have the funds for human capital

investment.

(ii) Caste system:- Caste system in India has always been responsible for rural poverty. The
subordination of the low caste people by the high caste people caused the poverty of the

former. Due to rigid caste system, the low caste people could not participate in the game of

economic progress.

(iii) Joint family system:- The joint family system provides social security to its members.
Some people take undue advantage of it. They live upon the income of others. They become

idlers. Their normal routine of life consists in eating, sleeping and begetting children In this

way poverty gets aggravated through joint family system.

(iv) Social customs:-The ruralites spend a large percentage of annual earnings on social

ceremonies like marriage, death feast etc. As a result, they remain in debt and poverty.

(v) Growing indebtedness:- In the rural sector most of the ruralites depend on borrowings

from the money-lenders and land-lords to meet even their consumption expenses.

i e —— e T
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Moneylenders, however, exploit the poor by charging exorbitant rates of interest and by
acquiring the mortgaged land in the event of non-payment of loans. Indebted poor farmers
cannot make themselves free from the clutches of moneylenders. Their poverty is further
accentuated because of indebtedness. Such indebted families continue to remain under the

poverty line for generations because of this debt-trap.

CONCLUSION:

From the analysis of data collected by secondary source it is found that there are many causes
are accountable for poverty in India such as Climatic factors, Rapid growth of population,
Size of family, Lack of motivation, Idleness, Low agricultural productivity, Unequal
distribution of land and other assets, Decline of village industries, Immobility of labor, Lack
of employment opportunities, Education, Caste system, Joint family system, Social customs

and Growing indebtedness.
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HUMAN RESOURCE MANAGEMENT (HRM) IN THE NEW MILLENNIUM

Dr. Anil S. Khandekar
Bhartiya Mahavidyalya Amravati.

INTRODUCTION:

Human beings are social beings and hardly ever live and work in isolation. We always plan,
develop and manage our relations both consciously and unconsciously. The relations are the
outcome of our actions and depend to a great extent upon our ability to manage our actions.
From childhood each and every individual acquire knowledge and experience on
understanding others and ho_w to behave. in each a.nd.every situations in life. Later we carry
forward this learning and understanding in carrying and managing relations at our workplace.

The whole context of Human Resource Management revolves around this core matter of
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INTRODUCTION : sewic_es
rural are:

Social change may refer to the notion of social progress or socio cultural revolution, tBgqcial st

philosophical idea that society moves forward by dialectical or evolutionary means. It may ref b oo

to a paradigmatic change in the socio-economic structure, for instance a shift aw@ embodin

from feudalism and towards capitalism. Accordingly. it may also refer to social revolution. su@they has

as the Socialist revolution presented in Marxism, or to other social movements, su@reduced

as Women's suffrage or the Civil rights movement. Social change may be driven by cultur@ manufac

religious, economic, scientific or technological forces. Developmental psychology can play Gradua]f
role in social change. The scenario of transition in rural society. specially in post-independen agriculu
era suggests that the process of planned development has transformations in rural society. T}  The eme
changes in rural India have brought about a process of rapid social restructuration. It is leadir the settl
to a breakdown in the seminary mode of social change. It has resulted in rise of new midd 'around 1
class to power. There has been massive use of science and technology in agriculture. Substanti 1lds g¢
changes in values and beliefs are also taking place in rural India. The green revolution signifi peculiar
not merely growth in agricultural production but also the use of new technology and socighierarch
relationship in production process. These developments make the new phase of changes in ruf@ exchang
economy and society a distinct process. A new interaction among technology. social relationsh Sociolog
and culture is now taking place in the rural society. This has resulted in social mobili§ modes «

emergence of new power structure and mode of exploitation of the deprived classes.Hence t individu

main aim of this paper to focus on Major Trends of Rural Social Change in India. -,Df the
strength
Major Trends of Rural Social Change in India — According to Sam Hillyard,that Newd a]qo -
offers a different approach, which introduces no new empirical results but draws together hi ek
own research to offer a commentary on rural society. The text was more popularists in tone ar i
adopted a more historical approach. Newby argued that social changes were all rooted in chang : In.de;.)en
in agricultural industry — and its decline — as ‘English rural society is no longer entirely, na - t’hts ‘(
even predominanily, =n sgrarian society” (Newby 1985: 183), the result of whish was thf *>
significant changes had occurred in the social and occupational composition of rural populatio SOC]IG:'V'
| small v

~who were no longer dependent upon farming for their living. Newby distinguished thos

dependent upon agriculture for employment as the ‘truly rural” and contrasted these with the e
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urbanite newcomers. The impact of this latter group also marked ‘changes in the economic and
social organization of agriculture. Thomas G. Johnson and James K. Scott stated that
‘technological change is so ubiquitous that it heads most lists of change. From the perspective of
| rural communities, technological change effects more than just the way in which products and
' services are produced. Technological change has and will change the very economic bases of
rural areas, their relationship with the rest of the national and global economies and their internal
social structure. In production, the most significant economic forces are the rising importance of
nay ref§ information, communication, robotics, artificial intelligence, genetic engineering, and other
& embodiments of technology. In addition to the direct effects of these changes on employment,

on, suck they have led to increased use of services (particularly, information-related services), and

ts, *fl reduced use of goods (particularly, raw materials) in the production processes of other
cultural manufacturers. Among the earliest human groups, gathering was the main source of food.
n play § Gradually man acquired the skill and knowledge in agriculture. With the development of

»endend agriculture, people began to lead a settled life and human communities became more stationary.
tety. TH The emergence of village signified that man has passed from nomadic mode of collective life to
3 leadind the settled one. India is a land of villages. A great majority of villages are small with only
v middl around five hundred populations each. Mahatma Gandhi’s view that India lives in villages still
ibstantig holds good, at least from the demographic point of view. The village social life has its own

signifig peculiar characteristics. The village social life norms strengthen the authoritarian and

d socid hierarchical norms in administration. The village social life, which is based on the hierarchical
s in rurd exchange relations greatly influence the behavior of civil servants in public organizations.
itionshif Sociologists think that for defining an Indian village, its population, physical structure, and
mobility modes of production are definitely important. Usually. a village has less than five thousand
ence tht individuals. It is rightly said ‘India is a country of villages’. Agriculture is the main occupation

of the Indians and majority of people in India live in the villages. Our villages help in

) strengthening our social bonds and bringing stability to our society in many ways. Our villages
Newbi

sther hi

also help our society in another way namely that of preserving our culture. The Indian rural

society has undergone considerable change in the recent past. particularly since the

Independence as a result of a series of the land reform legislations that have accelerated the pace
of this change. India has a rich cultural heritage and is a land of diversities. The diversity in
social life is reflected in multi-social, multi-lingual, multi- religious and multi-caste nature of the
society, The important features of the Indian social structure are- predominant rural habitation in

small villages; multi-religious and multi-caste social identities and important role of family in
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the social life.According to above analysis it is noticed that there are following Major Trends TROT

Rural Social Change in India —

Rapid transformation of agrarian society from subsistence economy to market economygbody cel

Rapid transformation followed by the introduction of modern technology. oxygen d
Emergence of various associations and institutions having linkages with urban afheart and
i substance

national organizations.
The transition of agrarian society from subsistence base to market based agrarian sector i
The introduction of modern technology and devices to transform the underdevelop@epulses
colonial agrarian economy into a, well knit compact one and its organic integration infand the

the total national economy. Estrus ¢

State interventions in adopting different measures to strengthen certain communitia A ccomp:

groups or classes on the one hand and weaken others, on the other. oestrous

Emergence of dominant group like neo-rich peasants, intermediary castes etc. and the i 5,

tightened hold over avenues of political power. has be
endomet
construc
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ABSTRAC

One of the grand tasks of current taxonomy is to prepare a
checklist of plants of the globe. This work is largely based on
collecting information from regional floras and databases. Till
this date, the progress is relatively slow, as the number of
common names, synonyms, poorly resolved aggregates is high.
For this purpose regional flora, checklists and databases with
reliable taxonomy and complete coverage of critically examined
data are required. The majority of novelties come from the
tropics; but certain areas remain poorly explored as well, and
numerous species in these areas still await recognition. In the
present work, the studied area is Vidyabharati Mahavidyalaya
campus which is situated in the prime location of the Amravati
city. Amravati is a district in the state of Maharashtra with its
district headquarters situated at 20°55°33' N and 77° 45°53 E.
The district is situated at 343m (1,125ft.) asl. The present study
deals with the floristic diversity of campus in the former sense,
i.e, the number of individual species in the area. The present
paper attempts to highlight the diversity of vast plant resources
of the campus in a conservation perspective. A total of 91 species
of flowering plants are documented in which 43 were herbs, 25
shrubs, and 24 angiospermic trees distributed in 22, 13, and 12
families respectively.

Key words: taxenomy, explored, survey, diversity, conservation

INTRODUCTION

From the very beginning of inception of human beings on the
earth man has relied on plants to fulfill his basic needs for his
survival. Plants provide food, shelter and health. It is estimated
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that about ten million species of plants inhabit
the planet earth of which, however only 1.7
million species are known to science. It is
therefore the need of the hour to explore the
floristic wealth of the earth so as to know what
we have. The plant diversity however is under
serious threat due to various anthropogenic
factors and many plant species are disappearing.
Many species are becoming extinct even before
their discovery. This scenario necessitates the
urgent need of conservation of this diversity. To
formulate various strategies for this purpose, the
first important step is to explore and inventories
the flora. Keeping this perspective in view the
present studies were conducted to explore and
inventorize the plant species. Therefore an
attempt has been made to study the plant species
present in the campus. Different Morphological
characters are being studied like habit, height,
leaf, inflorescence, flowers, and fruits etc
representing diversity of plants in the campus of
Vidyabharati Mahavidyalaya college.

Floristic diversity can be defined as the variety
and variability of plants in a given region. It refers
to the number of types or taxa in a given region or
group. Floristic diversity can be measured at any
level from overall global diversity to ecosystem,
community, species, populations, individuals and
even to genes within a single individual. The

present survey deals with the floristic diversity of
college campus in the former sense, ie, the
number of individual species in the area. The
present paper attempts to highlight the diversity
of vast plant resources of the college campus in a
conservation perspective. In this survey we have
focused only on the flowering plants of the
campus Although the lower groups of plants
(Pteridophytes, Lichens, Bryophytes) form a
important part of vegetation and contribute
significantly to the floristic diversity, they have
been excluded in the present discussion.

Area of study:

Amravati is a district in the state of Maharashtra
with its district headquarters situated at
20°55'33 N and 77° 45°53 E. The district is
situated at 343m (1,125ft) asl. The Amravati
district has an area of 270 km?2 Vidyabharati
College is situated in the prime location of the
Amravati city. It has a set of beautiful buildings
along with a play ground & Gardens situated over
the 7.77 acres of a piece of a land. The total area
under the gardens is about 30,000 sq.feet. The
study area has well demarcated four seasons as a
hot summer, heavily raining monsoon, a brief
autumn and a mild winter. The area has sub
tropical climatic conditions with ample rainfall in
the monsoon resulting in a rich diversity of
vascular plants.

Map: Amravati a district in the state of Maharashtra
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MATERIAL AND METHODS

Plants were observed during all seasons of the
year 2012-13. During observation field notes
were recorded in field notebooks and voucher
specimens of these species were collected. The
collected specimens were processed using usual
taxonomic methods of drying and mounting. The
specimens were identified with the help of
existing literature (Bentham & Hooker, 1862-83 ;
Cooke, 1901-1908; Dhore, 1986; Naik,
1966,1977,1998; Singh et al,2000; Singh et al;
2001) and have been preserved in the herbarium
of Department of Botany, Vidya Bharati

RESULTS AND DISCUSSION

The Present study deals with the documentation
of the total number of herbs, shrubs and
angiospermic trees, which are the native of
different countries. Some of these plants have
been brought here from different areas of the
country & cultivated over here in the garden, and
some grow wildly in this area. A list of plant
species in the catchment area starting by herbs,
then shrubs, and at last angiospermic trees. A
total of 91 species of flowering plants are
documented in which 43 were herbs, 25 shrubs,
and 24 angiospermic trees distributed in 22, 13,

Mahavidyalya, Amravati. and 12 families respectively.
Table 1: list of herbs
Sr. No. Botanical Name Family
1 Vernonia cineria (L.)Less. Asteraceae
2 Calendula officinalis L. Asteraceae
3 Zinnia peruviana (L) Asteraceae
4 Zinnia angustifolia kunth. Asteraceae
5 Blainvillea acmella L. Amaranthaceae
6 Aerva Lanata ( L.) Juss. Amaranthaceae
7 Achyranthus aspera L. Amaranthaceae
8 Amaranthus poligonides L. Amaranthaceae
9 Andrographis paniculata (Burm.f.)Wall ex Ness Acanthaceae
10 Diplocyclous palmatus L. Cucurbitaceae
11 Cocculus hirsutus ( L.) Deils Menisparnaceae
12 Oxalis corniculata L. Oxalideaceae
13 Colocasia esculanta (L.) Schott Araceae
14 Ocimum sanctum L. Lamiaceae
15 Catharanthus roseus (L.) Apocynaceae
16 Datura metdl L. Solanaceae
17 Withania somnifera (L) Dunal. Solanaceae
18 Acalypha indica L. Euphorbiaceae
19 Curcuma longa L. Zingiberaceae
20 Zingiber officinale Rosc. Zingiberaceae
21 Ipomoea cairica (L.) Sweet. Convolvulaceae
22 Passioflora edulis Sims. Passifloraceae
23 Aloe vera L. Liliaceae
24 Asparagus racemosus (L.) Willd. Liliaceae
25 Cissus qudrangularis L. Vitaceae
26 Agave americana (L.)A.L.Juss. ex Schutt Agavaceae
27 Hymenocallis littoralis (Jacq.) Amaryllidaceae
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Table No.1 : Continued...
Sr. No. Botanical Name Family
28 Jasminum auriculatum Roxb. Oleaceae
29 Dianthus chinensis L. Caryophyllaceae
30 Trigonella foenumgraecum L. Fabaceae
31 Cynodon dactylon (L.)Pers Poaceae
32 Dicanthium annulatum (Hook.f.) Blatt. & Mc C. Poaceae
33 Lophopogon tridentatus Hack. Poaceae
34 Andropogon pumilus Roxb. Poaceae
35 Aristida hystrix L.F. Poaceae
36 Chloris virgata Swartz. Poaceae
37 Dactylotenium aegyptium ( L) P.Beauv. Poaceae
38 Eleusine indica(L.)Gaertn. Poaceae
39 Setaria pumilla (poir)R. Poaceae
40 Melanocenchris jacquemontii Jaub.and Spach. Poaceae
41 Alpuda mutica Poaceae
42 Eragrostis namaquensis Schard var.diplachnoides (Steud) Poaceae
43 Eragrostis tanella Poaceae
Table No. 2: List of Shurbs
Sr.No Botanical name Family
) Hibiscus rosa-sinensis L. Malvaceae
2 Abelmoschus moschatus L. Malvaceae
3 Lawsonia inermis L. Lithraceae
4 Murraya koenigii (L.) Spr. Rutaceae
5 Citrus aurantiifolia (Christm.) Sw. Rutaceae
6 Hamelia patens Jacq. Rubiaceae
7 Ixora coccinea L. Rubiaceae
8 Coffee arabica Ritter Ron. Rubiaceae
9 Nyctanthes arbortristis L. Oleaceae
10 Nerium oleander L. Apocynaceae
il Tabernaemontana divaricata (L.) R. Br. Apocynaceae
12 Calotropis procera (Ait) R. Br. Asclepiadaceae
13 Solanum nigrum L. Solanaceae
14 Barleria cristata L. var. cristata Acanthaceae
15 Adhatoda beddomei Hong Gao Acanthaceae
16 Vitex trifolia L. Verbenaceae
17 Lantana camara L. var. aculeatea(L.) Mold Verbenaceae
18 Jatropha curcas L. Euphorbiaceae
19 Ricinus communis L. Euphorbiaceae
20 Acalypha wilkesiana Muell. Arg. Euphorbiaceae
21 Euphorbia tithymaloides L. Euphorbiaceae
22 Cajanus cajan(L.)Millsp DC.nom. cons. Fabaceae
23 Calliandra calothyrsus (Meisn.) Fabaceae: Mimosoideae
24 Indigofera tinctoria L. Fabaceae: Papilionaceae
25 Punica granatum L. Punicaceae
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Table No. 3: List of Angiospermic Trees

Sr. No Botanical name Family
1 Azardirecta indica A. Juss. Meliaceae
| 2 Ficus benghalensis L. Moraceae
/ 3 Ficus religiosa L. Moraceae
4 Ficus glomerata Roxb. Moraceae
5 Aegle marmelos (L.) Corr. Rutaceae
6 Feronia limonia L. Rutaceae
) 7 Mangifera indica L. Anacardiaceae
8 Emblica officinalis Gaertn. Euphorbiaceae
9 Psidium guajava L. Myrtaceae
10 Santalum album L. Santalaceae
11 Tectona grandis L. f. Verbenaceae
12 Cocos nucifera Linn. Arecaceae
13 Ziziphus mauritiana L. Rhamnaceae
14 Butea monosperma (Lam.) Taub. Fabaceae
15 Gliricidia sepium (Jacq.)Walp. Fabaceae
o 16 Pongamia pinnata (L.) pierre Fabaceae

2.8

Eragrostis namaquensis Dianthus chinesis

Fig. 1:
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® Family ®Genera ¥ Species
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Fig. 2: showing number of Herbs, Shrubs, and Angiosperms with respect to their families,
genera and species in the studied area
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constituents from one of the major sources of raw material for drugs in

preventive and curative applications (Baliga et. al; 2003). Plant
Botany Research

Laboratory, VBMV,
Camp, Amravati, well-being all over the world. The basic medicinal property of these

derived medicine has made largest contribution to human health and

Maharashtra-444602. plants lies in some chemical substances. These chemical substances
produce a definite physiological action on human body which is
generally known as phytochemical. These chemicals are non nutritive and act like shield
against diseased. The most important of these phytochemical are alkaloids, flavonoids,
tannins and phenolic compounds (Hill A. F.; 1952). Around 1900, 80% of the drug was
derived from plants (Adetunji et al; 2011). A knowledge of the chemical constituents of
plants is desirable not only for the discovery of therapeutic agents, but also because such
information may be of great value in disclosing new sources of economic phyto-compounds
for the synthesis of complex chemical substances and for discovering the actual significance
of folkloric remedies (Fouche et al; 2001). The traditional medicine all over the world is now
a day’s revalued by an extensive activity of research on different plant species and their

therapeutic principles.

After decades of serious obsession with the modern medicinal system, people have started
looking at the ancient healing systems like Ayurveda, Siddha and Unnani. This is because of

the adverse effects associated with synthetic drugs and also the increasing cost, non
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availability of modern drugs, and limited access to adequate health; these reasons have
compelled about 80% world population to use traditional pharmacopeia for primary health
care especially in the tropical and sub tropical regions. The last few years have seen a revival
of interest in the use of herbal medicine in the developed world. Herbal medicines are in great
demand in both developed and developing countries as a source of primary health care owing
to their attributes having wide biological and medicinal activities, high safety margins and
lesser costs. Among the developed countries, Germany holds the lead and has published
individual monographs on therapeutic benefits of more than 300 herbs. In developing
countries, China has compiled / generated data on over 800 medicinal plants and exports
large amounts of herbal drugs. India has prepared only a few monographs and its exports are

dismal.

The World Health Organization (WHO) has defined traditional medicine (including herbal
drugs) as comprising therapeutic practices that have been in existence, often over hundreds of
years, before the development and spread of modern medicine and are still in use today
(WHO, 1991). About 25% of all modern medicines prescribed worldwide are directly or
indirectly derived from higher plants (WHO, 2005).

India is one of the world’s twelve leading biodiversity centers with the presence of over
45,000 different plant species. Out of these about 1,500- 2,000 plants have good medicinal
properties of which only about 750-800 are being used by traditional practitioners. The
Siddha system of medicine uses around 600, Ayurveda 700, Unani 700 and modern medicine
about 30 plant species (Mukharjee, 2002). Though our ancient literatures provide a good
account of description on plants along with different formulations of drugs, symptoms and
diagnosis of diseases, methodology followed in preparation of medicines as well as mode of
application. Ancient Indian literature incorporates a remarkably broad definition of medicinal
plants and considers all plant parts to be potential sources of medicinal substances (Khare,
2007). However a key obstacle, which has hindered the acceptance of the alternative
medicines in the developed countries, is the lack of documentation and stringent quality
control. The system of classification, adopted in these literatures creates some confusion in
nomenclature of medicinal plants. Sometimes, the description of a plant, given in these
ancient medical literatures shows affinity with altogether unrelated two or three plant species
belonging to different families. This has led to a great difficulty in identification of

appropriate samples of medicinal plants, prescribed for treatment of specific disease. Correct
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identification and quality assurance of the starting materials is an essential prerequisite to
ensure reproducible quality of herbal medicine which will contribute to its safety and
efficacy. Hence, there is a need for documentation of research work carried out on traditional
medicines (Dahanukar, 2000).

With this backdrop, it becomes extremely important to make an effort towards
standardization of the plant material to be used as medicine. The process of standardization
can be achieved by stepwise pharmacognostic studies (Trease and Evans, 2002).
Pharmacognosy and phytochemistry are important tools for the study of crude drug obtained
from natural sources treated scientifically. These tools used in standardization of plant
material include its morphological, anatomical and biochemical characteristics (Anonymous,
1989). These studies help in identification and authentication of the plant material.

A knowledge of the chemical constituents of plants is desirable not only for the discovery of
therapeutic agents, but also because such information may be of great value in disclosing new
sources of economic phytocompounds for the synthesis of complex chemical substances and

for discovering the actual significance of folkloric remedies.

Canthium is a genus of about 230 species of shrubs or small trees. The Canthium parviflorum
Lam. (syn: Plectoria parviflora) of Rubiaceae. Canthium parviflorum Lamk is a shrubby and
woody plant found throughout the Western Ghats. It also occurs in peninsular India,
coramandel coast, dry plains. Plant pacifies vitiated kapha, diarrhea, fever, leucorrhea, worm
infestation and general debility. In siddha system of medicine the plant was used in
respiratory disorder, diuretic, diabetic, obesity. In Ayurvedha system of medicine the plant

was used in cough, diuretic, tumor and as anthelmintic ( Anonymous, 1991).

MATERIALS AND METHODS
The present study deals with Pharmacognostic studies on Canthium parviflorum and was
conducted along with the standardized methods for quality control and assurance to provide a

base line to commercialize its constituents for herbal products.

3.1 Collection and identification of plant material
The selected plant for the study i.e., C. parviflorum was collected during the period of
flowering and fruiting from Amravati region during September 2013. The herbarium

specimens of selected plant was prepared, identified with the help of standard floras (Cooke,
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1967; Kamble and Pradhan, 1988; Naik, 1998; Almeida, 2001; Singh and Karthikeyan, 2001)
and authenticated by Dr. S.P. Rothe, Professor and Head, Department of Botany, Shri Shivaji
college of Arts , Science and Commerce, Akola, Maharashtra. The voucher specimens were
deposited in the herbarium of Department of Botany, Vidya Bharti Mahavidyalaya, Amravati
(Maharashtra) India.

3.2 Ethno-medicinal uses
Meanwhile the medicine men, vaidoo’s and people from tribal communities of Melghat forest

region were interviewed to investigate the ethnomedicinal importance of plant under study.

3.3 Organoleptic evaluation

Selected plant was collected washed 2-3 times with distilled water and separated the plant
part i.e. leaves, stem and root and dried under shade. These dried plant parts materials were
grinding into a powdered and packed in polythene bags until further experimentation.
Organoleptic evaluation of the drug refers to the evaluation of drug by colour, order, taste,
and special features including texture. It is helpful for collecting the basic information on the
identity, purity and quality of material can be drown form these observations. They are of
primary importance before any further testing can be carried out. Organoleptic evaluations
can be done by mean of organ of sense which include the above parameter and there by
define some specific characteristics of the material which can be consider as a first step

towards the establishment of identity of degree of purity (Kokate et al.,, 2005).

Colour
The colour is of use in indicating the general origin of the drug i.e. material derive from
aerial plant part is usually green and underground part material is devoid of green colour for

proper examination the untreated sample are examined under diffused sun light.

Odour and Taste
To an expert odour and test of crude material are extremely sensitive criteria based on

individual perception the strength of odour like weak, distinct, strong, aromatic, and fruity.

Surface characteristics
Texture is best examined by taking a small quantity of material and rubbing it between thumb
and fore finger. It is usually rough, smooth, and granular. All this characteristics are valuable

in indicating the general type of material and presence of more than one component.
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3.4 Anatomical study

The collected fresh material of selected plants were washed 2-3 times with sterile distilled
water and preserved in 3% formalin solution then used for the anatomical investigation. The
transverse sections of leaves, petiole and stem were taken with the help of fine laboratory
razor and observed under microscope to note details. The section proceed for double staining
successively through the various solvent grade system by using 1% safranine for 5 min, 30%,
50%, and 70% alcohol grades respectively for 5 min. to remove excessive stain and proper
hydrolyze the section then section were put into 0.5 % light green for 2 min. the again put
into 70%, 90% and absolute alcohol for 5 min. to remove excessive stain and later passing
through Xylene:Alcohol (1:3), Xylene: alcohol (1:1) and pure Xylene to hardening and
clearing of section also remove air bubble. Then the sections were mountain in DPX and
cover slip was put over the section and later photographed were obtained by processing the
image captured using Carl Zeiss standard Universal microscope (Oberko-Chen/Wartenberg,
Germany).

3.5 Powder microscopy

Powder microscopy shows the characters which play a major role in drug identification. The
plant drug contain some basic cell type i.e. Parenchyma, collenchyma, sclerenchyama,
epidermis and vascular component like xylem and phloem etc. along with special
characteristics i.e. presence of starch, calcium oxalate, calcium carbonate, silica and different
other cell contains. Analysis of the plant drug based on the distribution of these various cell
types within different organ is important to ensure the identity and quality of herbal drugs.
Powder study enables to give a picture of all tissue distribution in many plants. A little
quantity of powder was taken onto a microscopic slide. 1-2 drops of 0.1% fluoroglucinol
solution and a drop of conc. HCI were added, mounted it in glycerol, covered with a cover
slip and observed under the microscope with 10x10 magnification and characteristic features
of plant powder were recorded. Powder microscopy was carried out by using the method

mentioned in Ayurvedic Pharmacopeia of India (1966).

3.6. Extractive Values

The procedures recommended in Ayurvedic Pharmacopeia of India (1966) were followed for
calculating extractive values. Extractive values of crude drug are useful for their evaluation
especially when the constituents of a crude drug cannot be readily estimated by any other

mean, further these value indicate the nature of constituent present in crude drug. The
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percentage of extractive values were calculated using different solvent i.e. petroleum ether,
benzene, chloroform, acetone, ethanol and water. Each parts of the plant, of 5 g air dried drug
coarsely powdered were macerated with 100 ml of respective solvent in a closed flask for 24
hours; it shacked frequently during 6 hours and allowed to stand for 18 hours. Then it was
filter rapidly with taking precautions against loss of solvent, evaporated 25 ml of the filtrate
to dryness in a tarred flat bottomed shallow dish, and dried and was weighed. The percentage

of extractive values was calculated.

3.7 Chemical behavioral analysis: This analysis was carried out by using the standard
method mentioned in Ayurvedic Pharmacopeia of India (1966). Behavior of powdered plant
materials with different chemical reagents i.e. conc. H,SO4, HNO3, HCI,, 10% NaOH, lodine
Solution, Ferric chloride, Potassium iodide, 1N H,SO4, HNO3, HCI was observed under day
light.

3.8 Phytochemical analysis

3.8.1 Qualitative phytochemical analysis

It involves testing of different classes of compounds. The methods used for detection of
various phytochemicals were followed by qualitative chemical test to give general idea
regarding the nature of constituents present in crude drug (Kokate, 2005; Harborne, 1998;
Sadashivan and Manickam, 2005). The leaf, stem extracts of Canthium parviflorum were
analyzed for the presence of phytoconstituents like carbohydrates, cardiac glycosides,

alkaloids, flavonoids, tannin, phenolics, steroids and saponin.

Tests for carbohydrates

i) Fehling’s Test: 1 ml Fehling’s A solution and 1 ml of Fehling’s B solution were mixed
and boiled for one minute. Now the equal volume of test solution was added to the above
mixture. The solution was heated in boiling water bath for 5-10 minutes. First a yellow, then
brick red precipitate was observed.

ii) Benedict’s test: Equal volumes of Benedict’s reagent and test solution were mixed in a
test tube. The mixture was heated in boiling water bath for 5 minutes. Solution appeared
green showing the presence of reducing sugar.

iii) Molisch’s test: Equal volumes of Molisch’s reagent and test solution were mixed in a test
tube. The mixture was heated in boiling water bath for 5 minutes. Appearance of violet or
purple colour ring showing the presence of reducing sugar.

Tests for proteins
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i) Biurret Test: To the small quantity of extract 1-2 drops of Biurret reagent was added.
Formation of violet colour precipitate showed presence of proteins.
i) Million’s Test: To the small quantity of extract 1-2 drops of Million’s reagent was added.

Formation of white colour precipitate showed presence of proteins.

Tests for Anthraquinone glycosides

Borntrager’s Test: To the 3ml of extract, dil. H,SO, was added. The solution was then
boiled and filtered. The filtrate was cooled and to it equal volume of benzene was added. The
solution was shaken well and the organic layer was separated. Equal volume of dilute
ammonia solution was added to the organic layer. The ammonia layer turned pink showing
the presence of glycosides.

Tests for Cardiac glycosides
Keller- Killiani Test: To the 5ml of extract, 1ml of conc. H,SO4, 2ml of Glacial acetic acid
and 1 drop of FeCl; solution was added. Appearance of Brown ring shows the presence of

cardiac glycosides.

Test for steroids
Salkowski Test: To 2 ml of extract, 2 ml of chloroform and 2 ml of conc. H,SO,4 was added.
The solution was shaken well. As a result chloroform layer turned red and acid layer showed

greenish yellow fluorescence.

Tests for alkaloids

i) Hager’s Test: To the 2-3 ml of filtrate, few drops of dil. HCI and Hager’s reagent was
added and shake well. Yellow precipitate was formed showing the presence of alkaloids.

i) Mayer’s Test: To the 2-3 ml of filtrate, few drops of dil. HCI and Mayer’s reagent was
added and shake well. Formation of yellow precipitate showed the presence of alkaloids.

iii) Dragendroff’s Test: To the 2-3 ml of filtrate, few drops of dil. HCI and Dragendroff’s
reagent was added and shake well. Formation of orange-brown precipitate showed the

presence of alkaloids.

Tests for flavonoids
Lead Acetate Test: To the small quantity of extract lead acetate solution was added.
Formation of yellow precipitate showed the presence of flavonoids.

Tests for Tannins and Phenolics compound
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i) FeCls Solution Test: On addition of 5% FeCl; solution to the extract, deep blue black
colour appeared.
i) Lead Acetate Test: On addition of lead acetate solution to the extract white precipitate

appeared.

Test for Saponin
Foam Test: To 1ml extract 20ml distilled water was added and shakes well in measuring
cylinder for 15 min. Then 1cm layer of foam was formed.

3.8.2 Crude quantification of the major phytoconstituent

The crude quantifications of major phytochemicals were done using precipitation method.
Each sample was analyzed in triplicates. Only alkaloids, flavonoids and saponin from the
different parts of the plant under study were quantified.

1) Alkaloid

5 gm of sample was weighed in 250 ml beaker and 200 ml 20% acetic acid in ethanol was
added and covered to stand for about 4 hrs. This was filtered and extract was concentrated
using water bath to 1/4™ of original volume. Concentrated Ammonium hydroxide was added
drop wise to the extract till its complete precipitation. The whole solution was allowed to

settle and precipitate was collected and weighed.

2) Flavonoids
10 gm of sample was extracted repeatedly in 100 ml of 80% aqueous methanol at room
temperature. The whole solution was filtered through Whatman paper no. 42. The filtrate then

transferred to a crucible and evaporated to dryness over a water bath and weighed.

3) Saponin

10 gm of plant powder was taken in 200 ml 20% ethanol to make a suspension. This was
heated for about 4 hrs over hot water bath (55°C) continuous stirring. The mixture was
filtered and the residue was re-extracted with 200 ml 20% ethanol. The combined extract was
reduced to 1/10™ of the original volume. The concentrate was taken into 250 ml separating
funnel, to this added 20 ml diethyl ether and shaken vigorously. The aqueous layer was
recovered while the ether layer was discarded. This purification process was repeated for 2-3
times. Then 60 ml n-butanol was added to it. The combined solution was then washed twice

with 10 ml 5% aqueous sodium hydroxide. The remnant was heated in a water bath for
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complete evaporation and dried. This dried content was calculated as Saponin percentage in a
sample.

3.9 Chromatographic analysis
The chromatographical study was carried out by using the standard procedure described by
Harborne, (1998); Mukharjee, (2002); Sadashivan & Manickam, (2005).

Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is an important analytical tool in the separation,
identification and estimation of different class of natural product. Thin layer chromatography
is performed on an aluminum foil, 60 F254 which is coated with a thin layer of adsorbent
material, usually silica gel. After the sample has been applied on the plate, a solvent or
solvent mixture is drawn up the plate via capillary action. Because different analyses ascend

the TLC plate at different rates, separation is achieved.

The leaf, stem and root methanol extracts of the Canthium parviflorum were subjected to thin
layer chromatographic analysis to find out the presence of number of chemical constituents.
Only alkaloid and flavonoids TLC fingerprints were carried out. The details of procedure are

as following.

The Methanolic extracts were applied as a single spot in a row centre of chromo plate, about
2 cm from the edge, by using capillary tubes. The TLC plate containing the sample spot was
placed at 45° angles in the development chamber covering the bottom of the plate by the
solvent up to nearly 1 cm. The solvent front was marked and the plate was finally allowed to
dry. The colored substances were visual on the chromatogram. Colourless components were
detected by using visualizing agent, iodine vapors. The qualitative evaluation of the plate was
done by determining the migrating behavior of the separated substances given in the form of

Rs value.

Resolution factor (Rf) = Distance traveled by the solute from the origin

Distance traveled by the solvent from the origin

OBSERVATION AND RESULTS
The present study deals with the pharmacognostic studies on Canthium parviflorum .
Standardization and quality control of plant, is of growing concern over ensuring purity of

raw material before processing. Yet alternative medicines based on plant substances are
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extremely popular, even though their safety and efficacy have not been scientifically proven.
Now-a-day’s routine pharmacognosy has changed demanding interdisciplinary research.
Various pharmacognostic standards like botanical description, microscopy, extractive values,
microscopic characteristics of powder, preliminary and quantitative phytochemical study,
TLC analysis of bioactive compounds of the plant could be useful for the compilation of a
suitable monograph for its proper identification.

Classification

Division : Phenerogams
Class : Gamopetalae
Order : Gentianales
Family : Rubiaceae
Genus : Canthium
Species : parviflorum

4.1 Morphology

The Rubiaceae are trees, shrubs or infrequently herbs compirsing about 450 genera and 6500
species, including some lianous forms. The leaves are simple and usually entire, and are
opposite or sometimes whorled; stipules are present and interpetiolate. The flowers are
nearly always bisexual and actinomormphic, often heterostylous, and usually are in cymose
inflorescences. The calyx is somewhat reduced and 4-5 lobes or sometimes the lobes are
absolute or rarely one of them greatly expanded and brightly colour. The sympetalous
corolla is mostly 4-5 lobed, occasionally with 3 or upto 10 lobes. The androecium consists of
as many stamens as corolla lobes and is adnate to the corolla tube or epigynous zone,
alternate with the lobes. The gynoecium consists of a single compound pistil of 2 or seldom

more carpels, a single style, and a nearly always inferior ovary with the number of locules.

4.2 Ethno-medicinal uses

Canthium parviflorum (Rubiaceae), a medicinal plant, has been widely used in Ayurvedha in
conditions of kapha, diarrhea, strangury, fever, leucorrhoea, intestinal worms, and general
debility. This plant has been traditionally known to treat snhakebite in some villages of
Shimoga district in Karnataka, India and to possess wound-healing property. The present
study focused on determining the antioxidant ability of solvent extracts of C. parviflorum.
The roots of this plant are traditionally used by the tribes of Orissa in treatment of swelling of

neck and fruits in headache. This plant is reported for its pharmacological uses as an
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astringent, anthelmintic, antidysentric, antispasmodic and as a diuretic. From the ethno
medical survey we came to know that many people from Vellore district are using the plant
and its various parts traditionally practicing widely throughout those areas for various
infections. Hence the whole plant was utilized for our present evaluation to study about the
presence of various phytoconstituent and its concomitant activity.

Plant pacifies vitiated kapha, diarrhea, fever, leucorrhea, worm infestation and general
debility. In siddha system of medicine the plant was used in respiratory disorder, diuretic,
diabetic, obesity. In Ayurvedha system of medicine the plant was used in cough, diuretic,
tumor and as anthelmintic. An antioxidant, wound healing activity and antitumor acitivity
were reported. D-mannitol, phenolic acid, phenolic compounds, carbohydrates, proteins were
found from Canthium parviflorum. (Sathish kumar et al 2008).

Pharmacological activities such as antimicrobial, antioxidant, antidiabetic, wound healing,
diuretic, anti-inflammatory, antinociceptive, antitumor and antipyretic from various species

of Canthium has been reported. (Elayaraja et al 2007).

4.3: Table: Organoleptic evaluation of powder of Canthium parviflorum

S.N. | Particulars Plant parts
Leaves | Stem
1 | Colour of Powder | Green Creamish
2 | Odour Mild Mild
3 | Taste Bitter Tasteless
4 | Texture Smooth | Rough

4.4 Anatomical study of Canthium parviflorum

4.4.1T.S of leaf

The T.S. of leaf passing through the mid rib projects strongly at lower side and elevated at
upper side and lamina is dorsiventral. The leaf has mid rib and lateral veins. The epidermis is
thin epidermis is lies a layer of palisade cells. There is presence of parenchymatous cell with

vascular bundles. Canals are present within it and oil droplets are also detected within it.

4,42 T.S of Stem

The T.S. of stem shows cuticle followed by the epidermis. There is presence of vascular
bundles after that there is a parenchymatous cells showed. In the cortical bundles absent,
medullary bundles are absent. The anomalous secondary thickening when present, via

concentric cambia. Primary medullary rays narrow.
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The vessels are small, typically numerous, solitary or radially paired. The vessels end walls
exclusively simple in mature wood. The fibres w ithout spiral thickening. The secondary

phloem not stratified. The wood not storied.

4.5 Powder microscopy
Table: Powder study of C. parviflorum

S. | Plant .
No. | part Observe in powder study
1 Leaf Starch grain, epidermal cell, calcium oxalate

crystals, cortical cells, parenchymatous cells.
Starch grain, Cork cell, collenchymatous
2 Stem | cells, sclerenchymatous cells, pitted vessels,
tracheid, and fibres.

4.6 Analytical study of C. parviflorum.
4.6.1 Extractive values
Table: Extractive values of C. parviflorum.

SN Parameter Leaf Stem
" | studied (% wiw) | (% wiw)
1 | Petroleum ether 2.6 % 2.9%
2 Benzene 7.1% 8.0%
3 | Chloroform 6.9 % 4.9 %
4 | Acetone 8.12 % 13.15%
5 | Ethanol 16.23% | 15.88 %
6 | Water 13.22 % 17.40

4.7 Chemical behavioral analysis
Table: Behavioral characteristics of powder of C. parviflorum with different chemical

reagent under visible light.

S. No | Powder + Reagent used Stem Leaf

1 Powder as such Creamish Green

2 Powder + Conc. H,SO4 Dark Green | Pale Green
3 Powder + Conc. HNO3 Orange Light Brown
4 Powder + Conc. HCI Green Light Green
5 Powder + 10% NaOH Light Brown | Light Green
6 Powder + lodine solution Brown Light Green
7 Powder + 5% Ferric Chloride | Brown Light Green
8 Powder + Ki Brown Dark Green
9 Powder+ Ethyl acetate Pale Yellow | Light Green

4.8 Phytochemical analysis

WWW.W]pPpPS.com Vol 4, Issue 11, 2015. 1475




Wagay et al.

World Journal of Pharmacy and Pharmaceutical Sciences

4.8.1 Qualitative phytochemical screening

Table : Qualitative Phytochemical screening of Leaf of Canthium parviflorum
. : Extracts
S. N. | Constituents Chemical Tests FE B CIA W
. Mayer’s Test - — | -] - -
1 | Alkaloids Dragendroff’s -- - - - --
Fehling’s Test -- - | - - --
2 g?rggz%%rsates & Benedict’s test + + |+ | + +
y Molisch’s Test + + |+ | + +
3 Steroids Salkowski Test -- - | -]+ --
4 | Saponin Foam Test + + |+ |+ +
. . FeCls Sol. Test -- - - - -
5 | Phenolics & Tannin Lead Acetate Test + + |+ | - -
. Biuret Test -- | | - --
6 | Proteins Million’s Test PR R R -
7 | Anthraquinone glycosides | Borntrager’s Test o e e --
8 | Cardiac glycosides Keller-Killiani Test + S [ -
9 | Flavonoids Lead Acetate Test + — |+ | - +

{Where, P.E.= Petroleum ether, B= Benzene, C= Chloroform, A= Acetone, E= Ethanol and
W= Water.}

Table: Qualitative Phytochemical screening of stem of Canthium parviflorum.

. . Extracts
S. N. | Constituents Chemical Tests P E B C A = W
: Mayer’s Test -- -- -- + + --
! Alkaloids Dragendroff’s Test -- -- -- -- + --
Carbohydrates & Fehhng S,TeSt — — + - = —
2 Glycosides Benedict’s test + + + + + +
Molisch’s Test -- -- - - - -
3 Steroids Salkowski Test + -- + -- + --
4 Saponin Foam Test + + + + + +
. . FeCl; Sol. Test -- -- -- - - -
> Phenolics & Tannin Lead Acetate Test -- -- -- + + +
. Biuret Test -- -- - - - -
6 Proteins Million’s Test -- - - - - _
7 Anthraquinone glycosides | Borntrager’s Test -- -- — | -] - --
8 Cardiac glycosides Keller-Killiani Test + -- + + + -
9 Flavonoids Lead Acetate Test - + + --

{Where, P.E.= Petroleum ether, B= Benzene, C= Chloroform A= Acetone E= Ethanol and
W= Water.}

4.8.2 Quantitative phytochemical analysis
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Table : Quantitative phytochemical screening of Canthium parviflorum

r?é) Phytochemical | Leaf (g/100g) (g?;%rgg)

1 | Alkaloids 85.7£0.10 75.7£0.24
2 | Flavonoids 80.45+0.12 | 88.05+0.02
3 | Saponin 41.35+0.04 | 15.98+0.06

Whereas, results are depicted as mean £ SD of three determinants.

DPQ ® ~+ 35 ® O =~ ® 7

Leaf
= Alkaloid

Stem

» Flavonoid

™ Saponin

Figure 1: Quantitative phytochemical Screening of Canthium parviflorum

4.9 Chromatographic analysis

TLC Profile

The TLC of methanolic extract of samples were carried out on silica gel 60F254 plate.

Table : TLC profile of methanolic extract of C. parviflorum.

S.no Plant Chemlcal Solvent system Rf Values Total ‘| Spray
parts constituents Bands | reagents
Toluene : Acetone :
1 Alkaloids Ethanol : Ammonia | 0.30,0.28,0.26 3 D droff
Leaf Solution (40:40:6:2) ragenaroll's
, Chloroform : Ethyl 0
Flavonoids acetate (60:40) 0.35,0.3,0.29 3 5% FeClj;
Toluene : Acetone :
Alkaloids Ethanol : Ammonia 0.3,0.29 2 Dragendroff
2 Stem Solution (40:40:6:2) genarott's
, Chloroform : Ethyl 0
Flavonoids acetate (60:40) 0.37 1 5% FeCls;
PHOTO PLATES
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The commonly found phytochemicals in plants are alkaloids, flavonoids, tannins and phenols,
steroids and terpenoids, saponins, carbohydrates, glycosides, proteins and amino acids.
Therefore the present study involves a preliminary screening of the phytochemicals in leaf
and stem extracts of Canthium parviflorum. Although in traditional medicine, water is used
as solvent for plant extraction but present studies have shown that organic solvent extracts
show greater biological activity than the aqueous extract. Hence, five solvents were used, i.e.,
petroleum ether, benzene, chloroform, acetone, ethanol and also water as the sixth solvent.
The extracts of both the plant parts were used for the analysis to identify the best solvent for
phytochemical extraction. The phytochemical analysis was done in three phases, viz;
qualitative, quantitative, chromatographic techniques.

The phytochemical screening of leaves and stem of Canthium parviflorum showed, primary
and secondary metabolites like Carbohydrates, Proteins, Anthraquinone glycosides, cardiac
glycosides, Coumarins, Quinone, Steriods, Alkaloids, Flavonoids, Saponin, Tannins and

Phenolic compounds.

Alkaloid is present in leaf /stem of Canthium parviflorum. Steroids present in stem but absent
in leaf. Saponin is present in both part of this plant. Phenolic compound are absent in both
part of the plant but tannins are present in leaf as well as stem. The plant parts yield
alkaloids, saponin and flavonoids, which are used in various antibiotics for treating common
pathogenic strains. Anthraquinone glycosides are absent in both the parts, but Cardiac
glycosides are present. Flavonoids, Quinone and Coumarins are also present in leaf and stem
of the Canthium parviflorum. The results obtained in this study thus suggest the identified
phytochemical compounds may be the bioactive constituents and these plants are proving to

be an increasingly valuable reservoir of bioactive compounds of substantial medicinal merit.

TLC fingerprints of methanolic extract of C. parviflorum were developed by using solvent
system Toluene: Acetone: Ethanol: Ammonia Solution (40:40:6:2) by using Dragendroft’s as
a spraying reagent for the alkaloid. Whereas, TLC profiles were recorded for flavonoids in
Methanolic extract by using solvent system Chloroform: Ethyl acetate (60:40) using FeCI3 as
a spraying reagent. This chromatographic investigation revealed that Canthium parviflorum
leaf and stem contain different types of alkaloids and flavonoids which correspond with
results of phytochemical screening. So, the present study have clearly revealed that, the plant
under study will be beneficial to the researchers who are in this field for further

pharmaceutical studies and therapeutic uses of C. parviflorum for total drug evaluation.
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CONCLUSION

The evidence presented in this study has showed that Canthium parviflorum has great
potential to be integrated into conventional medical practice for the treatment of various
disease complications. Development and research on Canthium parviflorum through modern
pharmaceutical technologies and analytical protocols is essential to assure its quality, safety

and efficacy.

The present study has clearly revealed that, it will be beneficial to establish or to start
pharmaceutical industry for the production of herbal drugs of purity, safety and high
therapeutic values with more commercial profits. The present study also provides an
opportunity to investigate and establish the status of Canthium parviflorum will find their use
for the utilization in different ailments. It is anticipated that this work will provide some
valuable information for ongoing explorations of this fascinating species and its
phytochemicals. This pharmacognostic screening will be very useful in future product

development also, particularly for the life style diseases and disorders.

Future research on Canthium parviflorum would not only provide much needed knowledge
on this popular herbal medicine, but would also offer a noticeable socio-economic impact in

turning a common weed into beneficial nutraceutical and pharmaceutical products.
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There are many other landmarks created by the
diasporic literature. 1t has helped to understand and
form  potentials  and  core competencies,
Access made  available to educational, social,
professional opportunitics and political empowerment,
It has made possible the removal of all kinds of
limitations and barricrs- traditional, cultural, linguistic
etc. It ignites and synergics common and shared values
in addition to coalition building among the social and
political Diaspora, In addition to strengihening, it also
enhances tics and bonds with others countrics. To
mention a few are the ncighbouring countrics including
Pakistan, China, Bangladesh and other Asian Countries.
Diaspora literature also helps countries to bring about a
strategic partnership based on prosperity, security and
commitment to freedom and peace. These are actually a
very few features to name. If planned and monitored
positively, Diaspora literature can also aid fo fight
larger evils such as terrorism, drug trafficking,
environment degradation, combating the spread of
contagious discase and actually fighting many other
common political and social hurdles. Looking at it
optimistically, Diaspora literature also helps in creating
good will, a cordial relationship and in spreading
values, virtues and universal peace.
Shri A. B. Vajpayee speaking on his expectations from
the Pravasi Bharatis i.e. N.R.I's said
“What we seck is a broader relationship, in fact a
partnership among all children of Mother India, so that
our country can emerge as a major global player. We
value the role of people of Indian origin as unofficial
ambassadors providing a link between India and the rest
of the world”. No doubt, many of the Indians have left
their motherland to seek anchor in various other
countries. The reason for this movement ranges from
indentured labour to seeking better prospects. No matter
where we all are scattered across the globe, we are
brought closer through the medium of films, songs,

concerts and of course the Diaspora literature, This
literalure has helped in providing a link between India
and the rest of the world. And this coming together and
closer has helped creating tremendous self confidence
with a combative spirit. The awareness that they are
articulate, arlistic, talented, creative, practical and
adaptable has also dawned upon them. In the past, the
Indians were intellectually fed on the thoughts of
Dickens, Scolt and the likes. Today, people all over the
world are being nourished by the wrilers of the Indian
Diaspora namely V.S. Naipaul, Rushdie, Mistry,
Vikram Seth, Mukherjee, Vassanji etc. The European
voyagers, travelers, traders and the orientalists
rediscovered the cosmopolitan culture of India. The
writers of the Indian Diaspora, through their literary
contributions have greatly enriched the English
literature. They have been aiming at re-inventing India
through the rhythms of ancient legends, the cadences of
mythology, the complexities of anather civilization,
cultural assimilation and nostalgia. They dive deep into
the realms of imaginations and the ocean of memory to
paint something quite different and distinct from that
portrayed by fellow novelists, The writers of the Indian
Diaspora write about India painting the vastness and the
complexitics of the home country which contains
everything in multitudes — multiple truths, multiple
crisis, multiple realities and this diversity is portrayed
for the world wide reading public.

Conclusion

Diaspora is therefore, a scattering of the seed in the
wind, the fruits of which are a new creation and a fight
to survive. EBvery Diaspora movement holds a historical
significance, as it carries within itself the kernel of the
nations’ history. Diaspora is a journey towards self-
realization, self-recognition, self-knowledge and self-
definition. There is an element of creativity present in
the Diaspora wrilings and this creation stands as a
compensation for the many losses suffered.
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Abstract

This research paper focuses on the social ills prevalent in the African soci
order to make the contemporary society a better place to live. Drama is
drama as an effective tool, the renowned Nigerian wriler Wole Sayinka d

eties with the view of correcting them in
called as a mirror of a society. By using
cpicts the socio-economic evils prevailing
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in the society. These evils nre being satirized to bring abont a social reformation. 'Il‘hrnugh this dmma.n .s(u.l‘n::f:;;:::
approach is employed by the play Wright in order ta bring out the religions hypocrisy, mnrull deendence, mlulmw e
imbalance in the society, This research paper brings out the evils inherent in African social syrztcm. ang 4
dramatist makes an effective use of Satlre as a coneetive measure social change especially in the prevailing society.,

Soyinka captures worldwide issues by using a West
African setling .The satirical message in the fext is
conveyed through redialing of the vices and follies of
the contemporary Nigerian socicly via  religious
institution. His fictive output belongs to the Horatian
mode of satire which ridicules the follies with the
intention of reformation in the society,
Through satire and humor, the aberrant and cormupt
nature of our religious leaders are exposed. Morl
decadence, prevalent in the socicty is also dealt with.
The rext centers around a bar beach prophet Jero who
pretends to be a true prophet but in the actual sense, he
is cheat , a rogue, and in fact the devil’s incarnate. As
the play unfolds Soyinka presents prophet Jero as a
representative of hypacritical religions person. He
presents him in a humorous and comical way that we
see through the front of the holy hermit which he puts
on for the benefit of his deluded worshippers,
The wrong menmality or orientation of some so called
prophets is brought 1o the core. Prophet hood ought to
be a call to selfless and sacrificial living towards God
and mankind. However prophets like Jero don’t have
this mental set-up. For Jero it’s a business, a profit
making venture, the easiest way to meet one’s materinl
needs. In one word its a trade, just as he calls it. To
present it in his own words, Iero says, “1 am glad here
before any customers- 1 mean worshippers well,
customers if you like. 1 always get that feeling every
moming that | am a shopkeeper waiting for customers,”
(p-20)
There is a clear picture about haw Brother Jero views
the divine call, his prophethood. This is not far- fetched
from what is obtainable in the contemporary Nigerian
society. A lot of pastors or men of God have this
mentality just like Jero. Since their orientation is wrong,
there is bound to be the abuse of the religion. This iy
exposed and justified by Soyinka.

Furthermore, the character or attitide of some religious
leaders negates what they preach. The exploitative
nature of prophet Jero is exposed: how he chats on other
to achieve his selfish interest. One of the victims of this
bad attitude of his is the old prophet, prophet Jers grew
up under his tutelage. He pretends ln_bc working
together with his master to acquire a piece of land,
Again, Brother Jero’s exploitative and pretentious

attitude is scen in his relationship with his wnm‘]ii‘l‘cf“
whom e calls enstomers. Brother Jero likes keeping his
members unhappy. e belicves that as long ns men are
unhappy and dissatisfied, they will seek the Fﬂ’l"hc_l-
Prophet Jero keeps his worshipers in bondage which is
contradictory to  the message of  freedom that
Christiunity ns a religion spells. The \\{hnlc idea t::f'
keeping people dissatisfied and helpless is baseless in
Christian ethics, It is simply exploitation in its highest
order. o
Chime is nnother victim of Brother Jera's exploitative
character. Soyinka satirizes religious leaders and hm‘v
they work on the ignorance or gnllibility of their
worshippers to achieve self - convenience and
accumulate wealth,

Amope who is the wife of Chime, doublzs as Brother
Jero’s creditor. Unknowing to prophet Jero, he
discourpges Chime from beating his wife in a bid to
keep him dissatisfied.

Jera's weakness is not a hidden thing. It is obvious that
he has passion for women. We begin to wonder what is
divine in lustfully looking at a woman who has just had
her bath, Prophet Jero's divine transformation is not
achieved from studying the world of God but from
lusting afler a woman, After all a woman is his
weakness. In another instance, we see prophet Jero
heing carried away with a woman's naked wombs
instead of blessing the water for his worshippers, Many
religious leaders who profess to be holy are the false
victims of one type of weakness or the other. We hear
of great men of God having extra marital af¥airs. This is
highly wrang not enly morally but also religiously, A
man of God is supposed to be a virtuous, morally
upgraded us he is works as a Torch - Bearer for others
in Justitying the Ways of God to Men,

There iz o dehbernte commercialization of religion hy
the so ealled custodians of sacred institution. In this
case it is not only Christianity; Brother Jero represents,
religious practices observed all over the warld,

Soyinka very boldly satirizes such ill practices existing
on a large scale in Nigerian society,"The Trials of
Brother Jero" is a satiric comedy which aims of
correcting the evil in leading social institutions from
society,
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Soyinka. The playwright has made use of the popular
fechnique of satire in order to bring about an re-
orientation of the Nigeria cilizens.

Conclusion
Ap atiempt has been made to cxamine the social issucs
existing in the contemporary Nigerian socicty by Wole
References X
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R.K. NARAYAN’S ‘THE FINANCIAL EXPERT’ A PORTRAIT OF SOCIAL
AND FAMILIAL INDIAN MIDDLE CLASS

+ A.R.Khan
Arts and Commerce College, Bori Arab Dist. Yavatmal

Abstract

Primarily, R.K. Narayan is a writer of social and familial novels. His novels revolve round the family and the
society, the society in which he inhabites. His remarkable grasp of the social structure and his concern towards
middle class life enables him to delineate Indian middle class social life with perfection. “His dispassionate social
detachment suggests a personal endeavour to altain an equation with life lo overcome and rationalize the profound
and unmitigated loneliness of life. He does not keep only to surface reality. His vision is truly comprehensive.”
Narayan’s social vision is marked by a greater degree of affirmation and optimism. “It has been cliche to regard
Narayan as a delineator of middleclass people. Since the typical middle-class milieu constitutes the matrix of all the

Malgudi novels. Its significance may hardly be exaggerated.”

The middle class provides him desiered material to
dramatize his conception of humanity and the notion of
man’s existence. What in fact the middle class milieu
brings into light is that although Narayan is “fully
immersed in his material”, and his confined to his South
India middle class, he seems to have acquired the
representative in his regional world and thus, in the
final analysis, seems to touch the chord of universality,
dealing with the tale of the common man.” It is through
the human spectacle of the middle class that Narayan
seems to the dramatize theatre of the absurd. The
typology also notes the reflection of the novelist
autobiographical elements, the clear indication of his
sacrosanct tradition and his faith in the internal spirit of
India, through the middle class portrayal.

Right from Swami and Friends Narayan has peopled his
fiction with the Indian middle class- a class close to him
as palm skin. “His strict confinement to the portrayal of

the middle class milieu often finds Narayan bracketed
with Jane Austen (in the context of her 'two inch ivory
tower)". Significantly, all typological frames underline
the average and the ordinary middle class protagonist as
he plays the central consciousness and dramatizes the
theme of illusion versus reality. In fact, the middle class
porlrayal seems to have become Narayan's strategy to
project several issues, _
Fundamentally, Narayan's fiction is Indian in the sense
that they explicitly exhibit the social pattern of life
existing in India. The Financial Expert, is an
excellent example of his keen ears and observation
of Indian middle class social life. lts protagonist
Morgayya, rises before us from a very humble position
to be a very big banking magnet. We are not only
witness of his rise but also beholder of his down fall.
Accumulation of money and more money, by hook and
by crook is his only obsession, Lakshmi the Goddess of
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RAYAL OF BILLY AS DISTRESSED SELF IN ARUN JOSHI'S "THE STRANGE
CASE OF BILLY BISWAS’

\ P. V. Barabde' & P. S. Yenkar?
;ﬁhrl Shiva)l Science College, Amravatl
Vidyabharati Mahavidyalaya, Amravatl (M S)

Abstract

In the m . .

bl h’:;f’::i ":ri :u : man is always under rhe’ pressure aof social taboo to maintain dignity and soclal preslige, As a
i . ;51 ﬂls fr:;'r;{mvxcd_anri self distressed is created in his mind. Arun Joshi is one of the distinguirhed
Hirosgh ;};ﬂ'r-ﬂm ’ l;",};; ore the innermost depths of human psyche and the chaotic underworld of human mind
i e \js. g \is protagonisis are r:fn.cfa'y men for whom self distressed is the sole natural condition.In all
s iy tr‘-:w oshi is more conrgrﬂed with thought, emation, sensation than with action. Ilis protagonists
ke mas sometines lead to violent death in the end of the novel. A certain awareness of man’s restlessness
) s rqm;r;m! estrangenient Srom the s?cic.')! and self is the keynote of Avun Joshi's unique vision of
el of modern man in contemporary Indian English fiction. According to G.S. Amur “his novels take us to

eart of darkness- one of the most favourite metaphores is the Labyrinth - but he is not a prophet of despair. All

his novels kold out promise of regeneration and redemption

1 In research paper an attempt has been made to

explore distressed of the modern man in Arun Joshi's novel ** The Strange Case Of Billy Biswas " on the hasix aof the
P??'fm,‘mf ?f characters and situations. The strange Case of Billy Biswas is a story of inner psyche of the protagonist
Bd{;: who is unable to survive in civilized facade of modern life. The story is unfolded from the witness narrator point
of view. The first part of the novel gives us the glimpses of the reslessness of Billy's soul in the midst of the upper

class Indian society, which is lost in superficialities of life.

The narrator Romesh Sahai is a friend of Billy. Despite
being a concerned friend in Billy's life, Rimi finds
Billy's character to be cnigma. Billy has an impressive
though a strange personality. What one strikes about
him not only his aristocratic background but also his
elegant demeanor: ** he was one off these rare men who
have poise without that pose™.” One would never fail to
notice™ the strong, rather British accent of his speech’”
Nwith “words had a cadence, a compulsive quality
engaged you in spite of yoursell. e
He has a strong fascination for the tribal life. lts
beginning when he is fourteen years old at
Bhubaneswar. His visit to the sculpture at Konark sun
temple urged him on to think of his own identity. He is
fascinated by the imagery of the sculpture. For the first
time he feels that the true beauty of imagination is
iated only by the Adivasis. Also that spirit may
be very old, older than human existence itself, yet the
knowledge of truth is embedded with (he tribal behind
dark in securable faces. His visits to the tribal village
with the chauffer proves to be a turning point in the life
of Billy Biswas as he is for the first time ,overwhelmed
by erotic energy in the tone and tune of the folk IIILESIC
while dancing and celebrating life. The young Billy

feels: Something has gone wrong with my life, This is
where I belong, This is what I always dreamt of.

His interest in primitive is continues even when he goes
to America for further study. Despite his father's
unwillingness he studies anthropology. During his stay
in America he prefers to live in Harlem, the black
ghetto of America. He thinks it ** the most human
place."*While America is too much civilised for him.
It is his urge for the primitive that he plays the pair of
banjo drums crealing a strange hush on the scene in 2
music party in George's apartment. Billy’s friend Tuula,
the Swedish researcher and Romi, the narator ** who
had any cluc to what went on it dark, inscrutable,
unsmiling eyes of Dimal Biswas."** Tula informs Romi
(hat “‘a great force urkrafl ---—----a primitive force™
Ylying suppressed in the personality of Bimal
Biswas.Billy stays in America for a long but does not
sulfer much except some passing spell of lonclincss. He
is not bothered about cultural alienation, what teases
him is (he superficialities of a grossly materialistic
civilization. The elite foreign society is not congenial o
the quest of identity for Billy and he returns to India
During his stay in India he finds Delhi is not different
from American socicty. Further he fecls that all the rich
societies all over the world are superficial. His inherent
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Pratest against mechanized dehumanized  elvilized
world i reflected in his letters 1o Tunla,

He writes; I see g roomful of finely dressed men and
Women seated on (he downy sofas and while 1 am
If:mkmg at them under my very nose , they tum into n
Lennclpl dogs yawning ( their large tecth showing) or
Snuggling against each ofher or holding whisky glasses
In their furred pawg"™* o
The tmagery of dogs with large teeth and Mirred paws
reveals the hatred of Billy and the character he thinks
Ih.ey bear. He bas na love for the madem civilization,
ﬂ.ll!}: feels that civilization is & monster. It is nat
civilization but degradation® . e says i Tsome times
wonder whether civilization is anything more than the
making and spending money.™®

Due 1o his search for the viable alternatives e gets a

jl_:nh as a lecture at Delhj University, In order to stndy the

life of primitive communities in hills and forests he

undertakes numerous expeditions. But he remains very

upset by his hallucinations, They reduce him (o such

panic condition. As a result he feels marriage is only

remedy to stop them. e marrics Meena Chatierjee , a

Sensuious,gorgeous and good looking womun,

With passing of days in conjugal life, Billy realizes his

blunder that hurried marriage is not a solution for his

perennial problems, His wife fails 10 satisfy his inner
urge and their conjugal life tumns to be the -most
precarious of battlefield . For Meena “Billy is getting
stranger and stranger with every passing day **."She is
unable to give him peace and satisfaction that he hadly
requires. Billy hates the worldly pleasures, but Meena is
fond of money, market and the malerialism, supposedly
true identity of the elite society.As a result Billy starts
getting estranged from his wife and family.

Whatever may be the psychological reason for the
separation between Meena and Dilly, it can be aptly
concluded that the step Billy taken to start his new
identity is a complete failure. Arun Joshi reveals the
fact here that his protagonists is not an abnormal
person. Rather he also takes efforts to integrate with the
society and find out the meaning (o life by establishing
a family. But Billy is destined by his very nature for
some other person and places .It can be concluded that
Billy's character is the character of destiny.

Marriage fiasco has the negative impact upon psy_chc
and personality of Billy. He feels in civilised society

" like pinned down there like a dead butterfly, He starts to

take wine and to lie and sham. Even in his family, he
feels alone and alienated like Camus's outsider,

His trivuimua is reflected In o letter written to Tuula: ™ It
seems , my dlear Tunla that we are sollly losing what ls
known s one's grip on life \Why else this constant
blurring of realily 2 Wha am 17 Who are my parents?
My wile? my child 7 At times 1 look at them, sitting at
the dinner fable, and for n passing moment | cannot
decide who they arc or what acident of creation has
brought vs tagether™.!"!
The nforementioned statements make it amply clear that
he s in confiet with his identity. [lis exploration of the
real inner heing mokes him an existentialist being,
estranged and alicnated. e never feels himself at home
beeause one thing is clear to him that he is not the man
of civilized society and his real destination is some
other places. His health fails and hisz intellectual
understanding  starts  declining, [t is during his
degradation he seduces Rima Kaul, an innocent girl in
Bombay . The seduction of Rima Kaul is the evidence
of his cstrangement not only from his family and
society but also from his true self. [1e comes extremely
irritable with his behavior, Seduction of Rima Kaul is
the last warning signal 10 Billy which gives him a
preview of the corrupting force which awaits him if he
contines to defy what his soul longed for.
In reality, Dilly isa misfit in both the societies : of the
twilight city of charm in America and elite like
socializing society of Delhi, both of which have gone
barren and spiritually bankrupt, madly comforts
pursning physical. They are appropriately materialistic
and money doubles the centric worlds of technology.
His hatred for the civilised world is so intense that he
blindly supports the superstitions and the blind rituals of
the primitive society in the case of child sacrifice by a
clerk, His study of anthropology becomes the tool to
justify the same by giving examples world around from
Alrica, Tndonesia, Japan and many reports about the
same happening in the rural parts of India when his
father against him.
Despite being a member of the aristocratic heritage he
longs for unlimited freedom of choice that awaits him in
the primitive life.The very epigraph of the novel is from
Arnold’s " Thyrisis™ :It irked him 10 be here e could
not rest.”” make thematic direction of the novel clear,
Like Arnold's scholar Gipsy, Billy too flees from the

so-called civilized society and seeks shelter in the
idyllic Maikala hills,

Conclusion

Billy has a family, a tradition, a set of values. Even
though lie “*considers himself a misfit, misplaced and
does not enjoy the role he has eamed for himself by
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(Christian ~ 1985:176).Despite  its  limitation, it

contributes in shaping the image of African-American
woman,

With PauleMarshell new period of female characters in
African-American letters emerged.It shows her desire
for self-understanding.In her first novel
BrowngirlBrownstones (1959), Marshell portrays a
woman caught between her own desire and life imposed
upon her.InThe Chosen Place Timeless People (1969)
Marshellrepresents  the shared life and  communal
responsibility.In The Praisesong for the Widow (1970),
she represents complex women characters.
Alice Walkers works changed the scenario OF African-
American women’s literature.She represents woman as
a creator.Her first novel Third Life of a Grage Copeland
represents  struggle  for  wish  to  change.Social
dimensions are mentioned in The Merridian(1976).The
Color Purple(1982) is written in the series of letters.
Toni Morrison is one of the eminent African-American
women writers. She has won the Nobel Prize for
literature. With her works, she fills the literary corpus
with varied colours.Her first novel The Bluest Eye
(1970) is a story of African-American girl striving for
blue eyes and measuring herself with the white beauty

standards Her Second novel Sula (1973) marked her ns

a significant voice In Amerlen ter Song of Solomon
(1977) is a folkloric novel, whera she celebrates Alrienn
culture.ller  Tar  Daby  (1981)  reflects  cultural
conflict.Neloved (1987) is a stary of live experience of
former slave Sethe, who kills her danghter in fear of
slavery. Then her novels Jazz and Paradiseappenred. She
wrote Love (2000) with a religious theme,

There are many other African-American women writers
wha are coming forward and blossomming their literary
tradition, To sum up the African-American women
writers are standing ot the top of the literary world with
their talent, skill, and capacity of resistance. Their work
is n celebration of African-American culture, folklore,
community, sisterhood and the strength to live and
teach the human valuces.

End-Notes

Christin, Barbara. 1985. Black Feminist Criticisny
Perspectives  on Black  Women  Writers.  New
York:Pergamon Press.

Scheultz, Elizabeth, 1997, “Free in fact and at last: The
Image of the Black Women in Black American fiction™
In Springer, MARLENE 1977. What Manner of
Women, New York: Universily Press.
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BREAKING THE SILENCE: A NEW FEMINISTIC APPROACH REVEALED IN
SHASHI DESHPANDE’S “THAT LONG SILENCE”

P.S. Yenkar
Department of English, Vidyabharati Mahavidyalaya, Amravati (M S)

Abstract

Shashi Deshpande's novel "That Long Silence" reveals the plight of women, their quest for self, an exploration
into the female psyche and an awareness of the mysteries of life and the place of protagonist in it. A woman has
to go beyond the society's ordained roles of mother, sister, wife , daughler etc,, she has to find out who she is ?
This paper presents the feministic approach of Shashi Deshpande's "That Long Silence." The word “silence”
is the key metaphor in this novel. At last the patience of silence and endurance of Jaya, the protagonist, is
broken and its outcome is a New Woman with Self affirmations and emotional explosions.

Shashi Deshpande's ‘That Long Silence', a Sahitya
Akadami Award winner novel published in 1988
looks at social history from the perspective of the
family. It explores man-woman relationship in
Indian society. Deshpande, in this novel offers
readers an intimate and domestic chronicle of the
subtle tyrannies suffered by women and the pain

of coming to self-knowledge. The title of the
novel, 'That Long Silence' suggests a belated
reaction, a postpanement of offensive behaviour for
long till the postponement cannot be made anymore,
In this novel Shashi Deshpande deals mainly with
the silence of an Indian house-wife. She shows her
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protagoniat “Jaya'to be In a grent Inner confllet nnd n
quet for her fdentity,

The entite novel In written In the mode of
retrospective nnrration, Jayn, the nnreator ond the
protagonist  of 1he novel fpeakn  about  her
childhood as well ns her marital lite, The 1Tt person
narration makes the novel 'an infense one', Jnya's
consciousness becomes the central pivol of the
navel,

Jaya's silence is similar o the fute wnffered hy u
majority of women the world aver, Silence s i
suppressive deviee, it signifies death, 1t nlyo menns
long, untold  suflering, mostly  mental,  which
ultimately overcomes the need 1o exprens one's
thoughts as an individual, It negates (he gelf, The
metaphor suggests withdrawal, Tha Long Silence
reverberates with many silences some imposed on
the characters and others embarked upon willingly.
The title also suggests the female psyche during the
quest of the protagonist for ‘self, "That Long
Silence! is the period of self introspection of the
woman to explore her tmie identity, The protagonist
Juya is caught in the midst of & domestic storn. Her
husband, Mohan is acensed of cormpl praclices at
office and (he couple leaves their posh flat at
Bombay's Churchgate to an old Dadar flat of theirs,
The children go out for a holiday. That gives space
to Jaya for self-interrogation, Traditionally, a
woman has an identity only as 'husband's wife or
father's daughter or son's mother’, She can never
have her own identity. Ten different minors show
ten different faces. Thus the individuality of Juya
cannot be defined. She can be defined only in relation
10 others,

Jaya is a conservative, educated middle class
"Smiling, placid motherly woman" who learns 1o
suppress her own wishes and acts according to her
husband’s. She cannot dare to protest, Mohan is an
engineer who cares for money, statug and material
comforts. Working in the purchuse section of his
office, he prospers well, looks arrogant and brash,
Unfortunately, he is caught teking commission and
an enquiry is on. He has to take refuge in their Dadar
flat. He takes Jaya for so much granted that she is
not consulted about shifling. Yet she guietly
accepts his decision and lhllqwu him. However,
Jaya seems to have gained confidence as he beging
to lose it, being in trouble, When Mohan demands
the key, Jaya refuses to hand i} over to him. She
opens the door herself symbolizing her refusal to be

servile.

Her Dadar (ot In In no way comparable 1o "lc'
elegnnt, well furnished Churchgste home, IT"':",';;;
In perfeetly nt eune here, reluting herself eas Iy i
nelghbonrs wnd servints, Away from the routine, A
In now prepured 1o look at herself with uiim;‘n
objectively and examines her relationship with her
husband, Tmulating Mohan's mother and sister, she
trien to ndjust nand compromise wi!h‘hcr Int) though
every compromise shatters her individuality, fhe
nurrenders hersell go totally that she is al"mit! of
expresing, her likes and dislikes, N‘f“" she is a
wlercolyped honsewife who is "nervous, incormpetent,
needing male help snd support.” .
Owwardly, she is n satisfied housewife married to
nn apparently caring man with a comfortable l_mm:_:,
with no dearth of material comfort, But on scrutiny, it
i revealed that to nchicve this stage of fulfillment as
n wile, Jayan has systematically suppressed cven-
nspect of her personality that refuses to fit in with her
immge an a wile and mother besides a failed writer,
Ruminating on the past, Jaya sees how her marriage
has reduced her to o mere sutomation. She realizes
how she wasted away the most valuable time of her
life in arranging and re-arranging things, dusting,
polishing, washing, ironing, cleaning the fridge and
changing the sheet She is bewildered to find in her
dairics that she had spent her life engrossed in such
trivialitics as what she bought, how much she paid
for it, the dates the children's schools had begun, the
servant's absence, the advance they had taken ete.
Jaya, ny u girl, was taught by her father to have
confidence in herselfl He named her Jaya which
standy for victory and has encouraged her to be
resilient and courngeous. He has made her feel that
she iy someone special, and someone different from
the other girls who would normally end up becoming
house wives, He would dream that Jaya either bags an
international award or goes to Oxford. Towever,
his untimely death shatters her dreams and makes
her o fuce the reality that she is afier all like any
other middle cluss girl destined to be a wife and a
mother, As n child she was chided by her
grandmother for asking oo many questions and was
told that no husband could be comfortuble with a
woman who nsked questions and retorts. Her early
training at home has mude her obedient and
submissive towards her husband. Tler relatives
s'uugllt her the Importance of being with a husband,
o husband I8 llke a sheltering tree. After so many
yewrs, the words came back 10 her, A sheltering
tree, without the tree, you are dangerously
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hush:.mnl holds a superior position and afer all he is
the Kumkum for a woman, The same is the fute of
her daug!ner - in - law Tara, as Rajaram. Jeeja's
Stepson is also a diinkard and beats up his wife
Tara,

Tara had none of Jeeja's reticence or stoicism. She
cursed and reviled her husband and sobbing loudly,
Moaned her fate. When once Tara cursed Rajaram
und‘ wishald death for lim. Jeeja stemnly shuts her up
saying that a woman is nothing without a husband,
Thus through Jaya, the protagonist and other female
cl'!amclcm like, Vanitamami, Kusum, Jeeja, Tara,
Vimaly, the navelist presents the plight of women.
Deshpande  gives  minute  details from  the
Protagonist's personal life. Like other women
navelists,  Shashi Deshpande also has chosen a
Woman narmator. The novel gives the details of a
predicament, anguish, sufferings of women, some of

them belonging o the middieclase, wome i€
illiterate and rural and some are servants, Dehpede
gives their different life pattem. )

Through the character of Jaya, Shashi Dc._;?:pzr/‘,.g
has thus expressed the arrddvalence e of
contemporary educzted wirnen in Indiz Wiy €20
neither reconcile themeelves to 2 rew uzlion,
when their hustands ignore them znd crah theis
ambition in life ror et off their bunkredy vmply
because a husberd v Tike 2z shelenng e, fley
cannot afford (o live withot. In a way, Jzys 8 2
representative figure of the modem woman wWho
resents her husband's ezllousness, By brglication
attitude, the character of Jzyz teprowsts redem
womer's zmbivalent znd becomes the victim of
circumstances, By onplicsting the atitude, the
character of Jayz represcnts modem wormnesHs
ambivalence to mzzried Efz,
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CONTEXTUALIZING LITERATURE: TEACHING AND LEARNING
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Abstraet

In order to make the study of literature effective and to make it as a special fores of browledze with isoyiective
sensibility, it is necessary that the classroom teaching should reach o e efiect of lizerary comprebonsion The 1222
as another name far literature must be aralysed in terms of itz relotive areas ond thesse Thers mre thres werids 20
the understanding of the lexi- the world of the writer. the world of the text innelf and the werld &f the raader. The
intentions and the perceptions of the writer need to be taken into considerction while sudiing ovy werk efart Itz

the responsibility of a teacker 1o bridge the writer vith his reader o Bring the tex1 towards by youdenss.

From centuries the study of literature has been shifting
in the manner of its dzfinitions 2nd approaches. The
term ‘literature’ is constantly modifying 2nd evolving
The definition of Aristotle zbout what is literature is no
more static. [t undergoes such tremendous changes that
litterateure and thinkers don’t look 21 it as merely
imitation of life. According 10 some writers literature is
the work of excellence, beauty and art. Literawre
should illuminate some particular prediczament of 2

man. This definion desctey ot foemcees sfendd
reflect the gaiety and Ge prief of Fie Oo fe ofler
hand, it shonld give pleasars b s reader. Seduilirs kane
talked about different aupeet amd fomevioes of Brertare
‘Literatere 3 the ngoge well mied® Accordiog 8o
Eza Poond, “Grzat [eeraoors B sheply hmpoee
charged with meantig © e oo degree™ Wikile
Channing relates Fremamrs 1o the sociogoliciend consen
while he sayy, ‘Euemnrs o G opresmion of e

Scanned by CamScanner

8

‘;\
5

PPNy PGP YN P T L P



\ 9

7 -
¥
_ : ISSN-2249-3034
RNINO/MAHMAR0MATIZ!  wRe/d/sm-z08y. Lw,
< | ) . FE A/ IHIT
. # | 5 4o et [/ /-0,
Printed Books/periodicais s
E_mail Id &Eaﬁﬁ&is%@msa corn _. E _.F "
. gEa Tk, G, ¥R - W A
Treff e, ST, ¥¥¥ ok N

Scanned by CamScanner



AT S B, ‘e ¢ - y ! .

Y g ! . _
gﬂgﬂgﬁﬁ%mgﬁm | &fFeres AT T e feee, gEifer, R, e, S m

R RS R - wﬂﬁﬁﬂﬂ@wﬁmﬂﬂ@@mﬂﬂﬂﬂ& | oA ey WISd AR T SR A S s gz

s :
ﬂﬂﬂﬁﬂ@%@@ﬁwﬂmﬁﬂﬂgﬂmﬂﬂﬂw L WL STEE T ki, CHTHIRR St @ st s o

C . EESSEER e S@ﬂﬁ%ﬂﬂq@@ﬂmﬁm@ﬁiﬂa UL e, T Sl o, R sfew wom s e s, waw

AN SR IR @ e wiia w6 N T el e ¢ Rl sy get o anewd. avie e 2 SR weee

fiwresTqt wgur, . : , _ Co 0 arreens welE . (1) q@m avm Ueetes wmme e
_ “mEed g stamw e v IS Tq™ . gq wiesaren 9 9vAET I¥eT widl. SUT=a TS o

IR T T farfaer srder.” (weieRw 9. 3R) . o j&mﬂ%ﬂ wmuﬂu El m_ﬁ_.m: SERE .M:,,_h_w. TET i

o el ui SaET Sue R el HETCE oA e . - e i o e B Gl

- WNH_._LEH* STl serE A1fear sarar @ mﬂﬂdﬂ ares. e 5 ﬂﬂﬂm%g% nnnnnnnnnnn Aqdg] Alicl] TBwy]

o diefem S wm %.MHQ (AiEE mMM N ﬁ%ﬂ%uwﬂ ﬂﬂ._
et T S s W i weet. o A a . ) Lo : to o S, AT
s e edl. R Padem WA saEw wed . -, Rrgret o ggielr sxdtar g i of entieeen e, T

NED weRT- o/ /T30 9 - o/ /-0 B




5
et FC THE R, Ry girgomeht sg., Faor .

- R N S g e e, e e

%%%ﬂﬁm@mﬂw@ﬂdﬂwﬂ&_ 3 TaT 9red. S
o ' ST 3 Yeran sgwaEvaTEn SiEen gl
meﬂ@wﬂ@%ﬁaégmaﬂmmﬂmaﬂmﬁ%m%ﬁ
R
‘e, W, U, Weer apfor Seramers
FIATITEET I Uiy a9 ==
ar AT ST ? ”
foTes TARROTEE rereyeen a1 weramsn gom=ar?”’
(werrelt 9. R4) .
m&m:im_:_mwﬁﬂﬂﬁgﬁﬁm%ﬂi,
eI 3 PO it wrererelt wews el .
sferi oA A HETATA e Hrorerrt Gl ookt T
%%ﬂ%.ﬁgﬁdﬂﬂ_ﬁﬁa o v wfE g
:&ﬁ%%ﬂ%ﬂﬂﬂaﬁﬂdﬁmﬂw
gy, 7, w_ﬂz.wﬁmm@%_ﬁm YoT....
nﬁﬁﬂiﬂdﬁ&%ﬂﬁﬁﬂﬂ%
AT AT T wrgrred (o “ared’
(rferE 9.34) .

L)~ v~ O/q /qT-09Y

 dura- /3 /209

SRR 2 Wa ST ST, fRd T, HaEd F
T R SR “Hied Sofia €’ (3) gEtE AT el wrear

_ = ;. AHEdY AN ®9

e . Pfer oyden wq@

T iR e g @

T (3ErE-R3)

ED .

Scanned by CamScanner



‘

v

ST T, ““SH, SRR % ey < e AU
g 3w’ (¥) ﬂﬂﬂﬂ%ﬂwﬂ_&ﬂ%ﬂﬂg
_naw@ﬁm@w_ﬂﬂwwmﬂ%mﬂﬁmd&%._g
‘8 W TR e TR g

N
arfor IerE wraTeaT waEtay
.._._ g&ﬂmﬂﬂ@%%: Aw.ﬂm_._m_ut ', _,m.cfu )

ST el TR AR Fe R e sidest |

TR v, g, T, SRE A, e Tey s

 Fioeen TdwTEn gl AT AW WA 9 sTegvaide

ﬁﬂ%ﬂ@ﬂm&mﬁﬂaﬁﬁ%gﬂﬂmﬁuﬁm T .

A ﬂ@ﬂﬁaﬂmﬁﬁ@wﬂgﬁm@gfdgiuﬁﬁ ._

4y s, swem/Preft were, Hifren s, 57 R s o e

%%uﬂiﬂg‘g%%gfﬁ.ﬁfﬂ
Frameieht, STTaeA AR, AT HOTER T S s

Scanned by CamScanner

ded ¢

) ,wn?m. ixew dicdziiqa T 3weH /3. N, 9, FEE E T,

AATE-3IR ) ,
3)  arvieRa /e fiveTqt, WHET W FEEH, FAH T 12, T A

. AT 9
y) erg/Faa Fgeqy, FEE TR THE, §IE g 1, T

T, AT~ R |
)  meTel /e Fiaerqt, wHa ey, R e wo /o T e eEs

IFT-RR

Har=rEl, ArTR- 2R L
ATRE-2R

| ETHR 919 |




Amravati University Research Journal
Special Issue International Conference on General Relativity 25 November, 2015

Kantowski- Sachs Dark Energy Model in a Scalar Tensor Theory of
Gravitation

S. P. Kandalkar', A.P.Wasnik?® , M. N. Gaikwad®, P.P. Khade®

'Department of Mathematics, Govt. Institute of Science , Nagpur.
E.mail: spkandalkar2004@yahoo.com

2 Department of Mathematics, Bhartiya Mahavidyalaya, Amravati.
E.mail: amra_math@rediffmail.com

¥ Department of Mathematics, Govt. Poly. College, Amravati.

E.mail: mohinigai@gmail.com

“Department of Mathematics, Vidyabharati Mahavidhyalaya,, Amravati
E.mail:pra_m04@ yahoo.com

Abstract

Kantowski- Sachs cosmological model with anisotropic dark energy is presented in a scalar
tensor theory of gravitation proposed by Saez and Ballester (1986). Equation of state (E0S)
for a dark energy @ is found to be time dependent and its existing range for derived models is
in good agreement with the recent observations. To obtain exact solution of the field equation
using special law of variation for the Hubble parameter, which yields a constant value of the
deceleration parameter. The physical aspect of the models have also been studied.

Keywords: Scalar tensor theory , Dark Energy

Introduction
In recent years there has been an immense interest in scalar —tensor theories of
gravitation. Brans and Dicke (1961) formulated a scalar- tensor theory of gravitation

which introduces an additional scalar field ¢ besides the metric tensor g; and a

dimensionless coupling constant. This theory goes to general relativity for large
values of the coupling constant greater than 500 . Saez and Ballester (1986) proposed
a scalar-tensor theory of gravitation in which the metric is coupled with a
dimensionless scalar —field in a simple manner. This coupling gives a satisfactory
description of the weak fields. Inspite of the dimensionless character of the scalar
field an antigravity regime appears in this theory. Also, this theory, suggests a
possible way to solve missing matter problems in non-flat FRW cosmologies.
Supernova la data [Perlmutter et al. (1998), Riess et al.(1998)] and the
observations of anisotropies in the cosmic microwave background(MCB) radiation

and the large scale structure have confirmed the accelerated expansion of the universe
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[Bennett et al. (2003),Verde et al. (2002), Hawkins et al. (2003), Abazajian et al.
(2004)]. Astrophysical observations indicate that this expansion of the universe is
driven by an exotic energy with large negative pressure which is known as dark
energy (DE). Inspite of all the observational evidence dark energy is still a
challenging problem in theoretical physics. The data indicates that the universe is
spatially flat and is dominated by 76% dark energy 24% by other matter (20% dark
matter and 4% other cosmic matter). Several models have been proposed such as
quintessence [Sahni (2003), Padmanabhan (2008)] phantom field [Sen (2002),
Padmanabhan (2002)], interacting dark energy models, Chaplygin gas [Kamenshchik
(2001),Bento (2002)] , holographic models [Wang (2005), Setare (2006) etc.
However, none of these models can be regarded as being entirely convincing so far.

Recently, Rodrigues (2008) and Koivisto & Mota (2008a,b) have investigated
cosmological models with anisotropic equation of state (EoS). Rodrigues has
constructed a Bianchi type-1 _CDM cosmological model with a DE component which
is nondynamical but wields anisotropic vacuum pressure in two ways: (i) by
implementing of anisotropic vacuum pressure consistent with energy-momentum
tensor conservation;(ii) by implementing a Poisson structure deformation between
canonical momenta such that rescaling of the scale factor is not violated [17]. He
suggests to fine tune the DE so as to not wipe out the anisotropic imprints in the
inflationary epoch. On the other hand, Koivisto & Mota have proposed a different
approach to resolve CMB anisotropy problem; even if the CMB formed isotropically
at early time, it could be distorted by the direction dependent acceleration of the later
universe in such a way that it appears to us anomalous at the largest scales. They have
investigated a cosmological model containing a DE component which has a non-
dynamical anisotropic EoS and interacts with the perfect fluid component. They have
also suggested that cosmological models with anisotropic EoS can explain the
quadrupole problem and can be tested by SNIa data [Koivisto & Mota (2008a,b)].

Spatially homogeneous and anisotropic cosmological models play a significant
role in the description of large scale behaviour of universe and such models have been
widely studied in framework of General Relativity in search of a realistic picture of
the universe in its early stages. Dark Energy has been conventionally characterized by
the equation of state (EoS) parameter mentioned which is not necessarily constant.

Recently, the parameter w(t) is calculated with some reasoning which reduced to

95



Amravati University Research Journal

Special Issue International Conference on General Relativity 25 November, 2015
some simple parameterizations of the dependences by some authors Huterer and
Turner (2001) .The simplest dark energy candidate is the vacuum energy w=-1 ,
which is mathematically equivalent to the cosmological constant(A). The other
conventional alternatives, which can be described by minimally coupled scalar fields,
are quintessence (w>-1), phantom energy (w<-1),and quintom and have time
dependent EoS parameter. Recently dark energy models with variable EoS parameter
have been studied by Ray et al. (2010) , Akarsu and Kilinc(2010a,b), Yadav et
al.(2010) Yadav and Yadav (2010) , Pradhan et al. (2011a,b), Amirhashchi et al.
(2011)

It is well known that spatially homogeneous and a anisotropic cosmological
models in the presence of scalar fields play a vital role in the discussion of large scale
structure of the universe. With this motivation we investigate, in this paper, we have
discussed
Kantowski-Sachs dark energy universe with variable EoS parameter in Saez- Ballester
scalar- tensor theory of gravitation
[2] Metric and Field Equations
We consider the Kantowski-Sachs space-time in the form

ds® = —dt® + a’dr® +b?(d@’ +sin’d¢?) , (2.1)
where the scale factors a and b are functions of cosmic time only. By preserving the
diagonal form of the energy momentum tensor in a consistent way with the above
metric, the simplest generalization of EoS parameter of perfect fluid may be to
determine it separately on each spatial axis. Therefore the energy momentum tensor
of perfect fluid is taken as

T.) =diag[T,, T} T/, T.2] . (2.2)
Thus, one may parameterize it as follows

T, =dialp,~p,,—p, = P.]

=dia[l-o,,-o,-o,]p
= dia[l,—w,—(w + 9),—(w+ 9)]p (2.3)

where p is the energy density of the fluid p,, p,, p, are the pressures and o,, ®,, @,
are the directional EoS parameters along the Xx,y,z respectively, a(t)= % is the

deviation free EoS parameter of the fluid. We have parameterized the deviation from
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isotropy by setting @, = w and then introducing skewness parameter ¢ which is the

deviation from @ along both y and z-axes.
The field equations given by Saez and Ballester [1] for the combined scalar and

tensor fields are

1 n 1
Ri —-Rg; —@¢"(¢,; ¢, ;—= 99, ¢") = -T
2 2 (2.4)
And the scalar field ¢ satisfies the equation
2¢n¢l| + n¢n_l¢,k¢’k =0 (2.5)

where @ and n are constants, T, is the energy momentum tensor of the matter

and comma and semicolon denote partial and covariant differentiation respectively.
By adopting commoving coordinates the field equations (2.4), for the Kontowski-

Sachs space-time, the field equations take the form

2a4b4 1 b42 n¢42
+ " T = : 2.6
ab b® b? ¢ 2 P (2.6)
2
%+bi+a4—b4+ af¢”¢L:—(w+6)p : (2.7)
a b ab 2
2b, 1 b’ 6,
NI SN, VAR C IS 2.8
A R @8)
Using equation (2.5), we get
P B o0 N0 2.9)
g a b 2¢

where a subscript 4 indicates differentiation with respect to t.
[3] Solutions of the field equations
According to the proposed law, the variation of the mean Hubble parameter for the

Kantowski-Sach metric may be given by

H =k(ab?) @ , (3.1)
where k >0 and n>0 are constants. The spatial volume is given by

V = R3 = ab2 , (32)

where R is the mean scale factor. The mean Hubble parameter H is given as
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HoRe_1Ve_1fa, .0} (3.3)
R 3V 3la b
The directional Hubble parameters in the directions of x,y and z respectively may be
defined as
Ho=%  and H,=H, =2 (3.4)
a b

The volumetric deceleration parameter is

qz—RTVQZ . (3.5)
4

On integrating, after equating (3.1) and (3.3), we obtain
ab® = c,e* for n=0 . (3.6)

3

ab? =(nkt+c,)" for n=0 . (3.7)
here c,andc, are positive constants of integration. Using (3.1) with (3.6) for n =0,
and with (3.7) for n =0 mean Hubble parameters are

H=k for n=0 . (3.8)
and

H =k(nkt+c,)™ for nz0 . (3.9)
Using (3.6), (3.7) and (3.2) in (3.5), we get constant values for the deceleration
parameter for the mean scale factor as:

g=n-1 for n#0 . (3.10)
and

q=-1 for n=0 . (3.11)
The sign of q indicates whether the model accelerate or not. The positive sign of g
(i,e.n>1) corresponds to decelerating models whereas the negative sign
—-1<qg<0 for 0<n<1 indicates acceleration .

Integration , after subtracting equation (2.8) from (2.7) , we get

o HR R SOk B

where A is an integration constant. The integral term in above equation vanishes for

1

S=—" .
pb?

(3.13)
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Using equation (3.13) in equation (3.12) it follows that

a b _24 (3.14)
a b Vv
by considering (3.8) and (3.9) we obtain
ﬁ—b—“:L for n=0 , (3.15)
a b c exp(3kt)
8 b A for n#0, (3.16)

a b (nkt+c,)™
Model for n=0 (q=-1)

On integration of (3.15) and using (3.6) we get the following exact expression for the

scale factors:

3
a= C—lz exp kt—ﬁe‘3kt : (3.17)
k, 9c,k
1
3
b=| & expd kt + A e ¥l (3.18)
K, 9c,k
where K, is positive constant of integration.. The spatial volume of the universe is
found as
V =ce® . (3.19)
The directional Hubble parameters are
H, =k +2e‘3kt : (3.20)
Cl
H,=H,=k-Ze% (3.21)
3¢,

The anisotropy parameter of the (A) is defined as

13 (H,-HY
A_gz( v J , (3.22)

i=1

where H, (i=1,2,3) represents the directional Hubble parameters in the direction

X,y,and z respectively.
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By using (3.8),(3.20), (3.21) in (3.22) , we get

2
A=l A g (3.23)
9| ¢, k?
The expansion scalar @ is found as

0=3k=3H . (3.24))
The shear scalar o2 is found as

3 yi

o’ ="AH?="_¢® . 3.25
> % (3.25)
Using equation (2.9), the scalar field is found as
2
N+2(—a g j n+2
=|—| —e"" + . 3.26
’ [ e (326)

Using equations (3.26) ,(3.4), (3.20), (3.21) in (2.6), we obtain the energy density for

the model as

2 3
p=3k* - A —e ™% 4 & exp —2kt—ﬁe‘3kt +£a)’a2e‘6k‘ (3.27)
c, C, 9c,k 2
Using equations (3.27) in (3.13), we obtain the deviation parameter as
%
[li exp{— 2kt — guke‘m}
Cl Cl
0= 7 (3.28)
2 3
3k? — A e 4 ks exp4 — 2kt —ﬁe‘3kt + L aren
3c, C, 9c,k 2

Using equation (3.20) (3.21),(3.27) and (3.28) in equation (2.7), we obtain the

deviation —free parameter as

, 2
3k? +/7’—2e‘6kt + [klj exp{— okt -4 e‘3k‘}—;ma2e‘6k‘
c

3 : 9c,k
0=- - 3 (3.29)
2 k 3
32 - 2 e 4 L1 exp okt — 2 gl L ppzgeoe
3c, C, 9c,k 2

Physical behaviour of the model for n=0 (q=-1):
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For this model q=-1and dd_T =0, which implies the greatest value of the Hubble

parameter and the fastest rate expansion of the universe. Thus, this model may
represent the inflationary era in the early universe and the very late times of the
universe.

The spatial volume V is finite at t =0, expands exponentially as t increases and

becomes infinitely large at t =c. The directional Hubble parameters H, and H ,,

are finiteat t =0.
The expansion scalar is constant throughout the evolution of the universe. The scalar
is also finite at t =0 .The anisotropy of the expansion decreases monotonically as t

increases .

2
The ratio % — 0 ast — « . Hence the model isotropizes for large value of the t.

The EoS parameter of the DE @ may begin in phantom (@< -1) or quintessence
(w>-1) region and tends to -1 (cosmological constant @ =-1) by exhibiting

various patter as t increases.

Model for n0and q=-1:

On integration (3.15) and using (3.7) we obtain the following exact expressions for

the scale factors:

1 n-3
_ oA " 24 o
a=c,/3(nkt+c ex nkt +c : 3.30
S (kt-+,)" x| g (nkt ) (3.30)
1 n-3
b=c, % (nkt+c,)" {exp A (nkt+c,) " ¢, (3.31)
3k(n-3)
where c, is the positive constant of integration. The spatial volume of the universe is
found as
3
V =(nkt+c,)" . (3.32)
The directional Hubble parameters are found as
H, = (nkt+c,) ™k +%(nkt+c2)_% : (3.33)
-1 ﬂ _y
H, =H, =(nkt+c,) k—g(nkt+cz) no, (3.34)

Using (3.33), (3.34)in (3.22) we get
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_2E
9 k?
for the anisotropy parameter of the expansion. The expansion and shear scalars are,

A (nkt + cz)z[l_Ej | (3.35)

respectively, found as

6 =3H =3k(nkt+c,)™, (3.36)
b5 2
0'2:?(nkt+cz) no (3.37)
Using equation (2.9), the scalar field is found as

2

n+2) P n-3/ |n+2
=||— || ——=|(nkt+cC n . 3.38
5 K 222 e } (339)

Using (3.33), (3.34), (3.38) in (2.6) we get the energy density for the model as

s
p=3k*(nkt +c,) —%ﬂz(nkt+c2) n +c3%(nkt+c2)_%

3 . (3.39)
22 T 1 21,2 .
expy —————(nkt+c,) " ++—=@P°k“(nkt+c,) "
3(n-3)k 2
Using (3.39) in (3.13) , we get the deviation parameter as
-2 n-3
% o 24 0
c,/3(nkt +c ex nkt + ¢
;% (nkt +c,) { p(SK(n_3)< )
0= (3.40)

_6
3k?(nkt +c,) —éﬂz(nkch) n +c3%(nkt+c2)_%

n-3

ex 27/1(nkt+c ) .1 @P?k?(nkt + ¢ )_%
P 3(n—3)k 2 2 2
Using (3.33),(3.34),(3.38) and (3.40) in (2.8) we get the deviation- free parameter as

2 —
(3—2n)k*(nkt +c,) +’;(nkt+c2) oy
c3% {(nkt+c2)_% exp{

8
3k*(nkt +c,) ™ —;ﬂz(nkt+c2) n +c3%(nkt+c2)_%

n-3

n-3 _6
(nkt+c,) © H—;szkz(nkch) n

3(n—3)k
w=-

22/ L_s 1 21,2 _E
exp (nkt+c,) " ¢ += @P°k (nkt+c,) "
3(n-3)k 2

(3.41)
Physical behaviour of the model for n=0 (q=-1)
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The universe accelerates for0 < n <1, decelerates for n >1 and expands with constant

velocity for n=1. The spatial volume V is finite at t =0 and becomes infinitely

1
large as t — . In this model , the average scale factor R = (nkt+c,)" . It has point

singularity at t=—C—;. The Hubble parameters H,,H, ,H, andH are infinite at
n

this point but here the spatial volume vanishes.

The anisotropy of the expansionA — null as t —oo for m>3while A > as
{—oo.

The EoS parameter of the DE @ may begin in phantom (@ < -1) or quintessence
(w>-1) region and tends to -1 (cosmological constant @ =-1) by exhibiting

various patter according to the choice of the parameter.

2
. O . .
The ratio ra —0ast— o . Hence the model isotropizes for large value of the t

(for0<n<3).

Conclusion

Exact solutions of Einstein’s field equations have been obtained by assuming a special
law of variation for the mean Hubble parameter, which yields a constant value of the
deceleration parameter and is not inconsistent with observations. Some basic
geometrical and kinematical features of the models and the dynamics of the

anisotropic DE in these models have been examined.

The space approaches to isotropy in the models for large value of the t.
The energy density of the fluid and the deviation free EoS parameter @ and the

deviation parameter ¢ are dynamical.
References:

Abazajian, et al. (2004)”Cosmological parameters from SDSS and WMAP”, Phys. Rev. D
69:103501

Akarsu,0., Kilinc,C.B. (2010a),”LRS Bianchi type I models with anisotropic dark energy and
constant deceleration parameter”,Gen . Relativ. Gravit. 42: 119

Akarsu,0., Kilinc,C.B. (2010b),” Bianchi type 111 models with anisotropic dark energy”,Gen .
Relativ. Gravit. 42: 769

103



Amravati University Research Journal
Special Issue International Conference on General Relativity 25 November, 2015

Amirhaschi,H. et al. (2011) “An interacting two fluid scenario for dark energy in an FRW

universe”,Chin. Phys. Lett. 28: 039801,arXiv:1011.3940[gr-qc]

Bennett, C. L., et al. (2003),”First year Wilkinson Microwave anisotropy probe observation”,
Astrophys. J. Suppl. Ser. 148: 1

Bento, M. C. et al. (2002) “Generalization chaplygin gas, accelerated expansion and dark

matter unification”, Phys. Rev. D 66: 043507

Brans, C. H., Dicke, R. H. (1961)” Scalar tensor of gravitation and dimensionless coupling
constant”, Phys. Rev. 124: 925

Hawkins, E. et al. (2003) “The 2dF galaxy redshift survey: correlation functions , peculiar
velocities and the matter density of the universe”, Mon. Not. R. Astr. Soc. 346: 78

Huterer, D. (2001)”Probing dark energy: Method and strategies”, Phys. Rev. D64: 123527

Kamenshchik, A., et al. (2001) ”An alternative to quintessence”, Phys. Lett. B 511: 265

Koivisto T. (2008)” Accelerating cosmologies with an anisotropic equation of state”.:
Astrophys. J. 679, 1 [arXiv:astro-ph/0707.0279v3]

Koivisto T. (2008)”Anisotropic dark energy: Dynamics of background and perturbations”,
arXiv:astro-ph/0801.3676v2

Padmanabhan, T. (2002) “Accelerated expansion of the universe driven by tachyonic

matter”, Phys. Rev. D66: 021301

Padmanabhan, T. (2008)” Dark energy and geavity”, Gen. Relativ. Gravi.40,529

Perlmutter, S. et al. (1998) “Discovery of a supernova explosion at half the age of universe”,
Nature 391: 51

Pradhan,A., Amirhashchi, H. (2011a) ”LRS Bianchi type Il dark energy models with constant
deceleration parameter”, Astrophys. Space Sci. 332:441 arXiv:1010, 2362.

Pradhan,A., Amirhashchi, H., Saha,B. (2011b)”Bianchi type | anisotropic dark energy models
with constant deceleration parameter”, Int. J. Theor. Phys. doi:10.1007/s10773-010-
0793-z.arXiv:1010.1121[gr-qc]

Ray, S. et al. (2010) "Bianchi type-I anisotropic dark energy models with constant
deceleration parameter” , Phys. Gen.-ph [arXiv:1003, 5895]

Riess, A. G, et al. (1998) “Observational evidence from supernovae for an accelerating

universe and a cosmological constant”, Astron. J. 116: 10009.

Rodrigues, D.C. (2008)Anisotropic cosmological constant and the CMP quadrupole
anomaly”, Phys. Rev. D 77: 23534 [arXiv:astro-ph/0708.1168v2]

Saez, D. , Ballester, V. J. (1986) ,” Scalar tensor theories of gravitation”,

Phys. Lett. A113: 467
Sahni, V.et al. (2003)” The case for a positive cosmological A term”, Int. J. Mod.
Phy. D9: 373

104



Amravati University Research Journal
Special Issue International Conference on General Relativity 25 November, 2015

Sen, A. (2002)”Rolling tachyon”, J. High Energy Phys. 48: 204
Setare, M. R. (2006) “Interacting holographic dark energy model in non-flat universe”.
Phys. Lett. B 642: 1.
Verde, L., et al. (2002) “The 2dF galaxy redshift survey :the bias of galaxies and the density
of the universe”, Mon . Not . R. Astron. Soc. 335
Wang, B. (2005) “ Transition of the dark energy equation of state in an interacting
holographic dark energy model”, Phys. Lett. B 624: 141
Yadav, A. K. et al. (2010)” Dark energy models with variable equation of state parameter”,
Int. J. Theor. Phys. 50 871
Yadav,A.K., Yadav,L. (2010) “Bianchi type Il anisotropic dark energy models with constant
deceleration parameter”, Int. J. Theor. Phys. 50: 218

105



Volume - | AO J ISSN 2395-0315

(Arts Oriented Journal)

{Multi - Lingual Bi- Annual)
Special Issue for

UGC Sp.onsored

si-fsma Rament

National Conference

HUMAN RIGHTS

ictober 2015

Organized by

MAHATMA [YOTIBA UILE, MAH"&‘» IDYALAYA,

Amravati,Maharashtra,INDIA




e

S.N. Title of the paper Author Page No.

THEPR foharaas vd wawm
3% XA & WAuT & FafeR ok wrolie sErar e @ 6. e : 93
2 WRA # AAETORRR BLIAT. Ferd 97
2% e A HIa AReR Hadw ¥ I aver gued) 1. =1 g, iR 99
30 e e &t 7 amd & ST, TS winfear 102
3¢ Hfger 3k TFETfeR 7. s Qauid 104
3? HEIPR ; HiteTsiih St i adam R 1. N9id AR Qe 106
33 BRETRI 4 roiigd Fararan sfeal @ Refdy faer Hewe 108
3% AY AR T qTerD WSl et famas Qe 114
M IS« FHARHR &7 @7 ] guref &f. ST, aeEs 116
£ TGP TG A D 1971 OH. arert 118

3 Al St 3nfdr e snSTedT gma HEed W1, 30U YHea o5 120
L2 HId g8 : [peqT g anifadme 1SRG IR YHTS 122
2% O} gETeaT WHET ST sreEr HT. 8T, ATcllst Hger gegs 123
%0 SigTereTe IRDETE @ HTEaTReR gr. &1, oo e 126
%% AT SUBRICAT Teefuiehles sreerss w1, fAfe st R 128
¥R it &8 ¥peuT Ao yRdy egeer a1 ETHA Bed 129
3 TAARIBR 7 T g 1. WY g 132
%Y R SR Feater et 1. 8. i safeRor fss 134
¥l HFAIYGR & EN aw 1. =8.y9.9eaw 137
¥, ATl EaBiE Hheal A ieraargit Sl RSP, IS 140
¥l A g8k ST AT (TR ge) SEEa sl e 146

B Y B I e (T



TS « TFETRIGR T BT R ame
7. STREIY. IS
frarTRe ARREey, SERE.

R -
T G A R R Aes @ O YR
B ﬁmmaummmmam«m
v T B 2 AR TR AT e @ R 8 e
T Al T SR H Gy ) RE e o
mgélmmzﬁmmtwmﬁﬂmw
3 Faerr & S fardics 2 e Ay Spufh §
R F 98¢0 T GO T TRET WG DA QU FHE]
Eeniae Ko st o i e o9 A X
s B af Ry Aol wEEE u% A HRR 5
257 T

e e By o oty swifee A wieht s Wt
3, i g R e AR R AT ] SR
3 v ot et o 6% 3 s Rt & Rifir ataeaish
ﬁwmn,aammﬂammamaﬂmmmm
2 e TS aeal aw T P, R A1 e
RIS S A B R Ao W) e 6 e A
R S R ATAT ) R R B e @R
o men FRamTeis QAT e B o o et &1 it
e o SRR ¥ 3, T g R ¥ 20wl § e
THE B B
qraH Bl GREE -

et ATec, T S S KR A P
qT T T R R e & i e et 81 E
2B % R VI 2 P ST 5 el o &
e . o AT T T e 3 o e &, T el
ey T S 1 e ) T, R A e e g
gt & 3 R o a1 93 A B

SRR A W % R W ARG & 45 €
it Tl iR T aae! H ae ofte ot @ € @9 Fugl
g v TRl @ - g § i R & R o
el RE B R g e o i, faa o Sl
& e 35 e et S R & R R e R
et A S T e afte sl oty W AR wm
mz‘wm;wnmmmmwa
Car! B saurEn & W@ A W wiie AR

@Mi.mﬁmmmﬁﬁmtqﬁm
mmamz.mgmaa,mwmzmmmi
*ﬂmﬁﬁﬁﬂﬁaﬂmslq«mmﬂmm
i o e ¥ <@ T I e A au vgEd &

i 56 ST & A i 2
o o ) g 3 e et A Wi B e S
4 TRE 3147 i A e w3 o § R
Fercor o Pt & — afn - e AvET, 3% 1 e,
DO

AR 4 9y o a6 g HE

20,10 e R A an e ot & I
2%t RS AEY B 4 W & 9 a2 Al B P 20.33
SR, R 49,53 RS e ot @ famredf &1 99
e 20 BIE o wied A 8 4 FE Y TR s
Ao R & TR v TS Ve T Ko At el
SRl A 17 e wge A i) @ i B e
ke & g S A 4.3 v & oele gff ° 70.3%
e ¥ 20.0% §i &8 A 48,4% i A 98 6% H
T S A A% AEe H vy % U ARe E el
Ao 21 R B T Y a4 Qo HivrE Ao
el
AR T & g R W ghea 7 gem iRy

A RN 3 S — i e § 18
s Sk A W amn @ R wes B e S
S SR A v 6 e e we ol e 8
S w3 T e 2 0 3 sy & g e & R
G A R T A e ) s & D
e e e A e o s s B AR
7z Rt wrmnst @) s & 8, Rred 2 & R
arift R o sy e A & P % wen fe A
U e A AR A S g e ol S T ST |
gefon o wae i S A o @ e B e
et arn i el it I 3 o & R s g

P g st au o R gPed) e B
St R e woan @ S T8 3R S Wit

« Human Rights +

116

ey o2 et e e ot Ry b fo e et oot
21w 4o SN B B o A HiH W YRR
s e 2 o O s P e g & o
ﬂ-m%mﬁmm—wﬁmﬁﬁqﬁm
3 oy AR o, 78 HRA Ao HOgt e et
T IR e &) T, W & U g
T & aaeE o (o PR e @ Sa H
%1 Frars smaEEd gl

9) o S v e dsrata Rt g

- g & A o AT e g fafe s 2

it R S 431 o iR Se TR AIeAE age J o
i
3) i e e o R e S
gy uf - wht aRee o R s
afivaT e AR e e g W 67 e ol B
SR @ HAE e b, e v R |
¢ awal o oy P v gt wafe
e AR ) A, T, o o ) H er]
4) Mwmm.m,mmgmq&
oy e SR 1 R AT TRY
%) St g wiRd WA e & AR
T 6 o T aiRe
@) o TEE At i aRET Ry AR & HRER
o it ot a1 HNUITTG R RETT 2RAT TR
¢ i gl A, R & R w
T SR TR AR A A Bl AR
g) AT T I U, S AR @l
ammmmmwmmmmsmam
iRyl
40} ATSHE T & T ¥ SR A & AuY,
P, e TR, Al B, Sfeenal & G S
S i gt R a1 S 3 e o R e aw
e A
e -

ST 35 e TR, Sifiles Sroie, ZElmT
o foreT e 2 e S TS R 4 AT e
ek e AT R T R &t g S
a4 R 7 1 7 iy f R e oK
mmwwmﬁmﬁqyﬁaﬂm
e < e e 0 R, B g e 0 e

4 o zafen 78 &t varee o Tt ag R srEEg iy
Uy G WETER S & e e i §Hw Tew
SR D URRA FEIT 4R & BRI ST ) g
mm%nwmmmmﬂnmréwmmnm
< 7 A S ST R R e R ) e i
mmammmummmwmm
3 =W ) Saw, S S, iy S sl T
e i &) e TR A A MR B A
B 4T AR T 9 il avd 8l

PO et e 1 B e e
gﬂamﬁmmtﬁﬂ-mwmwﬁm
o & e e fresTen 1 sgel b SR G Riaafies ekl
o P SRS are) & G BN Aol §6 A T
el o e g6 w3 e srafier
en e o #t it O SRERGT Wer B e ey
ot ) At e AT SR, W T AR it 2 4 A
e T B &, 4 9 o A aftegis aad w &
Rt et s et 7 W n W R QA
o e o Y SR B 8 2w ek A o St e
i = <6 Rl st o gT v Fir At szl
T ¥ I AR T e B e AR gt s
v o 2 s s @l B feet s 81

SR & SrEdR 38 () 6wt da A Prge
fiftr e SR @) G B A s a9
e R e B B Ui e G e e
ifEfive 2% 9 AR ) G & A e S
Ty e CTRIT R ARG 25 U QU G g
e wrfE R B TR THUY 1 SR W o e
R Y s reeal, T GREE 0 R § SFTHEa
v TR 41 2 s e 2R B 2 3 ST @ SR
e 78 w0 T &, o o ! i el v
%
-
q) w s R 9833 @A 4919 93
Y S arROT R e R, 936
3) =t T SR, R W T e &, A
fict it seieur, 7 REl 9. 33-33
) TR R T « 7 o, SR T 98 .
4u6-903

« Human Rights

117



International Journal of Materials Science and Engineering

Low Temperature H2S Gas Sensor Based on Fe203
Modified ZnO-TiO2 Thick Film

R. B. Pedhekar 1, F. C. Raghuwanshi 2, V. D. Kapse 3

1 G.. H. Raisoni College of Engineering & Management, Amravati 444701, India.
2 Vidya Bharati Mahavidhyalay, Amravati 444602, India.
3 Arts, Science & Commerce College, Chikhaldara 444807, India.

* Corresponding author. Tel: +919420833128; email: rajsehpedhekar@gmail.com
Manuscript submitted May 26, 2015; accepted August 18, 2015.
doi: 10.17706/ijmse.2015.3.3.219-230

Abstract: Nanocrystalline ZnO-TiO2 (~ 49-56 nm) was synthesized by hydrothermal method. Thick films
were prepared by using synthesized nanocrystalline ZnO-TiO2 (with molar ratio 9:1, 7:3 and 1:1) and their
gas sensing characteristics were investigated at different operating temperature. ZnO-TiO2 thick film (with
molar ratio 7:3) exhibited good response to H2S as compared to other investigated compositions. Further,
Zn0-Ti02 thick films (with molar ratio 7:3) were modified by different concentrations of Fe203 and their
H2S sensing characteristics were investigated. The 0.2M Fe203 modified ZnO-TiO2 thick film (with molar
ratio 7:3) exhibited excellent H2S sensing characteristics such as, high response (~ 314.67 at 40 oC), quick
response time (~ 8 s), less recovery time (~ 30 s), excellent repeatability and stability, good selectivity
towards H2S as compared to the other test gases like CO2, LPG and NH3 at 40 oC. The experimental results
demonstrated that the Fe203 modified ZnO-TiO2 thick film is a very promising material to fulfills the
practical requirement for the fabrication of H2S sensors with good sensing characteristics.

Key words: Nanocrystalline, ZnO-Ti02; Fe203, gas sensor, H2S.

1. Introduction

Hydrogen sulfide (H:S) is a toxic and inflammable gas. It is released from coal mines, oil and natural gas
industries [1]. Also, H2S gas is used in different chemical industries, research laboratories, as a process gas in
the production of heavy water, etc. Human exposure to higher concentration of H,S gas results in
neurobehavioral toxicity [2]. Therefore it is essential to monitor and control the concentration level of H»S
gas. Consequently, it is today’s need to have H,S sensors with high sensitivity, excellent selectivity,
reproducibility, stability, quick response and fast recovery. There are many parameters of materials for gas
sensor applications such as adsorption ability, catalytic activity, sensor reponse, stability, etc. Semiconductor
metal oxide like ZnO, Sn02, In203, WO3, ZrO», CeO2, Fe;03, have been reported as gas sensors [3]-[13]. But
very few of them are suitable to fulfilled all the requirements. To overcome these limitations recently
researchers focus on composite materials, like SnO2-ZnO [14], Fe203-ZnO [15], ZnO-CuO [16] etc. In addition
to binary metal oxide there are number of ternary and complex metal oxides which are emerged as
promising candidates for gas detection [17]-[20]. It has been recognized that sensor based on the two
components mixed together are more sensitive than individual component alone due to synergistic effect
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between two metal oxides [15]. Preparation of mixed oxides leads to the alteration of the electronic structure
of the system, which causes changes in the bulk as well as in the surface properties. Surface properties are
expected to be affected by new boundaries between grains of different chemical composition. It is
anticipated that all these phenomena will contribute favorably to the gas sensing mechanism [21], [22].

A careful control of the sensor operating temperature and adequate selection of specific impurities is
concerned with an optimum response for a specific gas. Materials like CuO, Cr203, CeO2 etc. when dispersed
onto the semiconductor oxide films, enhance the sensor response to the reducing gas [23]-[25].

[t is important to mention here that physical and chemical properties of materials depend on synthesis
routes, governed by the synthesizing conditions. In literature, several routes are described for synthesis of
nanomaterials, such as chemical, mechanical, gas phase and molten salt synthesis. Hydrothermal technique
is one of the chemical synthesis routes that allow in fabrication of shaped and size oriented materials
without melting steps. There are a number of advantages of this technique such as: the short duration of the
experiments as compared to classical synthesis methods, crystal size and the level of agglomeration can be
controlled, costs of the instrument and energy requirement is low as compared to other synthesis routes and
itis an eco-friendly method [26], [27].

The objective of this work is to synthesize nanocrystalline ZnO-TiO2 by hydrothermal method and to study
the effect of Fe203 modification on H2S gas sensing properties of Zn0-Ti02 based thick films.

2. Materials and Method

2.1. Synthesis of Nanocrystalline ZnO-TiO2

For obtaining nanocrystalline ZnO-TiO2 with molar ratio 9:1 (sample A), accurately weighted analytical
grade ZnO (3.607 g) and TiO2 (0.393 g) were dispersed in aqueous NaOH solution followed by hydrothermal
treatment at 180 oC for 24 h in Teflon-lined autoclave. Then it was allowed to cool naturally and the obtained
precipitate was isolated from solution by centrifugation at 5,000 rpm for 30 min. and subsequently washed
with distilled water and then ethanol and dried at 120 oC for 12 h. The same procedure was followed for
synthesis of Zn0O-Ti02 with molar ratio 7:3 (sample B) and ZnO-TiO2 with molar ratio 1:1 (sample C). The
synthesized materials were examined by X-ray diffraction (XRD, XPERT-PRO) and transmission electron
microscopy (TEM, Techai G2 20).

2.2. Fabrication of Sensor Element and Gas-sensing Measurements

Thixotropic paste was formulated by mixing synthesized ZnO-TiO2 powder with ethyl cellulose and
mixture of organic solvent such as butyl cellulose, butyl carbitolacetate and terpineol. Then the prepared
paste was screen printed on glass substrate. Furthermore, the thick film of ZnO-TiO2 (with molar ratio 7:3)
was modified by dipping it into 0.1M, 0.2M and 0.3M aqueous solutions of Iron (III) chloride for 30 min.
These films were dried in air and then fired in muffle furnace at 450 oC for 24 h. These films are termed as
Fe203 modified ZnO-TiO2 thick films.

For the measurements of gas sensing properties of all these films, silver electrodes was used for electrical
contacts. Gas-sensing measurements were carried out on a computer-controlled static gas-sensing system. A
small Ni-Cr alloy coil was used for heating and a chromel-alumel thermocouple was used to monitor
temperature. Keithley 6487 picometer cum voltage source was used to measure the sensor current. Test gas
was injected into the chamber through an inlet port. The concentration of gas was kept 286 ppm and the %
relative humidity was kept 20. The sensor response (S) was defined as the ratio of resistance in air (Ra) to
that in target gas (Rg) [28].

S =R4/ Ry @
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3. Results and Discussion

3.1. Material Characterization

Fig. 1 shows X- ray diffraction (XRD) patterns of synthesized ZnO-TiO2 powder samples (A to C). From
XRD, it is revealed that materials are polycrystalline in nature with mixed hexagonal and tetragonal phases.
The characteristic peak in the XRD pattern matches with hexagonal ZnO (JCPDS card no. 00-036-1451) and
tetragonal TiO2 (JCPDS card no 01-071-1166). Also the peaks which appeared at 26 = 29.95°, 36.83°, 56.74°,
62.18° and 70.41° corresponds to Zn2TiO4 (JCPDS card no. 01-073-0578). The extra peak appeared at 26 =
44 .8° is related to surface hydroxyl groups on the ZnO-TiO2 surface [29]. The average crystallite size (D) was
determined by using Debye-Scherrer formula [30]:

D =0.9 /B Cos 0 )

where A is the wavelength of incident beam (1.5406 A°®), B is the full width at half maxima (FWHM) of the
peak in radians and 6 is the diffraction angle.

The average crystallite size of samples (A to C) was calculated from bordering of the diffraction line and
found to be in the range of 49-56 nm.
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Fig. 1. XRD patterns of synthesized ZnO-TiO2 with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1.

221 Volume 3, Number 3, September 2015



International Journal of Materials Science and Engineering

Fig. 2. TEM images of synthesized ZnO-Ti02 with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1.

The morphology of synthesized material samples was investigated by transmission electron microscopy
(TEM). Fig. 2 illustrates TEM images of synthesized ZnO-TiO2 powder samples with molar ratio (A) 9:1, (B)
7:3 and (C) 1:1. The small amount of agglomerations can be seen in the micrographs. TEM images indicate
that the average crystallite size of synthesized material is in nanometer range.

The surface morphology and nature of ZnO-Ti02 thick films with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1
was analyzed by using scanning electron microscope (SEM, JEOL JSM 6380A). SEM micrographs of ZnO-Ti02
thick films with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1 is shown in Fig. 3. It can be seen that the films

particles are evenly distributed.
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Fig. 3. SEM images of ZnO-Ti0O2 thick films with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1.

The elemental composition of Fe203 modified ZnO-TiO2 thick films (with molar ratio 7:3) were analyzed
by using energy-dispersive spectrometer (EDS). Fig. 4 shows EDS spectrum of 0.2M Fe203 modified ZnO-
Ti02 thick film (with molar ratio 7:3). From the spectrum, it can be seen that there are no other elements
than O, Ti, Zn and Fe in the film.
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Fig. 4. EDS spectrum of 0.2M Fe203 modified ZnO-Ti02 thick film (with molar ratio 7:3).

Fig. 5 indicates SEM image of 0.2M Fe203 modified ZnO-Ti02 thick film (with molar ratio 7:3). It indicates
that microstructure of 0.2M Fe203 modified film is uniform with adequate dispersion of Fe203.
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Fig. 5. SEM image of 0.2M Fe203 modified ZnO-Ti02 thick film (with molar ratio 7:3).

3.2. Gas Sensing Characteristics

Fig. 6 illustrates the response of ZnO-TiO2 thick films with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1 towards
286 ppm H2S. From the figure it can be seen that in the studied temperature range, among the tested

compositions, Zn0O-Ti02 thick film (with molar ratio 7:3) shows good response.
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Fig. 6. Response of ZnO-Ti02 thick films with molar ratio (A) 9:1, (B) 7:3 and (C) 1:1 towards 286 ppm H2S.

Regarding the sensing mechanism of semiconductor oxide based materials, the sensing mechanism and

change in electrical transport properties are generally depends on the oxygen molecules adsorption and

desorption on the surface of materials and/or direct action of lattice oxygen or interstitial oxygen with test

gases [31]-[37]. When ZnO-TiO2 thick films are exposed to air, oxygen molecules interact with it to form

adsorbed oxygen ions like 02- or O- or 02- by capturing electrons from the conduction band, which decreases

the concentration of electrons in the conduction band. The reactions are as follows [38]:
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02 (gas) <> O (ads) (i)
0, (ads) + & <> O, (ads) (ii)
0, (ads) + & <> 20" (ads) (iii)

O (ads) + & <> O% (ads) (iv)

When we expose the H2S to the sensor element, H2S interact with the adsorbed oxygen and hydroxyl
species present on the sensor. Fig. 6 indicates that the ZnO-TiO2 thick film (with molar ratio 7:3) respond
well to H2S and exhibited the highest response at 40 °C among all investigated compositions. The response
of ZnO-TiO2 thick film towards H2S can be explained by the interaction of H2S with surface. In this
interaction the adsorption of H2S accounts for the consumption of oxygen and this reaction leads to decrease
in sensor resistance. The sensor response was improved with increasing amount of TiO2 content in the film;
this indicated that there was increase in amount of chemisorbed oxygen ions. This is because electrons
induced by Ti4+, enter into ZnO lattice and this conformed to more chemisorbed oxygen on the surface [28].
When the optimum amount of TiO2 in ZnO-TiO2 thick film, TiO2 species would be distributed uniformly
throughout the surface of film. As a result the initial resistance of the film is high and this amount would be
sufficient to promote the catalytic reaction effectively and overall change in the resistance on the exposure of
H2S leading to an increase in sensor response. At an operating temperature of 40 oC, the adsorption of H2S
molecules was maximum. The sensor response to H2S can be explained with the overall reaction of H2S
molecules with adsorbed oxygen as [39]:

H,S + 3/2 02-(ad) —H,O +S0,+3/2¢ (V)
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Fig. 7. Response of 0.1M, 0.2M and 0.3M Fe203 modified and unmodified ZnO-TiO2 thick film (with molar
ratio 7:3) towards 286 ppm H2S.

225 Volume 3, Number 3, September 2015



International Journal of Materials Science and Engineering

Fig. 7 illustrates the sensing response of 0.1M, 0.2M and 0.3M Fe203 modified ZnO-TiO2 thick films (with
molar ratio 7:3) towards 286 ppm of H2S with different operating temperatures. The figure illustrates that
the sensing response of the film is a function of Fe203 content. It is clearly seen that the response is
significantly higher for Fe203 modified ZnO-TiO2 thick films especially at lower temperature. 0.2M Fe203
modified ZnO-TiO2 thick film respond at room temperature and exhibits remarkable response 314.67 at
40 °C. This can be attributed to the optimum and systematic Fe203 distribution in ZnO-TiO2 matrix. The
amount and distribution of Fe203 in ZnO-Ti02 matrix play an important role in governing the H2S sensing
response. The maximum response may be due to Fe203 selectively catalyze the reaction rate of H2S on the
surface of film.

The H2S sensing mechanism for Fe203 modified ZnO-TiO2 thick film can be explain as; upon exposure of
H2S to the sensor; a surface reaction reduces the coverage of oxygen, causing returning of electron, here Fe-O
sites may be acting as active centers. The adsorption of H2S may be initiating from absorbed oxygen species
on Fe, resulting H2S dissociation with the formation of SO2 and H20 with the release of electrons. Due to this
process electrons are made free for conduction and causing increase in sensing response.

Fig. 8 illustrates the response of 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3) toward
different gases (286 ppm each) like NH3, CO2, H2S & LPG at 40 oC. The sensor exhibited maximum
response of 314.67 towards 286 ppm H2S as compared to other gases like CO2, LPG and NH3. It is negligible
for CO2 and LPG The high selectivity at low operating temperature may relate to the distribution of Fe203
which favors the adsorption of H2S as compared with other gases. The adsorption configuration of H2S
molecules and surface reaction on the Fe-O sites are responsible for the low temperature sensing response
towards H2S selectively.
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Fig. 8. Response of 0.2M Fe203 modified ZnO-Ti02 thick film (with molar ratio 7:3) toward NH3, CO2, H2S &
LPG at 40 oC.
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In practical application, response and recovery times of sensor for the particular gas are the important

factors. Response and recovery times are defined as the time reaching 90% of the final stable values. Fig. 9
illustrates response and recovery time of 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3)
towards 286 ppm H2S at 40 oC. It indicates that response time and recovery time of sensor is 8 s and 30 s

respectively. This result may be recommended for practical applicability of the sensor to detect H2S.
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Fig. 9. Response and recovery time of 0.2M Fe203 modified ZnO-Ti02 thick film (with molar ratio 7:3)
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Fig. 10. Stability of 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3) towards 286 ppm H2S at

40 oC.
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Fig. 10 demonstrated response of 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3) towards
286 ppm H2S at 40 oC for the period of 201 days in the interval of 40 days. It is observed that there is no
noticeable deviation in the sensor response. This is due to presence of TiO2 [40].

4. Conclusions

On the basis of experimental results and its discussions, the following conclusions can be made:

(i) Nanocrystalline ZnO-TiO2 materials were successfully synthesized by hydrothermal method. The
crystallite size of synthesized materials is of the order of 49-56 nm.

(ii) The sensor element based on 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3)
exhibited good response to 286 ppm H2S at room temperature and highest response of 314.67 at 40 oC.

(iii) The sensor element based on 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3) is more
selective toward H2S as compared to CO2, LPG and NH3. Also it exhibited quick response (8 s), rapid
recovery (30 s) and long time stability.

Hence sensor based on 0.2M Fe203 modified ZnO-TiO2 thick film (with molar ratio 7:3) fulfills the
practical requirement to detecting H2S at low operating temperature.
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ABSTRACT

The ZnO nanostructures have been synthesized and studied as the sensing element for the detection ofH,S
gas. The ZnO nanostructures were synthesized by Sol-gel method followed by sonication. By using screen
printing method, thick films of synthesized ZnO nanostructure were deposited on glass substrate. Gas
sensing properties of ZnO nanostructure thick films were studied for low concentration H,Sgas at different
temperature. ZnO nanostructure synthesized by this method can be used as a promising material for
semiconductor gas sensor to detect gas like H,S at above room temperature with high sensitivity and
selectivity.

Keywords: Nanostructure, ZnO, UV, FTIR, XRD, TEM, SEM, H,S Sensor.

1. INTRODUCTION

Today, when the world is prevailing on the roof of technology and electronics, mostly
dominated by compatible electronic equipments and thereby creating the need for materials
possessing useful properties. The world now demands a material that should possess inherent
properties like larger band gap, higher electron mobility as well as higher breakdown field strength.
So on making investigation about such a material the name of compound comes out is “Zinc
Oxide” which is a wide gap semiconductor material very well satisfying the above required
properties. Zinc oxide possessed many versatile properties for UV electronics, spintronic devices
and sensor applications. This ignites many research minds all over the world and creates interest to
develop proper growth and processing techniques for the synthesis of Zinc oxide.

The electrical, optical, magnetic, and chemical properties can be very well tuned by making
permutation and combination of the two basic structural characteristics that is cations with mixed
valence states, and anions with deficiencies (vacancies). Thus, making them suitable for several

application fields such as semiconductor, superconductor, ferroelectrics, magnetic and gas sensing.
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Nanostructured materials such as ZnO, SnO,, and WO;3; have shown good electrical
properties [1-13]. Among these nanostructure-semiconducting materials, ZnO has been studied
extensively for electrical application and gas sensing. Due to its versatility and multifunctionality
creates attention in the research field related to its electrical applicationsand gas sensing. A wide
number of synthesis techniques also been developed by which ZnO can be grown in different
nanoscale forms. Efforts were made to synthesize ZnO nanostructure with innovative morphology
by Sol-gel method. The synthesized ZnO shows good electrical conductivity. In the present work,

the efforts are made to study Characterizationand gas sensing of low cost (ZnO).

H.S is a toxic gas produced from the coal, oil and natural gas industries. In order to enhance
the sensitivity and selectivity of H,S, many attempts were made to synthesized nanostructure ZnO
with different morphologies [14-18].

I1. EXPERIMENTS
11.1. Synthesis of ZnO Nanostructure

All the chemicals used in this study were of GR grade purchase from Sd-Fine, India (purity
99%). The chemicals are used without any further purification. Zinc acetate dehydrate
Zn(0O,CCH3)2(H20),, sodium hydroxide, Methanol and deionized water was used during reaction.

In preparation Zinc Oxide (ZnO) 0.2M Zinc Acetate dehydrates was dissolved in 100 ml
deionized water was ground for 15 min and then mixed with 0.02 M solution of NaOH with the
help of glass rod. After the mixing the solution was kept under constant magnetic stirring for 15
min. and then again it was ground for 30 min. The white precipitate product was formed at the
bottom. Then abundant liquid was discarded and the product was washed many times with the
deionized water and methanol to remove by products. The final products was then filtered by using
Wattman filter paper and obtain precipitate in the form of white paste, now this paste was kept in a
vacuum oven at 80°C for 4hrs so the moisture will removed from the final product and we will get
dry product. Then this dry product was crushed into a find powder by using grinding machine and
finally this fine nano-powder of ZnO was calcinated at temperature 800°C for 6 hrs in the auto
controlled muffle furnace (Gayatri Scientific, Mumbai, India.) so that the impurities from product

will be completely removed and get a final product of ZnO nanoparticles.

11.2 Preparation of Thick Films
Thick films of synthesized nanostructure ZnO were prepared by using screen printing

technique. In present process, thixotropic paste was formulated by mixing the synthesized ZnO
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powder with ethyl cellulose (a temporary binder) in a mixture of organic solvents such as
butylcellulose, butyl carbitol acetate and turpineol. The ratio of ZnO to ethyl cellulose was kept at
95:05. The ratio of inorganic to organic part was kept as 75:25 in formulating the pastes. The
thixotropic pastes were screen printed on a glass substrate in desired patterns. The films pre-pared

were fired at 500°C for 12 hr. Prepared thick films were called as pure ZnO thick films.

I1l. MATERIALS CHARACTERIZATION
I11.1. Thickness Measurement

Thickness of all ZnO thick films were measured by using technique ‘“Marutek film
Thickness Measurement System” with the help of provided equipment. The thicknesses of all films
were observed in the range from 35 um. Thick films of approximately uniform thick-nesses were
used for further characterization.

111.2. UV-visible absorption spectrum

UV-visible absorption spectroscopyis widely used toolfor checking the opticalproperties of
nanosized particles.Figure 1 shows the UV-visible absorption spectrum of ZnO
nanoparticlescalcined at temperature 800°C for 6 Hrs. From the spectrum four peaks are observed
at 362nm, 318nm, 344nm and 296nm, out of this at 318 nm wavelength has been found maximum
absorption, if we calculate band gap for this wavelength it is 3.30eV, which is very close tothe
band gap of ZnO 1s-1s electron transition (3.37eV) [19].

233
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Figure 1: UV-visible absorption spectrumof Pure ZnO
111.3. FTIR analysis

FTIR analysis spectrum shown in figure 2, indicating significant absorption peaks at wave
numbers 4350, 4200, 3900, 3850, 1700, 1550 and 600, 510 cm™. The absorption band at 600 and
510 cm™ is obtained due existence of Zn-O bond stretching vibration [20]. The peaks at 1700 and
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1550 cm™ shows H-O-H bending vibration due to the adsorption of moisture, when FTIR sample
disks were prepared in an open air atmosphere. The remaining peaks between 4350 to 3850 cm™

are corresponding to O-H stretching vibrations [21].

Figure 2: FTIR absorption/transmission spectrum of Pure ZnO

111.4. X-Ray Diffraction Studies
The crystallographic structure of the synthesized ZnO nanostructure was characterized by

powder X-ray diffraction (Philips X-ray diffractometer) with Cu-a source and 26 range of 10° -
70°. Fig 3shows the XRD pattern of the ZnO nanostructure. The recorded XRD pattern confirmed
that synthesized ZnO are highly crystalline in nature. The corresponding X-ray diffraction peak for
(100), (002), (101), (102) (110), (103) and (112) planes confirm the formation of hexagonal
wurtzite structure of ZnO (JCPDS card no.-01-080-0075). The domain size of the crystal can be
estimated from the full width at half maximum (FWHM) of the peaks by means of the Scherrer
formula D = kA/Bsin® , where A is the wavelength of incident beam (1.5406 A), g is the FWHM of
the peak in radians, @ is the diffraction angle and K is Scherrer constant. The average particle size
was calculated from (101) peak ZnO is found to be 78 nm.

Using X’pert High Score Plus software it is confirm that synthesized zinc oxide powder

contains Zn and O elements only, not any impurity and another element.
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Figure 3: X- Ray diffraction Pattern of Pure Zinc Oxide (ZnO)

I11.5. Transmission electron microscope

Figure 4(a, b):shows transmission electron microscope image of ZnO nanostructure
synthesized by liquid-phase co-precipitation method. It is clearly seen from the TEM image that
the ZnO powders consist of large number of nanosphere which were cumulated to form superior

size crystal.

Fig 4 (a) Fig 4 (b)
Figure 4: Transmission Electron Microscope Pattern

111.6. Scanning Electron Microscopic Study

Figure 5 shows typical SEM images of the pure ZnO thick film prepared by screen printing
technique. The ZnO synthesized by liquid-phase co-precipitation method consist of randomly
distributed nanosphere as shown in Figure 5a and Figure 5b. Due to such a deposition of

nanosphere, surface to volume ratio of the ZnO may be increased.
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Fig 5 (a) Fig 5 (b)

Figure 5: Scanning Electron Microscope Pattern

IV. GAS SENSING PROPERTIES

The gas response of the sensor was defied as the ratio of the change in conductance of a
sample upon exposure to the target gas to the original conductance in air. Figure 6shows the gas
responses of ZnO thick films to H,S at operating temperature. This high response of ZnO thick
film to H,S may be due to the interaction of ZnO with H,S, forming ZnS [22-23]. ZnS exhibits
higher electronic conductivity as compared to pure ZnO.

Figure 6 also indicates the pure ZnO have maximum gas response to low concentration
H.S. The higher response ZnO nanostructure upon exposure to H,S may be attributed to the
decrease in concentration of oxygen adsorbents (O*) and a resulting increase in concentration of
electron.

The gas response was mainly dependent upon two factors. The first was the amount of
active sites for oxygen and the reducing gases on the surface of the sensor materials. It is seen form
TEM images Figure 4 (a), (b) .The surfaces pure ZnO contain more active sites .This could explain

why the response of pure ZnO thick films was higher than other thick films.
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Figure 6: Sensitivity of gas from mixture of gases

V. CONCLUSION

In summary, sensors were fabricated with ZnO nanostructures, which were synthesized by a
liquid-phase co-precipitation method followed by sonication, and their gas sensing properties were
measured. The results demonstrated that pure ZnO is very sensitive to low concentration H,S. Such
nanomaterials with innovative structure can be used for gas sensors to monitor hazards gas like
H,S.
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Abstract: This paper covers the synthesis of nanocrystalline mixed metal oxide by using
hydrothermal method. Common themes related to the synthesis are outlined and their
advantages over conventional reactions are described. Nanostructure ZnO-TiO; mixed metal
oxide was synthesized by hydrothermal technique. Structural characteristics of synthesized
material were studied by using X-ray powder diffraction (XRD), Fourier transform Infrared
spectrometer (FTIR), scanning electron microscope (SEM), energy dispersive spectrometer
(EDS) and transmission electron microscope (TEM). The average particle size of synthesized
mixed metal oxide (ZnO-TiO;) was found to be in the range of 56 nm. The transition from
microparticles to nanoparticles can lead to a number of changes in physical properties.
Nanoparticles are currently made out from wide variety of materials. The most common
name prominently used in the generation of nanocystalline ceramics, is transition metal
oxide such as ZnO-TiO,. Because it can provides solutions to variety of engineering and
scientific problems.
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INTRODUCTION

Nano-meter sized particles of metal oxide semiconductors are important because of their novel
electrical, optical, magnetic and chemical properties. It is important to mention here that
physical and chemical properties of materials depend on synthesis routes, governed by the
synthesizing conditions. The effect of particle size on the electronic and optical properties of
the nanosized particles during the growth of crystallite from molecular level to the bulk
material is important. In literature, several routes are described for synthesis of nanomaterials.
These are chemical, mechanical, gas phase and molten salt synthesis [1]. Hydrothermal
technique is the chemical synthesis method that allows fabrication of shape and size oriented
materials without involving any melting steps [2]. The advantages of the hydrothermal
technique are [3]: the duration of the experiments is reduced by two orders of magnitude
compared to classical synthesis procedures, crystal size, morphology and controls the level of
agglomeration for different ceramic oxides. It requires low cost instruments and less
consumption of energy as compared to other synthesis routes. It is also an eco-friendly method
[2]. Hence the hydrothermal technique is treated as the green technology which is useful for
synthesis of nanocrystallile metal oxide semiconductors.

Because of significant optical and electrical properties of ZnO, this material has been studied
extensively. Low cost of precursors, simplicity and high efficiency of its chemical synthesis
method encourage scientists to investigate on nano-ZnO. Note to this facts, ZnO has different
nano-morphologies at various synthesis conditions where by different properties can be
obtained [4, 5].

Titanium dioxide has promising applications in covering materials, air purification, self-
cleanliness, functional ceramics, cosmetics, catalysts, and waste water treatment [6, 7]. That is
due to its numerous particular physicochemical properties, such as large specific area, high
surface activity, good thermal diffusivity etc.

Nanocrystalline mixed metal oxides could be extended to the potential applications such as
chemical sensors, optoelectronic devices, photocatalysis, antibacterial activity etc. [4, 5]. Beside
this , the mixed metal oxide getting from transition metal oxides are started to use as humidity
and gas sensor. Use of these nanocrystalline materials can provide solution to difficult
engineering problems. ZnO-TiO; nano-composites have strong physical and chemical
interaction with adsorbed species and thereby these nano-composites have a variety of
applications as gas sensing materials, antistatic films, surface acoustic wave devices, catalysts
and antireflection coatings in solar cells [8-10]. Although a large volume of literature is available
on the synthesis of oxide nano-composite powders, very little attention has been given to the
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hydrothermal synthesis of ZnO-TiO, mixed metal oxide semiconductor. It is interesting to know
how the morphology and size distribution of obtained particles change by using this technique.

The objective of this work is to synthesize the nanocrystalline mixed transition metal oxide by
hydrothermal technique for different engineering and scientific applications.

2. EXPERIMENTAL DETAILS

For obtaining nanocrystalline ZnO-TiO, with molar ratio 1:1, analytical grade ZnO and TiO, were
dispersed in aqueous NaOH solution followed by hydrothermal treatment at 180 °C for 24 h in
Teflon-lined autoclave. Then it was allowed to cool naturally and the obtained precipitate was
isolated from the solution by centrifugation at 5,000 rpm for 30 min. and subsequently washed
with distilled water and ethanol and then dried at 120°C for 12 h. The synthesized material was
examined by X-ray diffraction (XRD, XPERT-PRO), Fourier transform infrared spectrometer
(FTIR, IR Affinity, SHIMADZU), scanning electron microscope (SEM, JSM6380, JEOL), energy
dispersive spectrometer (EDS, Bruker) and transmission electron microscope (TEM, Techai G2
20). All the chemicals used in the present work were of AR grade without further purification.

3. RESULTS AND DISCCUSTION
3.1 X-ray diffraction pattern

Fig.1 shows XRD patterns of synthesized ZnO-TiO, powder sample. From XRD, it is seen that the
material is polycrystalline in nature with mixed hexagonal and tetragonal phases. The
characteristic peak in the XRD pattern matches the hexagonal ZnO (JCPDS card no. 00-036-
1451) and tetragonal TiO2 (JCPDS card no 01-071-1166). Also the peaks which appeared at 26 =
29.95°, 36.83°, 56.74°, 62.18° and 70.41° correspond to Zn;TiO4 (JCPDS card no 01-073-0578).
The extra peak appeared at 20 = 44.8° is related to surface hydroxyl groups on the ZnO-TiO;
surface [11].

The average crystallite size (D) was determined by using Debye-Scherrer formula [12]:
D=09A/BCosBH ... (2)

Where A is the wavelength of incident beam (1.5406 A), B is the full width at half maxima
(FWHM) of the peak in radian and 0 is the diffraction angle. The average crystallite size of
sample was calculated from bordering of the diffraction line and found to be in the range of 56
nm.
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Fig.1. X-ray diffraction pattern of synthesized ZnO-TiO,.
3.2 Scanning electron microscope (SEM)

The SEM image of Synthesized ZnO-TiO; nanoparticles is shown in fig.2. Surface morphology
and structure were observed by SEM. From the image it is observed that the ZnO-TiO; particles
are of aggregate star like structure.

| "\
"*” 'q,‘;""' :
Wy

' r A -4
. o " ¥ _‘

18kU RK7.5088 ilpem 882793

'
»

. ?

Fig.2. SEM image of synthesized ZnO-TiO,.
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3.3 Transmission electron microscopy (TEM)

Fig.3 illustrates TEM image of synthesized ZnO-TiO, powder sample. The small amount of
agglomerations can be seen in the micrographs. TEM image indicates that the average
crystallite size of synthesized material is in the range of nanometer.

—i 50 nm

Fig.3. TEM image of synthesized ZnO-TiOa.
3.4 Fourier transform infrared spectroscopy (FTIR)

The FTIR spectrum of synthesized ZnO-TiO, material is recorded between 4000 — 400 cm™ and
presented in fig. 4. It is seen that the spectrum manifests several bands in the range of 1000 —
400 cm? related to the oxygen-metal linkage [13].

The band which had appeared at 406 cm™ is due to the stretching vibrations of Zn-O [14]; 419
cm corresponds to wurtzite zinc oxide [15] and band at 439 cm™ appeared due to anatase TiO;
[16]. The absorption bands in 3600 — 3200 cm™ are connected to stretching vibration of
hydroxyl group. This is assigned to the physical absorption of water [17]. The FTIR results are in
good accordance with XRD data.
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Fig. 4 FTIR spectrum of synthesized ZnO-TiO,.
3.5 Energy dispersive spectrometery (EDS)

The elemental composition of synthesized nanocrystalline ZnO-TiO, (with molar ratio 1:1) was
analyzed by using energy-dispersive spectrometer (EDS). Fig.5 shows EDS spectrum synthesized
ZnO-TiO; (with molar ratio 1:1). From the spectrum, it can be seen that there are no elements
other than O, Ti and Zn. The elemental composition of synthesized ZnO-TiO; (with molar ratio
1:1) is shown in table 1.
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Fig.5: EDS spectrum of synthesized ZnO-TiO,.

4. CONCLUSION

The nanocrystalline ZnO-TiO, mixed metal oxide semiconductor have been synthesized
successfully by hydrothermal technique. The average size of synthesized material was
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calculated by using XRD Scherrer formulae and it comes out to be in the range of 56 nm. The
XRD, FTIR, SEM, EDS and TEM characterization of synthesized material confirm the formation of
nanocrystalline ZnO-TiO,.

Table 1. Composition of nanocrystalline ZnO-TiO,.

Element ZnO-TiO2 (molar ratio 1:1)
Norm. wt.% Atom. at.%
0] 32.58 63.30
Zn 40.66 19.33
Ti 26.76 17.37
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ACT

l he present study was an attempt to diagnose
k. the usefulness of PCR in surveillance of malaria
1 infection in Melghat (M.S.) India. The 23
complicated cases where the morphologic
characteristics of malaria parasites fail were selected
for the present study. The diagnostic band for P. vivax
infection was represented with size of 120 bp while for
P. falciparum with size of 205 bp. From study, PCR was
observed to be more sensitive and specific than all
other techniques for confirmation of malaria in
complicated cases where morphological
characteristics of malaria parasites fails due to blood
film parasitaemia below the detectable level.

KEYWORDS :PCR, Malaria and Melghat Region.

INTRODUCTION:

Melghat is a mostly remote area of Amravati district of Maharashtra (India) located between
20°51’-21°46’ Nand 76°38’- 77° 33’ E in Northern part. Due to heavy rain and existence of conditions
which help breeding of mosquitoes, area is badly infested with malaria. According t WHO (1986),
Malaria continues to remain a major public health problem in many countries even after more than
four and half decades of organized anti-malaria control measures, initiated after the declaration of
World Health Assembly in 1955 (Kondrashin and Rashid, 1987). Molecular methods have shown a
promise in this aspect. Analysis of DNA by the polymerase chain reaction (PCR) can be a useful tool for
diagnosis of malaria when the results of conventional techniques are negative, especially since PCR
allows accurate species identification and can detect low level parasitaemia. PCR, a more
sophisticated technique, requires infrastructural support, is expensive and time taking than the
conventional thin smear examination and immuno-chromatography (Morassin etal., 2010).

The present study was attempted to diagnose the usefulness of PCR in surveillance of malaria
infectionin Melghat (M.S.) India.

METHODOLOGY
The present study was conducted during February 2012-January 2014. The 23 complicated

Available online at www.lsrj.in 1
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malarial cases were selected for confirmatory molecular diagnostic tests. The molecular tests such as
PCR can detect parasites in specimens where the parasitaemia is below the detectable level of blood
film examination. The Agarose gel (2%) analysis of a PCR diagnostic test for species-specific detection of
Plasmodium DNA was performed using nested primers of Snounou etal., (1993). Plasmodium genomic
DNA is extracted from 200 pl whole blood using the QIAamp Blood Kit. Detection and identification of
Plasmodium to the species level is done with a two step nested PCR using the primers of Snounou et al.,
(1993). In the first step (PCR 1), 1 pl of extracted DNA is amplified using genus specific primers; in the
second step (PCR 2), 1 ul of PCR1 amplification product is further amplified using species specific
primers. Ten pl of each PCR2 amplified DNA product is separated by 2% agarose gel electrophoresis
stained for 15 min with Ethidium bromide and visualized by UV illumination (Zakeri et al., 2002).

RESULTS AND DISCUSSION

The diagnostic band for P. vivax was represented with size of 120 bp while for P. falciparum with
size of 205 bp (Figure.1 and 2). The findings were in well agreements with Snounou et al. (1993),
Machado et al., (1998) and (Zakeri et al., 2010). It is well accepted that molecular methods are
developed and became more applicable in routine diagnosis. These methods also provide the
information about drug-resistance and genetic diversity of malaria parasites that led scientists to apply
these methods more commonly. Snounou et al. (1993) have reported that PCR has proven to be more
sensitive and accurate than routine diagnostic microscopy in detection and identification of the
parasites. WHO (2000) reported that PCR is more sensitive and specific than all other techniques. It is,
however, a lengthy procedure that requires specialized and costly equipment and reagents, as well as
laboratory conditions that are often not available in the field. Humar et al. (1997) have reported that it
is difficult to evaluate the specificity of PCR for the identification of P. falciparum or P. vivax in a single
sample with very low Plasmodium concentration; however, the evaluation of PCR method together
with the thinsmears can be accepted as the gold standard (Tantarpale and Tantarpale 2014).

Figure.1: Schematic representation of agarose gel electrophoresis of nested PCR products is from
clinical specimens using species-specific Oligonucleotide pairs for A (P. vivax), B (P. falciparum)

4 3 8 910111219

120 bp
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(A) The representative microscopically P. vivax diagnosed samples, which were positive by using P.
vivax-specific primers (left panel), and negative by P. falciparum-specific primers (right panel).

1239456 7801011121314

4— 205 phb

(B) The representative microscopically P. falciparum diagnosed samples, which were positive by using P.
falciparum-specific primers (right panel), and negative by P. vivax-specific primers (left panel)

CONCLUSION

In concluding the above results, it is cleared that the PCR is observed to be more sensitive and
specific than all other techniques for confirmation of malaria in complicated cases where Morphologic
characteristics of malaria parasites fails due to blood film parasitaemia was below the detectable level .
Itis, however, alengthy procedure that requires specialized and costly equipment and reagents, as well
as laboratory conditions that are often not available in the field.
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ABSTRACT
The present paper provides the information about the seasonal diversity and population dynamics of ophidian fauna
from Buldhana District Maharashtra, India. The study conducted during February 2012 to January 2014. During study the
effective protocol was adopted. Study reveals the presence of thirty three varieties of snakes belonging to six families of which ten
species were Abundant, four species were Common, eight species were Occasional, and six species Frequent while five were Rare. A
general trend of increased population was reported in monsoon while decreased reported during winter to early monsoon.

KEYWORDS : Diversity, Population, Ophidian Fauna, Buldhana.

Snakes! the very word evoke feelings of horror and
disgust in most of us. Snakes are also perceived as
messenger of death. They fascinate us more than any other
animals of the world. Snakes occupied deserts, forests,
marshy, swampy places, lakes, streams and rivers of
difficult terrains (Dhamankar 2006). The different
anthropogenic activities and modifying environment are the
biggest threats to the fauna and our current knowledge about
behaviour, natural history and status of ophidian species is
far from complete. So, one of the prime objectives of study
was to build a reliable data-base about the seasonal diversity
and population dynamics of these fascinating snakes from
Buldhana District (M.S.) India.

Buldhana district is situated in Amravati division
of Maharashtra state in Western India. It is situated at the
westernmost border of Vidarbha region of Maharashtra and
is 500 km from the state capital, Mumbai. It lies between
19°51' and 21°17' N. latitude and 75°57' and 76°59' E.
longitude. It has a total area of 9745 square kilometers (3761
square miles). The climate of this district is characterized by
a hot summer, well-distributed rainfall during the south-
west monsoon season and generally dry weather during the
rest of the year. The cold season is from December to
February (Joshi, 2011, Joshi etal., 2014).

METHODOLOGY
The study conducted during February 2012 to
January 2014 aims to examine monthly and seasonal

diversity and population dynamics of ophidian fauna from

'Corresponding author

Buldhana district, (M.S.) India. After detection, specimen
was photographed and identified with the help of visible
structural features. For identification and comparative
studies of observed specimens, keys and methods suggested
by Daniel (2002) Whitaker and Captain (2004), and Khaire
(2010) were adopted. The Diversity data was quantified
with the help of PAST Version 1.60 software (Hammer et al.
2001). The differences between the diversity and evenness
indices of snakes among different seasons were statistically

analyzed using Analysis of Variance.

RESULTS AND DISCUSSION

Buldhana district of Maharashtra (India) has
healthy environment and climatic condition, with classical
demography setup as mountainous terrain, rugged
configuration and sudden fall in elevation is phenomenal.
The thirty three varieties of snakes belonging to six families
have been identified within two years of search in the
Buldhana district. In these, the maximum species were non
venomous representing the Colubridae family. Such
community composition was also observed by Nande and
Deshmukh (2007) in Amaravati and Melghat (M.S.) India.
In the observations, characters were found almost same as
per existing records (Whitaker and Captain, 2008., Khaire,
2010).

A fauna was observed to be most diversified
during monsoons. A general trend of increased population
was also reported in monsoon while decreased reported

during winter to early monsoon. Such trends were shown by
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Table 1: Representing the Status of Ophidian Species in Buldhana District Maharastra India

Sr. | Scientific Name* Common Name* Type | Length | Relative | Occurr
No. Max. Domin -ence
(inch) -ance Status
Family: Typhlopidae
1. Grypotyphlops acutus Beaked worm snake NV 014 1.175 F
2. Ramphotyphlops braminus Common worm snake NV 006 4.837 C
Family: Pythonidae
3. Python molurus molurus Indian rock python NV 124 0.361 (0]
Family: Boidae
4. Gongylophis conicus Common sand boa NV 038 3.165 F
5. Eryx johnii Red sand boa NV 036 0.814 R
Family: Colubridae (NV)
6. Amphiesma stolatum Striped keelback NV 018 1.537 F
7. | Argyrogena fasciolata Banded racer NV 040 5.244 A
8. Coronella branchyura Indian smooth snake NV 012 0.271 (0]
9. Coelognathus h. helena Common trinket snake NV 048 5.289 A
10. | Coelognathus h. monticollaris Montane trinket snake NV 030 0.407 (0]
11. | Dendrelaphis tristis Bronzback tree snake NV 046 1.627 F
12. | Lycodon aulicus Common wolf snake NV 018 8.002 A
13. | Lycodon flavomaculatus Yellow spotted wolf snake NV 014 3.526 C
14. | Lycodon striatus Barred wolf snake NV 016 5.154 A
15. | Macropisthodon plumbicolour Green keelback NV 024 3.526 C
16. | Oligodon arnesis Common kukri snake NV 018 6.419 A
17. | Oligodon taeniolatus | .. - NV 014 0.723 (0]
18. | Ptyas mucosa Indian rat snake NV 090 10.17 A
19. | Sibynophis subpunctatus Black headed snake NV 018 0.949 (0]
20. | Xenochrophis piscator Checkered keelback NV 048 10.26 A
Family: Colubridae (SV)
21. | Ahaetulla nasuta Common vine snake Sv 036 0.769 (¢}
22. | Boiga trigonata Indian cat snake Sv 030 6.103 A
23. | Elachistodon westermanni Indian egg eater SV 030 0.045 R
24. | Psammophis condanarus Condanarus sand snake SV 042 1.763 F
25. | Psammophis leithii Leith’s sand snake SV 036 0.587 (0]
26. | Psammophis longifrons Stout sand snake SV 048 0.587 (0]
Family: Elapidae
27. | Bungarus fasciatus Banded krait v 036 0.045 R
28. | Bungarus caeruleus Common krait \% 060 4.611 C
29. | Calliophis melanurus Slender coral snake A" 015 0.135 R
30. | Naja naja India spectacled cobra \" 075 6.645 A
Family: Viperidae

31. | Daboia russelii Russell’s viper A" 048 6.238 A
32. | Echis carinatus Saw-scaled viper v 024 1.356 F
33. | Trimeresurus gramineus Green pit viper A% 016 0.090 R

Type: NV- Non Venomous; SV - Semi Venomous; V - Venomous

Occurrence Status: A- Abundant; C- Common; F-Frequent; O- Occasional; R- Rare

Indian J.Sci.Res. 6 (1) : 23-28, 2015
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Figure 1: Representing Status of Ophidian Species in Buldhana District Maharastra, India

Table 2: Representing Status of Ophidian Families in Buldhana District Maharastra India

Sr. Family Percent Relative Occurrence
No. occurrence occurrence Status

1. Typhlopidae 6.060 6.009 F

2. Pythonidae 3.030 0.366 R

3. Boidae 6.060 3.977 (0]

4. Colubridae 63.64 70.55 A

5. Elapidae 12.12 11.42 C

6. Viperidae 9.090 7.678 F
Occurrence Status: A- Abundant; C - Common; F -Frequent; O -
Occasional; R- Rare

f:: OPFercent Occurance
W Belative Oocumnce
fil
50
a0
30
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Figure 2 : Representing Status of Ophidian Families in Buldhana District Maharastra India
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Table 3: Diversity of Ophidian Fauna During February 2012 to January 2014 in
Buldhana District Maharastra India

Year / Month No. of Mean % Shannon Equitability® Species
species abundance” diversity” richness*
2012-13
Summer 22 09.684 2.851 0.9224 4.667
Monsoon 28 27.994 2.981 0.8947 5.403
Winter 21 11.472 2.664 0.8750 4.289
2013-14
Summer 19 09.324 2.671 0.9071 4.041
Monsoon 27 28.357 3.056 0.9274 5.117
Winter 25 13.169 2.964 0.9208 4.706
a = Mean percent abundance of snake populations was significantly different (F=31.413, df=05,
p<0.05). b = Diversity values of snake populations was significantly different (F=8.191, df=05,
p<0.05). c = Species equitability among different seasons was significantly different (F=17.274,
df=05, p<0.05). d = Species richness among different seasons was significantly not different
(F=1.412, df=05, p>0.05).

- o = S " ~ = = =
i L . " i
WA 1314
MON 1213
MON 1314
WIN 12-13
‘ BUM 12-13
‘ BLIM 1314

Figure 3.1 : Dendrogram Showing the Similarity of Ophidian Fauna in Different Seasons During
February 2012 to January 2014 in Buldhana District Maharastra India

every species from all families of snakes. Asthe Snakes are
cold-blooded animals accordingly during winter to early
summer they hibernate in their burrows or resting places,
which was the cause behind their minimum diversity in the

winter to early summer season. Due to favourable

26

environmental condition, monsoon is the breeding season
for most of the snakes' which leads to their maximum
population in rainy season (Joshi 2009, Pal etal. 2012).

The following tables provide complete
information about all the observed species.

Indian J.Sci.Res. 6 (1) : 23-28, 2015
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The Ptyas mucosa and Xenochrophis piscator
were showed the maximum while Calliophis melanurus,
Elachistodon westermanni and Trimeresurus gramineus
were observed with least relative dominance. (Figure 1)

The Colubridac family contributes maximum
percent as well relative occurrence while least was showed

by Pythonidae and Viperidae. (Figure 2)

R’=0.261 / P<0.0001
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c. No. of Species Vs. Equitability

The similarity in species composition with number
of species was observed maximum in Monsoon followed by
winter and summer (Figure 3.1). The number of species in
different seasons showed the significant relationship with
different diversity indices (Figure 3.2).
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Figure 3.2. Relation Between No. of Ophidian Species And Different Diversity Indices
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CONCLUSION

According to the observations, it has been
concluded that the Buldhana district Maharastra India, has
healthy environmental and demographic setup which
accommodates rich ophidian diversity. The snakes are the
Keystone species which plays an important role in
ecosystem functioning but are threatened by anthropogenic
activities as well as environmental alternation. The laws and
legislation are not just sufficient for protection of these
animals but it is necessary to raise the awareness levels by
providing important information about snakes to different
sections of people for conservation of ophidian biodiversity
in Buldhana district Maharastra, as well as neighborhood.
Because it is clear that disappearance of snakes will have
tremendous social and ecological implications.
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Saurian fauna

Introduction

The biological diversity of the earth and its origins has long been
a source of amazement and curiosity (Tantarpale 2015). The study
of biological diversity encompasses both the intrinsic and anthro-
pocentric values associated with it. The values of the biological
elements are recognized in correspondence to the perceived
importance by the human being, which is realized in terms of the
ecosystem services (Daily 1997; Baumgartner 2007). Biological di-
versity is the base for upholding the ecosystems and the functional
aspects of the species that provide goods and services for human
well-being. Monitoring of species diversity of a region enables
estimation of the prospective functional roles of the species. In any
ecosystems, monitoring species diversity can be used as a tool to
reduce human mismanagement and pollution in urbanized, in-
dustrial, rural, and other managed areas (Wilson 1997). Extending
this view, studies on species diversity in any ecosystems are
necessary to understand the effect of anthropocentric development
on the integrity and sustenance of an ecosystem.

The diversity of reptiles has been emphasized in many studies
owing to their dominance in the terrestrial and aquatic ecosystems
and provision of ecosystem services such as pest control and
ecological maintenance (Joshi 2014). Among reptiles, saurian fauna
is a diverse group that changes from the primitive to the special-
ized, phylogenetically, and their structural modifications exhibit
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E-mail address: psjoshi009@gmail.com (P.S. Joshi).
Peer review under responsibility of National Science Museum of Korea (NSMK) and
Korea National Arboretum (KNA).
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greater variations than any other group of reptiles (Smith 1935).
Lizards are members of the suborder Sauria which is one of the two
suborders of the order Squamata (Class: Reptilia). They are poiki-
lothermous, insectivorous, and oviparous to ovoviviparous
(Matthew 2007). Presently, lizards are one of the most diversified
groups of vertebrates that have ever lived on earth over the past
250 million years. Over 5,000 species of lizards have lived on earth,
inhabiting a variety of habitats ranging from the highest moun-
tainous peak to the low-lying terrestrial and aquatic habitats
(Lalrinchhana et al 2015). South Asia, including the Indian sub-
continent, is the home for herpetological diversities in the tropical
region with India harboring 228 Saurian species in different bio-
physical zones (Venugopal 2010).

In this context, the conservation of lizards is necessary to sustain
varied kinds of ecosystem services for human well-being. In view of
the essential ecosystem services rendered by lizards and to pro-
mote conservation management, the present study was aimed at
the estimation of the saurian diversity in the Buldhana District,
Maharashtra, India. The results of the study are expected to sup-
plement the necessary information on the conservation manage-
ment and enhance the ecological roles of the saurian species in the
Buldhana District and similar geographical regions.

Materials and methods
Study area

The Buldhana district (Figure 1) is one of the most diversified
regions in Maharashtra State of India, with respect to biodiversity.
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Figure 1. Buldhana District, Maharashtra, India.
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Table 1. Diversity of Saurian fauna during February 2014 to January 2015 in the Buldhana district, Maharashtra, India.

Family Scientific name Common name No. of IUCN Local
individuals national status

Agamidae Calotes versicolor Indian garden lizard 42 NE Abundant
(Daudin, 1803)
Calotes rouxii Indian forest lizards 16 NT Occasional
(Dumeril and Bibron, 1844)
Psammophilus blanfordanus Blanford’s rock agama 5 NE Rare
(Stoliczka, 1871)

Chamaeleonidae Chamaeleo zeylanicus Indian Chamaeleon 01 NE Rare
(Stoliczka, 1872)

Gekkonidae Hemidactylus brookii Brook’s house gecko 12 LC Rare
(Gray, 1930)
Hemidactylus flaviviridis Yellow-green House Gecko 35 LC Common
(Murray, 1886)
Hemidactylus frenatus Asian house gecko 25 LC Frequent
(Dumeril and Bibron, 1844)
Hemidactylus giganteus Giant Indian gecko 03 NE Occasional
(Stoliczka, 1871)
Hemidactylus leschenaultii Common bark gecko 42 LC Abundant
(Dumeril and Bibron, 1844)
Hemidactylus triedrus Termite hill gecko 10 NT Rare
(Daudin, 1802)

Scincidae Eutropis carinata Keeled grass skink 34 NT Common
(Schneider, 1799)
Eutropis macularia Bronze grass skink 40 LC Abundant
(Blyth, 1853)
Lygosoma punctatus Spotted supple skink 12 NT Rare
(Gmelin, 1799)

Varanidae Varanus bengalensis Bengal monitor lizard 18 VU Frequent

(Daudin, 1803)

LC = least concern; NE = not evaluated; NT = nearly threatened; VU = vulnerable.

Its healthy climate, mountainous terrain, rugged configuration, and
sudden fall in elevation are phenomenal (Joshi et al 2015). It is in
the Amravati division of Maharashtra state in Western India. It is
situated at the westernmost border of the Vidarbha region of
Maharashtra, and is 500 km from the state capital, Mumbai. It lies
between 19°51’ N and 21°17’ N latitude and 75°57’ E and 76°59' E
longitude. It has a total area of 9,745 km? (3,761 square miles). The
climatic condition of this district is characterized by a hot summer,
well-distributed rainfall during the south-west monsoon season,
and generally dry weather during the rest of the year. The cold
season is from December to February. The average annual rainfall in
the district is 796.6 mm (31.37 inches). During summer, the mean

daily maximum temperature was 42.3°C and the minimum was
274°C, and it decreased toward winter with a mean daily
maximum temperature of 27.6°C and a minimum of 15.1°C
(Buldhana Gazetteer 2015).

Survey methods

The present study is based on the field work carried out in the
study sites during February 2014 to January 2015. During the sur-
vey, an efficient protocol was adopted. The survey was made using a
“visual encounter survey” method (Doan 2003) as well as by
employing randomized walking (Whitaker 2006). The selected area

Relative dominance of species
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Figure 2. Relative abundance of saurian species in the Buldhana district, Maharashtra, India.
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Figure 3. Relative dominance of saurian families in the Buldhana district, Maharashtra, India.

was randomly explored on the basis of habitat structure and the
possibility of availability of species.

Species identification

After detection, a specimen was identified with the help of
visible structural features. For identification and comparative
studies of observed specimens, keys and methods suggested by
Daniel (2002), Das (2002), and Ahmed et al (2009) were adopted.
The International Union for Conservation of Nature (IUCN) status of

each encountered species was categorized on the basis of Molur
et al (1998), Kumbhar et al (2013), and Alexandar and Jayakumar
(2014).

Data analysis

Species occurrence analysis was carried out by using the
following formulas. Relative dominance (RD) of species was
calculated as [RD = Ni x 100/Nt], where Ni is the number of in-
dividuals of species and Nt is the total number of individuals of all

Euclidean distance index
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Figure 4. Dendrogram showing similarity in number of saurian species composition among the studied month during February 2014 to January 2015.
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species (Basavarajappa 2006; Joshi 2014). Relative occurrence (RO)
of the family was calculated as [RO = Ns x 100/Nt] where Ns is the
number of species of each family and Nt is the total number of all
species (Basavarajappa 2006; Joshi 2014). Mean percent occurrence
(M%) for a month was calculated as [M% = Nm x 100/Nt] where Nm
is the number of individuals in each month and Nt is the total
number of individuals during the complete study tenure
(Basavarajappa 2006; Joshi 2014). The mean values of the pooled
species occurrence data were used to calculate the monthly di-
versity of and to categorize the local status of species.

The diversity assessment enabled highlighting the observed
species richness pattern of the saurian species. The diversity indices
were quantified with the help of PAST Version 1.60 software
(Palaeontological Asso., Norway; Hammer et al 2001). The species
diversity was calculated using the Shannon diversity index that
calculated [H' = —S_F_, Pi log Pi], where Pi is the proportion of the
first species which is given by Pi = ni/N, where ni is number of in-
dividual in particular month and N is total number of species; species
richness was obtained by using the Margalef equation [R = (S-1)/log
N], where R is the index of species richness, S is total number of
species and N is the total number of individuals (Magurran 1988);
while species equitability was determined by the equation of Pielou
[J] = N1/Np] where Nj is the number of abundant species in the
sample and Ng is the number of species in the sample (Hammer et al
2001). The similarity association matrix upon which the cluster was
based was computed using the nearest neighbor pair linkage algo-
rithm of Euclidean distance index for the presence and absence data
(Hammer et al 2001).

Mean % abundance
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Oct

Aug

Species richness
Feb

Nov

Oct

Aug

The differences between the diversity and evenness indices
among different study months were statistically analyzed using
analysis of variance. The statistical analyses were performed
following Zar (1999) using the SPSS version 10 (SPSS Inc., Chicago,
IL, USA; Kinnear and Gray 2000).

Results

During the study, a total of 295 individuals of 14 saurian species
belonging to 5 families were identified (Table 1). From the observed
species, 3 were abundant, 2 were common, 2 were frequent, 2 were
occasional, and 5 were rare. The maximum abundance was shown
by Calotes versicolor followed by Hemidactylus leschenaultii and
Eutropis macularia, while Chamaeleo zeylanicus was the most rarely
observed with least abundance (Figure 2). During the study, the
Gekkonidae family was observed to be more dominant over the
Scincidae, Agamidae, Varanidae, and Chamaeleonidae families
(Figure 3).

A monthly comparison of saurian species occurrence showed
the highest number of species during June to September and the
lowest during February to May. A dendrogram developed by
Euclidean distance cluster analysis was observed to be multifaceted
and showed variation in the level of similarity in the number of
saurian species in 12 months. The months with the minimum to
moderate number of species belong to one cluster, whereas the rest
of the months with moderate to maximum number of species
formed another cluster (Figure 4).

Shannon diversity
Feb

2.

Aug

Equitability
Feb

Aug

Figure 5. The values of the diversity indices in different months observed through the random sampling of the Saurian fauna in the Buldhana District, Maharashtra, India.
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A monthly comparison of species diversity attributed to saurian
fauna in the studied area revealed that faunal diversity was highest
during June to September while lowest during February to May.
Mean percent abundance of saurian fauna was significantly
different (F = 30.314, df = 11, p < 0.05); Shannon diversity values of
saurian fauna were significantly different (F = 9.813, df = 11,
p < 0.05); species evenness among different months was signifi-
cantly different (F = 16.824, df = 11, p < 0.05) while species richness
among the study months was not significantly different (F = 1.526,
df = 11, p > 0.05) showing a contradictory pattern. A trend in mean
% abundance was noted to be nearly similar to that of Shannon
diversity although species richness and species equitability showed
contradictory patterns (Figure 5).

Discussion

The utility of saurian species as indicators of environmental
conditions is a basis for studying seasonal saurian diversity. Ob-
servations on the saurian diversity provided information about the
variations in the species richness and the abundance shaped by the
seasons. The differences in the diversity can be attributed to the
monthly changes in the climatic conditions. In the present context,
a monthly comparison of saurian species occurrence showed the
highest number of species during June to September and the lowest
during February to May.

The possible cause behind their minimum diversity in the
winter months to early summer months is the cold-blooded nature
of reptiles. Lizards preferred to hibernate in their burrows or resting
places during winter to early summer. Species were generally
observed more during monsoon months. According to Pal et al
(2012) and Joshi (2014), due to favorable environmental condi-
tions, the monsoon season is the breeding season for most of the
reptiles, which leads to their maximum abundance in rainy months.
Earlier studies on the saurian diversity in various parts of Maha-
rashtra show consistency with the present observations (Wadatkar
2003; Deshpande et al 2012; Kumbhar et al 2013; Pandharikar et al
2015).

As revealed through the present study, at least 14 saurian spe-
cies belonging to 5 families were recorded during all the studied
months. In the observations, characters of the studied species were
found to be almost the same as per existing records of Daniel (2002)
and Ahmed et al (2009). The maximum abundance was shown by
Calotes versicolor followed by Hemidactylus leschenaultia and
Eutropis macularius, while Chamaeleo zeylanicus was the most
rarely observed with the least abundance. During the study, the
Gekkonidae family was observed to be more dominant over Scin-
cidae, Agamidae, Varanidae, and Chamaeleonidae.

In parity with the species diversity observed in the Buldhana
district, it may be assumed that the saurian species carry out
diverse functional roles for the sustenance of the ecosystems. The
availability of the green space and the heterogeneity of the habitats
in terms of the available vegetation and allied factors that render
stability to the population and species assemblages in the land-
scapes are possibly important contributors to the observed varia-
tions in the saurian species observed in the present study. The
present diversity study is confined to a limited area and selected
habitats. There is, in the future, a chance of more species being
reported because of few pockets and habitats in the studied area
requiring more extensive exploration.
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ABSTRACT

he current report is on the basking activity of

Indian monitor lizard that was noted during 18

to 24 October of 2014 from an agriculture field
of Jalgaon (Jamod), District Buldhana of Maharashtra
(India) (Tablel). Indian Monitor Lizard Varanus
bengalensis (Daudin, 1802) is diurnal and ectothermic
animal that rely largely on external heat sources such
as sunlight for thermoregulation. The species
exhibited basking at morning to afternoon and some
time showed twice a day that is in morning and
afternoon both. After basking, species became more
active, showed fast movement and quick capture of

their prey.

Keywords: Varanus bengalensis, Basking activity, Buldhana, Maharashtra.

Introduction

The Indian monitor lizard Varanus bengalensis (Daudin, 1802) found widely distributed over
the Indian Subcontinent (Daniel, 2002; Bohme, 2003; Venugopal, 2010). It has ‘Least Concern’ status
in IUCN Red List of Threatened Species (Papenfuss et al., 2013). Indian monitors are usually solitary
and mostly found on the ground, although the young are often seen on trees. It is ectothermic animal
that rely largely on external heat sources such as sunlight to achieve their optimal body temperature
for various bodily activities and thermoregulation. As species is diurnal, becoming active around 6
A.M. and bask in the morning sun (Auffenberg, 1994). Here this report provides the knowledge about
basking activity of Varanus bengalensis from Buldhana District of Maharashtra (India).

Methodology

The basking activity of Varanus bengalensis were observed over 07 consecutive days during 18
to 24 October 2014 from Agriculture field of Jalgaon (Jamod), District Buldhana of Maharashtra
(India). The habitat located between N 210 02’ 31.2” and E 760 31’ 56.64" at elevation of 291 m.

Available online at www.lsrj.in 1



BASKING ACTIVITY OF INDIAN MONITOR LIZARD (VARANUS BENGALENSIS)IN BULDHANA .........

During study period, climate was generally dry as no rain occurred. The observations were made by
‘Visual encounter method’ suggested by Campbell and Christman (1982) for reptiles. The continuous
observations were made with the help of using binoculars as well with necked eyes from early morning
to late evening. During studied hours, temperature was also noted to establish their correlation with
baskingtenure.

Figure 1.Google Earth Map of Study area from Agriculture field of Jalgaon (Jamod), District Buldhana
(M.S.) India with location of habitat occupied by Varanus bengalensis

Observations and Results

The current report is on the basking activity of Indian monitor lizard Varanus bengalensis. The
Habitat of species was structurally a long hollow crevice with an opening width of size near about 50-60
cm. The species exhibited basking at morning to afternoon and some time show twice a day that is in
morning and afternoon both. Morning basking observed begins around 07.30 A.M. t0 09.30 A.M. while
afternoon basking begins near about 01.00 P.M. to 02.00 P.M., and continues until 03.00 P.M. Species
showed out its head from crevice opening at early morning suggesting that animal is waiting for the
maximum sun light. As the light radiate to the opening of habitat, species move very slowly, comes
straight out from crevice to gain maximum sun light. During basking activity, species remain steady for
about an hour. After then species moved slowly up its head in direction of stimulus, captured prey or
turn back toits crevice. Nearly same observations were also noted at afternoon period but the duration
of exposures was less than morning hours. These observations were clears that the duration of basking
increases with decrease in temperature (Figure 3). After basking, species was observed to be more
active.
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Figure 2: The Indian monitor lizard Varanus bengalensis (Daudin, 1802)

The observations on basking behaviour of Indian monitor lizard were as tabulated below.

Table 1. Observation on basking activity of Indian monitor lizard

Sr. Date Basking Duration (Min.) | Temperature
Morning | Afternoon (OC)

01 | 18-10-2014 110 040 38

02 | 19-10-2014 095 038 39

03 | 20-10-2014 125 057 33

04 | 21-10-2014 135 063 32

05 | 22-10-2014 120 069 35

06 | 23-10-2014 134 062 30

07 | 24-10-2014 105 055 33

Figure 3: Relation between Temperature and Basking duration
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Discussion

Study area has healthy environment and climatic condition, with classical demographic setup
(Joshi et al., 2015). The available environment supports the life history of Varanus bengalensis. The
monitor lizards basks by taking advantage of sun exposure (Pianka and King, 2004; Murthy, 2010; Islam
and Saikia, 2013) that is evidence of their ectothermic nature which supports the thermoregulation
mechanism of their body (Auffenberg 1994). With basking activity, monitor lizard increase its body
temperature to the optimum level that physiological functions viz. heart rate and cardiovascular
control can be well operated (Christian and Bedford, 1996; Seebacher and Grigg, 2001).

After basking, the Varanus bengalensis was observed to be more active, showed fast movement
and quick capture of their prey. The present observations are in accordance with Traeholt (1997), in
which the monitor followed sunlight to receive solar radiation and to increase its body temperature
before commencing its daily activities (Rathnayake et al., 2003). This observation is also in agreement
with the compiled knowledge that many reptiles regulate their body temperatures by basking in the
sun until the temperature rises to the level requisite for their normal activity. Basking before returning
to its refuge should be required in order to maintain physiological activity (Duengkae, 2008; Deungkae
and Chuaynkern, 2009; Vitt and Caldwell, 2009).

The monitor lizard does not make its refuge. As found in previous research (Pattanavibool,
1993; Poonswad, 1997); it prefers to inhabit the refuge like long hollows crevice rather than burrows.
Hence, the available refuge like long hollows crevice are an essential factor that supports the
occurrence of Varanus bengalensis in the studied area from Buldhana District of Maharashtra (India)
and should be considered as an important factor for the management and conservation of this
incredible species orits congener.

Conclusion

In conclusion, the Varanus bengalensis is usually solitary and mostly found on the ground. It is
diurnal ectothermic animal that rely largely on external heat sources such as sunlight to achieve their
optimal body temperature for various bodily activities and thermoregulation. The species exhibits
basking at morning to afternoon and some time show twice a day that is in morning and afternoon.
After basking, species became more active, showed fast movement and quick capture of their prey.
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Abstract:

The aim of this study was to assess the effect of garlic (Allium sativum) on growth performance in the fresh water
fish Clarias batrachus (Linn.) A total number of 80 fish (average weight 20.86+0.27 g) was used. Fish were divided
into four groups fed on diets containing garlic in different levels and the control group diet was without garlic. The
experiment extended for two months. The results showed that, significant weight gain and growth performance
increased in all groups fed on garlic. The results of this study show that addition of garlic Allium sativum to fish

diet can promote growth of fish.

Keywords: garlic (Allium sativum), growth factors, fresh water fish (Clarias batrachus).

Introduction

Feed and feeding are among the most
important influencing growth, feed
utilization and tissue composition of the fish in
intensive culture (Okumus and Mazlum, 2002).
Garlic is an important vegetable extensively
cultivated in many countries. It is used as food
for humans as well as some animals and as
remedy for several diseases, as reported in folk
medicine (Shalaby et al., 2006). It is probably
one of the earliest known medicinal plants. In
recent years, the concern about bacterial
resistance to antibiotics in livestock industry
has led to legislation minimizing/eliminating the
use of such compounds. Garlic contains sulfur
containing compounds. Alliin, is converted to
the antimicrobial active allicin, when the bulb is
cut or bruised. The fresh bulb contains Alliin,
Allicin and volatile oils. Allicin gives garlic its
characteristic pungent smell. Also, it contains
vitamins and minerals and trace elements
(selenium and germanium) (Skidmore-Roth,
2003). Allicin (diallythiosulfinate) is the most
abundant compound representing about 70% of
all thiosulfinates present, or formed in crushed
garlic (Block, 1992; Han et al., 1995). Using of
garlic in fish farming has become popular for as
a growth promoter (Diab et al., 2002; Metwally,
2009) also it increased body gain, feed intake
and feed efficiency ratio (Abd-El Allatif and
Ebraheem, 1996; Metwally, 2009).
This work was carried out to study the effect of
different values of garlic on growth factors in
Clarias batrachus.

factors

Material and Methods

1. Experimental fish: The Clarias batrachus
(20.88+0.25 g
commercial farm and were transferred to the
place of experiment and acclimated for 2

were obtained from a

weeks. During the acclimation, fish were fed
the experimental diet to satiation twice a day
at 09:00 and 15:00 hours. After acclimation,
fish were fasted for one day; batch weighted
and randomly distributed among density of 20
fish per tank.

2.Experimental diet and feeding regime: The
basal experimental diets were formulated with
the commonly available ingredients. The
formula and analyzed proximate composition
of the basal diet are shown in Table 1. The
ingredients were grinded, milled, weighed,
mixed and pelleted with meat mincer through
a 2 mm die. After pelleting, the feeds were air
dried and put in an air-tight container. During
the experiment, fish were fed the experimental
diet to satiation third a day at 08:00, 12:00
and 16:00 hours.

3.Measurements and sample analysis: It was
carried out each 20 days. Water temperature
was 15°C, 02 7-8 mgl-1, pH 7-8 and light:
dark cycle of 12:12 h was maintained during
the feeding trial. Proximate composition of
diets and tissues were carried out using the
Association of Analytical Chemists (AOAC,
2000) methods.

4.Calculations and statistical analysis: The
following variables were calculated:

a) Body weight increase (BWI) = Wt — WO (Tacon,
1990)

b) Specific growth rate (SGR) = (In Wt — In WO) x
100 t -1 (Hevroy et al., 2005)

Where, Wt and WO Final and initial fish

weights (g), respectively,

(t) = the experimental period in da

c) Feed conversion ratio
_ Total dry feed consumed (g)
(FCR) total weight gained (g) (Shalaby et al.,
2006)
d) The data obtained from the trial is

expressed as mean (£SD).

Results and Discussion:
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Growth performances of the fishes after
60 days of feeding are summarized in Table 2.
Third fish group had higher final weight, weight
gain, and SGR than fish fed on other levels of
garlic and control. The highest amounts of dry
feed intake (g/fish/day) were seen in the same
third fish groups. Results also show that FCR
decreased significantly to 1.39+£0.01 in the third
group.

It is clear that garlic is a main vegetable
extensively cultivated in many countries. It is
used as food for humans as well as some
animals and as remedy for several diseases, as

ISSN 2347 - 517X

reported in folk medicine (Shalaby et al., 2006).
In this study the highest growth performance
was observed in fish fed diets containing garlic,
especially on 30 g garlic. It agrees with studies
results of Diab et al., (2002), Abou-Zeid, (2002),
Shalaby et al., (2006). Feed intake increased
with increasing Allium sativum levels. Feed
conversion ratio decreased with increasing
Allium sativum levels. These results are also in
agreement with those obtained by Gomes et al.,
(1993), Degani et al., (1997), Khattab et al.,
(2004) and Farahi et al., (2010).

Table 1. Formulation and proximate composition of the basal fish diets
Ingredients Control Allium sativum diets Ingredients (g /100g diet)
Meat 25 25 25 25
Wheat 50 47 44 41
Soybean 20 20 20 20
Soybean oil 05 05 05 05
Garlic 00 03 06 09
Table 2: Effects of garlic on growth parameters in fish fed on experimental diets(g/100g)
Parameters Control I II III
Initial weight(g) 20.87+0.30 20.83+0.09 20.85+0.34 20.89+0.33
Final weight (g) 97.05+3.10 105.7614.12 111.51+4.23 115.88+42.51
BWI (g) 76.81+3.39 86.81+4.13 90.03+4.56 98.02+3.42
SGR 1.53+0.06 1.62+0.05 1.68+0.04 1.71+0.03
FCR 1.61+0.05 1.45+0.04 1.43+0.05 1.39+0.01
Feed intake (g) 119.12+1.29 123.35+2.31 127.24+1.33 133.02+2.12

Figure 1.(a to f): Effects of garlic on growth parameters in fish fed on experimental diets
a) Initial Weight b) FinalWeight
20.9 -+ 120
20.88 - 115 1
110 o
20.86 - 105
20.84 - 100 -
95 -+
20.82 I %0 -
20.8 - T T T 85 - T T :
Control 10g/kg 20g/kg 30g/kg Control 10g/kg 20g/kg 30g/kg
c) BWI d) SGR
120 1.75 4
100 - 177
80 1.65 -
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e) FCR f) Feed Intake

1.65 - 135 -

16 -

155 - 130 1

15 - 125 -

145 -

14 - 120 -

1.35 1 115 -

1.3

1.25 - ) 110 -

Control 10g/kg 20g/kg 30g/kg Control 10g/kg 20g/kg 30g/kg
Conclusions Han J., Lawson L., Han G. and P. Han (1995):

From obtained results, it could be

recommended that garlic (Allium sativum) can be
used as a growth promoter in Clarias batrachus
so garlic should be added to the diets of fish.
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ABSTRACT
mravati district is a district of Maharashtra
state in central India. It is transverse by many
rivers like Tapi river, Purna river, Wardha river,
Chandrabhaga river, Shahanoor river and river River
with their numerous tributaries. The study was
conducted during June 2013 to September 2014.
# These river hosts many of fish species; total of 36
' species belonging to 11 families were recorded. These
' families were; Cyprinidae (20), Channidae (03),
Mastocembelidae (03), Ambassidae (02), Bagridae
. (02), Siluridae (02), Gobiidae (01), Notopteridae (01),
- Saccobranchidae (01), Clariidae (01), and Belonidae
4 <% b 4. (01). The river and tanks of studied area have faced
major alteratlons in the recent years due to several anthropogenic activities like increasing
urbanization, industrialization and various recreational activities. Since the fish fauna in Amravati
District also supports the livelihood of several economic classes. So there is an urgent need to
understand the conservation priorities and to design and implement conservation action plans.

KEYWORDS :Amravati, Freshwater fish fauna, River ecosystem, Threats.

INTRODUCTION:

The biological diversity of the earth and its origins has long been a source of amazement and
curiosity (Joshi et al., 2013). The diversity of fish has long been a source of amazement and curiosity.
Around the world approximately 22,000 species of fishes have been recorded out of which 11 % are
found in India that is about 2500 species of fishes of which, 930 live in freshwater and 1,570 are
marine (Kar, 2003; Ubharane et al., 2011). From 18 century till to date various pioneers have been
studied about Taxonomy and Ichthyofaunal diversity (Hamilton, 1822; Day, 1878; Menon, 1992) from
different rivers. However scanty information is available on fishes hence an attempt has been made
here to present piscine inventory from the Amravati District (M.S.).

Amravati district is district of Maharashtra state in central India. The district is situated
between 200 32’ and 210 46’ north latitudes and 760 37’ and 780 27’ east longitudes with tropical
climate.. The district occupies an area of 12,235 sg.km. The district is bounded by Baitul District of
Madhya Pradesh state to north, and Nagpur district to northeast, Wardha to the east, Yavatmal to the
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south, Washim to the southwest, and Akola and Buldhana district to the west. The district comprises of
several rivers and impounded water sources. The Wardha river forms the eastern boundary of district
and the eastern portion of the district lies within its water shade. The Purna drains the southwestern
portion of district while the northwest is drained by the Tapti river. The other important rivers are
Chandrabhaga, Shahanoor, Waan river etc. with their numerous tributaries (Amravati Gazetteer 2015).

Figure 1. Amaravati District (M.S.) India

These rivers and Tanks have faced major alterations in the recent years due to increasing
urbanization, industrialization and various recreational activities. Reassessment of the fish fauna and
identifying the threats, so as to build baseline information for possible conservation action plans are
thus a priority. For the current study, stretches of the rivers were sampled to identify the current status
and threats to the freshwater fish fauna of Amravati District (M.S.) India.

METHODOLOGY:

Fish were collected from local fisherman and local markets located on the rivers from June 2013
to September 2014. Fish were preserved in 4% formaldehyde and identified using available literature
(Day, 1996; Menon, 1987, 1992; Talwar and Jhingran, 1991; Jayaram, 2010; Eschmeyer and Fricke,
2011). Assuming that the fishing effort for a given type of net (gill net or drag net) was constant, the
relative abundance of the fish was grossly categorized (for each type of net separately) into four
categories, namely: abundant (76-100 % of the total catch), common (51-75 % of the total catch),
moderate (26-50 % of the total catch) and rare (1-25 % of the total catch). The Diversity data was
quantified with the help of PAST Version 1.60 software (Hammer et al. 2001). The differences between
the diversity and evenness indices of fishes among different rivers were statistically analyzed using
Analysis of Variance.
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RESULTS AND DISCUSSION:

During study, total of 36 species belonging to 11 families were recorded (Table 1). These families
were; Cyprinidae (20), Channidae (03), Mastocembelidae (03), Ambassidae (02), Bagridae (02),
Siluridae (02), Gobiidae (01), Notopteridae (01), Saccobranchidae (01), Clariidae (01), and Belonidae
(01) were recorded(Figure 1). Of these species; 08 were Abundant, 09 were Common, 14 were
Moderate while 05 were Rare. From the observed species, Catla catla, Labeo rohita and Clarias
batrachus are most commercially important fishes. Previously Lohar and Borse (2003) was reported 24
fish species belonging to 7 families in Tapi river. Aswell Joshi et al., (2012) were reported 20 species of 7
families from Purna river. In these reported fishes, Cyprinidae family was more dominant. Many
researchersreported the strong dominance of Cyprinidae family in their investigations.

Table 1: Ichthyological Fauna of Amravati District of Maharashtra (India).

Sr. | Family Species Author Abundance
1. | Cyprinidae Acanthocobities murreh Sykes, 1839 Abundant
2. Amblypharyngodon mola Hamilton, 1822 Moderate
3. Catla catla Hamilton, 1822 Abundant
4, Cirrhina mrigala Hamilton, 1822 Abundant
5. Crossocheilus latius Hamilton, 1822 Moderate
6. Ctenopharyngodon idella | Steindachner, 1866 Moderate
7. Cyprinus carpio Linnaeus, 1758 Rare

8. Garra Mullya Sykes, 1839 Common
9. Labeo baggut Sykes, 1839 Rare
10. Labeo bata Hamilton, 1822 Rare
11. Labeo calbasu Hamilton, 1822 Moderate
12. Labeo rohita Hamilton, 1822 Common
13. Osteobrama cotio Hamilton, 1822 Moderate
14. Pethia ticto Hamilton, 1822 Common
15. Puntius saphore Hamilton, 1822 Common
16. Puntius sarana Hamilton, 1822 Rare
17. Puntius ticto Hamilton, 1822 Moderate
18. Rasbora daniconious Hamilton, 1822 Common
19. Salmophasia bacaila Hamilton, 1822 Common
20. Salmophasia balooki Sykes, 1839 Common
21. | Ambassidae Chanda nama Hamilton, 1822 Moderate
22. Parambassis ranga Hamilton, 1822 Common
23. | Gobiidae Glossogobius giuris Hamilton, 1822 Moderate
24. | Bagridae Mystus cavasius Hamilton, 1822 Abundant
25. Sperata seenghala Sykes, 1839 Moderate
26. | Notopteridae Notopterus notopterus Gunther, 1839 Rare
27. | Siluridae Ompok bimaculatus Bloch, 1793 Moderate
28. Wallago attu Schlegel, 1839 Moderate
29. | Saccobranchidae | Heteropneustes fossilis Bloch, 1793 Moderate
30. | Clariidae Clarias batrachus Linnaeus, 1758 Abundant
31. | Channidae Channa punctatus Bloch, 1793 Abundant
32. Channa striatus Bloch, 1793 Abundant
33. Channa orientalis Bloch, 1793 Common
34. | Mastocembelidae | Mastocembelus armatus Lecepede, 1800 Moderate
35. Mastocembelus pancalus Hamilton, 1822 Moderate
36. | Belonidae Xenentodon cancila Hamilton, 1822 Abundant
* Taxonomic status as per Jayaram (2010)
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Figure 1. Percent Occurrence of different Ichthyological families from
Amravati District (M.S.) India
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The differences between the diversity and evenness indices of fishes among different rivers
were statistically analyzed (Table 2).

Table 2: Diversity measures Ichthyological fauna in different seasons during June
2012 to May 2014 from Amravati District, Maharashtra (India)

Year / Month No. of Relative Shannon | Equitability® Species

species | abundance* | diversity” richness®
Tapi 36 19.25 3.045 0.8941 5.413
Purna 35 18.71 2.870 0.9267 5.124
Wardha 33 17.64 2.853 0.8761 4,278
Chandrabhaga 31 16.58 2.740 0.9219 4,713
Shahanoor 27 14.43 2.569 0.9279 4.659
Waan 25 13.36 2.553 0.9068 4.038

a = Mean percent abundance among different rivers were significantly different
(F=28.138, df=05, p<0.05). b = Diversity values among different rivers were
significantly different (F=8.206, df=05, p<0.05). ¢ = Species equitability among different
rivers were significantly different (F=15.176, df=05, p<0.05). d = Species richness
among different rivers were significantly not different (F=1.536, df=05, p>0.05).

Cluster analysis was carried out to assess the similarity in number of fish’s species composition
among the studied rivers. The similarity association matrix upon which the cluster based was
computed using the nearest neighbour pair linkage algorithm of Euclidean distance index for presence
and absence data. Cluster shows the maximum number of species were reported from Tapi followed by
Purna, Wardha, Chandrabhaga, Shahanoor and lowest from Waan (Figure 2).
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Figure 2. Dendrogram showing similarity in number of fish species composition among the
different seasons
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During study, the average number of specimens collected in different seasons. For comparing
the catch successin different season, the average values of catch success were used as a simple mean of
total species collected per attempt. Catch success was highest in Monsoon months followed by winter
while itwas comparatively lowin Summer (Figure 3).

Figure 3. An average catch Success in different Seasons
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A comparison of species diversity attributed to fish fauna among different rivers of Amravati
District revealed that faunal diversity was highest at Tapi followed by Purna, Wardha, Chandrabhaga,
Shahanoor then lowest observed from Waan river. A trend in Mean % Abundance was noted to be
nearly similar to that of Shannon Diversity though Species Richness and Species Equitability shows
contradictory pattern (Figure4.AtoD).

Figure 4: (A to D): Diversity measures of Ichthyological fauna in major rivers from
Amravati district (M.S.) India
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Previously, Sakhare (2001) was reported 23 species belonging to 07 order where Cyprinidae
family is dominant with 11 species from Jawalgaon reservoir Solapur district Maharashtra. Battul et al.
(2007) reported 18 species from Ekruckh lake Solapur district where Cyprinidae family is dominant with
8 species, Khedkar and Gynanath. (2005) reported 37 species from Issapur dam district Yavatmal where
Cyprinidae family is dominant with 20 species. Sharma (2008) reported 87 species under 36 genera
under the Cyprinidae family from freshwater of Nepal. Shinde (2009) observed 11 species under 10
generaunder the Cyprinidae family from Harsul Savangi dam district Aurangabad (M.S). Ubharane et al
(2011) observed that the27 species belongs to 11 families where Cyprinidae family was dominant with
13 species from Ambadi dam of Aurangabad (M.S.) India.

The fishing operation goes on by the local fisherman throughout the study period with low
catches in monsoon compare to high harvest in post monsoon season. river ecosystem of Amravati
district hosts a number of fish species. But the ichthyological fauna of riversis under threat as a result of
several anthropogenic interferences. Other anthropogenic activities such as deforestation leading to
siltation, recreational activities and sand mining are common in most of the stretches of the river. The
fish fauna of rivers is also subjected to over fishing for consumption. Inorganic pollution of the river due
toindustrial and agricultural activitiesis another important threat to the fish fauna.

In conclusion, the rivers of Amravati District hosts a number of freshwater fish species.
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However, the fish fauna in the study area is threatened due to several anthropogenic activities like
deforestation, over fishing, sand mining, recreational activities, brick kiln, and organic and inorganic
pollution. Since the fish fauna in Amravati District also supports the livelihood of several economic
classes. So there is an urgent need to understand the conservation priorities. Fishery department
should adopt Legislative measure for conservation of commercially significant fishes which may
disappear from rivers of Amravati District (M.S.) India.
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ABSTRACT

The present paper provides the information about a record of leucism in Macropisthodon
plumbicolor (Cantor, 1839).Leucistic wild individuals are less common in nature. A specimen with a
length of approximately 21 inch was observed on 23 July 2015 from a field near MIDC old bye pass road
of Amravati district (M.S.) India. It was observed, photographed and identified with the help of visible

morphological characters.

KEY WORDS: Macropisthodon plumbicolor, Leukism, Amravati, India.

INTRODUCTION::
Unusual coloration in vertebrates does not occur frequently in nature, yet it is recorded in a

large variety of species (Bried et al., 2005, Franz and Fleck, 2009). In general, colour and pattern in
reptiles is prodiiced by a combination of pigments and structural compounds (Bechtel, 1995). There
are multiple varieties of chromatophores, the failure to produce a normal amount of pigment in one
cell type does not generally alter the ability of the other chromatophores. Thus, various aberrant
colours and patterns in reptiles are expressed and the most striking colour pigment anomaly is albinism
andleucism (Gamble et al., 2006).

Albinism and Leucism have already been recorded in fish (Veena et al., 2011), amphibians
(Mitchell and Church, 2002), reptiles (Krecsak, 2008), birds (Nogueira and Alves, 2011) and mammals
(Reisinger et al., 2009). Albinism, derived from a Latin word ‘albus’ which means ‘White’, is a form of
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hypoplgmentary congenital disorder, characterized by lack of melanin pigment and an animal with such

1
a condition could have either pure or partialalbiaism (Cyril, 2009). Albinism is caused by the absence of
the tyrosinase enzyme, which is necessary for the synthesis of melanin, resulting in the absence of
pigment in the skin, the iris and the choroid, Further, it Is due to a genetically inherited condition in
which o recessive gene affects enzymes Involved in the metabolism of various chromatophore
pigments (Spadola and Toro 2007). Leuclstic snakes have a diminished number of iridophores and
probably very low number or no melanophores and xanthophores (Bechtel, 1991). Leucism is a form of
partial albinism characterized by the normal pigmentation of eyes, legs and beak, while skin or feathers

presentlowered orabsent coloration (Sage, 1962; Forrest and Naveen, 2000).
Many researchers consider leucism as partial albinism (McCardle, 2012; Costa de Noronha et

al, 2013). Alhinism is caused by several different genes (Summers, 2009), while leucismis controlled by

a single recessive allele (Owen and Shimmings, 1992). Inherited color defects, such as albinism and

leucism, are well known in several animal species including snakes (Bechtel, 1991). Wild albino and
leucistic animals are rare (Walter, 1938), mainly due to their low survival rates. Albinotic and leucistic
individuals are less common in nature, but are popular and intentionally selected by herpetoculturists,
who breed color variants of several species of Pythononiae and Colubridae (Bechtel, 1995).

Methodology
Healthy climatic and ecological condition of Amravati district (M.S.) India is well known for its

rich biodiversity. On 23 July 2015, a white color snake was observed in a field near MIDC old bye pass
road Amravati district (M.S.) India. Area lies between 20°55'33"N and 77°45'53" E. Specimen was

observed, photographed and identified by observing morphological characters. For identification of
the observed snake, keys and methods suggested by Daniel (2002), Whitaker and Captain (2008), and

Khaire (2010) were used.

Observation and Discussion
Observed snake specimen was identified as adult Macropisthodon plumbicolor (Cantor, 1839)

with leucism. Body of specimen was staut with approximate length of 21 inch. Dorsally, the snake was
white in colour with light brown small bands from anterior to posterior part of body. An inverted V
shaped light brownish coloured mark was present on the head. The dorsal scales were strongly keeled.
Ventrally the belly was whitish to light cream in colour without any spots or markings. Eyes were large
and green with round pupil as found in normal specimen. Tongue was pinkish in color. Tail was short (fig.
1and 2).
Generally, the normal specimens have bright or dull green body, sometimes with faint irregular
black band, Body structure is rounded. Eye fairly large and the rostral scale are just visible from above.
The dorsal weales are strongly keeled, in 23 to 27 rows. Young snakes have a bright yellow or orange
inverted V shaped mark on neck, bordered on both sides by a dark blue-black area and also have a black
strpe from eye to angle of mouth (Whitaker and Captain, 2004). Naturally feeds on toads, lizards and
frogs.

A perusal of literature revealed that there are a number of instances of complete, incomplete
and partial athinism in Indian reptiles in general and snakes in particular (Lahiri, 1955; Whitaker, 1971;
Basuand Sovastava, 2003, Cynil, 2009; Vyas 2012, 2013; Vyas et al., 2012; Sayyed, 2012; Hoshing et al.,
2013) Caves of ulbimism and leucism among viperinae have been also reported from Europe (Krecsék,
2008) Few caves of total albinos have been reported in Macropisthodon plumbicolor with yellowish
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bodty (Sayved 200 and whitish-pinkish body (Hoshing et al,, 2013). A case of leucism has also repaorted
in Pseudoboa nigea in southern Amazon, Brazil (Costa de Noronha etal., 2013).

Albinisim can be defined in several different ways, but there are a few distinctive types of
albinism depending on certain defining characteristics. True ar complete albinism is the total absence
of intepumentaty and retinal pigmentation (Sandoval et al.,, 2006). Partial albinism occurs when
pigment s reduced ar absent from the skin, feathers, or eyes (Berdeen and Otis, 2011). Leucism or
feukismis a tormeof partial albinism characterized by retention of color in the eyes, bill, and legs but the
sKinor plumage contains no color pigment (Forrest and Naveen, 2000).

Vyas (2013) has pointed out that the further research is needed on histopathology and biopsies
of shin tivsue and ‘dopa test’ to enrich the knowledge on colour anomaly in reptilian species. Further, a
substantidi quantitative datais required to analyze the pattern of occurrence of leucism in snakes.

Image .2 Leucistic Macropisthodon plumbicolor
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ABSTRACT

In the present study a series of 3-(2-Hydroxy-3, 5-dichlorophenyl)-5-(4-chloro phenyl) isoxazole
(8a) and 3-(2-Hydroxy-3, 5-dichlorophenyl)-5-(2, 4-chloro phenyl) isoxazole (8b) have been
synthesized by refluxing the chalconedibromide (6a) and (6b) with hydroxyl amine hydrochloride

in ethanol containing catalytic amount of piperidine. The formation of the above synthesized
compounds was confirmed on the basis of their chemical tests and spectral analysis. The
synthesized heterocycles then screen for their antimicrobial activity against some kahrip plant
pathogens viz. AlternariaMacrospor, XanthomonasCampestris, Pseudomonas syringae and
Fusarium Spp. From the above study the result revealed that isoxazole derivatives shows good to
moderate antimicrobial activity against plantpathoges.
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INTRODUCTION

Isoxazole is a five membered heterocyclic compound containing oxygen and nitrogen atoms in the
1,3 positions placed in the heterocyclic ring. From the literature survey it is revealed that many
workers have synthesized different isoxazole'. Heterocyclic compounds are veryuseful moiety in
the fields of medicinal and pharmaceutical chemistry and have been reported to exhibit a variety of
biological activities®’ such as antimicrobial®, antiarthetic®, anticoagulant™

MATERIALS AND METHOD

The all the heterocyclic compounds have been synthesized by using conventional method in
laboratory

Preparation of 2-hydroxy 3, 5-dichloroacetophenone (2a)

2-hydroxy 3, 5-dichloroacetate (50 ml) was mixed with anhydrous AICI3 (120 gm) and heated at
120°C for 45 minutes on the paraffin oil bath. The reaction mixture were decomposed by taking ice
cold water containing a few amount of HCI acid and allowing the solution to fall drop by drop into
cold water with constant stirring . A greenish white solid of compound (2a) was obtained.
Preparation of 2-hydroxy-3, 5-dichlorophenyl-4-p-chlorochalcone (3a, 3b)

2-Hydroxy-3, 5-dichloroacetophenone (2a) (0.01lmol) and p-chlorobenzaldehyde and p, m-
dichlorobenzaldehyde (0.01mol), was dissolved in ethanol (25ml). after that in this solution the
40% 30 ml NaOH solution is added drop wise with constant stirring getting the saffron color solid
kept it overnight after that acidify this solid by 50% HCL solution, affords a yellow solid was
filtered, washed with sodium bicarbonate (10%) followed by water. The crude product was
crystallized from ethanol acetic acid.

Synthesis of 2-hydroxy 3, 5-dichlorophenylchalconedibromide (6a, 6b)

2-hydroxy 3, 5-dichlorophenyl chalcone (3a) and(3b) (0.01 mol 3.26, 3.65gm respectively) was
dissolved in bromine -acetic acid reagent (25%, w/v) (6.4 ml). The reagent was added drop wise
with constant stirring. After complete addition of reagent, the reaction mixture was kept at room
temperature for about 30 minutes. The solid product thus separated was filtered and washed with a
little petroleum ether to get the compound (6a) and (6b).

Synthesis of 2-hydroxy-3, 5-dichlorophenyl isoxazole (8a, 8b)

A mixture of chalconedibromides (6a) and (6b) (0.01 mol, 4.84 and 5.18 g, respectively) and
hydroxyl amine hydrochloride (0.02 mol, 2.78gm) was refluxed in ethanol (20 ml) and piperidine
(Aml) for about 3.5 hours. After cooling the reaction mixture was acidified with dil. HCI (1:1). The

solid product separated was filtered, washed with sodium bicarbonate solution (5 %) and water.
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The product was finally crystallized from ethanol-acetic acid mixture to get the compound (8a) and
(8b).

Characterization of the compounds

Melting points of all synthesized compounds were determined in open capillaries and are
uncorrected. IR spectra were recorded on Perkin-Elmer 1000 Spectrophotometer in KBr. NMR
spectra were recorded on Bruker advance 400 NMR spectrometer using TMS as internal standard
and chemical shift were expressed in 6 ppm.

1. Compound: Chalcone (3a)

I.R. (KBr): cm — 3500 (-OH phenolic), 3074 (=CH str. in alkene), 1643 (>C=0 str. in ketone),
PMR: 6 7.44 -7.91 (m, 2H, -CH=CH); 7.44 -8.37 (m, 6H, Ar H); 13.26 (s, 1H, Ar-OH). U. V.:- A
max 344 nm. Corresponding to n —x*

2. Compound: Chalcone (3b)

I.R. (KBr): cm-3368-3500 (-OH phenolic), 3068 (aromatic —CH stretching). 1641 (>C=0 str.in
ketone), PMR: & 8.27-8.31(m, 5H, Aromatic) 7.2-7.78 (2H, CH-CH); 13.19 (s, 1H, Ar-OH) U. V:-
A max 344 nm. Corresponding to n —x* shows conjugation in aromatic molecule

3. Compound: Dibromide (6a)

I.R. (KBr): cm — 3700 (-OH phenolic), 2981 (aromatic str.), 2882 (aliphatic CH str.), 1654(-C=0
str.), 1319 (O-H bending).1093(C-Cl str.), PMR: & 2.5 (d, 1H, -CO-CH-Br); 3.5 (d, 1H,-CHBr-
CHBr); 7.4-8.4 (m, 6H, Ar-H).12.04(s, 1H, Ar-OH), U. V.:- A max 314 nm. Corresponding to n
—)T[*

4. Compound: Dibromide (6b)

I.R. (KBr): cm — 3700 (-OH phenolic), 3074 (aromatic str.), 3007 (aliphatic CH str.), 1654(-C=0
str.), 1313 (O-H bending),1103(C-Cl str.) , PMR: & 3.9 (d, 1H, -CO-CH-Br); 7.5-7.7 (d,1H,-CHBr-
CHBr); 7.1-8.4 (m, 5H, Ar-H).11.90(s, 1H, Ar-OH), U. V.:- A max 300 400 nm. Corresponding to
n —mu*

5. Compound: Isoxazole (8a)

I.R. (KBr): cm — 3600 (w, -OH phenolic), 3082 (s, aromatic str.), 1462 (-C-N str.), 1282 (s,- N=N-
str.),1107 (CI-C) PMR: & 6.7 (isoxazole proton), 7.3-7.5 (d, 2H, C-H),7.5-8.5 (d, 2H, C-H), 7.87 (s,
1H, C-H), 7.6 (d, 2H, C-H), U. V.:- A max 400 nm. Corresponding to n —7*

6. Compound: Isoxazole (8b)

I.R. (KBr): cm — 3600 (w, -OH phenolic), 3070 (s, aromatic str.), 1462(-C-N str.), 1282(s,- N=N-
str.), 1091 (CI-C)PMR: 6 8.0 (d HAr-H).10.53(s, 1H, Ar-OH), 7.75, 7.5, 7.9, 7.6 (d H Ar-H), 8.1 (s

H isoxazole proton ) U. V.:- A max 400 nm. Corresponding to n —m*
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Figure 1: The flow diagram of the isoxazole synthesis.
RESULTS AND DISCUSSION
Table 1: Physical data of the synthesized compounds

Sr.No. Name of the compounds M.P.°C R fvalue

1 2 93 0.84
2 3a 215 0.62
3 3b 176 0.66
4 6a 190 0.71
5 6b 170 0.78
6 8a 120 0.58
7 8b 95 0.62
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Antimicrobial activity

Antimicrobial activities of all synthesized compounds were determined by cup plate method. All
plant pathogens were purchased from NCIM Pune, Institute of Microbial Technology, Chandigarh
and Plant pathology department ICAR New Delhi. The agar medium and PDA were purchased
from Hi- media lab. Mumbai. The stock solution of test 1000ug/ml were prepared by dissolving
appropriate quantities of test compounds in DMSO, The stock inoculums of the microbes was
prepared by the inoculation the 50 ml nutrient broth with test organisms and incubating it at
11,12

37+2°C for 24 hrs the zone of inhibition was measured by Himedia scale

Table 2: Antimicrobial screening of the synthesized compounds

Sr.  Name of the Zone of Inhibition (mm)

No. compounds Xanthomonas Alternaria Fusarium  Pseudomonas
Campestris Macrospora Spp. syringae
1 2 17 12 22 23
2 3a 12 15 15
3 3b 12 15 15 19
4 6a 33 26 25 13
5 6b 30 30 18 16
6 8a 25 17 14
7 8b 16 18 11 11
8 Control 18 16 14 14
CONCLUSION

The above result revealed that the synthesized compounds have showed good to moderate
antimicrobial activity against all plant pathoges.
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SN
i ABSTRACT
Some new nitro-substituted 1,3 thiazines have been synthesized by the condensation of 2-hydroxy-3-nitro-

5-chlorochalcones with thiourea, phenylthiourea & diphenylthiourea in ethanol containing aqueous KOH solution.
The structures of newly synthesized nitro-substituted have been analyzed on the basis of their analytical data,
molecular weight determination study and UV, IR & NMR spectral results. The newly synthesized titled
compounds were screened for their antibacterial activity against some common pathogens viz . . S. aureus .B.
subtilus . E. Coli and P. aerugiuosa.

Keywords: Thiazines, antibacterial activities, thiourea, phenyl thiourea, diphenyl thiourea.

INTRODUCTION

In organic chemistry a series of heterocyclic compounds containing an unsaturated six membered ring
which contain two carbon one nitrogen and one sulphur atom are termed as thiazines. Various methods have been
worked out for their synthesis' .Their derivatives have wide variety of biological properties such as
Antiparkinsonian’ Anti-Inflammatory® antibacterial 7% Taking this into consideration the nitro -substituted thiazines
were synthesized and assayed for their anti-microbial activity against some common pathogens viz: S. aureus B
subtilus . E. Coli and P. aerugiuosa. The reaction of various formes of thiourea with chalcone gives 1-3 thiazines.
It is found that the presence of 4-phenyl nitro -substitute and 2-substituted imino group in thiazine enhanced the
biological activities.

Material and method

Preparation of 2-hvdroxy-3-uitro-5-chloroacetophenone (22a)

2-ydroxy-5-chloroacetophenone (3g) was dissolved in glacial acetic acid (3ml). bromine in acetic aad
was added drop wise with constant stiring to this reaction mixture . The temperature of the reaction mixture was
maintained below 0°C. The mixture was allowed to stand for 1hour. It was poured into ice cold water with stirring.
A yellow solid then obtained was filtered, dried and crystallized from ethanol,

Preparation of 2-hydroxy-3-nitro- 5-chlorochalcones (3a-c)

2-Hydroxy-3-nitro-5-chloroacetophenone (3a), (0.1M) was dissolved in ethanol (50 ml) and aldehyde
(Benzaldehyde,Propanaldehyde & Valeraldehyde separately ) (0.1M) was added to the above solution and the
mixture was heated to boiling. Aq. sodium hydroxide solution (40%, 40 ml) was added drop wise with constant
stirring, The mixture was stirred mechanically at room temperature for about half
an hour and kept overnight. It was then acidified by hydrochloric acid solution (50%). The solid separated was
filtered and washed with sodium bicarbonate (10%) followed by water. The crude product was crystllized from
ethanol acetic acid mixture (3a-c).

Preparation of 4-(2-hydroxy-3-nitro-5-chlorophenyl)-6-(alkyl or aryl)-2-imino- 3,6 dihvydro-1, 3-thiazires (4a-
€)

2-Hydroxy-3-nitro-5-chlorochalcone (3a2-c), (0.01M) and thiourea (0.01 M) were dissolved in ethanol (25
ml).To this aq. KOH solution (0.02M) was added (prepared from KOH in small amount of distilled water), The

reaction mixture was refluxed for 2.5 hours, cooled, diluted with water and acidified with 1:1 HCl. The productwas
filtered, dried and erystallized from ethanol (4a-c).
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Preparation of 4-(2-hydroxy-3-nitro-5-chlorophenyl)-6-(alkyl or aryl)-2-iminophenyl- 3,6 dihydro-1, 3-
thiazine (5a-c)

2-hydroxy-3-nitro-5-chlorochalcone (4a-c), (0.01M) dissolved in ethanol (25 ml) were added to
phenylthiourea (0.01M).To this aq. KOH solution (0.02M) was added . The reaction mixture was refluxed for 2.5
hours, cooled, diluted with water and acidified with conc. HCI. The product was filtered, dried and crystallized from
ethanol (5a-c).

g=o A2

Preparation of 4-(2-hydroxy-3-nitro-5-chlorophenyl)-6-(alkyl or aryl)-2-iminophenyl-6H-3-phenyl-1, 3-
thiazine (6a-c) ;

Compounds (6a-c) were synthesized similarly as (5a-c), except that phenylthiourea, diphenylthiourea was
used.

The compounds (3a,3b,3¢,4a,4b,4¢,5a,5b,5¢,6a,6b & 6¢) thus synthesized were assigned on the basis of
elemental analysis molecular weight determination results and spectral data are as follows. Physical characterization
data of all the compounds are given in Table 1.

Characterization of the compounds:

Melting points of all synthesized compounds were determined in open capillaries and are uncorrected. IR
spectra were recorded on Perkin-Elmer 1000 Spectrophotometer in KBr. NMR spectra were recorded on Bruker
advance 400 NMR spectrometer using TMS as internal cal shistandard and chemical shift were expressedin & ppm.

1. Compound Zla:

I.R. (KBr): cm 3400 (-OH phenolic), 1720 (>C=0 i:: ketone),701 (Ar-Br), 1324 (-OH bending in phenol), 650(C-
Cl stretching).

PMR: 8 2.75; (s, 3H, -COCH}}; 7.35-7.73 (m., 2H, ArH); 12.61 (s, 1H, Ar-OH).

U. V.: &k max 344 nm.

2. Compound I.‘in:
LR. (KBr): cm 3455 (-OH phenolic), 2990 (aliphatic —CH stretching).
1705 (>C=0 in ketone), 789( Ar-Br siretching),1314 (-OH bending in phenol) 1641.42 (-C-CH=CH asymmetric
stretching), 759(C-Cl stretching).
PMR: 8 3.75(d, iH, -CH=CH); 4.23(d, 1H, -CH=CH) 7.0-8.0 (s. 2H. ArH}: 12.7(s. |H. Ar-OH};
U.V.: ) max 343.5nm

3. Compound 4a:

IR (KBr): cm 3403 (-OH phenolic), 3236 (N-H stretching); 2950 (Aliphatic C-H stretching); 1304 (OH bending in
phenol); . 700.16( Ar-Br stretching), 700 (C-Cl stretching).

PMR:§ 2.70 (s, I1H, 'CHz); 4.4 (s, IH, -NH); 3.6(t,IHCH-C=C); 5.47(m.1H,CH=CH); 570 (m,IH,CH=CH);

6.7 10 8 (s, Ar-H); 4.7 (s, IH, -NH stretching); 12 (s, 1H, ArOH).

4, Compound 5a:

LR (KBr):cm' 3440 (-OH phenolic), 3266 (N-H stretching); 2950 (Aliphatic C-H stretching);1660(-C=N
stretching) 1444(Ar-NO2 stretching); 1312 (-CN stretching) 1304 (OH bending in phenol); 699 (C-C1 stretiching).
PMR: 8 2.40 (s, 3H, —CHS); 3.7 (s, 1H, -NH swetching); 3.4(t,IHCH-C=C);, 5.57(m,1H,C=CH-CH3);
5.74(m,1H,CH=CH-CH3); 6.6(d,IHNH-C=CH); 7.1 t07.8 (m.7H, Ar-H); 10.9 (s, IH, ArOH),

UV:kmax 330 nm.

5. Compound 6a:
IR (KBr): cm” 3435 (-OH phenolic stretching); 1650 (-C=N stretching); 1313 (-CN stretching); 692 (C-Cl
stretching).
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PMR: 8 2.5 (s, 3H, -CH3 ); 4.8 (s, 1H, NH stretching); 4.17(d,|H,C=C-H); 5.5(d,|H,CH=C); 6.5(dl,H.C=CH)

6.9 to 7.8 (s,12H, Ar-H); 11.99 (s, 1H, ArOH).
UV: A max 340 nm

Scheme: Synthesis of nitro-substituted 1,3 thiazines

£ A
NO, NO,
Aldehyde
Hy NaOH
d COCHj cl CA "R
(2a) (3a-c)
Scheme | Scheme || Schermne |
NH,CSNH, | ag.KOH PhNHCSNH, | ag.KOH PhANHCSNHPh | ag.KOH
NO» NO, NO,
OH OH OH
e
N NH H [
N N NPh - NPh _NPh
cl I \f i | Y cl = l \f
S S S
|
R R R
4a,4b & 4c 5a, 5b & 5¢ 6a, 6b & 6c

WhereR = 'CsHs, "CH=CH'CH3| '{CHz)SCHa
Aldehyde a= Benzaldehyde; b = Crotonaldehyde; ¢ = Valeraldehyde

RESULTS AND DISCUSSION:

The compounds (3a,3b,3c,4a,4b,4c,5a,5b,5¢,6a,6b and 6¢ were screened for their antibacterial activity against
some gram positive bacteria viz, S. aureus and B, subtilus and gram negative bacteria viz. E. Coli and P. aerzigivosa
species at cone. of 1000 pm gentamycine as a standard. DMF was used as a solvent control using agar plate
techniques. The zones of inhibition formed were measured in mm and shown in Table- 2.

Table- 1- Physical and analytical characterization of data of newly synthesized comp ound

Compd. | Mol.Formula Mol | R Yield(%) | m.p.('C) Found Cal. % Re

Wi, C [N
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la CgH,0,Cl LAl | == 75 -= 56 0.62
2b CgHgO4NCI 215 | == 80 --- 44 6.5 0.59
3a CﬁHmO-.gNCl 303 -CgHs 78 85 59 6.0 0.72
3b C>H,0.NCI 267 | -CH=CH-CH, 70 85 53 6.01 0.90
3c C13H;404NCI 283 | -CH,CH,;CH,CH; 60 102 55 4.55 (.70
4a C;GH1201N3SC1 361 'CGHS 74 170 53 6.55 0.79
4b C3H13N3805Cl 325 | -CH=CH-CH3 70 138 55 7.15 0.52
4c C|4H|50_5N28CI 317 -CH:CH_;CH;CH; 76 145 49 3.56 (.66
5a_# { C»H s0sN;3SCl 437 | -CqHs 72 140 60 556 | 051
5b Ci9HsN3SO;CI 401 | -CH=CH-CH; 70 142 58 4.46 035
Sc CoH0sN3SCI 417 | -CH,CH,CH,CH; 76 120 57 5.19 0.69
ba Cstngj.N;SC[ 515 “CﬁHs 70 132 65 483 0.49
6b CsHyN3SO:Cl 509 | -CH=CH-CH; 71 138 62 5.15 0.34
6c Ca6H2N1O5SCI 469 | -CH,CH,CH,CH; 73 157 63 5.00 0.55

Table-2 - Antibacterial activities of synthesized new compound

Compound Zone of inhibition (mm)
E .Coli S. aureus S. subtilus P. ageruginosa
3a 15 14 14 13
3b 16 13 19 12
3c 22 12 14 15
4a 12 13 15 14
4b 17 16 15 17
4c 20 16 12 5|
S5a 12 13 16 20
5b 14 16 15 15
Sc 23 15 13 15
6a 21 26 27 22
6b 25 26 25 24
be 17 18 | 13 16
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DMSO solvent with different concentrations using
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4 A

P.S. Nandurkar”! and M.M. Rathore. *2P R. Rajput. *2

#1 Vidarbha Institutes of science and Humanities, Department of chemistry, SGBAU
University, Mardi Road, Amaravati-444602. Tel: 9604136490
E-mail: pradnyanandurkarl@gmail.com
#2 Vidya Bharti Mahavidyalaya, Department of chemistry, C. K. Naidu Road, Amaravati.
Tel: 9405688863 E-mail: mithsrathore@gmail.com

Tel: 9325252121 E-mail: prsrajput@rediffmail.com
@ract:- \

Ultrasonic is the branch of acoustic, which consists of waves of high frequencies. The
measurements of ultrasonic velocities have been employed to understand the nature of
molecular interactions in liquid and liquid mixtures. Present study includes a discussion on
acoustical properties of chalcones in DMSO solvent to understand the intermolecular
interactions at different molar concentrations. The study of acoustical parameters such as
velocity (U), adiabatic compressibility (Baq), apparent molar volume (d., relative association
(Ra), intermolecular free length (Lf), acoustic impedance (z), apparent molar adiabatic
compressibility (Dy).

Keywords:-
Chalcone, DMSO solvent, Velocity, Adiabatic compressibility, Apparent molar

volume and other acoustical parameters.

Corresponding Author: Nandurkar.P.S

Introduction:-

Ultrasounds are sound waves with frequency higher than the upper audible limit of
human beings. Ultra sound devices operate frequencies from 20 kHz up to several
gigahertzes. It used detect objects and measure distances. Animals such as bats and porpoises
use ultrasound for locating their prey and obstacles. Scientists are also studying ultrasound
using grapheme diaphragms as a method of communication. Ultrasonic imaging applications
include industrial non-destructive testing, quality control and medicinal use.

Ultrasonic is the branch of acoustic, which consists of waves of high frequencies. The
measurements of ultrasonic velocities have been employed to understand the nature of
molecular interactions in liquid and liquid mixtures. Recently some co-workers have
investigated acoustic parameters of some bromo substituted chalcone at 303K [1].A. Dash et
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al studied ultrasonic studies on ternary liquid mixture at different frequencies [2]. A.
Kulshrestha et al have studied acoustical study of some chalcones of furfuraldehyde in
different solvents [3]. Baskaran et al studied ultrasonic velocities and thermo acoustical
parameters of anisaldehyde and benzene [4]. V. Hariharakrishnam et al have studied
intermolecular interaction of maltose through ultrasonic studies [5]. S. Khangar et al studied
ultrasonic characterization of aqueous polyvinyl pyrrolidone. Present study includes a
discussion on acoustical properties of chalcones in DMSO solvent to understand the
intermolecular interactions at different molar concentrations. The study of acoustical
parameters such as velocity (U), adiabatic compressibility (Baq), apparent molar volume (®.,
relative association (Ra), intermolecular free length (Lf), acoustic impedance (z), apparent
molar adiabatic compressibility (®y).

Experimental section:-
(*) Ultrasonic Interefractometer:-

An ultrasonic interefractometer for liquid F-80D model (Mittal Enterprises Delhi)
having frequencies 2 MHz and accuracy +£0.03% was used for the measurement of
ultrasonic velocity in solutions.

(*) Balance: -

Weighing was made on Electronic Balance with High Accuracy class-11 model AB-
300 made in Maharashtra. (¥0.01gm).

Density bottle is used in the present investigation for the measuring densities.
Densities of different molar solution calculate on density bottle.

Material and Method:-

(P1) 1. Chalcone of Crotonaldehyde.
IUPAC Name: - (2z)-1-(5-chloro-2-hydroxyphenyl)3-hex-2, 4ene-1-one

(P2) 2. Chalcone of anisaldehyde.
IUPAC Name: - 1-(2- hydroxyl-5-clorophenyl)-3-(4-methoxyphenyl)-prop-2-en-1-one.

(P3) 3. Chalcone of p-chlorobenzaldehyde.
IUPAC Name: - (E)-1-(5-Chloro-2-hydroxyphenyl)-3-(4-chlophenyl)-prop-2-en-1-one.

Reaction Scheme: -

o H 0 H
Ethanal
+ R 40% MaiH
k=l
cl COCH cl COCH=CHR:

R= CHOC=CHCH
PhCHOCH
PhCHOCHSO

These chalcones were synthesized by known method in this context the chalcones that
is P1, P2, and P3 with different molar concentrations were dissolved in DMSO.

The samples thus prepared were taken in appropriate quantity and placed in ultrasonic
interefractometer to measure sound waves at 1 MHz. The inner diameter of the tube of
ultrasonic interefractometer was 1.1 cm while the diameter of reflector rod was 1 Cm. The
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solution was actually poured in cylinder and then fitted it with movable reflected rod. The
needle of ammeter was adjusted in the 5 with the help of “ADj” knob. Standing wave pattern
was resulted due to reflected rod. As we move the rod the instrument showed deflection of
the needle. To movement of rod was continued to get 5 deflections. After retuning back to its
original position, micrometer reading was noted. The difference between these two reading
gave the distance travelled by screw for getting five maxima. The distance between two
maxima was actually equal to A/2.

The apparent molar volume (®,), Adiabatic compressibility (Bag), Velocity (U),
Density (p), Acoustic impedance (z), Intermolecular free length (Lf), Relative association
(Ra) can be calculated by the following formulae.

Formulae:-

1. Adiabatic compressibility Bag = 1/U? p

2. Apperant molar volume

3. Acoustical impedance

5. Relative association

6. Apparent molar adiabatic comp. @y = 1000(Bs.po - Bo- ps)/C. ps. po + Bs M/ps

Where,

U = Velocity.

po = Density of solvent.

p*U

1/2

Ra = ps/poX (U I Us) 1

ps = Dnsity of solution.
M = Molecular weight.

C = Concentration.

s = Compressibility of solution.
Bo = Compressibility of solvent.

Kj = Jacobson’s constant.

Table 1. Acoustical Parameters f=1MHz

@, =1000(po - ps)/C. ps. po + M/ps
Z =
4. Intermolecular free length Lf = Kj (Bag)

Chalcone|Cone, | = |U p pad dv $x
P1 0m 0.1 1431 1.009 48 048 B747 7.224 1443 1.45
0.03 0.17 1451 1.019 4.7 2643 BB74 7.07 1478 1.05
0.05 0.2 1471 1023 45 146h 6645 b7/ 1513 0.965
0.ov 0.26 1491 1.033 43 574 BB15 B.47 1549 0.97
P2 02 044 1585 1.2 33 148 7200 498 1905  0.801
04 063 1483 1.21 38 28 7 57 1806 0.3
06 0.77 1400 123 41 73 8426 B.17 172 0.964
08 089 1288 1,25 48 93 11258 7.22 1610 1.109
F3 0.00& 0.08 1510 1.01 437 14833 B278 B.32 1525 1.85
0.007 0.0v 1600 102 384 11285 E072 £.58 1632 157
0.008 0.08 1740 1.05 322 5444 5757 484 1827 0.266
0.003 0.032 1787 1.06 3.03 3300 ShE4 4.54 1894 1.073

Where,

Conc. = Concentration.

T

Root of concentration
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Result and Discussion:-

The P1, P2, P3 chalcones were prepared in Different molar concentrations. In case of
P1 chalcone with increase in concentration velocity and acoustic impedance also increased.
The apparent molar volume and adiabatic compressibility continuously decreased with
increased in concentration.

1. Graph of Crotonaldehyde: - P,

1.1-Graph
Concentration Vs Velocity
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= 1480
s
T 1460
>
1440
1420
1400 - T T T
0.1 0.17 0.22 0.26
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1.2- Graph
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4.9
4.8
= 47
8
S 46
3 45
4.4
43
424 T T T T T )
0 0.05 0.1 0.15 0.2 0.25 03
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1.3- Graph
Concentration Vs Apparent molar volume
o 3500
> 3000
©
S 2500
€ 2000
£ 1500
& 1000
S 500
<
0 - T T T T T ]
0 0.05 0.1 0.15 0.2 0.25 0.3
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°
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£ 1500
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@ 1450
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2 1400
1350 - T T
o1 0.17 0.22 0.26
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1.4- Graph
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In case of P2 chalcone the concentration increased when velocity and acoustic
impedance decreases. Adiabatic compressibility increases with concentration. Apparent
molar volume shows variations in graph.

2. Graph of Anisaldehyde: - P,

2.1- Graph
Concentration Vs Velocity
2000
= 1500 ’\oﬁ.\.
S
2 1000
> 500
0 : : : : ° \
0 0.2 0.4 0.6 0.8 1 1.2
Concentration
2.2- Graph
Concentration Vs Adiabatic compressibility
6
@ 5
i
s 4 //./
§ 3
)
<1
0 T T
0.44 0.63 0.77 0.89
Concentration
2.3- Graph
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Concentration Vs Acoustic impedance
2000

1900
1800
1700
1600

1500
1400 -

Acoustic imped

0.44 0.63 0.77 0.89
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2.4 - Graph

In P3 Chalcones increase in concentration is observed when velocity and acoustic
impedance increases. The apparent molar volume and adiabatic compressibility decreases
with increase in concentration.
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3. Graph of p-chloro benzaldehyde: - P3

3.1-Graph
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Conclusion:-

3.4 -Graph

The graphical data reveals that the molecular interaction in chalcones varies with
change in molar concentrations. The change in velocity is always assisted by the functional
groups present in the structural constitution of the chalcones. It has also been observed that
halogens help to increase velocity as compared to other groups.

©2015 RS Publication, rspublicationhouse@gmail.com

Page 65



International Journal of Advanced Scientific and Technical Research Issue 5 volume 7, Nov. —Dec. 2015
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

Acknowledgement:-

The authors are very thankful to Director, Vidarbha Institutes of science and
Humanities, Amaravati for giving laboratory facilities. They are also thankful to Dr. A. R.
Raut, Head, Department of chemistry, VMV collage Amaravati.

References:-

[1] R.Watane and P. Raghuwanshi, Ultrasonic interferometric measurements of 2-hydroxy-
5-chloro substituted chalcone dibromides in etanol at 303K, Der Pharma Chemica, 2014,
6(4): 162-168.

[2] A. Dash and Paikaray, Ultrasonic studies on molecular interaction in ternary liquid
mixture of dimethyl acetamide at different frequencies,Int.Journal of advanced science
and Tech., Vol.66 (2014), p.p 89-104.

[3] A. kulshresth and S. Baluja, Synthesis and acoustical studies of some chalcones of
furfuraldehyde in different solvents at 308.15K, Advances in applied science, sept.2008,
Vol.2, No.5.

[4] R. Bskaran and T.Kabendran, Refractive indices,ultrasonic velocities surface tension and
thermo acoustical parameters of anisaldehyde + benzene at 323.15K,Modern Applied
sciences, sept.2008, Vol.2, No.5.

[5] V.Hariharakrishnan, R.Ramasamy and S.Sekar, Intermolecular interaction of maltose
through ultrasonic studies, Int.Journal of Journal of Physics and Mathematical Sciences,
2014, Vol .4 (2), April-June P.P.8-12.

[6] S. Khangar and O. Chimankar, Utrasonic characterization of aqueous polyvinyl
pyrrolidone (PVP), Physical sci.Int.Journal 4(10):1351-1357, 2014.

[7] S. Saxena, J. Pendharkar, Y.Ghalsasi, M. Nayayate, Measurement of velocity of
ultrasonic sound in alkali halide solutions with different normality,Review of
Research,June 2012,Vol.1:12p.p.1-4.

[8] S. Deosarkar, M. Narwade, H. Jahagirdar, K.Khedkar, The measurement of molar
refraction and polarizability constants of some substituted sulphonic acids at 303K,
Oriental Journal of Chemistry; VVol.24 (3), 1135-1137, (2008).

[9] S. Dehury, M. Talukdar and U. Dash, Ultrasonic velocity and bulk properties of multi-
charged electrolytes (Potassium ferri and ferro cyanides) in aqueous dextrose solution at
different temperatures, Int J Pharm Bio Sci 2013 July: 4(3): (P) 599-608.

[10] P. Nikam, B. Jagdale, A. Sawant and M. Hasan, Ultrasonic studies in mixtures of
benzonitrile with some alkanols and toluene, Indian Journal of Pure and Applied
physics, Vol.39, July 2001, pp. 433-437.

©2015 RS Publication, rspublicationhouse@gmail.com Page 66



International Journal of Scientific & Engineering Research, Volume 6, Issue 10, October-2015 340

ISSN 2229-5518

MICROWAVE ASSISTED SOLVENT FREE
SYNTHESIS OF FEW THIAZOLE
DERIVATIVES AS POTENT ANTIFUNGAL
AGENT

Sonal D.Boob* and P.R. Solanki
Vidyabharti Mahavidyalaya, Camp Amravati, (MS) India 444601

*E-mail:sonal.mundhada@gmail.com

ABSTRACT:- In this research work one pot synthesis of 1,3-substituted thiazolidin-4-ones,(IVa-1Vh) have been carried
out from carbonyl compound, amine and thiocarboxylic acid in molar proportion under microwave irradiation for 1-2
minutes, in solvent free condition. In vitro assay of newly synthesized compound were carried out to test antifungal
activity by disc diffusion method against Fusarium oxysporum and Rhizoctonia solani.

Keywords:- 1,3-thiazolidin-4-ones, microwave irradiation, antifungal Activity

INTRODUCTION

Thiazoles are a familiar group of
heterocyclic compounds possessing wide
variety of biological activities, and their
usefulness as medicines are well established.
Thiazole nucleus is also an integral part of
all the available penicillin’s, which have
revolutionized the therapy of bacterial
diseases [1]. Thiazoles have attracted
continuing interest because of their varied
biological activities [2], which have found
applications in the treatment of allergies[3],
hypertension [4], inflammation [5],

schizophrenig 6], microbial infections [7,8],

HIV infections[9], hypnotics [10]and for
the treatment of pain [11]. They have been
also used as fibrinogen receptor antagonists
with antithrombotic activity [12] and as new
inhibitors of bacterial DNA gyrase B [13].
Recently reported studies on the microwave
irradiation for the synthesis of heterocyclic
compound revealed that it is safe, rapid,
economic and convenient, eco-friendly
method for chemical synthesis. Pollution
free synthesis, lesser reaction time, easy
workup and minimum use of solvent are the
major advantages of this technique A serious

constrain of this method is selection of

IJSER © 2015
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appropriate solvent, which can be avoided
by synthesis under solid phase solvent free
condition. These facts have promoted us to
synthesize some new thiazolidiones using
microwave irradiation under solvent free
condition.

EXPERIMENTAL -

All the synthesized compounds have been
characterized on the basis of chemical
properties, elemental and spectral analysis.
The melting points were measured in a open
glass capillary and are uncorrected.IR
spectra in KBr were recorded on instrument
Perkin Elmer - Spectrum RX-IFTIR. 'H-
NMR spectra were recorded on FT NMR
Spectrometer model Advance-11 (Bruker) Its
'H frequency is 400 MHz, while for *C the
frequency is 100 MHz. (CDCl3; and DMSO-
d¢) using TMS as an internal standard. All
reactions were monitored by TLC using
silica gel 60-f-254plates. All reactions were
carried out in scientific microwave oven

(Scientific  microwave system  model

RG31IL1,700w, 2450MHz).satisfactory
C,H,N analysis were carried out for most of
the compounds on Thermo Scientific

(FLASH 2000) CHN Elemental Analyzer at

RSIC, Punjab university, Chandigarh.

Table I: Physical data of synthesized 1,3-

thiazolidin-4-ones
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R R’ M.P.( MOLECULAR YEILD(%)
Compound °C) FORMULA

- -CeHs 155 CisH13NOS 85
4a CeHs

- -CsH,4CI 163 C15H1,CINOS 80
4b CoHs

- -CsH4Br 145 CisH12BrNOS 84
4c CeHs

- -C¢H;Cl, 169 CisH1:CI,NOS 82
4d CoHs

- -C4H;30 131 C13H11NO,S 83
4e CeHs

- -C,Hs 123 C11H13NOS 78
4f CoHs

- -C¢H4OH 137 Ci1sH13NO,S 76
49 CeHs

- - 136 C16H1sNO,S 84
4h CeHs | CsH4OCH3

Synthesis of 2-(substituted phenyl)-3-
phenylthiazolidin-4-one(IVVa-1Vh) - A neat

rection technology for one pot synthesis of

the starting material 2-(substituted phenyl)-
3-phenylthiazolidin)-4-one by condensation
aldehyde(0.01M),
aniline(0.01M), and

acid(0.01M). Reaction carried out under

of aromatic

thioglycolic

scientific microwave oven for 1-1.5 min.
The reaction mixture was cooled at room
temperature and poured in ice-cold water.
The product thus separated out was filtered
and crystallized from ethanol to get fine
2-(substituted  phenyl)-3-
phenylthiazolidin-4-one . (IVa-1VVh)

CHO NH,
Cl
+ + HS—CH,—COOH
Cl

MW

crystals  of

One-pot synthesis

cl
©\<s
Cl 1\
N o

RESULT AND DISCUSSION -

Literature survey revealed that

thiazolidiones belong to an important group
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of heterocyclic compounds with diverse
biological activity and synthesized by using
multistep protocol. The present work
describe solvent less one pot synthetic
methodology towards the construction of
series of thiazolidione derivative under
microwave irradiation. This is a three
Component  reaction involving amino
compound ,aldehyde and thioglycolic acid
under M.W. irradiation .PMR spectra shows
doublet at 3.23 and 3.30 due to germinal
coupling of cyclic CH grp , a singlet for CH
at 2.7 and aromatic protons with 7.0 to 7.50.
singlet at 10.1 and a singlet at 3.7 also
confirms the possibility of keto enol
tautomerism in the molecule .IR frequency
also agrees with the fact by showing
frequencies at 1649 C=O(keto form),
3296(C-OH stretch (enol form) and other
frequencies . ®*CNMR spectra aso showing
two signals in aliphatic region 43.27(CH)
and 28.34(CH,;) WHERE AS 168.4 (C=0)
,sSlight lower values due to nitrogen and
aromatic rings and 166.6 C-OH (enol form)
furthermore confirms the keto enol
tautomerism in the compounds,remaining

signals are in the aromatic region 119 -138%

The reaction has been suggested to proceed
via imine formation followed by attack of
sulphur nucleophile on the imine carbon.

The reaction involves intramolecular

cyclisation with the elimination of water to
give thiazolidione derivative. Microwave
irradiation facilitate the easy removal of

water within few minute.

1) 2-(2,4-dichlorophenyl)-3-
phenylthiazolidin-4-one(1\Vd)-
brown  crystalline  solid, M.
P..169°C,IR in cm™ - 329
[C-OH  stretch  (enol  form)],
3089,3146 (C-H aromatic stretch),
2944,2876  (C-Stretch  aliphatic),
1804-1949  (Combination  band),
1649 C=N, 1649 C=0O(keto form),
1598,1551,1482 (C=C), 1333 (C-N),
903(1,2,4trisubstituted
00p),692(monosubstitued oop)
"HNMR400 MHz (CDCI3): -Chemical Shift
(8)-2.7 ('s,1H, CH), 3.30(dd,1H,CH)

,3.23(d,1H,CH) ,3.7(s,1H, =CH) ,7.0 -
7.5(m,8H, Ar-H) , 10.1[s,1H, C-OH(enol)]
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lsCNM R-100 MHZ(CDClgandDMSOde) - Sr.No. Tested Fungus (zone of inhibition in mm)
Chemical Shlﬂ(S)-4327, 28.34, 168.4, Compound
138.9, 128.3, 119.27, 123.43, 128.54, 138.6, s Fusarium oxysporum Rhizoctonia solani
119.07, 128.55, 123.24, 128.55, 119.07
100 ppm 1000 ppm 100ppm 1000ppm

Observed %C= 55.54, %N=4.12, %5=9.85,

1 IVa 8 2 0 3
%Cl =21.84, %H=3.41, %0=4.81 1 1 1
Calculated %C= 55.57, %N=4.32, %5=9.89 2 W 2 2 2 2
%Cl =21.87, %H=3.42, %0=4.93 3 Ve 18 19 20 21

4 Ivd - 3 6 10
ANTIFUNGAL ACTIVITY-: All the

; 5 Ve 21 28 20 28

synthesized compounds were screened for
their antifungal activity viz. fusarium ° e 18 18 1 2
oxysporum, Rhizoctonia solani by using dis¢ 7 Vg 19 27 22 29
diffusion method for their antifungal 8 Vh 11 15 12 18

activity.The punch discs of 6.25 mm
diameter of Whatman filter paper no. 1 were
prepared and dispensed in the batches of 100
each in screw capped bottles. These were
sterilized by dry heat at 140°C for 60
minutes. The solutions of 1000 ppm and 100
ppm concentrations of test compounds were
prepared in dimethyl formamide (DMF)
solvent separately. The discs were soaked,
that
approximately 0.01 ml of test solution

assuming each disc will contain

Table 2 - In vitro antifungal screening of

above tested compounds

The observations show that activity of
are maximum
. Almost all the

compound IVe and IVg
against both the fungi
compounds were active against all the test
pathogens. The compound IVe and IVg is
the most dominant among all the test
compounds. Their inhibitory impact on the
bacterial growth is remarkable.

CONCLUSION-: This was an attempt to

synthesize biologically potential
heterocyclic moiety in solvent free reaction
condition that leads to considerable saving

in the reaction time and energetically

IJSER © 2015
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profitable. The solvent free condition
contributes to saving in cost, time and
diminishes the waste disposal problem and
environmental pollution this work may bring
research fraternity towards sustainable
development.
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Parkinson’s disease affects millions of people around the world. Recently, adenosine A,
receptor antagonists have been identified as a drug target for the treatment of Parkinson’s
disease. Consequently, there is an immediate need to develop new classes of A, receptor
antagonists. In the present analysis, three-dimensional quantitative structure—activity rela-
tionship (3D-QSAR) studies were performed on a series of pyrimidines, using comparative
molecular field analysis (CoMFA). The best prediction was obtained with a CoMFA stan-
dard model (¢> = 0.475, * = 0.977) and a CoMFA region focusing model (4> = 0.637, 1
= 0.976) combined with steric and electrostatic fields. The structural insights derived from
the contour maps helped to better interpret the structure—activity relationships. Also, to
understand the structure—activity correlation of A, receptor antagonists, we have carried
out molecular docking analysis. Based on the results obtained from the present 3D-QSAR
and docking studies, we have identified some key features for increasing the activity of
compounds, which have been used to design new A,, receptor antagonists. The newly
designed molecules showed high activity with the obtained models.

Keywords: 3D-QSAR; docking; CoMFA; A, receptor antagonists; drug design

1. Introduction

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder, affecting
up to 10 million people worldwide [1]. A disease that typically affects individuals of an
advanced age, PD is often difficult to diagnose before the appearance of the typical signs and
symptoms of advancing disease; the lack of an early diagnosis contributes to increased overall
morbidity and decreased quality of life [2]. It is characterized by a motor impairment caused
by the degeneration of dopaminergic neurons located in the substantia nigra pars compacta
and by the reduction of dopamine levels in the striatum [3]. This reduction is responsible for
the major symptoms of the disease, such as bradykinesia, muscular rigidity and tremor [4].
Adenosine is a neuro-modulator that coordinates responses to dopamine and other neurotrans-
mitters that play important roles for motor function, mood, and memory [5-8]. Adenosine is
known to act via four major receptor subtypes, Aj, A>a, Aog and Az, which have been

*Corresponding author. Email: pourbasheer@ut.ac.ir

© 2015 Taylor & Francis


mailto:pourbasheer@ut.ac.ir
http://dx.doi.org/10.1080/1062936X.2015.1049666

Downloaded by [Eslam Pourbasheer] at 05:15 09 June 2015

2 E. Pourbasheer et al.

characterized according to their primary sequences [9]. At present, it is believed that Ajs
receptor antagonists can be used in combination with the dopamine precursor L-DOPA to
minimize the motor symptoms of patients with PD [10]. Selective A,5 antagonists have been
a much sought-after target for the symptomatic relief of dopamine [11-13], with some reports
suggesting that they may also slow disease progression because of their neuroprotective
potential [14]. The potential of these antagonists has been deduced from considerable investi-
gation of the functional interactions between dopamine and adenosine receptors in the basal
ganglia [10]. These interactions can activate the dopamine receptor, or alternatively block the
adenosine A, receptor as a means to improving the symptoms of PD. Recently, a novel series
of benzyl substituted thieno[2,3-d] pyrimidines was identified as potent A,, receptor antago-
nists by Shook et al. [15].

Computational chemistry has recently developed extensively and provided the rational drug
design approach. Quantitative structure—activity relationship (QSAR) modelling results in a
quantitative correlation between chemical structure and biological activity [16-21]. Typically,
a 3D-QSAR analysis allows the identification of some key features around special substituents
in a molecular graph for increasing the activity of compounds, and provides guidelines for the
design of next-generation compounds with enhanced bioactivity or selectivity. A successful
3D-QSAR model not only helps in better understanding of the structure—activity relationships
of any class of compounds, but also provides researchers an insight at the molecular level
about lead compounds for further development [22]. The first applicable 3D-QSAR method
was proposed by Cramer et al. in 1988 [23]. Among the current 3D-QSAR methods, compara-
tive molecular field analysis (CoMFA) is widely used in drug design, because it allows rapid
prediction of the biological activities of newly designed molecules [24-30]. In CoMFA, the
biological activity of molecules is correlated with their steric and electrostatic interaction fields.
However, the combination effects of fields around a molecule should be studied carefully for
successful interpretation and designing of novel compounds, which is sometimes difficult due
to insufficient experimental information. Another major problem with CoOMFA modelling is its
reduced sensitivity regarding the conformation of compounds but higher dependency on the
alignment process. Therefore, to compensate for these deficiencies molecular docking analysis
can be run to detect all interaction information, leading to better drugs. Coupling this informa-
tion with that obtained by 3D-QSAR could result in a better understanding of regional effects
with regard to biological activities.

In the present work, CoOMFA and CoMFA region focusing studies were carried out on
some pyrimidines such as adenosine A, receptor antagonists to understand the influence of
different physico-chemical and structural parameters on these compounds. Molecular docking
studies were also performed to detect the interactions leading to potent inhibitors, and based
on the derived results some novel potent A, receptor antagonists have been designed.

2. Material and methods
2.1 Data set

All pyrimidines and their biological activities (K;) were taken from the literature [15]. A set
of 46 compounds was divided into the training set (80% of compounds), and test set (20% of
compounds) comprising 37 and nine molecules, respectively, by using the hierarchical cluster-
ing technique (Figure S1, available via the Supplementary Material section online). For
smoother partial least-squares (PLS) analysis for the CoMFA model, all the reported affinity
values of the pyrimidines were converted to pK; = —log K; (M). These molecules have wide
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range of affinity values (K;). The test set compounds represent both the distribution of bio-
logical data and structural diversity. Molecular structures and their pK; values are presented in
Table 1. It can be seen that except for the highest and lowest activity, compounds were

Table 1. A,A receptor antagonists and their observed and predicted activities.

NH,
red 1)
" N/)\R2
Pred.
No. R; R, Exp.(pICsg) CoMFA-1 Res. CoMFA-2 Res.
1 H ;U 6.96 7.03 -0.07 7.07 —-0.11
o _
2 Ph ;ﬂ 7.17 7.17 0.00 7.23 0.06
o
3 Bn ;ﬂ 7.95 7.82 0.13 7.73 0.22
o _ _
4 @\/\ ;ﬂ 6.69 6.82 0.13 6.86 0.17
¥
5% @\Af § 0 7.96 8.34 -0.38 8.37 -0.41
N
OMe g
6 @f\f ¢ 0o 8.54 8.38 0.16 8.36 0.18
\
7 @\/\f ¢ 0o 8.43 8.33 0.10 8.29 0.15
\
F T
8 0 7.40 7.54 -0.14 7.48 -0.07
oy T
a o] | —
9 Bn ;ﬂ/\ 7.31 7.43 0.12 7.60 0.29
10 Bn o 6.77 6.72 0.05 6.82 -0.05
— I
11 Bn o 6.58 6.59 -0.01 6.56 0.02
— I
12 Bn 0-_CN 6.52 6.60 —0.08 6.50 0.02
T
13 Bn g 7.60 7.70 -0.10 7.58 0.02
o F
T
14 r 7.88 7.87 0.01 7.77 0.11

(Continued)
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Table 1. (Continued).
Pred.
No. R; R, Exp.(pICsp) CoMFA-1 Res. - CoMFA-2 Res.
15 Bn ;ﬁ 6.17 6.14 0.03 6.10 0.07
16° Bn ;%\:,)j 8.33 8.53 -0.20 8.51 —0.18
17 Bn ;{?\‘ 8.05 8.34 -0.29 8.32 -0.27
18 Bn E{T 7.79 7.59 0.20 7.54 0.25
19 @\Af 54’“]/ 7.88 7.95 -0.07 8.03 —-0.15
OMe S
20 @fl\f 5%:j/ 8.16 8.32 -0.16 828 -0.12
Cl
21 ©\/\;’ §{j/ 8.01 8.06 —0.05 8.09 —0.08
F
22 @)\; ;{]/ 7.00 6.99 0.01 7.11 —0.11
23 @)]\f E{T 7.51 7.49 0.02 7.51 0.00
24 @XE ;{J/ 6.97 6.91 0.06 6.92 0.05
25 Bn 5%\73/ 7.24 7.30 -0.06 7.20 0.04
26 Bn ;@\ 6.27 6.20 0.07 6.23 0.04
27 Bn ;’K@ 6.30 6.43 —-0.13 6.39 —0.09
28 Bn ;\© 6.68 6.60 0.08 6.58 0.10
29 Bn ;’K@ 7.53 7.38 0.15 7.40 0.13
30 Bn CN 7.94 7.92 0.02 7.94 0.00

e)

(Continued)
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Table 1. (Continued).

Pred.
No. R; R, Exp.(pICsp) CoMFA-1 Res. CoMFA-2 Res.
31 @\A;‘ 2 CN 8.21 8.44 -0.23 8.42 -0.20
OMe \©/
32 @f\f & CN 8.85 8.67 0.18 8.72 0.13
. O
33 @\/\f & CN 8.14 8.35 -0.21 8.50 -0.35
G
34% & CN 6.47 7.71 -1.24 7.77 —-1.30
T
35% & CN 7.20 7.85 -0.65 7.98 -0.78
v T
36 \/ ; f\©/CN 6.65 6.61 0.04 6.66 -0.01
37 Bn ef\@/F 7.38 7.30 0.08 7.36 0.02
38 Bn f\©/CF3 5.99 6.01 -0.02 5.94 0.05
39 Bn \©/OME 6.93 6.83 0.10 6.99 -0.06
40 Bn SN 6.23 7.15 -0.92 7.20 -0.97
‘ =
41? Bn (;5 Sy 6.67 6.16 0.51 6.30 0.38
| =
42 Bn BN 7.17 7.19 -0.02 7.23 -0.06
‘ _N
43 Bn SN 8.62 8.46 0.16 8.51 0.11
®
N
44 Bn & Ny 7.77 7.77 0.00 7.83 -0.06
YJ
N~
45% Bn & Ny _CN 7.59 7.67 —-0.08 7.83 -0.24
| =
46 Bn & N _Cl 6.76 6.83 -0.07 6.79 -0.03
|
=

*Compounds used as test set.
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included in the training set, and the test set compounds have a range of biological activity
values similar to that of the training set.

2.2 Molecular modelling and alignment

All molecular modelling and calculation studies were performed using the SYBYL X.1.1.1
[31] software package. The position of each atom is important to CoMFA because the
descriptors are calculated based on the 3D space grid [32]. Energy minimization was
performed using the Tripos force field with a distance-dependent dielectric and the Powell
conjugate gradient algorithm with a convergence criterion of 0.01 kcal/mol A. Partial atomic
charges were calculated using the Gasteiger—Hiickel method [33]. A good alignment of the
complete data set is another essential element for successful CoMFA analysis. The quality
and the predictive ability of the models are directly dependent on the alignment rules [34].
The lowest energy conformation of compound 32 was used as a template because it had the
highest activity, and all other compounds were aligned on the basis of the common substruc-
ture. The structure of compound 32 with bold common substructure and aligned compounds
are displayed in Figures 1 and 2.

\

CN
/ o /j

Figure 1. Structure of template compound (molecule 32), common substructure is in bold.

Figure 2. Alignment of training and test compounds on compound 32.
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2.3 CoMFA setup

CoMFA is a powerful and well-established tool for building 3D-QSAR models that can be
applied to drug design [35,36]. The steric and electrostatic field energies for CoMFA were
calculated at each lattice intersection of a regularly spaced grid of 2 A. The lattice was
defined automatically and is extended at least 4 A beyond the van der Waals volume of all
aligned molecules in X, Y and Z directions. The steric field represented by Lennard-Jones
potential and the electrostatic field represented by coulombic potential were calculated using
the Tripos force field and distance-dependent dielectric solvation treatment. A sp> carbon
atom with a van der Waals radius of 1.52 A and 1.0+ charge served as the probe atom to
calculate these fields. The steric and electrostatic contributions were confined to the default
30 kcal/mol [27]. CoMFA region focusing is a method of application of weights to the lattice
points in a CoMFA region to enhance or attenuate the contribution of these points to subse-
quent analysis. Here, ‘StDev*-Coefficients’ values and different weighing factors were applied
in addition to grid spacing to achieve a better model [37].

2.4 Partial least-squares analysis

Finding the best predictive model is the major objective of CoMFA analysis. PLS methodol-
ogy was performed to quantify the relationships between the CoOMFA descriptors and the bio-
logical activity. Column filtering was set to 1.0 kcal/mol to speed up the analysis and reduce
the noise. The CoMFA descriptors were used as independent variables, and pK; values as
dependent variables in PLS regression analysis to derive 3D-QSAR models using the standard
implementation in the SYBYL package [31]. The predictive ability of the models was evalu-
ated by leave-one-out (LOO) cross-validation. This results in the cross-validation correlation
coefficient (¢%) and the optimum number of components N. The final model was developed
with an optimum number of components yielding the highest ¢* [16]. Then, the PLS analysis
was performed without cross-validation, applying no column filtering. After this, the
coefficient of determination (+*) values, standard error of predictions and F values are
calculated. The bootstrapping [38] and the leave-group-out cross-validation (10 groups out)
techniques were carried out and confirmed by the average value for 10 runs from each
cross-validation.

2.5 Molecular docking

The most active compound in the data set was docked into the active site of the A, receptor
to provide the interactions between the ligand and receptor. The docking study was carried
out using AutoDock 4.2 [39]. This program starts with a ligand molecule in an arbitrary con-
formation, orientation and position, and finds favourable dockings in a protein-binding site
using both simulated annealing and genetic algorithms. Among crystallized complexes, PDB
ID: 4EIY [40] was selected based on the resolution and the size of the co-crystal ligand
which is similar to the experiment set. Initially, the protein was prepared by removing all
water molecules, and polar hydrogen atoms and Kollman charges were introduced into the
protein [41]. The grid box size and the grid spacing were set as 70, 70, 70 A° and 0.375 A°,
respectively. The number of docking runs was set to 50. The best docking result can be
considered to be the conformation with the lowest energy. Pharmacophore studies were
performed using the LigandScout 3.03 program [42].
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3. Results and discussion
3.1 CoMFA analysis

The 3D-QSAR model was established by CoMFA analysis, and its statistical parameters are
listed in Table 2. The best results were obtained at a column filtering of 1.0 kcal/mol for both
steric and electrostatic fields. The cross-validation [23,43] analysis was performed using the
LOO method in which one compound is removed from the data set, and its activity is pre-
dicted using the model derived from the rest of the data set. This resulted in the cross-valida-
tion correlation coefficient (¢%) of 0.475 with an optimum number of components of six.
Next, non-cross-validated PLS regression was performed using the six previously obtained
factors, which resulted in the regression coefficients ¥ of 0.977, F = 210.564 and a standard
error of estimate (S) of 0.155. The steric field descriptors explained 48.7% of the variance,
while the electrostatic descriptors explained 51.3%.

The predicted activities for both training and test sets and also their residuals are listed in
Table 1. Figure 3(a) depicts the correlation between the predicted activities and the experi-
mental activities of the CoOMFA model. From Figure 3(a), it can be seen that almost all points
are rather uniformly distributed around the regression line, indicating no existence of system-
atic errors in the model, which further proves the satisfactory predictive ability of the derived
model. The outlier status is due to the higher residual between the observed and predicted
biological activity [44]. As can be seen, by inclusion of compound 34, the model shows poor
predictive ability with an > of 0.578 for the test set. Omission of compound number 34
results in an increased 72 value to 0.715. Therefore, compound number 34 in the optimum
CoMFA model is treated as an outlier. After excluding the outlier, the activities predicted by
the constructed CoMFA model are in good agreement with the experimental data, suggesting
that a reliable CoMFA model was successfully constructed.

Region focusing was considered as an additional strategy to improve g°. As an iterative
procedure, it involves giving additional weight to the lattice points in a given CoMFA region
to enhance or attenuate the contribution of those points in a further analysis [34]. A new
model (CoMFA-2) was generated with increased predictive power (¢°), enhanced resolution,
tighter grid spacing and greater stability at the same number of components [37]. It can be
seen from the CoOMFA-2 model in Table 2 that the application of region focusing resulted in

Table 2. Statistical results of CoMFA models.

CoMFA-1 CoMFA-2(after region focusing)
PLS statistics
LOO cross q* /SEP? 0.475/0.592 0.637/0.492
Group cross q° /SEP 0.481/0.589 0.612/0.509
Non-validated r* /SEE® 0.977/0.155 0.976/0.128
CCCy/CCCey 0.988/0.669 0.988/0.632
F 210.564 199.982
rzbootstmp 0.984 + 0.005 0.973 £ 0.011
bootstrap 0.105 £ 0.062 0.168 + 0.081
Optimal compounds 6 6
Prest 0.715 0.728
Field distribution %
Steric 48.7 46.8
Electrostatic 51.3 53.2

*SEP: standard error of prediction.
SEE: standard errors of estimate.
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Figure 3. Plot of the calculated vs. observed pK; values using CoMFA (a) and CoMFA region focusing
(b) analysis.

a significant increase for the internal validity (¢%) from 0.475 to 0.637. The steric and electro-
static field contributions to the final CoMFA-2 model were 46.8% and 53.2%, respectively. A
graph of observed versus predicted activities of the CoMFA region focusing model was plot-
ted, as shown in Figure 3(b). For the CoMFA region focusing model, molecule 34 is also
regarded as an outlier since its residual between the experimental value and the predicted
value is high. By inclusion of this compound, the model shows poor predictive ability with
st 0f 0.602, and omission of compound 34 results in an increased 7% value to 0.728. This
analysis revealed that the proposed CoMFA model could also adequately predict all the com-
pounds in the test set. This suggests that the CoOMFA model is reliable for predicting struc-
tural requirements to improve potency of the target chemicals. Y-randomization analysis was
also performed over CoMFA results (Figure S2, available on the article’s online page), and
after 15 randomly iterations of Y-response, the results indicated that the derived CoMFA
model could be accepted and the difference between ¢ and #* values will not generate a sig-
nificant problem.

3.2 Contour maps

To visualize the information content of the derived 3D-QSAR models, CoOMFA contour maps
were generated. Such contour maps provide some information (such as steric and electro-
static) on factors affecting the activity of the studied compounds. This is particularly
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important when increasing or reducing the activity of a compound by changing its molecular
structure [45]. The CoMFA contour maps of steric and electrostatic fields for CoMFA and
CoMFA region focusing are shown in Figures 4 and 5, respectively. As can be seen, the con-
tour maps of CoMFA are well correlated with the CoMFA region focusing contour maps.

The contour maps using region focusing are of better quality because the region focusing
resulted in a sort of image enhancement. The CoMFA green contours (contribution level of
80%) indicate the area in which steric bulk might have a positive effect on activity, while the
yellow regions (contribution level of 20%) are favourable for small groups. Similarly, the blue
contours indicate regions where the addition of electropositive substituent increases activity
(contribution level of 80%); red indicates regions where the addition of an electronegative
substituent increases activity (contribution level of 20%).

The steric contour map of CoMFA-2 region focusing (Figure 5(a)) shows the large green
contours around the R; substituent. This indicates that bulky groups around the R; substituent
are beneficial to activity. This conclusion is in agreement with the experimental results by
Shook et al. [15]. According to moleculesl and 2 in the data set (see Table 1), the two mole-
cules have the same structure except in the R; position, while the R, substituent is H and Ph
for compounds 1 and 2, respectively. As can be seen, by increasing the size of R; from H to
Ph, the pK; values will increase from 6.96 to 7.17. Several small yellow regions near the R,

(@)

(b)

Figure 4. Contour maps of CoMFA: steric (a) and electrostatic (b) based on compound 32.
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(b)

Figure 5. Contour maps of CoMFA region focusing: steric (a) and electrostatic (b) based on compound
32.

position indicate that the less bulky substituents are preferred for higher activity. This may be
the reason why compounds with small substituents in this area, for example compounds 3
and 9, have higher biological activity than molecules with bulky substituents, such as
compounds 11 and 10.

The electrostatic contour map is displayed in Figure 5(b) for the CoMFA-2 model. Two
regions of red beside the R, substituent (between positions 1 and 2 and also at position 4 of
the benzene ring) show that presence of the electronegative substituents such as CN and F is
very important for increasing biological activity (pK;), in such a way that compounds 13 and
30 are more potent than compounds 10 and 29. A blue region near R, (at position 2 of the
benzene ring) means that electropositive substituents at this region would increase the
biological activity (pK;). This information will be used for the design of new A5 receptor
antagonists.

3.3 Docking result of the most potent molecule

We selected the most potent inhibitor 32 in the experiment to perform the docking study.
Figure 6 represents the interaction model of that with A,, receptor, in which the inhibitor is
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Figure 6. Docking conformation of the most potent inhibitor 32 with corresponding binding pocket of
A, receptor.

suitably situated at the binding site. As can be seen, there are various interactions between the
inhibitor and the binding region of the enzyme. The two-dimensional representation for the
interaction mode between compound 32 and the A,, receptor generated by the LigandScout
3.03 program is shown in Figure 7. The phenyl and methyl groups showed hydrophobic
interactions with Leu 194, Leu 190, Alu 243, Val 239 and Leu 194, Alu 236, Tyr 197 and Val
239 residues, respectively. Also, one hydrophobic interaction is formed between the benzoni-
trile ring of compound 32 and the Phe 201 residue. Therefore, according to structural analyses
and study of existing interactions, we can conclude that these residues play an important role
in compound affinity potency with the A, receptor. As a result, the docking mode of com-
pound 32 provided some important information for the development of novel A, receptor
antagonists. For more details about molecular docking results, the Discovery studio program

PHEZ201A
TYR197A
S
\I N
\ /
—N
N\
H N
VAL239A -
LEU194A ALAZ3IGA
ALAZA3A
LEUT90A

Figure 7. 2D structure of interaction sketched by LigandScout program.
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Table 3. Structure and predicted pICsq values of newly designed compounds.
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was also used, and the results can be found in the supplementary information (available
online). Meanwhile, docking analysis was also employed for the main ligand (4-{2-[(7-amino-
2-furan-2-yl [1,2,4] triazolo [1,5-a] [1,3,5] triazin-5-yl) amino] ethyl} phenol) of receptor
(4EIY) to compare with residuals derived for compounds 32 and N4. The results were
amended in SIF and showed some similar residuals responsible for increasing the biological
activities of these inhibitors.

3.4 Design of new A, receptor antagonists

Based on the structure—activity relationship obtained these 3D-QSAR models, a series of new
A, receptor antagonists was designed and predicted by the obtained models (Table 3). The
most potent molecule (compound 32) was used as a reference structure to design new mole-
cules. These new proposed compounds were generated by combining some bulky and elec-
tron-donating groups, such as a substituents containing -NHCOR, -N(CH,CHj3),, -OCOCHj;,
-OR, NH,, Cl and I groups at the R; position, and some electron-withdrawing groups such as

N
CN and electron-donating group such as /\[ 7 at R, position, and some new compounds were
N

designed. Most of them greatly enhanced A5 receptor activity in comparison with the refer-
ence molecule; in particular, compound N4 showed the strongest activity with its predicted
pK; = 9.08. Other compounds as well as compound 32 also exhibited predicted activity well.
Such results further suggest that these CoMFA models have strong predictive ability and can
be prospectively used in molecular design or structural modification. Docking analyses were
also performed for the most potent designed compound (N4) and amended to SIF. The results
of docking showed that the designed compound has a large number of interactions with its
receptor and indicated higher biological activity.

4. Conclusion

The 3D-QSAR models of 46 pyrimidines as adenosine A,, receptor antagonists were devel-
oped using the CoMFA technique. The CoMFA region focusing model provided the most sig-
nificant correlation of steric and electrostatic fields with biological activity. The developed
model had high internal validity (¢ above 0.5) and high predictive ability (test set /* above
0.5). The CoMFA region focusing contour maps emphasized important regions in 3D space
where modifications of steric and electrostatic properties would be strongly associated with
concomitant changes in observed activity. The docking results showed that hydrophobic
interactions were highly correlated with the activities of A,, receptor antagonists. Some
potent compounds were designed based on analysis of contour maps. The proposed models
are being used to predict the A, receptor antagonist activity of newly designed compounds.
These models could provide useful information for the design of new potent A,, receptor
antagonists.

Supplementary material

The supplementary material for this paper is available online at http://dx.doi.org/10.1080/
1062936X.2015.1049666.
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Multiple separate quantitative structure-activity relationships (QSARs) models were built for the
antiproliferative activity of substituted Phenyl 4-(2-Oxoimidazolidin-1-yl)-benzenesulfonates
(PIB-SOs). A variety of descriptors were considered for PIB-SOs through QSAR model building. Genetic
algorithm (GA), available in QSARINS, was employed to select optimum number and set of descriptors
to build the multi-linear regression equations for a dataset of PIB-SOs. The best three parametric models
were subjected to thorough internal and external validation along with Y-randomization using QSARINS,
according to the OECD principles for QSAR model validation. The models were found to be statistically
robust with high external predictivity. The best three parametric model, based on steric, 3D- and finger
print descriptors, was found to have R?=0.91, R%, = 0.89, and CCC., = 0.94. The COMFA model, which is
based on a combination of steric and electrostatic effects and graphically inferred using contour plots, gave
F=229.34, R%,=0.71 and R?=0.94. Steric repulsion, frequency of occurrence of carbon and nitrogen at
topological distance of seven, and internal electronic environment of the molecule were found to have

correlation with the anti-tumor activity of PIB-SOs.
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1. Introduction

Recent reports from WHO and other organizations clearly
highlights cancer as a leading cause of mortality, and economic
problems for millions of peoples (WHO, 2012, 2013).
Chemotherapy is a preferred method of treatment, although, vari-
ous therapies like radiation, different types of surgeries etc. are
available Chemotherapy for cancer treatment usually involves
three or four anti-cancer drugs in combination (Aziz et al., 2013;
Natarajan and Senapati, 2012; Temirak et al., 2012). Few examples
of anticancer drugs are presented in Fig. 1. Despite high treatment
success in many cases, severe side effects and emergence of

Abbreviations: CoMFA, comparative molecular field analysis; PIB-SOs, Phenyl
4-(2-Oxoimidazolidin-1-yl)-benzenesulfonates; GA, genetic algorithm; MLR, mul-
tiple linear regression; QSAR, quantitative structure-activity relationship; ADMET,
Absorption, Distribution, Metabolism, Excretion and Toxicity; CADD, computer
aided drug designing; OLS, ordinary least square; QSARINS, QSAR insubria.

* Corresponding author.
E-mail address: vijaymasand@gmail.com (V.H. Masand).

http://dx.doi.org/10.1016/j.ejps.2015.06.001
0928-0987/© 2015 Elsevier B.V. All rights reserved.

resistance for marketed anti-cancer drugs are serious concerns
for modern chemotherapy (Fortin et al., 2011; Krishnegowda
et al,, 2011; Temirak et al., 2012). Therefore, extensive search for
a drug with high activity against cancer and good ADMET
(Absorption, Distribution, Metabolism, Excretion and Toxicity)
profile is a challenge for modern medicinal chemistry.

Modern medicinal chemists employ different strategies to opti-
mize the pharmacological activity, the ADMET profile and a viable
synthesis route for an available lead candidate (i.e. lead optimiza-
tion). In modern drug designing process, computer-aided drug
design (CADD) is helpful in identifying new potent compounds
and saves drug development time, and money. It provides a useful
alternative to animal testing, as well. CADD is a method of choice in
drug designing process due to its faster, economical, and result ori-
ented high success rate (Mahajan et al., 2012, 2013; Masand et al.,
2012a,b, 2013a,b). QSAR, molecular docking, pharmacophore mod-
eling, etc. are some of the successful brushwood of CADD that have
led to the introduction of many drugs in the market (Jawarkar
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Fig. 2. Some of the commercial drugs developed using QSAR.

et al., 2010; Mahajan et al., 2010, 2012, 2013; Masand et al., 2011,
2012a,b, 2010a,b, 201s3a,b) (see Fig. 2).

Molecular docking can be effectively used for optimization of
drug when the 3D structure of the protein/enzyme with which
the drug interacts is known (Mahajan et al., 2012). According to
one school of thought, in absence of information about the target
protein/receptor, QSAR and pharmacophore modeling are prefer-
able techniques for lead optimization (Mahajan et al., 2012).
Since the exact mechanism of action and the receptors with which
PIB-SOs interact are unknown (Fortin et al., 2011; Turcotte et al.,
2012), we have performed extensive QSAR, and CoMFA (ligand
based drug design) analyses on PIB-SOs to determine the structural
features that control their anti-proliferative activity. This will pro-
vide understanding of drug mechanism for PIB-SOs class and will
help in developing potentially active and better drug candidates
against cancer.

The selected dataset (Fortin et al., 2011; Turcotte et al., 2012)
consists of ninety seven PIB-SOs having diverse substituents like
-NH;, -OH, -OCH3 and -Cl. The compounds were assayed against
skin melanoma M-21 cell lines according to the NCI/NIH
Developmental Therapeutics Program (Fortin et al., 2011;
Turcotte et al., 2012). The activity expressed as the concentration
of drug inhibiting cell growth by 50% (ICs9) was converted to
pICso (—logio ICs0) for QSAR analysis (Jawarkar et al., 2010;

Mahajan et al., 2010, 2012; Masand et al., 2013a). The substituents,
experimental ICso and pICsg have been listed in Table 1.

The standard procedure as specified in SYBYL was followed to
build a database of ninety-seven PIB-SOs. For thriving COMFA anal-
ysis, proper alignment of 3D structures of the molecules is very
important (Mahajan et al., 2012; Masand et al., 2012a, 2010a). To
enhance the fruitfulness of CoMFA analysis, Gasteiger-Marsili
partial charges were assigned to all the molecules before carrying
out descriptor calculation and alignment. The lowest energy
conformer of most active compound 92 was used as a template
structure for aligning the compete set of molecules. The molecules
in their respective lowest conformations were superimposed on
the template using the atom based alignment option in SYBYL. It
was followed by partial least square (PLS) analysis and 3D contour
generation with optimum number of components set to 5. Default
settings and procedure as implemented in SYBYL were used
throughout the work.

The central idea of the present work is to use conventional
QSAR to obtain extensive information about the structural features
that govern the activity. Therefore, a new strategy was employed,
in which, multiple models were built using 50% training set and
validating them on remaining set (50% prediction set) using
random splitting. In next step, the training and the prediction sets
were interchanged for model building and validation. Thus, new
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Table 1

Experimental data showing ICso and pICsq for substituted N-phenyl ureidobenzenesulfonate derivatives.

V.H. Masand et al./European Journal of Pharmaceutical Sciences 77 (2015) 230-237

S. no. X R! or R? ICso (UM) (M-21) pICso (M) (M-21)
9 Z R’ (-S?
0 BxN 0 i~ R?
Iy Iy
N N HN\JN
1. o] 2-Me 26 7.585
2. 0 3-Me 54 7.268
3. 0 4-Me 93 7.032
4. o] 4-OMe 98 7.009
5. o] 4-NMe, 350 6.456
6. 0 2-Et 52 7.284
7. o} 2-Prop 61 7.215
8. o] 2-OMe 130 6.886
9. 0 2-OEt 24 7.62
10. 0 2-Cl 45 7.347
11. o] 2-F 34 7.469
12. 0 2-1 40 7.398
13. 0 2-NO, 150 6.824
14. o} 2-Me,3-Me 17 7.77
15. 0 2-Me 4-Me 39 7.409
16. 0 2-Me,5-Me 8.5 8.071
17. o} 2-Me,4-Me, 5-Me 41 7.387
18. o] 2-Cl,4-Cl, 5-Cl 31 7.509
19. 0 2-Cl,4-Cl, 6-Cl 120 6.921
20. o} 2-F4-F 35 7.456
21. o] 2-F,6-F 15 7.824
22. 0 2-F,3-F4-F,5-F, 6-F 220 6.658
23. 0 3-Prop 27 7.569
24. 0 3-OMe 24 7.62
25. o] 3-OEt 12 7.921
26. 0 3-Cl 9.2 8.036
27. 0 3-F 31 7.509
28. o] 3-1 10 8
29. 0 3-NO, 48 7.319
30. 0 3-NH, 170 6.77
31. o] 3-Me,5-Me 16 7.796
32. 0 3-Me,4-Me,5-Me 15 7.824
33. 0 3-OMe,4-OMe 45 7.347
34. 0 3-OMe,5-OMe 43 8.367
35. 0 3-OMe,4-OMe,5-OMe 4 8.398
36. 0 2-C1,5-Cl 8.2 8.086
37. 0 3-F4-F 47 7.328
38. o] 3-F,5-F 15 7.824
39. 0 3-F4-F,5-F 43 7.367
40. 0 3-Me,4-NO, 100 7
41. o] 3-Me,4-NH, 360 6.444
42. 0 4-Et 120 6.921
43. (0} 4-Prop 59 7.229
44, [0} 4-secBut 830 6.081
45. o] 4-OFEt 39 7.409
46. 0 4-OProp 96 7.018
47. 0 4-OBut 530 6.276
48. o] 4-Cl 58 7.237
49. 0 4-F 89 7.051
50. 0 41 110 6.959
51. 0 4-NO, 570 6.244
52. 0 4-NH, 920 6.036
53. 0 SN 130 6.886
N/
o]
54, o] y 65 7.187
o,
O
55. o] o) N 290 6.538
‘ X
7
56. 0 3-OMe,4-OMe,5-OMe 240 6.62

(continued on next page)
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Table 1 (continued)

S. no. X R! R? 1Cso (UM) (M-21) PICso (M) (M-21)
7\ . .

R X /

n \

X—38 N H
| \
H

o
57. ) 4-0H 4-CEU 2.8 5.553
58. ) 2-Me 3-CEU 7.2 5.143
59. ) 2-CH,-CHs 3-CEU 21 4678
60. 0 2-(CH,),-CHs 3-CEU 18 4745
61. ) 4-0H 3-CEU 43 4367
62. ) 2-CH,-CH, 4-CEU 12 5.921
63. ) 2-(CH,),-CHs 4-CEU 40 4398
64. NH 2-Me 3-CEU 48 5319
65. NH 2-CH,-CH; 3-CEU 17 477
66. NH 2-(CH,),-CHs 3-CEU 73 4137
67. NH 2-Me 4-CEU 13 4.886
68. NH 2-CH,-CH; 4-CEU 2.1 5.678
69. NH 2-(CH,),-CHs 4-CEU 91 4.041
70. ) 2-Me 3-CPU 65 4187
71. 0 2-CH,-CH; 3-CPU 17 477
72. ) 2-(CH,),-CH; 3-CPU 63 4201
73. ) 4-0H 3-CPU 68 4167
74 0 2-Me 4-CPU 29 4538
75. ) 2-CH,-CH; 4-CPU 29 4538
76. ) 2-(CH,),-CHs 4-CPU 24 462
77. ) 4-0H 4-CPU 15 4824
78. NH 2-Me 3-CPU 49 431
79. NH 2-CH,-CHs 3-CPU 25 4,602
80. NH 2-(CH,),-CHs 3-CPU 15 4824
81. NH 2-Me 4-CPU 13 4.886
82. NH 2-(CH,),-CH; 4-CPU 47 4328
83. ) 2-Me 4-CEU 60 4222
84. ) 2-CH,-CH; 3-EU 23 4638
85. ) 4-0H 3-EU 38 442
86. ) 2-Me 4-EU 51 4292
87. 0 2-CH,-CH; 4-EU 30 4523
88. 0 2-(CH,),-CH; 4-EU 25 4,602
89. ) 4-0H 4-EU 4 4377
90. 0 3-Me 4-CEU 3.1 5.500
91. NH 2-Me 3-EU 25 5.602
92. NH 2-CH,-CH; 3-EU 0.8 6.097
93. NH 2-(CH,),-CHs 3-EU 43 5367
94. NH 2-CH,-CH; 4-EU 131 3.883
95. ) 4-Me 4-CEU 60 4222
96. ) 4-0Me 4-CEU 90 4.046
97. ) 4-N(Me), 4-CEU 41 4387

CEU: 2-chloroethylurea; PIB-SO: Phenyl 4-(2-oxoimidazolidin-1-yl)benzenesulfonate; PUB-SO: N-phenyl ureidobenzenesulfonate; PUB-SA: N-phenyl ureidobenzenesul-

fonamide; CPU: 3-chloropropylurea; EU: ethylurea;

multiple models were built and validated on prediction set (which
was initially the training set). This ensures that all the relevant
information about the structural features that governs the
anti-tumor activity of these molecules is expressed in the devel-
oped QSAR models. Additionally, multiple QSAR models were built
using whole dataset (no splitting) to verify the capturing of all the
relevant structural and activity information (see Fig. 3).

Modeling subjective feature selection using genetic algorithm
(GA) in QSARINS was employed for selecting optimum number
and set of descriptors for ordinary least square (OLS) model devel-
opment. The heuristic search was limited to three variables per
model in order to develop easy and informative GA-MLR QSAR
models. The selected descriptors were used to build the statisti-
cally robust OLS QSAR models followed by thorough statistical val-
idation according to the OECD principles for QSAR model
validation. QSARINS was used to build tri-parametric OLS models
with default settings, except for Lack of Fit (LOF) which was set
to a value of 0.5. The selected fitness function used to maximize

in GA was @2, this avoids naive Q? also. All the models having
low internal and external predictivity were rejected. The descrip-
tors that were selected in model-1 to 12 are provided in supple-
mentary information.

All the models were subjected to thorough internal as well as
external validation along with Y-scrambling using QSARINS to
eliminate over-fitting and spurious models. Various parameters
for internal validation include: determination coefficient RZ,
leave-one-out (LOO) cross-validation Q2 leave-many-out (LMO)
cross validation Qfyo, coefficient of determination for
Y-scrambling R3..,, and root mean squared error (RMSE). The LMO
were repeated 500 times with 30% of the objects left out randomly
from the training set each time; the mean value of Q?vo has been
reported. The external validation parameters are RMSEex MAEey,
Rgx. QzFlv Q2F2v Qsz and Cccex-

Model validation was carried out also by checking the model
applicability domain (AD), which was verified by the Williams
plots. AD is a theoretical region defined by the physico-chemical,
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Fig. 3. Flowchart diagram for the methodology used in the present study.
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Fig. 4. CoMFA contour maps for PIB-Sos with compound 92 as representative along
graph correlation between experimental and predicted pICso (COMFA model).

structural or biological space on which the model has been devel-
oped using the training set, it’s applicable to make predictions for
new compounds. Thus, AD is related to interpolation rather than
extrapolation. A widely accepted method for AD determination is
based on leverage calculation from the diagonal values of the hat
matrix using modeling modelecular descriptors. It is evaluated by
leverage (or hat) analysis using the formula: h;j=x; (X" X)™' x/
where (i=1, ..., m), x; is the descriptor row-vector of the query
compound i, m is the number of query compounds and X is the
n x p matrix of the training set (p is the number of descriptors in
the model and n is the number of compounds in the training
set). The limit of the model domain is quantitatively defined by
the leverage cut-off h* and is set as 3(p + 1)/n. A leverage bigger
than h* for the training set means that the compound is very dom-
inant in determining the model. For the prediction set (X outlier), it
means that the prediction is the substantial extrapolation of the
model and could be unreliable. Also, a compound with a

Table 2
Multiple separate GA-MLR QSAR models for antiproliferative activity of PIB-SOs.
S. no. Variable Coefficient Std. Coeff. C. 1. 95%
Model-1 Intercept 49.77 4.17
X3A —177.39 -0.71 24.74
BEHp6 —-3.35 —0.28 1.26
FO7[C-N] —0.67 -0.29 0.22
Model-2 Intercept 58.21 6.58
MAXDP -1.95 -0.22 0.87
X3A —215.22 —0.86 22.85
FO7[C-N] -0.73 -0.31 0.22
Model-3 Intercept 44,15 4.51
X3A —188.50 -0.75 24.92
RDF020u —0.22 —0.22 0.10
FO7[C-N] -0.84 -0.36 0.21
Model-4 Intercept 42.53 4.78
X3A -197.012 -0.79 23.69
R4e+ 35.29 0.21 16.08
FO7[C-N] -0.79 —0.34 0.22
Model-5 Intercept 42,94 4,73
X3A —181.94 -0.73 26.48
R7u -1.98 -0.23 0.91
FO7[C-N] -0.85 -0.37 0.21
Model-6 Intercept 41.51 5.08
X3A —170.69 —0.68 29.75
R8e —3.42 -0.27 1.61
FO7[C-N] -0.71 —0.31 0.23
Model-7 Intercept 16.53 4.88
Xt -120.44 —0.52 21.12
VEA2 113.18 0.80 13.35
FO7[C-N] —0.54 -0.21 0.23
Model-8 Intercept 13.95 5.45
Xt -115.31 —0.50 23.73
VEA2 113.71 0.80 14.31
RDF110v 0.16 0.20 0.08
Model-9 Intercept 15.90 5.37
Xt -121.54 —0.53 23.40
VEA2 116.92 0.83 14.26
FO6[C-N] -0.39 -0.17 0.23
Model-10 Intercept 13.90 5.73
Xt -96.15 —0.42 32.64
VEA2 94.73 0.67 22.92
nHDon -0.49 —0.28 0.30
Model-11 Intercept 17.18 5.40
Xt -127.03 —0.55 22.97
VEA2 114.81 0.81 15.23
BO1[N-S] —0.64 -0.16 0.43
Model-12 Intercept 19.43 5.63
Xt —133.04 —0.58 22.56
VEA2 122.21 0.87 13.95
R4v —4.63 -0.13 3.27

C. L. - Confidence interval and Std. coeff. - Standardized Coefficient.
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Table 3

Statistical parameters for multiple separate GA-MLR QSAR models 1-12 for antiproliferative activity of PIB-SOs.
S. no. Statistical parameter Model-1 Model-2 Model-3 Model-4 Model-5 Model-6
1. Nee 49 49 49 49 49 49
2. Nex 48 48 48 48 48 48
Fitting parameters
3. R% 0.92 0.91 0.91 0.91 0.90 0.90
4, R3g;. 091 0.90 0.90 0.90 0.90 0.90
5. LOF 0.17 0.20 0.20 0.20 0.20 0.20
6. RMSE,, 0.38 0.40 0.40 0.40 0.41 041
7. MAE;, 0.30 0.31 0.32 0.31 0.28 0.30
8. CCCyr 0.96 0.95 0.95 0.95 0.95 0.95
9. s 0.40 0.42 0.42 0.42 0.43 043
10. F 167.87 147.15 145.54 145.05 143.65 141.82
Internal validation parameters
11. R%, (%) 0.89 0.88 0.88 0.88 0.88 0.88
12. RMSE,, 0.43 0.46 0.45 0.46 0.46 0.46
13. MAE,, 033 0.35 0.35 0.34 0.31 033
14. CCCqy 0.94 0.94 0.94 0.94 0.94 0.93
15. Qtvio 0.90 0.89 0.89 0.89 0.89 0.89
16. Riser 0.06 0.06 0.06 0.06 0.06 0.06
External validation parameters
17. RMSEcx 0.55 0.48 0.55 0.59 0.49 0.54
18. MAEx 043 0.38 0.40 0.45 0.39 0.42
19. R%, 0.85 0.89 0.85 0.83 0.88 0.86
20. Q%*n 0.85 0.89 0.85 0.83 0.88 0.86
21. (0 0.85 0.89 0.85 0.83 0.88 0.86
22. Qs 0.83 0.87 0.83 0.80 0.86 0.83
23. CCCex 0.92 0.94 0.92 0.91 0.94 0.92
S. no. Statistical parameter Model-7 Model-8 Model-9 Model-10 Model-11 Model-12
1. Ner 48 48 48 48 48 48
2. Nex 49 49 49 49 49 49
Fitting parameters
3. RZ 0.92 0.91 0.91 0.91 0.90 0.90
4, R, 0.92 091 0.90 0.90 0.90 0.89
5. LOF 0.19 0.22 0.23 0.23 0.24 0.24
6. RMSE,, 0.40 0.42 0.44 0.44 0.44 0.45
7. MAE, 0.31 0.34 0.34 0.34 0.35 0.35
8. CCCyr 0.96 0.95 0.95 0.95 0.95 0.95
9. s 0.42 0.44 0.45 0.46 0.46 0.47
10. F 171.77 152.31 142.73 141.37 136.90 134.20
Internal validation parameters
11. R%, (Q%) 0.91 0.90 0.89 0.89 0.89 0.89
12. RMSE,, 0.44 0.46 0.47 0.48 0.48 0.48
13. MAE,, 0.34 0.37 0.37 0.37 0.38 0.38
14. CCCqy 0.95 0.95 0.94 0.94 0.94 0.94
15. Qtvio 0.91 0.90 0.89 0.89 0.89 0.89
16. Réser 0.07 0.07 0.07 0.06 0.06 0.06
External validation parameters
17. RMSE o« 0.53 0.73 0.63 0.58 0.67 0.70
18. MAEex 0.40 0.52 0.45 0.42 0.46 0.49
19. R%, 0.86 0.76 0.81 0.83 0.80 0.78
20. Q*n 0.84 0.70 0.77 0.81 0.75 0.72
21. [0 0.84 0.70 0.77 0.80 0.74 0.72
22. Q@ 0.86 0.74 0.80 0.83 0.78 0.76
23. CCCex 0.92 0.86 0.90 0.91 0.88 0.87

R? - correlation coefficient, Q - leave-one-out ‘cross validated R?, Rﬁdj - adjusted R?, SEE - standard error of estimates, RMSE - root mean squared error, MAE - mean absolute
error, CCC - concordance correlation coefficient, for the training (tr), and test (ex) sets; LOF - lack of fit, F - Fischer’s value; RZyo and Qfvo - leave many-out correlation coefficient
and cross-validation coefficients; R%.. and Q3. — Y-scramble correlation and cross-validation coefficients;

standardized residual greater than 3¢ (3 x standard deviation
units) is recognized as a Y outlier.

Though Fortin et al. performed CoMFA analysis for a dataset
of PIB-SOs, the developed CoMFA model was based on a rela-
tively small dataset of thirty seven molecules with moderate sta-
tistical performance (R%, =0.552). The present CoMFA model,
based on a larger dataset of ninety-seven PIB-SOs, is statistically
robust with CCCeyx =0.892, R2,=0.91 for Nex=21. For Nipin =76,
CCCy=0.970. A higher value of CCC. along with RZ, confirms
the good external predictivity of the CoMFA model. The

leave-one-out (LOO) correlation coefficient (R*cv) and R?> were
found to be 0.712 and 0.942, respectively. Further, standard error
of estimate was found to be 0.338 with an optimized component
of 5. This implies that the model is not only trustworthy in cap-
turing the essence of structural features that govern the
anti-cancer activity but it is very good at predicting the
anti-cancer activity of PIB-SOs also. The plCsgvalues predicted by
CoMFA model have been depicted in Fig. 4.

From Fig. 4, it is evident that the biological activity is predom-
inantly governed by steric factors.
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Fig. 5. Graph between experimental and predicted pICso (on Y-axis) vs. molecule number (on x-axis).

The presence of a green colored contour near the ring A indi-
cates that bulky groups are favoured in this region. This could be
a possible reason for the differences in the activity of compounds:
84 with 59 and 71, 86 with 74, 89 with 57 and 77. A yellow contour
near to ring A suggests that presence of bulkier groups in this
region is unfavourable for the anti-cancer activity. Another yellow
contour present in the close vicinity of nitrogen at substituted urea
moiety indicates that bulkier groups need to be avoided as sub-
stituent on this nitrogen. In a nut shell, steric factors play crucial
role in deciding the anti-cancer activity of PIB-SOs.

The GA-MLR analysis resulted in many statistically acceptable
QSAR models, listed in Table 2. The analysis was able to shed light
on the structural features that steer the anti-cancer activity.

The different parameters for model 1-12, depicted in Table 3,
indicate that all the models satisfy many statistical parameters like
RZ, Q2. R and CCC.,. These parameters are necessary to establish
the internal and external predictive ability of a model. The predicted
plCso values by different models have been depicted in Fig. 5 (pre-
dicted pICsq values are available in Tables S3 and S4 provided as sup-
plementary information).

From Table 3, it is clear that X3A (Average connectivity Index
that a represents of the steric character of the molecule) and
FO7[C-N] (frequency of occurrence of carbon and nitrogen at
topological distance of seven) are continually present in model
1-6. Similarly Xt (Total structure connectivity index, a represen-
tative of the steric character of the molecule) and VEA2 (average

eigenvector coefficient sum from adjacency matrix) are present
in model 7-12. For X3A, a connectivity index, the coefficient
(-194.319 in model-1) and standard coefficient (std.
coeff. = —0.743 in model-1) are negative, which indicate its neg-
ative correlation with the activity. Same is applicable to
FO7[C-N], a 2D frequency fingerprint descriptor, and BEHp6 (high-
est eigenvalue n. 6 of Burden matrix/weighted by atomic polar-
izabilities), both have negative std. coeff. and coefficients in
model 1. This observation is more clarified and vindicated by
the CoMFA analysis. That is, COMFA and QSAR analyses are com-
plementary and supporting to each other. For better activity, the
values of X3A, BEHp6 and FO7[C-N] should be as low as possible.
X3A accounts for the multiplicity of the bond and for the pres-
ence of hetero atoms in the molecule, especially the hydrogen
bond donor/acceptor atoms. For better anticancer activity of
PIB-SOs, heteroatoms capable of forming H-bonding must be
placed as far as possible.

From model 2-6, it is clear that MAXDP (maximal electro-
topological positive variation), RDF020u (Radial Distribution
Function - 2.0/unweighted), R7u (R autocorrelation of lag
7/unweighted) and R8e (R autocorrelation of lag 8/weighted by
atomic Sanderson electronegativities) have negative correlation
with the activity. The only descriptor that was found to have
positive correlation (see model 4) with activity is R4e+(R maxi-
mal autocorrelation of lag 4/weighted by atomic Sanderson
electronegativities).
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Further a model based on undivided dataset was developed
using the same parameters as for model 1-12 to understand the
inclusion of new molecules in dataset for descriptor selection i.e.
effect of augmentation of dataset size.

Model-13:  plCso=8.559 (+4.043) — 55.8097 (+23.1356)
Xt+71.0572 (£18.4287) VEA2-0.7420 (+0.2572) nHDon.

Ne =97, Q*=0.85, R% =0.87, R34 =0.86, LOF=0.27, Ky =0.44,
AK=0.15, RMSEq =050, RMSE. =0.52, S=0.51, F=205.12,
CCC, = 0.93, CCC,, = 0.92, MAE,, = 0.38, MAE,, = 0.40, R3\i0 = 0.87,
Qtmo = 0.86, REser = 0.03.

The model 13 is found to be similar to model 10 (see above
table) apropos of selected descriptors only. The statistical parame-
ters for model 13 clarifies that inclusion of more molecules in the
dataset has acceptable influence on the statistical performance.
Thus, the developed models are able to capture all the essential
features that influence the anti-cancer profile of PIB-SOs. The train-
ing set of the models 7-12 has a distribution of data more similar
to the full set, this could be a plausible reason for similarity
between model 10 and 13.

In conclusion, various QSAR models and CoMFA model are
developed and they are found to be statistically acceptable with
good internal and external predictive ability. Both analyses reveal
that steric repulsion has important correlation with the activity.
The anti-cancer activity (against M 21 cell lines) of PIB-SOs is found
to be largely influenced by the steric factors. The developed QSAR
and CoMFA model insinuate constructive hints for optimization of
PIB-SOs with improved activity profile. The models could be used
to design new ligands with better activity, prior to their actual
synthesis.
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Abstract
In the present work, a simple convenient and high yielding synthetic route has been employed for the
synthesis of targeted molecules 1-(4-(5-(substitutedbenzylideneamino)-1,3,4-thiadiazol-2-yl)phenoxy)-
9H-xanthen-9-one 2a-d. The structures were confirmed by elemental analyses, UV-Vis, FT-IR, H!NMR,
Mass and physical properties. The synthesized compounds were screened for anti-microbial analysis
against E. coli, P. aerogenosa and S. aureus. The compounds are found to be highly active, henceforth,
could be attractive lead molecules for developing new therapeutics against tested microorganisms.
Keywords:Xanthone, thiadiazoles, Schiff’s bases, synthesis, antimicrobial
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Xanthone (dibenzo-y-pyrone), a tricyclic oxygen based heterocycle (see figure 1), has
widespread existence in a good number of natural compounds exhibitingattractive agricultural
and medicinal applications like inhibitor of growth of variety of tumor cell lines,anti-asthmatic,
anti-allergic, anti-parasitic, cardiovascular, neuropharmacological, analgesic, cytostatic activities,
analeptic, anti-epileptic, anti-arrhythmic, anti-oxidant, herbicidal *. Substituted 1,3,4-thidiazoles
(see figure 1) are associated with diverse biological activities probably by virtue of the
toxophoric -N=C-S- grouping®*.

g O 1 4 3
(SO
6 o 3 5 S 2

5 4 1

Figure 1: Xanthoneand 1,3,4-thiadiazole scaffolds

It has been widely observed that the desired profiles viz. biological and physico-chemical of a
molecule alters significantly on integration of the parent nucleus with different scaffolds. At
present, limited xanthones are commercially available and relatively limited type and position of
the substituents on xanthone have been explored'?. It has been observed that Schiff’s base
derivatives of 1,3,4-thiadiazole possess wide spectrum of biological application®. All these
observations encouragedus to associate the titled scaffolds with the presumption that the
integration of xanthones with substituted Schiff bases of thiadiazolecould be a new prospect of
compounds with anticipated biological properties and fascinating chemistry.

Experimental Section

All melting points were carried out in open capillary and are uncorrected. UV spectra were
recorded on Systronics 119. H:-NMR spectra were recorded on BruckerAvance 400 MHz
spectrometer and recorded as chemical shift values (PPM) with reference to TMS as internal
standard and DMSO/CDClI3 as a solvent. FT-IR spectra were recorded on on Shimadzu 8110 S

series. All compounds gave correct elemental analyses.

Synthetic route
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The synthetic route of targeted molecules 1-(4-(5-(substitutedbenzylideneamino)-1,3,4-
thiadiazol-2-yl)phenoxy)-9H-xanthen-9-one 2a-dhas been depicted in figure 2.

Ry

R
S__NH Rs
2
(T o

N
0 0 NN T
Y
¢l. CH;COOH, o o N-
O O Heat 3hr
_—
o R5 RA O O
H R
OHC s o
1 2a-d

Figure 2.Synthetic route of targeted molecules 1-(4-(5-(substitutedbenzylideneamino)-1,3,4-
thiadiazol-2-yl)phenoxy)-9H-xanthen-9-one 2a-d

General procedure

An equimolar mixture of 1-(4-(5-amino-1,3,4-thiadiazol-2-yl)phenoxy)-9H-xanthen-9-one 1
(0.01 mol), appropriately substituted benzaldehyde (0.01 mol) with glacial CH3COOH (10ml) in
a 50 ml round bottom flask fitted with a water condenser was refluxed for 3hr. The reaction
content was kept overnight and then poured in ice cold water. The solid separated out was
filtered, washed several time with cold water and recrystallized from suitable solvent.
1-(4-(5-(benzylideneamino)-1,3,4-thiadiazol-2-yl)phenoxy)-9H-xanthen-9-one 2a:

Yield: 80%, Molecular Formula = C2gH17N30O3S, Molecular weight = 475.51, m.p.112°C.
Elemental analysis: Found: C = 70.65, H = 3.58, N = 8.83, S = 6.76, Calc. C = 70.72, H = 3.60,
N = 8.84, S = 6.74. UV-Vis (acetone-ethanol): 261nm (absorbance = 0.73) and 308 nm
(absorbance = 0.81). FT-IR (cm™): 3071.79 and 3017.16 (Aromatic C-H stretch), 1660.81 (-C=0
of xanthonic nucleus), 1611.25 (-C=N- stretch), 1557.12 and 1442.35 (C=C stretch of aromatic
ring), 1249. 51 and 1032.41 (C-O-C of ether linkage), 800.64 and 751.27 (p-disubstituted
aromatic ring), 694.55 (C-S stretch). H:-NMR (8): 7.15-8.07 (multiplet, Aromatic H), Mass:
475.1 (M").
(E)-1-(4-(5-((2-hydroxybenzylidene)amino)-1,3,4-thiadiazol-2-yl)phenoxy)-9H-xanthen-9-
one2b: Yield: 75%, Molecular Formula = C2gH17N304S, Molecular weight = 491.51, m.p.98°C
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(E)-1-(4-(5-((4-methoxybenzylidene)amino)-1,3,4-thiadiazol-2-yl)phenoxy)-9H-xanthen-9-
one 2c: Yield: 78%, Molecular Formula = C29H19N304S, Molecular weight = 505.54, m.p.142°C
(E)-1-(4-(5-((3-nitrobenzylidene)amino)-1,3,4-thiadiazol-2-yl)phenoxy)-9H-xanthen-9-one
2d: Yield: 65%, Molecular Formula = C2sH16N4OsS, Molecular weight = 520.51, m.p.176°C

Results and Discussion

The synthetic protocol (see figure 2) employed for the synthesis of the target molecules is highly
eco-benign, easy and efficient ensuing in high yields. The compounds were characterized by
spectral and elemental analyses. The Mass spectrum for 2a exhibited peaks at 475.1 (Base peak
100% abundance), 398.06, 371.05, 280.05, 264.06, 211.04, 195, 188, 131, 104.05, 77.04, and 47.
The fragmentation pattern can be depicted as following:

i >T)
=l N s
(o] o N—" Y
B
s>\ o o + 7
+ &
PR See
C,3H,05" CysH oN3S™ ° m/z: 104.050

m/z: 211.039 m/z: 264.059

C, H | N,O5S*
\ / m/z: 371.049

—N &
N
S|
\ o o @@
O +
.ee
/ ° m/z: 77.039

C5H 5,N3058™

@ N—N, m/z: 398.059
v XD
' T
O

C13H50," o Cy5H,(N;08*
m/z:195.052 m/z: 280.053

Fragmentation pattern for 2a
The PMR spectrum of the compound 2a exhibited following chemical shifts, which have been

correlated as following (see figure 3):
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8745  §7.55
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Figure 3.H:-NMR chemical shift assignment to different protons

Biological Evaluation:
The newly synthesized compounds were screened against E. coli, P. aerogenosa and S. aureus.
The standard protocol mentioned in the literature was followed to determine the anti-microbial
efficacy of the compounds 2a-d using Chloroamphenicol as a reference. The results have been
summarized in Table 1.

Table 1.Antibacterial activity of synthesized compounds2a-dwith zone of inhibition in mm

Sr. Zone of inhibition(mm)
Compound :
No. E. coli | S.aureus | P.aerogenosa
Chloramphenicol | 14 12 12
1 2a 13 13 10
2 2b 13 12 10
3 2C 13 10 10
4 2d 13 16 09

From table 1, it is evident that the test compounds 2a-dpossess good activity against E. coli, P.

aerogenosaand S. aureus.

Conclusion:
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In conclusion, an efficient, simple and economical protocol has been followed to synthesize new
molecules bearing xanthone nucleus in combination with thiadiazole and Schiff’s bases
scaffolds. The route provides moderate to high yields of targeted compounds. The compounds

exhibit good anti-bacterial activity against E. coli, P. aerogenosaand S. aureus.
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Analytical studieson lubrication properties of different vegetable oils blends
at different temperatures
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ABSTRACT

Different vegetable oils viz. soybean oil, olive aimond oil, amla oil, castor oil, groundnut oitpttonseed oil,
coconut oil, sesame oil, sunflower oil, mustardvagire purchased from the local standard marketfelDént blends
of vegetable oils were prepared in different prdjmors and lubrication properties like cloud poiptur point, flash
point, fire point and % carbon residues were deiaad. From this study, it's found that given lulation

properties changes with changing vegetable oil ddenThis study will help the lubricant producinglirstry to
check out most ecofriendly, economical vegetalliblends as industrial lubricant at lower as wel at higher
temperatures.

Keywords: Vegetable oils, lubricant, blends, ecofriendly, perature

INTRODUCTION

Lubricants are most important products obtainednfrrude mineral oils. Lubricating oils have widenga of
application including proper functioning of everyaahine, equipment and instrument. Lubricating ailsmainly
known for their five essential functions like lutation, coolant, carrier, protecting and sealantbricating oil
keeps parts of machine which touching each othéraduces friction of moving parts like bearings, €hang G.
et al. [1]. As a coolant lubricating oil carries awthe heat of friction and gas compression to keeghine at
moderate temperature. Lubricating oil as a caméenoves wear particle and other particle in suspansesults
minimizing damage. These particle eventually rendobg oil changes or filtration. As protectant, pibtects the
machine from corrosion. Lubricating oil improveiei#ncy by creating deep ultimate vacuum in delilee vacuum
pumps. In lubricating market, most of the lubricaate made up from mineral oil. Lubricants madenfraineral oil
have many disadvantages after use. Itcauses emermal pollution like soil pollution, air pollutiorvater pollution
etc. K.M. Talkit et al. [2]. Due to increasing uskEmineral oil base lubricant leads to increasingaentration of
greenhouse gases in atmosphere resulting in glwhahing effect. To minimize all given problems telh to
environment, worldwide lubricating industry has el@ping interest for the use of biolubricant. Snia et al. [3].
Vegetable oil base lubricant shows excellent bicaleigity, low temperature stability, high viscositydex etc. due
to all lubricating properties vegetable oils acirdgBnate substitute for mineral oil base lubricaviany researchers
have studied vegetable oil as industrial lubricabtsA. Quinchia et al. [4]. An overview on clouaipt extraction
as sample preparation technique for trace elemmalysis was investigated by Nabil Ramdan Bader €]. In
this work, cloud point extraction, mechanism adaget disadvantage and other some application haea b
discussed. Nadia Salih et al [6]. Carried studybdslubricant from chemically modified plant oil illing
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ricinoleic acid base tetraester. From the aboveares, it's found that these derivatives have gantiwear and
friction reducing properties at relatively low c@mtration and simply used as biolubricant baseksthcA. Gohatri,
Ardabili, R. Farhoosh and M. H. Haddad Khodapafaktinvestigate Chemical Composition and Physi@voltal
Properties of Pumpkin Seedsucurbitapep&ubsp. pepo Var. Styriaka) Grown in Iran. From giigdy it revealed
that pumpkin seed oil could be used as biodiegali&s on flash point of lubricating oil includirgngine oil and
recycle lubricating oil by acid/clay treatment, tdiation/clay acid treatment and activated chaltey treatment
have been done by J.D. Uddon [8] and lhsan Hamay@nd/.I. Oseni et al [10] was determined extrantiand
analysis of physical and chemical properties ofoyeloleander oil as lubricant from the result ob&al its proved
that given oil can be used as lubricant in envirental sensitive areas including marine ecosystetatal loss of
lubrication with associated positive environmergatl economic impact. Recycling of used engine ®ihdustrial
lubricant by composite solvent method, acid treatimeethod and single solvent method was investigte
Rashid Abro et al [11]. From result obtained shdhat by using this methods flash point, viscositgur point,
specific gravity and ash percentage was improvetsast result was shown by composite solvent met@ods.
Lgbum et al [12]. Studied variables in charactassbf methyl ester obtained from four virgin trogi seed oil in
Nigeria. Performance of C.l. engine by using biedlgrepared from mahuna seed oil investigatedubfisnandi
[13]. From the given study, it's proved that mohsead oil biodiesel could be used as economicdidsel. From
the above literature review, it's confirmed thabrigation properties of vegetable oils can beenbdrizy using
various methods. In the present research worksank attempt has been made to evaluate lubricptimperties of
vegetable oil blends to find out such blends whsblow better lubrication properties at lower as veallhigher
temperatures.

MATERIALSAND METHODS

2.1 Test oils

In the measurement of lubrication properties, tegietable oils used in this work were soybean a@ilje oil,
almond oil, amla oil, castor oil, groundnut oil ttmmseed oil, coconut oil, sesame oil, sunflowé¢mad mustard oil
and their blends in different proportion. Duringebtling process soybean oil blends with other dilses
continuously to ensure uniform mixing.

2.2Flash point and fire point measurements

Flash point of soybean oil and their blends with other vegetable oils was determined by clevends open cup
flash point apparatus

The experimental procedure involves following steps

1.Thoroughly clear and dry the oils

2.Fill the cup with sample so that the top of minsdési exactly at the filling marks. If too much idded removed
by pipetting.

3. Place the cup on heating stove and insert thenthraeter in a vertical position with the bottom eitb0.4 mm
from bottom of cup.

4.Light the test flame by adjusting the gas flow. égdjit 3.2 to 4.8mm diameter.

5.Switch on heater and adjust regulator for heatirdnghat temperature rise of sample i&lger minute.
6.Record the flash point as the temperature whenffash appears at any point on the surface of oil.

7.1n order to find out the fire point continue heatiat the rate of% to 6c per minute.

8.Continue application of test flame as before uh# oil emits and continues to burn for at leas¢&ond.
9.Record this temperature as fire point of oil.

2.2Cloud point measur ements

Cloud point of soybean oil and their blends with other vegetable oils was determined by Cloud Point
apparatus

The experimental procedure involves following steps

1.Bring the test oil to a temperature at leastlabove the expected cloud point.

2.In order to remove any moisture present in the $anguld preheated anhydrous sodium sulphate 1gnh/80m
sample. Keep like that at least for 10minutes &ied filter through ordinary filter paper.

3.Pour this clean oil sample in to test jar to theelanark (5157 mm).

4.Tightly close the test jar by cork carrying testrtihometer in vertical position in center jar witletmometer bulb
resting on bottom of jar.

5.Place the disc in the bottom of jar and inserttés¢ jar with ring gasket 25mm from bottom in jatcke
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6.Maintained the temperature of cooling bath &t b +2c by wing crushed ice and water as cooling mixture.
7.After every fc fall in temperature remove the test jar from gick

8.When oil does not show a cloud when cooled fe,-Blace jar in third bath maintained at %@8vith crystal ice
and cadlcrystal for maintaining very low temperature botid CO, and acetone or petroleum naphtha may use up
to -57c.

9.When such inspection shows distinct cloudinessagetat bottom of test jar record the reading ofntioeneter as
cloud point.

2.3 Pour point measurements

Pour point of soybean oil and their blendswith other vegetable oilswas determined by Pour Point apparatus
The experimental procedure followed by followingpst

1.Pour the oil in to test jar to height between 5€n¥.

2. Close the jar with cork carrying test thermométevertical position with the bulb immersed aboutr8 below
surface of the oil.

3.Heat the oil sample to 46without stirring and cool in air to 35if expected pour point between £82nd -34c.
4.1f expected pour point is above %82heat the oil sample to %6or to a temperature approximateRc &bove
expected pour point.

5. If expected pour point is below -%heat the oil without stirring to 46and cool to 1%.

6.Place the disc in the bottom of jacket and ingettést jar with ring gasket 25mm from bottom ickget bath at -1
to 2c by using crushed ice and water only as coolingumé.

7.Beginning at the temperature’t2above the expected pour point remove the tedtgar jacket carefully, after
ever 3c fall in temperature.

8.1f the oil has not ceased to flow when temperateeehed to &. Place the jar in second cooling bath maintained
at -18c to -15c with crushed ice and sodium chloride crystals dntkcessary to third bath maintained at’e26
with crushed ice and sodium chloride crystal.

9.Continue the test in this manner till a point isakked when oil shows no movement when test jaeid i
horizontal position for this is freezing point df.0

10. Pour point is % more than freezing point.

2.4 % Carbon residue measurements

% Carbon residue of soybean oil and their blends with other vegetable oils was determined by Condrason
carbon residue apparatus

The experimental procedure followed by followingpst

. Weigh the clean and dry crucible with two glhsad

. Weight about 10gm of the sample to the neagst 5

. Place this crucible in the center of skidmorecityle.

. Level the sand in the largest sheet iron crednd set the skidmore crucible in the center @irn crucible.
. Place the cover to the both skidmore and iracibte.

. Keep the crucible resting on the wire triangtach is supported on the tripod stand.

. Cover the whole thing with iron hood.

. Heat the burner adjusts the flame so that thigpition period is 10 £ 1.5 minute.

. When smoke appear above the chimney move thmebta ignite vapour.

10. The period of burning the vapour is + 13 misute

11. After the vapour ceases to burn heat the deitibred heat for 7 minutes.

12. Remove the burner for cool the apparatus

O©CO~NOOTA~WNPE

. Ax100
% Carbon residue ”

Where, A= Weight of carbon residue in grams
W= Weight of sample in gram
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Table 1 Shows cloud point, pour point, flash point, fire point and % carbon residue of different vegetable oils blends

Sr. No. | Test Sample Mixture Ratio  Cloud Pojnt  PBaint | Flash point| Fire Point % Carbon Residue
1 Soybean oil + Olive Ol 10+90 %6 -15¢ 327c 358c 0.3723%
2 Soybean oil + Aimond Oil 90+10 E) 2%c 286c 330c 0.6309%
3 Soybean oil + Amla Ol 10+90 % -7c 324¢c 352¢ 0.5271%
4 Soybean oil + Castor ( 10+9( -11% -15% 31¢% 332% 3.3764Y
5 Soybean oil + Groundnut Oi 10+90 °c5 -10c 34%¢c 355c 0.7942%
6 Soybean oil + Cottonseed gil 30+70 °c-6 -18c 327 344¢c 1.3683%
7 Soybean oil + Coconut Ol 90+10 °e5 -19c 326c 342¢c 0.7653%
8 Soybean oil + Sesame Oil 10+90 °c-4 -13c 332 348c 0.7372%
9 Soybean oil + Sunflower Oil 70+30 %7 -16c 334c 358c 1.2219%
10 Soybean oil + Mustard C 20+8( 5% -18% 32¢% 345% 0.66269

RESULTSAND DISCUSSION

3.1 Cloud point

Cloud point denotes as temperature at which ctiggtibn of solid occur in the form of cloud wheil is cooled at
specified rate in standard apparatus. Cloud poiptesses low temperature stability of lubricating Brom the
above table shows that soybean castor oil blendgssss lower cloud point due to presence of langeber of
saturated fatty acid while soybean sesame oil blposisesses higher cloud point due to presence oé mo
polyunsaturated fatty acid.

3.2 Pour point

Pour point is denoted as temperature at whichsojust ceases to flow when cooled at specified iratgandard
apparatus. From above table and figure it's fourad $oybean almond oil blend possesses low poat paireasing
cis unsaturation or low molecular weight fatty aeillile soybean amla oil blend possesses high point plue to
increasing high molecular weight fatty acid.

3.3 Flash point

Flash point of oil expressed as minimum temperaatirehich oil gives sufficient vapours to ignite mentarily
when a flame of standard dimension brought neasthtace of oil for a prescribed rate in apparatiuspecified
dimension. From above table it's found that soybg@undnut oil blend shows high flash point du@tesence of
more unsaturation in fatty acid while soybean aastioblend possesses low flash point due to preserf volatile
matter andmore free fatty acid molecule.

3.4 Firepoint

Fire point of oil expressed as minimum temperattrgvhich oil give sufficient vapours to ignite momarily at

least 5 seconds when a flame of standard dimefsmmht near the surface of oil for a prescribed na apparatus
of specified dimension. From the above table agdré it's found that soybean olive oil blend posssashigh fire
point while soybean almond oil blend possessesfil@point than remaining vegetable oil blends. iHfge point

of given blend due to more stability of triglycezidt high temperature and low amount of free fatig form after
heating. Low fire point of given blend due to mamount of free acid form after heating occur dudatge

degradation of triglyceride in to free fatty acid.

3.5% Carbon residue

Carbon residue expressed in terms of percentagmmahat is left on evaporating known quantity oélfunder
specified condition in specified apparatus. Carbesidue occurs mainly due to byproducts of fuel hmlicants.

It's mainly related to percentage of free fattydaalyceride, and polyunsaturated fatty acid. Fitb above table
and figure it's found that % carbon residue of s amla oil blend is lower while soybean castbblgnd is

higher than other vegetable oil blends. Lower cartesidue due to decreasing amount of free faity, gtyceride

and polyunsaturated fatty acid in given oil blemdsle % carbon residue increases due to increasnte.
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Synthesis of (e)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(4-
bromophenyl)prop-2-en-1-one and 4-chloro-5-methyl-2-(5-(4-
bromophenyl)-4,5-dihydro-1H-pyrazol-3-yl)phenol and its
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Abstract— In continuation of earlier work, the simple and efficient protocol was adopted to synthesize bromo-pyrazoline derivatives. The
synthetic protocol instigates with acetylation of properly substituted phenol 1a, subsequently, Fries migration was performed to afford
substituted acetophenone 2a. The product 2a was then treated with appropriately substituted aromatic aldehyde to afford the corresponding
chalcone 3a. The chalcone 3a was then reacted with hydrazine hydrate to provide 1H-pyrazoline 4a and its derivatives 4b-d using acetylation,
benzoylation and nitrosoation in moderate to high yields. The structures of the intermediate 1a, 2a, 3a, and pyrazolines 4a-d were established

using chemical reactivity, elemental and spectral analyses.

Keywords- Bromo substituted Chalcone, Pyrazoline, synthesis, IR, PMR

*kkkk

l. INTRODUCTION (HEADING 1)

The chemistry of heterocyclic molecules is integral part of
modern organic chemistry. The knowledge and applications of
heterocyclic molecules have been widely accepted and
continued in the field of catalysis, reagents, medicines, dyes,
polymers, etc. [1-4]. Heterocyclic molecules encompassing
multiple heteroatoms are important compounds in
pharmaceutical, agronomy and other fields for synthesis of a
range of compounds with various applications and preferred
activity. Nirogen heterocycles viz. pyrazoles, imidazoles, etc.
have expanded the horizons of heterocyclic chemistry and are
at prime consideration and high regard of researchers due to
their therapeutic properties like anti-cancer, anti-HIV, anti-
inflammatory, etc., a few to mention [5-12, 14]. Recently,
Bandgar etal highlighted the various methods of synthesis and
applications of pyrazoline derivatives as anti-inflammatory
and anti-oxidants [13].

From the literature survey [1-7], it has been found that bromo
substituted chalcones have never been employed for the
synthesis of respective pyrazolines using simple reported
method. Therefore, in the present work, the synthesis of
pyrazolines has been accomplished following a simple yet
very efficient route, reported earlier. The emphasis in the
present work is on expanding the utility of earlier synthetic
protocol for easily scalable and competent route for bromo
derivatives of pyrazolines.

Experimental section: All the chemicals were of analytical
grade and used as supplied. The m.p. were recorded in an open
capillary and are uncorrected. The FT-IR spectra were
recorded on Agilent Spectrophotometer and reported in cm™.
The PMR were recorded in DMSO-d6 using TMS as an
internal standard and reported in ppm.

Synthesis of chalcone 3a [1-8]: Appropriately substituted
acetophenone 2a (0.01 mol) and bromobenzaldehyde (0.012
mol) were dissolved in ethanol (20 ml), then the mixture was
brought to boiling. To this hot solution, NaOH (0.03 mol) was
added with constant stirring and solution was kept overnight.

http://www.ijritcc.org

The sodium salt obtained was decomposed by ag. HCI (1:1) in
cold condition. The yellow solid obtained was filtered, washed
with NaHCO; (2%) and then with water. The product was
crystallized from ethanol to get yellow crystal of (E)-1-(5-
chloro-2-hydroxy-4-methylphenyl)-3-(4-bromophenyl)prop-2-
en-1-one 3a. Yield: 80%, m.p.: 142°C. FT-IR (cm™): 3432
(presence of free —OH group), 1644 (-CO- in conjugation with
-C=C-), 1584 (-C=C- moiety), 1051 and 1071 (aromatic C-ClI
and C-Br stretch), 815, 795 and 737 (presence of substituted
benzene ring). PMR (8): 12.46 (phenolic -OH), 2.35 and 2.54
(-CH = CH-), 6.91-8.28 (multiplet, aromatic CH)

Synthesis of pyrazoline 4a [1-8]: The chalcone 3a (0.01 mol)
and hydrazine hydrate (0.012 mol) in 20 ml ethanol was
refluxed for 2 hr, and the mixture was then concentrated. On
cooling, the resulting solid was filtered, and crystallized from
ethanol. Yield: 80%, m.p.: 200°C. FT-IR (cm™): 3300 (broad —
OH and -NH (2° amine)), 3062 (aromatic C-H stretch), 1609 (-
C=N- of pyrazoline), 1589 (aromatic C=C), 1437 (-CH,- of
pyrazoline ring), 1063 and 1071 (aromatic C-Cl and C-Br
stretch), 820, 791, and 735 (substituted benzene ring). PMR
(8): 11.80 (phenolic —OH), 1.08 (-CHs), 2.31 (-CH,), 4.80 (-
NH) and 6.86-8.31 (multiplet, aromatic CH).

Synthesis of 4b-d pyrazoline derivatives [4-9]:

Synthesis of 4b: A mixture of 4a (0.01 mol) and acetic acid
(20 ml) was refluxed for 2 hr. On cooling, the resulting solid
was filtered, and crystallized from ethanol. Pale yellow solid.
Yield: 75%, m.p.: 280°C.

Synthesis of 4c: An equimolar mixture of 4a (0.01 mol) and
benzoyl chloride was dissolved in dry pyridine (10 ml) and
stirred at room temperature for 1 hr. The reaction mixture was
treated with cold dil HCI (2N). The resulting solid was
filtered, washed with water, cold NaOH (2N) and again with
water. The crude solid was crystallized from ethanol to give
brownish-yellow solid. Yield: 75%, m.p.: 180°C.

Synthesis of 4d: A mixture of 4a (0.01 mol) was dissolved in
ice cold 2 ml HCI (1:1) and cooled to 0°C and 10% NaNOy(6
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ml) was added dropwise with constant stirring. The mixture
was stirred for 30 minutes at room temperature. The resulting
solid was crystallized from ethanol to afford the yellowish
solid. Yield: 75%, m.p.: 268°C.

Results and discussion: The synthesis of targeted pyrazolines
4a-d commenced with the acetylation of appropriately
substituted phenol 1a, followed by Fries migration employing
the literature method to afford substituted acetophenone 2a.
The next step comprises reaction of 2a with substituted
benzaldehyde in the presence of NaOH in ethanol as solvent to
provide corresponding substituted chalcone 3a. In the further
step, the chalcone 3a was condensed with hydrazine hydrate to
give 1H-pyrazoline 4a, which was then converted to 4b-d. The
synthesis scheme adopted in the present work has been
depicted in figure 1.

The FT-IR of 3a showed an absorption signal at 3432
indicating the presence of free —~OH group. The signal at 1644
could be assigned to -CO- in conjugation with -C=C-. The
presence of -C=C- moiety is indicated by the signal at 1584.
The signal at 1071 indicates the presence of aromatic C-Br
stretch. The peaks at 815, 795 and 737 point the presence of
substituted benzene ring. The PMR spectrum of 3a is with a
peak at 12.46 indicating the presence of phenolic —OH. The
peaks at 2.35 and 2.54 were correlated with -CH = CH-. The
multiplet at 6.91-8.28 indicates the presence of aromatic CH.
In addition, 3a decolorized the bromine water and gave red
colour with FeCls, thus it contains unsaturation and phenolic —
OH group. On the basis of elemental analysis, chemical
reactivity and spectral data (FT-IR and PMR), the compound
3a was assigned the following structure:

H4C OH Br
Cl l !

0
3a
The FT-IR of 4a showed a broad absorption signal at 3300
specifying the presence of —OH and -NH (2° amine) groups.
The peak at 3062 is due to the aromatic C-H stretch. The
presence of -C=N- moiety of pyrazoline is indicated by the
signal at 1609. The 1437 peak indicates the presence of -CH,-
moiety present in the pyrazoline ring. The signals at 1071 and
1009 arose due to the aromatic C-Br and C-Cl stretch,
respectively. The peaks at 820, 791, and 735 point the
presence of substituted benzene ring. The PMR spectrum of 4a
is with a peak at 11.80 indicating the presence of phenolic —
OH. The peak at 1.08 is indicative of -CH3. The peaks at 2.31
can be assigned to —-CH,. The -NH proton gave peak at 4.80.
The multiplet at 6.86-8.31 indicates the presence of aromatic
CH. In addition, 4a gave red colour with FeCls, thus it
contains phenolic —OH group. On the basis of elemental
analyses, chemical reactivity and spectral data (FT-IR and
PMR), the compound 4a was assigned the following structure:

Br
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Interestingly, the PMR of 4a revealed additional peaks, which
might have arose due to the plausible tautomerism as depicted
below:

H]I: H Br H1|: H r

N—HH HH—H
Sr.No. | Compound | Percentyield (%) | Melting point(°C)
1 3a 80 142°C
2 4a 80 200°C
3 4b 75 280°C
4 4c 75 180°C
5 4d 75 268°C

Table 1. List of synthesized compounds, their melting points
and percent yield

II. CONCLUSION

In conclusion, the earlier reported procedure is very efficient
synthetic protocol for the synthesis of bromo-chalcone and
bromo-pyrazoline involving use of effortlessly available
starting materials and reaction conditions. The reaction
provides good yields and scalable, also.
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Abstract

Azo compounds were synthesized in excellent yield by diazotization of some substituted aromatic amines using NaNO, and
concentrated HCI followed by coupling with ethyl vanillin in alkaline medium. These azo compounds were characterized by
FTIR and H' NMR spectroscopic technique and have been tested against the growth of five gram positive and negative
microorganisms in order to assess their antimicrobial activity.

Keywords: Azo compounds, ethyl vanillin, diazotization, antimicrobial activity.

Introduction

Azo compounds are mostly used as dyes due to its various
applications in the fields such as textile fibres, colouring of
different materials, biomedical studies and organic synthesis’?.
The azo dyes containing azo linkages have advanced
applications in high technology areas like lasers®, LCD color
filters®. In addition to this, azo dyes were reported to have
variety of biological applications like antineoplastics,
antidiabetics, antiseptics, anti-inflammatory and other useful
chemotherapeutic agents®®. Scarlet red and diamazon are the
most commonly used azo dyes which are antiseptics. Several
azo compounds derived from thymol®, aspirin'®, paracetamol™,
m-cresol*?, resorcinol™® and vanillin® moieties have been
frequently reported and exhibit excellent biological properties.
In the present work, we have synthesized four azo compounds
derived from ethyl vanillin and characterized by FTIR and H*
NMR spectral technique. The antimicrobial potential of
synthesized azo compounds of ethyl vanillin has been tested
against the growth of five gram positive and negative
microorganisms using agar well diffusion method.

Material and Methods

In the present synthesis, chemicals and reagents used were of
analytical grade, Merck and Alfa Aesar Company Ltd. The azo
compounds were characterized by FTIR and H' NMR
spectroscopic techniques. The Perkin-Elmer spectrum One
FTIR instrument was used for characterization of IR spectra in
the form of KBr pallet. Bruker Avance Il 400 MHz NMR
spectrometer was used for characterization of H* NMR spectra
of azo compounds using CDClI; as a solvent and TMS as an
internal standard. The purity of all the compounds was checked
by thin layer chromatography and were recrystalised from hot
ethanol. The melting points were measured by open capillary
method and they are uncorrected.
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Procedure for the synthesis of azo compounds®'® Aromatic
amines (0.01 mole) were mixed with 2.5 ml of concentrated
HCI. To this resultant solution, 25 gm of crushed ice and 2.5 ml
of NaNO, (4N) was added with constant stirring. The
temperature of the reaction mixture was kept constant up to O-
5°C. The diazonium salt solution prepared was added to the
alkaline solution of ethyl vanillin drop by drop with constant
stirring for 10-25 minutes at constant temperature of 5-10°C.
The colored precipitate given out was filtered and washed with
water number of times. The colored product was recrystallised
from hot ethanol. The general reaction scheme for synthesis of
azo compounds of ethyl vanillin is shown in figure-1.

Antimicrobial Activity: The azo compounds la-d were
analysed for their antibacterial activity against five gram
positive and negative pathogens viz. Escherichia coli,
Pseudomonas aeroginosa, Salmonella typhi, Bacillus subtilis
and Staphylococcus aureus by using agar well diffusion
method™*°. These compounds were mixed in DMSO to form
solutions of concentration 1mg/ml. Sterile discs were dipped in
this solutions, dried it and placed on nutrient agar plates
spreaded with the bacteria. The plates were further incubated for
24 to 48 hours at 37°C and the diameters of zones of inhibition
were measured in millimeter.

Results and Discussion

The data of synthesized azo compounds of ethyl vanillin (i.e.
symbols, compounds name, molecular formulae, molecular
weights, melting points and percentage yield) are given in table-
1. The FTIR and H! NMR spectroscopic data of synthesized azo
compounds are illustrated in table-2 and are shown in figure-6
to 13. A total four azo compounds of ethyl vanillin have been
synthesized, recrystalised and used separately to study its
antimicrobial activity against five gram positive and negative
microorganism’s  viz.  Escherichia coli, Pseudomonas
aeroginosa, Salmonella typhi, Bacillus subtilis and
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Staphylococcus aureus. The data on antimicrobial activity of
azo compounds of ethyl vanillin 1a-d against five pathogens are
presented in table-3. From the results it was observed that the
azo compounds of ethyl vanillin have showed miraculous
antibacterial potential against all five pathogens. The compound
la showed 10.4 and 9.6 mm zones of inhibition against the test
pathogens Escherichia coli and Staphylococcus aureus
respectively as shown in figure-2 and do not showed any
inhibitory action against Salmonella typhi, Pseudomonas
aeroginosa and Bacillus subtilis. The azo compound 1b showed
10.6, 12.7, 11.8 and 9.8 mm zones of inhibition against the test
pathogens Escherichia coli, Salmonella typhi, Bacillus subtilis

NH, N=N— ClI
\ \

R I— NaNO, +HCI R I
= 0-5°C =

Res. J. Chem. Sci.

and Staphylococcus aureus respectively shown in figure-3 but
do not showed any inhibitory action against Pseudomonas
aeroginosa. The azo compound 1c showed 10.3, 13.1, 13.5 and
12.8 mm zones of inhibition against the pathogens Escherichia
coli, Salmonella typhi, Bacillus subtilis and Staphylococcus
aureus respectively as shown in figure-4 but do not showed any
inhibitory action against Pseudomonas aeroginosa. The azo
compound 1d showed 13.6, 12.8, 15.6 and 14.4 mm zones of
inhibition against the test pathogens Escherichia coli,
Salmonella typhi, Pseudomonas aeroginosa and Staphylococcus
aureus as shown in figure-5. Compound 1d showed 11.3 mm
zone of inhibition against the pathogen Bacillus subtilis.

OH
C,Hs0

OH

CHO C2H5O N=N—Ar

2 =

5-10°C

CHO
la-d

OO QT

a b

c d

Figure-1
The general reaction scheme for synthesis of azo compounds of ethyl vanillin

Table-1
The symbols, compounds name, molecular formulae, molecular weights, melting points and percentage yield of synthesized
azo compounds of ethyl vanillin

Symbols .
Symbols for Melting .
. . for Compounds Molecular Molecular . Yield
antimicrobial . points
.. FTIR and Name Formulae Weights o (%)
activity 1 O
H™NMR
la 4p 3-ethoxy-4-hydroxy-5- CasHuaN,0 270.28 67 67
(phenyldiazenyl)benzaldehyde 1o HaTeEs '
3-ethoxy-4-hyd -5-((2-
1b 4Q  3rethoxy-4-hydroxy-5-(( CisHiNOs | 31528 | 128-130 | 65
nitrophenyl)diazenyl)benzaldehyde
3-ethoxy-4-hydroxy-5-(p-
1c 4R enoXy=-nyaroxy (b C16H1N,03 284.31 64 72
tolyldiazenyl)benzaldehyde
3-ethoxy-4-hydroxy-5-(napthalen-1-
1d 4s ethoxy-4-hydroxy-5-(napthalen CuHiN:0; | 32034 | 127-129 | 80
yldiazenyl)benzaldehyde
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Table-2
FTIR and H' NMR data of synthesized azo compounds of ethyl vanillin
Symbols for Types of spectra FTIR and H' NMR spectral data
compounds
1 3362 (OH of Phenol), 2829 (C-H of H-C=0), 1686 (C=0), 1516 (C=C), 1255 (C-0),
ip FTIR (KBr.cm™) 1280 (C-N), 1579 (N=N).
H! NMR (5 ppm) 1.4 (t, 3H of -CHj), 4.2 (g, 2H of -OCHy,), 6.2 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
PP CHO), 7.0 to 7.5 (m, 7H of Aromatic-H).
1 3398 (OH of Phenol), 2882 (C-H of H-C=0), 1673 (C=0), 1519 (C=C), 1262 (C-0),
0 FTIR (KBrcm’) 1232 (C-N), 1590 (N=N).
H NMR (5 ppm) 1.5 (t, 3H of -CHj), 4.4 (g, 2H of -OCHy,), 4.2 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
hp CHO), 7.0 to 8.5 (m, 6H of Aromatic-H), 9.9 due to moisture.
1 3363 (OH of Phenol), 2828 (C-H of H-C=0), 1681 (C=0), 1514 (C=C), 1281 (C-0),
" FTIR (KBrcm’) 1168 (C-N), 1580 (N=N),
H NMR (5 ppm) 1.5 (t, 3H of -CHj), 4.3 (g, 2H of -OCHy,), 6.3 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
hp CHO), 7.0 to 7.4 (m, 6H of Aromatic-H).
1 3333 (OH of Phenol), 2842 (C-H of H-C=0), 1682 (C=0), 1515 (C=C), 1261 (C-0O),
s FTIR (KBrcm’) 1231 (C-N), 1592 (N=N),
H! NMR (5 ppm) 1.5 (t, 3H of -CH3), 4.1 (g, 2H of -OCHy), 4.3 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
hp CHO), 7.0 to 8.5 (m, 9H of Aromatic-H).
Table-3
Antimicrobial activities of the synthesized azo compounds of ethyl vanillin
Symbols for Microbial species and diameter of zone of inhibition in mm
compounds Escherichia coli Salmonella typhi Pseudo_monas Bacillus subtilis Staphylococcus
aeroginosa aureus
la 10.4 No inhibition No inhibition No inhibition 9.6
1b 10.6 12.7 No inhibition 11.8 9.8
1c 10.3 13.1 No inhibition 13.5 12.8
1d 13.6 12.8 15.6 11.3 14.4
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E. coli

S. aureus

E. coli
Figure-2
Zone of inhibition of azo compound 1a

S. aureus

S. typhi B. subtilis
Figure-3

Zone of inhibition of azo compound 1b
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H' NMR spectrum of azo compound 1a
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H' NMR spectrum of azo compound 1c
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H' NMR spectrum of azo compound 1d

Conclusion

The current investigation reveals that, there was a miraculous
inhibition of compound 1d shows antibacterial activity against
all the tested organisms while the compound 1a was found to be
most resistant by the pathogens. The highest zone of inhibition
was obtained for 1d against Pseudomonas aeroginosa (15.6

mm) while

lowest zone was recorded for la against

Staphylococcus aureus (9.6 mm). The compounds 1b and 1c
shows moderate inhibition of growth against tested pathogens.
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ABSTRACT

The seeds of Allium cepa L.Var.N-53 were selected and used for following research. The healthy, untreated
and uniform seeds were treated with different concentration of benlate (0.02%, 0.04%, 0.06% and 0.08%) for
3, 6, 9, 12 hours treatment periods. Germination parameters like seed germination percentage, seedling
height and root length were studied. All three parameter revealed gradual decrease from lower doses to
higher doses in given treatments of fungicides benlate.
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INTRODUCTION

The use of systemic chemicals against harmful
organisms of crop plants is an accepted application at the
present time. Nowadays many modern pesticides are in
use all over the world; among them, systemic fungicides
are extensively used in agriculture. Benlate are systemic
fungicides used for the control of diseases such as smut,
grey mold, leaf spot, brown patch downy mildew,
powdery mildew, and rust in wheat'. In benomyl the
active ingredient is benlate WP and benlate DF (Du Pont)
is especially effective because it penetrates plants better

than carbendazim (MBC: methyl 2-
ben2|m|dazolecarbamate) its fungitoxic breakdown
product Despite its enormous application, priority

should be given to the possible side effects of these
chemicals on non-targeted host (plant). There are many
reports where the application of benlate produced
chlorosis and irregular depressmn at the central and the
marginal portion of saffron leaves®. Triarimol inhibits the
seedling growth of pea’ now there are many reports
about side effect of benomyl on different plants system.
Carbenda2|m delays senescence in wheat (Triticum
aestivum L). Benomyl show cytokinin-like activity in
soyabean (Glycine max L.) callus, radish (Raphanus
sativus L.) cotyledons Benomyl was also phytotoxic.
Benomyl reduced the growth of cucumber (Cucum/s
sativus L. ) American elm (Ulmus americana L. ) Due to
its cytokinin like structure benomyl was found sometimes
to promote the growth of the treated plants -Which could
be attributed to some positive alterations in plant
metabolism'°. Due to these two beneficial
characteristiscs, benomyl deserves to be intensively
studied. Thus the aim of the present work was to obtain
additional information concerning its effects on some
seedling germination and growth of Allium cepa L.

MATERIALS AND METHODS

Healthy and dry seeds of untreated Allium cepa L var. N-
53 were obtained from National Horticultural Research
and Development Foundation (NHRDF) Chittagong,
Nasik. Seeds (1,500) were pre-soaked in tap water for 6
hours and then treated with four different concentrations
(0.02%, 0.04%, 0.06%, 0.08% ) of benlate fungicide for
3, 6, 9 and 12 hours. The pretreatment soaking,
treatment and post-treatment germination was carried out
at REMI growth chamber conditions of temperature 28+
2° ¢, photoperiod of 16 hours having 45 mmole m 2gT

illumination provided by cool white fluorescent tubes.
The temperatures of the chamber were maintained
according to International Seed Testing Association
(ISTA 2008)"" standard, throughout the germination
period. Three replicates of each concentration were
performed twice. The germination percentage, seedling
height and root length (longest root) in cms was recorded
on the 7 day. Germination percentage calculates by
Rehman'®. Root and shoot length of seedlings were
recorded using the standard centimeter scale Kabir'

The percentage of inhibition was calculated using formula
described by Sundra and Pote™

RESULTS

In seed germination concentration of 0.02%, when used
for 3 and 6 hours durations, appeared to be less effective
dose and hence showing higher percentage of
germination (75% each). As against this, 9 and 12 hours
durations of treatments with the same dose it was more
inhibitory (68 and 52%). Similar situation appeared in
connection with 0.04% concentration where treatment at
3 and 6 hours duration was less effective (84 and 76%
germination). In the case of 0.06% concentration, with
the increase in duration it was from 68 to 51%. This
reduction was from 57-48% in the case of 0.08%
concentration. Thus, 0.08% concentration dose was seen
to be more effective than 0.06% dose. Benlate had
moderate action at 0.02% concentration. At 0.04%
concentration it was the least effective for 3 and 6 hours
duration and moderate at 9 and 12 hours duration. With
the exception of 9 hours at 0.06% and of 12 hours at
0.08% concentration, it was a moderately effective
fungicide. It was only the pesticide which showed
inducing effect on root length; at 3 hours treatment at
0.02% concentration having 7.67 cms root length in
relation to the control, 7.51 cms. The root length 7.43
cms on 6 hours treatment was almost equal to that of
control, indicating negligible inhibition i, € 1.07%. From 9
hours onwards, the activity of benlate seemed to produce
some good effects. It was for the first time, that at 9 hours
treatments, 19.31% inhibition was noted with 6.06 cms
root length. The root length was further reduced to 5.70
cms (24.11% inhibition) at 12 hours (Table I). At 0.04%
concentration there was duration dependent reduction
from 3 to 12 hours. Increase in duration from 9 to 12
hours did not show any significant retarding effect on root
length. This was evident from a meager difference of
0.17 cms between the two values. The same trend was
maintained at 0.06% treatment i.e; the decrease from
443 to 2.72 cms root lengths with the increase in
duration from 3 to 12 hours. The treatment at 0.06%
concentration revealed two noteworthy points, - 1) the
shortest root length 2.72 cms recorded a 12 hours
treatment 2) The values of root length at 3 hours (4.43
cms) and 12 hours (2.72 cms) indicated exactly 62.79%
inhibition with an increase from 3 to 12 hours durations
(Table 1). The values of root lengths for 3 to 12 hours
treatment were 3.09, 2.86 cms 3.27 and 2.75 cms
respectively, and indicated that 12 hours was the most
effective duration at 0.08% concentration. Benlate
revealed the least effective for 3 and 12 hours duration
and moderate at 6 and 9 hours treatment at 0.02%
concentration. From 0.04 to 0.08% concentrations, it was
the least effective fungicide for all the durations of
treatment. At 0.06% with 3 hours treatment, 4.43 cms
root length revealed 48.40% inhibition than that of
control, 7.51 cms. The root length recorded at 0.02%,
with 6 hours treatment was 7.43 cms in comparison with
4.02 at 0.06% , 6 hours duration revealing 46.48%
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inhibition (Table-1). It exhibited dose dependant inhibition
of length over 0.02 to 0.08% concentrations at all four
duration i.e. at 3 hours, 7.67-3.09 cms, 6 hours, 7.43-
2.86 cms 9 hours, 6.06-3.27 cms and 12 hours, 5.70-2.75
cms. This revealed the significance of all 4
concentrations in benlate treatment in above respect. A
duration dependant decrease in root length i.e. from 7.67
to 5.70 cms at 0.02% from 5.13 to 3.43 cms at 0.04%
and from 4.43 to 2.72 cms at 0.06% was noticed with
increasing duration from 3 to 12 hours. At 0.02%
concentration with 3 hours duration there was a
stimulating effect of 1.23 cms over that of the average
seedling height in control (17.56 cms). At the same time
there was 7.43% inducing effect seen in the growth of the
treated seedlings. The statement is based on the
assumption that the control seedlings growth was 100 %.
At 6 hours there was also an inducing effect but it was
marginal (0.14 cms) i,e; it showed an inducing effect of
only 0.84% growth in the treated seedlings as compared
to that of control (Table I). It was noted that instead of
having an inducing effect as recorded earlier, 9 and 12
hours treatments were inhibitory to the seedlings. The
height which was reduced to 15.66 cms with 10.83%
growth inhibition at 9 hours had gone down to 13.77 cms
with 21.59% inhibition at 12 hours duration. At 0.04%, the
trend in the reduction in the seedling height was 12.42 >
8.10> 7.12> 7.08 cms with the increasing duration from 3
hours to 12 hours. |dentical values of height at 9 and 12
hours showed that there was no impact of rise in duration
by three hours. At 0.06% concentration also, there was a
dose related reduction in the seedling height from 8.96 to
4.62 cms with the increase in duration from 3 to 12 hours.
One important feature of 0.06% concentration for 12
hours treatment was that it exhibited the most retarding
effect on the seedling height among all the benlate
treatments. Very small differences in the values of the
seedling heights (0.11, 0.54, 0.15 cms) showed that there
was very little impact of 3 and 6 hours, 6 and 9 hours and
9 and 12 hours respectively ,on the inhibiting power of
0.08 % treatment. Benlate exhibited the least
effectiveness for 9 and 12 hours treatment at 0.02%
concentration. At 0.04%, it was a moderate fungicide
except for the duration of 3 hours. At 0.06 and 0.08%
concentration, it was a moderate fungicide in total. It was
thrice the least effective at 0.04% to 0.08%
concentration. At 0.06% 3 hours the seedling height was

8.96 cms with 48.98% inhibition in relation to 17.56 cms
at control. The height at 0.02/9 hours treatment i.e. 15.66
cms was reduced to 7.89 cms with 55.07 % inhibition at
0.06% concentration with 6 hours treatment. At all four
concentration there was a duration dependant decrease
in height from 3 to 12 hours at 0.02% (from 18.79 to
13.77 cms); 0.04% (from 12.42 to 7.08 cms) 0.06% (from
8.96 to 4.62 cms); and 0.08% (from 6.39 to 5.59 cms).
This indicated importance of all four durations from 3
to12 hours in Benlate treatment in this regard (Table ).

DISCUSSION

Seed germination is an important parameter used to
measure the response of plant to mutagenic
treatments'®.The percentage of germination may reflect
the reaction rate of plant seeds to their living
environment'®. In the present work, after 6 hour treatment
with 0.08% concentration of fungicide benlate, the
germination was lowered down to 52% from 87% in
control. According to Gordon'’, the inhibition in seed
germination might be due to inhibition of auxin synthesis
in mutagen treated seeds. Reduction in germination due
to mutagenic treatment has been explained due to delay
or inhibition in physiological and biological processes
necessary for seed germination which include enzyme
activity, hormonal imbalance and inhibition of mitotic
activity18’19. Seedling height is widely used as an index
for determining the biological effects of various
mutagensm. After 6 hour treatment, 7.09 cms and 5.27
cms height were recorded at 0.04% and 0.08% in
comparison to control, 17.56 cms. The study by Heisy21
proposed that exposure of plants to fungicide create
chemical stress facilitating the production of compounds
that are potential inhibitor of germination and seedling
growth. Baig® investigated the effect of glyphosate
applications on seedling growth of Pisum sativum. Root
length is another important parameter used to test
mutagen sensitivity. Ratsch® concluded that inhibition of
root elongation was a valid and sensitive indicator of
environmental toxicity. Benlate inhibit of root growth due
to the breakdown product n-butylamine, which can
reduce root growth of Hyoscyamus alba and Datura
stramonium®.
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Figure 1
Effect of fungicide benlate on seed germination (%) in Allium cepa L. in M, generation

Control 0.02% 0.04% 0.06% 0.08%

Figure 2
Effect of fungicide benlate on percentage seedling height in Allium cepa L. M; generation

Control 0.02% 0.04% 0.06%
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Figure 3
Effect of fungicide benlate on percentage root length in Allium cepa L. in M, generation

Control 0.02% 0.04%

Table 1

0.06%

0.08%

Effect of benlate fungicide on percent of seed germination, Root Growth Inhibition
(R.G.l.) Seedling Growth Inhibition (S.G.l.) in Allium cepa L.

Concentration of Duration of treatment [%%) of H.L. R.G. RG.JI 5H. 5.0G. 505G
fungicide (hrs) 5.G.[cms) (cms)
0 ar.o0 75T T00.0 H.O TrB6 1000 H.O
3 7500 Terr 102 1F HND 1870 10700 WO
0.02% G 7500 743 55.93 1.07 TF70 10079 WD
] 60.00 6.06 8065 18317 1866 8517 10,83
12 5200 R0 75.09 FEREE RS 215D
0 ar.o0 75T T00.0 H.O TrB6 1000 H.O
3 LEXEY 513 G0.J0 70 1243 TOT2 2528
0.04% & 76.00 357 L1 714 50 4572 53388
] &0.00 3.60 4753 B2OT T2 4054 ED.4n
12 62 00 343 d5 67T E433 TO8 4037 5060
0 ar.00 751 T00.0 H.O Tr56 1000 H.O
k1 6o.00 543 55.50 07 556 5102 4558
0.06% & 6600 407 E3E2 4645 T.O9 4453 EROT
] &1.00 364 4545 E1EL G©57 3660 &0 31
12 5T.00 272 3521 B3.75 482 2530 7307
0 ar.o0 75T T00.0 H.O TrB6 1000 H.O
k1 LY ACY 3.09 4145 EE06 535 3638 5645
0.08% & 52 00 2.85 30.08 e1.5d ©.28 3570 Br. 1k
] 50.00 3T 4354 B4t 574 3268 T0.47
i 4500 275 36.61 B335 5B 31.83 71.32

O-Control, * -Stimulating effect, R.L-Root Length, R.G-Root Growth, R.G.l. -Root Growth Inhibition, S.H-Seedling
Height, S.G-Seedling Growth, S.G.l.-Seedling Growth Inhibition, N.D- Not Detected.

CONCLUSION

The present results concluded that these concentrations
of Benlate fungicides suitable for germination of
seedlings, but concentration higher than these
recommended can be unsuitable for germination of
seedlings.
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TEACHING EMPLOYEE INVOLVEMENT IN CORPORATE GOVERNANCE AT THE

MULTINATIONAL LEVEL
Or. Sanjay B. Kadu
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A. Different Forms of Employee Involvement in Corporate Governance:

%: the transactions of companies overrun the borders of countries, the roles of corporate
“onstituencies increasingly gain cross-border nature. Employees as one of the corporate
“onstituencies have been playing an increasingly important role at the transnational level.
Nevertheless, employees’ roles in the corporate governance differ among states since regulations of
-ompanies are quite different from one country to another even though the increasing number of
smpanies now has activities beyond the national borders. For example, in cross-border mergers
wnd acquisitions, as the form of growth and internationalization, the relations between the
management and workers in the companies involved, may be subject to laws and regulations of
nore than one country, where there is great diversity. At one extreme, employee participation
which provides participation for employees in corporate decision making, together with the two-tier
~oard structure, is regulated. At other extreme, employees are only provided with information and
-onsultation in major corporate decisions. The diversity between the employees’ role in the
-svernance of companies is one of impediments to major corporate transactions in the globalized
orld, which adversely affects the economic relations between countries and creates an obstacle to
ne development of the world economy.

There are efforts to approximate differences of employees’ role in companies. For example, in the
furopean Union (EU) it see/ns that major steps have been taken to harmonize different systems of
smoloyee involvement iri the corporate governance. In 1994 the EU adopted European Works
“suncil Directive® which requires member states to set up a general framework for employees’
nformation and consultation rights in multinational companies. Under the Directive, consultation is
‘=fined as a two-way communication process; the exchange of views and establishment of dialogue
~etween employees and management.” The Directive imposes on member states the establishment
. 2 Works Council in Community scale undertakings or groups of undertakings which have at least
1,000 or in companies which have at least 150 employees in each of two or more member states and
where employees or their representatives request this.> Put simply, the Directive provides a
collective voice through a central information and consultation forum.

The National Works Council Directive® also imposes on national companies of member states to set
o minimum requirements for employees’ information and consultation rights to complement the
furopean Works Council Directive. Under the Directive employees are to be informed and consulted
sn 2 regular basis on major corporate decisions concerning employees’ interests. Information and
-=nsultation are achieved through works councils, or in rare cases, through direct contact between
management and employees or their representatives. Further, employee involvement in Societies
furopean (SE) is regulated by the Directive® supplementing the Regulation for a European company
furopean Company Statute)® which introduced a new legal entity under EU law. The purpose of the
2=gzulation for a European company is to offer a company with a European dimension free from the
~bstacles arising from the disparity and the limited territorial application of national company law.”
The European company, which is primarily governed by the same rules, can therefore move freely
“rom one country to another without legal restrictions imposed on national entities. The European
-ampany will permit cross-border mergers and the cross-border transfer of a company’s registered
-ffice without the need for liquidation and for the formation of a new company.

The Directive supplementing the Regulation for a European company then provides employee
wvolvement in companies maving from one country to another to be subject same provisions. The
Directive® supplementing the Regulation for a European company, drawing on experiences and laws

Jol V, Issue 4 (l), January 2016 29



International Journal of Business Management and Social Sciences (LIBMSS) ISSN: 2248 - 7‘;
.

of member states, governs three forms of employee involvement in the corporate decision 7
participation, consultation and information®. Employee participation should be clearly distingus
from other forms of employee involvement. This is because; of the three forms of empie
involvement under the Directive only participation affects the structure of the company.

Nevertheless, there are still major divergences between the laws of member states concens
employee involvement in corporate governance. This stems from the fact that the employees roe
corporate governance is related to not only laws and regulations of corporate governance
countries, but also the underlying philosophy of corporate governance. The shareholder pr
prevails in the Anglo-American countries where the company is considered a profit m
organization. This philosophy encourages corporate directors to maximize corporate profe ¥ ]
directors are elected by the shareholder, which ensures the responsibility of the directors ooy »
shareholders.” The dir_ectors act, as agents of shareholders, in the best interests of sharabeks
The shareholders are the owners of the company carry the risk of investment. They, in turn, == £
be the one who decides in the company.*! The Anglo-American corporate governance systess
therefore mainly drawn on contractual theory. This leads to the relationship between corpes
constituencies and the companies to be treated as contract.12 Therefore, employees as ae
corporate constituencies are regarded as outsiders, Their contractual rights are supplementes

certain statutory protections for the individual worker, and by collective rights of bargaining #%
consultation,*®

The stake holding approach, on the other hand, prevails on the Continent. The company is rega
as the institution in which the interests of different corporate constituencies, such as emple
suppliers, certain long-term customers, environment and society are reconciled. Employees, a5
of corporate constituencies, or of stakeholders are protected within the company through

two tier board structure. The members of supervisory board are elected by shareholders
employees, and those of the management board are elected by the sup_rvisory board. This -
of the company makes it possible for employees to participate in the decision matTg
companies'. Therefore, employee voice is related to corporate culture, historical, politica’

sociological development of countries that shape legal rules of employee involvement &=
decision-making of companies.

B. Teaching Employee Involvement in Corporate Governance from a Comparative Perspective

The laws and regulations relating to employee involvement in corporate governance which
evolved in different cultural, sociological, historical and economic development of countries
thought from a comparative perspective. Different roles of employees can be illustratest
explaining laws of UK, Germany and the Netherlands concerning employee involvement in corpe :
governance. Examining law of the UK about shareholder primacy together with empe
involvement will show that employees can only have information and consultation rights in a8
corporate decisions. On the other hand, an explanation of laws of Germany and the Nethera
relating to employee participation can make a fuller understanding how the corporate st ==
enables the interest of company to include the interests of shareholders, creditors, employess
society.

Information and consultation rights in UK law stem from the implementation of Directives™ w&
impose on member states to regulate, at least, the lowest level of employee involve
Employees’ information and consultation rights are not likely to provide influence upon decisiom
corporate policies whereas participation must at least have the capacity to influence decisions
policies. Information and consultation, on the other hand, can be deemed as the essential step =
process of participation’® Two-tier board system, as the corporate structure, comprising
supervisory board and the management board is the major characteristics of laws of Germany #
Netherlands providing for employee participation. However, while employee involvement in &
two countries can be referred to as employee participation, there are differences in thess
countries’ laws concerning employee involvement. Explanation of the laws of Germany ang *
Netherlands about employees’ role, in a comparative way, will help the students to under=u
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s#erent types of employee participation, which is also reflected in the Directive’’ supplementing
=e Regulation for a European Company.
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INVESTIGATION OF ALOE-VERA TOOTH GEL CONTAINING
ACTIVE SALT AND ALUM BY TIME KILL TEST

MADHURI D. PARDESHI
Department of Cosmetic Technology,
Vidyabharati Mahavidyalaya,
Amravati-444 602 (M.5.)

Dr. K. K. TAPAR?
Vidyabharati College of Pharmacy, Amravati - 444 602 (M.5.)

ABSTRACT

The aim of the present study was to investigate efficacy and performance of
Aloevera tooth gel against selected bacteria and fungi This test method measures the
changes of a population of Aerobic microorganism with in a specified time period, when
tested against Staphyllacoccus aureus, Streptococcus mutans, Candida albicans, Escherichia
coli and Pseudomonas aeruginos a which were selected as a test micro-organism against
which Aloe-vera tooth gel was tested. It included the evaluation of dentifrices by

antimicrobial testing.

This investigation showed that newly formulated tcoth gel has shown 99.99%
reduction of test bacteria viz Staphyllacoccus aureus, Streptococcus mutans, Escherichia
coli, Pseudomonas aeruginosa and Candida albicans in 30 sec, 60 cec and 2 minutes, Bright
Tooth Paste has shown >99.99% reduction of test bacteria Staphylococcus aureus,
Streptococcus mutans, Escherichia coli in 30 sec, 60 sec and 2 minutes, Bright Tooth Paste
has shown no reduction of Pseudomonas aeruginosa in 30 sec, 60 sec and 2 minutes, when
analysed as per ASTM E 2315 - 03 (Re. 2008) Method.

Key words : Aloe gel dentifrice, Staphylococcus aureus, Streptococcus mutans, Candida
albicans, Escherichia Coli, Pseudomonas aeruginosa.

Introduction :-

Dental Caries, Cavities and other oral diseases are the most commeon diseases world-
wide including both developed and developing countries affecting peoples of all ages and
sex. These diseases are Caused by a mixture of micro-organism and food debris. Specific
types of acid producing bacterias like Streptococcus mutans colonize the dental surface
structure in the presence of fermentable Carbohydrates, for example sucrose, fructose and
glucose. Also other microflora are also associated with it. Teeth provides a unique
vironment for bacterial colonization, Since unlike other parts of the mouth they are non-
organic structure retentative areas.

oe-vera is a stemless or very short succulent, Cacturs like plant that actually is part
growing to 60-100 cm (24-39 inches) tall, spreading by off sets. There are
) varieties of the Aloe plant but the Aloe-barbadensis variety exhibits the best
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gel was prepared by incorporating Aloe-vera along with active salt and Alum in it and then
the formulation was screened for time kill test.

Time Kill Test is a basic microbiology method of assessment of Antimicrobial activity
of an Anti-Microbial test material or Disinfectant. The kill time test is carried out to evaluate
the microbial reduction by a disinfectant against selected bacteria or fungi. Various
organism are studied depending upon the type of analysis and test materials. However most
common organism tested include : Staphylococcus aureus, Pseudomonas aeruginosa, E-coli
etc.

The test product or a dilution of the test product is brought into contact with a
known population on of micro-organisms approximately 106 CFU/ml specified period of
time at a specified temperature. At selected time points including zero time aliquots are
removed and placed into a neutralizer blank. Dilutions of the neutralizer are made and
selected dilutions plated onto agar. Colonies are enumerated.

The percentage or log reduction or both form either on initial microbial population,
or test blank is calculated. The amount of sample required is 100 ml per lot per organism.

Materials and Methods :

E For this purpose following materials were requested to different companies for
. = samples are ;

1. Aloe-vera extract - kingvish Company, Mumbai

2. Precipitated silica (ABSIL - Madhu silica Pvt. Ltd Gujrat)
3. Hydrated Silica (M-Fil - Madhu Silica Pvt. Ltd Gujrat)
4 Carraeingn gum (VTP-Sarin industries FMC Biopalymer Navi-Mumbai. )
5. Clolours - Neelikon food Dyes and chemicals Ltd. Mumbai.

reagents used were of analytical grade. After collecting all the Samples, Aloe-
el were formulated by incorporating Aloe-vera, active salt and alum as are active
s, to checkout the effectiveness against different micro-organisms with in a
period of time.

L WORK :

ulation for gel tooth paste with aloe - vera extract , salt and
nts with other common ingredients of gel dentifrice.
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Table 1: Formulation of Aloe-Vera Gel containing dentifrice

S. N. Ingredients Yo (wWiw)
1 ‘Sorbitol 65.00
2 VTP Gum ( Carrageenan gum) 0.55
3 £ - Sil 100 ( Abbrasive Silica ) 13.5
4 M - Fil 100 ( Hydrated Silica ) 6.5
5 Poly ethylene glycol 400 0.5
6 Sodium Saccharin 0.3
7 Sodium fluoride 0.22
8 Sodium lauryl sulphate 2.5
9 Methyl Paraben 0.1
10 Propyl Paraben 0.01
11 Colour 0.1
12 Flavour 0.5
13 Water 0.92
14 Aloe — vera gel 9.0
K 15 Sodium_salt 0.2
T 16 Alum 0.1

Preparation of Aloe Tooth gel :

In order to optimize the concentration of gelling agent to achieve proper consistency of

el formulations were prepared with different gel formers, Carboxy methylcellulose

odiu omer 934, HPMC and different concentration of viscosity enhancer vis. 1.0, 2.0,
) and 4.0 % were tried and finally gel that showed good spreadability and consistency was

all the ingredients. Take sufficient quantity of water . Add sodium saccharin,
de , preservatives , colour, Sodium salt, alum in it. Mix it properly. Then warm
_ 500¢ . Then at this temperature add VTP gum. Then add sorbitol, Poly-
j,_‘_a_r;’c_t:l' both silica powder i.e. abrasive silica & hydrated silica to it. Mix it
Aloe - vera gel & flavour to it and mix it 10 -15 minutes properly. Lastly
te to the formulation by making a slurry. Slight amount of foam

)y vacuum.

lation for gel tooth paste with aloe - vera extract , salt and
th other common ingredients of gel dentifrice.
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Antimicrobial Analysis of Aloe Tooth Gel by Time Kill Test :

Name of Test ; Time Kill Test

Test Standard ; ASTM E 2315 - 03 (Re 2008)

Test Inoculum ;

1. Staphylococcus aureus ATCC 6538

2. Streptococcus mutans ATCC 25175

3. Escherichiacoli ATCC 10535

4. Psedomonas aeruginosa ATCC 9027

5. Candida albicans ATCC 10231

Test Conditions :

Test Product ¢ 1:2 dilution

Diluent / Neutraliser : DE broth

Contact Time : 30 seconds, 60 seconds and 2 minutes

Contact Temperature :  Room Temperature

Media and Reagent i Soyabean-casein digest agar, plates incubated at 370C;
oy Sabourauds Dextrose agar, incubated at 28°C
|

Procedure :

1:2 dilution product was inoculated with test organisms bacteria / fungi
lually (approximately 106 CFU /ml). After the specified exposure time of 30 seconds,
seconds and 2 minutes, surviging microorganisms were recovered by drawing an
alizing it and performing Standard Pour Plate Technique, Culture count was
dilution Blank. Adequate Validation of Neutralizing agent was also carried.
d out in duplicate and average count was taken as CFU/ml.
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Sample Measurement
Tube Vortex Shaker

Mixing Sample in

Pre.i'ation of Plates Inoculation of Microbial Plate Spiral Plater

Neutralizer Validation :
| Validation Test
i i Test Viable count in Saline Viable Count in Neutraliser
- Organism (CFU/ml)

{ Staphylococcus aureus 78 80

| Streptococcus mutans 45 46

| Escherichia 53 52

monas aeruginosa 80 78

: | 32 30
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Results :
— i Count of Test Orgaulstp Antimicrobial Activity
Identification “T Rxpanyis Initial After Exposure Log Percentage
Organism Time Count | CFU/ml | Log | Reduction | Reduction
Aloevera Gel 308ec | 1.45x10° <10 <l >4,16 >99.99
Tooth Paste 60 Sec CFU/ms <10 | =<l >4.16 >99.99
2 Min L=5.16 <10 <1 >4.16 >99.99
Bright Tooth | Staph. Awreus | 30Sec | 141x10° | <10 <i 4,14 >99.99
Paste 60 Sec CFU/ms <10 <1 >4.14 >99.99
2 Min L=5.14 <10 <l >4.14 >99.99
Aloevera Gel 30 Sec 1.35x10° | 9.50x10" | 4.97 0.16 29.62
Tooth Paste 60Sec | CFUml | 1.00x10* | 4.0 1.13 92.59
Steptococcus 2 Min L=5.13 <10 <1 >4,13 >99.99
Bright Mutans 30 Sec 3.50x10° <10 <1 >4.54 >99.99
Tooth Paste 60 Sec CFUiml <10 <] >4.54 >99.99
2 Min L=5.54 <10 <1 >4.54 >59.99
Aloevera Gel 30 Sec 1.08x10° <10 <l >4.16 29.62
Tooth Paste 60 Sec CFU/ml <10 <l >4.16 92.59
Escherichia 2 Min L=5.03 <10 <l >4.16 >99.99
Bright Coli 30 Sec | 1.10x10° <10 <l >4.16 >99.99
Tooth Paste 60 Sec CFU/ml <10 <1 >4.16 >99,99
2 Min L=5.04 <10 <1 >4.16 >99.99
Aloevera Gel 30 Sec 1.09x10° <10 < >4.16 >99.99
Tooth Paste 60 Sec CFU/ml <10 <l >4.16 >99.99
Pseudomonas 2 Min L=5.03 <10 <] >4.16 >99.99
Bright Tooth | aeruginosa 30Sec | 115x10° | >1.00x10° | >6.0 <1 0.00
b Paste G0Sec | CFUMmI |>1.00x10° | >60 | <1 0.00
: _ 2Min | L=506 |>1.00x10° | >6.0 <1 0.00
Aloevera Gel 30Sec | 4.60x10° <10 <1 >4.66 >99.99
Tooth Paste 60Sec | CFU/ml <10 <1 >4.66 >99.99
Candida 2 Min L=5.66 <10 <1 >4.66 >99.99
albicans 30Sec | 2.60x10° <10 <l >4.41 >99.99
60 Sec CFU/ml <10 <l >4.41 599.99
. 2Min | L=541 | <10 | <l >4.41 >99.99

Reduction of Microorganism = 100 (Initial - After Exposure)/ Initial
n = Log Initial - Log after Exposure
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andida_Aloe_2_mins Candida_Bright_L_control and_right_2_min

S_mutans_Aloe_L_control_ S_mutans_Bright_L_control_and_right 2_min
and_right_2_mi

Conclusion :

]

- 237 Test Product named as Alovera Tooth Gel has shown >99.99% reduction of test
| " bacteria viz Staphyllacoccus aureus, Streptococcus mutans, Escherichia coli, Pseudomonas
aeruginosa and Candida albicans in 30 sec, 60 cec and 2 minutes, Bright Tooth Paste has
‘shown >99.99% reduction of test bacteria viz Staphylococcus aureus, Streptococcus mutans,
‘Escherichia coli in 30 sec, 60 sec and 2 minutes, and Bright Tooth Paste has shown no
reduction of Pseudomonas aeruginosa in 30 sec, 60 sec and 2 minutes when analysed as per

ASTM E 2315 - 03 (Re. 2008) Method.
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FORMULATION AND EVALUATION OF ALOE-VERA GEL WITH ACTIVE SALT
AND ALUM : AS A NEW DENTIFRICE

MADHURI D. PARDESHI?,

Department of Cosmetic Technology,
Vidyabharati Mahavidyalaya,
Amravati-444 602 (M.S.)

Dr. K. K. TAPAR?

Vidyabharati College of Pharmacy,
Amravati - 444 602 (M.S.)

Abstract: Aloe vera is well known for its marvellous medicinal properties. These plants
are one of the richest sources of health for human beings coming from nature. It has
been grown as an ornamental plant widely. Products of the plant are used in the
treatment of various ailments. Various parts of the plant have different effects on the
body. Aloe vera is an ancient, natural ingredient that would be hailed as a major
scientific breakthrough if it came out of a modern drug lab. It coats, soothes and can
even heal ulcers and irritations. Proven in multiple clinical studies, Aloe vera has been
used in dentistry for its wound-healing effects, gingivitis, plaque control & curing oral
mucosal lesions. Aloe vera may also reduce the pain and duration of oral ulcers while

speeding healing. The dentists should use Aloe vera at a level high enough to maximize

its therapeutic benefit.

Keywords: Aloe tooth, Escherichia coli, Candida albicans, zone of inhibition, natural

antimicrobial agents.

Introduction :

The Aloe vera plant has been known and used for centuries for its health, beauty,
medicinal and skin care properties. The name Aloe vera derives from the Arabic word
—Alloeh meaning —shining bitter substance, while —vera in Latin means —true. 2000
years ago, the Greek scientists regarded Aloe vera as the universal panacea. The
Emtians called Aloe —the plant of immortality. Aloe barbadensis Miller (Aloe vera)
}halfongto the liliaceal family, of which there are about 360 species. The use of natural

International Journal of Research in Economics & Social Sciences
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could be of benefit to low socioeconomic level in urban and rural communities. Among
the various currently available herbal agents the most popular and currently receiving a
lot of scientific attention is Aloe vera. It is a perennial succulent xerophyte, which
develops water-storage tissue in the leaves to survive in dry areas of low or erratic
rainfall [1]. The plant has stiff grey-green lance-shaped leaves containing clear gel in a
central mucilaginous pulp. Benefits associated with Aloe vera have been attributed to
the polysaccharides contained in the gel of the leaves. It is a cactus like plant that grows
in hot and dry climates. Numerous studies on Aloe vera are being done to demonstrate
the antiviral, antibacterial, analgesic, antiinflammatory & wound healing properties. The
Aloe barbadensis plant consists of two different parts, each of which produces
substances with completely different compositions and therapeutic properties. The
parenchymal tissue makes up the inner portion of the aloe leaves and produces the Aloe
-~ vera gel (or mucilage), a clear, thin, tasteless, jelly-like material. This tissue is recovered

from the leaf by separating the gel from the inner cellular debris. The other part of the

plant is a group of specialized cells known as the pericyclic tubules, which occur just
beneath the outer green ring of the leaf. These cells produce an exudate that consists of

bitter yellow latex with powerful laxative-like actions [2).

History: The plant Aloe-vera has a history dating back to biblical times. Aloe vera
has been used for medicinal purposes in several cultures for millennia: Greece, Egypt,
India, Mexico, Japan and China. Egyptian queens Nefertiti and Cleopatra used it as part
of their regular beauty regimes. Alexander the Great, and Christopher Columbus used it

~ to treat soldiers’ wounds. The first reference to Aloe vera in English was a translation by

ponents or Elements in Aloe vera are [4]. Lignins, Saponins, Glycosides,

; inones, Minerals. Vitamins, Mono and Polysaccharides and Amino Acids.

ty: A processed Aloe vera gel preparation reportedly inhibited

dida albicans [7].
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¢) Antiviral property: This action may be direct and indirect; i.e. indirect due to

m, and direct due to aloe emodin.
a great immune stimulant, contains 90%
e of the

stimulation of immune syste
d) immunomodulating Effects: Aloe vera,

d iridium (trace minerals) in the acemannan which is on

rhodium an
s or macrophages

polysaccharides which dramatically increases the white blood cell

and T cells,
e) Antioxidant Property: Aloe vera has very stron
peroxide activity, superoxide dismutase enzymes and a phenolic antioxidant were
I, which may be responsible for these antioxidant

g antioxidant nutrients. Glutathione

found to be present in Aloe vera ge

effects.

f) Antitumor Effect: The
effects include glycoproteins (lectins) and polysaccharides.

plants: Aloe vera gel placed around dental implants is found effective to

two fractions from Aloes that are claimed to have anticancer

g) Dental Im
reduce inflammation. Aloe vera reduces inflammation by its antimicrobial &

antiinflammatory effects.

L Materials and Methods:
Different concentrations of viscosity enhancer Carrageenam gu
finally gel that showed good spreadability and consistency was selected for dentifrice

m were tried and

property of herbal gel of Aloe vera, active salt and alum.

Carrageenam gum was purchased from Sarin Industries Pvt Ltd, Mumbai (India),
pra;sipltated and hydrated silica from Madhu Silica Pvt. Ltd (Gujrat), Methyl Paraben,
Paraben, Sodium Chloride was Purchased from Titan Biotech Ltd. Rajasthan

~ Propyl

il

and colours from Neelicon food dyes and chemicals Itd, Mumbai. Aloe vera (Aloe
sis) plant was obtained from Herbal Garden, Vidyabharti Pharmacy College -

IENTAL WORK
e - vera extract:
s of Aloe - vera extract was done according to specification.

of Aloe vera (Aloe barbadensis) plant obtained from Herbal
Ege of Pharmacy-Amravati, were used. To obtain Aloe vera
elly obtained from the centre (the parenchyma) of the plant
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leaf of Aloe vera, the leaves of Aloe vera were collected, washed with water and a mild
chlorine solution and were finally cut transversely into pieces. With a vegetable peeler,
the thick epidermis was selectively removed and the inner gel-like pulp in the center of

the leaf was separated with a spoon, minced, and homogenized in a mixer.

Selection, Optimizationand Preparation of Aloe-Veratooth gel:

One of the main ingredients of the formulation is the gelling agent. The
concentration of viscosity enhancer or gel former is of immense value as a less
concentration will lead to simple solution or lotion with very low consistency, while high
concentration may lead to formation of gels with high viscosity leading to non-uniform
distribution of drug and problem with handling of gel. Different gel formers were tried
in order to select the best gelling agent.

So in order to optimize the concentration of gelling agent to achieve proper
consistency of the gel formulations were prepared with different gel formers, Sodium
Carboxy methylcellulose, Carbomer 934, 974, Carrageenam gum in different
concentration of viscosity enhancer vis. 1.0, 2.0, 3.0 and 4.0 % were tried.

- Gels containing aloe vera juice extract and Sodium CMC showed phase separation

and were rejected. Aloe vera gels containing 1.0 % of carbomer 934 form a very thin gel

that liquefies within 6h of preparation. With 2.0% gelling agent somewhat better gel was
obtained but the problem of liquification after 24h was observed. Gel containing 3.0% of
carbomer 934 formed uniform and smooth gel that does not liquefy upon keeping. At 4.0
% of carbomer gel was very thick and more sticky that could not be properly spread out.
With carbopol974 the gels formed are poor in consistency and very thick as indicated by
spreadability and extrudability values. Thus, 0.55% of carrageenam was selected as the

optimized concentration of gelling agent.

stional Journal of Research in Economics & Social Sciences
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Table 1: Formulation of Aloe-Vera Gel dentifrice

S.N. Tngredients Y% (wiw)
1 Sorbitol 65.00
2 VTP Gum ( Carrageenan gum) 0.55
3 F- Sil 100 ( Abbrasive Silica ) 13.5
4 M - Fil 100 ( Hydrated Silica ) 6.5

A Poly ethylene glycol 400 0.5
6 Sodium Saccharin 0.3
i Sodium fluoride 0.22
8 Sodium lauryl sulphate 25
9 Methyl Paraben 0.1
10 Propyl Paraben 0.01
11 Colour 0.1
12 Flavour 0.5
13 Water 0.92
14 Aloe — vera gel 9.0
15 Sodium salt 02
16 Alum 0.1

Finalized base formulation for gel tooth paste with aloe - vera extract, salt and

alum as an active ingredients with other common ingredients of gel dentifrice.

Weigh all the ingredients. Take sufficient quantity of water . Add sodium
n, Sodium fluoride , preservatives , colour, Sodium salt, alum in it . Mix it
n warm the water up to 45 - 50°c . Then at this temperature add VTP gum.
, Poly-ethylene glycol. Then add both silica powder i.e. abrasive silica &
it. Mix it 15 minutes. The add Aloe - vera gel & flavour to itand mix it
erly. Lastly add sodium lauryl sulphate to the formulation by

wunt of foam will generate. Remove air by vacuum.
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Evaluation of Aloe-vera Tooth Gel
pH

1.0 g gel was accurately weighed and dispersed in 100 ml purified water. The pH
of the dispersion was measured using digital pH meter, which was calibrated before use
with standard buffer solution at 4.0, 7,0 and 9.0. The measurements of pH were done in

triplicate and average values were calculated.

Spreadability

One of the criteria for a topical formulation to meet the ideal qualities is that it
should possess good spreadability. It is the term expressed to denote the extent of area
to which formulation readily spreads on application to skin or affected part. The
therapeutic efficacy of a formulation also depends upon its spreading value. To
determine the spreadability of formulation, 0.5 g of gel was placed within a circle of 1 cm
diameter pre-marked on a glass plate of 20 x 20 cm, over which a second glass plate was
placed. A weight of 500 g was allowed to rest on the upper glass plate for 5 min. The

increase in the diameter due to gel spreading was noted.
Extrudability

To determine extrudability a closed collapsible tube containing formulation was
d firmly at the crimped end. When the cap was removed, formulation extruded

"F.Il:lﬁl the pressure dissipated. Weight in grams required to extrude a 0.5 cm ribbon of the
formulation in 10 sec was determined. The average extrusion pressure in gms was

us Rheometer (Brookfield Engineerring Laboratorie, Inc, Middleboro, MA,
using spindle No. 6, 50-1 having diameter of 50 mm using software RHEO3000.
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Homogeneity

The developed formulations were tested for homogeneity by visual inspection
after the gel had been filled in the container. They were tested for their appearance and
presence of any aggregates,

Analysis of dentifrice Capacity as per 1S6356:2001:
The formulated Aloe vera tooth gel sample was tested as per IS 6356 : 2001

( Specification for tooth paste.)

Antimicrobial Analysis of Aloe-vera Tooth Gel :

This in-vitro study was carried out to determine Antimicrobial efficacy of
Aloe-vera tooth gel against oral pathogens. In order to study in their effectiveness
against the test microorganisms , Escherichia coli, S. aureus S. mutans and Candida
albicans were selected as test microorganisms ,against which the antimicrobial assay by
modified agar well diffusion method as per NCCLS guide lines 2005 was performed.

» Name of Test : Anitibacterial property of test product by well diffusion method
as NCCLS guidelines 2005

TestInoculum:

1. Staphylococcus aureus ATCC 6538

2. Streptococcus mutans ATCC 25175 bacteria
3. Escherichia coli ATCC 10536

4, Candida albicans ATCC 10231

|- Test Procedure :

The test organisms diluted approx. 107-108 CFU/ml were individually spread by

I sp;gtgl,'lle swab evenly over the face of Soyabean Casein digest agar. Using cork borer a

of 8 mm diameter was punched in the medium. Test material-as it is in 100 ul

y was then applied to each well. Control plant comprised of 100 ul distilled water

The plates incubated at 37°C/28°C for 24/72 hrs. Zone of inhibition were
by calibrated ruler.
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Results and Discussion:

Analysis of Aloe-vera Extract:

Sr.No, | Parameter Specification Resuit
1 Botanical Source Aloe Barbadensis Miller Complies
2 Appearance Colourless and Transparent Complies
3 Solubility in Water Soluble Soluble 100%
4 Qdor Characteristic Characteristic
5 pH 40 -80 6.28
6 Specific Gravity It 1l 1.0090
@ 25 deg C.
7 Refractive Index 13to L5 1.3932
@ 20 deg. C.
8 Loss ondrying About 97 -98% Complies
9 Heavy Metals 10 ppm Max. Less than 2 ppm
10 Arsenic 10 ppm Max Complies
LT : NMT 10 ppm
10 Microbial Limits : 100 cfu/gram Max
Total Bacterial Count NMP 50 cfu/g Complies
Yeast and Mold Count Complies
S. Aureus Absent
E Colilg Absent
Salmonella/g Absent
'i!sendomnas Absent
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The Spreadability of formulations was found to decrease with increasing the
concentration of gelling agent. The value of Spreadability for optimized gel was found

out to be 8.6 cm indicating that the gel easily spreadable by small amount of shear.

Table 3: Evaluation of Aloe Tooth Gel as per IS: 6356 : 2001 (Specification for

tooth paste)
S.No. Des cription Standard " Results
l. Fingness
i) 150 Micron Lt i Max 10% 0.004% |
ii) 75 Micron [t : Max 2.5% 0.004% |
2 pH of Aqueous Suspension 5.5 10 10.5 6.60 '
3 Foaming power Lt : Min. 50ml 200rml,
| 4, Heavy metals Lt : Max 20ppm Test Passes
E S Arsenic Lt : Max 2 ppm Test Passes
6 Viscosity 42000 to 60000 48,900 cps.
7 Hard and sharp edge particles To pass the test No hard & sharp edge
particles observed
8. Spreadability To pass the test Test passes |
9 Extrudability To pass the test 203
10 Homogeniety To pass the test Homogenous

Results of anti-microbial Assay:

e Name of Test:
Anitibacterial property of test product by well diffusion method as NCCLS
guidelines 2005

Inoculum :

Staphylococcus aureus ATCC 6538
'@fggxﬁcecags mutans ATCC 25175 bacteria
- Escherichia coli ATCC 10536

' Candida albicans ATCC 10231

isms diluted approx. 107-108 CFU/ml were individually spread by
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well of 8 mm diameter was punched in the medium. Test material-as it is in 100 ul
¢ll. Control plant comprised of 100 ul distilled water

quantity was then applied to each w
70C/28°C for 24/72 hrs. Zone of inhibitio

solution. The plates incubated at 3 n were

measured by calibrated ruler.

Table 4: Antimicrobial Assay of Aloe-Vera tooth gel

Sample Test ~Zone of Inhibition in mm (average)

Identification organism 1=l 132 1:4 1:8 1:16
Aloe vera gel T.P. Staph. 21.6 mm 21mm 66 mm | 153 Mm [ [4.5mm
Bright T.P Aureus 21 mm 20.3 mm 19.6 mm 14 mm 13 mm
Aloe vers gel T.P. Strep. 20 mm 13 mm 17 mm No, Zone | MNo.Zone
Brght T.P Mutans 253 mm 213 mm I8 mm 15: mm 13.2 mm
Aloc vera gel T.P. Esch. Coli No. Zone | No.Zone | No. Zone | No. Zone | No,Zone
Bright T.P No, Zone | No.Zone [ No. Zone | No. Zone | No.Zone
Aloc vera gel T.P. can albicans 29 mm 27 mm 24.6 mm 16 mm 15 mm

| Bright T.P 30 mm 25 mm 232 mm | 20 mm 12 mm

....
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Figure no. 1: Biological indicator verses zone of inhibition of Aloe-Vera Tooth Gel
Graphical Representation of Result of Anti-microbial Analysis of Aloe Tooth Gel
- having active saltand alum.
100 ul was used per well
Presence on Antibacterial substance in Formulation is indicated by zone of
the zone size more is the concentration of Antibacterial substance.
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:material is non diffus

4. No.Zone of inhibition is no antibacterial activity unless

Staph.aureus:

Strep. mutans

Esch. Coli

Can, Albicans

Figure : Photographs of Antimicrobial Assay
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The greater part of the world's population relies on traditional medicine for
their health care. This is also the case in the treatment of teeth. In developing countries,
formulations prepared from plants have been widely used for the treatment of dentifrice
by medical personnel trained in western medicine as well as by traditional practitioners.

Wound relating with teeth healing is a dynamic response to injury that results in wound

contraction, wound closure and restoration of the functional barrier.[14] It has three

granulation tissue formation and remodeling. During

from granulation tissue to scar

overlapping phases: inflammation,

the wound healing process, especially the transition
which involves the degradation of

tissue formation, collagen remodeling occurs,
se in the number of

collagen with the formation of larger collagen bundles and an increa
intermolecular cross-linkages. This process is controlled by matrix metalloproteinases.

They are proteolytic enzymes discharged by fibroblasts, macrophages, epidermal cells
and endothelial cells, The tensile strength of a teeth can be related to its collagen

formation and maturation.
The prepared Aloe-Vera Tooth Gel has promising effect on the teeth. Further
studies need to be performed to understand the exact mechanism of teeth wound

healing by Aloe vera gel.

CONCLUSION :

‘From all experiments conclusions can be drawn that Aloe-vera gel tooth paste
fully prepared along with active sodium salt and alum. According to result
prepared gel dentifrice formulation is capable of reducing the bad odour,
gue, gives whitening effect to the teeth. Also the formulation is potentially
st various micro- organisms like S. aureus, S. mutans, Candia albicans.

t formulation for dental care.
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'NOVELS OF NADINE GORDPIMER: A THEMATIC STUDY

Mr. V.P. Shekokar.

Assistant Professor

Vidya Bharati Mahavidyalaya, Amravati

- a mirror to its society. It expresses the country’s social, political and cultural
Bt ffectively. African literature received world wide acclaim nowadays. The writers
hebe,Dorris lessing, Ngugi, Nadine Gordimer and Wole Soyinka are the pioneers
1 literature. Nadine Gordimer says about African writing “done in any language by
mselves and by others of whatever skin colour. They denote the African culture and
ughout their writing. The most imperative phase of African literature is that
writing. The major themes of the literature are about identity crises, cultural

ent and tyranny.

Sordimer is a South African novelist. She was awarded with Novel Prize in 1991 for her
‘Her work is mainly z_ibout Apartheid and the suffering of black citizens of South Africa.
n a top place among the white South African writers. In this paper, an effort has been
reach out the substance of the major novels written by Nadine Gordimer. Her work is

h moral and social issues, particularly apartheid in South Africa.

are the dynamic force of the novels. Gordimer gave new thematic dimensions to the
frican novels. Her themes have loaded and wide-ranging interpretations. The novels like
People, My Son’s Story, Burger’s Daughter and The Pickup, she tries to state reality.

mer tells the stories of common people, revealing moral ambiguities and choices: Another

i My Son’s Story was published in 1990. The novel depicts a family disturb by illicit love,

struggle and Apartheid.. This novel was considered as a milestone in Gordimer’s

EL,

ary career as she was awarded the Noble Prize for the same. This novel depicts the active

iivement of black citizens in the freedom movement,

E

novel Burger’s Daughter is published in 1979. It is a political and historical novel. It deals

i

a group of white anti-apartheid activists in South Africa. The novel is set in the history of

g

i-apartheid struggle and references to actual events and people from that period including

F

son Mandela. The novel was well received by critics. A reviewer for The New York Time

that Burger’s Daughter is Gordimer’s most political and most moving novel. A critic in The

w0

ison Review had mixed feelings about the book, saying that it “gives scarcely and pleasure in

but which one is pleased to have real nonetheless”. Gordimer wrote in an easy in “What

L

I

49

F
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Happened to Burger’s Daughter” that the theme of my novel is human conflict between the
desire to live a personal, private life and the rival claims of social responsibility to one’s follow
men”. Her works have explored the impact of apartheid on individual in South Africa. It is also
very true with the novel Burger’s Daughter. It is story of a woman analysing her relationship
with her father, a martyr to the anti-apartheid movement. The child of two communist and anti-
apartheid revolutionaries, Rosa Burger finds herself drawn into political activism as well.
Written in the aftermath of the Soweto uprising, the novel was shortly thereafter banned by the
South African government. Gordimer described the novel as a coded homage to Bram Fischer, -
the lawyer who defended Nelson Mandela and other anti-apartheid activists. The main theme in

this novel is Rosa’s search for her identity. Rosa tries to understand the father’s efforts to unite

the black and the white as they belong to the same country. The novel is an attempt to recollect

Rosa’s life and the influences on her when her parents were alive. Her father and mother died in -
the jail during anti-apartheid movement. The most effective incident of her life was with Baasie
her childhood friend. His anger and bitterness changed the current of her life. She decide to :
return to South Africa and continue to fight against the plight the oppressed and depressed.

Baasie remanded her that the suffering in South Africa still exists. She understands sacrifice and

struggle for her father. Rosa came to know that she could not reject totally her father and his -
work. She was now read to accept the effect of being Lionel Burger’s Daughter. She once again

returns to her job in the Hospital. Due to her friend and relatives she understands her life. -

[ ] e & @ @ ] - - - -

Gordimer’s through her work, she tried to search new ways. to understand the political world. -
She was in search of the solution that the black and the white might be united as citizens from

the same country.

July’s People is published in 1981. Gordimer imagines a bloody South African revolution, in

which white people are hunted and murdered after black citizen’s revolt against the apartheid

government. Nadine Gordimer was South African novelists who write about the subjugation of
the South African people under the Apartheid system. In this novel Maureen and Bamford /4
Smales, and educated white couple, compel to live with July, their former black servant. The 'E
story examines how people deal with the terrible choices forced on them by violence, race th
hatred and the state. Black citizen were dehumanized by the state. It is a major theme in her - W
novels. In this novel the writer tries to expose in its main characters how the white felt more m
greater than the black citizens as they has to endure the obstacles and misery in their life. tﬁ,
Through the character she tried to display how the South African black citizens tried to end 4 tol
Apartheid. In July’s Peop}e, the novelist tried to show how the revolution replaces the power of hm

50



ave venture by risking his own life gives him ability. The Smales family

home. Thus the novel displays the subversion of power of the whites
olution. The Smales family faces the new life and they have to adapt the

amily feels a sense of interference.

4n’ attempt to discuss the some major novels of the writer. Gordimer is
otninent voice of South African situation. Thus the novels of Nadine Gordimer

the themes and issues that depict the sufferings and problems of South African

Bdimer, Nadine, July’s People. New York: Penguin Books, 1981.. ;
iy Son’s Story. London: Bloomsbury, 1990.

Reger’s Daughter. Harmondsworth: Penguin Books, 1979.
giahams, Cecil. The Tragic Life: Bessie Head and Literature in
fouthern Africa, New Jersey: African World Press, 1990.

Bbrahams, Peter, A night of their own. New York: Knopf, 1965.
Fell freedom: memories of Africa. New York: Collier Books, 1970.
oss, Robert. A Concise History of South Africa, Cambridge:

pambridge University Press, 1999.
Nadine Gordimer, The Pickup (London: Bloomsbury, 2001)

ASI: FREEDOM IN THE MIDST OF THINGS, FORMS AND PURPOSE
Assist. Prof. Shyam M. Gedam

Shri Shivaji Arts, Commerce and Science College, Akot
D! UCTION;:

B Samyasithat was published in the year 1889 is the first major play of Tagore, bearing
fopscs of his mystical attitude. Tagore regards it as an "introduction to all his future
*cause its essence represents his-fundamental conviction of the "the joy of attaining the
ithin the finite". Regarding its theme, Tagore asserts; "...... the great is to be found in

the infinite within the bounds of form, and the eternal freedom of soul in love.” The

" ession gathered from the play is that Tagore wants to establish his concept of

gie

o mysticism. It consists in the faith that humanity leads to divinity and salvation
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TRAINING ENGLISH LANGUAGES TEACHERS: A NEED BASED
APPROACH (PROBLEMS & REMEDIES)

ASHWINI N. TONDRE, DR. PRADNYA §. YENKAR

e

of |

Ab“'“.': Today's economy is globalized; it means many of us are intzeacting actoss culiones. The importance
caming English as a second language becomes self-evidens. Lenmming a secord ngaage Belps yom 1o

ca i . . = " a
MMunicate across world, where you may never have previcushe considiered potentiol sach. Mece tamad

teac)

615 play a crucial rolle. It is said that, *Great teachers belp create great stadents™ In fict, an inspiring and

informed teacher is the most important school-related factor infiuenciog studect achigvernenty, = ¥ &
easential to pay close attention to how we train and support both rew 2od expenienced edocators. The reseanch
Paper focuses on the need of trained teackers to teach the sevord leograge. B2 also briethy dscasses the
problems faced teachers. And attempt has been made to providiz remedies to the prodlems.

Keywords: Globalization, culture, leamning, teacher, problems, remedies

lntrodudiun:Universily courses prepare students to
become academically eligible for the labour market.
In  higher education language teaching has 2 hege
share  to  achieve this goal.  Increasing
internationalization and developments in techzology,
societies and working life have changed the
environment to such an extent that English language
learning has become the need of the day. The primary
aim of language and communication studies s to
enable students and staff to become convindogly
communicating experts in their own fields a=d to be
able to cope with international; in other words and
intercultural contexts. And for this purpese the
demand of the trzined and efficient langmage
teachers need to be satisfied. Considering this the
researcher has used the following ressarch
methodology for the research purpose
1.1 Research methodology:The study is based on
secondary data which is collected from vanous
books, Nationzl and International journals and
publication from varicus wehsites which focused
on importance of language teaching teachers.
Descriptive Research was used for the research
1.3 ?'lt'lc’z’:ér Lmhﬁng:Th? best teacher-preparation
programs  highlight subject-matter mastery and
pmvidc many opportunities for student uach:fs’ 1o
spend time in rezl classrooms under the supervision
o on cperiencd o, ot 5 oo i
medicine, architecture, and law have by
learn through examining case studies, leaming best

their learving im the contet of practical teacding in 2
real dassroom sessioes,

14 Impertance of Languaze Toacher taininmg:
Teacher rainimg is am ioporaank aspext i the dome
of English Language Teachiog, Teachess ovad to I
traimed o itmgrovise thelr loowdedze o the
pro®ssiona] grownd and echomcs thewr toacheng
capabilities. Traicing s, ovem, more important when
cerriceliens, teadhing agproach of methods or casrse
boolts are dhanged or modiSied as 2aachas naad ™
cope up wiith the dhanges and to applv Dew approach
effecthely m the disscom. Toacher toining
progrerames are s aimad 2 he improvemant of
the ahifoy in toadbees to toach afiecthni. Wik 2
view to enhunciog the qualiy of Dnghsh baguage
teaching and laarning, Commmeaioasive 2o was
introduced. Accordmgly English teachers have heen
wamad t ogeip theea with the mew appeoadh, R
question is 2bou the implementation of e training
in the classoooes, This study aims to Bad owt the raxe
of implementation as well as spotting &g Linds
of problems that may hinder the implesssazation of
training in the classroom with a view o s
possible ways to overcome from them.

Non trained teachers are often assignad o the mosg
challenging schools and classes with e sapenasian
and suppuer. Most of the teachers are dnsatinfiad
wigh thetw jods aad coednt povioren a1 the agecead
leved, so mere attention Hould Do paid 1o provide
thern with eaaly aad adieguare sopnovt, sspecially i
ey aze ansigmad o demandiong schon! eminaments.
Meatoring and coaching from \eoaan colkeagies &
mecessary 10 the saoesil deelhpanet W a pew

practices, and icipating in internships, such
her-preparatio n programs allow teacher to apply
TIMRF Journzls
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Tached, (et ko
'S Frgheh “‘,; m\‘ :; S0 m\.‘hﬂm |
st . i .\3\\.\ Mj“i\\:l‘hn winkl
_ M gohal vallaga Daglish has Dacaine
TN Beeohily and sacaland s
SIRVOSR B Ahe warkd oday The appsach of the
Poaple Towands Paglish Tangnags hax ehanged now,
;::;;i\ﬁ;‘ :‘:\u &.«:‘aan.!“\.\f astioation of Baglinh in
" A '“‘“e?.h Baghish inghons the sy,
1;::,\:..-\\.\ Th same e it has bavome a statns symhol,
Rgish has heooine A status symbol and a stdent
WD 2 rasonable command mer Baglish s
PErhaps ma very comtntahle with atrainment o my
adacanional goal, Similardy, taching of Baglish holds
the ey position W the entive coavdionlaom of
adacanion. Thachars of Biglish, in this vontent, take
the responsihility to anable the kamens v achiove
the aducarional gaaly in genenal and language ahn in
particnlan Hence the taaching of ¥aglish lagmage is
ragquirad (o he strengthanad and prablams nead 1o he
redacad with the best afforts of government and
adocationisty and researchers. Por this  panpose
t=achar must be well mainad but on the contvary thix
quastion remains wnanswerad,  Are our Roplish
machers  adequately  tmained 10 face  this
challenge and make the students competent
snangh 1o face the world?
lat’s ook at the problems in teaching and learning
English language.
1.6 Problems in Teaching and lLearning Ruplish
Language:Aronnd the warld and in the conntey like
India, many people learn English, While some conld
oar the fluency within a few years, lots of studentn
encounter problems and challenges alony the way,
Same of these perfain to learning Hoglish In
particular, due ta the language's diverse rooty, large
amount of irregular verbs and profound veglonal
varations. Some of the common problems in leaming
are as stared below.
1.6.1. Pronunciation, Vocabulary and Gramman
Almast all English learners  encounter following
prohlems: )
1) Challenges with pronunciation
2) lssues with vocabulary
3) Grammar
1.6.2Selection 0
English requires t‘m
rypes of learners. ‘.\t’.illlu‘ A
reflact on concepts belul

f Appropriate Techniquest earning
Terent techniques for diffevent
people require mare Hime (o
e diving into dialops and

PRI ceate

presentation, Others weedd 1 wpealt 10 relnfiive "Im;
forathin Musde, ahymes, chants, - poaidanf
pames provide additional l‘uilnhl-u‘vl!!"ll'I : n
v Conventlonal EapllEh "“"wm"“'h‘lﬂrlhl"li‘ ‘:l
the gty atilenta were ttrenneed to Hiygliah ’r_"' ';1 |
el Ty o mtathy standand: Siadent learned 1y #.l
Jost s another wihject Hke Phyaten il Matheniallea
with Tor of hurden aml el g0 el ””Il"
apportndtes 1o e JEwithin aw wall an mllulill'iul ::
wehonl prenlaen, Only I conveit wehioold sl llu
wierd 1 et (e apporianities fo e thlu |alllllllriflli -
Portvmately well (ralned toachors were avallahla In
weh premiges, But in other woliools theve haw always
heen o wearely  of uaeh well tralned Tangnape
teachers, They waed inappropriate methods (o teach
R iah as a wecond Lngiage, .-
The above contest waa appropelate for the use of
wmethods that did nor foesa el on conmnnleative
competence, Language teachers nanally adopted and
tollowed different methodalogles auch an

v Grammar Teanalation Methml

a Mlingual Method

3 Diveet Methad

Nut wie of ane methods wad not of that el nse o
cheek  the  communleative  atatua  of - candidare,
Becanne teaching of Knglial aubject was treated like
other mubjects and the Importance of thia was always
neplectad,

w4 Bngliah bs slmply (reated as a subjectititudents
learned Bogllah only as a sublect vather than as
Languages They are unable to put thele learntng nin
practee due to laek of a favorable environment, In
additlon 1o the given conatealot, teachors have 1o
manage wWith the Himlted teaching how which 15 not
enongh to teach the langwape In detail,

Another Thnttatton ween In tndlan teachers 15 that
some of the Bogliah teacherd ave not familae with the
latest developmenta in BET pedagogy. 'The sligation is
nwo better even at the college lovel as Robent
Nellarmine obwerves, "Ihe most werlous prohlem in
the teaching o' tnglish i owe conniy 1s 1he
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have profidency in this lznguege could access large
nmnb:r of jobs and also were seen holding high
posiions in many National and International
Organizations.
][: thf"earﬁﬁ days Enghs.h was just like a Library
=nguzgze, but now that notion has changed totally. At
present the challenges visible before the English
languzze teachers in India are diverse and it is
necessary for them to shape up zccordingly to meet
the demands of the day.
110 Methods to be Adopted : <
e pted to Improve Spoken
- G{'WP Discussions: Due to the world wide
growing trend in English, teachers give more
EMpaasts to communicetive epproach rather than the
lecture mode Their main go2l is to make the
students communicztive in English language.
To achieve this, they imolve the students to
participate more in dzssroom aciivities so that they
will aoquire adequate command over speaking skills.
To ceate this environment, teachers @n conduct
group discussions, where students are supposed to
spezk only in English. Here, they can give their views,
ideas znd thoughts in English due to which they
develop the habit of sp=zking fluently in English like
they do in their mother tongue.
Various types of discussions zlso help students to
improve their general awareness znd understanding
zbout current afzirs. It gives 2 lot of scope for good
imagin=tion and deep thonghts This type of
discnssions help the stidents to listen to the views of
fellow stodents which in timn belps them to gain
knowledze and enrich the vozbulary also.
2. Debates: Debzies too play an important role to
improve the spezking zbility of the smudenis boih at
school and zr higher l=vel Debates not only make the
siudents to spezk boldly and flnently but also help
them to tzke one st=nd a2nd be firm and consistent on
thar Along with this advantzge of reasoning, it gives
smmdents some expesience to control their emotions
without losing their temper. This also helps them to
orgznize their thouzhts 2nd ideas in a spedfic way
while speaking.
3. Role Plays: Role-plays are another important task
thar c=n improve the basic colloguial English of the
lezrmers. In mle plays, the students assume
themselves 25 one of the characters and behave and
speak acoordingly involving in the given character
complztely. In these fypes of activities teachers have
to pley a vital role 2s instrudiors and guide the
sdents properiy so that they &n act 2ppropriately
to meer the situztion. They shonld help the students
row znd then to understand and take up the role
?"ﬁ’ﬂl mgﬂa g‘[’? on the tone of voice.
4 e lab Learning: Now-a-days computer
Bmammﬂ;ﬂmﬁldomd&j’tﬂdﬂ)’li&. It
plays 2 vital role in the process of teaching and

learning. It can be used to learn a foreign language
like English. Language lab software has made
language lcaming easy and also made the language
learning process interesting and enjoyable for both
teacher and student in this technical world.

1.10 English for Specific Purposes: As English has
emerged as a global language, it also plays a vital part
in every profession with respect its importance and
demand. Every profession has its own professional
terminology which is used frequently in that
particular profession. For example, certain terms used
by the doctors, lawyers, et al. are quite different from
those of other professionals. So, to benefit these
professionals, English for specific purposes is
introduced so that specific English words related to
that particular profession can be taught by those
professionals. Jargon related to one profession is
different from the other. Hence every professional is
taught in a particular manner that fits in well with his
professional demands.

1.1 Teaching Language through Visual Aids: One
of the innovative methods used by the teacher to
teach language in class room is visual aids. The
teacher distributes visual aids to students by dividing
them into various groups. The students are then
given stipulated time to extract relevant information
on the given aids. After that, those learners are
supposed to speak about the visual aids given to
them. This method expands the analyzing capacity of
the students. By looking at the picture, the learner
should think and come out with innovative thoughts
which also help in learning language by creating fun-
filled environment around them. The teacher acts as
facilitator who motivates the students to talk freely.
As each person gets their own unique thinking it
helps to sharpen their thinking process.

1.12 Conclusion:The goal of this paper was to convey
the importance of teacher training which is the need
of the day. As the complexities of living conditions
demand skilled persons in various dimensions of life.
All the skills have their own significance so is the
teaching of English as a language. Hence, the
teaching of English language is required to be
strengthened and problems need to be reduced with
the best efforts of government and educationists and
reseal:chers. Instead of conventional language
teaching new technical methods need to be adopted
for the better result of language learning and
teaching. Teaching English language is a challenge
today especially before non trained teachers so they
should be properly trained to get the positive result.
US"_ of new technology changes the class room
environment from a boring one to a pasitive
environment where students would be concentrating
and participating in various activities selected by
teachers. Trained teachers of English, in this context,
should take the responsibility to enable the learners
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Abstract

The paper deals with the study of Bianchi Type V cosmological model filled with viscous fluid
governed by the linear equation of state p=(y-1)p, 0<y<2has been studied in the
framework of general theory of relativity. The exact solutions of the Einstein’s field equations
are obtained under the assumption of Hybrid Expansion Law (HEL) for the average scale factor
that yields power law and exponential law cosmologies in its special cases. Different solutions
are discussed with constant and time varying cosmological constant together with variable and
constant bulk viscosity. The physical and kinematical properties are also discussed.

Keywords: Bianchi Type V, spacetime, linear equation, hybrid scale factor, cosmology.

1. Introduction

Dissipative effects involving both the bulk and shear viscosity play a significant role in the early
evolution of the universe. The inclusion of dissipative terms in the energy-momentum tensor of
cosmic fluid seems to be the best motivated generalization of the matter term of the gravitational
field equations. It has been argued for a long time that the dissipative process in early stages of
cosmic expansion may well account for the high degree of isotropy we observe today. Eckart [1]
developed the first relativistic theory of nonequilibrium thermodynamics to the effect of bulk
viscosity. The effect of bulk viscosity on the cosmological evolution has been investigated by a
number of authors namely, Kandalkar [2] Saha [3-5], Singh et al.[6], Sahni and Starobinsky [7],
Peebles and Ratra [8], Bali and Pradhan[9], Bali and Kumawat [10], and Bali [11].Romano and
Pav’on [12] have investigated the evolution of Bianchi type I universe with viscous fluid.

A wide range of observations suggest that universe possesses a non-zero cosmological constant.
Recently Barrow and Shaw[13] suggested that cosmological term corresponds to a very small

value of the order 107**> when applied to Friedmann universe. Linde [14] has investigated that

: Correspondence Author: P. P. Khade, Department of Mathematics, Vidyabharati Mahavidyalaya, Amravati, India.
E-mail: pramodmaths04@gmail.com
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A is a function of temperature and is related to the spontaneous symmetry-breaking process. A
number of cosmological models in which A decays with time have been investigated by,
Bertolami[15], Beesham [16], Berman [17], Singh and Desikan [18], Abdussattar and
Vishwakarma [19], Bronnikov et al. [20], Bali and Singh [21], and Ram and Verma [22].

The phenomenon of accelerated expansion of the Universe came into picture in the last decade,
and by now it has been confirmed by different data sets of complimentary nature such as type la
supernovae (SN la), baryon oscillations, galaxy clustering, cosmic microwave background
(CMB) and weak lensing [23]. But this has posed a challenging problem- what is driving the
accelerated expansion of the Universe. In fact, power-law and exponential law cosmologies can
be used only to describe epoch based evolution of the Universe because of the constancy of
deceleration parameter. For instance, these cosmologies do not exhibit the transition of the
Universe from deceleration to acceleration. Padmanabhan and Chitre [24] pointed out that the
presence of bulk viscosity leads to inflationary-like situations in general relativity.

In this paper, we considered the anastz [25] for the scale factor of the Universe. We confronted
the hybrid scale factor cosmology with the latest observational data from H(z) and SN Ila
compilations, and then studied the kinematics and dynamics of the hybrid scale factor Universe
in detail.

2. Metric and Field Equations

We consider the spatially homogeneous and anisotropic Bianchi type V space time is described
by the line element

ds? = —dt? + A%dx? + B? exp(— 2mx)dy? + C2 exp(— 2mx dz? (1)
where A, B, C are the metric functions of cosmic time tand m is constant.

We consider the matter component of source field to be viscous fluid described by the energy
momentum tensor

Tij’vI = (,0 + B)‘/ivj + Bgij - 2770'“' (2)
Where B is the effective pressure related to the equilibrium pressure p by
p=p- gV 3

Here pis the energy density of matter, >0 and ¢>0 are coefficient of shear and bulk
viscosity respectively and v'is the four velocity vector of the fluid satisfying the relations
v,v) =—1. @is the expansion scalar and o;; Is the shear tensor defined by
9 = Vi;i
1 1
o; :E(vi;kh}‘+v. h.k)—éehij (4)

ij Bk

where h; = g; +V,v; is the projection tensor.

Prespacetime Journal WWwWw.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal| December 2016 | Volume 7 | Issue 16 | pp. 2062-2074 2064
Gaikwad, M. N., Kandalkar, S. P., Khade, P. P. & Wasnik, A. P., Bianchi Type V Viscous Fluid Cosmology with Linear Equation of
State & Hybrid Scale Factor

The shear viscosity characterizes a change in shape of a fixed volume of the fluid, whereas the
bulk viscosity characterizes a change in volume of the fluid of a fixed shape.

The equation of state is taken to be of usual form
p=(r-1p, (0<y<2) (5)

We choose gravitational units such that 82G =c =1.

Since the vaccum has the symmetry of the background, its energy momentum tensor has the
form TijM = Ag;;, where Ais a function of time in a homogeneous space.

In commoving coordinate system (vi :5j)it corresponds to a perfect fluid with energy
density p, = Aand pressure p, =—A.

The Einstein’s field equations with viscous matter and vacuum energy are given by

1 otal
Rij — RII:gij = _Tijt H (6)

ij E
where T, =T +T.* =(p, + p MV, + P,
with p, = p+ A, p, = p—Aare total energy density and total pressure, respectively.
The Bianchi identities require that TijtOtaI has a vanishing divergence.

The surviving components of the field equations (6) for the Bianchi type V metric are

B C BC A m? 2
"B c Bc Tata P 0
K& AC B m [ 2]
R A K ©®
A B AB _Cm [ 2

B i L ©

AB+BC AC  3m’

== =p+A 10
AB BC AC Az P (10)
A B C g (11)
A B C

Here and henceforth an overhead dot (.) denotes ordinary derivative with respect to cosmic time t

and semicolon (;) stands for covariant derivative.
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We define average scale factor R for Bianchi type V space time as
R®= ABC (12)
Generalized Hubble parameter H and generalized deceleration parameter g are defined as

R_1
H=E=§mfut+HQ

RR _ H?
=__§5=_113—1 (13)
A B C i —
whereH, =—, H,=—, H,=—are directional Hubble factors along X, y & zdirections
A B C

respectively.

For Bianchi Type V metric expressions for volume expansion scalar @and shear tensor o;; come
out to be

0=3H
o;,=H,-H, o/=H,-H, o.=H,-H, o;=0 (14)

Magnitude o of the shear tensor o is given by

0" = Loyt = HH,—Hof (M, (M, as)

ij
From (6)-(8), we obtain the following two equations after integration

A _ E _ i e—Z.[r]dt

A B R
B C d2 —ZIr]dt
—_ X -2 16

Using (11), from equation (16), we obtain that

(Zdl + dz)e72j.ndt

A R
A_R. 17
A= R (17)
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E - E + (dz _3d1)e’2J."dt (18)
B R 3R
EZE_(dl—f-%dz)e—zIndt (19)
C R 3R
We consider the shear viscosity 7 scaling with the expansion scalar @, that is
R
=37, — 20
1 =31y R (20)
n, being constant.
Using (20) in (17)-(19), we obtain
A R (2d,+d,)
27 21
A R 3R 1)
B R (d,-d,)
24 22
B R 3R¥ (22)
E:B_(dl";zsdz) (23)
C R 3R™"
3. Solution of Field equations
To solve the equations (21)-(23), we use the following ansatz [25] for the scale factor
R=ate” (24)

wherea, >0, ¢ >0 and £ > 0are constants.

We referred this generalized form of scale factor to as the Hybrid Expansion Law (HEL). This
scale factor has two factors: one factor behaving like exponential expansion and the other factor
behaving like power law expansion. One may immediately observe that the (HEL) leads to

power law cosmology for S =0and the exponential cosmology for o =0. In other words the
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power law and exponential law cosmologies are the special cases of HEL cosmology. Therefore

the case « >0 and g > Oleads to a new cosmology arising from the HEL.

From equations (21)-(23), the metric functions can be explicitly written in terms of the average

scale factor R as

- (2d,+d,)
A=kR ( 1 2
' eXp_—3(2+6770)R2*6’7°}
- (d,-d,)
B=k R ( 2 1
2 eXp_—3(2+6770)R2+6”°}
[ (d,+2d,)
C=k.R (9, +2d,
: eXp_3(2+6no)R2+ﬁ%}

where k;, k,, k; are constants of integration.

Using (24), we find the metric functions explicitly in terms of tas follows.

m
A=k “exp| Bt + h .
( 1a1)t |: (2+6770)(a1t”eﬂt)2 6770}
m
B=(k “exp| Bt + 2 .
( 2611)t (2+6770)(a1taeﬂ[)2 67 |
m
C=(k “exp| Bt + 3 .
( 3a1)t (2+6770)(a1t“eﬁ‘)2 67 |
where m, :(Zdl—;dz), m, - (d, —30'1) m, :w.

The pressure and energy density are given by

p—{g—ZUO[ﬂ+%j}3(ﬂ+%j—A=2%+3(ﬂ+%} N

(25)

(26)

(27)

(28)

(29)

(30)

m2 +m? +m.m a a m
—( 22 3)+6770(ﬂ+Tj{,6’+—+

1
t (atee” )M'”}

(ait”’e P )6+12170
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2

+ m (31)
ka, ) t* exp2 ft+ m
(ki) { 2+6770)(a1t“eﬂt )2 67
2
oold g +(m1m2+m2m3+m1m3) ~ 3m’ A (32
t (altaeﬂt )6+12770 ( )2 , m,
k t““exp2 pt+ -
% 4 (2+67, )(ait”‘eﬂl )2 e

One may observe that (28)-(32) represents exact solutions of the Einstein’s field equations (7)-
(12).

Now we find expressions for some other cosmological parameters of the model

. — 1&[H,-HT
The Anisotropy parameter A= 3 > IH (33)
i=1

The directional Hubble factors H, (i =1, 2, 3)as defined are given by

H, =(ﬂ+gj+—mi (34)
t) (agee” ™
The expansion scalar is given by
o

Using (34) and (35) into (33), we obtain

— 1 aY (m2+m?+m?

A= —z{s(ﬁ +Tj + (9(1 1 ;)6+12:0):| (36)

2{ﬂ+fj SH
The volume and shear scalar of the model are given by
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R®= (ait“e/"‘)3 (37)
252 = {(mlm(za;ozz;;;;’;nlms ):| (38)

4.1.1. Model with constant A term and ¢(t)

In this case equations (31), (32) together with (5) yield the expressions for energy density,

isotropic pressure and bulk viscosity are respectively given by

2
m,m, +m,m, + mm 3m?
. Hﬁ +%j A et 3)} - - A (39)
% (ka, ) t* exp2| pt+ L
(2 +6n, )(ait“eﬁ‘) °

2 2

o=yl )] w e
k,a, ) 't** exp2| St + 1
( 1a1) p {ﬂt (2 . )(ait“e" )2+6170
¢ =(r+2n, —1)(ﬂ + gj L (mum, +mymg +mmy)y (3y +1)m?
t 6+127) o
Hatee”) O(ﬂ + j 3[ﬂ+ aj ka, ) t* exp2 m
p2 pt+ ;
t " (k,a,) (2+6770)(a1t“eﬂ[)2 &
2 _(m2+m3)(2+2770)+(m§+m32+m2m3X2+2770)
a 3-+6779 .
3[ B+ fjtz (ait eﬂ[) 3(a1t“eﬂ‘ )6 e ( B+ (:j

a m, (L+y)A

— 2| B e | - (41)
et T ot

It is observed that the solutions are singular at t =0. At late times the energy density converges

to 38°—A. Positivity of p is ensured only for34° > A. Ast —oothen p —>(7—1)(3,32 —A),
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@+ y)A

¢ —(y+2n,-1)B 21, - this shows that the pressure and bulk viscosity is constant as

t—>o.

4.1.2. Model with variable A term and constant c(t)

Assuming the coefficient of bulk viscosity is constant¢(t)=¢, = Constant, then (31), (32)

together with (5) yield the following expressions for energy density, pressure and cosmological

constant are given by

1 a) 2a (m1m2+mlm3—m22—m§) a
p==|6 f+—| +—+ 51z +36,| f+—
y t) ot (atee” ™" t

~ om? +(m2+m3)(6+6770)[ﬂ+gj

taeﬁ[ )3+6’70 t
k.a, Vt*“exp2 ft+ my (a1
( 131) {ﬁt (2 + 67, )(alt“ e/t )2+6770 :l

m,

a a aY
— 617, (ﬂ + T)(ﬁ Tt W] — 67, (,3 + Tj (42)

-1 aY 2a (mm,+mm,—m2—m? a
p=—(7/ ){6(,3+Tj +t_2+( ' Z(aitaleﬁ?)eﬂzni 3)}+3go(ﬁ+TJ

2m? +(m2+m3)(6+6770)[ﬂ+%)

a +677y
k 2.2a 2 ml (ait eﬂt)a
( 1a1) ™ exp l:ﬁt + (2 6, )(ait“eﬂ‘ )2+6170 }

a m,
_6%(ﬁ +T)((a1taeﬂ‘ Je ]} +

6 a 2 (mlmZ +mm; — mz2 - ms%) 1
A=3-= (ﬁ + —j + (m1m2 +m,m; + mlm3)— 6-+1277,
t Y (ate”)
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e P s 1 0
4 2.2 m 7t2 v t
ki, )t* exp2| pt+ . -

( lal) |:ﬁ[ (2+6770)(altaeﬂt)2 6770:|

_(m2+m3)(6+6n0)(ﬂ+g]_%(ﬂ+a (44)

= m,
Aae” o7

The quantities diverge at t =0. As the evolution progress, the energy density, pressure and

3p

cosmological constant decreases. Ast — oothen p — = (28 +¢, )12, ,
v

(-1)

p—> o7 35,5 6m,, A%(B—E
Y

v

cosmological constant are constants at t tends to infinity.

}32 + %ﬁ, It means pressure, density and
/4

4.1.2. Model with variable A term and constant¢ a p

Let us assume that¢(t)= ¢, , then from equations (31) and (32) together with (5) we obtain the

expressions for energy density, pressure bulk viscosity and cosmological constant are as follows

2 2 2
e 1 6('[’)+gj +2_gc+(m1m2+mlm3;lrzz—m3)
_ @ t)ot (at-e”)
7 =35 ﬂ"’t

~ om? +(m2+m3)(6+6770)[ﬂ+gj

taeﬁ[ )3+6’70 t
k.a, Vt*“exp2 ft+ my (a1
( 131) {ﬁt (2 + 67, )(alt“ e/t )2+6770 :l

a m,
voulp+ oo | (45)
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(7_1) H:G(ﬂ-'_%jz +2_0‘+ (mlmz +Mmm, _m22 _msz):l

p= 2 o \o+2m
{7—340(ﬁ+‘fﬂ t (e f™
2m? 6+6
‘ T e )
2.2a 1
(klai) " exp 2{,& + (2 + 67, )(ait“e A )2+6170 :|

a m,
' 6'7°(ﬂ ' T)( (ateen " J} *

S aY 2a (m1m2 +mm, —m; — m§)
c= . 6 ,BJFT +t_z+ ( taeﬂ)eﬂz%
-l ) ;
~ om? +(m2+m3)(6+6770)(ﬂ+gJ
a 46779
(kla'l)ztza EXp 2|:ﬂt + i 2+6177 :| (alt eﬂ[)z 77 t
(2+6n, Nate” | "

a m,
ol ) «

3] a 2 (mlmz +mm, — mz2 - m??) 1
A=|3- ol Vs T (mm, +m,m, + mm,)— " (oo P
7_3g°(ﬁ+tj 7/—3g0(ﬂ+tj at’e
2
_ 2c n 2 -3 m
a (04
{}/ - 3g0( B+ tﬂtz Y= 3%(,3 + t) (ka, )'t* exp Z{ﬂt + L v }
(2+ 67, Nat“e™ )

_ (m2+m3)(6+6770) (ﬂ_i_Zj_ 617, [ﬂ+g)% (48)
{7—3§0(ﬂ +Tﬂ(ait“em)g+6"° t {7—3§0(ﬂ+fﬂ t ate”)
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We observe that the energy density o, cosmological constant A decreases very sharply.

1 , (-1 ., ( 6 J
Ast — ooth 1 68 po VY gp2 A s[3-— 2 |g.
I P ) p P -30.8] proh= ¥ 36,3 p

5. Conclusion

In the present work, we have constructed viscous fluid distribution in the background of
homogeneous anisotropic Bianchi type V space-time with a cosmological term A, which scales
with Hubble parameter H. Coefficient of shear viscosity # is assumed to vary as expansion scalar
6. The spatial volume is zero at t=0and expansion scalar is infinite, which shows that the
universe starts evolving with zero volume att = Owith a big bang. The Hubble factors and shear
scalar diverge att=0. The anisotropy parameter tend to infinity at the initial epoch. As t
increases, the scale factors and spatial volume increase but the expansion scalar decreases. As

t —ooscale factors and volume become infinite whereas H, —» S, 8 —» 34, K—)%,az —0.

We have determined the Bianchi-V space-time by considering hybrid scale factor for the average
scale factor that yields power law and exponential-law cosmologies in its special cases. We find
that the hybrid scale factor exhibits transition from deceleration to acceleration which is an
essential feature of dynamic evolution of the Universe. The resulting model evolves with
decelerating expansion in the initial epoch followed by a late time accelerated expansion. The
use of a hybrid scale factor significantly changes the behavior of the cosmic fluid. The Bianchi-V
hybrid scale factor Universe begins with high anisotropy but becomes isotropic at the later stages
of the evolution. If we take £ =0we retrieve the power law solution and if we take o =0we

retrieve exponential solution obtained in earlier work (Kandalkar 2012).

Received November 17, 2016; Accepted December 17, 2016
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Abstract

Hybrid PANI/ZnO synthesized by typical oxidative polymerization. This nanocomposite of PANI/ ZnO has been investigated
for their structural properties because of hybrid structures. This adopted synthesis method is calledin —situ polymerization.
XRD patterns of pure zinc oxide, pure polyaniline and nanocomposites PANI/ZnO gives confirmation of elements were
present in compound. SEM micrographs shownanocomposite material PANI/ZnO nanotube formation PANI and in situ
deposition of ZnO. EDX gives confirmation of nanocomposites material PANI/ZnO. This nanotube structures enhances the

active and passive properties.

Keywords: Nanostructure Pure PANI, ZnO, in —situ polymerization of PANI/ZnO, XRD, SEM, EDX.

Introduction

Now days, All polymers are thought to be excellent insulating
materials until the 1970’s, when Hideshishirakawaand their
associates reported the high conductance of polyacetylene
doped with AsFs". Sincethen, broad research has been carried
out on conducting polymers because of theirexcellent electrical
and optical properties. These materials have broad application in
areasranging from anticorrosion coatings, to chemical sensors
and biosensors, light-emittingdevices, and solar cells, as well as
many others®. Among the variety of conducting polymers due to
unique electrical properties, stability and easy fabrication
process polyaniline is one of the most attractive materials.
Because of these interesting properties, polyaniline has been a
potential candidate in sensor applications®®. However, the
difficulties with these conducting polymers are their low
processing ability, poor chemical stability and mechanical
strength’. As an option, there are a plenty of space to fabricate
hetero junctions, to enhancement of the sensor characteristics
and mechanical strength. By usingpolymerization, polyaniline
and its nanocomposite have been synthesized in a bulk form.

Polyaniline which can besynthesized either by chemical
oxidization polymerization®'® or electro polymerization™.
Conventional chemical polymerization is conducted by
polymerizing aniline monomersin the presence of a free radical
activator. Polyaniline, prepared via chemicalpolymerization
with a protonic acid, is typically called doped polyaniline or
ernemldinesalt. Generally, conventional bulk chemical synthesis
produces only bull-likepolyaniline. One dimensional (1D)
nanostructures of conducting polymers such as nanowires,
nanofibers, and nanotubes, have been intensively investigated
because theypossess superior properties due to their high surface
area-to-volume ratio. In past twodecades, a variety of methods

International Science Community Association

have been used to synthesize polyaniline nanofibers, including
electrospinning?, interfacial polymerization™ rapid- mixing,
nanofibers seeding® templates™ and surfactants'’ or oligomer-
assisted polymerization®.

Among the various semiconductor oxides materials, Zinc Oxide
(Zn0) has been chosen as the key sensing material. Zinc Oxide
is among the extensively studied metal oxide
outstandingbecause of their unique properties and important
characteristics for example low cost, easy availability and wide
range of applications. Several researchers have studied this Zinc
Oxide either individually or along with some dopant. Metal
oxide ZnO is usually semiconductor.Zinc oxide has received
forceful attention due to its significant combination of physical
and optical properties among the group of 11-VI compound
semiconductors. Its wide band gap, high exciton binding energy
(60 meV), and its assorted growth morphologies make ZnO a
key material in the fields of nanotechnology.

There are growing interests to combine both organic and
inorganic materials for applications in electro-optic®.
Combination of nanosized metal oxides and polyaniline has the
potential to enhance the property of the conducting polymer.
Such composites can operate at room temperature due to its
optimized volume to surface ratio of nanosized metal oxides.
The properties of nanocomposite materials depend not only on
the properties of their constituents but also on their combined
morphology and interfacial characteristics®.

In present work ZnO and PANI nanoparticles synthesized and
structural properties were studied.The choice of materials in any
research work is an extremely crucial issue which, in turn, is
governed by several theoretical as well as practical
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considerations such as their suitability and compatibility under
the given laboratory conditions.

Methodology

Synthesis of Conducting Polymer: Polyaniline: In present
work, use International Union of Pure Applied Chemistry
(IUPAC) method is used prepare polyaniline in which aniline
hydrochloride (5.18gm) is dissolved in 100 ml distilled water to
make up volume. Ammonium peroxydisulphate (11.42gm) is
dissolved in 100 ml distilled H,O in a volumetric flask. The
solutions are kept for 1 hour at room temperature. The above
solutions are mixed together in equally proportion with constant
stirring.

This solution kept under Ultrasonic wave treatment (Sonication
process) for period of 10 minutes at room temperature. The
precipitated is collected by filtration and washed with 0.2 M
HCI, to remove all residual monomers, oxidant and its
decomposing products. Finally it is washed with acetone to
removes low —molecular-weight organic intermediates and
oligomers. It also prevents the aggregation of PANI precipitated
during drying. The precipitated is dried at 60°C for 12 hours.The
resultant material is a polyemeraldine salt.

Synthesis of Nanomaterial Metal Oxide: Zinc Oxide: All the
chemicals used in this study were of GR grade purchase from
Sd-Fine, India (purity 99%). The chemicals are used without
any further purification. Synthesis method adopted from S.D.
Charpeetalliquid —phase method. Finally we get product of ZnO
nanoparticles.

Synthesis of Nanocomposite (PANI/ZnO): In this synthesis
we used in -situ polymerization method*?* to prepare
nanocomposite PANI/ZnO. First we prepare 1 M HCI solution
in distilled water. Here we used Zinc Oxide which prepared in
steps 11.

In preparation we add Zinc Oxide (ZnO) in 1M HCI solution to
achieved 0.1 M gel solution of Zinc Oxide then this solution
under treatment of sonication for 1 hour. Now prepared 100 ml
0.1 M Aniline hydrochloride Solution then add 10 ml sonicated
ZnO solution. Again go for sonication for 10 minutes then add
100 ml Ammonium peroxydisulphate (APS) solution slowly
with  continues stirring, after 3 hours we achieved
polymerization. This type polymerization is called as in-situ
Polymerization.

After 3 hours filter, washed above solution with 1 M HCI
solution and dried under vacuum for 12 hours. Final we get
nanocomposite of PANI/ ZnO.

Results and Discussion

X-Ray Diffraction Studies: Polyaniline (PANI): The
polycrystalline structure of the nano polyaniline (PANI) was

International Science Community Association

Res. J. Chem. Sci.

characterized by powder X-ray diffraction (Rigaku X-ray
diffractometer) with Cu-a source and 26 range of 10° - 90°.
Figurelshow XRD pattern of synthesized polyaniline (PANI)
which confirmed that PANI has polycrystalline nature which
showsthat ithasamorphousnature.

Zinc Oxide (ZnO): The crystallographic structure of the
synthesized ZnO nanostructure was characterized by powder
XRD.Figure 2show XRD pattern of ZnO. The corresponding X-
ray diffraction peak for (100), (002), (101), (102) (110), (103),
(200), (112), (201), (004), (202) and (104) planes confirm the
formation of hexagonal wurtzite structure of ZnO (DB card no.-
2300013).Hence XRD pattern confirmed that synthesized ZnO
are highly crystalline in nature. The domain size of the crystal
can be estimated by Scherrer form. The average particle size
was calculated from (101) peak ZnO is found to be
35nm.Fromsoftware analysis it is confirm that prepared zinc
oxide powder contains Zn and O elements only, not any
impurity®.

PANI/ZnO Composite: The semi-crystalline structure of the
synthesized nanocomposite of Polyaniline (PANI) and Zinc
Oxide (PANI/ ZnO) was characterized by XRD. The recorded
XRD pattern confirmed that synthesized composite of
Polyaniline (PANI)/Zinc Oxide (ZnO) is polycrystalline that is
semi amorphous in nature. Figure 3 shows XRD pattern of zinc
oxide nanoparticles and that of various nanocomposites showed
similar peak patterns, therefore, it may be assumed that presence
of polyaniline did not cause any change in crystal structure of
zinc oxide or negligible change which may be ignored®*?.

These results show that polyaniline present in nanomatrix is
amorphous in nature which supports the previous reports.
Moreover above discussion also supports that the incorporation
of supporting polymer into polyaniline does not affect the
crystal structure of ZnO. However, presence of such polymers
seems to cause the decrease in the size of ZnO nanoparticles this
is due to formation of polymer-Zn complex on the surface of
ZnOnanoparticles present within/on the surface. This superficial
property of the nanocomposites as has also been suggested by
Tanget al® in the study of x-rays patterns of
Polymethylmethacrylate (PMMA) and zinc oxide composites.

Scanning Electron Microscopy Studies: SEM of Polyaniline
(PANI): Scanning Electron Microscope (SEM) images of
selected sample was obtained using SEM-JEOL 840 A. The
surface morphology of nano size Polyaniline by SEM and its
micrographsare shown in figure 4 (a,b). From SEM image PANI
is more porous in nature. Due to small pores size, its surface
area is more which helps to enhance properties.

SEM of Pure Zinc Oxide (ZnO): Figure-5 (a, b) shows SEM
micrograph of the pure ZnO. From micrograph it is observed
that there is randomly distribution of nanospheres ZnO. Due to
such a distribution of nanospheres, surface to volume ratio of
the ZnO may be increase.
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Figure-3
XRD Pattern of Nanocomposite of PANI/ ZnO
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S-4800 150KV 8.3mm x40.0k SE(U) 07072015 15:06  1.00um
Figure-4(a)
SEM micrograph of PANI

S5-4800 15.0kV 8.3mm x60.0k SE{U) 07/07/2015 15:09I I 500nm
Figure-4(b)
SEM micrograph of PANI

SEM of Nanocomposite PANI/ZnO: Figure-6 (a,b,c,d) shows
SEM micrograph of nanocomposite of polyaniline and zinc
oxide.From micrographs it is cleared that there were formation
of nanotubes of nanocomposite material PANI/ZnO. It is

International Science Community Association
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Figure-5(a)
SEM micrograph of ZnO

D O L

Figure-5(b)
SEM micrograph of ZnO

observed that from image 6 (aand d) on head of polyaniline

nanotube there is decomposition of nanosized Zinc Oxide. This

is evidencefor in —situ polymerizationmethod of PANI and ZnO

to synthesis nanocomposite of PANI/ZnO.
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Figure-6(a) Figure-6(c)
SEM micrograph of PANI/ZnO SEM micrograph of PANI/ZnO

g
Frrrirnra

||‘”||'|‘|;|||
500nm

$-4800 15,01V 8.4mm x60.0k SEQU) 07/072015 1522 500nm
Figure-6(d)
SEM micrograph of PANI/ZnO

Figure-6(b)
SEM micrograph of PANI/ZnO

EDX of Nanocomposite of PANI/ZnO: An energy dispersive from spectrum: 4417 are given in Table-1. From table is cleared

Spectroscopy (EDX) image of selected sample wasobtained that no other elements were present in given sample of
using SEM-JEOL 840 A. Elemental compositions of PANI/ZnO  nanocomposite PANI/ZnO.
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Table-1
EDX of Nanocomposite of PANI/ZnO
Sr.No Element Atomic Number Weight by % Atomic Weight by %

1 C 6 57.47 64.50

2 N 7 19.95 19.20

3 0] 8 15.61 13.15

4 Na 11 2.83 1.66

5 S 16 2.97 1.25

6 Zn 30 1.17 0.24

Total 100 100
Conclusion 5. P.N. Bartlett, K. Sim and L. Chung (1989). Conducting
) ) - polymer gas sensors part Il: responseof polypyrrole to

The Pure Zinc Oxide, Pure Polyaniline andPANI/ZnO methanol vapour. Sensor and Actuators B, 19, 141-150.

nanocomposites have been successfully synthesized. PANI . . I

nanotubes were successfully covered with PANI byprocess of 6 R.Nohria, R.K. Khillan, Y. Su, R. Dikshit, Y. Lvov and

‘in situ’ chemical oxidative polymerization of aniline. Due to K. Vgrahramyq .(2096)' Hum.|d|ty sensor based on

interfacial interactions between nanocomposite ZnO and PANI, ultrathin polyaniline film deposited using layer-by-layer

there is formation of PANI and ZnO matrix. This type of nanoassembly. Sensor and Actuators B, 114, 218-222.

hybridmaterialwill use in many applications. 7. M. Matsuguchi, A. Okamoto and Y. Sakai (2003). Effect

of humidity on NH3 gas sensitivity of polyaniline blend
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ABSTRACT

Thg present report provides knowledge about the diversity of Saurian fauna i the Lulstene darries of f‘;‘-*
Indian state of Maharashtra as a maodel geagraphic area Lo prowete conseriatiosn thinsgptnes?, The yres
sented study is based on the field work carried out in the study sites during Febigiar f 20514 02, etz ity 20615
The study revealed the presence of 14 Saurian species helonying to 5 lamilies domenated 2y (akutmitiar
(43.05%), Scincidae (29,15%), Agamidae (21,35%), Varanidae (G1%), and Chatrissiestitaes 0 35%) The
relative dominance of speciesvaried with different months, agparentiy sndicating tha! thw St atia distries
has a healthy environmental and demographic setup that ecenmmodanes 108 Laurien Giesity,

Keywords:

Buldhana Copyright © 2016, National Science Museum of Korea (NSIAK ) and Yores Wanna! fetoretinm (K5A .
Indiz Production and hasting by Elsevier. This is an open access article under the CC BN Lrgrse (0,
Maharashtra i T FOCU IOV ERe SURTOROTE. BT PR ol et 2l
Saurian fauna

Introduction greater variations than any other group of reptiles (005 1050,

The biological diversity of the earth and its origins has long been
a source of amazement and curiosity (Tantaspale 2015), The study
of biological diversity encompasses both the intrinsic and anthro-
pocentric values associated with it. The values of the biological
elements are recognized in correspondence to the perceived
importance by the human being. which is realized in terms of the
ecasystem services (Daily 1997: Havmeartner 2607). Biological di-
versity is the base for upholding the ecosystems and the functional
aspects of the species that provide goods and services for human
well-being. Monitoring of species diversity of a region enables
estimation of the prospective functional roles of the species, In any
ecosystems, monitoring species diversity can be used as a tool to
reduce human mismanagement and pollution in urbanized, in-
dustrial, rural, and other managed areas (V//1.on 19797), Extending
this view. studies on species diversity in any ecosystems are
necessary to understand the effect of anthropocentric development
on the integnty and sustenance of an ecosystem.

The diversity of reptiles has been emphasized in many studies
owing to their dominance in the teriestrial and aquatic ecosystems
and provision of ecosystem services such as pest control and
ecological maintenance {11 - 51 ) Among reptiles, saurtan fauna
is a diverse group that changes from the primitive to the special-
ized, phylogenetically, and their structural modifications exhibit

« Corrgsponding author.
E-mail wddress iPS jostu)
Peet review under responsibiity of Nations] Soence Museum of Korea (NSMK ] and
Korea Natonal Arboretem {KhA)

pISS N2287-894X ¢ISSN2I57.9544/Copytight © 2016, National Scrence Museum of Kared | L%

This 15 an open access article under the (C BY-NC-ND lienize (!

Lizards are members of the suborder Sauria which is one of the two
suborders of the order Squamata (Class: Beptilia), They are poiki-
lothermous, insectivorous, and oviparous tn Gyo/iviparous
(Matehews 2007). Presently, lizards are one of the most diversified
groups of vertebrates that have ever lived on earth over the pact
250 million years. Over 5,000 species of lizards have lived on earth,
inhabiting a variety of habitats ranging from the highest mourn-
tainous peak to the low-lying terrestnal and aquatc habitats
(Lalouc b o 1 290%), South Asia, including the Indian sub-
continent, is the hame for herpetolozical diversities in the tropical
region with India harboring 22% Saunan species in different bio-
physical zones (ol S0

In this context, the conservation of lizards is necessary 1o sustain
varied kinds of ecosystem services for human well-being, In view of
the essential ecosystem services rendered by hzards and to pro-
mote conservation management, the present study was aimed at
the estimation of the saurian diversity in the Buldhana District,
Maharashtra, India. The results of the study are expected to sup-
plement the aecessary information on the consenvation manage-
ment and enhance the ecological toles of the saurian species in the
Buldhana District and symilar geographical regions.

Materials and methods

Study area

j 15 ane of the most diversified

The Buldhana district O
atin spect Lo bindrversity

regions in Maharashtra State of India, with re

i) ard Worea Mationat Arbaratu (KNA) Pratiction and husting by Eheve!

Scanned by CamScanner



PS5 Joshi, VT Tantarpale / Journal of Asia-Pacific Bipdiversity 9 (2016} 306-111 3in7

Location of Buldhana District, Maharashtra, India

)
©

Maharashtra

0

Buldhana District.

Figure 1. Buldhana District, Maharashtra, India,
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Table 1. Diversity of Saurian fauna during February 2014 to J3nuary 2015 i the Buldhana distect, Mabarashira indis

Family Scientific name Common name L O N Local i
vt als natsnal status
amidae Calotes versicolor ndian garden hizard y
* (Daudin, 1803) B " i Abundang
Calores rouxil ndian fo 2ard
(Dumeril and Bibron, 1844) : ki > NY Gecasignal
Fsammophilus blanfordanus Blanford's rock agama 5 NE Rare
(Stoliczka, 1871)
Chamaeleonidae Chamaeleo zeylanicus Indian Chamaeleon ol ME Rare
(Stoliczka, 1872)
Gekkonidae Hemidactylus brookii Brook's house gecko 12 Lc Rare
(Gray, 1930)
Hemidactylus flaviviridis Yellow-green House Gecko 35 L Comimon
(Murray, 1886)
Hemidactylus frenatus Asian house gecko 25 Lc Frequent
(Dumeril and Bibron, 1844)
Hemidactylus giganteus Giant Indian gecko 03 MNE Octasional
(Stoliczka, 1871)
Hemidactylus leschenaultii Common bark gecko 42 LC Abundant
{Dumeril and Bibron, 1844)
Hemidactylus triedrus Termite hill gecko 10 NT Rare
(Daudin, 1802)
Scincidae Eutropis carinata Keeled grass skink 34 NT Comman
(Schneider, 1799)
Eutropis macularia Bronze grass skink 40 LC Abundant
(Blyth, 1853)
Lygosoma punctatus Spotted supple skink 12 NT Rare
(Gmelin, 1799)
Varanidae Varanus bengalensis Bengal monitor lizard 18 vu Frequent

(Daudin, 1803)

LC = least concern; NE = not evaluated; NT = nearly threatened: VU = vulnerable,

Its healthy climate, mountainous terrain, rugged configuration, and
sudden fall in elevation are phenomenal (Joshi et al 2015). It is in
the Amravati division of Maharashtra state in Western India. It is
situated at the westernmost border of the Vidarbha region of
Maharashtra, and is 500 km from the state capital, Mumbai, It lies
between 19°51’ N and 21°17’ N latitude and 75°57' E and 76°59' E
longitude. It has a total area of 9,745 km? (3,761 square miles), The
climatic condition of this district is characterized by a hot summer,
well-distributed rainfall during the south-west monsoon season,
and generally dry weather during the rest of the year. The cold
season is from December to February. The average annual rainfall in
the district is 796.6 mm (31.37 inches). During summer, the mean

Calotes versicolor
Hemidactylus leschenaultii
Eutropis macularia
Hemidactylus flaviviridis
Eutropis carinata
Hemidactylus frenatus
Varanus bengalensis
Calotes rouxii
Hemidactylus hrookii
Lygosoma punctatus :
Hemidactylus triedrus
Hemidactylus giganteus
Psammophilus blanfordunus
Chammaeoleo zeylanicus

daily maximum temperature was 42.3°C and the minimum was
274°C, and it decreased toward winter with a mean daily
maximum temperature of 27.6°C and a minimum of 15.1°C
(Buldbhana Gazetteer 2015),

Survey methods

The present study is based on the field work carried out in the
study sites during February 2014 to January 2015. During the sur-
vey, an efficient protocol was adopted. The survey was made using a
“visual encounter survey" method (130an 2003) as well as by
employing randomized walking (Whitaker 2000). The selected area

Relative dominance of specics
5 6 7 8

9 10 11 12 13 14 15
T A
A T R T
ST o

Figure 2. Relative abundance of saurian species in the Buldhana district, Maharashtra, India.
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Relative occurrence of families

Gekkonidae i
Scincidae
Agamidae
Varanidae

Chamaeleonidae

20 25 30 15 40) 45

Figure 3. Relative dominance of saurian families in the Buldhana district, Maharashtra, India.

was randomly explored on the basis of habitat structure and the
possibility of availability of species.

Species identification

After detection, a specimen was identified with the help of
visible structural features. For identification and comparative
studies of observed specimens, keys and methods suggested by
Dannel 12002} Das (2002), and Ahmed et al {2009} were adopted.
The International Union for Conservation of Nature (IUCN) status of

each encountered species was categorized on the basis of tolur
et &l {1998 Kumbhar of o 12013, and Alesandar andd Jayaliuma
(2014).,

Data analysis

Species occurrence analysis was carried out by using the
following formulas. Relative dominance (RD) of species was
calculated as [RD = Ni x 100/Nt], where Ni is the number of in-
dividuals of species and Nt is the total number of individuals of all

Euclidean distance index

40 36 3.2 28 24 21.0

L 1 1 1 L

16 1.2 0.8 04 0.0

1 1 1 1 J
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Figure 4. Dendrogram showing stmularity in number of saurian species composition ameng the studied month during February 2014 to January 20_15,
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spedes (= ovaapappa 060G josty 014), Relative occurrence (RO)
of the family was calculated as [RO = Ns x 100/Nt) where Ns is the
number of species of each family and Nt is the total number of all
species (Hararaapina 2006 josiu 20101), Mean percent occurrence
(M%) for a month was calculated as [M% = Nm x 100/Nt] where Nm
is the number of individuals in each month and Nt is the total
number of individuals during the complete study tenure
(Basavaryappa 2006, Joshe 20:14), The mean values of the poaled
species occurrence data were used to calculate the monthly di-
versity of and to categorize the local status of species.

The diversity assessment enabled highlighting the observed

species richness pattern of the saurian species. The diversity indices
were quantified with the help of PAST Version 1.60 software
(Palaeonielegical Asse. Nonway: Hammer et al 2001). The species
diversity was calculated using the Shannon diversity index that
calculated [H' = —~3"R | Pilog Pi], where Pi is the proportion of the
first species which is given by Pi = ni/N, where ni is number of in-
dividual in particular month and N is total numberof species; species
richness was obtained by using the Margalef equation [R =(S-1)/log
NJ, where R is the index of species richness, § is total number of
species and N is the total number of individuals (Magurran 1983);
while species equitability was determined by the equation of Pielou
[J = Ny/Ng] where Ny is the number of abundant species in the
sample and Ny is the number of species in the sample (Hammer et al
2001). The similarity association matrix upon which the cluster was
based was computed using the nearest neighbor pair linkage algo-
rithm of Euclidean distance index for the presence and absence data
(Hammes ez al 2001),

Mean % abundance

310 S Joshi, VT Tantarpale / Journal of Asia-Pacific #indiversity 9 (2016} 06— 11

The dilferences between the diversity and evenness indices
among different study months were statistically analyzed using
analysis of variance. The statistical apalyses were performed
following 7.t [ 104 using the SPSS version 10 (5P53 Inc.. Chicago,
IL, USA; Kunnveay and Gaay 20on),

Results

During the study, a total of 295 individuals of 14 saurian species
belonging to 5 families were identified (Table 1), From the observed
species, 3 were abundant, 2 were common, 2 were frequent, 2 were
occasional, and 5 were rare. The maximum abundance was shown
by Calotes versicolor followed by Hemidactylus leschenaultii and
Eutropis macularia, while Chamacleo zeylanicus was the most rarely
observed with least abundance (! ). During the study. the
Geklkonidae family was observed to be more dominant over the
Scincidae, Agamidae, Varanidae, and Chamaeleonidae families
(Figure 3),

A monthly comparison of saurian species occurrence showed
the highest number of species during June to September and the
lowest during February to May. A dendrogram developed by
Euclidean distance cluster analysis was observed to be multifaceted
and showed variation in the level of similarity in the number of
saurian species in 12 months. The months with the minimum to
moderate number of species belong to one cluster, whereas the rest
of the months with moderate to maximum number of species
formed another cluster (Figure <),

Shannon diversity
Feb

A
Aug

Equitability
i Feb
ki —{ = . I..Mar
Q. P i n
Dec/” Pk ‘\> Apr
g T
KT g
Nov ¢ : 3  May
\ | g LA 3 ' /
Oct™. | oy ‘\N%ff' Jun
Sep Jul

Aug

Figure 5. The values of the diversity indices in different months observed through the random samphing of the Saurian fauna in the Buldhana District, Maharashtra, India.
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A montnly comparison of species divernry srtribnres 1 Lo ATttty
fauna i the stuched area revealed that Liunal dnmeury weis Sighenr

duning june wm Septamber whie lowest during Fehiruur) o Wy Thr afiers e Tailte o Tr 40 Lolleem Surnee Vew
Mean percent abundance aof auran fauns was agrdlesnry Chanestlnr  Joeany Navoaud Mertee  WiinsTivmth | Unvimrsits
different (F = 30314, ¢f = 11, p ~ 0.0% ¢ Shannan 2omrary ciuss of Varvifed (i wof Twees Dinetie Heer 1Owiater Do
sauntan fauna were ngmficantdy difersne 1F = 3311 4f » 1) et 3 Walieahns, Pute sdlle Hr sl gaetentr Guro
p < 0.08]; species svennesy among differenr manrhs wag ngif- “umoeT 3 g Ty ’
cantlydifferent (F - 16824.47 = [1. g - G 45, while soeries relines

among the study manths was net significantdy differsqar F - 1328
df = 1L p > B.05) showing a contradictory pattarn. A rrand i mean
% abundance was noted to be pedrly sumilar to that af Thanosn
diversity although r:pr:e-s rnchness and species squitdn ey showed
contradictory patterns (- ooy - T)L

Rofarrarss

Discussion

The utility of saurian species az indicatars of snwranmental
conditions is a basis for studying seasenal saurian diverury Ch- .
servations on the saurian diversity provided informarion abaut o PINDUE SAEEY JTE TSI I St i S Yo i
¥ provided informarion about e e of Budtoger Uorer Nesomoss sor Galote o '

variations in the species richiness and the abundancs shages 1y e Dt sromget T petoars 205
seasons. The differences in the diversity can be scrbursd o2 2 Ve :
monthly changes in the climatic conditions. Inn the prasear canreur,
a monthly comparison of saurian species cezurrencs shicwss fe
highest number of species during June 1o Segramier and Se lowenr
during February to May.

The possible cause behind their minimum diversicy m e ) _
winter months to early summer meonths iz the coid-slonde natur= Saniinee 4 sstie
of reptiles. Lizards preferred to hibernata in their burrmws or rasting s
places during winter to early summer. Sgecies wers zemeszlly -
observed more during monsoon months. Accardtme o Su o 4 drinas
2012 and joam 014, due to faveorzble enwronmenca condi- ; e
tions, the monscon season is the breeding zezzcn fr mess of e ' : : g
reptiles, which leads to their maximum abu.'.da:'-.cz {7 F2iy monriT
Earlier studies on the saurian diversity in varicus parts of Maka
rashtrz show cons;smncy with the present abserwztions ©Futar cr gt
2003 Deshpande St 31 2072 Koy o 2l 2072, Pamidluirin 20 g :.'

N) s -

As revealed through the present study. at Iea';t 14 szuriae spe- b s _ pup———
cies belonging to 5 famiilies were re:orée-..‘. uring 3l the swdied S o -
months. In the observations, characters of the studied fr;e::e: mEE Sotee ¥ OIS 3 - : R
found o be almostrhesameaspermung:- ords of . il ; ol e = -
and Jouneet po sl 1005, The maximum 2bundance was siiows By A i B i P e
Calotes versicolor follawed by Hemudactylus leschenculoa zod - - = ; e oLiati i o
Eutropis macularius, while Chamaeles zzylanicus was he mes o BRI T MR B
rarely observed with the least abundance. During the smudy, the |~ 7 7 o oI OOW S e s e s
Gekkonidae family was observed to be mers dominant over Soin- : o Ji st T 2 '
cidae, Azamidae, Varanidae, and Chamasizonidze. VR X5, Jxal TS N T 305 diven s

In parity with the species diversity observed in the Buldhama . ' " T e me s o -
district. it may be assumed that the saunan spedes carmy out
diverse functional roles for the sustenznce of the ecosystzms Tre
availability of the green space and the heterogenainy of e fabmas
in terms of the available vegetaticn and allied facrors thar :a:_dw
stability to the population and spsecies aszsemblages o the land-
scapes dre possibly impartant contributors to the cocerved variz- : = . ' i : G I
tions in the saurian species chserved in the prasenc sudy Tre ks 3 6 i s ; A i Tantey WEm TG
present diversity study is confined to a himited area and selectzt a5 s T
habitats. There 15, in the future. a chance cf mere species being e i
reported because of few pociets and habitats in the studied area
requiring more extensive exploration.
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ABSTRACT: : . - ‘ _ 1
In the present study we have studied the effect of azadlrachtn? on insect model Drosophila
melanogoster. Drosophila melanogoster is a small, common fly and exhibit complete metamorphism.
Drosophila melanogoster captured from rotten food, ripped banana andkitchen. They were cultured
in controlled culture media and also kept separate normal culture one. After the development of each
stages various parameter have been taken place and statically compared the controlled and normal

flies, andeventually we have observed decrease inthe size of flies which were fed on controlled culture
media. :

KEY W ORDS: Drosophila melanogaster, Azadirachtin.
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INTRODUCTION: ) .
A drug includes all chemicals other than food that affect living processes. If this effect helpsthe

body than drugisactingas a medicine but if adrug causes a harmful effect on the body the drugisacting
as a poison. To investigate about the drug effect on the human body the drugis not directly applied to
the human body but various tests is done on various other organism, so far several studies have mainly
been done on rator mouse animal model and rarely with other animals like monkey, cat, dog, rabbitetc.

Regarding the various reason like more proliferation and low price scientist have focused on
insect models. Drosophila melanogaster is a smali, common ﬂv found near unripe and rotted fruit.
Drosophxla is very valuable in terms of four pairs of chromosomes for genetic researchers, due to its
small size, ease of culture and short generation time. There are several reason to be taken Drosophila as
an experimental animal because they can be easily handled, anesthetized and manipulated individuals
with very unsophisticated equipment. Drosophila are sexually dimorphic (males and females are
different), making it is quite easy to differentiate the sexes. It is easy to obtain virgin males and females,
as virgins are physically distinctive from mature adults. Flies have a short generation time (10-12 days)
and dowellatroom temperature-Thecareandculture requiresiittieequipment;istowincostanduses—
little space even for large cultures.

Drosophila melanogaster exhibits complete metamorphism, meaning the lifg cycle includes an
egg, larval (worm-like) form, pupa and finally emergence (enclosure) as a flying adult. This is the same
as the well-known metamorphosis of butterflies and many other insects. The larval stage has three
instars, or molts. After the third instars, larvae will begin to migrate up the culture vial in order to
pupate.

Azadirachtin, a botanical pesticide derived from the neem tree, Azadirachta indica is one of the
most promising natural compounds (Winkaler et al., 2007), where it is less harmful to the environm ent
than the synthetic pesticides (Sundaram, 1996).

Azadirachtin is structurally similar to that of insect hormone known as ecdysones. The-insect
hormone ecdysone plays animportant role during growth of insect when passing from larva to adult. As
Azadirachtin is similar to ecdysone it controls the process of metamorphosis by affecting on corpus
cardiacum (an organwhich secrete hormoneininsects) means controlsthe secretion of hormone.

MATERIALS & METHODS

Collection of Drosophila flies: - Fruit fly has cosmopolitan distribution, and flies were easily collected
onripe banana or fruit. Ripe banana was putina Petridisin one place then, the fruit flies were attract ed
and feed on ripe banana and the flies were transferred to a conical flask in the lab, we cover to the
opening ofthe flask with a Maslin cleth the flies were easily collected with a brush.

Preparation of Drosophila culture media

Materialrequired

Potato, sugar, Propionic acid, yeast.

Potato - 100g
Agar - 1.09g
Water - 100ml
Dextrose " 1gm
Propionicacid - 0.8ml
Yeast . 0.5gm
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Boilthe potato and clean it then wreist 5
gy , : t»‘:f: PHEenRUen wegnt upto 100 g then add 1.03 g agar, 100 ml of H,0 added in
i 1 507 = e ] sl P r. - £ i
3 Sl gmoerirote, ?.e EEnuenemirture ard mzke z fine pacte. After formation of paste autoclave
112t 15 1P for 10-15 min.
s 'Q“(J‘.CT}& L T D e e i §
S L.ihen 220 0.2 il propionic acid put the culture mediaupto40°Cadd

rthencterilizeitin zutoclaveat 1S 1P

Preparation of culture vizls: - Lfter cterilfoztion of culture vials, transferred the culture, medium in

ordered manner. First Iabel the four cultured vizls 22 £,B,C,D and then the vials with culture media. -
krrangethevizls 3t different zzadirachitin concen |

ntfatigi S. . N :;-“?
Vizls A - 75 ' f 2
B - 354 e
¢ i 18,4
D

- Contrgl

* Transferof Drosophilafliesinto culture vizls:-

Drosophila flies were collected in collection bottle, the transfer 10-15 fruitfliesinto culture vials
(half male and half femzle) znd close the mouth of vials. Different concentration of drug was added to

y the culture 2s mentioned i the experimental set-up. These flies lzid eggs in culture, hatch a-nd
completed their life cycle within 10-15 days. After completion of life cycle, various stages of the flies
) were collected znd proceed for the mezsurement. The life cycle of Drosophila melanogaster were

studied inthese culturevizls.

J Observation of various stages: - I4zle and femzle copulate after 2-3 hours of cop ulation, female lay
fertilized eggs. After 24 hrs of fertilization egzs hatchesinto first instars larva. First 1nsta-r Iarvat.e c}.nan ge
v into second instars larvae, 2fter 3-days. Literthe fifth day second instar I§ rvae chang_es mto'th_zrd instar
¥ larvae and in sixth dzy third instars larvae changes into pupa. The sizes ?f larvae changes in all stages
b wrere found to be shrinkage thanin normaz! wr_i_ditiqn incase of azadirachtin fed larvae.

Collection of 2dult flies: - The pupa changes in adult fly. After the development of adults, flies were
- 4 collected for the observation and measurement of various parameters. First etherized them and
' collectedin Petridis.

Measurement of various parameters: - The mezsurement of different developmental stages of t_he
flies i:a. done in under the microscope. Theee obzervations made under 10 x magnifications by using

- -y 1 i eierijumiy.
occulometer having scale given in micrometer (um)

iS AND RESULTY . :
UESER\::?S:;?W”' work we cbserved the effect of azadirachtin on the molting of the flies and we
| i "

{ound the inhibition of the moRing with the increased dosages of ?zadiraci}t.in, at hiBf\Ef:‘.’SESEF{":;
0.5m. 0.01m!) we observed the total mortality which shows the highly toxicity afazadicae ""-d ”d &
(1241, 354, 75p) respectively we noticed the de—:elopmeqt of 3rd instar larvae In}o pupa imh 3 s
incate of aradirachtin (18l and 35p1) but at(75ul)no qu instar l.arv_as-.- developed into pupa thus
pupae development was inhibited o we may say the moulting was inhibited.
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wl \_ﬁ:\;; 1 ;‘:-hﬁ:c

S No. | I Instar 1" Instar 1™ Instar Pupa Adult
\ (pm) (1m) (jum) (pm) (pm)

B Concentration™t

| Control 42831515 | 63.546.80 | 130.16£15.38 | 177.8324.99 | 143.1639.6

2 7501 BT | 766445 | 11852344

i, (10.77) (18.23) (9.83) _ .

3 3501 63.8314.30 | 78.551501 | 3254427 | 138.5£13.18" | 134.16+10.12
13240} (19.10) (1.76) (28.39) 13316

- 4617,48M o | 120.8346.64™ | 140.5£6.09"" | 126.5£6.44

‘ oL (6.89) 77'6?5'3)1 (7.72) (26.56) (7.90)

Values are mean + SD of six observations, * p<0.05>, ** p<0.01 & N5- Not Significant. Values are
in paranthesisindicate the percent change in size over the control.
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Graph- Effect of azadirachtin on the size of different developmental stagesof
Drosophila melenogaster. '

DISCUSSION AND CONCLUSION - = ,
Paul B. Tanzubil and Alan R. M. Caffery (1990) studied the treatment of larvae of the African
armyworm (Spodoptera exempta) with azadirachtinand aqueous neem seed extracts producedarangeé
of adverse effects that were dose dependent. High doses of up to 10 g per larva of azadirachtin
resulted in 100% larval mortality, but this effect was delayed and prolonged. At lower doses of
azadirachtin, however, inhibition and disruption of molting was observed and Iarvél-pUpal.,
intermediates or abnormal pupae were commonly found. Similar results were obtained with the
agquebus extracts of neem seeds. The few pupae obtained from larvae treated with lower doses of the
extracts (0.01and 0.1 pg per larva) either failed to develop further or developed into adults that died
during eclosion, or had frizzled, curled wings. 5
Low doses of azadirachtin merely prolonged the inter-moult stage, apparently due to a delayed

..‘-_-‘—_.——_-’
+ -11.3s online at www.lsr in

Scanned by CamScanner



&/

EFFEC‘[
OF AZaDIRAC
HTIN ON
—_— THE PHENOTYPE OF DIFFERENT DEVELOPMENTAL STAGES OF .........

ecdysteroid peak.

Medium a ip NV _
Permanent larvae, t nd high doses suppres

he longevity of whicl increas

sed adult ecdysis, and the larvae became
d secretion of

ecdysis, S - ‘ ed with i.izin[;doses..Ahhoughmediumdoscs prevent
delayed in Hrese lapimeambrns adult cuticle were ta'lzmg place. The ecdysteroid peak was further
azadirachtin doses shou gy .Sts]omewha.t lower than in controls. Permanent larvae induced by high
Oy coneifiarat ed lneil er ecdy.sml nor apolysis. Larvae also showed an ecdysteroid peak,
different azadirachtic dY elayed and dlsu?ct!y ]ower than in the con?rols. -Thus, treatment with
the hormonal e . DSESBHDWEdS{?mEdlSSEClIDnofthemoltingcydeIntOdlffGrEmSteps,inwhich
gulation could be studiedindependently.

Mer:nakshi Bhat et al (2011) in their study using invivo diabetic murine model, AZadiracta indica
af]d Bougainvillea spectabilis chloroform, methanolic and aqueous extracts were investigated for the
biochemical parameters important for controlling diabetes. It was found that A. indica chloroform
extract and B. spectabilis aqueous, methanolic extracts showed a good oral glucose tolerance and
significantly reduced the intestinal glucosidase activity. Interestingly, A. indica chloroform and B.
§pectabi|is aqueous extracts showed significant increase in glucose-6-phosphate dehydrogenase
activity and hepatic, skeletal muscle glycogen content after 21 days of treatment. In
immunohistochemical analysis, they observed a regeneration of insulin-producing cells and
corresponding increase in the plasma insulin and c-peptide levels with the treatment of A. indlica
chloroformand B. spectabilis aqueous, methanolic extracts.

A.). Mordue et al (2008) studied the biological effect of azadirachtin on fifth instars nymphs of
Locusta migratoria migratorioides. Azadirachtin injection at the beginning of the instar resulted in a
dose-dependent range of developmental aberrations. Low concentrations (c. 1.7/pg/g body weight)
resulted in adults with curled wing tips and reduced longevity; higher concentrations (c. 2.9ug/g)
resulted in death during the imaginal molt; doses of c. 6.5pg/g cause death immediately prior to the
molt; and doses of c. 7.3pg/g induce a greatly extended instar. Such doses were related to a
proportionately slower growth rate of the insect and a significantly reduced food intake, as assessed by
wet weight and faeces production. Doses of 80pg/g resulted in death within 24 h. Experiments in vivo
and in vitro demonstrate a significant reduction with azadirachtin treatment in the rate of passage of
food through the gut, and in gut motility. The significance of that direct effect on gut motility was
discussedin relation to the mode of action of azadirachtin on growth and molting.

In our study Drosophila melanogasters were fed on culture containing different concentration
of azadirachtin as at (0.01ml, 0.5ml, 0.01ml) we found the total death of the feeding drosophila that is
the total mortality was observed the mortality hence may be attributed to the pesticidal effect of

azadiractin and also concluded that azadirachtin responsible for decreasing the size of Drosophila
melanogoster. '
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Abstract

The majority of farmers and mushroom growers in tropical region of country (Central India) has been experimenting with
Oyster mushroom cultivation and are very worried about the very high temperature and susceptibility of mushroom crops
towards the pathogens responsible for common crop diseases. This is the main constraint in the large scale cultivation of
edible mushrooms like Oysters in this part of the country. As a consequence, ultimate yield of Oyster mushroom in Central
India is adversely affected. Whenever, the crops fall prey to diseases, farmers try to control them by spraying some
fungicides on them but in many cases they do not succeed. Basic understanding about the disease is a prior strategy to
manage them. To safeguard the crop by various preventive and controlling measures which were elaborated by several
workers with some basic aspects based on their research activity. Literature survey reveals that, the utility of imidazole
substituted azoles in the fields of agricultural science and medicinal chemistry is ever-increasing. Owing to their importance
in the field of agriculture as plant protecting and growth regulating agents, we thought it worthwhile to study the efficacy of
newly synthesised heterocycles viz. 2-phenylamino-4-benzoyl-5-(2-hydroxy-5-chlorophenyl)-1,3-thiazole, 2-N-phenyl-N-[(2-
hydroxy-5-chloro-phenyl)ethanonylamino]-4-benzoyl-5-(2’-hydroxy-5’-chlorophenyl)-1,3-thiazole, 2-[2-phenylthio-4-(2-
hydroxy-5-chlorophenyl)imidazolo]-4-benzoyl-5-(2’-hydroxy-5’-chlorophenyl)-1,3-thiazole ~ and 2-[2-phenylthio-4-(2-
acetyloxy-5-chloro-phenyl)imidazolo]-4-benzoyl-5-(2’-acetyloxy-5’-chlorophenyl)-1,3-thiazole in the light of their
significance towards growth promoting and disease controlling impact on Oyster mushroom crop. The results obtained in the

present study are very encouraging.

Keywords: Phenylthiazole,
Antimicrobial activity, Pleurotus sajor-caju..

Ethanonylamino-1,3-thiazole,

Imidazolo-1,3-thiazole, Acetyloxy-imidazolo-1,3-thiazole,

Introduction

The ring system of five membered heterocyclic compounds
contain heteroatoms at 1,3-positions are designated as 1,3-
azoles. In such rings, when both positions are occupied by
nitrogen, then they are referred as imidazole and in case,
nitrogen and sulphur are present at 1,3-positions they are called
as thiazoles.

Together with the other derivatives of 1,2 and 1,3-azoles, the
thiazoles soon constituted an important part of heterocyclic
chemistry. Some substituted thiazoles were reported to have
antibacterial',  anti-cancer’,  antimicrobial®>,  antioxidant®,
antihelmintic, insecticidal,  antitumor®,  anticonvulsant,
antifungal®, cytotoxic’ and anti-inflammatory® activities.

In the tropical region of our country (Central India), the
majority of farmers and mushroom growers have been engaged
in the production of Oyster mushroom crop but the yield they
have produced did not commensurate with their efforts and

International Science Community Association

investment since mushroom crop easily fall prey to infections
caused by crop pathogens viz. Gliocladium roseum (Link)
Bainier, Verticillium fungicola, Pseudomonas stutzeri,
Pseudomonas alcaligens, Pseudomonas fluorescene,
Burkholderia gladioli and thus became a major problem in the
cultivation.

Literature survey reveals that imidazole blended thiazoles have
great importance in the field of agriculture. Most of the
pesticides have imidazoles analogue of thiazole as an active
ingredients in their composition.

Besides these imidazole blends of azoles there are some
compounds such as methyl-1-(2-methylthioethyl-
carbamoyl)benzimidazol-2-yl- carbamate, 2-(3,5-
dimethylpyrazol-1-yl) -benzimidazole, {(RS)-2-[3-(4-
chlorophenyl)propyl]-2,4,4-trimethyl-1,3-oxazolidin-3-yl}-(imi
dazol-1-yl)-methanone and 2-(1,3-thiazol-4-yl)-benzimidazole
are reported as major constituents of many pesticides and plant
growth regulatory agents® ™.
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Owing to the importance of azoles in the field of agricultural
sector as plant protecting and growth regulating agents, we
thought it worthwhile to synthesise and study the efficacy of
some 1,3-thiazoles viz. 2-phenylamino-4-benzoyl-5-(2-hydroxy-
5-chlorophenyl) -1,3-thiazole, 2-N-phenyl -N- [(2-hydroxy-5-
chlorophenyl) ethanonylamino] -4-benzoyl-5- (2’-hydroxy-5’-
chlorophenyl) -1,3-thiazole, 2-[2-phenylthio- 4-(2-hydroxy-5-
chlorophenyl)  -imidazolo] -4-benzoyl-5-  (2’-hydroxy-5’-
chlorophenyl) -1,3-thiazole and 2-[2-phenylthio-4-(2-acetyloxy-
5-chloro-phenyl) imidazolo] -4-benzoyl-5- (2’-acetyloxy-5’-
chlorophenyl) -1,3-thiazole with special reference to their use as
growth promoting and disease controlling agents for Oyster
mushroom spp. viz. Pleurotus sajor-caju.

Methodology

The structures of all the newly synthesised compounds were
confirmed on the basis of their elemental analysis, chemical
properties and spectral data. UV-Vis spectra were recorded in
ethanol solvent. IR spectra were recorded in KBr pellets. *H
NMR spectra were recorded in CDCl; using TMS as an internal
standard. The melting points were recorded by capillary method
in paraffin using Thiele’s apparatus and all are uncorrected. The
purity of newly synthesized compounds was tested by TLC
using different solvent combination.

Preparation of 1-(2-hydroxy-5-chlorophenyl)-2-bromo-3-
phenylpropane-1,3-dione (2): 1-(2-Hydroxy-5-chlorophenyl)-
3-phenylpropane-1,3-dione (1) (0.01M) was treated with
bromine in glacial acetic acid reagent (6.4 ml). After complete
addition of reagent, the reaction mixture was kept at room
temperature for about 30 minutes. The solid product, thus
separated, was filtered and washed with a little petroleum ether
to get the compound (2). (m.p. 73°C, yield: 78 %).

Molecular Formula CisH10O3CIBr (2): Yellowish brown
amorphous solid, m.p. 73°C, yield 78 %, Elemental analysis
(%): C 50.91/50.95; H 2.82/2.85; O 13.55/13.57; CI
09.98/10.03; Br 22.57/22.60. UV (ethanol): Amnax 520 nm, n—
m* transition. IR (KBr) (cm™): 3222.46 (-OH stret.), 3070.46
(Ar. C-H stret.), 1958.66 & 1906.65 (Overtone bands), 1701.30
(C=0 stret.), 1626.19 (C=0 stret.), 771.81 (C-CI stret.), 698.00
(C-Br stret.). 'H NMR (8 ppm): 5.12 (s, 1H, -CO-CHBr-CO-),
7.0-8.2 (m, 8H, Ar-H), 11.04 (s, 1H, Ar-OH), 6.7 (s, 1H, -
CH=C-OH), 4.4 & 4.5 (s, 1H, -CH=C-OH)

Preparation of 2-phenylamino-4-benzoyl-5-(2-hydroxy-5-
chlorophenyl)-1,3-thiazole (3): A mixture of 1-(2-Hydroxy-5-
chlorophenyl)-2-bromo-3-phenylpropane-1,3-dione (2) (0.01M)
and phenylthiourea (0.01M) was dissolved in ethanol (25 ml).
To this aqueous potassium hydroxide solution (0.02M) was
added and refluxed for 2.5 hours. After cooling, it was diluted
with water and acidified with conc. HCI. The product, thus
separated, was filtered and crystallized from ethanol to get the
compound 3 (mp. 68 °C, yield: 77 %).
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Molecular Formula Cy;H;sN,0,SCI  (3): Pale yellow
crystalline shiny solid, m.p. 68°C, yield 77 %, Elemental
analysis (%): C 64.92/64.94; H 3.69/3.72; N 6.84/6.88; O
7.83/7.86; Cl 8.68/8.71; S 7.85/7.88. UV (ethanol): Amax 495
nm, n— x* transition. IR (KBr) (cm™): 3600-2400 (-OH stret.),
3421.55 (-NH stret.), 3175.53 (Ar. C-H stret.), 1668.54 (C=0
stret.), 1605.49 (C=N stret.), 1200.49 (C-O stret.), 804.54 (C-CI
stret.), 685.51 (C-Cl stret.). '"H NMR (8 ppm): 2.18 (s, 2H, -
NH-Ph), 6.2 (h, 1H, -OH), 6.9-8.3 (m, 13H, Ar-H).

Preparation of 2-N-phenyl-N-[(2-hydroxy-5-chlorophenyl)
ethanonylamino]-4-benzoyl-5-(2’-hydroxy-5’-chlorophenyl)-
1,3-thiazole (4): A mixture of 2-Phenylamino-4-benzoyl-5-(2-
hydroxy-5-chlorophenyl)-1,3-thiazole (3) (0.01M) and 1-(2-
hydroxy-5-chlorophenyl)-2-bromo-ethanone  (2b)  (0.01M)
refluxed in ethanol for about 1 hour. After cooling, the reaction
mixture was decomposed in ice-cold water. The product, thus
separated, was filtered and crystallized in ethanol to yield the
compound 4 (m.p.152 °C, yield: 68 %).

Molecular Formula CzyH2N,O,SCl, (4): Yellow solid, m.p.
152°C, yield 68 %, Elemental analysis (%): C 62.56/62.61; H
3.44/3.50; N 4.82/4.87; O 11.07/11.12; CI 12.27/12.32; S
5.55/5.57. UV (ethanol): Anax 370 nm, n— z* transition. IR
(KBr) (cm™): 3500-2600 (-OH stret.), 3085.21 (Ar. C-H stret.),
291521 & 2848.21 (Ali. C-H stret.), 1645.14 (C=0 stret.),
1614.15 (C=N stret.), 1560.15 (C=C stret.), 823.13 & 673.14
(C-Cl stret.). 'H NMR (& ppm): 1.2 (s, 2H, -CH,), 6.82 (s, 1H,
CH=C-OH), 7.2-8.1 (m, 11H, Ar-H).

Preparation of 2- [2-phenylthio -4- (2-hydroxy -5-
chlorophenyl) imidazolo] -4-benzoyl-5- (2’-hydroxy-5’-
chlorophenyl) -1,3-thiazole (5): 2-N-phenyl-N-[(2-hydroxy-5-
chlorophenyl) ethanonylamino] -4-benzoyl-5- (2’-hydroxy-5’-
chlorophenyl)-1,3-thiazole (4) (0.01M) dissolved in glacial
acetic acid (20 ml) was refluxed with potassium thiocyanate
(0.01M) for about 4 hours. After cooling, the reaction mixture
was poured in ice-cold water. The product, thus separated, was
filtered and crystallized from ethanol to get the compound 5
(m.p.168 °C, yield: 67 %).

Molecular Formula Cz;H;9N3O5S,Cl, (5): Yellow amorphous
solid, m.p. 168 °C, yield 67 %, Elemental analysis (%): C
60.35/60.39; H 3.10/3.11; N 6.79/6.82; O 7.76/7.79; S
10.37/10.40; CI 11.45/11.50. UV (ethanol): Amax 345 nm, n— 7*
transition. IR (KBr) (cm™): 3600-2800 (-OH stret.), 3085.68
(Ar. C-H stret.), 2916.69 (Ali. C-H stret.), 1650.49 (C=0 stret.),
1600.59 (C=N stret.), 1566.61 (C=C stret.), 771.57 (C-Cl stret.),
682.61 (C-Cl stret.). *"H NMR (& ppm): 6.8 (s, 1H, Ar-OH), 7.5-
8.1 (m, 17H, Ar-H).

Preparation of 2-[2-phenylthio -4- (2-acetyloxy -5-
chlorophenyl) imidazolo] -4-benzoyl-5- (2’-acetyloxy-5’-
chlorophenyl)-1,3-thiazole (6): 2-[2-Phenylthio-4-(2-hydroxy-
5-chlorophenyl) imidazolo] -4-benzoyl-5- (2’-hydroxy-5’-
chlorophenyl) -1,3-thiazole (5) (0.01M) was refluxed with
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acetic anhydride for about 45 min. in glacial acetic acid. After
cooling, the reaction mixture was decomposed in water and
product, thus separated, was filtered and crystallized from
ethanol to get the compound 6 (m.p. 107 °C, yield: 80 %).

Molecular Formula CssH23N3O5S,Cl,  (6):  Yellowish
crystalline solid, m.p. 107 °C, yield 80 %, Elemental analysis
(%): C 59.93/60.00; H 3.27/3.31; N 5.94/6.00; O 11.37/11.42; S
9.09/9.15; CI 10.07/10.12. UV (ethanol): Agax 530 Nnm, n— *
transition. IR (KBr) (cm™): 3500-2800 (-OH stret.), 2974.37
(Ali. C-H stret.), 1653.25 (C=0 stret.), 1645.78 (C=N stret.),
804.54 (C-Cl stret.). '"H NMR (8 ppm): 6.8 (s, 2H, C-H), 7.1-
8.1 (m, 12H, Ar-H).

Antimicrobial Screening: The newly synthesised titled
compounds 2, 3, 4, 5 and 6 were screened for their antifungal
and antibacterial activity by cup plate method against causative
organisms which are responsible for Oyster mushroom crop
diseases viz. Gliocladium roseum (Link) Bainier, Verticillium
fungicola, Pseudomonas stutzeri, Pseudomonas alcaligens,
Pseudomonas fluorescene and Burkholderia gladioli. The
inhibitory effects of compounds against these organisms are
given in Table-1.

Impact of titled compounds on growth of Oyster mushroom:
Pleurotus sajor-caju: The experiment was conducted at the
ICAR affiliated Krushi Vidyan Kendra, Durgapur (Badnera)

Res. J. Chem. Sci.

Dist. Amravati. A species of Oyster mushroom Pleurotus sajor-
caju ie P. pulmonarius has been selected and cultivated in the
specially made house.

The experimental setup was divided into two parts. Part-A: In
this case the beds of control group crop spawns were inoculated
and cultivated by the conventional method. Part-B: The beds of
this group were treated with the solutions of test compounds.
Spawn treatment: The spawns of mushroom species were
treated with the test compounds solution before inoculation in
the respective beds.

Field treatment: The uniform size beds/packets of substrate
(soybean straw) were prepared. The equal quantity spawns
treated with the solutions of titled compounds were inoculated
in the beds. The mouths of packets were tighten with threads
and bags were incubated for mycelium growth on or below
25°C.

After the completion of mycelium growth, the spawn packets
were transferred to cultivation house and opened, also irrigated
as per the need. When the first primordial initiated, the test
compounds were sprayed with specific interval of time.
Mushroom crop was harvested before the fruiting body showed
any splitting on the edges. The yields of mushroom crop from
various bags with different parameters viz length, diameter,
thickness, weight and colour were recorded (Table-2).

cl cl §
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O O Brp / CH3COOH O Br O PhNHCSNH Ph
.
R -
I | i | EtOH/ KOH OH S_ N
OH O o] OH o
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) ) 3)
OH
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0 o o}
__ Ph __ Ph
OAc OH o "
s_ N S_ N
Y Y o s N cl
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- I — N
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Table-1
Antimicrobial screening of titled compounds against Oyster mushroom crop pathogens

Compounds Zone of inhibition (mm)
Fungal pathogens Bacterial pathogens
G. roseum V. fungicola P. stutzeri P. alcaligens P. fluorescene B. gladioli
2 08 09 07 09 09 08
3 12 13 10 13 15 12
4 10 13 135 12 17 11
5 18 21 20.5 19 24 17
6 12 19 16.5 15 21 21
Carbendizium 09 09 NA NA NA NA
Gentamycine NA NA 08 08 08 08
Table-2
Impact of titled compounds on growth of Oyster mushroom: P. sajor-caju
Weight of Total Weight
ngzztsed CS? dpSO- D(cm) T(cm) L(cm) Dry ngs (gm) (gm) Colour
(After Harvesting) Fresh Dry
1 2 8.1 0.4 6.0 0.992 189 18.20 Grey
2 3 9.5 0.6 6.4 0.867 228 22.95 Grey
3 4 8.8 0.5 6.2 0.923 210 19.88 White
4 5 11.4 0.6 7.0 0.988 239 24.37 Creamy
5 6 10.0 0.6 7.1 0.990 207 18.70 Grey
6 1,4-Dioxane 6.0 0.4 6.1 0.990 176 19.13 White
7 Control 6.8 0.3 5.5 0.853 204 20.00 White
D = Diameter ; T = Thickness ; L = Length

Results and Discussion

In the present study the titled compounds 2, 3, 4, 5 and 6 were
screened for their antimicrobial activity against some mushroom
crop damaging pathogens. From the results it has been observed
that the titled compounds showed good to moderate antifungal
and antibacterial activity.

The impact of the titled compounds on the growth of Pleurotus
sajor-caju was also studied. When the treated and control
species of mushroom was compared with reference to their
morphological characters, it was interesting to note that
imidazole bends of azoles were found more effective in the
enhancement of diameter and thickness of the cap as well as
lengthening of stipe. However, the more vigorous observation
reveals that the mushrooms treated with blends showed increase
in the value of crude fibre percentage as compared to other
treated compounds. As a consequence, there was increase in the
yields.

Conclusion

On the basis of chemical analysis and spectral data, it is
concluded that, the synthesis of titled compound were achieved

International Science Community Association

successfully. The newly synthesised titled compounds are
capable to cramp the growth of fungal and bacterial pathogens.
The treated species shows significant growth in morphological
characters that reflects the curative and growth promoting
properties of the titled compounds. However, further
investigation and a systematic approach in the light of
agricultural science would certainly prove to be a potential tool
for the growth promoting and creating an ecofriendly
environment for mushroom cultivation in tropical belt of India.
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INTRODUCTION

The literature survey shows that derivatives of the pyrazoline and isoxazoline possess broad
spectrum of pharmacological activities™ such as antimicrobial®®, antidepressant’,
anticonvulsant!?, antimalarial'*®, antifungal™, antitumor™, anti-inflammatory™®, anti
diabetic” and pesticidal.*® These five membered heterocyclic compounds possess good
complexing capacity because of presence of the oxygen as a donor atom in their structure.
From the literature survey it is reveals that the pH metric studies of complexes have been
carried by many researchers.**?®! The study of 4-amino-3-naphthol-sulphonic acid and 6-
amino-5-naphtholsulphonicacid with transition metal ions and calculation proton-ligand and

metal-ligand stability constants is done by Deosarkar S. D. And Narwade M. L.[?4

The PKa value of phenolic compounds in acetonitrile-water mixture by using

spectrophotomteric technique have been estimated by Aktas et al.l*!
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Experimental: The ligand i.e. 2-Hydroxy isoxazoline have been prepared by known reported
method. Systronic make pH-meter with accuracy £0.01 unit with combined glass electrode
and saturated calomel was used for the measuring pH. The instrument was calibrated by
using buffer solution of pH 4.00 and 9.20 at 30°C.

The following ligands have been used for the study
1. L;= 3-(2-Hydroxy-3, 5-dichlorophenyl)-5-(2, 4-dichloro phenyl) isoxazoline (HDPI-B)

2. L, = 3-(2-Hydroxy-3, 5-dichlorophenyl)-5-( 4-chloro phenyl) isoxazoline (HCPI-A)

The following reagents were used for the experiment

i) Nitric acid :- (0.1M) A. R. grade

i) Potassium nitrate (1M):- A. R. grade

iii) Sodium hydroxide (0.1N):- A. R. grade

iv) Oxalic acid(0.1M) :-A. R. grade

v) Metal ions solutions:-Cu (I1) and Fe(lll) nitrates were used to prepare 0.01 m solutions.
All solutions were prepared by dissolving requisite amount of substances in distilled water.

0.01m solutions of the ligands were prepared in Dioxane.

Titrations:- The procedure of the experiment is involved following titration
1. Free acid titration
2. Free acid and ligand titration.

3. Free acid, ligand and metal ion titration against standard NaOH solution

The above titrations were carried out in 100 ml Pyrex glass beaker maintained at constant of
30°C temperature in 70% Dioxane-water at 0.1M ionic strength. Nitrogen gas was slowly
bubbled through the solution to remove the oxygen gas and CO, The reading of the pH meter
was recorded at every addition of 0.2ml NaOH solution from the burette with constant

stirring.

The graph of pH against volume of alkali added were plotted as
1. Acid curve(A)

2. Ligand titration curve(A+L)

3. Metal ligand titration curve(M+L+M)

Method for the determination of the stability constants
i) Calculation of proton-ligand stability constant (pK values)

WWW.Wjpps.com Vol 5, Issue 2, 2016. 1148
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The proton-ligand stability constant (pK) is defined as the pH at which half of the amount
(concentration) of the ligand is ionized i.e conc. of ionized and unionized forms of the ligand
are equal.The value of pK for various ligands are estimated by half integral method by
calculating the value of proton-ligand formation number (n'a) at various pH by using Irving

and Rossotii equation.

na= v-[(E° +N)AV/(Vo+ Vi) T°L]  -=meeee- 1)

Where

Vo = Initial volume of solution

N = Normality of sodium hydroxide

T = Concentration of ligand in the solution

E = Initial con. of free acid (HNO3)

Y = number of dissociable protons from ligand

(Vo-V1) = AV= Difference in volumes of alkali consumed by

acid and ligand on the same p H.

The proton-ligand formation curve was drawn by plotting graph of n'a against pH. The pH at
which n°’a = 0.50 gave value of proton-ligand stability constant (pk) of the ligand. The
robustness of these values were confirmed by calculating the average pK value by point-wise

calculation in the A range of 0.2 to 0.8, using the following equation.

pK-pH = logn'a/l-na --------m--mmmmmmmmeoeeee- (2)

Where n'a value corresponds to given pH. The values of pK calculated by point-wise

calculation are presented in table 1, 2

ii) Calculation of metal-ligand stability constant (log k value). This calculation, first involves

calculation of metal-ligand formation number at various pH, from the equation.

N =(N+E%Av/(Vo+V2) NaTM® —ormeeeeeeeee (3)
Where Vg = Initial volume of solution

N = Normality of NaOH

v = Conc. of metal ions

na = Proton-ligand formation no.

Eo = Initial conc. of free acid (HNO3)
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(Vs-Vy) = AV = Difference in volumes of NaOH consumed
by ligand and metal ions at the same pH

The metal-ligand formation curve was constructed by plotting " values against pH.

The free ligand concentration (pL) at n~ = 0.5 and 1.5 gives the values of metal ligand
stability constant logk; and logk, respectively. The PL values were calculated by using
Irving-Rossotti equation.

PL=LogK=1log[ H/(K.(T°L-Tm®xnN)XV,+Vz/V]
Where [H*] = Concentration of the hydrogen ion at n =0.5 or 1.5
K= lonization constant of the ligand

n= Metal-ligand formation numbers

RESULT AND DISCUSSION
Table 1: pH metric Titration data

Volume of Fr_ee A_cid ITigar)d Meth-Li_gand Meth-Li_gand
NaOH(ml) Titration Titration Titration Titration
(A) pH (A+L) pH (A+L+Cu*®) pH | (A+L+Fe™)pH
0.0 0.77 0.68 0.83 0.83
0.05 0.81 0.72 0.84 0.84
1.00 0.85 0.76 0.87 0.87
1.5 0.89 0.80 0.89 0.89
2.0 0.93 0.84 0.94 0.94
2.5 0.98 0.89 0.97 0.97
3.0 1.03 0.94 1.00 1.02
3.5 1.09 0.99 1.05 1.04
4.0 1.14 1.05 1.10 1.09
4.5 1.21 1.10 1.15 1.12
5.0 1.27 1.17 1.21 1.20
5.5 1.35 1.23 1.28 1.26
6.0 1.45 1.32 1.35 1.34
6.5 1.53 1.40 1.44 1.42
7.0 1.62 1.55 1.55 1.52
7.5 1.74 1.62 1.63 1.63
8.0 1.86 1.74 1.77 1.74
8.5 2.00 1.89 1.92 1.90
9.0 2.19 2.05 2.10 2.05
9.5 2.42 2.28 2.24 2.20
10.0 2.70 2.60 2.46 2.38
10.5 3.40 3.03 2.82 2.75
11 4.44 3.99 3.36 3.30
11.5 S5.77 5.02 4.40 4.36
12.0 9.10 8.24 5.56 5.48
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12.5 10.62 9.69 8.00 7.85
13.0 11.84 10.85 9.72 9.60
13.5 12.21 10.96 11.36 11.28
14.0 12.43 11.49 11.80 11.70
14.5 12.58 11.96 12.02 11.89
15.0 12.70 12.22 12.12 12.06
15.5 12.78 12.41 12.26 12.18
16.0 12.85 12.50 12.40 12.35
16.5 12.95 12.64 12.52 12.32
17.0 13.01 12.70 12.60 12.50

System (HDPI-B) (L,) Volume= 50 ml
E° =1.00x 10° M N=01M
Medium: - 70% 1, 4-Dioxane -Water Temperature:-30 °C+0.1

14 - 14
13 — -~ 13
1= -~ 12 4;'\_+I_-|—M
11 11
10 - 10
=D E=]
= =
= =
= S
5 - S
a 4
= 3
= -
I — 1
® 0 2 Yo I9AZAA1IE20 | © 2 Jofnh LRASAA AN 520
Fig.1 Titration graph of free acid, free acid + ligand And free acid + ligand +metal ion
for L,
14
13
12 - +L
11 4 A+ +HM
10
9 _
8 —
E ]
S_ ]
5 —
4 _
3 —
2 ]
1
O T T 1 1 1 1 T T 1
0O 2 4wvBluBeldaf N2 md 18 20
Table 2 pH- metric Titration Data
System (HDPI-A) (L) Volume=50 ml
E° =1.00x 10°M N=0.1M
Medium:- 70% 1,4-Dioxane -Water Temperature:-30 °C +0.1
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Table-2
Free Acid Ligand Metal-Ligand Metal-Ligand
Volume of . . ) . ) ) . .
NaOH(ml) Titration Titration T|trat|92n T|trath3)n
(A)  pH (A+L) pH (A+L+Cu™) pH | (AtL+Fe™) pH
0.0 0.66 0.70 0.77 0.80
0.5 0.77 0.80 0.83 0.85
1.00 0.81 0.85 0.86 0.90
15 0.86 0.90 0.91 0.96
2.0 0.90 0.96 0.95 1.00
2.5 0.96 1.00 1.00 1.02
3.0 1.03 1.07 1.03 1.04
35 1.11 1.08 1.08 1.07
4.0 1.18 1.16 1.13 1.18
4.5 1.27 1.23 1.20 1.23
5.0 1.31 1.28 1.26 1.28
55 1.40 1.36 1.34 1.36
6.0 1.47 1.40 1.42 1.46
6.5 1.56 1.54 1.53 1.53
7.0 1.65 1.61 1.60 1.60
75 1.77 1.76 1.74 1.70
8.0 1.90 1.88 1.86 1.84
8.5 2.04 2.00 2.04 1.90
9.0 2.17 2.16 2.21 2.18
95 2.42 2.42 2.45 2.40
10.0 2.66 2.70 2.72 2.70
10.5 3.42 3.37 3.38 3.06
11 6.92 4.43 4.50 3.77
115 12.70 11.64 9.76 7.03
12.0 13.80 12.63 11.58 10.00
125 14.04 13.04 12.70 12.02
13.0 14.10 13.24 12.96 12.35
135 13.24 12.63
14.0 12.78
145 12.95
15.00 13.02
15
14 - 14 "
:Ilg i ::2 i A+L+M
11 - 11
10 - 10
9 - o
8 - 8
3 %]
- @_,
5 - 5
4 4
3 3
2 - >
1 - 1 -
0] T T T T T T T (0] T T T T T T T
0] 2 Yolung of I8aOH M 12 14 16 0 2 VdlumemfNS8OH D 12 14 16
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Fig.2 Titration graph of free acid, free acid+ligand And free acid + ligand +metal ion

for L,

Table 3 pK value and Log K values of Metal-ligand complexes.

Ligands pK Metal ion logK; logK,

L 10.75 Eeu((|||||)) 186.236;767 Z)Zg?

L2 1210 Eeu((|||||)) 1323322 ggggg
CONCLUSION

The metal-ligand stability constant have been calculated by half integral method and the
metal ligand formation number value indicates that the formation of 1:1 and 1:2 complexes in
solution. These ligands contain phenolic —OH group, normally phenolic —OH dissociates in
the pH range of 9 to 10%°. In the present study pK of L; is found to be 10.75 the slightly
higher value may be due to presence of weak electron withdrawing effect of chlorine atoms.
The pK value 12.10 of L, is quite high and this might be due to electron withdrawing effect
of one more chlorine atom in its structure. Due to high pK value, at stomach pH of 2.0 and
intestine pH of 6.0 both ligands are 99% unionized and hence are easily absorbed by stomach
and intestine indicating their high lipophilic character. Both ligands form stable complexes
with Cu (Il) and Fe (Ill)ion as seen from their high logK value The Fe(lll) ion due to its
higher charge and lower ionic size forms more stable complex with both ligands than Cu

(Iions.
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ABSTRACT

Ion-solvent or solvent-solvent interaction involved in a
binary mixture system can be studied by various
methods. Ultrasonic studies in organic liquids and their
binary mixtures have been of considerable research
interest during the last few decades. A liquid mixture is
said to show ideal behaviour if the variations in density
and sound velocity etc., with mole fraction of the solute
are linear.  Ultrasonic  velocity —and  adiabatic
compressibility, which can be measured accurately.
Thermodynamic parameters like molar volume, adiabatic
compressibility, appar molal volume, molar adiabatic
compressibility acoustic impedance and adiabatic bulk
modulus have been evaluated from the measured values of
ultrasonic velocity and density for pure dielectric liquids
of Chalcone of P-Chlorobezaldehyde,Salicylaldehyde, &
Benzaldeyde and also their mixtures. It is observed that
apparent molal volume, molar adiabatic compressibility
increase with increasing the concentration of ligands &
adiabatic compressibility decrease with decreasing the
concentration of ligands.

1. INTRODUCTION

Ion-solvent or solvent-solvent interaction involved in a
binary mixture system can be studied by various
methods. There are three techniques which are generally
used for the measurement of ultrasonic velocity
viz.optical diffraction technique,Echo pulse technique &
interferometric technique. Ultrasonic studies in organic
liquids and their binary mixtures have been of
considerable research interest during the last few decades.
A liquid mixture is said to show ideal behaviour if the
variations in density and sound velocity etc., with mole
fraction of the solute are linear. Ultrasonic velocity and
adiabatic compressibility, which can be measured
accurately. Chalcone of P - Chlorobezaldehyde,

Imperial Journal of Interdisciplinary Research (JIR)

Salicylaldehyde, & Benzaldeyde have been chosen for
ultrasonic study .ultrasonic velocity,
density,measurements have been made and some
acoustical parameters like adiabatic compressibility,
appear molal volume,molar adiabatic compressibility
,intermolecular free length (Lf), etc., are evaluated.
Ultrasonics is the branch of physics dealing with the study
and applications of sound waves having frequencies
which are beyond the range

2.Principle of Interferometric Technique

There are the three techniques which are the generally
used for the measurement of ultrasonic velocity viz.
optical diffraction technique,Echo pulse technique,
Interferometric Technique.In the present study |,
Interferometric Technique has been used for the
determination of ultrasonic velocity.The principle used in
the measurement of velocity (v) in the based on accurate
determination of wavelength (1) in the medium ultrasonic
waves of known frequency (f) are the produced by quartz
crystal fix at the bottom of cell The interferometer is an
instrument for exact measurement of wavelength of any
wave motion. One of the most accurate ways of
measuring ultrasonic constants in fluids or gasses is, to set
up stationary wave resonances. This is usually done in a
column at one end of which the source is located and at
the other end of which is placed a reflector. This is known
as single interferometer and was originally proposed by
Perrin’

3.MATERIALS AND METHODS
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Commercially available AR grade DMSO & chalcone of
various compound were used as such. Densities were

measured with the help of bicapillary pyknometer. All
the weighings were made using single pan digital balance.
The binary mixtures were prepared by volume, by mixing
selected volumes of liquid components in air tight glass
bottles. A 10 ml. specific gravity bottle and electronic
balance were used for the determination of density
measurements.To prepare concentration of various molar
solutions.& calculate the various parameters :-

1]To calculate the adiabatic compressilbility :-
B=1/V*xd
2. To calculate the Apparent molal volume:-

®v=1000(do-ds)/c.ds.do +m/ds

3. To calculate the molar adiabatic compressilbility:-
dk =1000(Bs.do- f0.ds)/ c.ds.do + Bs.m/ ds

4. RESULTS AND DISCUSSTION

The values of molar refraction and polarizability
constants of some ligand systems at different
concentrations are presented in Table. It is observed that
adibatic compressibility, appar molal volume, molar
adiabatic compressibility increase with increasing the
concentration of ligands & adiabatic compressibility
decrease with decreasing the concentration of ligands
.The values different concentrations of ligands in
different percentage of ethanol- mixtures are presented in
following tables:-

Table 1: concentration Vs apparent molal volume
Of various chalcones at different concentration

Conc. Ligand A Ligand B Ligand C
0.7 4.84 6.325 5.826
0.54 3.63 5.362 4.562
0.4 2.365 4.253 3.256
0.3 1.236 3.05 2.356

Table 2: concentration Vs adiabatic compressilbility Of
various chalcones at different concentration

0.54 -15634 -11616 -13400
0.4 -16363 -13563 -14910
0.3 -17896 -14791 16420
Graph 1
Concentration vs
- by
== Ligan
2 '/.XJ‘ dA
0 I T T T 1
0 0.2 04, 06 0.8
Graph 2
Concentration vs
20
== Ligan
0 Ry 7
O I T T T 1
0 0.2 04, 06 0.8
Graph 3
-7000 Concentration vs ¢,
-12000 =—f=—Ligan
dA
-17000 /"/ —=—Ligan
< T T 1 d B
-22000 -
0 0.2 04 06 038
Ve

Ligand A Ligand B Ligand C
0.7 6.0679 2.536 4.326
0.54 8.365 4.365 6.326
0.4 10.236 6.325 8.365
0.3 12.624 8.236 10.358

Table 3: concentration Vs molar adiabatic compressilbility of
various chalcones at different concentration

Conc.

Ligand A

Ligand B

Ligand C

0.7

-14466

-10615

-12200

6. CONCLUSION

Thermodynamic parameters like molar volume, adiabatic
compressibility, appar molal volume, molar adiabatic
compressibility acoustic impedance and adiabatic bulk
modulus have been evaluated from the measured values
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of ultrasonic velocity and density for pure dielectric
liquids of Chalcone of P-Chlorobezaldehyde,
Salicylaldehyde, & Benzaldeyde and also their mixtures.
Some acoustical parameters like adiabatic compressibility
Intermolecular Free length (Lf) are evaluated for the
chosen materials and their mixtures
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Abstract Trimolecular salt Michael adducts 2a—c were synthesized in excellent
yields up to 92 % via one-pot multicomponent reactions in an aqueous medium. The
chemical structures of compounds 2a—c were characterized by X-ray single-crystal
diffraction techniques. Calculations of the density functional theory for the syn-
thesized compound were performed. The stability of the products was deduced by
TGA analysis. Compounds 2a—c¢ were screened in vitro for different bio-assays such
as thymidine phosphorylase inhibition assay, urease inhibition assay, f-glu-
curonidase inhibition assays and cytotoxicity against PC-3 and HeLa cell lines.
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Introduction

5,5-Dimethylcyclohexane-1,3-dione, commonly known as dimedone, belongs to the
family of cyclic 1,3-diketones —class of organic compounds. A wide range of
applications of dimedones includes its use as reagent for various analytical
techniques [1, 2], as well as a versatile synthon for synthesis of several spiro and
heterocyclic compounds [3], such as xanthene derivatives, which have emerged as
an important class of compound because of their industrial importance [4] and other
synthetic applications [5].

The versatile chemistry [6—10] and ready availability of cyclohexane-1,3-diones
[11-13] and its derivatives make them suitable precursors for the preparation of
divergent organic compounds, for example chromene derivatives, which possess
anticancer, antioxidant, spasmolytic, anti-anaphylactic, anti-HIV and anti-bacterial
activities [14, 15], oxozolidinones with antibacterial activity [16—19], substituted
xanthene derivatives with several uses in dyes [20, 21], laser technology [22],
fluorescent compounds [23], and more importantly, have been reported to show a
variety of biological activity [24-26]. Additionally, acridine and its derivatives
display antimalarial, anticancer, antibacterial, and mutagenic properties, while
phenylbutazones exhibit unique pharmacological uses for pain treatment associated
with Tietze’s syndrome and rheumatoid arthritis [27].

On the other hand, with the increasing environmental concerns, green chemistry
has attracted major scientific and commercial interest in recent years. Multicom-
ponent one-pot reactions are an efficient and economical procedure, with wide uses
in the preparation of heterocycles molecules [28-30]. On the other hand, organic
transformation takes place in aqueous media gives a clean, environmentally safe,
and cost-effective approach. Recently, Barakat and coworkers reported examples
for MCR (one-pot fission) for example reaction of substituted cyclohexanedione
with alkanal mediated by diethylamine in water [31-36].

In the current study, the structure of salt Michael adducts 2a—c were elucidated
by X-ray single-crystal diffraction and TGA study. In addition, density functional
theory (DFT) using B3LYP/6-311G(d,p) method were used to study different
structural aspects of the compounds. Also, the synthesized compounds 2a—c were
evaluated for a set of in vitro biochemical assays.

Experimental

General

Chemical reagents were purchased from Fluka, Sigma-Aldrich, Aldrich, etc., and
were used without further purification, unless otherwise stated. The crystal data
were collected on a Bruker APEX-II CCD area diffractometer, crystallographic data

for the compounds, 2a, 2b and 2¢ are deposited with the CCDC-993141, 993142,
and 993140 respectively.
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Diethylammonium 2-((4-bromophenyl)(2-hydroxy-4,4-dimethyl-6-oxocyclohex-1-
en-1-yl)methyl)-5,5-dimethyl-3-oxocyclohex-1-enolate (2a)

Compound 2a was synthesized from dimedone and p-bromobenzaldehyde 1a as a
white crystal. The structure of 2a was unambiguously deduced by X-ray diffraction
analysis. A suitable colorless cubic crystal of 2a was grown in CHCI3/Et,O at rt
after 48 h.

Diethylammonium 2-((3-bromophenyl)(2-hydroxy-4,4-dimethyl-6-oxocyclohex-1-
en-1-yl)methyl)-5,5-dimethyl-3-oxocyclohex-1-enolate (2b)

Compound 2b was synthesized from dimedone and m-bromobenzaldehyde 1b as a
crystalline compound. Colorless cubic crystals of compound 2, found suitable for
X-ray analysis, were grown in CH,Cl,/pet. ether at 1t after standing for 24 h.

Diethylammonium 2-((2,4-dichlorophenyl)(2-hydroxy-4,4-dimethyl-6-oxocyclohex-
1-en-1-yl)methyl)-5,5-dimethyl-3-oxocyclohex-1-enolate (2c)

Compound 2¢ was synthesized from dimedone and 2,4-dichlorobenzaldehyde (1¢)
as a colorless cubical crystals in CH,Cl,/pet. ether at rt. The crystals suitable for
X-ray analysis were obtained after 3 days.

DFT calculations

In the present work, DFT calculations using the B3LYP method, together with local
or non-local functionals, were performed that unites the Becke’s three-parameter
exchange functional (B3) with the Lee, Yang, and Parr correlation functional (LYP).
The density functional theory (DFT) calculations were carried out utilizing
GAMESS program. The input geometry of the synthesized compounds were
optimized using at B3LYP/6-311G(d,p) basis set for C, O, N, and H atoms without
imposing any external constraint on the potential energy surfaces.

Biological assay

The p-nitrophenyl-f-p-glucuronide (N-1627) and f-glucuronidase (E.C. 3.2.1.31,
from bovine liver, G-0251) were purchased from Sigma Chemical Co. (U.S.A.).
Na,COj3 anhydrous and all other reagents of standard grade were getting from E.
Merck. The anhydrous EtOH and CHCl;were used in experiment and these were
dried by using the standard methods. All other solvents and reagents were of
standard grade like the benzoyl chloride.

p-p-glucuronidase assay

f-p-glucuronidase inhibition assay was performed as described by Khan et al. [37].
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Urease assay and inhibition

The assay was performed as described by Khan et al. [38] and Weatherburn et al.
[39].

Thymidine phosphorylase assay protocol
The assay was performed as described by Krenitsky et al. [40].
Cytotoxic activity

The assay was performed as described by Mosmann et al. [41].

Results and discussion
Synthesis of the salt of Michael adduct

Recently, there has been a lot of interest in the development of highly efficient
transformations for the synthesis of biologically active organic molecules, with
potential utilities in agrochemical or pharmaceutical industries. There is also interest
in discovering new, strategically important protocols, which are efficient and
environmentally benign, and lead to the complex structural variations with simple
work-up procedures in high yields [32-35]. During the current study, diethylamine
in aqueous medium mediated the one-pot two-component Aldol-Michael addition of
5,5-dimethylcyclohexane-1,3-dione (dimedone), with different arylaldehyde 2a—c in
2:1 molar ratio to provide trimolecular Michael adducts 2a—c in excellent yields up
to 92 % (Scheme 1) [31].

Scheme 1 Synthetic protocol used in the present work
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X-ray crystal structures

The chemical structures of the final adduct 2a—c¢ were unambiguously deduced by
single-crystal X-ray diffraction technique (Fig. la—c). Tables 1, 2, 3 and 4 display
the crystal data and main geometrical parameters of the compounds.

Slow evaporation of compounds 2a (CHCI3/Et,0, 3 days), 2b (DCM/pet. ether,
24 h), and 2¢ (DCM/pet. ether, 2 days), at room temperature yielded pure crystals of
2a—c. Crystals of dimensions 0.38 x 0.37 x 0.24 (2a), 0.47 x 0.42 x 0.14 (2b)
and 0.31 x 0.21 x 0.20 (2¢) mm were selected for X-ray diffraction analysis on a

Table 1 The crystal data of 2a—c

2a 2b 2c
Empirical formula C,7H37,BrNO,4 C,7H3,BrNO,4 Cy7H36C1,NOy4
Formula weight 519.49 519.41 509.47
Temperature 273 (2) 273 (2) 273 K
Wavelength 0.71073 A 0.71073 A 0.71073 A
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2,/n P2,/c P2i/n
A 10.2861 (11) A 12.6829 (13) A 10.3400 (10) A
B 18.1701 (19) A 12.2729 (13) A 18.2984 (18) A
C 15.6171 (16) A 18.5831 (19) A 15.0374 (15) A
o 90° 90° 90°
B 106.5 (2)° 108.283 (3)° 98.257 (2)°
y 90° 90° 90°
Volume 2798.5 (5) A3 2746.5 (5) A3 2815.7 (5) A®
VA 4 4 4
Calculated density 1.233 mgm > 1.256 mgm > 1.202 mgm >
Absorption coefficient 1.498 mm™" 1.527 mm™" 0.261 mm™"
F(000) 1092 1092 1084
Crystal size 0.38 x 0.37 x 0.24 mm 047 x 042 x 0.14 mm 0.31 x 0.21 x 0.20 mm
0 range 1.76-25.50° 1.69-25.50° 1.76-28.37°
Reflections collected 16,291 15,992 20,357
Reflections unique 5202 5050 7014
(Rin) 0.0384 0.0597 0.0442
R, with I > 2a(I) 0.0553 0.0518 0.0605
R, with I > 2a(I) 0.1273 0.1142 0.1358
R, for all data 0.1068 0.1192 0.1092
R, for all data 0.1528 0.1438 0.1609
Goodness of fit 1.081 0.972 1.017
Max/min p e A 0.567 and —0.730 0.326 and —0.258 0.474 and —0.225
CCDC 993,141 993,142 993,140

@ Springer



A. Barakat et al.

Table 2 Geometric parameters (A, °) of 2a (selected)

Bond Experimental Calculated
Br1-C3 1.902 (4) 1.8905
02-C13 1.286 (4) 1.2595
04-C19 1.334 (4) 1.3831
N1-C26 1.481 (6) 1.4785
NI1-C25 1.492 (6) 1.4786
C8-C13 1.388 (4) 1.3831
Cl14-C19 1.353 (4) 1.3558
Bond angle Experimental Calculated
C26—N1—C25 114.5 (4) 117.6644
02—C13—C8 122.2 (3) 122.5294
02—C13—CI12 115.4 (3) 111.9032
04—C19—C14 124.3 (3) 127.8520
CO4—C19—C18 110.9 (3) 113.9985
N1—C26—C27 110.3 (4) 109.9599
C24—C25—N1 111.7 (5) 111.5620
Table 3 Geometric parameters (A, °) of 2b (selected)

Bond Experimental Calculated
Br1-C2 1.897 (4) 1.8930
01-C9 1.329 (4) 1.2650
03-C17 1.290 (3) 1.2301
N1-C25 1.467 (4) 1.4768 s
N1-C26 1.501 (5) 1.4770
C8-C9 1.358 (4) 1.3560
Cl16-C17 1.386 (4) 1.3646
Bond angle Experimental Calculated
C25—N1—C26 112.2 (3) 117.6644
01—C9—C8 124.6 (3) 121.5499
01—C9—C10 111.4 (3) 119.5021
03—C17—Cl16 122.6 (3) 121.3063
03— C17— C18 116.2 (3) 111.9032
C24— C25— NI 112.8 (3) 111.5620
C27—C26—N1 1119 4) 109.9599

Bruker Smart Apex II diffractometer, equipped with CCD detector and graphite
monochromatic MoKa radiations (4 = 0.71073 A) at 293 (2) K. Cell refinement
and data reduction were carried out by Bruker SAINT [14]. The chemical structure
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Table 4 Geometric parameters (A, °) of 2¢ (selected)

Bond Experimental Calculated
Cl1-C9 1.741(2) 1.7354
C12-Cl11 1.736(3) 1.7207
02-C5 1.299(2) 1.2307
04-C19 1.329(3) 1.2639
NI1-C26 1.472(4) 1.4774
N1-C25 1.482(4) 1.4775
C4-Cs5 1.508(3) 1.5113
C14-C19 1.360(3) 1.3646
Bond angle Experimental Calculated
02-C5-C6 121.97(19) 121.9985
02-C5-C4 115.08(18) 118.2618
04-C19-C14 125.1(2) 120.7989
04-C19-C18 110.92(19) 119.0782
C8-C9-Cl1 120.03(19) 119.9182
C11-C10-C9 118.8(2) 119.8890
C12-C11-C10 120.0(2) 120.1922
CI12-C11-CI2 120.1(2) 119.9325
N1-C26-C27 110.9(3) 110.2876
C24-C25-N1 112.1(3) 110.1151

was solved by using SHELXS-97 [15, 16]. The listed crystallographic parameters in
Table 1 indicate that compounds 2a, 2b, and 2¢ were crystallized in monoclinic
crystal system with space group P2,/n for 2a and 2¢ and P2,/c for 2b. The crystal
structures 2a, 2b, and 2c¢ (Fig. 1a) were finally refined with R factor of 5.5, 5.1, and
6.0 %, respectively. The molecule of diethyl amine solvate played an important role
to stabilize the structures in crystal lattice through intermolecular hydrogen
bondings (Fig. S7-S9; Table S1-S3; see supplementary material).

Fig. 1 The structure of 2a—c¢ (ORTEP diagrams)
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DFT calculations
Optimized molecular geometry

From our XRD data, it is clear that compounds 2a, 2b, and 2¢ possess monoclinic
crystal structures. The cell dimensions and other data are presented in Table 1.
Selected values of calculated DFT and experimental geometric parameters for the
synthesized molecules were found to be in good agreement, and are listed in
Tables 2, 3 and 4. Figures 2 and 3 depict the optimized structures and HOMO-
LUMO for compounds 2a, 2b, and 2c.

Fig. 2 Optimized molecular structures of compounds 2a, 2b, and 2¢
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2b HOMO 2b LUMO

2¢ HOMO 2¢ LUMO

Fig. 3 HOMO and LUMO for compounds 2a, 2b, and 2¢
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Thermal gravimetric analysis (TGA)

Thermal stability of the synthesized compounds was investigated by thermogravi-
metric analysis (TGA). All the samples were made under nitrogen atmosphere in the
temperature ranges between 0 and 800 °C with a heating ramp rate of 10 °C per min
(Table 5). It has shown that all the synthesized compounds demonstrated thermal
stability up to 200 °C, with a percentage weight loss of 31.45, 22.42, and 16.12 for
the compounds 2a, 2b, and 2c, respectively. When the temperature was further
raised to 300 °C, dramatic percentage weight loss of up to 98.9, 97.3, and 97.7 for
the compounds 2a, 2b, and 2c¢ respectively. Hence, it can be said that the synthetic
compounds are thermally stable up to 200 °C, and from there on a rapid degradation
occur (Fig. 4).

Biological activity evaluation

Compounds 2a—c were screened in vitro for different bio-assays such as thymidine
phosphorylase, urease, and f-glucuronidase inhibition assays. These compounds

Table 5 Weight loss of

synthesized molecules with Temperature Weight loss (%)
temperature 2a 2b 2¢
100 0.07 0.24 0
200 31.45 22.42 16.12
300 98.907 97.301 97.794
400 99.5205 98.977 98.17
500 99.8727 99.318 98.212
600 99.6842 99.621 98.045
700 99.6564 99.4393 97.682
800 99.8236 99.088 97.215
Fig. 4 The TGA curve of the 100 ' !
studied compounds 2a, 2b and
2
¢ 80
£ 60
-
=
20 40
]
=
20

100 200 300 400 500 600 700 800
TemperatureC
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Table 6 Results of biological activity of the synthesized compounds 2a—c

Compounds Cytotoxicity Cytotoxicity Thymidine Urease B-
(PC-3 cell line) (HeLa cell phosphorylase inhibition glucuronidase
line) inhibition ICs9 == SEM inhibition
1Cso = SEM (uM)  (uM) 1C5y == SEM
(uM)
2a NA NA NA 154.8 + 1.33 351.6 £ 4.12
2b >30 >30 283.3 £ 0.7 754 + 146 NA
2¢ >30 >30 2433 + 1.5 1082+ 13 NA
Std. Doxorubicin Doxorubicin 7-Deazaxanthine Thiourea D-Saccharic
0.912 + 0.12 0.506 £+ 0.15 41 £+ 1.64 212+ 13 acid 1-4
lactone
45.75 + 2.16

were also evaluated for their cytotoxic effect against PC-3 and HeLa cell lines.
Results are summarized in Table 6.

Compounds 2b, ¢ showed a varying degree of thymidine phosphorylase
inhibition with ICs, values 283.3 + 0.7 and 243.3 + 1.5 pM, respectively, against
the tested standard drug 7-deazaxanthine (ICsqo = 41 &+ 1.64 uM). Compound 2a
found to be inactive (Table 6).

The tested compound 2a-c¢ (IC5o= 154.8 £ 1.33, 754 £+ 1.46, and
108.2 + 1.3 uM) showed weak urease inhibition activity against the standard
compound thiourea (ICs5o = 21.2 + 1.3 uM). Michael adducts 2a—c were also
evaluated for their in vitro § -glucuronidase inhibitory potential and compound 2a
(ICs50 = 351.6 &+ 4.12 uM) showed weak inhibition of f-glucuronidase enzyme in
comparison to the standard drug D-saccharic acid 1-4 lactone
(ICso = 45.75 £ 2.16 uM). Michael adducts 2b and 2¢ found to be inactive.

Michael adducts 2b—c were found to be non cytotoxic against of PC-3 normal and
HeLa cancer cell lines, and showed >30 % inhibition while compound 2a was
found to be inactive against PC-3 normal and HeLa cancer cell lines (Table 6).

Conclusions

In the present study, three Michael adducts were synthesized by using a simple,
high-yielding, and economical synthetic scheme. The structures were established
with the help of physico-chemical properties and single-crystal X-ray diffraction
technique. Single-crystal X-ray analysis and DFT calculations revealed that
H-bonding plays a crucial role in stability of the molecules. It was observed that
all the synthesized compounds demonstrated a thermal stability up to 200 °C.
Compounds 2a—c¢ were also evaluated for their biological activities in various
in vitro biological assays.
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Abstract: Malaria parasites show resistance to most of the antimalarial drugs
and hence developing antimalarials which can act on multitargets rather than a
single target will be a promising strategy of drug design. Here we report a new
approach by which virtual screening of 292 unique phytochemicals present in 72
traditionally important herbs is used for finding out inhibitors of plasmepsin-2
and falcipain-2 for antimalarial activity against P. falciparum. Initial screenings
of the selected molecules by Random Forest algorithm model of Weka using the
bioassay datasets AID 504850 and AID 2302 screened 120 out of the total 292
phytochemicals to be active against the targets. Toxtree scan cautioned 21
compounds to be either carcinogenic or mutagenic and were thus removed for
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further analysis. Out of the remaining 99 compounds, only 46 compounds offered drug-likeness as
141300 per the ‘rule of five’ criteria. Out of ten antimalarial drug targets, only two target proteins such as
3BPF and 3PNR of falcipain-2 and 1PFZ and 2BJU of plasmepsin-2 are selected as targets. The
potential binding of the selected 46 compounds to the active sites of these four targets was
analyzed using MOE software. The docked conformations and the interactions with the binding
pocket residues of the target proteins were understood by ‘Ligplot’ analysis. It has been found that
8 compounds are dual inhibitors of falcipain-2 and plasmepsin-2, with the best binding energies.

DOI: 10.2174/1386207319666160420

Compound 117 (6aR,

12aS)-12a-Hydroxy-9-methoxy-2,3-dimethylenedioxy-8-prenylrotenone

(Usaratenoid C) present in the plant Millettia usaramensis showed maximum molecular docking

score.

Keywords: Malaria, Plasmodium falciparum, virtual screening, weka, ADME, molecular operating environment, molecular

docking.

INTRODUCTION

The spread of malaria is a major health problem, inspite
of the various methods adopted to control it. The malady is a
key obstruction to social and economic development in areas
of Sub-Sahara Africa, Southeast Asia, and Latin America [1,
2]. According to recent reports, approximately 3 billion
people are prone to malarial attack [3]. In humans, Malaria is
caused by one of the five species of plasmodium parasites
out of which Plasmodium falciparum (P. falciparum) is
responsible for the majority of morbidity and mortality.
Since P. falciparum has developed resistance to many of the
clinically available drugs, there is an urgent need to find
novel and effective drugs for the cure of malaria.
Consequently, a new strategy is essential to find out the
availability of effective antimalarials. Plasmodium parasites
exhibit a high resistance to most of the newly introduced
medicines. This necessitates the development of new
antimalarial agents, the resistance of which can subdue the
potential of the parasites [4, 5].

*Address correspondence to this author at the Department of Chemistry,
Sree Narayana College, Chempazhanthy P.O. Box: 695587, Kerala, India;
Tel: +91-9446271891; E-mail: shibiig@gmail.com
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To stop the spread of multidrug resistance, the World
Health Organization (WHO) recommended Artemisinin-
based Combination Therapies (ACTs). But this strategy is
now in danger of extinction by the emergence of the
parasites with decreased sensitivity and resistance to
artemisinin. Hence, the development of antimalarial drugs
against new targets is an urgent priority. Consequently,
development of novel antimalarial drugs directed against
new targets, especially acting on multi-targets, is imperative.
Malaria proteases have been subjected to wide and profound
study for the development of gorgeous antimalarial drugs.

Computational methods revealed the presence of five
major classes of proteases like aspartic, cysteine, metallo,
serine and threonine in P. falciparum parasite genome [6].
Among these, cysteine (Falcipain-2) and aspartic
(plasmepsin-2) proteases bring about the degradation of
heamoglobin (Hb). This feature enhances the rate of food
assimilation of the parasites resulting in the increase of
malarial parasite within the infected red blood cells [7].
Hence the obstruction of falcipain-2 and/or plasmepsin-2
offers a notable measure against the growth of malaria [8].

© 2016 Bentham Science Publishers



Virtual Screening Techniques to Probe the Antimalarial Activity

Recent reports illustrate that falcipain-2 and plasmepsin-2
can act cooperatively in the hydrolysis of hemoglobin [9-11].

In the lead identification and drug discovery process,
natural products occupy the uppermost position. [12-14].
Antimalarial drugs like quinine, isolated from Cinchona
succiruba and artemisinin from Artemisia annua, are some
apt examples of natural product derived drugs [15]. Herbal
remedies have several potential advantages, as they are
readily available and affordable. Currently, in silico methods
are central to the progress of the development and
understanding of the interactions of drugs with the target
molecule [16, 17]. It is one of the more efficient ways better
than the traditional approval of drug discovery.

But it is difficult to find out an excellent chemical
component from the phytoconstituents for the treatment and
prevention of malaria using conventional methods. So we
have developed computational strategies which include
Machine learning (ML), Adsorption Distribution,
Metabolism and Excretion (ADME) studies, virtual
screening and molecular docking studies to identify potential
phytochemicals present in herbs which can effectively bind
the selected protein targets. Based on the ML, ADME, ROS5
and molecular docking studies, we then identified 8 Lead
phytochemical compounds (Fig. 1).

MATERIALS AND METHODS
Ligands Selected for the Study

A thorough survey of literatures revealed the genuineness
of 72 herbs especially found in Africa, China and Asia as
effective antimalarials. These were considered as the parent
plants for our study (Table 1). The various phytochemicals
reported to be present in these herbs were screened and those
compounds which are unique were selected (Supplementary
Table 2: Structures of the selected phytochemicals from 72
herbs). The 3D structure drawing and geometry cleaning of
the ligands were carried out using ChemDraw. Energy
minimization of the compounds was performed using MOE
2007.09 software by applying MMFF94x force field.

Combinatorial Chemistry & High Throughput Screening, 2016, Vol. 19, No. 7 573

Data Source

The datasets [AID: 504850 and AID: 2302] were
downloaded from PubChem Bioassay [18]. Since the
inconclusive and unspecified compounds show uncertainty
in the biological activity, they were not included in the study.
The active and inactive compounds were used for the
generation of descriptors using PowerMV [19].

WEKA

Classification, association and clustering were the
methods adopted in Machine Learning approach. For
classification and regression, Artificial Neutral Network
(ANN), K-Nearest Neighbour (KNN), Radial Basis Function
Neutral Network (RBFNN) and Random Forest (RF) were
chosen.

In Machine learning approach, artificial intelligence was
made use of to predict a set of outcomes. This was achieved
by observing the known properties of a dataset, usually
known as training set. Random Forest, first described by Leo
Breiman [20] is a method based on decision trees, and is
considered to be one of the best classfiers [21, 22]. The
algorithm implemented in it makes distinction between the
active compounds and other molecules based on a set of
generated descriptors.

It helps to distinguish the features which are mutually
shared by the different subsets of active compounds and
accordingly filters out compounds within the target dataset
which do not have these features. It is one of the most
precise classifiers accessible.

Prediction of Toxicity

The objective of lead enhancement is to improve the
viability of the introductory hit compounds from the
screening process. Toxtree v1.60 was utilized to find out
compounds which can be carcinogenic and/or mutagenic.
For carcinogenicity and mutagenicity prediction Benigni-
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Fig. (1). Virtual screening protocol for the identification of novel antimalarial lead compounds.
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Table 1.  Details of selected antimalarial herbs. 43 Tabebuia ochraceassp. Neochrysantha
44 Neurolaena lobata
SL. No Scientific names of the selected herbs 45 Nardostachys chinensis
1 Caesalpinia crista 46 Vernonia brasiliana
2 Campnosperm apanamense 47 Betula Utilis
3 Artocarpus champeden 48 Cedrela odorata
4 Artocarpusaltilis 49 Hernandia voyronii
5 Erythrina fusca 50 Sparattanthelium amazonum
6 Cannabis sativa 51 Duguetia hadrantha
7 Dorstenia barteri var 52 Cryptolepis sanguinolenta
8 Allanblackia monticola 53 Strychnos myrtoides
9 Cratoxylum cochinchinense 54 Pseudopterogorgia elisabethae
10 Symphonia globulifera Linn f 55 Octocoral Muricea austere
11 Garcinia polyantha Olv 56 Pseudopterogorgia bipinnata
12 Holostylis reniformis 57 Ancistrocladus likoko
13 Kniphofia foliosa 58 Ancistrocladus korupensis
14 Albizia gummifera 59 Ancistrocladus tanzaniensis
15 Triclisia sacleuxii 60 Stephania rotunda
16 Polygonum senegalense 61 Cyclea atjehensis
17 Erythrina abyssinica 62 Cyclea barbata
18 Psorospermum glaberrimum 63 Saracha punctata
19 Harungana madagascariensis 64 Bauhinia malabarica Roxb
20 Pycnanthus angolensis 65 Caribbean sponge Plakortissp
21 Millettia usaramensis 66 Plakortis halichondrioides
22 Zanthoxylum simulans 67 Distephanus angulifolius
23 Artemisia annua 68 Ekebergia capensis
24 Alstonia angustifolia 69 Chisocheton ceramicus
25 Brucea javanica 70 Morinda morindoides
26 Simaba guianensis 71 Ciocalapata sp
27 Eurycoma longifolia 72 Sclerotinia homoeocarpa
28 Quassia indica
- - - Bossa rule was used [23]. The structural alerts (SAs) were
29 Achillea millefolium separated into genotoxic and nongenotoxic, without
30 Anthemis nobilis difference between carcinogenicity and mutagenicity [24].
- The list of SAs is available in the literature [25].
31 Garcinia cowa
32 Garcinia dulcis .
aremma quiets Drug-Likeness Assessment
33 Aspidosperma pyrifolium ) ) )
24 Thalien o The selected 99 antimalarial compounds were subjected
afictrum aipimim to Lipinski's rule of five in order to access the drug likeness
35 Berberis valdiviana of the compounds [26]. The “drug-likeness” test was carried
36 Hernandia peltata out using Lipinski’s ROS5. Molecular 'welght' (MW), number
of hydrogen bond acceptors (HBA), lipophilicity (log P) and
37 Thalictrum faberi number of hydrogen bond donors (HBD) of the compounds
38 Strychnos species were considered as the basis for accessing the drug-likeness
f the selected 99 antimalarial compounds.
39 Peschiera fuchsiaefolia ot the sele P
40 Geissospermum sericeum Target Analysis
41 Galipea officinalis L . . .
- Falcipain-2 is  transcendently = communicated in
42 Nepenthes thorelii trophozoites, is amassed in food vacuoles and is in charge of
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Table2. Primary structure characterization for target proteins.
PDB ID pl Half-life Instability index Aliphatic GRAVY
hours

1YVB 5.02 0.8 42.00 (unstable) 79.49 -0.396
2GHU 4.95 0.8 35.83 (stable) 77.26 -0.388
20UL 4.95 0.8 35.83 (stable) 77.26 -0.388
3BPF 4.95 0.8 35.83 (stable) 77.26 -0.388
3PNR 4.95 30 33.59 (stable) 78.00 -0.378
1LF2 4.67 5.5 44.10 (unstable) 90.03 -0.062
1LYB 5.64 30 41.33 (unstable) 75.26 -0.192
1ME6 4.67 1.9 4431 (unstable) 89.39 -0.065
1PFZ 5.23 30 38.48 (stable) 89.45 -0.138
2BJU 542 30 37.40 (stable) 89.43 -0.164

no less than 93% of trophozoite solvent cysteine protease
movement. Disturbance of the falcipain-2 quality causes
trophozoites to amass undegraded hemoglobin in the parasite
nourishment vacuole. 1YVB, 2GHU, 20UL, 3BPF and
3PNR are retrieved from PDB. Plasmepsin-2 is produced as
a zymogen (an inactive precursor), known as proplasmepsin-
2. The X-ray crystallography structure of the proteins 1LF2,
ILYB, 1IME6, IPFZ and 2BJU for Plasmepsin-2 was
obtained from PDB which is present in P. falciparum.

Primary and Secondary Structure Prediction

For physiochemical characterization, molecular weight,
total number of positive and negative residues, theoretical
isoelectric point (pl), instability index, extinction coefficient,
aliphatic index and Grand Average Value of Hydropathicity
(GRAVY) of the 10 selected proteins for falcipain-2 and
plasmepsin-2 inhibitors were computed using the Expasy
ProtParam server. Secondary structure prediction was carried
out using Self Optimized Prediction Method with Alignment
(SOPMA).

Energy Minimization and Validation

The energy of the protein molecules was minimized
using Molecular Operating Environment (MOE 2007.09)
tool. The minimized structures were used as template for
molecular docking. The Triangle Matcher was used as a
placement technique and for rescoring purposes London dG
scoring function was utilized. Ramachandran plot was used
to check the backbone conformation of the energy
minimized protein molecules using MOE 2007.09.

Molecular Docking

The active site of the receptor molecule was found by
using "site finder" module implemented in MOE 2007.09.
For selecting one site, the specific site was isolated from the
rest of the molecule. MOE docking system with default
parameters was utilized to comprehend the binding nature of
46 phytochemicals chosen with the receptor protein. The
right conformity of the ligand was understood in order to get

least vitality structure. The molecular docking of the selected
46 phytochemicals were performed utilizing the default
parameters. After molecular docking, the best pose with
good molecular docking score was analyzed for the binding
interactions using Ligplot

ADME Prediction

The molecular properties which describes Adsorption
Distribution, Metabolism and Excretion (ADME) were
predicted using the online software PreADMET
(http://preadmet.bmdrc.org/).

RESULT AND DISCUSSION

Model Building Using WEKA

Bioassay datasets AID 504850 and AID 2302 were
downloaded from PubChem Bioassay. The bioassay
contained compounds in AID: 504850 have the potential to
inhibit the malarial parasite Plasmodium. The dataset 504850
contained a total of 2304 compounds. Compounds in AID:
504850 were described taking into account of the 'PubChem
Activity Score'. Compounds having an activity score
between 40 and 100 were considered as active (1172), all
compounds with a score of 0 were inactives (344) and the
ones having a score between 1 and 39 were marked as
uncertain (788). The assay AID: 2302 uses levels of P.
falciparum lactate dehydrogenase as surrogate of parasite
growth. Inhibition of Dd2 growth by compounds has been
determined in this assay. In AID 2302 assay the numbers of
compounds tested and identified as actives and in-actives
were 7921 and 5461, respectively.

Using PowerMV software, 179 molecular descriptors
were computed for each dataset, which included 147
pharmacophore fingerprints, 24 weighted burden number and
8 property descriptors. The active and inactive compounds
were merged to create a new file. The data sets were
randomized. The datasets were split into 20% test set and
80% training-cum-validation set. Random forest algorithm
based on decision trees was used for the present study to
screen 292 phytochemicals with both the datasets. The
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training set was imported in Weka for classification. Tenfold
cross validation was utilized for training the dataset.

For AID 504850, the specificity and sensitivity of the
built model were 72.4% and 66.3%, respectively. The true
positive (TP) rate and false positive (FP) rate of the model
were respectively predicted as 76.5% and 66.3%. The overall
accuracy (Q) of the model was found to be 76.49%, which
depicts that the results are accurate. ROC area was 72.5%.

For AID 2302, the specificity and sensitivity of the built
model were 72.4% and 72%, respectively. The true positive
(TP) rate and false positive (FP) rate of the model were
respectively predicted as 72.4% and 34.4%. The overall
accuracy (Q) of the model was found to be 72.37%, which
depicts that the results are accurate. ROC area was 77%.

The AID 504850 and AID 2302 models predicted 246
compounds and 147 compounds respectively as potentially
active anti-malarias. Of these molecules, a total of 120
compounds were predicted potential actives by both the
models based on molecular descriptors and were considered
for further analysis.

Toxtree

The toxic properties were checked using Toxtree. For
carcinogenicity and mutagenicity, 35 SAs were obtained
based on Benigni/Bossa rule. By analyzing the result, it was
found that out of 120 phytochemicals selected from data
mining, 21 compounds were found to be carcinogenic or
mutagenic. Thus, finally 99 compounds were selected for
further studies.

Rule of Five (Ro5) Analysis

Lipinski's criteria, generally referred to as the "Rule of
Five" (ro5), have been utilized as a part of the assessment of
presumable oral accessibility of the compounds selected.
Thus, the drug-likeness of selected phytochemical
compounds was accessed by calculating the Lipinski’s
ro5descriptors. Out of 99 compounds, over 46 of the
compounds satisfied all ROS5 criteria. Thus selected 46
compounds were used for further studies.

MOLECULAR DOCKING

Primary and Secondary Structure Prediction

Primary structure prediction of the selected proteins
1YVB, 2GHU, 20UL, 3BPF, 3PNR of falcipain-2 and
proteins 1LF2, 1ILYB, 1ME6, 1PFZ, 2BJU of plasmepsin-2
show that except for proteins 1YVB, ILF2, 1LYB and
IMES6, all other target molecules have high structural
stability, which was supported by instability index less than
40 (Table 2). The high thermodynamic stability of the
preferred protein molecules was confirmed by the aliphatic
index value which varies from 75 to 90.

All the chosen target molecules showed negative values
for GRAVY which supports the hydrophilic nature of these
proteins. Out of these 10 proteins, we selected 3BPF, 3PNR,
1PFZ and 2BJU proteins as they showed higher half-life
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period, lower instability index below 40 and good aliphatic
index. The secondary structure of a protein gives information
about the amino acids present in helix, strand or coil.

It was predicted that in protein 3BPF, 24.07% were o
helices, 18.67% were extended strand, 6.64% were 3 turns
and 50.62% were random coils. In protein 3PNR, 26.25%
were o helices, 18.75% were extended strand, 9.17% were
turns and 45.83% were random coils. In protein 1PFZ,
17.37% were a helices, 31.58% were extended strand, 6.32%
were B turns and 44.74% were random coils. In protein
2BJU, 20.09% were o helices, 33.33% were extended strand,
4.86% were f turns and 41.72% were random coils.

Secondary Structure Prediction of the Proteins

3BPF, 3PNR, 1PFZ and 2BJU using SOPMA show low
percentage of B turn and high percentage of a helix which
confirms the structural stability.

Validation

The quality of the proteins 3BPF, 3PNR, 1PFZ and 2BJU
was evaluated using Ramachandran plot obtained from MOE
2007.09 (Fig. 2). The 3D structures of the proteins are shown
in Fig. 3. The output of the result showed that the protein
3BPF has two outlier amino acids Ser108 and Lys59.

The number of residues in the core, allowed and outlier
region was 89.66%, 9.48% and 0.86%, respectively. 3PNR
also had two outlier aminoacids Tyr22 and Serl108. The
number of residues in the core, allowed and outlier region
was 91.17%, 7.98% and 0.84%, respectively. 1PFZ protein
had no outlier amino acids. The number of residues in the
core and allowed region was 95.36% and 4.64%,
respectively. 2BJU protein showed one outlier amino acid
Ser2. The number of residues in the core, allowed and outlier
region was 92.35%, 7.33% and 0.30%, respectively. Thus,
the protein molecules of Falcipain-2 and Plasmepsin-2 have
good quality for molecular docking analysis.

Molecular Docking

In order to find out binding interactions of the selected 46
ligands, molecular docking studies were carried out using
MOE-dock with most of the default parameters. For each
ligand, 30 conformations were generated. The top ranked
conformation of each ligand was used for detailed study of
binding mode. The docked conformation of compounds
exposed that they interacted with the binding site of the
target proteins through interactions like sidechain and
backbone hydrogen bonding, polar and weak van der Waals
interactions.

Ligand-target interactions

The molecular docking results of the selected
phytochemicals into the protein molecules are represented in
Table 3. In 3BPF and 1PFZ protein, four chains A, B, C and
D were present. For docking studies, we selected chain A. In
protein 2BJU and 3PNR, only chain A was present. So it was
selected for the molecular docking.
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Fig. (2). Ramachandran Plot of the proteins (a) 3BPF; (b) 3PNR; (¢) 1PFZ and (d) 2BJU after energy and residue optimization.

(a) 3BPF (b) 3PNR

(¢) 1PFZ

Fig. (3). 3D structure of the proteins (a) 3BPF; (b) 3PNR; (¢) 1PFZ and (d) 2BJU.

Binding Interactions of the Ligands with Protein 1PFZ Pro32 Val33 Lys34 Ala42 Phe45 Ser46 Gly49 Glu52 Glu67

o . Alal75 Vall76 Met177 Lys203 Asn204 and Ser205.
The binding modes of compounds were analyzed using

MOE 2007.09. The active site of the protein 1PFZ are Thr31 The 2D and molecular docking pose of the 8 active
compounds with the protein 1PFZ are shown in Fig. 4 and
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Table 3. Docking results of selected phytochemicals into the protein molecules using MOE.

Compounds 3BPF (kcal/mole) 3PNR (kcal/mole) 1PFZ (kcal/mole) 2BJU (kcal/mole) 1LYB (kcal/mole)
86 -11.8514 -11.9314 -13.4654 -11.9459 -10.9471
91 -12.3248 -12.9719 -13.1297 -12.8768 -12.0978
109 -13.2418 -11.5913 -13.3854 -11.9399 -12.0894
110 -10.1978 -11.4718 -13.8708 -11.3379 -9.7255
114 -10.2059 -11.4195 -13.6768 -11.0904 -10.9509
117 -9.7797 -12.1637 -14.0148 -12.8001 -10.0102
210 -11.1213 -12.2491 -13.1906 -11.2783 -9.6652
239 -11.0207 -12.9072 -11.7203 -14.7910 -11.3817

86

109

Fig. (4). 2D interaction graph of the active compounds with 1PFZ.
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Fig. 5. Compound 86 formed backbone hydrogen bonding
interaction between polar residue Leu33 and two hydroxyl
groups (1.49 A; 2.69 A). Both the interactions had very low
bond strength (23%; 11%). One of the hydroxyl groups
formed indirect hydrogen bonding interactions with amino
acids Thr35, Asp34 and Asp214 through bridged water
molecule. The hydroxyl group attached to the phenol ring
formed backbone hydrogen bonding interaction with Val9
(1.6 A) with moderate bond strength (61%). The
methylbutene group has high solvent exposure. The hydroxyl
group also showed high solvent exposure and it is also
indirectly interacted with the acidic residue Glu87. It showed
a molecular docking score of -13.4654 kcal/mole. The
binding mode observed for the compound 91 showed that
both the hydroxyl groups attached to the dihydrochromenone
ring showed sidechain hydrogen bonding interactions with
residues GInl12 (1.6 A, 20%) and Asp34 (1.36 A, 51%),
respectively. One of the hydroxyl groups attached to the
dihydrochromenone ring showed indirect hydrogen bonding
interactions with residues Thr35 and Asp214. The hydroxyl
group attached to the methylbutenylphenol ring formed
backbone hydrogen bonding interaction with the residue
Val9 (1.37 A, 35%). The proximity contour showed that the
molecule was very closely hemmed-in by the active site. The
molecular docking score was found to be -13.1297
kcal/mole. Molecular docking of compound 109 with
molecular docking score -13.3854 kcal/mole showed a
backbone hydrogen bonding interaction between the
hydroxyl group of the benzene ring and Gly36 (1.68A, 32%).
The hydroxyl group attached to the methoxy benzene ring
showed a sidechain hydrogen bonding interaction with
GIn12 (1.41A, 15%). It also showed indirect hydrogen
bonding interactions with the residues GIlnl2, Asp214 and
Thr35 through bridging water molecules. The methoxy
group also showed indirect hydrogen bonding interaction
with the alike residues GInl2, Asp214 and Thr35. The
proximity contour showed that the phenol ring was very
closely hemmed-in by the active site. In case of compound
110, a large number of interactions were present. It was
observed that the hydroxyl group attached to the methoxy
benzene ring showed both backbone hydrogen bonding
interaction with Leu33 (143 A, 50%) and indirect
interaction with the residues Leu33 and Metl5. The methoxy
group showed indirect hydrogen bonding interaction with
residues Asp234, GInl2 and Thr35. The hydroxyl group
attached to the other end of the molecule showed sidechain
hydrogen bonding interaction with the acidic residue Glu87
(1.63 A, 85%). The methoxy group also showed an indirect
interaction with the same residue Asp87. The molecular
docking score of the compound 23 was - 13.8708 kcal/mole.
The binding mode observed for compound 114 showed a
molecular docking score -13.6768 kcal/mole. The oxygen
atom attached to the benzodioxole ring showed indirect
interaction with the residues GInl2 and Asp214. The
methoxygroup attached to the phenol ring showed interaction
with Asnl3 through bridged water molecule. One side of the
molecule was very closely hemmed-in by the active site
which was indicated by the proxy contour while the other
side had very high solvent accessible surface area.

From the molecular docking analysis, it is clear that
amino acids Asp214, GInl2, Asp34, Thr35, etc interact
effectively with the compound 117.
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A sidechain hydrogen bonding interaction was observed
between the oxygen atom of the benzodioxo ring and Thr35
(2.9 A, 42%). Both the oxygen atoms of the benzodioxole
ring showed hydrogen bonding interactions with the residues
Thr35, Trpl193, Asp214 and GInl2 through the bridging
water molecules. The hydroxyl group showed sidechain
hydrogen bonding interaction with the residue GInl2 (1.94
A, 37%). The molecular docking score observed was -
14.0148 kcal/mole. The binding mode observed for
compound 210 showed that it binds within the binding
pocket with a molecular docking score -13.1906 kcal/mole.
The hydroxyl group attached to the methoxy benzene ring
showed both back bone hydrogen bonding interaction with
Thr35 (2.75 A, 85%) and sidechain hydrogen bonding
interaction with Asp234 (1.44 A, 75%). Both the hydroxyl
and methoxy groups show hydrogen bonding interactions
with the residues Asp234, Thr35 and Asnl3. The
methylpiperidine ring had solvent accessible surface area.
The binding mode observed for the compound 239 showed
that both the hydroxyl groups attached to the dimethyl
tetrahydroisoquinoline ring showed hydrogen bonding
interactions with the residues GIn12, Asnl3, Asp34, Asp234
and Thr35. Both the alkyl groups of this ring have solvent
accessible surface area. The molecule bonds within the
binding pocket with a molecular docking score -11.7203
kcal/mole.

Binding Interactions of the Ligands with Protein 2BJU

The binding modes of compounds were analyzed using
MOE 2007.09. The active site of the protein 2BJU in chain
A are Ile 14, Met 15, Ile 32, Asp 34, Met 75, Tyr 77, Phe
111, Tyr 115, Ser 118, Asp 121, Tyr 192, Asp 214, Gly 216,
Thr 217 and Ile 300.

The 2D interactions of the 8 active compounds with the
protein 2BJU are shown in the Fig. 6 and Fig. 7. The binding
mode observed for compound 86 showed that it binds within
the binding pocket with a molecular docking score -11.9459
kcal/mole. An arene-arene interaction was observed between
the benzene ring and polar amino acid Trp41. Hydrophobic
interactions were observed between benzene-1,3-diol ring
and the sandwich of the backbone atoms of Met75, Ile123,
Thr108, Tyr115 and Phelll. The proximity contour showed
that the molecule was very closely hemmed in by the active
site. Compound 91 forms sidechain acceptor interaction
between polar Gly36 and —OH group attached to the
dihydrochromenone ring. Dihydrochromenone ring showed
hydrophobic interactions with residues Gly36, Thr217 and
acidic Asp214. The OH group attached to the
dihydrochromenone ring forms sidechain donor interaction
with acidic amino acid Asp214 (1.33 A). The polar bond has
very high bond strength (94%). It also forms indirect H-
bonding interactions with residue Asp34 through bridged
water molecule. The molecular docking top ranking score
was -12.8768 kcal/mole. The (methylbutenyl) benzenediol
ring formed hydrophobic interactions with the residues
Tyr77, Phelll, Glyl122, Aspl21, Ilel23, Vall05, Met75,
Trp41 and Val82. The binding mode observed for the
compound 109 showed that the phenol ring is located in a
hydrophobic pocket surrounded by Val82, Met75, Ilel23,
Thr108, Tyr112, Phelll and Tyr77. The molecular docking
interaction of compound 109 showed sidechain donor
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Fig. (5). Molecular docking pose of the active compounds with protein 1PFZ.
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114 N 117

Fig. (6). 2D interaction graph of the active compounds with 2BJU.



582 Combinatorial Ch

istry & High Throughput Screening, 2016, Vol. 19, No. 7

Shibi et al.

Fig. (7). Molecular docking pose of the active compounds with protein 2BJU.

interaction with the —-OH group attached to the
methoxybenzene ring and acidic Asp214 (2.13 A) with very
low bond strength 18%. The proximity contour showed that
the molecule is very closely hemmed-in by the active site.
The molecular docking score is found to be -11.9399
kcal/mole. Molecular docking of compound 110 with

molecular docking score -11.3379 kcal/mole showed an
acidic sidechain donor interaction between O atom of the
hydroxyl group attached to the methoxybenzene ring (1.314,
74%). The methoxy group attached to the benzene ring
showed an indirect H-bonding interaction with the residue
Tyr192. Both methoxyphenol ring show hydrophobic
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interactions with residues Ile212, 11e300, Thr217, Asp214,
Tyr192, Gly36, Ser37 and Met75. In case of compound 114,
a large number of interactions were present. It was observed
that the benzene ring of the benzodioxole ring formed an
arene-arene interaction with polar residue Trp4l.
Hydrophobic interactions between benzodioxole ring and
Val82, Phelll, Tyr115, Thr108, Trp41, Gly122, Ilel123 as
well as the methoxyphenol ring with Asp34, Ser37, Asp214,
Thr217 and Gly216 appeared to constrain the molecule in
close proximity with the amino acids. The —OH group
attached to the methoxy benzene ring showed an indirect H-
bonding interaction with the acidic residues Asp34 and
Asp214. The O atom of the methoxy group attached to the
benzene ring also showed an indirect interaction through the
bridged water molecule with the polar residue Gly216. The
proximity contour showed that the compound 23 was very
closely hemmed-in by the active site. The molecular docking
score of the compound 23 was -11.0904 kcal/mole.

No prominent interactions were observed in compound
117 at the active site of the target protein 2BJU. The
molecular docking score of the compound 23 is -12.8001
kcal/mole. The binding mode observed for compound 210
showed that most of the interactions present were
concentrated on the methoxyphenol ring with a molecular
docking score -11.2783 kcal/mole. A sidechain acceptor
interaction was observed between polar Thr217 and hydroxyl
group of the compound 117 (2.48 A) with very high bond
strength 91%. The proximity contour showed that the
methoxy methyl tetrahydroisoquinolinol group was very
closely hemmed in by the active site.

Molecular docking results reveals that Ser218 is the
residue that make compound 239 a potent inhibitor. Both the
hydroxyl and methoxy group attached to the naphthalene
ring showed sidechain acceptor interactions with the polar
residue Ser218 (2.75 A, 69%, 2.89 A, 48%). The molecular
docking score observed was -14.7910 kcal/mole.

Binding Interactions of the Ligands with Protein 3BPF

The binding modes of compounds were analyzed using
MOE 2007.09. The active site of the protein 3BPF in chain
A are Gln 36, Gly 40, Ser 41, Cys 42, Trp 43, Tyr 78, Asn
81, Gly 82, Gly 83, Leu 84, His 174, Ala 175 and Gln 209.

The 2D interactions of the § active compounds with the
protein 3BPF are shown in the Fig. 8 and Fig. 9. The binding
mode observed for compound 86 showed that it binds within
the binding pocket with a molecular docking score -11.8514
kcal/mole. The hydroxyl group attached to phenol moiety
formed backbone hydrogen bonding interaction with polar
residue Leul72 (1.51 A), with moderate bond strength
(48%). No prominent interactions were present in compound
91 with the protein 3BPF. The molecular docking score of
the compound was found to be -12.3248 kcal/mole.
Compound 109 forms bidirectional hydrogen bond
interaction between polar residue Asn86 and hydroxyl group
(2.51 A, 38%; 3.36 A, 16%). 11e85 had a backbone hydrogen
bonding interaction to the connected methoxy group. The
molecular docking top ranking score is -13.2418 kcal/mole.
The binding mode observed for the compound 110 showed
that the hydroxyl group showed sidechain hydrogen bonding
interaction with the polar Ser130 residue with very high
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bond strength (2.51 A, 99%). The molecular docking score
was found to be -10.1978 kcal/mole. Molecular docking of
compound 114 with molecular docking score -10.2059
kcal/mole showed a sidechain hydrogen bonding interaction
between hydroxyl group and polar Asn86 (1.68A, 36%).
Compound 117 had no hydrogen bonding interactions with
the protein, but it was buried quite deep with the protein
3BPF. The molecular docking score of the compound was -
9.7797 kcal/mole In case of compound 210, it was observed
that the hydroxyl group formed sidechain H-bonding
interactions with residueLeul72 (1.71A, 46%). The
molecular docking score of the compound 210 was -11.1213
kcal/mole. Compound 239 has no hydrogen bonding
interactions with the protein 3BPF. The molecular docking
score is found to be - 11.0207 kcal/mole.

Binding Interactions of the Ligands with Protein 3PNR

The binding modes of compounds were analyzed using
MOE 2007.09. The active site of the protein 3PNR are
Alal51 Gly169 Aspl170 GIn171 Cys229 and Gly230.

The 2D interactions of the 8 active compounds with the
protein 3PNR are shown in the Fig. 10 and Fig. 11.
Compound 86 formed sidechain hydrogen bonding
interaction with acidic Asp234 and hydroxyl group (1.22 A).
The polar bond had moderate bond strength (54%). The
hydroxyl group attached to the (methylbutenyl) phenol ring
formed indirect hydrogen bonding interactions with the
residues His174 and GIn36 through bridged water molecules.
The molecular docking top ranking score was -11.9314
kcal/mole. The binding mode observed for the compound 91
showed that the carbonyl group showed a sidechain
hydrogen bonding interaction with the residue GIn36 (2.53
A, 30%). The hydroxyl group showed a back bone hydrogen
bonding interaction with amino acid Asn81. This molecule
showed good solvent exposure. The molecular docking score
was -12.9719 kcal/mole. Molecular docking of compound
109 with docking score -11.5913 kcal/mole showed a
sidechain hydrogen bonding interaction between hydroxyl
group and His174 (2.95A, 14%). The hydroxyl group
attached to the other end also showed a sidechain hydrogen
bonding interaction with acidic residue Asp234 (1.27), with
low bond strength (39%). The molecule had solvent
accessible surface area. In case of compound 110, it was
observed that the two oxygen atoms of methoxyphenol ring
formed H-bond interactions with residues GIn36 and His174
through bridged water molecule. The hydroxyl group formed
backbone hydrogen bonding interaction with the residue
Gly4 (1.82 A, 39%). The hydroxyl group attached to the
other end of the molecule formed a sidechain hydrogen
bonding interaction with the acidic residue Asp234 (1.28 A,
86%). The molecule had high solvent accessible surface
area. The molecular docking score of the compound 110 was
found to be -11.4718 kcal/mole. The binding mode observed
for compound 114 showed a molecular docking score -
11.4195 kcal/mole. The hydroxyl group of the molecule
formed a sidechain hydrogen bonding interaction with the
residue Asn86 (1.53 A, 49%). The oxygen atom of the
dimethyl tetrahydrofuran ring formed hydrogen bonding
interaction with Asp234 through bridged water molecule.
The methyl groups had high solvent accessible surface area.
The binding mode observed for compound 117 showed that
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91

Fig. (8). 2D interaction graph of the active compounds with 3BPF.
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Fig. (9). Molecular docking pose of the active compounds with protein 3BPF.
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Fig. (10). 2D interaction graph of the active compounds with 3PNR.
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Fig. (11). Molecular docking pose of the active compounds with protein 3PNR.
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it binds within the binding pocket with a molecular docking
score -12.1637 kcal/mole. The oxygen atom of the
benzodioxole ring formed a sidechain hydrogen bonding
interaction with the residue His174 (2.92 A), with moderate
bond strength (67%). Both the oxygen atoms formed
hydrogen bonding interactions with the residues His174 and
GIn36. The binding mode observed for the compound 210
showed that the hydroxyl group of the molecule formed a
sidechain hydrogen bonding interaction with the residue
Asp234 (1.25A, 22%). It also formed an indirect hydrogen
bonding interaction with the same the residue Asp234. The
methoxy group attached to the other side of the molecule
also forms interaction with residues His174 and GIn36. The
binding mode observed for compound 210 showed that it
binds within the binding pocket with a molecular docking
score -12.2491 kcal/mole. In case of compound 239, it was
observed that the hydroxylgroup forms back bone hydrogen
bonding interaction with the residue Asnl73 (1.69, 43%).
The —NH formed hydrogen bonding interaction with the
residues GIn36 and His174. The molecular docking score of
the compound 239 was -12.9072 kcal/mole. On comparing
the molecular docking results with respect to the four target
proteins the compounds with highest molecular docking
score such as compound 86, 91, 109, 110, 114, 117, 210 and
239 were selected as the lead compounds. When the
molecular docking scores of the compounds were evaluated,
it is established that the compounds 86, 91, 109, 110, 114,
117, 210 and 239 (Fig. 12) demonstrated maximum docking
score with the protein 1PFZ as it showed highest interactions
with the compounds. The compounds showed only few
interactions with the active site of the proteins 2BJU and
3PNR. Consequently the proteins showed comparatively low
docking score than 1PFZ.

In order to validate the molecular docking of the
compounds into the active site of the proteins we have
redocked the natural cofactor of the proteins. The results
show that the natural ligand E64 in the protein 3BPF showed

o)
| oH

Fig. (12). Structures of the lead compounds.
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a molecular docking score of -10.3634 kcal/mole and the
natural ligand IH4 in the protein 2BJU showed a molecular
docking score of -11.9120 kcal/mole.

Binding Interactions of the Ligands with Protein 1LYB

In order to find out the difference in selectivity for P.
falciparum protein and human cathepsin D protein we
carried out the molecular docking studies of the selected 8
natural compounds with the human cathepsin D protein. The
result showed that most of the compounds show lesser
interactions with human cathepsin D than the P. falciparum
protein.

The binding modes of compounds were analyzed using
MOE 2007.09. The 2D interactions of the 8 active
compounds with the protein 1LYB are shown in the Fig. 13.

The docking pose of the compound 86 showed that it
binds within the binding pocket with a molecular docking
score -10.9471 kcal/mole. The three hydroxyl groups
attached to the compound showed one sidechain and two
backbone hydrogen bonding interactions. One of the
hydroxyl groups of the benzene diol ring showed a backbone
hydrogen bonding interaction with polar residue Gly233
(3.31 A). The other hydroxyl group showed a sidechain
hydrogen bonding interaction with the residue Asp323 with
moderate bond strength (57%). The hydroxyl group attached
to the other end of the compound showed a backbone
hydrogen bonding interaction with the residue Asp172 (1.41
A, 25%). Compound 91 showed one prominent backbone
hydrogen bonding interaction with a docking score of
-12.0978 kcal/mole with the residue Thr291 (1.33 A, 27%).
Compound 109 forms a sidechain hydrogen bonding
interaction between polar residue Glu260 and hydroxyl
group (1.29 A, 34%). Most of the groups in the molecule
were highly exposed to the solvent. The docking score of the
compound was found to be -12.0894 kcal/mole. Compound
110 showed a backbone hydrogen bonding interaction to the



Virtual Screening Techniques to Probe the Antimalarial Activity

Combinatorial Chemistry & High Throughput Screening, 2016, Vol. 19, No. 7 589

86

Pro-
287,

Asp
89,

Fig. (13). 2D interaction graph of the active compounds with ILYB

residue Thr291 through the hydroxyl group connected to the
methoxy benzene group. The hydroxyl group attached to the
other end of the compound showed a sidechain hydrogen
bonding interaction with the residue Ser235 (2.45 A, 19%).
The compound showed a docking score of 9.7255 kcal/mole.

The binding mode observed for the compound 114
showed that the hydroxyl group attached to the methoxy
benzene ring showed backbone hydrogen bonding
interaction with the polar Argl71 residue. The molecular
docking score was found to be -10.9509 kcal/mole. The
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methyl group and the methoxy group of the compound was
highly exposed to the solvent.

Molecular docking of compound 117 with molecular
docking score -10.0102 kcal/mole showed an arene-cation
hydrogen bonding interaction between the benzene ring and
polar Asn86 (1.68A, 36%). The benzene ring at the other end
of the molecule showed another arene-cation interaction with
the residue Lys130. The same residue also showed a
sidechain hydrogen bonding interaction with one of the
oxygen atoms attached to the benzodioxole ring (3.40 A,
13%).

Compound 210 showed only one hydrogen bonding
interactions with the protein, but it was buried quite deep
within the protein 1LYB. The molecular docking score of the
compound was -9.6652 kcal/mole. It showed a sidechain
hydrogen bonding interaction between the hydroxyl group
and Argl71 with moderate bond strength (2.67 A, 50%).

In case of compound 239, it was observed that the
hydroxyl group formed sidechain H-bonding interactions
with residue Ser235 (2.55A, 80%). The molecular docking
score of the compound 239 is - 11.3817 kcal/mole. The
benzene ring showed an arene-cation interaction with the
residue Arg 171 (2.55A, 80%).

Rumsh et al. have reported that two synthesized
inhibitors exhibited a pronounced selectivity to plasmepsin 2
(Ki = 5.5 and 5 nM) in comparison with that of cathepsin D
(Ki= 230 and 3000 nM, respectively) [27]

ADME Properties Calculation

The finally selected eight compounds were subjected to
ADME prediction using preADMET tool. Table 4
demonstrates the relative ADME profiles of the selected
eight candidate molecules. The ADME calculation gave
details such as human intestinal absorption (%); in vitro
Caco-2 cell permeability (nm/s), in vitro MDCK cell
permeability (nm/s), in vitro skin permeability (logKp-cm/h),
in vitro plasma protein binding (%) and in vivo blood brain
barrier penetration (c.blood/c.brain).

The HIA (Human Intestinal Absorption) results
demonstrate the best absorption of all the eight compounds
into human intestine. They showed moderate cellular
permeability against Caco-2 cells. BBB (Blood-Brain
Barrier) penetration values help to know whether the
compounds are able to pass across the blood-brain barrier or
not. This parameter expresses the BBB penetration capacity
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and absorption rate of compound to CNS (Central Nervous
System). All the compounds were observed to be having
very moderate absorption to CNS. All the selected lead
compounds were found to be inhibitors of the protein
CYP3A4, which demonstrates that they metabolize very
easily. The PPB indicates the plasma protein binding of the
drug and predicts its stay in the system and resultant
clearance too. The PPB value of the compounds 86, 91, 109,
and 110 was highest among the selected eight molecules.

CONCLUSION

In summary, this study evaluates the anti-malarial
activities and molecular docking properties of some
important phytochemicals present in herbs which are widely
used for the treatment of malaria. The findings of the present
work indicate that eight compounds possessed significant
antimalarial properties. The inferences from the present
study indirectly confirm the wide use of medicinal plants
which are traditionally important. The following eight
compounds such as compound 86- (2E)-3-[3,4-dihydroxy-5-
(3-methylbut-2-en-1-yl)phenyl]-1-(2,4-dihydroxyphenyl)
prop-2-en-1-one and compound 91-(25)-2-[3,4-dihydroxy-5-
(3-methylbut-2-en-1-yl)phenyl]-5,7-dihydroxy-3,4-dihydro-
2H-1-benzopyran-4-one from the plant Erythrina abyssinica,
compound 109-4-[(2S,3R)-3- [(4-hydroxyphenyl)methyl]-2-
methylbutyl]-2-methoxyphenol, compound 110-4-[(2R,35)-
3-[(4-hydroxy-3- methoxyphenyl)methyl]-2-methylbutyl]-2-
methoxyphenol and compound 114-4-[(2S,3S,4S,55)-5-(1,3-
benzodioxol-5-yl)-3,4-dimethyltetrahydrofuran-2-yl]-2-me-
thoxyphenol from the plant Pycnanthus angolensis,
compound 117-(6aR, 12aS)-12a-Hydroxy-9-methoxy-2,3-
dimethylenedioxy-8-prenylrotenone from the plant Millettia
usaramensis, compound 210-(1S)-1-[(4-hydroxy-3-
methoxyphenyl)methyl]-6-methoxy-2-methyl-1,2,3,4-tetra-
hydroisoquinolin-7-ol from the plant Hernandia voyronii and
compound 239-(1R,3R)-5-(4-hydroxy-5-methoxy-7-methyl-
naphthalen-1-yl)-1,3-dimethyl-1,2,3,4- tetrahydroisoquino-
lin-6,8-diol from the plant Ancistrocladus korupensis were
screened through machine learning, ADMET screening,
drug-likeness analysis and molecular docking studies. For
further studies the screened lead compounds can be used.
Apart from this, this study gave a noteworthy approach in
distinguishing proof of novel and intense antimalarial
compounds from herbs, and can be utilized as a lead for
future studies for screening and outlining the fundamentally
differing compounds from the herbs.

Table4. The tabulated ADME properties obtained from PreADMET server.
Properties 86 91 109 110 114 117 210 239
BBB 2.304 1.486 7.645 5.283 0.253 0.061 0.963 0.541
Caco2 19.403 11.176 31.011 35.177 47.193 29.6261 19.0216 16.892
CYP_3A4_inhibition Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
HIA 86.055 84.264 93.190 93.359 95.677 97.045 93.264 90.605
MDCK 0.103 0.7194 60.124 57.647 1.953 0.296 116.026 85.099
PPB 100 100 100 100 98.349 89.259 84.788 88.475
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Abstract: A series of novel ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) piperazin-1-yl) ethyl)-2-(2-(substituted)
pyridin-3-yl)-1H-benzo[d]imidazole-5-carboxylate analogues were synthesized and screened as p38 MAP kinase inhibi-
tors. The 4-chlorophenoxy substitution in the 2™ position of the pyridyl moiety (5i) gave effective inhibition of p38a with
ICso 17uM. Moreover, the synthesized benzimidazole derivatives possess a significant antiproliferative activity against
blood-leukemia (CCRF-CEM), colon (HCT-116) and breast (MDA-MB-468) cancer cell lines. Based on the report, we
discussed structure-activity relationship (SAR) study of synthesized benzimidazole derivatives. Molecular modelling per-
formed for the identification of most active compounds by using three dimensional crystal structures of MAPK p38, pro-
vide a disclosed binding template of these inhibitors in the active site of their respective enzyme.

Keywords: Benzimidazole, pyridine, MAPK p38, Leukemia, Colon cancer, Breast cancer.

INTRODUCTION

The mitogen-activated protein kinases (MAPKSs) are ma-
jor components and controlling pathways of embryogenesis,
cell differentiation, cell proliferation and cell death [1]. p38
mitogen-activated protein kinases (MAPK) are 38-kDa intra-
cellular signal transduction proteins comprising four vari-
ants, that are p38 a, B, vy, and 6 joined with c-Jun amino-
terminal kinase and p42/44 MAPK, p38 MAPK develops a
MAPK family [2]. The p38 MAP kinase is over expressed in
severe invasive breast cancers and its regulates cytokine bio-
synthesis (IL-1 and TNFa), which is associated with various
side effects like rheumatoid arthritis, Crohn’s disease, and
inflammatory bowel syndrome [3-5]. The p38 group in
mammals are represented as isoforms p38a, p38f, p38y and
p38d with overlapping and distinct physiological roles [4].
Among four isoforms, p38a is the best and characterized
isoform. Recent studies highlighted that, Retinoids,

*Address correspondence to this author at the IET Group of Institutions,
M.LA North Extension, Alwar, Rajastan - 301030, India;
Tel:+91-144-5121027; Mob: +91-9940531214;
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Cisplantin and also other chemotherapeutic agents initiate
cancer cell apoptosis through the activation of p38§ MAP
kinase. It was observed that, the p38 MAP kinase activation
is necessary for cancer cell death initiated by various anti-
cancer agents [6-9]. The p38 MAPK signaling cascade is
involved in various biological responses like cell prolifera-
tion, differentiation, apoptosis, invasion and inflammation.
The p38 MAPK inhibitors such as (AMGS548, AS1940477,
CBS3830, FR-167653, JLU1124, LASSBi0-998, Losmapi-
mod (GW856553), LY2228820, LY3007113, ML3403,
Pamapimod, PD-169316, PH-797804, R-130823, RO3201-
195, RPR-200765A, RPR-203494, RWJ-67657, SB-202190,
SB-203580, SB-239063, SB-242235, SCIO-323, SD-282,
Semapimod|CNI-1493, Soblidotin|TZT-1027, TAK-715,
TalmapimodSCIO-469, UO126, UR-13756, VX-702, VX-
745) are widely used in many recently published research
papers [10-13]. In continuation of our efforts in drug design
and especially in the area of anti-cancer agents develope-
ment, we are interested in synthesis of benzimidazole deriva-
tives as MAPK inhibitors. Benzimidazole and substituted
benzimidazoles are an important class of heterocycle ana-
logues that exhibit a broad spectrum of pharmacological
properties [14-22]. In heterocyclic compounds, imidazole

©2016 Bentham Science Publishers
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nucleus possess wide interest because of their diverse bio-
logical and clinical applications. In our life cycle, DNA
plays a major role in the process of biological synthesis of
proteins and enzyme through the replication and transcrip-
tion of genetic information. The knowledge about drug-DNA
interactions is a promising approach to develope biologically
active compounds and plays a key role in pharmacology to-
day. In view of the diverse biological applications of ben-
zimidazole and its derivatives, they represent a good lead in
developing new drugs for anticancer chemotherapy. Hence,
in this investigation designed benzimidazole scaffold as a
starting point for the inhibition of p38a by using molecular
modelling to explore the plausible binding mode in the ATP-
binding site of p38a. In continuation of our research work,
we wish to report herein the synthesis and design of new
class of benzimidazole derivatives as potential p38a inhibi-
tors.

MATERIALS AND METHOD

Materials

Synthetic starting material, reagents, and solvents were of
analytical grade or of the highest quality commercially avail-
able. The chemicals were purchased from E.Merck (Ger-
many) and S.D fine chemicals (India). The melting points
were determined by open tube capillary method and are un-
corrected. Purity of the compounds was checked on thin
layer chromatography (TLC) plates (silica gel G) in the sol-
vent system toluene-ethyl ecetate-formic acid (5:4:1) and
benzene-methanol (8:2), the spots were located under iodine
vapours or UV light. IR spectrums were obtained on a
Perkin-Elmer 1720 FT-IR spectrometer (KBr Pellets). 'H
NMR were performed on Bruker Avance 300 ('H: 300 MHz)
spectrometer in DMSO/CDCl;, using TMS as an internal
standard. Mass spectra were recorded on Varian 320-MS TQ
LC/MS using ESI and elemental analyses performed on
Perkin Elmer 2400 Series II CHN Elemental Analyzer.

Preparation of Ethyl-4-fluoro-3-nitrobenzoate

The 4-fluoro-3-nitrobenzoic acid (5 g, 27 mmol) in etha-
nol (50 mL) and concentrated H,SO4 (2 mL) were heated
under reflux for 8 h. Based on evidence from TLC, after
completion of reaction the solvent was evaporated under
reduced pressure. The aqueous layer was extracted with ethyl
acetate (25 mL x 3). The organic layer was dried over
Na,SO,, concentrated under reduced pressure and the prod-
uct was separated by using vacuum filtration to yield Ethyl-
4-fluoro-3-nitrobenzoate [23, 24].

Preparation of Ethyl 3-amino-4-(4-(2-((4-(ethoxycarbon
yD-2-nitrophenyl) amino) ethyl) Piperazin-1-yl) Benzoate

The reaction mixture ethyl-4-fluoro-3-nitrobenzoate, (0.5
g, 2.34 mmol), N-(2-aminoethyl) piperazine (0.15 mL, 1.16
mmol) and N,N-diisopropylethylamine, DIPEA (0.49 mL,
2.78 mmol) was mixed in dichloromethane (10 mL) and this
mixture was stirred overnight at room temperature. Based on
evidence from TLC, after completion of reaction the reaction
mixture was washed with water (10 mL x 2) followed by
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10% Na,COs solution (10 mL). The organic layer was dried
over Na,SO4 and concentrated under reduced pressure to
yield ethyl 3-amino-4-(4-(2-((4-(ethoxycarbonyl)-2-nitrop-
henyl)amino)ethyl)piperazin-1-yl)benzoate as brown oil.

Preparation of Ethyl 3-amino-4-(4-(2-((2-amino-4-
(ethoxycarbonyl) phenyl) Amino) Ethyl) Piperazin-1-yl)
Benzoate

The reaction mixture ethyl 3-amino-4-(4-(2-((4-(ethoxy
carbonyl)-2-nitro phenyl)amino)ethyl) piperazin-1-yl) ben-
zoate, (0.486 g, 1 mmol), ammonium formate (0.378 g, 6
mmol) and Pd/C (50 mg) was mixed in ethanol (10 mL). The
reaction mixture was refluxed until solution turned colour-
less then filtered through Celite 545 and filtrate was evapo-
rated under reduced pressure. It was resuspended in ethyl
acetate and washed with water, dried over Na,SO, and
evaporated to dryness to yield (70%).

Preparation of Sodium Bisulfite Adducts of 4-substituted
Benzaldehyde

The appropriate substituted pyridine aldehyde (10 mmol)
was dissolved in ethanol (20 mL) and sodium metabisulfite
(15 mmol) in 5 mL water was added in portion over 5 min-
utes. The reaction mixture was stirred at room temperature
for 1 h, and subsequently stirred at 4°C overnight and the
formed precipitate was filtered and dried to get sodium bisul-
fite adducts.

Preparation of Ethyl 1-(2-(4-(2-amino-4-(ethoxycarbonyl)
phenyl) Piperazin-1-yl) ethyl)-2-(2-(sub) Pyridine-3-yl)-
1H-benzo/d]imidazole-5-carboxylate Derivatives

The reaction mixture Ethyl 3-amino-4-(4-(2-((2-amino-4-
(ethoxy carbonyl) phenyl) amino) ethyl) piperazin-1-yl) ben-
zoate, (1 mmol) and various substituted pyridine sodium
bisulfite adducts, (1.5 mmol) were dissolved in water (5 mL)
and this mixture was stirred at RT under N, atmosphere for
2-3 h. Based on evidence from TLC, the reaction mixture
was diluted in ethyl acetate (25 mL) and washed with water
(10 mL x 3). The organic layer was collected, dried over
Na,SO4 and evaporated under reduced pressure to get com-
pounds in 63-90% yields.

Ethyl  1-(2-(4-(2-amino-5-(ethoxycarbonyl)  phenyl)
piperazin-1-yl) ethyl)-2-(2-chloropyridin-3-yl)-1H-benzo[d]
imidazole-5-carboxylate (5a): '"H NMR: 1.36 (3H, t, J = 7.2
Hz), 1.42 (3H, t, J = 7.2 Hz), 2.51 (4H, t, ] = 4.8 Hz), 2.82
(2H, t,J =6.9 Hz), 3.91 (4H, t,J =4.8 Hz), 436 (2H, q,J =
7.2 Hz), 441 2H, t, J = 6.9 Hz), 4.44 (2H, q, ] = 7.2 Hz),
6.92 - 8.26 (9H, m), 8.77 (2H,s); C30H33CINgO,4, C: 62.44
(62.46), H: 5.76 (5.74), N: 14.56 (14.53).

Ethyl  1-(2-(4-(2-amino-5-(ethoxycarbonyl)  phenyl)
piperazin-1-yl) ethyl)-2-(2-dimethylamino pyridin-3-yl)-1H-
benzo[d]imidazole-5-carboxylate (5b): 'H NMR: 1.29
(6H,s), 1.36 3H, t,J =7.2 Hz), 1.49 (3H, t,J = 7.2 Hz), 2.58
(4H, t,J = 4.8 Hz), 2.87 (2H, t, ] = 6.9 Hz), 3.91 (4H,t,J =
4.8 Hz), 431 (2H, q, J = 7.2 Hz), 449 (2H, t, ] = 6.9 Hz),
442 (2H, q, J = 7.2 Hz), 6.92 - 8.29 (9H, m), 8.79 (2H,s);
C3H3oN40,4, C: 65.62 (65.66), H: 6.71 (6.74), N: 16.74
(16.73).
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Ethyl  1-(2-(4-(2-amino-5-(ethoxycarbonyl)  phenyl)
piperazin-1-yl) ethyl)-2-(2-bromopyridin-3-yl)-1H-benzo[d]
imidazole-5-carboxylate (5¢): '"H NMR: 1.39 (3H, t, J = 7.2
Hz), 1.43 (3H, t, ] = 7.2 Hz), 2.56 (4H, t, J = 4.8 Hz), 2.81
(2H, t,J = 6.9 Hz), 3.95 (4H, t,J =4.8 Hz), 432 (2H, q,J =
7.2 Hz), 445 2H, t, J = 6.9 Hz), 4.54 (2H, q, ] = 7.2 Hz),
6.95 - 8.21 (9H, m), 8.82 (2H,s); C50H33BrN¢O,, C: 57.97
(57.96), H: 5.35 (5.37), N: 13.52 (13.58).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-meth?/lpyridin-3 -yl)-1H-benzo[d] imi-
dazole-5-carboxylate (5d): 'H NMR: 1.21 (3H,s), 1.39 (3H,
t, ] =72 Hz), 1.47 (3H, t, ] = 7.2 Hz), 2.54 (4H, t, ] = 4.8
Hz), 2.85 (2H, t, ] = 6.9 Hz), 3.93 (4H, t, ] = 4.8 Hz), 4.32
(2H, q,J=7.2 Hz), 445 (2H, t,J = 6.9 Hz), 446 2H, q, ] =
7.2 Hz), 6.90 - 8.20 (9H, m), 8.70 (2H,s); C3;H3sN¢Os, C:
66.89 (66.86), H: 6.52 (6.14), N: 15.10 (15.13).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-trifluromethyl pyridin-3-yl)-1H-benzo
[d]imidazole-5-carboxylate (5¢): 'H NMR: 1.39 (3H, t, J =
7.2 Hz), 1.41 (3H, t, J = 7.2 Hz), 2.57 (4H, t, ] = 4.8 Hz),
2.86 2H, t,J =6.9 Hz), 3.97 (4H, t,J = 4.8 Hz), 4.34 (2H, q,
J=72Hz),4.44 (2H, t,J =6.9 Hz), 447 (2H, q, ] = 7.2 Hz),
6.98 - 8.21 (9H, m), 8.79 (2H,s); CsoH33F3N¢O4, C: 60.98
(60.96), H: 5.45 (5.41), N: 13.76 (13.73).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-methoxypyridin-3-yl)-1H-benzo [d]
imidazole-5-carboxylate (5f): '"H NMR: 1.29 (3H, t, J = 7.2
Hz), 1.34 (3H,s), 1.49 (3H, t,J = 7.2 Hz), 2.51 (4H,t,] =4.8
Hz), 2.81 (2H, t, ] = 6.9 Hz), 3.96 (4H, t, ] = 4.8 Hz), 4.34
(2H, q,J=7.2 Hz), 441 2H, t,J = 6.9 Hz), 447 2H, q, ] =
7.2 Hz), 6.92 - 8.32 (9H, m), 8.87 (2H,s); C3;H3sN¢Os, C:
65.02 (65.07), H: 6.34 (6.39), N: 14.68 (14.63).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-thiophenyl pyridin-3-yl)-1H-benzo[d]
imidazole-5-carboxylate (5g): '"H NMR: 1.32 3H, t, ] = 7.2
Hz), 1.43 (3H, t, ] = 7.2 Hz), 2.24 (2H, s,) 2.59 (4H, t, J =
4.8 Hz), 2.79 2H, t, J = 6.9 Hz), 3.97 (4H, t, ] = 4.8 Hz),
436 (2H, q,J =7.2 Hz), 446 (2H, t, ] = 6.9 Hz), 4.49 (2H,
q, J = 72 Hz), 687 - 816 (12H, m), 8.89 (2H.s);
C36H33sN6O4S, C: 66.44 (66.46), H: 5.89 (6.84), N: 1291
(12.93).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-cyclohexylox?/ pyridin-3-yl)-1H-ben-
zo[d]imidazole-5-carboxylate (Sh): 'H NMR: 1.08 (8H,m),
1.47 3H,t,J=7.2 Hz), 1.54 3H, t,J = 7.2 Hz), 2.62 (4H, t,
J=4.8 Hz),2.85 (2H,t,J =6.9 Hz),3.91 (4H, t,J =4.8 Hz),
447 (2H, q, J =7.2 Hz), 4.56 (2H, t, J = 6.9 Hz), 4.65 (2H,
q,J=7.2 Hz),7.12 - 8.16 (9H, m), 8.89 (2H,s); C55H4NOs,
C: 67.07 (67.09), H: 6.75 (6.72), N: 13.41 (13.46).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-thiomorpholino pyridin-3-yl)-1H-ben-
zo[d]imidazole-5-carboxylate (5i): 'H NMR: 1.37 (8H,m),
1.44 (3H,t,J=7.2 Hz), 1.52 3H, t,J = 7.2 Hz), 2.61 (4H, t,
J=4.8 Hz),2.89 (2H, t,J =6.9 Hz), 3.99 (4H, t, ] =4.8 Hz),
441 (2H, q,J =7.2 Hz), 4.57 (2H, t, J = 6.9 Hz), 4.66 (2H,
q, J = 72 Hz), 712 - 837 (9H, m), 892 (2H,s);
C3Hy N;O4S, C: 63.43 (63.49), H: 642 (6.44), N: 15.23
(15.26).
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Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-(4-chloro phenoxy) pyridin-3-yl)-1H-
benzo[d]imidazole-5-carboxylate (5j): '"H NMR: 1.32 (3H, t,
J=72Hz),1.44 3H,t,J=7.2 Hz), 2.58 (4H, t, ] = 4.8 Hz),
2.87 (2H,t,J=6.9 Hz), 3.92 (4H, t,J = 4.8 Hz), 4.32 (2H, q,
J=72Hz),4.46 (2H, t,J =6.9 Hz), 4.57 (2H, q, ] = 7.2 Hz),
6.78 - 8.43 (13H, m), 8.82 (2H,s); C36H37CIN4Os, C: 64.62
(64.66), H: 5.57 (5.51), N: 12.56 (12.53).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-pyrrolidinyl pyridin-3-yl)-1H-benzo
[d]imidazole-5-carboxylate (5k): 'H NMR: 1.27 (8H,m),
1.34 3H, t,J=7.2 Hz), 1.53 3H, t, ] = 7.2 Hz), 2.66 (4H, t,
J=4.8 Hz),2.81 2H,t,J =6.9 Hz),3.97 (4H, t, ] =4.8 Hz),
449 (2H, q,J =7.2 Hz), 4.58 (2H, t, J = 6.9 Hz), 4.69 (2H,
q,J=7.2 Hz), 7.18 - 8.17 (9H, m), 8.85 (2H,s); C54H4N;Os,
C: 66.76 (66.79), H: 6.76 (6.74), N: 16.03 (16.06).

Ethyl 1-(2-(4-(2-amino-5-(ethoxycarbonyl) phenyl) pipe-
razin-1-yl) ethyl)-2-(2-(4-chloro phenyl) pyridin-3-yl)-1H-
benzo[d]imidazole-5-carboxylate (51): 'H NMR: 1.25 (3H, t,
J=72Hz),1.42 3H,t,J =72 Hz), 2.53 (4H, t, ] = 4.8 Hz),
2.82 (2H,t,J=6.9 Hz), 3.97 (4H, t,J = 4.8 Hz), 4.37 (2H, q,
J=72Hz),4.48 (2H, t,J = 6.9 Hz), 4.59 (2H, q, ] = 7.2 Hz),
6.82 - 8.49 (13H, m), 8.82 (2H,s); C36H37CINsOs, C: 66.20
(66.26), H: 5.71 (5.74), N: 12.87 (12.90).

BIOLOGY

Cell Proliferation Assay: The activity of the synthesized
compounds was tested against cancer cell lines and obtained
from the American Type Culture Collection (Rockville,
MD). The cells were seeded in 96-well plates at a density of
5 103 per well and treated with 50 uM of selected com-
pounds allowed to adhere for 72 h. According to the manu-
facturer’s instructions, the proliferative activity was deter-
mined by 3-(4,5-dimethyl thiazol- 2-yl)-5-(3-carboxy
methoxy phenyl)-2-(4-sulfo phenyl)-2H-tetrazolium, inner
salt assay (Cell Titer 96 Non-Radioactive Cell Proliferation
Assay; Promega, Madison, WI) to monitor the number of
viable cells. Briefly, inner salt solution was added at 20
IL/well, and then 1 h of incubation at 37°C in a humidified
5% CO, atmosphere, the conversion of, inner salt to forma-
zan was measured in a plate reader at 490 nm. All experi-
ments were done in triplicate, and the proliferation rate was
calculated as the ratio of absorbance under each experimen-
tal condition to that of the control nontransfectant.

RESULTS AND DISCUSSION

Chemistry

The series of heterocycles was synthesized by using ami-
noethyl ester and various 2-substituted pyridine aldehyde
and sodium metabisulfite to yield final compounds in the
range of 76-90% Scheme (1). The NMR and CHN spectral
datas show that the synthesized compounds were in full
agreement with the proposed structures. In '"H NMR spec-
trum the chemical shifts, multiplicities and coupling con-
stants, and signals of the respective protons were verified to
conform synthesized compounds. The "H NMR spectrum, of
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COOH COOCH,CH,;
C,H;OH
_ > DIPEA, DCM
H,S0,4 overnight, RT
NO, NO, ——m
1 2 —
R,
5a 2-chloro
5b 2-dimethylamino
5¢ 2-bromo
5d 2-methyl

5e 2-trifluoromethyl

5f 2-methoxy

5g 2- thiophenyl

5h 2-cyclohexyloxy

5i 2-thiomorpholino

5j 2-(4-chlorophenoxy)

5k 2-pyrrolidinylpyridine

51 2-(4-chlorophenyl)pyridine

Scheme (1).

benzimidazole Sa showed a triplet at  1.36, 1.42 ppm due to
the ester methyl group, N-methylene protons from the imida-
zole side chain also appeared as a triplet at 6 4.36-4.41 ppm.
The o-methylene protons (from the ester group) appeared as
a quartet at 8 4.44 ppm, & 6.92-8.26 due to aromatic protons
and pyrimidine ring protons Similar 'H patterns were ob-
tained for other substituted benzimidazoles derivatives 5a-1.

PHARMACOLOGY

The inhibitory potency of 5a-1 was evaluated using ra-
diometric p38a assay performed by Millipore KinaseProfil-
er™. The results was summarized in Table 1, and it shows
that all the compounds exhibited moderate to good inhibitory
activity against p38a. Among all the compounds, 5i showed
excellent inhibitory activity. However, the inhibitory activity
was greatly affected when the substitution was replaced at
2n position of the pyridyl moiety, 4-chlorophenoxy group at
ortho substitution in pyridine ring shows the excellent inhibi-
tory activity as compare to other substitutions. This clearly
show that, the inhibitory effect changed when another group
was added to the pyridine ring. Most active compounds in
terms of inhibitory activity followed by 4-chlorophenoxy
substitution at (ICso = 17uM) were thiophenyl substitution at
(ICsp = 24uM), 2-chloro group substation 1Csy = <31uM),
thiomorpholino 1Csqp = <38uM), dimethylamnino ICs, =
<88uM), whereas other compounds showed moderate to
good inhibitory activity. Interestingly, part is substituted p-
chloro phenyl and trifluoromethyl substituted derivatives
also showed inhibitory activities. A simple, structure-activity
relationship of synthesized compounds was concluded from
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the observed results. Interestingly, the presence of 4-
chlorophenoxy and thiophene group at the 2n position of
substituent (5i) and (5g) as well as the presence of electron
withdrawing group at the 2n position greatly enhanced in-
hibitory activity and we also observed that, the changing of
substituents at the pyridine ring influenced on inhibitory ac-
tivity. Some other factors to electron donating or withdraw-
ing characteristics of substituent’s need to be sought and
further modification on the chemical structures are required.
The electron withdrawing properties of the other substitution
leading to less efficient hydrogen acceptor property of the
pyridine nitrogen resulted in negative effect on the inhibitory
activity (Table 1).

The synthesized compounds 5i, 5g and 5¢ were evaluated
for their effect on proliferation of human ovarian adenocar-
cinoma (SK-OV-3), breast adenocarcinoma (MDA-MB-
231), and leukemia adenocarcinoma (CCRF-CEM). Doxoru-
bicin (Dox) and DMSO were used as positive and negative
controls, respectively. Compounds 5i inhibited the cell pro-
liferation of used cancer cell line human ovarian adenocarci-
noma (SK-OV-3), breast adenocarcinoma (MDA-MB-231),
and leukemia adenocarcinoma (CCRF-CEM) cells by 82-
92%. Compounds with 4-chlorophenoxy ring at pyridine 2™
positions exhibited excellent inhibitory activity in all used
cell lines. Compound 5i showed higher antiproliferative ac-
tivity in MDA-MB-231 (92% inhibition) than CCRF-CEM
and SK-OV-3 cells and other two compounds 5g and 5S¢
showed 76-80% and 84-90% antiproliferective activity, re-
spectively. Thus, this class of compounds has potential to be
investigated as lead compounds in cancer studies (Table 2).
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Table 1. Biological Activity of 5a-1 against the p38 MAP Kinase.
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Compound R, ICs p38a “™(um) Yield (%) Melting point
Sa 2-chloro pyridine 174 77 164
5b 2-dimethylaminopyridine 88 82 141
Sc 2-bromo pyridine 31 68 172
5d 2-methyl pyridine 115 80 162
Se 2-trifluromethylpyridine 183 86 184
Sf 2-methoxypryidine 28 75 172
5¢g 2-thiophenyl pyridine 24 92 128
Sh 2-cyclohexyloxy pyridine 345 90 154
5i 2-thiomorpholino pyridine 38 82 143
5j 2(4-chlorophenoxy) pyridine 17 75 189
Sk 2-pyrrolidinylpyridine 265 84 194
51 2-(4-chloro phenyl)pyridine 312 72 132

“The concentration required to inhibit the growth of the cells by 50% expressed as ICso (uM). "Values given represent the mean obtained from three consecutive experiments. ‘SEM

represents the standard Error Mean.

Table 2. Anti-proliferative Activities of Selected Benzimidazole
Derivatives Against CCRF-CEM, MDA-MB-231and
SK-OV-3 Cancer Cell Lines.

Compound Cell Inhibition (%) at 50 pM
CCRF-CEM MDA-MB-231 SK-OV-3
5S¢ 76% 82% 80%
5g 84% 90% 85%
5i 92% 82% 84%
MOLECULAR DOCKING

Molecular docking studies were performed by using the
default procedure to determine the structural features that
steer the bio-activity against MAPK p38. For the conven-
ience representation, herein, we reported the docking pose
for one of the most active compounds (5g). It showed that,
the residues Ilel16, Leul22, His126, Vall58, and Cys162
constitute the hydrophobic part, termed as ®A site, of the
binding pocket of MAPK-p38 for kinase interaction motif
(KIM), whereas ®B site is formed by Alalll, Ilel16 and
Glul60. Here, ®A and OB represent the hydrophobic resi-
dues. The ®B+1 site is enclosed by the side chains of
Alalll, Ilel16, Asnl15 and Cys119. The residue Leu407, at
DA-2 site, is present very close to hydrophobic pocket
formed by His126, Phe129, Cys162 and Tyr311.

From Fig. (1), it is clear that, compound 5g interacts with
Tyr35, Lys53, GIn60, His64, Arg67, Aspl68, Argl73,
His174, and Glul78 residues of the receptor. The phenyl

(b) Distant view

Fig. (1). Docking pose for 5g active compound in the active site of
receptor along with the eletrostatic surface map of the receptor
(Blue; H-bonding, Red: Mild polar and White: Hydrophobic region)
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ring directly attached to piperazine moiety is responsible for
the arene-charge interaction with the Lys53 and Argl73,
these residues are basic cationically charged. A possible rea-
son for close proximity of the phenyl ring to positively
charged nitrogen of guinidine part in Argl73 could be due to
the ester group, where as the -NH, group (electron rich) on
same phenyl ring helps in establishing close contact with the
positively charged nitrogen in side chain kkmn of Lys53.
The phenyl ring attached to piperazine moiety is able to
penetrate well inside the binding site due to the additional
flexibility because of the -CH,-CH,- linkage between
piperazine and benzimidazole moiety and due to compara-
tively slender piperazine-phenyl-ester moieties. The bulkier
benzimidazole, pyridine and ester part inhibit the further
entrance of the compound in the active site. Therefore, the
future modifications in -CH,-CH,- linkage between pipera-
zine and benzimidazole moieties, -NH, and ester groups on
phenyl ring attached to piperazine and diminishing the
bulkiness on benzimidazole moiety could be very useful.

CONCLUSION

In conclusion, the current study revealed that, most of the
benzimidazole derivatives showed moderate to good
inhibitory activity against P38a enzyme. As evident from the
list, Si showed sthe good antiproliferative activity against
MDA-MB-231, CCRF-CEM, and SK-OV-3. In view of the
above findings, 5i of the benzimidazole derivatives showed
higher antiproliferative activity in used cancer cell line.
These lead compounds have electronic effects and have
potential as antiproliferative agents after further optimiza-
tion.
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significantly to the GDphandr::rTolf the sector in the GI’JF: an . ft ol ¢ big
in keeping with the share service s
is not.in lfezgwgnmnv of these work in the organized onomic In nature. POVerty and acceler
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and education. the progress of this sector and its contribution |to inclusive Browth
A number of obstacles ha'.mrer nverﬁment bodies having their own sets of ruﬁes and regulations,
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rampant corruption and a .se'nc ion direct investment, poor infrastructural facilities, absencq
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India, however, has vast potential for promotion of service ec0l'10rr.w- This is fi‘ ri ;’t‘; to factors
such as emergence of a new middle class with increasing asPlratlonS, r.-mpenlng _0 t e_ﬁconofﬂy
leading to the availability of a wide range of goods and services, Browving "Eta". and 'mproving
domestic and international market for Information Technology. With just t}:ne right policy i,
propelled further by the revival of the US economy and the potential for India’s IT and Business
Process outsourcing sectors in different parts of the world together with increased domestic
demand will no doubt take our country to greater heights.
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Abstrafct: . cial media has gained wider acceptability and usat_nlllty and is a.lso becoming
There is no doubt that Social m tools among students especially at the higher leve| of

' st important comm unication . : . ‘
probably the mo F ocial media is viewed as having bridged the gap in commMunicati

i it. nuch as s e
educational pursuit. As 1 ok, Twitker, Watsapp and others are now gaining mor

that existed. Within the social media Face

and more patronage. : . : s
This study attempts to obtain students’ perceptions on how social networking sites impact thei

academic performance. In this paper a survey was conducted by distributing 200 questionnaires

selected students from the Faculty of Commerce in Amravati city. The purpose was to obtap
respondents’ opinion on the use of social networking sites and its influence on their academi
performance. The study confirmed that most of the students are engage in the use of SNSs mainly
for socializing activities rather than for academic purpose. However, most of the students do fesl
that the SNSs have more positive impact on their academic performance through collaboratie
learning.

Introduction

The world has been changed rapidly by the evolution of technology; this has resulted into the usedf
technology as the best. medium to explore the wide area of knowledge. The evolution of internet
technology has led to its use as the best medium for communication. Whereby, two-third of the

world’s internet population visits social n i ng sites, thus serving
cial networking or blogging si I
inte , ; as @
communication and connection tool. The use of g

effectively. It also strengthens t
internet sites are Facebb :

Sites are Facebook, Twitte, g,
communication directly with and others. This
N e with ot SISy These, webeis g
Influential role decision-makjng ?:rtr? SOPle socially gng iWEb'S'.t.?s and social forums are W
socially and EdUF_B_' gnauy Th k. @ OCcasjonsg f  oh "";le_d!a-._ Thgv are playing 2 !arﬁt?caw'
ubiquitous aceess contanin. .. .. & global wor smically, poit
. T nality, a 24ption of cqciy) j'rrlic;dtzac{}anr.:;rr:}f; z;ag"essiver:
i L flexibility of social technologies. It N3 et

he ties hetwe’en p'é'oﬁle-off ¢

36

Vol 1V, lssue 9

Scanned by CamScanner

i

Jet

Th
kn
on
Ne
It i
mo
higl
eqt

invi
phe
The
soft:
at al
be |
neec
acad

Vol. IV,



International Research Journal of Commerce, Business and Social Sciences (IRJICBSS) ISSN: 2277 - 9310

contended that, poor greater feducation, social technologies supports social constructivist
techniques to learning they potentially have to improve students’ construction of understanding and
promote student interaction. An additional benefit of social technologies provided on the internet is
that they are frequently free or require marginal investment, eliminating a potential barrier to
addption. There has been various overview and opinions which recognized four major advantages of
social media use in higher education. These include, enhancing relationship, improving learning
motivation, offering personalized course material, and developing collaborative abilities. This means
that social networking activities have the possibility of enhancing student contact and is used to
improve their participation in class, particularly where introverted students are involved. Students
can function in online group learning, with less or no anxiety of needing to raise questions before
peers at school.

Review of Literature

Different researchers have conducted research to ascertain the influence of social media on users;
for example, Moon (2011) in a study on “impact of facebook on undergraduate academic
performance”, averred that social media have negative impact on students. According to the result,
the more students use facebook, the more it affects their academic performance. Similarly, Oye
(2012) notes that most of the younger students use social networking sites mainly for socialising
activities, rather than for academic purpose. Oye (2012) further observed that most of the students
do feel that social networking sites have more positive impact on their academic performance. In
another study conducted by Shana (2012), it was revealed that students use social network mainly
for making friends and chatting. The result showed that only 26 percent of the students
(respondents) indicated that they use social media for academic purpose. Seo (2004) corroborates
Jeong’s assertion when he opined that the negative influence of internet is only on excessive users
and not on all users,

Statement of Problem

The expansion in technology has also affected internet software, thus leading to chatting sites
known by the name “social media”. However the study will evaluate the impact of social networking
on academic performance of college students.

Need & Purpose of the study

It is a common scene to see a youth chatting in sensitive and highly organized places like church,
mosque and lecture venues. Some are so carried away that even as they are walking along the
highway, they keep chatting and put their lives in danger. The manufacturing and distribution of
equally sophisticated cellular phones has complicated the situation, as youths no longer need to visit
a cybercafé before they send and receive messages. Attention has been shifted from visible to
invisible friends, while important ventures like studying and writing are affected in the prc‘)ceés. This
phenomenon has becorne a source of worry to many who believe in knowledge and skill acquisition.
The emergence of social media as a result of advancement in technology and expansion in internet
software has raised eye brows among academics on its (social media) impacts on studies. Students
at all levels of learning now have divided attention to 'st'u_d_ies,-asj_a.r._esu'_!_t-.of'.-.av'aiIable._o'pponuhities:-to
be harnessed from social media, Whether these opportunities promote studies is a question that
needs to be answered. Thus, the study investigated the “Impact of social networking on the
academic performance of senior college students.” :

Objectives of the study.

Toanalyse the time spent by the students on inter et daly.
Toevaluate the students perception towards usage of social netwo
To study the daily pattern of college attendanc
To analyse the length of time since the stu
To study whether the student is aspired to ¢
To evaluate how the use of internet ha
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Necessity of Social Networking Site

mYes BEho

Interpretation: There are140 i.e. 70% of the respondents are of the opinion of having an account
on SNSs while 60 i.e. 30% of the respondents feel that there is no need of opening or having an
ac‘:c-‘éunt on these sites. Therefore it may be said that having an account on these sites have become
necessary among students for collaborative learning as well as have become status symbol among
students,

Preferred Social Sites

| twitter

m facebook

i more thanonz
sccount

B Noaccount

Interpretation: There are 26 respondents out of 200 who prefer twitter account, 115 respondents
have facebook account, 40 respondents prefer more than one account on these sites wﬁillé | 19
respondents have no account on any of the social networking sites. IR

SNS through mobile
Usage of SNS Through Mobile
: L NBICES
200 "l-. " E e ——
100+ M T he. . =
Ves e
]
Interpretation: There are 152 respondents us | —
soclal networking sites while 48 respondants de - RamRs
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ow social networking sites encourage friendliness through the use of Facebook, Twitter and
atsapp. The study concluded that numerous approaches can be used to encourage amiability
‘among students which leads to a positive effect from SNSs user’s point of view. It has been found
that Facebook networ king site is used by students more frequently and also faculty members,
Recent data obtained from net, showed that approximately 297,000 users are university faculty
embers, although there are pros and cons in each case.

as been found that internet is advantageous to both students and teachers if used as a tool of
on and dissemination. In the study conducted, it was observed that maximum
" gtudents spent almost 1 hour daily on these sites as well as there are maximum of 128 out of 200
~ respondents who don’t access these sites during exam which on the other hand don’t affect their
.~ academic performance.
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