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

Monali U. Gharde', M. M, Pagwad®, V. R. Deshmukh’, 5. N, Malode'

Ll aepariment of Botany, Vidyi Bharan Mahavidyalase, Amravati, Maharashira, Indin

L Depariment of Botiny, Sov Vidabha Instings of Science & Humanies, Anravati

Abstract: e the présed sy, experiingrts wére oarrlan il i i exrracy botated fram foral petaly of Bvora coverner (Ling, ) winy
mgarevss andd mesvars as @ aeral dye. The dye pofeniiod of the-extract was ernliated by dealng an cotam febrics unier dre rormal dysing
condiniony and tecen for dheir coleur fonimess o waihfeg properdiey,  The pigorents were bodoted from fresh fowvers of Porg COCETres
fLfar ) amd sdled dn order to understond the process of dilig doring comen clogh colaradion walng  different arordants such ax Al
Copper snlphite, ferreay sulphate ood Sioumewr ciiferide. The varfans shader were ebtalined by Doare ceccines (Line) Flower on cotion
Jubriex, Aguerss extroct without mordme (Cameol) exhibitn Windver opeam 0860 shade thar iy mrescied wink Walnes creaar 8778, Biverbed
Suwd 240, Dork osh 8776 ard Pampered Fink 8696 shades obafued do Alon (8%), Copper aniphare (255, Ferroas sniphaie (3 anid
Srannous cilerdde (2% repemively. Shedes pemeruted in mordmits were ol unigne oud d{ffereat thar controf, The reslts revealed ol e
Mutharesdic exiract wf Doora copeinga (Eimu) fTrrer exirected wiore igeenns o exhlies ek shodies on cortor fabric o compared fo
mpreaus, MWethamal Comiend axhifiior brigier Rove patad 0208 sirade feaf i meatchel widlr sloeles afvmlued in Pepeciive mordonsy e Smoonew
Feather 865%, Quarey siane B638, Dighal grey 8312 and Dash of pusple respectively, The shade abtained is matched with Asian-paint eoler
aladen caeed wiie makes l easter for the e o conmuaiconie aboul it shade witkea? acrually sending rample, Tie changes @ stades of
Vourme af i podies bave Been moticed afier warhing witk soap The Speviraseeple analysiv of dve color tave alro been minde for Weatiffoarian

o corrin homidtag Surcsional proups presend i dh dve ey, lie feclimigue car exed do idendify ehe Gnferachion wf e dve st mordems,

Sepprmdty, rmoedarrhrg with the differemi sistal salts exhibited vielarian fn ewlor fure Becawre of thelr ability Ie fer cowrdination complenes

Wit the dye mlecvder, wliich revulied fie dffferemr shades 1o cornm fabefos, These frdings revealed thad the extracr af Twral petaly aff D

eoceined [Limrk con be wted for cotien folric colvration,

Reywnrds: (vont coccemes, Matmral dye; Mordents, Adan piant dyams. Sotion fabrio

1. Introduction

Mitiré expresses imell in o wide spectrom of colour sl
arpund us Dyeing is on anglent an and it was procticised
duriing the Hronee Ape in Europe, Primitlve dyeing technigues
were inclided sticking . plants . fabric oF rublbing crosh
pigments Into cloth, The methad became mose saphisticated
over time bul presently there s an exesssive use of symibetic
dyes, The praduction and’ application of which rebease vast
prounl of waste ond unfived eolourints, ‘Cadsing serioy
healih bazands -and disturbing the ecp-balance ol nature,
Currently ecalogical considerntions ane:heopming andqiporint
figtor in the selection of consumer poods all sver the world
Matural dyves are known for their s in the selection of food
uhsirat, leathir us well as nutuml prodedn fibees like wool,
silk unel eobon 48 the major sreas of application sknce
prefifstoric time, Dyveing is on aotiquaied art os well o5 modem
sebonce comples. Presenily there ds an excessive use of
gyithetie dyes estimoted af arcund TOO00HY tomns  per
annum |3}, the praduction and epplication of which Tetzase
vagl. amount ¢f waste and unfised colommis causing s@fions
health kuzard and disturhing ceo-balance of nature [4]. Natural
dyes arethe colours derived fram plints and anlmals or inseet
matier withaut apy chemiesl processing [10][9]. They can
offer pit only & feh amd varied source of dye Sl but-akso
the possibility of an income through' sustainable sabe of thess
dve plants, Bul the ceniain problems with the use of fatural
dves in the textile dyeing are colowr yield, eomiplexity of

dveing. process, meproducible resulis, Hebted shodes and
inadequnie fastness properibes]] 1] 13 ] Bt these problens cen
be overcome by using chemlcals called mordants. Mordants
are thse mednl salls which produce an alfinity bevween dye and
folsri [15[[12]. In peneral, it hes heen obsecved from the
[iberuiure thar the ldentifivation of noigral dyes in lexiiles
invislves selective exighetien of dyves and comparison of each
dve By varous characorzation techniques. viz. UV-Visible
ard 1R speciroseopy, TLC, HPLC, ecotexicity [LDw=500 ard
hig-assuy, including methods of identification of vegetable
dvies on callufose fibres, animal fibres-and man-mods ke,
L vigihle specirs of dny colaurmsniidye show is peaks al
predommating wavelength, indicating mnin e For natural
dyes, the spectrn specially indicame different peaks for mixed
colouranis avatlable in their extract in both LV and visible
region. DV Wisible spectroscopic ‘studies of  differen
ruturgl dyes were carried ool (1] using different solvents for
eRITRCHIOIL

Irora coceimes Linn, (Bubippesed is alse known == Jungle
Ciaraniom or Flame of the Woods or Vetchi in Avurveda, Tt s
i ‘common Aowering shruf native 19 Asis, The plunl @ a
dimse, miuch bronched evergreen shrub, commenly-d-6 fi (1.2
2m} in height, bur capabie of reaching ap e T30 {36 mk
LLemves wne sessile to short-petioluts; glossy, feathery, obling
gnd are aboul ey long, with enatie murging and are
mrrunged i apposite paits or whorled on the stem, stipules
besally sheathing, Flowees small, sessile, tubular and arfe
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arrunged 8 dense rounded l.'!u.sl:lrrx. calvy |-J|JL"E- Lh-.‘hﬂ.
triangular, persistent.oorolln tube ussally 1-1.5 inches long.
Iobes lencenl@e 1 ovote, @cute or somelimes ohse Fruil
fleshy and reddish black. The planmt W trsditionally usid as
hepstoprotective,  Chemoprotective,  antimicrobial,  mnti-
asiedant, wnti—mitotic urd anti-infammatery activites [ 141

The present work hns tried 1o Socumient the methodology of
dye ewracion Gom frord coecineg (Line) fowers, also fo
siudy the interaction of dyve with different mordants for
variation in shades on cotfon fabric. The shade oblained iz
miatched fo the Asian paint colodr shide which mokes it easier
for the wser 10 eommunkbcare oboma shi shide warhoul dctually
sending sample. Second pant of study §s speciroscopic analysis
of dyve eolour, [or  identifioation of ceroin  bonding
clemenisfudetional  groaps. peesamt Tn the dye extrucs; the
technigsie can used to quantitotively. indentify the presence of
thes grovups,

2. Materials and Methods

2.1 Materlals

1) Sowrce: A dork red healthy wvaricty ol e eoccid
{Linn) flowers were collscted  from the campos of
VidvaBhamti Mahovidyalays, Amravati

7] Substrate: Cotton fubric were obtained from  Khadi-
Geramodhogh Amravati and used for dyeing.

17 Chemleals; 5% Alum, 2% copper sulphals, 3% ferrous
sulplince, Mo sonous chlonde

2.2 Methnds

a) Extraction of Dye

Frash foeal petols of frorp eoecines (Linn.) were wrushed
dissolved and boiled in water and methanol at B0°C for 2hrs
and were foumd floral petals (o discharge colar In methanol
very easily than water, Increasing the guisniity of florad petals
accompanied with the increase in color strength and depth in
colar [9]. It wos objerved that, color of the dye extract was
dark red, The soluticn was Htered for immediste use.

h] F:u.-- treatment (!«“i-murml uf cotton):

Cotton Fbife were washed in a sofulion containing 0025 g/ L
sadivm  carbonate (NaCO.) and 0006 g/ L non- ionde
deterpent solution ar $0°C for 25 min. keeping the masterial Lo
liquor rmtin 1 ; 40, The scoured material was. thoroughly
washed with 1ap water and dried at room temp. The scured
migerin] wis sopked in cloan water For 30 minuies prior e
dyveing or mordenting [41.16]

¢} Mordanting

Accurately weighed scoured cotton tfabric coilin samples wara
reated with different mesal salt hefore dyving. The mordant 2%
{owf) was dizsolved in water o maks liguor eatio 12400 The
wetted azmples were dipped into the mardant sobution and
then hrought to henting. Temperagurd of the dye bath wos
ransed to K0T owver o period of hall an hour and lefi et that
temperature for another 30 mimtes. The mordant material was
then rinsed with water thoroughly squeezed and dred, The
potton  fobrivs soaked in vorious  mordams ore used
immedintaly for dyging becalse some mordants are very
sematiive 1o lkghil

d) Dhying

The mordant totton fber wis: dyved with dyve extract, Kesping
M L ratio 65 1: 40: however, fer goton dyeing 1t was used
direetly, Dving was done by the conventional dyeing méthod.
Afier dveing, the dyed marerinl was woshed with cold water
and deied &1 room temperature. [ was then dipped in brine for
dye fixing. Afier this it was washed with non- jonic detergen
and dried under shade

¢} UV-¥Visible Spectroscopic stady

LIV yisthle spectrn of any colomanidyee show s peaks ol
nm:t-:lmlnunn.g wavelengthe indiceting mamn hue. For the
‘noturn] dyes, the spectra specially indivate different peaks for
mixed colornts wwibuhle i el extract in both LIV and
visible region. |%mm o 1000am UV-VIS speciroscopic
pralyaks was carfied outon UV -V [5 Ehco-spectrophotametir.

3, Hesnlts and Discussion

I'he ohjectives of this sty were o evaluate the light fasiness
of patural dves extracted fhom fyorg eooriren flowers and the
effict of some commonly wse mordents to: fix eoloor and 10
whtizin different shades on the cedten fabriz, The natural dyes
present in plants wnd animols are pigmentary motecubes; which
impart colour to the malesials, These molecules contgining
promnatie ding structure coupled with o side chain are uswally
required for rescnance and thus to impart coleur, There s a
carrelation of chemical struckire with colour, chromogens
chramophore with suxochrome [8). Mordams play very
impartant robe in imparing coloe te thie fEbric. The mordams
wsed in eombination in different ratlos gave varying shudes.
Betler coles srength resulis sre dependent on the meial salt
used [3]. The resisinnee of o dye or pigment to
chemical or photochemical attack §s an inhérent
property of the dye chramophare, but wl the same lime
the auxochrome may also subsiantially alier the fasiness:
Wash fastness of dye is influemced by the rate of diffusion

Volume 5 Issue 1, Janvary 2016
wWWW.ijsr.net

Paper ID: MOV 1EI00

1273

Licensd Linder Creglive Commions Abribation O BY



International Journal of Science and Research (LISR)
1S58 (Online): T319-T064
Index Copernicus Vidlue (2013): 6.14 | Impact Factor (2014): 2611

of dve ond state of dye inside the fiber. The dye extracted
from fxorg fowers exhibisg good o excellent wash fastness:
Secondly, they have n tendency 1o aggregate inside the fber
and henee exhibit good wash fostness, Mordants used in the
present siudy also have the éffect of inzolubilizing the dye,
making it color fost, Present stody indicoted that o changes
of some colours in the dyved samples of cotton fabeic with
dilferent mordents (Plate Mo, 1 and 11 Matura! dyves mostly
require @ mordant 1o be fined anto the fiber. The cotton fabrics
were dyed with chemical mondants: It was observed thal, the
dye uptake was good in pre-mordunting method s shown in
photoplate U1 Variows hues of color were ohiaind from pre-
mardented cotion with alum, copper sulphale, fesrous sulphate
and stannous chlorids They heva an afTinigy tor the dye and
the fiber that forms an insoluble precipitate with the dye inthe
fiber [4]. Different type of mordants and method of
mordanting signilicantly affect the rate and exient of photic
fafing. The various shades were chimined by frore covcines
{Linn) flower on cottom fubric, Methanolic xtract of frora
corcimes [Linn) eximcted more pigments us: compored Lo
aguesws,  Among all the shades, the fhades obtdined in
pguecus and methanalic extract on sotten - fabric i conrod
{withour mordants) exhibits light shades e, Windser cream
GHA0 ond Rose petol D208 nespectively. Aqueous: exiract
witherut miordant (Contral) exhibits light shades e Windsor
cream A%60 (hay G5 mutched  with Walnut cream 8778
Riverbed sand 8462 Dok ash 8776 and . Pampensd pink 8556
shades were obiained in Alum (5%), Copper sulphate (2%,
Ferous  sulphate (2% ond Swnnous  chloride  {2%)
respectively (Photo Plate — [), Shades generated in mordants
wereall umgue ad ditferernit than contriol.

Plate 1: Color ohiained on eotton cleth by using Differcnt
Mardants with aquecus dye extract after wash

m e e s bkl

§ i T AT
g - A g e s o

pethanolic exiract of  [rora coccimes (Linn) exiredied mone
pigments as compared 0 agueous, Methenal conirol exhibits
bright end light shodeRose petal 0208 that is mwched with
Sparrow feather 8659, Cuarry sonc 8658, Digiml grey K312
and Dash of purple 7160 were obtained in Alum (5%), Copper
sulphate (2%} Ferrous sulphate (2%) ond Stannous chloride
{294) respectively (Phote Plale -11). Significant varistions
wiere chigingd in this group; Alum (2%] and Copper sulphate
(2% penerated light shodes g Sperrow feather BO3S and
raarry stone $638 respeotively  wheress, 2% Fermos selphate
aned Sranntous Chileride genensted anigue and dark shodes t
gotign fubrc exhibitsDigital grey 8312 i Ferrous sulpbate-and
Dash of purple TG0 in Stannows chleride. Comparatively
Ferrous sulphate (Digial grey B312) and Stasmous. Chloride
(Dash &f purple TLAMY of methanolie exiracts and copper
sulphate {Riverbed sund 8462) of aqueous extracts fixes color
tn the fubrc more deeply. a5 compared o the rest of dhe
mordants- btk agueous as owell s methanolic
exteacts Somple dyed with frorg dye exract by using the
mordants exhibits gond fight wash fasmess (Photoptate 1 und
1. Wash fastnass of the dve is influenced by the mte of
diffusion of dye and stz of dye a8 well 85 tendency o
spgregate Inside the fibre. Mehanalic extracts generaficd
unigue shades Tn all mordunts, 1hus vadoos tght and righter
shades were obirined by wsing different mordants an cotlon
fabric. Ferrous sulphate and Copper Sulphate have the abifity
of forming co-ordination complexes [6], Gobd light fistness
by using copper sulphate add ferrous sulphate s 4 mirdants
due to strong co-ordinagien lendency of Fe enhances the
interactions hetwesn the fiter and the dye, resulting in high
dve uptake as well as protects’ the chromophore fram
phatalytic degradntion {4]. The use ol copper of ferrous
sulphaie gives high resistance o fading, whereas stannocs
chloride or olum does not. Both aquesus ard methonod
exteacts penerated unigue shades in all mordants, Malural dyes
hive bemer biodegradability and generally have higher
comptibitity. with the envimnment, They are non-toxic, non-
allergic 1o skin, non-carcimogenic, exsily available unil
renewable [G],

Plite 13 Color ablalned oncotton cloth by using Dilferent
ardants with Methanol dye extract after wash
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The Analysis of UV- VIS Spectroscopy:

The Pigmens obtwined from UV-VIS  spegium  of
Ivorgeoceines Linn.) flowers extracted i distiled water and
methanal [s shown in Table | with sbsorplion at 190 nm o
1 Lk vy, Absarption spectrum shawn in Tahla T indicaced that
after an addition of different mordants in agueous edrscted
dye, the nrganic pigments showed polarity tewards the cston
liabrie. LIV ‘gnalysis of the dye oxiract gives, Absarption
minximun wivelengih for spueous dye exirsct al 525 nm for
omshooyaning, 5350m for cyanidin, S38 nm for bejalwins, 430
man For chil o, chi boat 450 om, FXom tor caratenoils, 4750m
for samthoplyll, 618nm for phycocvanin and 576 nm fior
phyceerythrin . The redpink coloe was oblaingd  with
interaction of anthoowuning, betaloins and cartlenoids o
320nm. 53&nm and 500 nm, With addition of mordent alum
2% the palarty of bonds inoresses and allachment organic
wompound {irmly to the chromophore loosely or tightly
sccarding to formation of bonding is complex structure {Table
1}, After mddition of alum 10 extrocted aqueous flower
extrcied dyes anthocyanin peak &1 520nm, cvonidin ot 335nm,
betalinis - o 538nm, Chloa & d43mnm, Chlo b ml
fdInmcartenoids ot S00nm, xanthophylls at  479nm,
phyeocyenin 8t 62 3nm whike phyeoervihein peak al 490nm;

L g e e s g B by s s 1 b ke

Table 12 U'V-Vis absorption spectrum of Aqueous and Methanol extracted dye pigmems.and its interaction with Different
Murdents from fxora covediem Ling, ) lowers (Red)

Fapar |00 NI 53003

Pegmenis Adqueone | Aduecog | Aguesss | Ageeons | Adgusous | Methaal | Methonal | Methonol | Mehan | Mol
entracted | extracted | extmcted | extracied | estroced | extmoied | estroced | exrocied | exirmcied | extracied
dves dye + yes+ dye + 2% | 'dve + 2% dves S e+ dye + dye =% | dye+%
withowt | 3% Alun 2% Ferom | Sasnous | owithour 5 1 Femeas | Siannous
miprdari (i} Copper | sulphate | Chlaride | mardans Alumn Copper sulphale | Chisrde
{nem suilphass {am) {om| {mns} {am} sulplats {nm) [
e Amimy {ramt}) =
| Antbocyaning | 333 5 536 530 m S 5200 320 521 524
Cvanidis 535 515 Rk 435 535 535 a3 333 335 35T
Betnluns | 438 518 534 538 538 47h 518 538 L] 53§
Chla 430 430 4 430 434 4301 4340 430 41465 434
Chlb 450 42 [ 440 458 [ 454 450 fiedd 453
Caralenids £01) S0 50 400 31 50 41 A0 S0k 4o
Manthophyll | 473 475 430 475 75 a7 45 43 475 FIL;
Phveacy amin 1R 23 hik 62 23 e [T G1E G168 e
Phyceeryihein ATh A5 576 376 5 576 44n i 4401 AT
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Each mprdent produced unigue and derk shades 10 the goton
fabaric, might b diss 1o the miesaction of chl & and ¢hl b with
ihe other red colorel pigment which helps fo hix the color
ogee b the fabric (Phato plae- 1) With the additian of alum
andl other differem mordents in methanolic eximacted dve, the
organic  pigments. maioly  caretenoeds;,  sambophylls;
anthacyanin, baalgEing and phyveoerython showed  poladny
which owes unigue shides 10 the cotlen fibric while the
mordonts Jike  ferrows  solphate  amd  stanmems chleride
peperated dark ond bright shades 1o the oottem fabric s
compared o other mordenis thar might be doe w the
intertction of chi a and chl b with e other red colored
plzmient which |rereases polasity of bonds thar helps o fix the
color moee deep 10 the fobwic (Phato plate- [1) . The dye
ahsooption for the: dyes extragied from Mivadon selengr-and
Terminglis  arfupg  showed that  depending  sa the
congeiiratinns of dyes inthe dye bath, the dye absorbed on the
Fiber vardes fram 21.94-% 10 3746 % end Jeeen 518 % m
L T8% respestively (2] The calor components isoluled rom
minst of the barks contain flavonoid maiety,

4. Conclusion

The présent #udy rewealed dhe dveing potential of fier
coccines (Lnn, ) Mowess as @ source Tor ooiton dyeing. The
whole process of exraction ond  dveing 18 ecplogleally
b Different shades of color were obtgined by using di ferer
chemical mprdants i bath the stlvent systems.Oood light anxd
veashing fosiness exhibited bo the dved cloth iz becawse of the
nrordunts wsied,. Bodh the solvemt extrocils exhibics urliq_:.lg
shades and affix if deeply to the cotton Wbric.Speciral anelyais
showed different binding affinity with different chromophore

groups within the pigments which con octs s chelating agents

affix 1o the fabric and gives diffarent shades 1o the fehr,
fxora dyve has good scope in the commercinl dyveing of bexiles.

References

[1] Bhamucharss, ~“Review prilele Application sl namursl dyes
on lextiles,” Indian J. Fabeic apd texnile Researcly, 34, pp,
FRd-]0, 100G,

[2] B, Bhuven and . M. Baikiz, “lsolaton of  colpar
cmponents  from native  dye-vlelding  plamis  in
Moribeagtem India” Biores. Tedhnol, 96 (3pp 63T
2005,

[3] B. Ghorpade, M. Darvelear, and P.5.Vankar, “Eeo=(nendly
coft dyeing with Sappon woeod dyve using niirasound
energy,” Cidonrage . pp27-30, M,

[4] I Jothl, “Extratien of MNaural Dwves from Afidcan
Mardgald Flowers  (Tavetir  erecrad  Tor Textile
Coloration,” Aduater Nerearcly Jowrnal, Vol 82 ppdd-
53, 2008.

[5] MM Kamel, Ho Hélmy, and N, 5 Howary, ~Some
Studies on Dyeing properties: of cotton fabrics - with
Crocus  saiivies {Satfron) Jowers using an Llirasonke
method,” durex Seaserch Sourngl, 301, J004,

[6] & 5 Kulkwmi, A V. Gokbale, U7, M. Bodake, G, R
Pathade, “Ceomon Dyelng with Natural Dve Extractsd from

Pomegranats (Furica granaiony Pesl) Universal jowrsal
af Emigrommenial Resvarch and Techmofory, 12 5pp. 1 35-
139,201 1.

[7] P. Wilami, B.Duraisamy, PDhamodoren. ®.Kasturibai,
Alok Sumwel, ond B, Suresh,” A sudy on the effect of
Marigold Flower dye with notural mordant on selected
fiberk " urnal of Pharoracy Resecroh W21 pp 175181,
2U0E,

[B] M.C. Purahitand ShyamVir Singh, “Applications of Eco-
Frizndly Matunel Dyve on Wool Fibers using Combinaton
of Matural and Chemical Mordanis" Ulstversal doursal of
Envirommeinal Rewearck wed Tedtwilogy, 2020 ppdf-55,
201x

[#] Rakhi, Shankar, snd 5., Poadma, “yeing Coran, Wl
ond Silk with Hibivewy mufabifiv (Gulzubab Dves and
Pigmiznis,™ Elvesder, ppol-6, 2008,

[L] D, Remgari, Matueal oolopnts and  dye Sy
Phemncgenosy  apd Phytochemisry (Parc 11, BEd T,
Career publication, pp. 98117, 2004,

V1K Eachamn. and V.P Kapoor, “Optimizition of Extraction
and Pweing conditions for Traditonal Twrmeric Dype”
LTI, G(2F pp.2 02748, 2007

TR2TACK. Semanta, and P, Agrowal, “Application of MNatural
Dwves onm Textlles,” fodias Jourwal of Flbre ond Texille
KesgorelL 34 pp AR4-599, T,

[151E. Siva, “5iaius of Waiural Diyes ond Dve vielding Planis
in i, “Cwevent Scienee, YN0 pp 816-924, M7,

| 1] Tlee Wenlih of Indln, Baw Materials, Volumes 1, 3003,

[15]1".5 Vankae, B Shankar, and 8. Vavnala, “Dyveéing Cortn.
il and Waonl Yam wath Extract of Carslciamangosiana
Perlcarp,"TTATM. 6(1): 2009, :

[16] R, Siva, “Status of Mataral ez and Dve vielding Plants
i India, “Crrrend Seighes, 95 TE pp16-934, 2007,

[17] The Wealth of Indin Raw Materials, Volums 1, 2003,

[18] .5 Vankar, B.Shankar; ard 8. Vijaypale, “Chyeing Cotton,
Silk and Wool Yarn with Extract of Gamiclamangosiana
Pericarp,“ITATM, 6( 1} 2009,

Author Profile

Momali Ghurde  received the BS, degrees in Binlogy,
Brijlal Bivani Scienpe College, Ammavati (Maharashtra)
2 and M5 degree iy Botay af GVIEH, Amrsvat
IM5] m 2002 Resemrch sl ol mlchEE e
Cytagenetics, Mycalopy and Molecular biology.

Volume 5 Issue 1, January 2016

Paper I0: NOV153003 . '

www.ijsr.net

- v Comrnons Aunbetion O BY

1278



RESEARCH BULLETIN

AN lle dtional 'aérly

Reiereed Research Journal
B0 Tl SRETY -

C,"% PUBLISHED BY
L JYONRADITYA DUSLISHING DVT. 11D, AMRAVAT




W oA

An International Quarterly Referced Research Bulletin ISSN 2231-1025

(5)  Users must have a computer and access tp the internet to use the library thus certain

[

populations 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 rapid 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. Tt provide
fast information in any form, any time & any where, Hence now lerms come. Digital
libraty, virtual library ete, 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 I). Chauhan
Associate Professor in Sociology
_ Vidya Bharati Mahavidyalay, Amravati -

INTRODUCTION
A large proportion of 1[1@1'5’-&;991’ are living in_poverty. Lack of resources or asset-lessens -

lack of access to land, water, forests, housing, credit, literacy, capital — are all characteristics
of ppverty 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 varicly 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 1o consume enough calories and be able to pay for
associatcd essentinls to survive, Since 2005, Indian povernment 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 similarly revised its definition and benchmarks 10 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-cconomic indices have also been propossd 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
underlving small sample surveys used to determine poverty in India, have resulted in widely
different estimates of poverty from 1950s to 2010s. In 2013, the Indizn 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 sccondary data the main
abjectives 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 cvclone cause heavy
damage 1o agriculture. Moreover, absence of timely rain, excessive or deficient rain affect
severely country's agricultural production.

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

pecple. The growth of population exceeds the rate of growth in national income. Population
T e e e e e e
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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 g

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

The persistence of the joint family system has contributed to the health and es e -- :

G

of the ruralites. _'“h 4

ruralites do not have a motive to work hard or ¢ven (o cam something. This accounts for

0r
i

poverty of the ruralites. 3 : :

=
-I'.l.:

(i) Idleness:- Most of the rural people are lazy, dull and reluctant to work. Hence they rot |

paverty. b
E:

S

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

L

(i} Low agricultural productivity:- Poverty and real income are very much interrels I.-‘i

Increase in real income leads to reduction of the magnitude of poverty, So far as agricultu _

sector is concerned, the farmers even today are following the traditional method of
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 sourcez of income for the ruralites. But, unfortunately, there has been unegual

distribution of land and other assets in our economy. The size-wise distribution of operational

e :

holdings indicates a very high degree of concentration in the hands of a few farmers leading
to poverty of many in the rural sector.

(iti) Decline of village industries:- Al presenl consequent upon industrialization new .

X

factories and industries are being set up in rural areas. Villape industries fail to compete with
them in terms of quality and price. As a resull they are closed down, The workers are thrown
out of employment and lead a life of poverty.

14
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(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 1s considered as _gndvg:i".rt:n_ something pre-
ardained. All these factors lead to abysmal poverty in rural India.

(v) Lack of employment vpporiunities:- Unemployment is the reflection of poverty.
Because of lack of employment opportunities, people remain cither unemployed or
underemployed. Most of these unemployed and underemployved 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 carning power is endowed in the individual by investment in education and training, But
this investment in people takes away monecy 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

mvestment.

(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

SCONOMic progress.

(iii) Joint family system:- The joint family svstem provides social security to ils 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 ele. As a resull, they remain in debt and poverty.

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

from the monev-lenders and land-lords to meet even their consumplion expenses,

e ——————————
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Moneylenders, however, exploit the poor by charging exorbitant rates of inlerest and by
acquiring the mortgaged land in the event of non-payment of loans. Indebted poor farmers
cannot make themselves free from the cluiches of moneylenders. Their poverty 1s 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, Unegual
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 indebiedness.

1
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HUMAN RESOURCE MANAGEMENT (HRM) IN THE NEW MILLENNIUM

Dr. Anil 8. Khandekar
Bhartiva Mahavidyalya Amravati.

INTRODUCTION:

Human beings are social beings and hardly ever live and work in isolation. We always plan,
develop and manapge 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 expenence on h
understanding others and how to behave in each and every situations i 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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MAJOR TRENDS OF RURAL SOCTAL CHANGE IN INDIA —

Dr. Arunsingh D. Chuhan social o

Vidva Bharti Mahavidayalaya, Amravati. itechnola

rural cor

INTRODUCTION : -
rural are:

Social change may refer to the notion of social progress or socio cultural revelution, 1B cial st

philosophical idea that society moves forward by dialectical or evelutionary means. It may reffinformat
to a paradigmatic change in the socio-economic structure, [or mstnee a shift aw@embadin
from feudalism and towards capitalism. Accordingly, it may also refer 1o social revolution. su hey has
as the Socialist revolution presénted  in Margism, or 10 other social  movements,  su@reduced

a5 Women's suffrage or the Civil rights movement, Social change may be driven hy culiur@manufac

religious. economic, scientific or technological forces. Developmental psyehology can plav@Graduall
role in social chanpe, The scenario of transition in rural society, specially in post-independen@agriculi
era sugpests that the process of planned development has transformations in rural sociely he eme
changes in rural India have breught about a process of rapid social restructuration. It is leadifthe settl
to a breakdown in the seminary mode of social change. It has resulted in rise of new muddBaround |
class to power. There has been massive use of science and technology in agriculture, Substant@holds gy
changes in values and beliels are also taking place in rural India. The gréen revolution signilifpeculiar
not merely growth in agricnltural produetion but also the use of new technolopy and socihierarch
relationship in production process. These developments make the new phase of changes i ru@ exchang
economy and society a distinct process. A pew interaction among technology, social relationsh@Sociolog
and culture is new 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 18individu
mrain aim of this paper to focus on Major Trends of Rural Social Change in India, of the
strengih

Major Trends of Rural Social Change in India — According to Sam Hillvard.that  Newd tics B
also

offers a different approach, which introduces no new empirical results but draws together | i
soh1ely

own research to offer a commentary on rural socicty. The text was more popularists in tone aj
Indepen
of this

social i

adopted a more historical approach. Newby argued that social changes were #ll rooted in chan
in agricultural industry -~ and its decline ~ as 'English rural society is no longer entirely, n

even predominantly, an agrarian sociery’ (Newby [985: 183}, the result of which was t .
) . society.
significant changes had oecurred in the social and oceupational compeosition of raral populatio I'

i i e : sl v
who were no longer dependent upon farming for their living, Newby distinguished tho

dependent upon agriculture for employment as the *truly rural” und eontrasted these with the ¢

—
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urbanite newgomers, The impact of this latter group also marked “changes in the economic and
social organizaton of agriculture, Thomas G. Johnsen and James K. Scott  stated that
technological change is so ubtquitous 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
tion, Y social structure, In production, the most significant economic torces are the rising importance of
nay ref@ information, communication, robotics, artificial intellipence, genetic engineering, and other
ft awdl embodiments of technology. ln addition te the direct effects of these changes on emplovment,
ion, sud thev have led 1o increased use of services (particularly, information-related services), and
ts, sucl reduced use of goods (particulurly, raw materizls) in the production processes of other
cultur 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
sendend agriculture, people began to lead a seuled life and human communities became more stationary.
wety. TH The emergence of village signified that man has passed from nomadic mode of collective life 1o
5 leading the settled one. India 15 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
bstantig holds good, at least from the demographic point of view, The village social life has ils own
signifid peculiar characteristics. The village social life norms strengthen the authoritarian and
il socif hierarchical norms in administration. The village social life, which is based on the hierarchical
sin exchange relations greatly influence the bebavior of ¢ivil servants in public organizations:
itionshy Sociologists think that for defining an Indian village. its population, physical structure, and
mobility modes of production are definitely important. Usually, a villape has less than five thousand
ence M mdividuals. It is rightly said “India is @ 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
Newn

zther b

1D &I

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

1 chang
of this change, Tndia has a rich cultural heritage and is a land of diversities. The diversity in

raly, nd
social life is reflected in multi-social, multi-lingual, multi- religious and multi-caste nature of the

was tha
B saciety, The important features of the Indian social structure are- predominant rural habitation in
¥

sd thos
f the €

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

NTROI

Rural Social Change i India — ¥
-*_;l" ]_l;'n'._]d 'i5

Rapid transtormation of agrarian society from subsistence economy to markel economygigedy cel

= Rapid transtormation followed by the introduction of modem technology. gy veen d

* Emergence of vanous associations and institutions having linkages wilh urban as art anc

national Greanizations, substanc

e The transition of agrarian society from subsistence base to market based agrarian secio il

* lhe introduction of modern technology and devices to transform the underdevelop@epulses
colonial agrarian ¢conomy into a, well knit compact one and its organic integration infnd (he
the total national economy, FE €

e State interventions in adopting different measures to strengthen certain communitieA ccomps

groups or classes on the one hand and weaken others, on the other. pestrous
o  Emergence of dominant group like neo-rich peasants, intermediary castes ete. and the —
1
tightened hold over avenues of pelitical power.
endomet
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One of the grand tasks of current taxonomy (5 to prepare a
checkllst of plants of the globe. This work is largely based on
collecting information from reglonal floras and datahases. 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, checldists and databases with
reliable taxonomy and complete coverage of critically examined
data are required, The majority of novelties come from the
tropics; but certdin areas remain poorly explored as well, and
numerous species in these areas still await recognition. In the
present work, the studied area §s Vidyabharati Makavidyalaya
campus which is situated in the prime location of the Amravatl
city, Amravati Is a district in the state of Maharashtra with its
district headquiarters situated at 20°65°33 N and 77" 45'55 E
The district is situated at 343m [1,125f) asl, The present study
deals with the Aoristic diversity of campus in the former sense,
i, 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 Aowering plants are documented in which 43 were herbs, 25
shrubs, and 24 angiospermic trees distributed in 22, 13, and 12
families respectively.

Key words: taxonomy, 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 fooed, shelter and health. [t is estimated

www.ijlsciin - 249
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that about ten milllon 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
seripus threat due to varfous anthropogenic
factors and many plant species are disappearing,
Many species are becoming extinct even before
their discovery. This scenario necesgitates the
urgent need of conservation of this diversity. To
formulate various strategies for this purpose, the
first important step 18 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, lLe. 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 4
conservation perspective. [n this survey we have
focused only on the fAowering plants of the
campus Although the lower groups of plants
(Pteridophytes, Lichens, Bryophytes} form a
important part of vegelation and contribte
sipnificantly to the floristic diversity, they have
been excluded in the present discussion.

Area of study:

Amravati is a district in the stateof Maharashira
with its district headquarters sltuated 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 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 sqfeet 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

aal
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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 [dentified 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

A floristic survap of fowering ploncs

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, Soma 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,

of Department of Hotany, Vidva Bharati and 24 angiospermic trees distributed in 22, 13,
Mahavidyalva, Amravatl. and 12 families respectively,
Table 1 : list of herbs
&r. No. Botanical Name Family
1 Vernonia cinerig (L.)Less. Asteraceae
i Calendula officinalis 1. Asteraceas
3 Linnia peruviana (L) Asteraceas
4 Zinnle angustifolio kunth. Asteraceae
5 Blainvillea aemella L., Amaranthaceae
1 Aerva Lamata [ L] Juss. Amaranthacear
7 Achyranthus aspera L. Amaranthacean
8 Amaranthus poligonides L. Amaranthaceae
9 Andrographis panicufota (Burm.£)Wall ex Ness Acanthaceae
10 Diplecyclous polmats L Cucurbitacean
11 Cocculus hirsutus ( L. ) Deils Menisparnaceae
12 (ixaiis corniculata L, Oxalideaceas
13 Colocasin esculanta (L) Schott Araceas
14 Oreimiim sarnctum L, Lamiaceae
15 Catharanthus roseus (L.) Apocynaceac
16 Patura metal L. Solanaceae
17 Withania somnifera (1.) Dunal. Solanaceas
18 Acalypha indica L. Euphorhiaceae
19 Curcuma longa L. fingiberaceae
20 Zingiber officinale Rosc. Zingiberaceac
21 Ipnmoea cairica (L.) Sweet, Convolvulaceas
22 Passinflora edulis Sims. Passifloraceae
23 Aloe vera L Liliaceae
24 Asporagus racemosus (L) Willd. Liliaceae
25 Cissus gudrangulors L Vitaceae
268 Agaove americang [ L)AL Juss, ex Schutt Agavaceap
27 Hymenecalliz littoralis (Jacg.) Amaryllidaceae
wWW.ISCLIN int. J. of Life Sclences, Vol 3(3)5eptember, 2015 251
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Tahle No.1 : Continued...

Sr. No. Botanical Name Family
28 Jasminum ouriculatum Roxb. Oleaceas
29 Dianthus chinensiz L., Caryophyllaceas
30 Trigonelia feenumgroecum L. Fabaceae
31 Cynodon dactylon (L.)Pers Poaceae
3z Dicanthium annwlotum (Hook.f) Blatt & Mc C Poaceae
33 Lophopogon tridentatus Hack. Foaceas
34 Andropogon purmilies Boxb, Poaceas
a5 Aristida hystrix L.F, Poaceae
i6 Chiloris virgata Swartz. Poaceae
37 Doctylotenium aegyptium [ 1) P.Beauv, Poaceae
ig Efeusine indica(L.)Gaertn. Poaceae
39 Setaria pumillo [poir)R. Poaceae
40 Melanacenchris jacquemontii Jaub.and Spach. Poaceae
41 Alpuda mutica Poaceac
42 Eragrostis namaguensis Schard vardiplochnoides (Steud)  Poaceae
43 Eragrastis tanella Poaceae
Table No. 2: List of Shurbs
Sr. Mo Botanical name Family
1 Hibiscuy roso-sinensis L, Malvaceas
2 Abelmoschus moschatus L. Malvaceae
3 Lawsonia friermis L. Lithraceas
4 Murraya keenlgii (L.) Spr. Rutaceae
5 Citrus aurantiifolio (Christm.) Sw. Rutaceae
] Hamelia patens Jacq. Rublaceas
T lxora coccinea L. Rubjaceas
i Coffee arabica Ritter Hon. Rublaceae
k] Nyctanthes arbortristis L. Dleaceae
10 Nerium oleander L. Apocynaceas
11 Tabernocemontana divaricata (L) R. Br. Apocynaceae
12 Colotrapis procera [At) R Br. Asclepiadaceae
13 Solanum nigrum L. Solanaceae
14 Barieria cristata L. var., cristato Acanthaceae
15 Adhatoda beddomei Hong Gao Acanthaceae
16 Vitex trifolio L. Verbenackae
17 Lantana camare L. var. ocwlestea( L) Mold Verbenaceae
18 Jatrapha curcos L, Euphorbiaceae
19 Rivinus communis 1. Euphorblaceas
20 Acalypha witkesiana Muell, Arg, Euphorhiaceae
21 Euphorbia tithymaloides L. Euphorbiaceae
22 Cafants cajan{L)Millsp DC.nom. cons. Fahaceae
23 Calliondra colethyrsus (Meisn.) Fabaceae: Mimosoideae
24 Indigafera tinctoria L. Fabaceae: Papilionaceas
25 Pun.l'm__grmnatum | 18 Punicaceas
252 Int | of Life Sciences, Vol, 3(3) September, 2015
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Table No. 3: List of Angiospermic Trees

Sr. No Botanical name Family
1 Azardirecta indico A, Juss, Mellaceae
2 Ficus benghalensis L Moraceae
3 Ficus religiosa L. Moraceas
4 Ficus glomerata Roxb, Moraceae
5 Aegie marmelos (L) Corr. Rutaceag
fi Feronia limania L. Rutaceas
7 Mangifera indica L. Anacardiaceae
B Emblica officinalis Gasrtn, Euphorbiaceas
g FPridivm guafova L. Myrtaceas
i Santalum album L Santalaceae
11 Tectona grandis L. E Verbenaceae
12 Cocos nucifera Linn. Arecaceas
134 Zixiphus mouritiaona L. Rhamnaceae
14 Hutea monosperma [Lam.) Taub. Fabaceas
15 {Hiricidia sepium (Jacg.)Walp. Fabaceae
16 Pongamia pinnatd (L] plerre Fabaceas

Calliandra calothyrsus ~ Nyctanthes arbortristis

Eragrostis namaguensis Dignthus chinesis Rarleria cristato Acalvpha wilkesiana

Fig. 1:
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® Family ®Genera ¥ Species

a3

45 41

Herbs Shrubs Angiospermic Trees

j-‘ig. 2: showing number of Herbs, Shrubs, and Angiosperms with respect to their families,
generd and species in the studied area
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INTRODUCTION

Nature is the best source of medicinal constituents. From the vast
natural resources, the plants are being used for therapeutic purposes
from the beginning of the civilization (Kirtikar and Basu; 1980).
Medicinal plants are bioactive constituents which form one of the
major resources of raw material for drugs in preventive and curative
constituents from one of the major sources of raw material for drugs in
preventive and curative applications (Baliga et. al; 2003). Plant
derived medicine has made largest contribution to human health and

well-being all over the world. The basic medicinal property of these

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

WWW.Wipps.com Vol 4, Issue 11, 2015. 1464
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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.

WWW.Wjpps.com Vol 4, Issue 11, 2015. 1467




Wagay et al. World Journal of Pharmacy and Pharmaceutical Sciences

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. HCl 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, HCl,, 10% NaOH, lodine
Solution, Ferric chloride, Potassium iodide, 1N H,SO4, HNO3;, HC1 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.
ii) 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,SO4 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 5Sml 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,SO4 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. HCl and Hager’s reagent was
added and shake well. Yellow precipitate was formed showing the presence of alkaloids.

ii) Mayer’s Test: To the 2-3 ml of filtrate, few drops of dil. HCIl 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) FeCl; Solution Test: On addition of 5% FeCl; solution to the extract, deep blue black
colour appeared.
ii) 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

R; 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 snakebite 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

Plant parts
Leaves | Stem
1 Colour of Powder | Green Creamish

S.N. | Particulars

2 | Odour Mild Mild
3 | Taste Bitter Tasteless
4 | Texture Smooth | Rough

4.4 Anatomical study of Canthium parviflorum

4.4.1 T.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.

4.4.2'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.

WWW.Wipps.com Vol 4, Issue 11, 2015. 1474




Wagay et al. World Journal of Pharmacy and Pharmaceutical Sciences

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
Starch grain, epidermal cell, calcium oxalate
1 Leaf .
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.

S.N. 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. HNO; Orange Light Brown
4 Powder + Conc. HC1 Green Light Green
5 Powder + 10% NaOH Light Brown | Light Green
6 Powder + Iodine 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
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4.8.1 Qualitative phytochemical screening

Table : Qualitative Phytochemical screening of Leaf of Canthium parviflorum

. . Extracts
S. N. | Constituents Chemical Tests PE BICIATE W
. Mayer’s Test -- S (R R R -
! Alkaloids Dragendroff’s -- S (U [ [
Fehling’s T -- S I I T

Carbohydrates & chling s, est

2 Glveosides Benedict’s test + + |+ |+ |+ | +
Y Molisch’s Test + + |+ |+ | + | +
3 Steroids Salkowski Test -- S R R R
4 | Saponin Foam Test + + |+ |+ |+ | +
. . FeCl; Sol. Test -- P (T I T
Phenolics & Tannin Lead Acetate Test + + |+ | | =] -
6 | Proteins Biuret Test -- S R [T
Million’s Test + + |+ | | | -
7 | Anthraquinone glycosides | Borntrager’s Test - S R R R
8 Cardiac glycosides Keller-Killiani Test + S I R A e
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 E W
. Mayer’s Test -- -- -- + + --
! Alkaloids Dragendroff’s Test -- -- -- -- + -
Carbohydrates & Fehhng s’Test . — + = = =
2 Glveosides Benedict’s test + + + + + +
Y 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 R B R R R
7 Anthraquinone glycosides | Borntrager’s Test -- -- - | e | - -
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

:(') Phytochemical | Leaf (g/100g) (;i‘al(‘)‘g)

1 | Alkaloids 85720.10 | 75.7 £0.24
2 | Flavonoids 80.45£0.12 | 88.05 £ 0.02
3 | Saponin 4135+0.04 | 15.98%0.06

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

o e O =5 0 6 = 60 g

Leat
= Alkaloid

= Flanvormoid

Stem

= Sapeonin

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.

Plant Chemical Total | Spray
S.no parts constituents Solvent system Rf Values Bands | reagents
Toluene : Acetone :
1 Alkaloids Ethanol : Ammonia 0.30,0.28,0.26 3 Dracendroff's
Leaf Solution (40:40:6:2) &
. Chloroform : Ethyl
Flavonoids acetate (60:40) 0.35,0.3,0.29 3 5% FeCl;
Toluene : Acetone :
Alkaloids Ethanol : Ammonia 0.3,0.29 2 Dragendroffs
2 Stem Solution (40:40:6:2) &
. Chloroform : Ethyl
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 Dragendroff’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 FeCl3 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 e mamy other landmarks crealed by ihe
diasporic lilerature. 1 hes belped 1o understand and
rofentials  and  core competencies.
Access  made availble 10 educational, social,
professions] opporunitic and palitical empowerment.
It has made possible the removal of all kinds of
limitatives and barriers- traditional, cultural, linguistic
ete. 1t ignites and synergies eommon and shared valoes
in acdilion 1o coalition building among the social and
political Dinspora. In addition to strengibening, il also
enhances lics and bonds with olbers countries. To
mentian 6 fow are the neighbouring counirics inctuing
Pakistan, Cliina, Bangladesh and other Asian Countries.
Diaspora literatare also helps countries t bring about &
#rategic partnership based on prosperity, sacurity and
mmﬂmﬂmﬁmﬂmuﬂmﬁmmumwn
very few feahares to name. If planeed and monitored
positively, Diaspom literature can also aid o fight
barger evils such as terrorism, drug  irafficking,
environment degradation, combating the spread af
conlagions discase and actually fighting many ather
common palitical and social herdles. Looking al it
aptimistically, Dixspara literature alea helps in crenting
good will, u cordial relaticnship and in preading
values, virtues and niversal peace.
Shri A. B. Vajpayer speaking on hi¢ expectations from
ibe Pravazi Bharatis i.e, M1 said
"Whlwmtlz:hmndﬂrdmunﬂlm.inlmn
partnership ansang all chilren of Motker India, so thal
oUr courdry can eimcrge as o magor plobal player, We
walue the role of peopls of Indian origin as unoffickl
ambassadurs providing & link between Indis and the rest
o' the world™, Mo doubt, many of the Indians have |eft
their mntherland to seek anchor in varioms  other
countries. The reason lor this movement ranges from
indentured Iebour to secking beiter prospects. Mo notier
where we all are scatlered acrass the globe, we are

brought closer through the mediem of films, songs,

cofcers ard of cowmse ilie Disspors literbure, This
literature bas helped i praviding o link between India
nesl dhe pest of s workd, Ard iliis coimning together and
choser hat helped crzating ireniensdows sell” confidence
With n combative gpint. The owereness (hat they are
nrficulate, anlislie, flopicd, crestive, praciical and
ndapialile has also dawned upon them. In the past, the
Indians were inicllcclually fed on the (houphis of
Dickens, Seodl and the fikes. Todsy, people all vver the
workil are being roarished by Uss writers of the Tndian
Diaspota namcly V.5 Naipal, Rushdie, Mistry,
Vikram Seih, Mukhetjos, Vassanji cte. The Buropesn
voyagers, bravelers, iraders and the orientalists
rediscovered the cosmopolitan culture of India. The
writers of the Indian Diaspara, through their literary
conlsibiions  have preatly enriched (he Esghish
literature, They have been niming al re-invenling [ndia
through e thythms of sncient legends, the codences of
mythology, the complexilies of apather civilization,
cabtumal assimilalivn and nosinlgia. They dive deep into
ke realme of imaginations and dhe ocean of memany to
paint sumsthing quite @ilerent and distinet rom that
ponirayed by fellow novelists. The writers of the Indian
Diaspora write shoul lnddis painiing the vasiness and the
conplexilics of the bome comniry which contales
everyihing ln multiedes — mubiphe iruths, maltiple
crisis, multiple realitics and this diversity is portrayed
for the workd wids reasfing public,
Conelusian

Deaspara s therelors, & scablering of the sed in the
wind, the fruile of which are & new crestion and 3 fight
tor survive. Every Diiaspora mevement holds o historical
significance, 65 it carries wilhin itsell the kernel of the
nations” histocy, Diaspora i & joumey towards: self-
realization, self-recognitian, self-knowledpe and self:
defimilion. There i an clement of creativily present in
the Diagporn writings and ihis creation siands s a
compensaion for the many losses pulfered.

THE TRIALS OF EROTHER JERD OF WOLE SOYINKA

'5.8, Diete & "5 Yenkar
"Resenrch scholar
Vidynbharatl Mahavidyalaya, Amravati (M §)

Absiract

This research paper focuses oa the socisl His prevalent in the African socictics wilh the view of cormecting them in
erder to make the contemparary socicty & belter place to live. Drama is called 2 & mirmror of 4 socialy, By wsing

drama a5 an effective lool, the renowned Nigerian writer Wolo Soyinka depiets

the sucio-ecanamic evils prevailing
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in the snciety. These evils one being satirized to Rk ohount i
opproach is enploved by the play Weight in osder 10 bring out the rellgimes hypoeriay, mural decadence, snd marln
imshalunce in the society, This ressanch paper brings ot the evils Inberent in Afthenn socksl system and Taw

o gnedal reformntion. Through this drima sacinlogical

ehransatisl nskes an effective use of Suilre o3 o coneelive measine social change especially in fhe prrevailing society.

Soyinka captures worldwide [ssues by using 5 West
African seiting .The satirical message in the text s
comveyed through redialing of the vices oml Tullics of
e contemporary  Migerion scicty  win  rebipions
instiation. 1is fictive oatpul hebonps o the Harmtinn
made of sfire which ridicnles the follics with 1he
bndention of reformation in the sockely,

Throngh satire ond bumor, the obermnt uml compt
natire of our rehigions leslers are exposed, Moml
decadence, prevalend in the socicty is also deall with,
The rext centers armaind a har besch proplet Jera wh
prefencs to be a true praphet bat in the scial scnse, he
i cheat a8 mpgue, and in fet the devil’s ineoranle, Az
the play unfolds Soyinkn presents prophet Jem ms n
representative of hypocritical religionss  persen, 1o
presents him in & humorons ond comieal wow hat we
see through the frong of the laly hermit which he puts
on For the benefin of his deluled worshippers,

The wrong mentality or orienmtion of ssne so called
prophets is brouglt 1o the core, Prophet hood ongl to
Iz call to selfless and sacrificial biving fowanils God
and mankind. However prophers like Jero don't have
this mental set-up. For Jers it's a basiness, s pradil
inaking veniure, the easicil way o mesl oike’s haterisl
needs, In one word its & iesde, just as be calla it To

present it in his own words, Jero says, =1 n plid here

before any customers- | mean worshippers well,
cristomers i you like. | always get that feeling every
moming that | um & shopkeeper waiting for evstamers,”

{ p.20)

There is a clear picturs ahout how Brother Jera views

the divine call, bis prophethood. Thia i nat far foiehed

from what s obtainable in the contemparary Miperian
society, A lol of pustors or men of Cod hove ihis
mentalily just like Jero, Since their orlentation is wrong,

there is hound 1o be the ohuse of the relighm. This i
exposed and justified by Soyinka,

Furthermore, the chargcter of attide of some relighms
leaders nepotes what ihey preoch. The exploiiniive
nature of prophet Jero 18 expased: bow e chais o other
i achieve his selfish interest. Oune of the victine of this
had atiitude of his is the ald prophet, prophet Jer prew
up under his miclage. He pretencs to be working
together with his masier o pequire @ plece wf lond,
Again, Brother Jero's exploitative and pretentions

utlitde |x seen in Iy relationship with his womshippers
wham he ealls cimtomers. Brather Jern likes keeping his
members unlappy. 11e belicves that s long ns neeh nre
umbinpapy ool alissntizficl, ey will seck the prophet,
Praphiet Jern keeps his worshipers in hondage which i
contradiciory (0 the message of  freedom  (hat
Chrigtinnity o5 o rebigion spelis. The whale idea af
keeping people dissaiisfied oml Delpless b haseless in
Christian ethics, 1t is simply cxploitation in lis highest
arder,
Chime is another victim of Brother Jera's explodtative
choracier, Soyinkn sotivizes religious lesders and how
ey wark an the dpnomnee of pullibilicy of their
worshippers to ochieve sell - convenience and
necumulale weakih,
Amape who B the wile of Chime, doublzs as Biodher
Jerv's ereditor. Unkmwwing 1o prophet Jems, be
digconrages Chime frun beating his wifz in o bid 1o
ksep Ivim dissutislied,
Jero's weaknisg is not a hidden thing. It is abvious that
he has pssion for women. We begin o wonder what is
divine in lustfolly lonking at o woman wha has just had
her Barl, Prophet Jero's divine transfomution is not
achieved from siudying the world of Gl but from
losting afler o woman, Afler oll o woman s his
wenknest. ln wnother instnnce, we see prophet Jern
heing corried nwny with a woman's naked womibs
instend of blessing the water for his worshippers. Many
religions Beaders who peofess to be holy gre the false
victims of one type of weakness or the other. We hear
of great men of God having extra marital affwirs. This is
highly wrong nat anly morally but alsa religiousiy, A
man ol Cuod s supposed fo be o virtious, morally
upgruclesd us he is warks 05 0 Toreh = Bearer far olthers
in Justifying ihe Wiys of God o Men,
There 40 n delibenuie eonmimercinlization of religion by
the s eolled custlinns of snered institation, In Mhis
cnse il s e I-'!Illj' Christinnity; Weother Jer represents,
r.th[:-,um presslices ilserved ol over the world,
Soyinkn very boldly sstivizes such il practices existi
an 8 lnrge scule in Nigerian socicty, " The Trials of
< The Trials of
Drother Jero™ is o satiric comedy which aims of
m{u the: evil in leading sacial institutions from
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Conclusdan
An sliempd has been made to exnming ihe social isecs
exisiing in the comemporary Migerian sociely by Wale

Soyimka The playwright has made use of the popalar
lechnigue of salire in onder in bring oboul &n re-
aienialinn of il Migernia chizens.
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R.K. NARAYAN'S ‘'THE FINANCIAL EXPERT' A FORTRAIT OF SOCIAL
AND FAMILIAL INDIAN MIDDLE CLASS

A, R, Khan
Arts and Commeree College, Bori Aral Dist. Yavatmal

Alsslract
Primarily, BK. Marayan is 8 wriler of social and familial novels. His novels revolve round the family and the

saciety, the society in which be inhabites. His remarkable grasp

of the social structure and his concern towards

middle vlass fife enables him to delincate Indian middle class social Tife with perfection. “His dispassionate social
detachment supgests a personal endeavour Lo allain an equation with life 1o overcome and ralionalize the pmr-_:m:l

and unmitigsted loneliness of life. He docs ot keep only do surlzce reality. His vision is tuly comprehensive.
Marayan's social vision is marked by a greater degree of affirmation and optimism. “It has been cliche to regand

Marayan as a delinestar of middleclass people. Since the typscal middle-class mili

eu constihstes the matrix of all the

Malgudi novels. Tts significance may hardly be exnggerated ™

The middle class provides him desicred material (o
dramatize his conception of humanity and the notion of
man's exisience. Whal in fact the middls clasa inilicu
brings into Hght is that allhough Narayan is “lully
immersed in his material®, and his confined to his South
India middl= class, he seems fo have acquired the
represendalive in his regional warld snd thes, in the
firzal analysds, scems to louch the ehord of universality,
dealing with the tale of the commaon man." Tt is through
the human spectacle of the middle class that Narayan
geems to the dramatize (heatre of the absurd. The
typology also notes the reflection of the novelist
autohingraphical elements, the clear indication of his
spprosanet tradition and his faith in ihe indernal spirit of
India, through the middle class partrayal,

Riglst from Swami and Friends Narsyan has peopled his
fiction with the Indian middle cless- 8 class close (o kim
as palm skin. “His strict confinement o the portraysl of

ihe miiddle class milien olten finds Maryan bracketed
wilh Jane Austen (in lle context of her 'two inch ivory
ipwer')”, Stpnificantly, ol typologheal franws anderling
the averape and the onfinary middle class protagunist as
he plays the centm] conscionsness and dramatizes the
iheme of llxion versus renlity. In Fact, the mbbdbe class
partrayal geems bo have hecome Naryun's stralegy to
project severn| issues,

Fupdameninlly, Merayan's ficcon is Indian in the sense
that ihey expliciily oxhibit the socinl pattern of lifz
existing in India. The Finoncial Expert, is an
excelient example of his keen ears and ahservation
of Tmlinn niddle clnss sociol life, lis protagonst
Murgnyyn, rises belons us from o very humble positon
fis be & very big banking magnet. We ore not oaly
syrliseas of his fise bat abio beholder of his doon [l
Accunalation of money and mare maney, by hook and
by erook s his anly absession. Lakshmi the Goddess uof
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RAYAL OF BILLY AS DISTRESSED SELF IN ARUN JOSHI'S “THE STHANGE
CASE OF NILLY BISWAS

: I V. Barabde' & P. 5. Yenkar®
Shrl Shlvajl Sclence College, Amravall
3"ﬂulz.rlllhlr.wl:l Muohavhiyialaya, Amreavall (M 5)

Alsirnci £

In the modern era @ mupn ix alivavs wader e

; i ] presme of seciol flos fo nrdniats Kpally and sociol presiipe. At @
m#u dnmer wrge is suppressed mnd self divivessed is crented in it mind, Ar Jr-lhn't:rmq"ﬁc dintinguirhed £

- ;l‘i’l'ﬂ_ﬁ-‘lﬂ who explore the inaermnnd depihe of faman popcks ard the chamtic wnderwertad of human mind
ﬁf:nﬁ-; j eir amels. .rl.llf hix protaponlsts are msily mew for whion self diciressed i the sole meieral condiften fn alf 4
el wir Anen Josld dr more concemed with thoepli, envadfan, sensation dhan with action, i proiganiae
fou iomal traumar sometimses feed i viofent death in the end of the novel, A coriatn owareners of man's resiferisess
mel"hr comteguential extrangemens fiom the socteny aud seif i the depaote of Anen Jochi's unigue vivion of
o icament of sodern s in contesiparary Idioes Englich fictinn, decovding o .5, Amur “hir novels take ur o
e finary of darinesse one af fhe most favourite sietapharer b the Lofyeinr - hut ke (v not a praphef of despair, Al
s rovels hold ouf promise of regemonation and redempiion " I retcarch poper an atempt kar been mads o
explore dirtressed of the moderm nian in Avin Juehis meved " The Stronge Case Of Billy Bivwas™ on the batis of the
portrayal of characters and sitwations. The strauge Case of Billy Bivwas v a stary of inwer pryche of the protagonist
Billy wha is unably fo survive in civitized fagade of modern life. The story is wifolded from the winers marraior poinl
af vimie The firet part af the novel gives ur the glimpser af the resletmess wf Hilly's sond in the midyi of the upper

elasy fndizn sociely, which ix lost in sipenffcialives o lfe.

#

T T T 5

The nareator Romesh Sahai is a friesd of Dilly, Despite  feels; Something has gone wrong with my Rife. This is

being a concerned friend in Billy's life, Rimi finds
Billy's character to be coigma. Billy has an fmpressive
though a strange personality. What one sirikes about
him not caly his arstecratic background bul also his
elegant demeanor: ' be was one of these rare men who
have paise without that pose™.” One woukd never fuil to
police”™ the strong, rather British acoent af his specch™
Swith “words had o cadence, a compulsive qualily
engaged you in spite of yoursell. s
He has a strong fascination for the bl life. I
heginning when he g loureen wears old ad
Bhohaneswar. His visit to {he sculphere ot Kopask sun
termple urged lim on to think of his awn identity. He is
fascinated by the imagery af the sevipture. For ihe firet
time he feels that the true beauly of imagination 8
iaied only by the Adivasis. Also thal spiril may
e very old, older than hizman cxisience iln!r.'ll'. yei iha
knowledge of tnuth is enshedded with (he tribal belind
dark in securable faces. Ths visits Lo the irihal village
with the chaufTer proves t be o turiag paint in the life
of Billy Biswas as he is for the firsl time pvershelined
by erolic energy in the lans and tune of the folk music
while dancing and celcbating life, The young Dilly

wehere [ belong, This is what | always dreamt of,

His intetest In primitive is contimues even when he goss
io America for fumther study, Despitz hiz [ather's
unwillingness he studies anthrapology. Daring his sty
fn America e prefers i live in Harlem, the back
ghetto of Americe. Ife thisks it ™ Lhe mast haman
place. "White America is too much  clvilised for him
It is his urpe for the primitive that he plays the pair ol
banjin drums creating o sbrrge hush s the scens i@
msic parly in George's apariment. Billy's Friengd Timla,
ilie Bwedish researcher aml Raisi, e narralor " who
hatl any chue fo whal went on § dark, inscrutshle,
umemiling eyes of Minad Migwas." Tula informs Romi
ilsal '@ great force wrkmil g——a primitive farce™
Tiping suppressed in the  personality of Bimal
Beswas. Dilly stays in America for & long but does nol
suiffor much excepd some passing spell of loncliness. He
Is ot bothered obowt cultural alicnation, whal leases
him s the superiicialifies of a grossly materialistic
chvilization. The chile foreign socicty is mat coapenial i
the qaest of identity For Billy and be tetums Lo India
During his say in lsdia be finds Delki is not different
fran Ametican society. Further e fecls that all the rich
cocicties il pver tho world are saperficial. His inherenl

ey pe——T LT

AN IRy,
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PrMesl mpoing mechanlied (e .
wotld | refecied im his betbers 1o r“lm:'mﬂrnl evillzad

Te writes: *1 gpp n roamful of fin
Iyl
Wtnen wested an ke gt

" downy sobss anil while | nm
laoking a1 them ynder Y wery nosg ik T fsio g

m‘z}:f '-‘*Jl:!l:'“"-“h'"ﬂ { thebr large tecth showing) or
a .
in their f:r:':d Pm:?.“-'““"" at babling whisky glavscs

b magery of dogs with |

arge becth oml fiurred paws
veveals the hateed of Rilly amd fle ek :
they hear, s g o | ¥ W chnrrter e dhinks

; ove fir (b meodem civilirattion,
Billy feels thar chviliantion s s namnster, 16 b mod
wavilization Jun degradasion™ . e soya i | anvme flmeg
Wonder whether civilization ig amything mone (has the
making s spemling nwoney,'

Due to bis search far the viable slhemstives he pots o
jl_:h 1 l-m\‘uu #l Dzl University, tn arder in sy e
tife of primisive comsmunities in hills ond Foresty ha
undertakes numeraus expedifions. But he renaing very
upset by his hallucinatioes, They reduce him in sucl
panie enndition, Az a resli be fesls irniage is only
remedy Lo stap them. Ne marrics Meens Chntietjes | n
Senseus gorgeous und gl Inaking wamsn,

With passing ol duys in canjugal lifz , Billy realires bis
Blunder that lurried marriage 1 not 8 salalson for his
perennial prollems. His wife fails wn salisfy Klg inner
urge and their conjugal life ms to be the most
precarions of batllefield . For Meena *'Billy & eifing
atranger nndd stranger with every passing day "_'fBII-e i
neable to give hin pesce snd sabisfaction ihat he hadly
requires. Billy hates the worldly plessures, by Meena is
Fend of maney, market and he mslerialism, supnoscdly
e identity of tle elie society. Az o resili Hilly staris
getling estranged from his wife and family.

Whatever may be the psychological ressem Tor the
separation between Meena and Billy, il can be aptly
cobcluded that the siep Billy taken o stan bis new
ulentity 5 a complete filore, Amun Joshi reveals the
fact here that his protaponisis is not an abnomsl
persd. Rather be aleo tokes efMurts io iniegrate with the
society and find ot the meanleg o 1ife by estnblishing
a Tamily, Bul Tilly is destined by his wery nubare Tar
somme other person amd places 0t can be conchided fhw
Billy"s characier is the chamcier of desing.

Marmiage fasco has the negative Bmpact wapan payche
ond persenality of Billy, He Feels in civilised sociery
like pirned down there like a dead butterfly, He siarts to
take wane and o He and shame Bvien in his fumily, he
feels zlone and alienated like Canmws’s ouigder,

1018 triumin bs reflecied lmon Voter wrltien in Tela ™
scerd , vy alesr Tomla tlat we nre safily osing what ls
knnem mx ang'a grip v Nife Wy else thls ennaras
hiluminig of reality ¥ Whay mim 7 Wha are iy paresis?
My wifc? my child 7 Af tlmes [ book at them, sitting at
the dinser alde, msl for 0 paasing moment | cannat
decile wha they s or what ncldenl ol erentinn has
hynuglit us sogeiher,"

The slaromeniioned ststements moke it smply clear (hat
b |s bn comilict witl his Sdentity, Vs explocation ol ke
real inwer helng waken him un eximtestialist being,
catmupal nel alieneted, e pever fels himsedf ol homa
bxremise emia thing in cleor tn him fhat he is not the man
of civilized society und bis real destination i3 some
other aces. Hin headih fails and lds inzelleceund
underitaniling  siorts  declinisg. & W during  his
degradatson he seduces fima Kawl, an innocent girl in
Danshay | The seiluction of Rima Koul is the cvidesce
of his vstranpervesl not oaly from his family and
saciety hut alsn from ks tme self, Tle comes extrensely
irritahle with his helaviar, Seduction of Rims Ka is
e last warning signal i Rilly which gives him o
preview ol the camupling Tarce which awails him il ke
eamlinses in alefy whal his asal leeged for,

In reality, Nilly & a misfit in both the societies : of the
twilight city af chanm in America ond elite |ike
socializing soclery of Dizlhi, both of which kave gans
harren  and  spiritally baskugpl, madly comforts
[raratiang physical, They are appropriztely maserialistic
#ed maney doubles the centric waelds af technology,
Uiis hatred For dlie civilised world |5 s inlense thol he
Blindly sisppoirts the supersiitlans and e blind rlouabs of
fhe peinstive society in the cose of child sserifice by
clerk. Hiw study of amthropolngy  becomes the tool 1o
Justify the saene by giving exaniples worbd sroussd from
Africs, Indonesio, Japan and many reports about the
seme hppsening in the rural pars of Tnidsa when his
Eather agansi hir.

Despite being 2 member of the arislocratic heritage be
borgs fer unlimiled Mesdom of choics that owaits kim in
the primifive Life The very epigraph of the novel |s from
Arrsihd's " Thyrisis"™ $H ifked kim o be bere iz eold
fat rest,” make thematic direction of the novel elear.
Like amubl's schuler Gipsy, Billy 1o Necz from ihe

so-cilled civilized soclety amil secks sheller in the
ilyTic hdnikaka Lil,

Canclaslon

Hilly hus w family, o tradition, o st of values, Bven
Mhongh lie “'comsiders himself & misfit, misplaced and
oy nol enjoy the mde he hog smed for himasell by
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(Christian  1985:176).Deapite s limitathon, 0t

coniributes in shaping ihe image of African-Anerican
wmn,

With PanleMarshell new period of female chamcters in
Alfrican-American letiers emerged It shows her desire
for  self-understandingin her it novel
BrowngirlBrownstones {1959}, Alamshell porirays n
woman caught between her own dezine and Tife imposed
upof berdnThe Choten Place Tiosclezs People {1969
Marshellrepresents  the shared  Hfe amd  comnamal
responsibility.In The Praizesong Gor the Widow {1970,
she represenis comples women chamciers;
Alice Walkers works changed the scenmrin OF African-
American women's litermture, She represents woman ws
o creatos, Her first novel Thind Life of a Grage Copelamsl
represents strugele  for wish o changeSocial
dimensions are mentioned tn The Merridian{ 1976),. The
Color Purplef 1982) is written in the serics of leters,
Toni Morrizon iz one of the emineni Affican-American
wornen wrilers. She has won the Nobel Prze for
literature With her works, she Gillz the litermry corpus
with vaned colours.Her Grst novel The Bluest Eve
(1970} iz a story of Afncan-American girl sinving Tor
bioe eyes and measuring hersell with the white beauty

stdarde er Secomd novel Suls (1970 marked her oa

i shgnificamt volee in Amerlen, Her Song of Solonon
(1977} ix n folklorlo novel, where she celehrates Altican
culareller  Tar  Daby  (1981)  reflects  cultuml
conflict, eboved {19R7) b n story of live experience of
frmser shave Sethe, wia kllle her dauglder in lear of
slavery Then ber novels Jaze sl Paradiseappented. She

wide Lowe {20005 swiils o religions theme,

There wre many otlier Afvican-American women wiilcr
wh nre coming Torwand nd blossomming their lilemry
iditben, Too sum up the African-American wanen
writers are stsnding al the top of the ey workl with
fseir tlent, skill, amd capacity of resistance. Their wirk
is n eclebmtion of Afvican-Ameriean culture, folklore,
comviwnity, sisterhood and the strength o live and
tench the human values.

End-MNotes

Christin, Barbarn, 1985, Riack Feminist Criticiany:
Perspectives on Mlack Women Writers,  New
York:Merpamon Press,

Scheuliz, Elizabeth, 1997, "Free in fact and ai bast: The
Imnge of the Black Women in Rlack American fiction™
In Springer, MARLENE 1977, What Manner of
Woamen, Mew York: University Press.

BREAKING THE SILENCE: A NEW FEMINISTIC APPROACH REVEALED IN
SHASHI DESHPANDE'S “THAT LONG SILENCE"

P. 8. Yenkar
Department of English, Vidyabharati Mahavidyalaya, Amravati (M 8)

Abstract

Shashi Deshpande’s novel "That Long Silence” reveals the plight of women, their quest for sell, an exploration
irto the female psyche and an awarencss of the myslerics of life and the ploce of protagonist in il. A woinan has
to go beyond the society's ordained roles of mather, sister, wile , doughter etc., she has to find oul 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 endurnee of Jaya, the protagonist, is
hroken and its outcome is a New Woman with Seil aflimnations and emotional explosions.

Shashi Deshpande's "That Long Silence', a Sahilyn
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 o sell-knowledge. The title of the
novel, "That Long Silence' sugpests u belated
reaction, o postponement of ofTensive behaviour for
long till the postponement cannot be wade anymore.
In this novel Shashi Deshpande deals mainly with
the silence of an Indinn house-wife, She shows her
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pratagonin Sayi' i be inon grest lnner conillel mnd s
spisesl for ber Ideniiy,

The entire novel In writles I the made of
Fetmospectiva niarmbbon, Jova, ilia snvoior ol s
Predoggonisl ol iha  mwovel apenks  ahoul  her
chilithoosd an well an her marital life. The st [redadiin
marration makes the novel ‘an Ivlense nne', Juyn'n
eansciouaness bocomea the ceniml plvat ol ihe
vl
Inyw's wilence in similar 1o the fle siTered Ty
majorily af wonen ihe worbd over, Silence I i
suppecssive devies, it slgnifies deoth, B il mienns
long, untall  suffering, mwokily  msental, kel
altimalely overcomes the need 1 EHIMUHY dEbEE
taughts ws on individiat, It nepntes g sell, The
metaphor suggesis withdimanl, Thie Ling Silence
teverlerates with many gilences s irmpnsed on
the chorscters and oilie enilurkesl ipon willingly,
The litle alsn suggests the female payche dirrbingg the
quesl of the protagonist for “well, "It Lang
Silence! is the perind ol welf Introupection ol the
waman i expbore her tnie identity, The prlagonis
Jayu bs conght in the vsidst oF o domestic sism, Her
hushand, Mohon is accised of comipl pricsices i
office and the couple lenves their posh 1t
Rombay's Chuerchygate to an old Dadar Nat of theirs,
The children go aut tar n boliday, That gives space
tn Jaya for  self-inferrogation, Traatitloinlly, n
worman has an ientity only as hushand's wile or
faihe's doughier of son's mollier®, She can never
have her own identity, Ten difllarent mimes fiow
ten different faces Thuw the individuality of Juya
canndt be defined. She can be defined only i relatinn
in ofheri
Juyn ls 0 conservidive, educated middle cluss
“Smiling, placid motherly woman® who lenms i
suppress her own wishes and ety seeording o her
hiashand"s. She connl dare o protest. Molinn §8 an
cngincer who cares for money, stotnyg sl naderdal
comfors. Working in ihe purchise gection of s
olfice, he prospers well, Tsoks arregant and Tmsh.
Unforiunaiely, he is coupht tnking coamission am)
an enguiry is oo He bag o tike relbga o i0igi 1 uoelar
flad. He tokes Juywa Sier s ssehi grasted il she s
not  consulicd aboul shilling. Yel she guietly
accepls his decigion and lallows m. However,
Jaya seems 1o have gained confidence na lie beghn
to lose it, being in trouble, When Mohan demunds
the key, Jayn refises 1o hand It over 1o him, She
opens the door hemsell symbolizing her refusnl 1 be

servile.

Mer Dador Mat fn by o wny comparahle to ber
elegpnt, well rnlsbied Churehgate home. Yel, whe
in presfeeily nt eann lhere, reliting herself sasily b her
nelghbirm nml senomie Away from the routine, shie
i mow prepireeed B look sl hersell with limost
olijectively nad exnemines her relationship with her
Dtunel, Tenidntlngg Median's maother andd sister, she
trles ta nabjunt and camproming with her ot hough
avery comprsnise ahintters her individunlivy, Hhe
wiirreiberd [ersell so bolally that she ln afeaid of
expiressligy her Nikes amal chislikes. Moo she ln
stezeistyped hinmewile whia s “nervimis, incenpetenl,
ieecliigh eride hedp ] sigipaen.”
Chitwmerdly, sha in o stislicd hossewilo married o
win pspneinlly enring man wdil o comfesble home,
vl i adenetly ol imadesind coanliond, Bt on senetiny, it
I revendes] desl o nehieve this stage of Tulliliment a2
mowile, Joya hos eymicoutbcally suppoeased sven-
it of ler perdonabity that reflses B in with ler
Ivangye s i wilie s ther besides o fibed writer,
Turministingg an the post, Inys seea liow her marringe
b vecloiced lier by o micre automation. She realizes
havw whe wasiad away the most valuahle time of hee
lite in wrramging and re-arcunging things, dusting,
predlialibinge, washing, ironbng, claning the Irdge and
chunging the sheet She 8 bewildered to find in her
dlniricy that she had spent her e engrossed in such
iriviulities ay whot she hought, how much she paid
fior it Use dlnten (e children's schools hnd begun, the
servinl’s ihamence, e mbvenee ey had taken ele,
Juyn, ma n girl, was tmught by her Ouber 1o have
conlidence In hemelll He named her Juyn which
stils fow vletary and hus encouraged her to be
resiliont sind courngeous, e has mnde her feel that
sl s womeong specinl, nnd someone dilferent from
e siher girls whe woald mommlly el up becoming
lwstese wiven, Tle wosild deeam thas Jaya cither bags an
international wward or goes 1o Ox ford, However,
hin unlimely death shotters her drenms and makes
her o [nee the reality that she i wfler ol like uny
ether middle clanw girl destined o he & wile ond o
oiedhier. As 0 child she was chided by her
prisdmisthar For asking las oy cpieatbiong wmd was
fold At wwn Dishosnel condd e comifortabde witly I
womin who ndked questions s retorty, ler ensly
iminlng ot home lis mude her obedient wnd
submissive lowards Der busband. Tler relutives
laught her the Imponiance of being with a hosband,
“in Towhundd [n |lke n sheliering tree. After so many
yeury, the words eame back 1o her. A shellering
tree, wilthoul the tree, you are  dungerously
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:::h“ﬂ holds a superior pasition and after all be is  them helonging v the middleclsss, soms pes

= Eum!-:um for n wornan, The same is the Dite of
g ¢ dsughter - in - law Tora. as Rujarom. Jeeja's
Pson s also o dmkand and bests up his wife
Tar,
Tara had none of Jeejn's reticence or staicism. She
cursed amd reviled her hushand and sobibing loudly
moaned her fale, When ance Tara eursed Rnjorm
il wishial deatly for Vi, lecja stemly shuts ler up
By that a woman s nothing without o hishand,
Thus |hmugl_n Jaya, the protagonist and ofher female
chamcters like, Vanitamami, Kusiim, Jeojn, Tara,
Vinula, the novelist presents Uie plight of women,
Dﬂllnp:m_i: Eives  minute  desnils  from  the
Prolaponicts  personal life, Like ofher women
navelists,  Shashi Deshpands also has chosen a
wrm-!.m narrator. The novel gives the details of a
Predicament, anguish, sufferings of wiymen, some af

illiterute ara mural mnd seme are servintt, Desbrande
ves thetr i Torere life patiem.

%mngh the cheracier of laya, Sianki Peeabrarads
has thus cxpressed the ambivaloes amitude ol
contemporary educaterd wernen B Indie whe i
neither reconcile themmelvey to 3 mew glnstm,
when their hushands igrere them snd wrsh theer
ambition in life por ceyt off theor buskeede veply
becaine A hisbard i Tk & deliring ved, fey
cannnt afford o lve witheest. In & way, Jage B @
repredenialive fipee of the meskem wyemam -:fi:n
retents her hsbands callouensu. By inplostions
sifimde, the charscter of Joyu reprouests poesdern
women’s smbivalent snd becormes the victim of
cirumstances. By implicering the atitade, (he
character of Jeya reprosenty modsm womenln
nmbivalerce to mamed Bz
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CONTEXTUALIZING LITERATURE: TEACHING AND LEARNING

K. D, Nompllwar
;. 8. Gawande College, Umarkhed

Abstract

In order to mate the study of Kterature gffeciive and o make it ar & ssacis! ez with imcrinctior
sensibilify, il is necessary that the clascronm reaching should reach mrﬁﬂﬁ;‘?imj ;ﬁd@m The pre
ar another rame for lerature must be anafysed in terms of ity relotive sram ond these Therr ore threr werids in
the understanding of the teer- the world of the writer, the world of the pex1 inrelf @acd the world off the resder The
intentiuns and the perceptions of the writer need to be taken into contidercrion while wadiomg oy werd e s [t ge
the responsibility of a reacker 1o bridge the writer with his reader t bring the et torords bis sradensy

From centuries the study of lit=raturs has been shifiing man. This definicon dewres Sor Fnempmee glengd
in the manner of its definitions and approaches. The  reflect the guisty and e srief of Fie (b S cter
term “litzmtare” is constantly madifying and evalving Tand, it shonld ghve plosiees b 2 meler St diey Bome
The definition of Aristotle shout what is litershurs is no. aled aboet & fforees sapere iof Empriry of Erepsame
tnore static. It ordergoss sch tremendons chanpes that "Literafire B e hrrme= w=l mnd* Ascredmg to
literatezure and thinkers don’t look 21 i a5 merely mwfmﬁamzhij
imitation of life. According o some wters lHemre & charped wirh sewmmg by e ceop depres™ Winils
the wark of eaceltence, beanty and am Liteamme  Chamming relates Eemsees 5o e socio-pefeen! prmmers
should ilumingle some panicubsr predicament of a nﬁkhm'Mh&md&
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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 (EoS)
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-I _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 @(¢) 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 @ =-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 (@ >—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)
Thus, one may parameterize it as follows

T/ =dialp,~p,.~p, - p.]

=didl,-o, -0~ ]p
= diall,~w,~(@+ 6),~(w+ 0)1p (2.3)

where p is the energy density of the fluid p , p,,p, are the pressures and @, ,,0,
are the directional EoS parameters along the x,y,z respectively, @(t)= % is the

deviation free EoS parameter of the fluid. We have parameterized the deviation from
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isotropy by setting @, = @ 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
Rij _ERgU _m¢ (¢7,‘ ¢’j_5gij¢7k ¢’k):_7'lj
And the scalar field ¢ satisfies the equation

2¢n¢ll + n¢n_l¢,k¢’k = 0 (25)

s

(2.4)

where @ and n are constants, 7, 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

2a,b, 1 b42 n¢42

R+ @ = , 2.6

ab b* b* / 2 P (26)
2

Gus bu 4y | i s)p 2.7)

a b ab 2

2%, 1 b’ 8,

Rt —+ @y P =—ap. 2.8

Using equation (2.5), we get
Pu s s 10 (2.9)
0 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=R =ab’ , (3.2)

where R is the mean scale factor. The mean Hubble parameter H is given as
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R % b
gofe Ve _1fa, ,bi) (3.3)
R 3V 3la b
The directional Hubble parameters in the directions of x,y and z respectively may be
defined as
a, b4
H =— and H =H_ =— (3.4)
a : b

The volumetric deceleration parameter is

q= —RR% 2 - 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 + cz)i’ for n#0 . (3.7)
here ¢, and ¢, 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+c2)_1 for n#0 . 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

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

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

ERT e CR P

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

1

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

4 by _A (3.14)
a bV

by considering (3.8) and (3.9) we obtain
a_4_b_4:—ﬂ for n=0, (315)
a b c exp3kt)
as _be A w0, (3.16)

a b (nkt+cz)%
Model for n=0 (¢g=-1)

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

scale factors:

1
3 2
a=| S| explki— el (3.17)
k, 9c,k
1
3
b=| | explir+ 2ol (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‘“" , (3.20)
3¢,
ﬂ —3kt
H =H =k—-—-¢ , (3.21)
G

The anisotropy parameter of the (A)is defined as

S (H -HY
A:%Z( - 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= 2 /}—e‘“" . (3.23)
9 ¢, ’k?
The expansion scalar € is found as

6=3k=3H . (3.24))

The shear scalar ¢ is found as

2

o’ :EAHZ :Le—ﬁk’ ) (3.25)
2 2
3¢,

Using equation (2.9), the scalar field is found as

2
¢:|:n;2(%e—3kz +ﬂj:|n+2 ‘ (3.26)

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

the model as

2 k 3
p =3k’ —Lze‘ﬁk’ +| 1| exp —2kr—ﬁe-3’“ +1a;a2e‘6“ (3.27)
3c, ¢ ¢,k 2
Using equations (3.27) in (3.13), we obtain the deviation parameter as
%
k
L1 expd— 2kt — 24 e M
c 9¢,k
5= - (3.28)
2 k 3
3k? ——2 5 e ™ +| 71| exp{— 2kt ——22 e M +1a7aze’6k’
3¢, & 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 k 3
3k2 +L26—6kt +(lj exp{_ 2kt_u6—3kt}_;m-a28—6kt
Cc

3c | 9c k
w=- 1 > (3.29)
2 k 3
3k? ——}“2 e 4| =L exp —2kz——2}” e M +1&70{2€_6k’
3¢, c 9c,k 2

Physical behaviour of the model for n =0 (¢ =-1):
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For this model g =—1 and cii—H =0, which implies the greatest value of the Hubble
1

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 r =0, expands exponentially as ¢ increases and

becomes infinitely large at ¢ =co. The directional Hubble parameters H and H ,.

are finite at 1 =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 ¢

increases .

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

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 n# 0 and g #-1:

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

the scale factors:

1 n—3
A " 24 0
a=c.,3(nkt+c exp| ———— |(nkt +c¢ R 3.30
373 ( 2) p 3k(n—3) ( 2) ( )
Y 1 ) n=3
b=c., 3 (nkt+c,)"sexp| —— |(nkt+c¢,) " ¢, 3.31
3 73 ( ) { P(3k(n_3)J( 2) } ( )
where ¢, 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+c2) " (3.34)

Using (3.33), (3.34)in (3.22) we get
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2 2| l—é
A:%Z—z(nkt+c2) (=) : (3.35)

for the anisotropy parameter of the expansion. The expansion and shear scalars are,

respectively, found as

6 =3H =3k(nkt +¢,)”" , (3.36)
2 o
o’ =Skt key) (3.37)

Using equation (2.9), the scalar field is found as

2
2\ P n=y/ |2
¢:K”J2’ j(n_3j(nkt+c2) } . (3.38)

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

6
p=3k*(nkt+c,)”’ —%lz(nkt+c2) " +c3%(nkt+cz)_%

21
— (nkt + n
exp{ 33k (n c,)

Using (3.39) in (3.13) , we get the deviation parameter as

3 . . (3.39)
} + 5 @P*k* (nkt + c,) "

-2

c %(nkt+c )7 exp L (nkt + ¢ )n’%3
’ ? 3k(n —3) ?

o=
6
32 (nkt + ¢,) —;ﬂz(nkH—cz) " e (nkt 4 e)

(3.40)

22« L_:i 1 212 _E
expy————(nkt+c,) " ¢ + - @P k" (nkt+c,) "
3(n—-3)k 2
Using (3.33),(3.34),(3.38) and (3.40) in (2.8) we get the deviation- free parameter as

2 —
(3= 2mk* (nkt +¢,) +/§(nkt+c2) %

) 2 "3 1 .
ca% {(ﬂkt+cz) Aexp{w(’?kt+cz) " H—z Pk? (nkt +c,) "
w=-

6
3]{2(nkt+cz)_2 —;lz(nkt+cz) n +c3%(nkt+c2)_%

ex L(nkt+c )"7_3 L1 @Pk>* (nkt + ¢ )—S
P 3(n-3)k : 2 :

(3.41)
Physical behaviour of the model for n =0 (g #-1)
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The universe accelerates for(Q < 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 ¢ — oo . In this model , the average scale factor R = (nkt+c,)" . It has point

singularity at t:—c—;{. The Hubble parameters H, ,H ,H, and H 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 —> oo as
t—> 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 — 0 ast — o . Hence the model isotropizes for large value of the ¢

(forO<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 7.
The energy density of the fluid and the deviation free EoS parameter @ and the

deviation parameter d are dynamical.
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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, Sn0y, 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].

It 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 =R/ R, (1)
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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=09N B Cosb (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 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.
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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-Ti0O2 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-Ti02 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 O2- or O- or O2- 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) 1)
0 (ads) + & < O, (ads) (ii)
Oy (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]:

HQS +3/2 02_(ad) — HzO + SOz +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.
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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-Ti02 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.

226 Volume 3, Number 3, September 2015



International Journal of Materials Science and Engineering

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].

II. EXPERIMENTS
I1.1. 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,CCHj3),2(H,0),, 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.

I1.2 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.

III. MATERIALS CHARACTERIZATION
II1.1. 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 pum. Thick films of approximately uniform thick-nesses were
used for further characterization.

I11.2. 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].
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Figure 1: UV-visible absorption spectrumof Pure ZnO
IT1.3. 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].

L e i

D) -t e -

Figure 2: FTIR absorption/transmission spectrum of Pure ZnO

I11.4. 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 4 is the wavelength of incident beam (1.5406 A), f 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)

IIL5. 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

IIL.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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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/BCosB ... (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.

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.

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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ABSTRACT

he present study was an attempt to diagnose

the usefulness of PCR in surveillance of malaria
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, M alaria 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 et al., 2010).

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

M ETHODOLOGY
The present study was conducted during February 2012-January 2014. The 23 complicated
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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 et al., (1993). Plasmodium genomic
DNA is extracted from 200 ul whole blood using the QlAamp 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 ul 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).

RESULTSAND DISCUSSION

The diagnostic band for P. vivax was represented with size of 120 bp while for P, falciparum with
size of 205 bp (Figure.1l 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, vivaxin a single
sample with very low Plasmodium concentration; however, the evaluation of PCR method together
with the thin smears can be accepted as the gold standard (Tantarpale and Tantarpale 2014).

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

12 34 5678 910111213

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).

.12 3456 73 01011121314

a— 205 ph

(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, Joshietal., 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 Vv 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
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fil
50
a0
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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).

WN 1314

MON 1213

MON 1314

Wik T2-13

Bkl 12-13

-

BLUM 1318

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

* Corresponding author.
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.

pISSN2287-884X eISSN2287-9544/Copyright © 2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Location of Buldhana District, Maharashtra, India
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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 \%8) 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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1 1 1 1 1 1
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Eutropis macularia
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Lygosoma punctatus
Hemidactylus triedrus
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Psammophilus blanfordanus
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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
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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
Feb

Dec

Nov

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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77 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
~ %0 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; Béhme, 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
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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.

Available online at www.lIsrj.in 2
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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 °c)

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+3.10 105.76+4.12 111.51+4.23 115.88+2.51
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
209 - 120
20.88 - 115 7
110 -
20.86 - 105 -
20.84 - 100 -
95
20.82 - I 90 -
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 - 1.7
80 1.65 4
1.6
60 -
1.55 4
40 1 15 -
20 1.45 -
0 - 1.4 4 T T
Control 10g/kg 20g/kg 30g/kg Control 10g/kg 20g/kg 30g/kg
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e) FCR f) Feed Intake

1.65 - 135

1.6 -

155 - 130 -

L5 1 125 -

145 -

1.4 - 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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ICHTHYOLOGICAL FAUNA OF AM RAVATI DISTRICT (M .S.) INDIA

V. R. Wankhade (Tantarpale)
Post Graduate Department of Zoology,
Vidya Bharti M ahavidyalaya, Amravati (M.S.) India.

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
B  (02), Siluridae (02), Gobiidae (01), Notopteridae (01),
q. e Saccobranchidae (01), Clariidae (01), and Belonidae
h«w“‘% (01). The river and tanks of studied area have faced
major aIteratlons 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.

KEYW ORDS: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 sq.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, Waanriver 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.

M ETHODOLOGY:

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
guantified 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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RESULTSAND 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. As well Joshi et al., (2012) were reported 20 species of 7
families from Purna river. In these reported fishes, Cyprinidae family was more dominant. Many
researchers reported 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). c = 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 success in 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 it was comparatively low in 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 (Figure 4. Ato D).

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
genera under 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 rivers is 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 activities is another important threat to the fish fauna.

In conclusion, the rivers of Amravati District hosts a number of freshwater fish species.

Available online at www.lsrj.in 6
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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 fromrivers of Amravati District (M.S.) India.
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ABSTRACT
The present paper provides the information about a record of leucism in Macropisthadon

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 produced by a combination of pigments and structural compounds (Bechtel, 1995). Thers

are multiple varieties of chromatophores, the failure to produce a normal amount of pigment in ane
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 eral,, 2008).

Albimism 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., 2008). Albinism, derived from 2 Latin word ‘albus’ which means ‘White', is a form of
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hypoplgmentary congenital disor cheer, chiaracterlzed by lack of melanin pigment and an animal with such
a condition could have either pureor partialalbialsm (Cyrll, 2009), Albinism s caused by the absence of
the tyrosinase engyme, which Is necessary for the synthesis of melanin, resulting In the absence of
pigmant In thee skin, the irls and the chorold, Further, it is due to a genetically inherited condition in
which a recessive gene alfects eneymes Involved in the metabolism of varlous chromatophaore
pigments {Spadala and Tera 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 characterlzed by the normal pigmentation of eyes, legs and beak, while skin or feathers

present lowered ar absent coloratlon (Sage, 1962; Forrest and Naveen, 2000),
Many researchers conslder leucism as partial albinism (McCardle, 2012; Costa de Naronha et

ol, 2013). Albinksm s caused by several different genes (Summers, 2009), while leucism is controlied 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 Pythononlae and Colubridae (Bechtel, 1995).

Methodology
Healthy climatic and ecological condition of Amravati district (M.5.) India is well known tor 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.5.) Indla. Area lies between 20°55'33"N and 77°45'53" E. Specimen was
observed, photographed and identified by ohserving morphological characters. For identification of
the observed snake, keys and methods suggested by Daniel (2002), Whitaker and Captain (2008), and

Khaire (2010) were used.

Ohservation and Discussion
Observed snake specimen was identified as adult Macropisthodon plumbicolor {Cantor, 1839)

with leucism. Body of specimen was stout 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 narmal specimen, Tongue was pinkish in color. Tail was short (fig.
1 and 2).
Generally, the normal specimens have bright or dull green body, sometimes with faint irregular
black bandy Dody 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 ar orange
invirrted V shaped mark on neck, bordered on both sides by a dark blue-black area and also have a black
stripe from vye 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 albinism 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) Coves ol albiminm and leucism among viperinae have been also reported from Europe (Krecsak,
JO08) Few caves ol total altwnos have been reported in Macropisthodon plumbicolor with yellowish
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bty (S st 2L and whatishepinkish body {Hoshing etal, 2013). A case of leucism has also reported
iy Pty idgea in southern Amazon, Bragd {Costa de Narenha et al,, 2013).

Altwvism can bee detined i several different ways, but there are a few distinctive types of
allvianisann e paeiating an certain delindng characteristics, True or complete albinism is the total absence
al imtegumentary and retinal pigmentation [(Sandoval et al, 2006}, Partial albinism occurs when
pigment s ooedduced or absent from the skin, feathers, or eyes (Berdeen and Otis, 2011). Leucism or
feuk by b a farmool 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).

Vigas (MU013) has pointed out that the further research is needed on histopathology and biopsies
of skin e and 'dopa test’ to enrich the knowledge on colour anomaly in reptilian species. Further, a
substantialquantitative data s 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 antimicrobialg, antiartheticg, anticoagul.alnt10

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 AICl; (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) (0.01mol) 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, S5-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
(1ml) 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)

LR. (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 —m*

2. Compound: Chalcone (3b)

LR. (KBr): cm-3368-3500 (-OH phenolic), 3068 (aromatic —CH stretching). 1641 (>C=0 str.in
ketone), PMR: 6 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 —n* shows conjugation in aromatic molecule

3. Compound: Dibromide (6a)

LR. (KBr): cm — 3700 (-OH phenolic), 2981 (aromatic str.), 2882 (aliphatic CH str.), 1654(-C=0
str.), 1319 (O-H bending).1093(C-ClI str.), PMR: & 2.5 (d, 1H, -CO-CH-Br); 3.5 (d, 1H,-CHB1-
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)

LR. (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)

LR. (KBr): cm — 3600 (w, -OH phenolic), 3082 (s, aromatic str.), 1462 (-C-N str.), 1282 (s,- N=N-
str.),1107 (CI-C) PMR: 6 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 —u*

6. Compound: Isoxazole (8b)

LR. (KBr): cm — 3600 (w, -OH phenolic), 3070 (s, aromatic str.), 1462(-C-N str.), 1282(s,- N=N-
str.), 1091 (ClI-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*

519 www.ajptr.com



http://www.ajptr.com/

Mane et. al., Am. J. PharmTech Res. 2015; 5(4)

Cl
Aq NaOH
EtOH

CHO
/‘i(:;\/‘/ )

| Br in Acetic acid

Stiring

l OH
Br O

Cl

NH,OHHCI

Reflux EtOH
3.5hrs | Piperidine

Cl

8a

OH

COCH,

Cl

CHO

Reflux
3.5 hrs

ISSN: 2249-3387

Aq NaOH
EtOH

Cl
\

Br in Acetic acid

Stiring

NH,OHHCl

EtOH
Piperidine

8b

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

2

3a
3b
6a
6b
8a
8b

~N NN B W

93

215
176
190
170
120
95

0.84
0.62
0.66
0.71
0.78
0.58
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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Synthesis characterization of some nitro-substituted-1, 3-thiazines

and their antimicrobial activities.
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'L
;i ARSTRACT

Some new nitro-substituted 1,3 thiazines have bem synthesized by the condensation of 2-hydroxy-3-nilro-
S-chlorochalcones with thiaurea, phenyhhiouren & diphenviihiounen in ethanol contaimng agueous KOH soluban
The stuctures of newly synthesized nitro-substinrted have been analyied oo the bsis of their anolytical dala,
molecular weipht determination siody and UY, IR & NMR spectral remults,  The newly synthesized led
eompouends were screened for their antibacterial activity against some common prthogens vie - . 8 aiireus .
mhifice . E ol and P, ereruginos.

Keywords: Thissines, antibacterial activities, thaures, phenyi thioares, diphenyl thioarea,

INTRODUCTION

In orpanic chemisiry & seéries of heterocyelic compounds containing an wnssurated s membaered nng
which contain two carbon one nitrogen and one sulphur atom are ermed as thinzines, Variouws methods have been
worked ot for their synifesis’ Their derivatives have wide variety of bislogical praperies such 28
Antiparkinssinian’ Anti-Inflammatory® antibesterial | Teking 1his into consideration the nitri Substinisd thinzines
ware synthesized and assayed for their anti<microbinl activity against some common pathogens viz: 5 @b 5
subgilux . B Coli and P, aomgivosa, The renction of venses formes of thioures with chalcone grves 13 thiazines
It is found that the presence of 4-phenyl nitre -mubslitule mnd 2-sulstituted mino proup in thissine mbanceld the
binlopfcal aciiviliss:

Material and method

Preparation of hyvdiroyraitroe-S-chloraaotophonane (2a)

L3 Tyadrony-S=cliloroacetophoone {3g) was dissabvod 0 glacial acesic acid Jmlb), fiaaiine in agotic sl
was added diop wise with constant siirring o this reaction mixture . The temperatare of the maction mixture wes
maintained below PO, The mixture wes allowed 1o stand for 1hour Tt was poared i ice cold water with stimng

A vellow sobid ihen obtarined wies filtered, drved and crystaltized Tiom ethoams

Preparation of 2hydroxy-3-nitre- S-clilorochalconis (3a-c)

L-Hydrtny-3-nitr-5-chlorsscetophenans {3a), (@10) we dissobed in ethanol {30 ml) ond aldehnde
[Benmldehyde Popanaldehde & Valerntdehyde sepamely ) (0.0M) was added to the abme soluwn and the
mixture was heoted to boiing. Ag. sodiom hydroxide solimon (4% 40 mi) was alded drop wisa with commn
stirring. The misture whis stirred mechanically a room temperature for about half
an hosr andd kepl overnight. 1t was then acidified by kvdiochlon: acid soltion (50%), The solid separated wis
filtered and washed with sodium bicebonate (10%) fellowed by water. The crude poduct vl crysullized fom
cthano] scetic aod mix ture (3¢,

Preparation of 4{2-hydrao-3-nitro-S-chlorophenyd j-t-{allcyl or arvl)-2-imino- 36 dilvydre-1, 3-thinzines (da-
€

-Hydroxy-3-nitro-5-chlorochalcone (la.c), (0.008) and thourea (L01™) were dissabved in sharal (25
ml).To this aq. KOH solution (0.02M) was added {prepared feam KOH insmall smount of distilled wator) The

reaction mixture was refhoed for 2.5 bours, cooled, dituted with waser and scidified wirh 1:1 HCL The poducwas
filiered, dried nod crystallizad ffom eikanal {(4a-c)
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Preparation of 4-(2-hydroxy-3-nitro-5-chlorophenyfib-{atkyl or aryl}-l-iminophenyl- 34 dikydro-1, 3=

thiazine {Sa-c)
2-hydrawy-3-nitre-S-chlorochalcane (fa-c). (0.01M) diselved in ethapel (23 mi) wese added o

phenyithiourea (0.01M), To this aq. KOH solotion (0.02M) was sdded . The feaction mixture was refluned for 25
hours, cooled, difeted with water and acidified with cone. HCL The prochict was fltered, dried and crystallized from
ethanal (Sa-c].

e
¥

Preparation  of d-{2-hydroxy-3-nltro-S-chlerophenyl-o-{allyl or aryl)-2-iminophenyl-6H-3-phenyl-1, 3-
thiuzine (G-}

Compoands (6a-g) were synthesized similarly as (Sa-c), execpt that phenykhiourea, diphenylthiourea was
usged.

The compoands (3a,3b,3c, 0 4b 40 5 5b, S Gn6h & 6o) thas synthesized wers assipned on the basis of
elemental enalysis molecalar weight determination results snd spectral data are as follows. Physical charseteriztion
data of all the compounds are given in Table 1.

Clharacterization of the compounds:

Maelting points of all synthesteed compounds were determined tn open capilaries and are uncorrected. TR
spectrs were recorded on Perkin-Elmer 1000 Spectrophotometer in KBr. NMR spectra were iecorded on HBaker
ailvance 400 MME spectrometer wsing TMS &4 imternal cal shistandand and chemical shift were sxpressed in & ppo.

1. Comipaoud ‘.I'a:

L, (KHrk: cm 3400 (-OH phenolic). 1720 (=C=0 i ketone), 70 [Ar-Br), 1324 (-0OH bending in phenuly, G30(C-
Cl siveching).

PRl 827548 3H, —ED{H11: 735773 (in. 2, AvHY, 1261 (5 TH, Ar-Of)

L Yk prax 34 nim,

I Compound 3a:

1R (KBr): em I M55 (=<0H phenaolicl, 2990 (aliphatic —CH stréhng ; )
705 (0= i ketone), TEW Ar-Brsretching), (314 §-0H bendiag in phenel} [61 2 (C-OH=CH asvmmimeine

styprchimg), TAH0-C] straichingl

PRARE 37500 TH, CH=00; 433060 TH, SCHR=CH 1 7080 (s, 200 AcH Y 12T s, THL Ar-CH),

LEY & max 3435 nm

A Compoumd da;

LR {(KHr): om 3403 (-OH phenolich, 3236 (N-H stretchingy; 2950 (Aliphatic C-H streichingy, 13504 (OH bendag in
phenal); . 70016 Ar-Br streichingl 700 [ C-Clsmeiching)

PMR:§ 2.70 (s, 1H, -CH )i 4.4 (s, IH, -NH ) 360, IHCH-C=C), S ATm I H CH=CH); £70 (m, IH,CH=CH);

6.7 wiis, Ar-dy 4.7 (5 [H, -MNH sueiching), 1208, TH, ArCyE)

4, Compuund Sa:

LR (KBri:em' 3440 (-OH phenolic), 3266 (N-H smetching), 2050 (aliphatic C-H seeichinghié60(-C=N
stretching )1 444{Ar-NO2 smerching); 1312 (<CN stretehmg) 1304 (0H bending in phesal); 699 (C-C1 stretching)
PME: § 240 (& 3H, {Hl}; 17 (s, 1H, NH smrewching), 38(LIHCH-C=CL 5.5 m, 1 HO-CH-CHI);
5. M im M CH=CH-CH), #.6{d, IHNH-C=CH}: 7.1 w78 {m. TH, Ar-H} 109 (s I ArOH)

LA max 330 now

5, Compound da:
IR (KBr): em” 3435 (-0H phenolic stretching); 16580 («C=N sretchingl; 1313 -CN smeiching); 692 ((5C1
sreelmgz),

g4
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PhR: 8 2.5 (s, 3H, -CH %, 4.8 {5, |H, NH strecchingl, 4.17(d, |H.C=C-HY, 5,504 IHCH=CY, 6.5dLH.C=CH)

6.5 10 T8 {51 2H, Ar-Hj; 119905, TH, ArQH),
L% & max 340 am

Scheme: Synthesis of nitro-substituted 1.3 thinrines

]
H.il:ld‘rrdﬂ
GH.
cl e
f2a)
Seheme | Schere |1 Scherme |
NH;CSNH, [ ag-KROH PWI'EENH;. ag.KOH PhMNHCESHHP R | 2 KOH
Ny NO,
oH QH
H H
by
d 2 gt i ool
§ =
" |
43, 4b & 4o Ea Eb& 5o

Where R = <CgHs, -CH=CH-CHsy, -{CHy )5 CHy
Aldetyde a= Benzaldehyde: b = Croionaldehyde, ¢ = Valeraldehyde

RESULTS AND MSCUSSION:

The compounds {3a,3h,3c,4n,4b4c.5n,5h,5c.fn, 6b and 6 were sereened for ther sntibacierial activiny apinst
some gram positive bacterin viz. 5. aurens and 8 subgitus snd gram segative bacterin viz, £, Cofi and P gereegimse
species al conc. of 1000 pm genmmycine as 2 standord DMMF wes used mon solvent contml vsing agar phie
techmgoes. The zoes Gl inhibitian formed were meascred momim and shoswn in Table- 2

Table- 1- Physical snd nnalytical charscteriztion of data of newly sy nthisbeed camp ol

d 0 Be |

==

[Compd | MelFormula Mol | R Yield (%) | mopic)

I.
Wi T:"_I
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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 (B.4), apparent molar volume (®,,, 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

©2015 RS Publication, rspublicationhouse @ gmail.com Page 60
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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 er 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 (Rp), 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 T0.03% was used for the measurement of
ultrasonic velocity in solutions.

(*) Balance: -

Weighing was made on Electronic Balance with High Accuracy class-II model AB-
300 made in Maharashtra. ( _—'_0.0lgm).

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: -

A H

s - IEH, o TET T ookecHR

R CHO CaCHCH
PRCHOCI
FHZHOCHAD

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 (B.q), 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 Baq = 1/U% p
2. Apperant molar volume  ®, = 1000(po - ps)/C. ps. po + M/ps

3. Acoustical impedance z =p*U
4. Intermolecular free length Lf =Kj (Baq) 12
5. Relative association Ra = ps/pox (U, / Uy) 13

6. Apparent molar adiabatic comp. @, = 1000(Bs.po - Bo- ps)/C. ps. po + Bs M/ps
Where,
U = Velocity.
po = Density of solvent.
ps = Dnsity of solution.
M = Molecular weight.
C = Concentration.
Bs = Compressibility of solution.
o= Compressibility of solvent.
Kj = Jacobson’s constant.

Table 1. Acoustical Parameters f=1MHz

Chaleane|Cone. | £ |U p pad By RA Lf z B
Fi | o 1431 |.002 ig J04E ETi7 7220 1443 1.45
ooz 0y 1451 1.013 L) 2643 EETY 7.0 1478 1.05
005 0.22 1471 .029 45 1466 EB45 677 1513)  0.%5
0.07 0.26 1491 1.059 43 574 615 £.47 1549 0.5
P2 0.2 044 1566 12 33 148 ) 4 S| 1905) 0801
04 0 B3] 145873 1.1 3B =l Py 5.71 1606 091
0E 0.7 14008 1.23 4.1 K| EdZE B.17] 17X 0354
0 0 B 1286 1.25 48 b3 11253 7.2 1610 1,109
F3 0,008 .05 1510 1M 437 1483 B278| 6.32 1525 185
0.007 0.0? 1600 1.02 JB4 115 072 554 1632 157
0.008 0.08| 1740) 1.0 £, G444 5757 1B 67| 026
poosl  oos|  97e7l  ioel  3oa] 3sco|  Eeed ds_:l 14| 107

Where,
Conc. = Concentration.

v e

= 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
1500
= 1480
5
< 1460
>
1440
1420
1400 - T T T T T )
0.1 0.17 0.22 0.26
Concentration
1.2- Graph
Conc. Vs Adiabatic compressibility
4.9
4.8
5 47
S 46
©
g 45
4.4
4.3
4.2 4 T T T T T )
0 0.05 0.1 0.15 0.2 0.25 03
Concentration
1.3- Graph
Concentration Vs Apparent molar volume
o 3500
2 3000
©
2 2500
€ 2000
€ 1500
g 1000
£ 500
0 - T T T T T ]
0 0.05 0.1 0.15 0.2 0.25 0.3
Concentration
Concentration Vs Acoustic impedance
1600
B 1550
E 1500
2
@ 1450
8
& 1400
1350 -+ T T T T T \
0.1 0.17 0.22 0.26
Concentration

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.\.
3
< 1000
> 500
0 T T T T * \
0 0.2 0.4 0.6 0.8 1 1.2
Concentration
2.2- Graph
Concentration Vs Adiabatic compressibility
6
ﬁ 5
S 4 //'/
£ 3
9
5 2
<
0+ T T T T T ]
0.44 0.63 0.77 0.89
Concentration
2.3- Graph
Concentration Vs App.molar Volume
200
S 150
8
[}
2 100
g s0
<
0+ T T T ]
0.44 0.63 0.77 0.89
Concentration
Concentration Vs Acoustic impedance
2000
B 1900
Q
E 1800
£ 1700
S
3 1600
< 1500
1400 -+ T T T )
0.44 0.63 0.77 0.89
Concentration
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: - P;

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.
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ABSTRACT:- In this research work one pot synthesis of 1,3-substituted thiazolidin-4-ones,(IVa-IVh) 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
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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 wuncorrected.IR
spectra in KBr were recorded on instrument
Perkin Elmer - Spectrum RX-IFTIR. 'H-
NMR spectra were recorded on FT NMR
Spectrometer model Advance-II (Bruker) Its
'H frequency is 400 MHz, while for °C the
frequency is 100 MHz. (CDCl; 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

RG311L1,700w, 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 | CisHi3NOS 85
4a CeHs

- -C¢H,4Cl 163 | CsH;,CINOS 80
4b C.Hs

- -C(,H4BI' 145 C15H12BI'NOS 84
4c CeHs

- -CH;Cl, 169 | CsH; CI,NOS 82
4d C.Hs

- -C4H;0 131 | C;3H11NO,S 83
4e CeHs

- -C,Hs 123 | C;;H;3NOS 78
af CH,

- -C¢H,OH 137 | CisH13NO,S 76
4e CeHs

- - 136 CicH5NO,S 84
4h CeHs | C4H,OCH,

Synthesis of 2-(substituted phenyl)-3-
phenylthiazolidin-4-one(IVa-IVh) - A neat

rection technology for one pot synthesis of

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

aniline(0.01M), and thioglycolic
acid(0.01M). Reaction carried out under
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
crystals of  2-(substituted phenyl)-3-

phenylthiazolidin-4-one . (IVa-IVh)

CHO NH,
Cl
+ + HS—CH,—COOH
Cl

MW

One-pot synthesis

cl
©\<s
cl j\
N~ Yo

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 7.59.
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 also showing
two signals in aliphatic region 43.27(CH)
and 28.34(CH,) WHERE AS 168.4 (C=0)
,slight 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 -1383

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(IVd)-
brown  crystalline solid, M.
P..169°C,IR in cm™ - 329
[C-OH  stretch (enol  form)],
3089,3146 (C-H aromatic stretch),
29442876  (C-Stretch  aliphatic),
1804-1949 (Combination band),
1649 C=N, 1649 C=O(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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13CN|\/| R-IOO MHZ(CDC13aHdDMSOd6) - Sr.No. Tested Fungus (zone of inhibition in mm)
Chemical Shift(5)-43.27, 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, %S=9.85,

1 IVa 8 12 10 13
%C1=21.84, %H=3.41, %0=4.81
Calculated %C= 55.57, %N=4.32, %S=9.89,  * o 20 2 2 2
%C1=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 2 29
diffusion method for their antifungal 8 Vh 11 15 12 18
activity.The punch discs of 6.25 mnt
diameter of Whatman filter paper no. 1 were The observations show that activity of

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,
each disc will contain

assuming that

approximately 0.01 ml of test solution

Table 2 - In vitro antifungal screening of

above tested compounds

compound IVe and IVg are maximum

against both the fungi . Almost all the
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
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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 (¢*> = 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, A;, Asn, Aog and Az, which have been
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characterized according to their primary sequences [9]. At present, it is believed that Aja
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 ¢ 0 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 0o-_CN 6.52 6.60 —0.08 6.50 0.02
T
13 Bn £ 7.60 7.70 -0.10 7.58 0.02
o F
=T
14 F 7.88 7.87 0.01 7.77 0.11

(Continued)
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Table 1. (Continued).
Pred.

No. R; R, Exp.(pICsy) CoMFA-1 Res. CoMFA-2 Res.
15 Bn ;ﬁ 6.17 6.14 0.03 6.10 0.07
a o] | —

16 Bn ;%\Nj 8.33 8.53 0.20 8.51 0.18
17 Bn ;{?\‘ 8.05 8.34 -0.29 8.32 -0.27
18 Bn N 7.79 7.59 0.20 7.54 0.25

=
19 @\Af 5%,"‘]/ 7.88 7.95 -0.07 8.03 -0.15
OMe s
N — —
20 @f\f 5%@/ 8.16 8.32 0.16 8.28 0.12
cl S
N _ _
21 ©\/\;" ég%,sj/ 8.01 8.06 0.05 8.09 0.08
F
22 N 7.00 6.99 0.01 7.11 -0.11
23 N 7.51 7.49 0.02 7.51 0.00
24 N 6.97 6.91 0.06 6.92 0.05
25 Bn ;W 7.24 7.30 -0.06 7.20 0.04
\_s
26 Bn ;@ 6.27 6.20 0.07 6.23 0.04
\_n
27 Bn 5\© 6.30 6.43 -0.13 6.39 -0.09
28 Bn 3;\@ 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

o)

(Continued)
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Table 1. (Continued).

Pred.
No. R; R, Exp.(pICsy) CoMFA-1 Res. CoMFA-2 Res.
31 @\A;‘ 2 CN 8.21 8.44 -0.23 8.42 -0.20
OMe \©/
32 @f\;’ & CN 8.85 8.67 0.18 8.72 0.13
33 @\/\f & CN 8.14 8.35 -0.21 8.50 -0.35
ST
348 & CN 6.47 7.71 -1.24 7.77 —-1.30
: U
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 & Ng_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.

ha,
W

Figure 1. Structure of template compound (molecule 32), common substructure is in bold.

Figure 2. Alignment of training and test compounds on compound 32.



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

SAR and QSAR in Environmental Research 7

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 CoMFA 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



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

10 E. Pourbasheer et al.

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,

(a)

(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

FHEAR] &

TYRISTA
\

WAL 304 & AT
T ALAIIGA
Al
LR 9%

Figure 7. 2D structure of interaction sketched by LigandScout program.
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Table 3. Structure and predicted pICsqy values of newly designed compounds.

R4 7/
S
Substituents Predicted pICs,
No. R, R, CoMFA-1 CoMFA-2
32 @f\; ﬁ\gcw 8.67 8.72
Cl
N1 ©f\§ & CN 8.65 8.61
()(ﬁ(‘l—l3 \©/
o)
N2 @\As ;\©/CN 8.50 8.38
NHCCH
i
N3 @\ﬂ;‘ §\©0N 8.61 8.54
NHCCH CH
g 2 3
N4 @f\f SN 8.95 9.08
i
N
N5 @\Af AN 8.92 9.06
1 \[N/j
N6 @i\f AN 8.81 8.98
OCll; \[N/]
N7 @\A; SN 8.61 8.80
OCH}CH3 \[N/]
N8 @\/\5 AN 8.62 8.76
N(CHZCHK)Z \[N/j
N9 @\A; :‘Tw\j 8.96 8.93
NHCCH N7
g 3
N10 @\Aﬁ s’\[Nj 9.00 8.99
NHCCH CH N
(‘)‘ 2 3
N1l @f\;’ N 8.61 8.91
1

S
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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.

© 2015 Elsevier B.V. All rights reserved.

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


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejps.2015.06.001&domain=pdf
http://dx.doi.org/10.1016/j.ejps.2015.06.001
mailto:vijaymasand@gmail.com
http://dx.doi.org/10.1016/j.ejps.2015.06.001
http://www.sciencedirect.com/science/journal/09280987
http://www.elsevier.com/locate/ejps

V.H. Masand et al. /European Journal of Pharmaceutical Sciences 77 (2015) 230-237

SRy o

Imatinib

231

Gefitinib Erlotinib
Cl
O F 2 H
200 Iy s O
F J'S P F 0
OGN0 Py ST YR~
0} s F cl o Q [¢)
o F
Laatinpib Sorafenib Vemurafenib
Fig. 1. Few examples of approved anti-cancer drugs.
o NH- & A
o " He cHy O B
. I e II. | - 'k . ; -\..:.. :! ; l___-._ EH.\:
L R o . L. I || MH | CH.
== M—MN =4 S ,
,_.l | | L Br
2 »
W= Lamndtron Horthosacin Bronsabanicks
{Sugar-boct Hobicide) {Anlibactenial ageni) {aiedy Fiesd Horbacuie)
Buryes 1975 Kyouin 1981 Susmitonms 1984
PO O I R S e =M
I S [ " | (n} =y -~ - a0 "q. 2
T o L |I " Hy '._ ._. -Ir__ ;
| : ! — 3
L e - e - =)
; =
Flobarfen Lommeririns Mlconarok
[1 ong-acting Anti-inlkamatory) [Antimigrane, Antighaucoma) (Whaat Fingicite)
Kuchar ot al 2000 Chganon Lapan-Uipjohn 1999 Kureha 1994

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., 2017;
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 ICsy 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 Bx N 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. o] 2-1 40 7.398
13. 0 2-NO, 150 6.824
14. o} 2-Me,3-Me 17 7.77
15. o] 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. 0 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. o] 3-OMe 24 7.62
25. 0 3-0Et 12 7.921
26. 0 3-Cl 9.2 8.036
27. 0 3-F 31 7.509
28. 0 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. o] 3-OMe,5-OMe 43 8.367
35. o] 3-OMe,4-OMe,5-OMe 4 8.398
36. o] 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. o] 4-NO, 570 6.244
52. o] 4-NH, 920 6.036
53. 0 N 130 6.886
N/
o]
54, o] y 65 7.187
o,
O
55. o] o) N 290 6.538
‘ A
7
56. o] 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
I \
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. 0 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,-CHj 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,),-CHs 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,-CH 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. 0 4-0H 3-EU 38 442
86. ) 2-Me 4-EU 51 4292
87. ) 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. ) 3-Me 4-CEU 3.1 5.500
91. NH 2-Me 3-EU 25 5.602
92. NH 2-CH,-CHj 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. 0 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 Qv has been
reported. The external validation parameters are RMSEex MAEey,
Rng 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.

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 49.77 417
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
66 RDF020u -0.22 -0.22 0.10
1 y = 0.9424x + 0.3523 FO7[C-N] -0.84 -0.36 0.21
R?=0.9425 . Model-4 Intercept 4253 4.78
7.6 - X3A -197.012 -0.79 23.69
. Rde+ 35.29 0.21 16.08
2 66 FO7[C-N] -0.79 ~0.34 0.22
o Model-5 Intercept 42.94 473
a X3A ~181.94 -0.73 26.48
S 56 R7u -1.98 -0.23 0.91
n FO7[C-N] ~0.85 ~037 0.21
® Pred. pIC50 (Train-CoMFA)
46 ] Model-6 Intercept 41.51 5.08
® Pred. pIC50 (Test-CoMFA) X3A ~170.69 _0.68 29.75
K R8e ~3.42 —-0.27 1.61
3.6 T S— . . . . . FO7[C-N] -0.71 -0.31 0.23
36 46 56 6.6 76 8.6 96 Model-7 Intercept 16.53 4.8
Pred. pIC50 CoMFA Xt ~120.44 -0.52 21.12
VEA2 113.18 0.80 13.35
Fig. 4. CoMFA contour maps for PIB-Sos with compound 92 as representative along FO7[C-N] —0.54 —0.21 0.23
graph correlation between experimental and predicted pICso (COMFA model). Model-8 Intercept 13.95 545
Xt —-115.31 -0.50 23.73
) ) ) VEA2 113.71 0.80 14.31
structural or biological space on which the model has been devel- RDF110v 0.16 0.20 0.08
oped using the training set, it’s applicable to make predictions for Model-9 Intercept 15.90 537
new compounds. Thus, AD is related to interpolation rather than Xt -121.54 -0.53 23.40
extrapolation. A widely accepted method for AD determination is VEA2 116.92 0.83 14.26
based on leverage calculation from the diagonal values of the hat FOG[C-N] —039 -0.17 023
matrix using modeling modelecular descriptors. It is evaluated by Model-10 Intercept 13.90 5.73
leverage (or hat) analysis using the formula: h;=x; (X X)~' x/ Xt —96.15 —042 32.64
. . . VEA2 94.73 0.67 22.92
where (i=1, ..., m), x; is the descriptor row-vector of the query nHDon 049 028 030
compound i, m is the number of query compounds and X is the
. .. . . . Model-11 Intercept 17.18 5.40
n x p matrix of the training set (p is the number of descriptors in Xt _127.03 _055 22.97
the model and n is the number of compounds in the training VEA2 114.81 0.81 15.23
set). The limit of the model domain is quantitatively defined by BO1[N-S] —0.64 -0.16 0.43
the leverage cut-off h* and is set as 3(p + 1)/n. A leverage bigger Model-12 Intercept 19.43 5.63
than h* for the training set means that the compound is very dom- Xt -133.04 -0.58 22.56
inant in determining the model. For the prediction set (X outlier), it VEA2 122.21 0.87 13.95
R4v —4.63 -0.13 327

means that the prediction is the substantial extrapolation of the

model and could be unreliable. Also, a compound with a C. I. - 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. MAEex 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. Qr 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. R% 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 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 CCCex =0.892, R2,=0.91 for Nex=21. For Nipin =76,
CCC,=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
pICso 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,
CCCy = 0.93, CCC,, = 0.92, MAE,, = 0.38, MAE,, = 0.40, R0 = 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.

Acknowledgements

VHM is thankful to Dr. Paola Gramatica and her team for pro-
viding QSARINS-Chem (www.qgsar.it). Authors are thankful to
ChemSketch freeware, TINKER, and PowerMV developing teams
for the free/trial versions. Sincere thanks for Dr. eslam
Purbasheer for doing the Sybyl work. The authors would like to
extend their sincere appreciation to the Deanship of Scientific
Research at king Saud University for its funding this Research
group NO (RG-1435-083).

Appendix A. Supplementary material

The experimental methodology for QSAR and CoMFA analyses,
correlation matrix for descriptors, values of descriptors, etc. are
available in supplementary file. Supplementary data associated
with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.ejps.2015.06.001.

References

Aziz, ]., Brachet, E., Hamze, A., Peyrat, ].F., Bernadat, G., Morvan, E., Bignon, J.,
Wadzieczak-Bakala, J., Desravines, D., Dubois, J., Tueni, M., Yassine, A., Brion, ].D.,
Alami, M., 2013. Synthesis, biological evaluation, and structure-activity
relationships of tri- and tetrasubstituted olefins related to isocombretastatin
A-4 as new tubulin inhibitors. Org. Biomol. Chem. 11 (3), 430-442.

Fortin, S., Wei, L., Moreau, E., Lacroix, ], Cote, M.F,, Petitclerc, E., Kotra, L.P.,
Gaudreault, R.C, 2011. Substituted phenyl 4-(2-oxoimidazolidin-1-
yl)benzenesulfonamides as antimitotics. Antiproliferative, antiangiogenic and
antitumoral activity, and quantitative structure-activity relationships. Eur. J.
Med. Chem. 46 (11), 5327-5342.

Jawarkar, R.D., Masand, V.H., Patil, K.N., Mahajan, D.T., Youssoufi, M.H., Ben Hadda,
T., Kumbhare, S.L., 2010. 3D-QSAR study on coumarin analogues as potent
inhibitors of MAO-B using a COMFA approach. Der Pharma Chemica 2 (6), 302-
310.

Krishnegowda, G., Prakasha Gowda, A.S., Tagaram, H.R,, Carroll, K.F., Irby, R.B.,
Sharma, A.K., Amin, S., 2011. Synthesis and biological evaluation of a novel class
of isatin analogs as dual inhibitors of tubulin polymerization and Akt pathway.
Bioorg. Med. Chem. 19 (20), 6006-6014.

Mahajan, D.T., Jawarkar, R.D., Patil, K.N., Masand, V.H., Nazerruddin, G.M., 2010. 3D-
QSAR studies on xanthone derivatives to understand pharmacological activities
as MAO inhibitors. Der Pharma Chemica 2 (4), 298-308.

Mahajan, D.T., Masand, V.H., Patil, K.N., Ben Hadda, T., Jawarkar, R.D., Thakur, S.D.,
Rastija, V., 2012. CoMSIA and POM analyses of anti-malarial activity of synthetic
prodiginines. Bioorg. Med. Chem. Lett. 22 (14), 4827-4835.

Mahajan, D.T., Masand, V.H., Patil, K.N., Hadda, T.B., Rastija, V., 2013. Integrating
GUSAR and QSAR analyses for antimalarial activity of synthetic prodiginines
against multi drug resistant strain. Med. Chem. Res. 22, 2284-2292.

Masand, V.H., Jawarkar, R.D., Patil, K.N., Mahajan, D.T., Ben Hadda, T., Kurhade, G.H.,
2010a. COMFA analysis and toxicity risk assessment of coumarin analogues as
MAO-A inhibitors: attempting better insight in drug design. Der Pharm Lettre 2
(6), 350-357.

Masand, V.H., Jawarkar, R.D., Patil, K.N.,, Nazerruddin, G.M., Bajaj, S.0., 2010b.
Correlation potential of Wiener index vis-a-vis molecular refractivity:
antimalarial activity of xanthone derivatives. Org. Chem. Indian J. 6 (1), 30-38.

Masand, V.H., Jawarkar, R.D., Mahajan, D.T., Ben Hadda, T., Manikrao, A.M., Khatale,
P.N,, Vyas, ].V,, 2011. Presuming the probable anti-inflammatory mechanism of
ursolic acid: a plant derived pentacyclic triterpenoid, using molecular docking.
J. Comput. Method Mol. Des. 1 (2), 9-13.

Masand, V.H., Jawarkar, R.D., Mahajan, D.T., Hadda, T.B., Sheikh, |., Patil, K.N., 2012a.
QSAR and CoMFA studies of biphenyl analogs of the anti-tuberculosis drug (6S)-
2-nitro-6-{[4-(trifluoromethoxy) benzyl]oxy}-6,7-dihydro-5H-imidazo[2,1-
b][1,3]oxazine(PA-824). Med. Chem. Res. 21, 2624-2629.

Masand, V.H., Mahajan, D.T., Patil, K.N., Chinchkhede, K.D., Jawarkar, R.D., Hadda,
T.B., Alafeefy, A.A., Shibi, 1.G., 2012b. K-NN, quantum mechanical and field
similarity based analysis of xanthone derivatives as a-glucosidase inhibitors.
Med. Chem. Res. 21 (12), 4523-4534.

Masand, VH., Mahajan, DT., Ben Hadda, T., Jawarkar, RD., Chavan, H., Bandgar, BP.,
Chauhan, H., 2013a. Molecular docking and quantitative structure activity
relationship (QSAR) analyses of indolylarylsulfones as HIV-1 non-nucleoside
reverse transcriptase inhibitors. Med. Chem. Res.

Masand, V.H., Mahajan, D.T., Patil, K.N., Hadda, T.B., Youssoufi, M.H., Jawarkar, R.D.,
Shibi, LG., 2013b. Optimization of antimalarial activity of synthetic
prodiginines: QSAR, GUSAR, and CoMFA analyses. Chem. Biol. Drug Des. 81
(4), 527-536.

Natarajan, K., Senapati, S., 2012. Understanding the basis of drug resistance of the
mutants of alphabeta-tubulin dimer via molecular dynamics simulations. PLoS
One 7 (8), e42351.

Temirak, A., Abdulla, M., Elhefnawi, M., 2012. Rational drug design for identifying
novel multi-target inhibitors for hepatocellular carcinoma. Anticancer Agents
Med. Chem. 12 (9), 1088-1097.

Turcotte, V., Fortin, S., Vevey, F., Coulombe, Y., Lacroix, J., Cote, M.F., Masson, ].Y.,
Gaudreault, R.C., 2012. Synthesis, biological evaluation, and structure-activity
relationships of novel substituted N-phenyl ureidobenzenesulfonate derivatives
blocking cell cycle progression in S-phase and inducing DNA double-strand
breaks. J. Med. Chem. 55 (13), 6194-6208.

www.who.int/topics/cancer/en/.


http://www.qsar.it
http://dx.doi.org/10.1016/j.ejps.2015.06.001
http://dx.doi.org/10.1016/j.ejps.2015.06.001
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0005
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0005
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0005
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0005
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0005
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0010
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0010
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0010
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0010
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0010
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0015
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0015
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0015
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0015
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0020
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0020
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0020
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0020
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0025
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0025
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0025
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0030
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0030
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0030
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0035
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0035
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0035
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0040
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0040
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0040
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0040
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0045
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0045
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0045
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0050
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0050
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0050
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0050
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0055
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0055
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0055
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0055
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0060
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0060
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0060
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0060
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0065
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0065
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0065
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0065
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0070
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0070
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0070
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0070
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0075
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0075
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0075
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0080
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0080
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0080
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0085
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0085
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0085
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0085
http://refhub.elsevier.com/S0928-0987(15)00296-1/h0085
http://www.who.int/topics/cancer/en/

N | e
JHMCDD

Journal of Medicinal Chemistry and Drug Discovery

Available online at http://www.jmcdd.com
July - August, 2015, Vol. 3, pp 01-06
ISSN: 2347-9027

Research Article

DESIGN, SYNTHESIS AND ANTI-MICROBIAL EVALUATION OF XANTHONE NUCLEUS UNIFIED
WITH THIADIAZOLES AND SCHIFF’S BASE SCAFFOLDS
CharitaB. Patil?, Vijay H. Masand'*, K. N. Patil'

!Post Graduate Department of Chemistry, Vidya Bharati College, Amravati (Maharashtra) India-444602
’Department of Chemistry, L.A.D. College for Women, Nagpur

Email: vijaymasand @ gmail.com or vijaymasand @rediffmail.com

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/CDCI; 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
o o \N]/ S\"/N_

gl. CH;COOH, 0 O/®—<\N/N

Heat 3hr

OHC Rs 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 = CisHi7N303S, 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): 26Inm (absorbance = 0.73) and 308 nm
(absorbance = 0.81). FT-IR (cm™): 3071.79 and 3017.16 (Aromatic C-H stretch), 1660.81 (-C=0O
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 = C2sH17N304S, Molecular weight = 491.51, m.p.98°C

ISSN: 2347-9027 www.jmcdd.com Page 03
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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 = C20H19N304S, 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 = C23H6N4OsS, 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)
B N s
o (o) N— Y
<)
S>\ o O + /
+ &
PR S0
C,3H,05" CysH oN;3S™ ° m/z: 104.050

m/z: 211.039 m/z: 264.059

C, H | N,O5S*
\ / m/z: 371.049
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Qi/ -
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(o] O

- ST T H

m/z: 77.039
o C2H|5N30,587"

@ N—N, m/z: 398.059
v XD
' T
O

. By
C|3H802 C15H10N3OS}
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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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 2¢ 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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ABSTRACT

Different vegetable oils viz. soybean oil, olive oil, almond oil, amla oil, castor oil, groundnut oil, cottonseed oil,
coconut oil, sesame oil, sunflower oil, mustard oil were purchased from the local standard market. Different blends
of vegetable oils were prepared in different proportions and lubrication properties like cloud point, pour point, flash
point, fire point and % carbon residues were determined. From this study, it’s found that given lubrication
properties changes with changing vegetable o0il blends. This study will help the lubricant producing industry to
check out most ecofriendly, economical vegetable oil blends as industrial lubricant at lower as well as at higher
temperatures.

Keywords: Vegetable oils, lubricant, blends, ecofriendly, temperature

INTRODUCTION

Lubricants are most important products obtained from crude mineral oils. Lubricating oils have wide range of
application including proper functioning of every machine, equipment and instrument. Lubricating oils aremainly
known for their five essential functions like lubrication, coolant, carrier, protecting and sealant. Lubricating oil
keeps parts of machine which touching each other and reduces friction of moving parts like bearings, etc. Zhang G.
et al. [1]. As a coolant lubricating oil carries away the heat of friction and gas compression to keep machine at
moderate temperature. Lubricating oil as a carrier removes wear particle and other particle in suspension results
minimizing damage. These particle eventually removed by oil changes or filtration. As protectant, oil protects the
machine from corrosion. Lubricating oil improve efficiency by creating deep ultimate vacuum in device like vacuum
pumps. In lubricating market, most of the lubricants are made up from mineral oil. Lubricants made from mineral oil
have many disadvantages after use. Itcauses environmental pollution like soil pollution, air pollution, water pollution
etc. K.M. Talkit et al. [2]. Due to increasing use of mineral oil base lubricant leads to increasing concentration of
greenhouse gases in atmosphere resulting in global warming effect. To minimize all given problems related to
environment, worldwide lubricating industry has developing interest for the use of biolubricant. S. Kango et al. [3].
Vegetable oil base lubricant shows excellent biodegrability, low temperature stability, high viscosity index etc. due
to all lubricating properties vegetable oils act as intimate substitute for mineral oil base lubricant. Many researchers
have studied vegetable oil as industrial lubricants. L. A. Quinchia et al. [4]. An overview on cloud point extraction
as sample preparation technique for trace element analysis was investigated by Nabil Ramdan Badera et al [5]. In
this work, cloud point extraction, mechanism advantage, disadvantage and other some application have been
discussed. Nadia Salih et al [6]. Carried study on biolubricant from chemically modified plant oil including
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ricinoleic acid base tetraester. From the above research, it’s found that these derivatives have good antiwear and
friction reducing properties at relatively low concentration and simply used as biolubricant base stocks.]. A. Gohari,
Ardabili, R. Farhoosh and M. H. Haddad Khodaparast [7]. Investigate Chemical Composition and Physicochemical
Properties of Pumpkin Seeds (CucurbitapepoSubsp. pepo Var. Styriaka) Grown in Iran. From this study it revealed
that pumpkin seed oil could be used as biodiesel. Studies on flash point of lubricating oil including engine oil and
recycle lubricating oil by acid/clay treatment, distillation/clay acid treatment and activated charcoal/clay treatment
have been done by J.D. Uddon [8] and Thsan Hamawand [9]. MLL. Oseni et al [10] was determined extraction and
analysis of physical and chemical properties of yellow oleander oil as lubricant from the result obtained its proved
that given oil can be used as lubricant in environmental sensitive areas including marine ecosystem and total loss of
lubrication with associated positive environmental and economic impact. Recycling of used engine oil as industrial
lubricant by composite solvent method, acid treatment method and single solvent method was investigated by
Rashid Abro et al [11]. From result obtained shows that by using this methods flash point, viscosity, pour point,
specific gravity and ash percentage was improved and best result was shown by composite solvent method. O. G.
Lgbum et al [12]. Studied variables in characteristics of methyl ester obtained from four virgin tropical seed oil in
Nigeria. Performance of C.I. engine by using biodiesel prepared from mahuna seed oil investigated by sudhirnandi
[13]. From the given study, it’s proved that mohuna seed oil biodiesel could be used as economical biodiesel. From
the above literature review, it’s confirmed that lubrication properties of vegetable oils can beenhanced by using
various methods. In the present research work, one such attempt has been made to evaluate lubrication properties of
vegetable oil blends to find out such blends which show better lubrication properties at lower as well as higher
temperatures.

MATERIALS AND METHODS

2.1 Test oils

In the measurement of lubrication properties, test vegetable oils used in this work were soybean oil, olive oil,
almond oil, amla oil, castor oil, groundnut oil, cottonseed oil, coconut oil, sesame oil, sunflower oil and mustard oil
and their blends in different proportion. During blending process soybean oil blends with other oils stirred
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 miniscus is exactly at the filling marks. If too much is added removed
by pipetting.

3. Place the cup on heating stove and insert the thermometer in a vertical position with the bottom of bulb 0.4 mm
from bottom of cup.

4.Light the test flame by adjusting the gas flow. Adjust it 3.2 to 4.8mm diameter.

5. Switch on heater and adjust regulator for heating such that temperature rise of sample is 15°c per minute.
6.Record the flash point as the temperature when first flash appears at any point on the surface of oil.

7.In order to find out the fire point continue heating at the rate of 5° to 6’c per minute.

8. Continue application of test flame as before until the oil emits and continues to burn for at least 5 second.
9.Record this temperature as fire point of oil.

2.2Cloud point measurements

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 least 14°c above the expected cloud point.

2.In order to remove any moisture present in the sample, add preheated anhydrous sodium sulphate 1gm/50ml of
sample. Keep like that at least for 10minutes and then filter through ordinary filter paper.

3. Pour this clean oil sample in to test jar to the level mark (5157 mm).

4. Tightly close the test jar by cork carrying test thermometer in vertical position in center jar with thermometer bulb
resting on bottom of jar.

5.Place the disc in the bottom of jar and insert the test jar with ring gasket 25mm from bottom in jacket.
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6. Maintained the temperature of cooling bath at -1°% to +2° by wing crushed ice and water as cooling mixture.

7. After every 1% fall in temperature remove the test jar from jacket.

8. When oil does not show a cloud when cooled to -7°, place jar in third bath maintained at -26’c with crystal ice
and cacl, crystal for maintaining very low temperature both solid CO, and acetone or petroleum naphtha may use up
to -57%.

9. When such inspection shows distinct cloudiness or haze at bottom of test jar record the reading of thermometer as
cloud point.

2.3 Pour point measurements

Pour point of soybean oil and their blends with other vegetable oils was determined by Pour Point apparatus
The experimental procedure followed by following steps

1. Pour the oil in to test jar to height between 5-5.7 cm.

2. Close the jar with cork carrying test thermometer in vertical position with the bulb immersed about 3mm below
surface of the oil.

3. Heat the oil sample to 46°c without stirring and cool in air to 35°c if expected pour point between +32° and -34°c.
4.1f expected pour point is above 32°c heat the oil sample to 46°c or to a temperature approximately 8°c above
expected pour point.

5. If expected pour point is below -34°c heat the oil without stirring to 46°c and cool to 16°.

6. Place the disc in the bottom of jacket and insert the test jar with ring gasket 25mm from bottom in jacket bath at -1
to 2% by using crushed ice and water only as cooling mixture.

7.Beginning at the temperature 12°c above the expected pour point remove the test jar from jacket carefully, after
ever 3% fall in temperature.

8.If the oil has not ceased to flow when temperature reached to 9°c. Place the jar in second cooling bath maintained
at -18% to -15% with crushed ice and sodium chloride crystals and if necessary to third bath maintained at -26°c
with crushed ice and sodium chloride crystal.

9.Continue the test in this manner till a point is reached when oil shows no movement when test jar is held in
horizontal position for this is freezing point of oil.

10. Pour point is 3°c 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 following steps

1. Weigh the clean and dry crucible with two glass head

. Weight about 10gm of the sample to the nearest Sgm.

. Place this crucible in the center of skidmore crucible.

. Level the sand in the largest sheet iron crucible and set the skidmore crucible in the center of the iron crucible.
. Place the cover to the both skidmore and iron crucible.

. Keep the crucible resting on the wire triangle which is supported on the tripod stand.

. Cover the whole thing with iron hood.

. Heat the burner adjusts the flame so that the preignition period is 10 + 1.5 minute.

. When smoke appear above the chimney move the burner to ignite vapour.

10. The period of burning the vapour is + 13 minutes.

11. After the vapour ceases to burn heat the crucible to red heat for 7 minutes.

12. Remove the burner for cool the apparatus

O 00O\ N B~ W

AX100

w
Where, A= Weight of carbon residue in grams

W= Weight of sample in gram

% Carbon residue =
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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 Point | Pour Point | Flash point | Fire Point | % Carbon Residue
1 Soybean oil + Olive Oil 10+90 -6°c -15% 327 358" 0.3723%
2 Soybean oil + Almond Oil 90+10 -10% 22% 286 330% 0.6309%
3 Soybean oil + Amla Qil 10+90 5% 7% 324°% 352°% 0.5271%
4 Soybean oil + Castor Oil 10+90 -11°% -15% 318°% 332°% 3.3764%
5 Soybean oil + Groundnut Oil 10+90 5% -10% 342°% 355% 0.7942%
6 Soybean oil + Cottonseed Oil 30+70 -6'c -14% 322% 344°% 1.3683%
7 Soybean oil + Coconut Oil 90+10 5% -19% 326" 342°% 0.7653%
8 Soybean oil + Sesame Oil 10+90 4% -13% 332% 348 0.7372%
9 Soybean oil + Sunflower Oil 70+30 -7’ -16% 334°% 358" 1.2219%
10 Soybean oil + Mustard Oil 20+80 5% -18°%¢ 328" 345° 0.6626%

RESULTS AND DISCUSSION

3.1 Cloud point

Cloud point denotes as temperature at which crystallization of solid occur in the form of cloud when oil is cooled at
specified rate in standard apparatus. Cloud point expresses low temperature stability of lubricating oil. From the
above table shows that soybean castor oil blend possesses lower cloud point due to presence of large number of
saturated fatty acid while soybean sesame oil blend possesses higher cloud point due to presence of more
polyunsaturated fatty acid.

3.2 Pour point

Pour point is denoted as temperature at which oil is just ceases to flow when cooled at specified rate in standard
apparatus. From above table and figure it’s found that soybean almond oil blend possesses low pour point increasing
cis unsaturation or low molecular weight fatty acid while soybean amla oil blend possesses high pour point due to
increasing high molecular weight fatty acid.

3.3 Flash point

Flash point of oil expressed as minimum temperature at which oil gives sufficient vapours to ignite momentarily
when a flame of standard dimension brought near the surface of oil for a prescribed rate in apparatus of specified
dimension. From above table it’s found that soybean groundnut oil blend shows high flash point due to presence of
more unsaturation in fatty acid while soybean castor oil blend possesses low flash point due to presence of volatile
matter andmore free fatty acid molecule.

3.4 Fire point

Fire point of oil expressed as minimum temperature at which oil give sufficient vapours to ignite momentarily at
least 5 seconds when a flame of standard dimension brought near the surface of oil for a prescribed rate in apparatus
of specified dimension. From the above table and figure it’s found that soybean olive oil blend possesses high fire
point while soybean almond oil blend possesses low fire point than remaining vegetable oil blends. High fire point
of given blend due to more stability of triglyceride at high temperature and low amount of free fatty acid form after
heating. Low fire point of given blend due to more amount of free acid form after heating occur due to large
degradation of triglyceride in to free fatty acid.

3.5 % Carbon residue

Carbon residue expressed in terms of percentage carbon that is left on evaporating known quantity of fuel under
specified condition in specified apparatus. Carbon residue occurs mainly due to byproducts of fuel and lubricants.
It’s mainly related to percentage of free fatty acid, glyceride, and polyunsaturated fatty acid. From the above table
and figure it’s found that % carbon residue of soybean amla oil blend is lower while soybean castor oil blend is
higher than other vegetable oil blends. Lower carbon residue due to decreasing amount of free fatty acid, glyceride
and polyunsaturated fatty acid in given oil blends while % carbon residue increases due to increasing same.
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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
derivatives
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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 1la, 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
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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.
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The sodium salt obtained was decomposed by aq. 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-Cl
and C-Br stretch), 815, 795 and 737 (presence of substituted
benzene ring). PMR (3): 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-CI and C-Br
stretch), 820, 791, and 735 (substituted benzene ring). PMR
(38): 11.80 (phenolic -OH), 1.08 (-CH;), 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
(10 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 4¢: 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 HCl (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 HC1 (1:1) and cooled to 0°C and 10% NaNO,(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 FeCl;, 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:

1 - H»ﬁl!.a’ -
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 -CH;. 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 FeCl;, 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:

H;-:E-L_ L ___.J:'H P ___,BF
[
el R S g o e
N—"HH
4a
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Interestingly, the PMR of 4a revealed additional peaks, which
might have arose due to the plausible tautomerism as depicted
below:

"V Mo a O
o \T'E 'r_h Gmxlg

H—%H HE—H
Sr.No. | Compound | Percent yield (%) | Melting point(°C)
) 3a 80 142°C
2 4a 80 200°C
3 4b 75 280°C
4 4c 75 180°C
b 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-cresollz, 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 II 400 MHz NMR
spectrometer was used for characterization of H' NMR spectra
of azo compounds using CDCI; 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 0-
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
20
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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-— CI
\ \

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
CoHs0

OH

CHO CoHs0 N=N—Ar

2 R

5-10°C

CHO
la-d

SO

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 )
L. . for Compounds Molecular Molecular . Yield
antimicrobial ] points
. FTIR and Name Formulae Weights N (%)
activity 1 (W)
H NMR
3-ethoxy-4-hydroxy-5-
la 4p ) CysH4N,O5 270.28 67 67
(phenyldiazenyl)benzaldehyde

3-ethoxy-4-hydroxy-5-((2-

1b 4Q . . C;5H13N305 315.28 128-130 65

nitrophenyl)diazenyl)benzaldehyde

3-ethoxy-4-hyd -5-(p-

le 4R ethoxy-4-hydroxy-5-(p C16H1eN,0s 284.31 64 72
tolyldiazenyl)benzaldehyde

3-ethoxy-4-hyd -5-(napthalen-1-

1d 48 ethoxy-4-hydroxy-5-(napthalen C1oH N5 32034 | 127-129 | 80

yldiazenyl)benzaldehyde
International Science Congress Association 21
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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),
i FTIR (KBr,cm") 1280 (C-N), 1579 (N=N).
H' NMR (6 ppm) 1.4 (t, 3H of -CHj), 4.2 (q, 2H of -OCH,), 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 (KBr.cm™) 1232 (C-N), 1590 (N=N).
H' NMR (5 ppm) 1.5 (t, 3H of -CH3), 4.4 (q, 2H of -OCH,), 4.2 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
PP 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),
iR FTIR (KBr.cm™) 1168 (C-N), 1580 (N=N).
H' NMR (5 ppm) 1.5 (t, 3H of -CH3), 4.3 (q, 2H of -OCH,), 6.3 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
pp 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-0),
4 FTIR (KBr.cm™) 1231 (C-N), 1592 (N=N).
1 1.5 (t, 3H of -CHj3), 4.1 (q, 2H of -OCH,), 4.3 (s, 1H of Phenolic -OH), 9.8 (s, 1H of -
H NMR (6 ppm) 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 Pseudomonas 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
Ic 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
Figure-2

Zone of inhibition of azo compound 1a

B. subtilis S. aureus

S. typhi

Figure-3
Zone of inhibition of azo compound 1b
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E. coli S. typhi B. subtilis
Figure-4
Zone of inhibition of azo compound 1c

E. coli S. typhi P. aeroginosa S.aureus
Figure-5
Zone of inhibition of azo compound 1d
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FTIR spectrum of azo compound 1a
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FTIR spectrum of azo compound 1b
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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 1la against
Staphylococcus aureus (9.6 mm). The compounds 1b and Ic
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 depreSS|0n 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.
CarbendaZ|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. Identical 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
activity'®'®. 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.1.) 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

Dr. Sanjay B. Kadu
Azzociate Professor, Commerce Faculty
Vidya Bharti Mahavidyalaya ,Camp, Amravati.(M.5.)

A Different Forms of Employee Involvement in Corporate Governance:

A: the transactions of companies overrun the borders of countries, the roles of corporata
Constituencies increasingly galn cross-border nature. Employess ss ome of the corporate
Canstituencles have been playing an Increasingly important role at the transnational level,
Nevertheless, employees’ roles in the corporate governance differ among states since regulations of
companies are quite different from ene country to another even though the increasing number of
campanies now has activities beyond the natlonal borders. For example, in cross-border mergers
wnd acquisitions, as the form of growth and internationalization, the relations batween the
management and workers in the companies involved, may be subject to laws and regulations of
more 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
consultation in major corporate decisions. The diversity between the employees' role In the
~owermance of companies is one of Impediments ta major corporate transactions in the globalized
vorld, which adversely affects the economic relations between countries and creates an obstacle to
ne development of the world econamy.

There are efforts to approximate differences of employees' robe in companies. For example, in the
furopean Union (EL) it s=elns that major steps have been taken to harmonize different systems of
smployee Involvement in the corporate governance, In 1994 the EU adopted European Works
Council Directive® which requires member states to set up a general framewark for employees’
~farmation and consultation rights in multinational companies. Under the Directive, consultation is
ssfined a5 a two-way communication process; the exchange of views and establishment of dialogue
setween employees and management.” The Directive imposes on member states the establishment
4 3 Works Councll i Cammunity scale undertakings or groups of undertakings which have at least
1,004 or in companies which have at least 150 employees In each of two or more member states and
whers employees or their representatives request this,” Put simply, the Directive provides a
cofiective voice through a central infermation and consultation forum.

The Mational Works Council Directive” also Imposes on national companles of member states to set
so minimum requirements for employees’ information and consultation rights to complameant the
Ewropean Works Council Directive. Under the Directive employees are to be informed and consulted
= 2 regular basis on major corporaté decisions concerning employees’ interests. Information ard
consultation are achieved through works councils, or in rare cases, through direct contact between
=unagement and employees or their representatives. Further, employee involvemeant in Societies
furcpean [SE) s regulated by the Directive’ supplementing the Regulation for 8 Evropean company
Eurcpean Company statute)® which introduced a new legal entity under EU law. Thé purpose of the
Zagulation for & Eurppean campany is to offer a company with a European dimension free from the
sbstacles arising fram the disparity and the limited territorial application of national company lew.’
The European company, which Is primarily governed by the same rules, can therefore move fresly
from one counkry to anather without legal restrictions imposed on national entities. The Eurapsan
company will permit cross-border mergars and the cross-border transfer of a company's registered
~#ice without the need for liquidation and for the formation of a new company.
The Directive supplementing the Regulation for @ European company then provides employes
swolvément [n companies moving from oné country to another to-be subject same provisions. The
Dwective” supplementing the Regulation for a Eurepean company, drawing on experientces and laws
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of member states, governs three forms of employes involvement in the corporate decision m
participation, consultation snd information™ Employes# participation should be clearly distirges
from. other forms of employes Involvement. This is because; of the three forms of emok
imvolvement under the Directive only participation affects the structure of the Campany.

Neverthelass, there are still major divergences between the laws of mamber states conces
employee involvement in corporate governance. This stems from the fact that the employees” role
torporate governance s related to not only laws and regulations’ of corporate Eovernanas &
countrles, but also the underlying philosophy of corporate governance. The shareholder or
prevails in the Anglo-American countries where the company is considered a profit m .
organization. This philosephy encourages corporate directars to maximiie corporate profe
directors are elected by the sharehalder, which ensures the responsibility of the directors o
shareholders.™ The directors act, as agents of shareholders, in the best interests of share E
The shareholders are the awners of the company carry the risk of investment. They, in turn, s
be the one who decides in the company.™ The Anglo-American corporate governance systess
therefore mainly drawn on contractual theory. This leads to the refationship between corpe
censtituencies and the companies to be trested as contract.1? Therefare, employees as "
corporate constituencies are regarded as outsiders. Their contractual rights are supplemsntes
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
as the institution in which the interests of different corporate constituencies, such as empk
suppliers, certain long-term custemers, environment and society are reconciled. Employess, = &
of corporate constituencies, or of stakeholders are protected within the company through me
two tier board structure, The members of supervisory board are elected by sharehoidess
employees, and those of the management board are slected by the sup :rvisory board. This sto
of the company makes it possible for employess to participate in the decision = 8
companies”, Therefore, employee voice is related to corporate culture, historical, politest
sociological development of countriss that shape legal rules of employee involvement &=
decision-making of companies.
B. Teaching Employee involvemeant In Corporate Governance from a Comparative Perspective
The laws and regulations relating to employes Involvement in corporate governance whies
evolved in different cultural, sociological, historical and econsmic development of countries &
thought from a comparative perspective. Different roles of employees can be illustratss
explaining laws of UK, Germany and the MNetherlands concerning employee involvement in cores
governance. Examining law of the UK about shareholder primacy together with empies
involvernent will shew that employees can only have Infarmation and consultation rights in
corporate decisions. On the other hand, an explanation of laws of Germany and the Nathees
relating to employes participation can make 3 Fuller understanding how the corporate stree :
enables the interest of company to include the interests of sharehalders, creditors, empioyses
society.
information and consultation rights in UK law stem from the implementation of Dirsctives™
Impase on member states to regulate; at least, the lowest level of employee involeams
Employess’ information and consultation rights are not likely to provide influence upen decisioss
corporate pelicies whereas participation must at least have the ca pacity to influence decisions
palicies. 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, COMmprisag
supervisory board and the management bioard is the major characteristics of laws of Germany )
Metherlands providing for employee participation. However, while employer invob/emant ln £
two countries can be referred to as employee participation, there are differences in thess
tountries’ laws conceming employes involvement. Explanation of the laws of Germany ang
Netherlands about employvess’ role, in a comparative way, will help the students to unde
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SHarent types of employee participation, which s also reflected in the Directive’’ supplementing
=2 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, PARDESH]
Department of Cosmetic Technology,
Vidyabharati Mahavid yalaya,
Amravati-444 602 (M5}

Dr. K. K. TAFAR®
Vidyabharati College of Pharmacy, Amravati - 444 602 [(M.5.)

ABSTRACT

The aim of the present study was to Investigate eflicacy and performance of
Aloevera touth gel against selected bacteria and fungi This tesl method measures the
changes of a population of Aerobic micreorganism with in a specified time period, when
tested against Staphiyllacoccus aureus, Streptococcus mutans, Candida albicans, Escherichia
coli and Pseudomonas aeruginos a which were selected  as a test micri-organism against
which Aloe-vera tooth pel was tested. It included the evaluation of dentifrices by

antimicrobial testing.

This investigation showed that newly formulated tooth gel has shown 59.99%
reduction of test bacteria viz Staphyllacoccus aureus, Streptococcus mutans, Escherichia
coll, Pseudomonas aeruginosa and Candida albicans in 30 sec, 60 cec and 2 minutes. Bright
Tooth Paste has shown >99.99% reduction of test bacteria Staphylococciis aureus,
Streptococcus mutans, Escherichla coll in 30 sec, 60 sec and 2 minutes, Bright Tooth Paste
kas 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 aeruginesa,

Introduction :-

Dental Caries, Cavities and other oral diseases are the most comman 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
peose, Also other microflora are also associated with [t Teeth provides a unique
Arenment for bacterfal colonization, Since unlike vther parts of the mouth they are non-

ng inorganic structure retentative arcas.

pe-vera is a stemless or very short succulent, Cacturs like plant that actually is part
mily, growing to 60-100 cm (24-39 inches) tall, spreading by off sets. There are
‘ﬁ] varieties of the Aloe plant hut the Aloe-barbadensis variety exhibits the best
"‘“ e, It has been suggested for a wide variety of ailments but its use in

iy,

vey showed that though Aloe-vera gel were studies and can be used
r and moisturizing propertics but comparatively less works
ts use in dentistry. In the view of this, the present study the Aloe tooth

stianal Journal of Research in Economics & Social Scionces
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el was prepared by incorporating Aloe-vera along with active salt and Alum in it and then
the formulation was screened for time kil test,

Time Kill Test is a basic microbiology method of assessment of Antimicrobial activity
of an Antl-Microbial test material or Disinfectant, The kill time test Is carried out to evaluate
the microbial reduction by a diginfectant against selected bacteria or fungi. Various
erganism are studied depending upon the type of analysis and test materials. However maost

commaon organism tested include : Staphylococcus aureus, Pseudomonas aeruginosa, E-coll
etc.

The test product or a dilution of the test product is brought into contact with a
khown population en of micro-organisms approximately 10¢ CFU/ml specified period of
time at 3 specified temperature. At selected time points including zere time aliguots are
removed and placed inte 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 blankis calculated. The amount of sample required is 100 ml per lot per arganism,

I 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 Pyt. Lt Gujrat)

3. Hydrated Silica (M-Fil - Madhu Silica Pyt Led Gujrat)
4. Carrawingn gum (VTP-Sarin industries FMC Biopolymer MNavi-Mumbai. |
5, Clolours - Neelikon food Dyes and chemicals Lrd. Mumbai,

Al the reagents used were of analytical grade. After collecting all the Samplés, Aloe-

el were formulated by incorporating Aloe-vera, active salt and alum as are active
to checkout the effectiveness against différent micro-organisms with in a
of time.

ﬁ.unpuhlinn for gel tooth paste with aloe - vera extract , salt and
ents with uther common ingredients of gel dentifrice.
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Table 1: Formulation of Aloe-Vera Gel containing dentifrice

5 N. Ingrediens e (wiwi
[ Sortiial 5 A
2 WP G | Carragesisan guim) .55
3 F-5il 100 { Adbrasve Siblon ) 3.5
i M - il 100 { Hyadrated Silica ) 6.5
5 Poly ethylene glywal 400 0.4
6 Socum Buctharin 0.3
7 Sodium fuoride 0.2
8 Sefiiam |maryl sulphate 23 =
o Methyl Parsben i
10 Propyl Pariben .0
i1 Coliour 0.1 =
12 Flavour {15
13 Water .92
' 14 | Aloe—vera gel 3.0
L§ Sodium =alt 02
16 Alum 0:1
Preparation of Aloe Tooth gel :

 Inorder to optimize the concentration of gelling agent to achieve proper consistency of
el formulations were prepared with different gel formers, Carboxy methylcellulose

Carbomer 934, HPMC and different concentration of viscosity enbancer vis, 1.0, 2.0,
)% were tried and finally gel that showed good spreadability and consistency was

all the ingredients. Take sufficient quantity of water . Add sodium saccharin,
preservatives , colour, Sodium salt, alum in i, Mix it properly. Then warm
509, Then at this temperature add VTP gum, Then add sorbital, Paly-
' T add both sitica powder i.e. abrasive silica & hydrated silica to it Mix it
1 Albe - vera gel & flavour to it and mix it 10 -15 minutes properdy. Lastly
hate to the formulation by making a slurry. Slight amount of foam

dation for gel tooth paste with aloe - vera extract , salt and
s with other common ingredients af gel dentifrice.
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Antimicrobial Analysis of Aloe Tooth Gel by Tine Kill Test :
Name of Text : Time Kill Test

Test Standard ; ASTM E 2315 - 03 {Re 2008)

Test lnoculum ;

L Staphylococous sureus ATCE 4530

2. Streptococcus mutans ATCC 26175

3. Escherichia coli ATCC 10535

4 Psedomonas aeruginoss ATCC 9027

5 Candidaalbicans ATCC 10231

Test Conditions ;

Test Product 1 L2 dilution

Bilpent / Neutraliser i DE brath

Coptact Time ¢ 30seconds, 60 seconds and 2 minutes

Contact Temperature ¢ Room Temperature
: Media and Reagent - Soyabean-caseln digest agar, plates incubuated at 37°C;
Sabourauds Dextrose agar, Incubated at 2890
i

Procedure

udﬂﬂﬁnﬂwudmwmmmmmmlmh:mﬁfﬁlm
indivadually (approximately 106 CFU /mi). After the specified exposire time of 30 seconds,
60 seconds and 2 minutes, surviging microorganisms were recovered by drawing an
all neatralizing it and performing Standard Pour Plate Technique, Culture count was
e hrﬂ-ﬁuunn Blank. Adequate Validation of Neutralizing agent was alse carried.
as earried out in duplicate and average count was taken as CFU/ml.

3l
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Sample Measurement Remove Sample with Micropipetie Mixing Samiple in
Tube Vortex Shalkor

reparation of Plates Inoculation of Microbial Plate Spiral Placer

Neutralizer Validation :

Validation Test s = ]|
Test | Viable count in Saline | Viable Count in Neulraliser
Organism [CFU/ml)

| Staphylococcus sureus TH B0 =
| _Streptoroceus mutans o - o e

 Bseherichi 53 _ 52

' [ e 8 7
32 i 30

32
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Results :
[ Sanple . Caunt of Test Orgunim Autimicrobiol Activity
Identification b Expesure | Initinl After Exposure Lag Percentage
Orgmnism Time Comil | CPUmI feduction | Reduction
Alores Gu WSee | LAsug® | <10 <1 > 16| 0999
Teath Paste S | CPims | <10 < | 418 990
— 2 Min L=518 10 <t =41 *99.59
Bright Tosth | Staph, Awews | 3nSee | 14rute® | <10 <1 4,14 99,90
Pl 605 | CFUioma =i <] 4,14 >,
2 Min L=514 <10 <} .14 >899
Abvevern Gel 05 | 13%a® | wsoxin' | 497 0.16 10.62
Toalh Paste 60 Seu CPUml | LO00xie [ 4.0 1.3 ¥2.59
- Siepiococeus | 3Min, | LeS13y. | < | <t =413 49,99
Bright Mutans 05 | asean’ =1t <l =4.54 =49.99
Taoth Paste B e CFL¥mi =18 . 4.5 Y980
2 Min L =554 <10 <l =454 099 |
Alvevera Gel W See | Losxie" <Hy¥ <i =416 | 2882
Tuwath Puste i} Soo CTFLmd b L4 | =416 1.5
Ewherchin | IMm | L=50 <10 | =416 B0
Bright Cali 30 See Lansi0® =il =] =416 =)
Towth Paste A0 Seu CFUml <1 <l >d.16 =999
2Min | L=504 <1t <1 =416 =099
Alocvers Gel W Sec | L0 <1l <k 4,16 =999
Tooth Paste G05e | CFliml | <10 <l =16 240,99
Peeudomonnd | 2 Min L=503 it L1 ] =416 =49.99
Bright Teoth | Beruginos 30 Sec Lisae® | Lottt | =60 <1 a0
Paste WSec | CFUml | >L00xI0 | =60 e | 0,040
IMin | L=506 | >Liaxlg’ | =60 <1 000
Alavvern Gel W08 | 460010° <10 | =466 i
Touth Paste WiSes | CFliml <10 < 4,66 0,90
' anuics 2 M L= 5.6k <l =l =466 =M.
| Bright Teath albichns 305 | Lodae® <1t <j 41 999 |
Paste | siSec | CFU/ml <10 <1 >4.41 9.9
- IMin__| L=541 <i0 1 =441 >99.9¢

stluction of Microorganism = 100 {Initial - Afrer Exposure)/ Initial
on = Log Initial - Log after Exposure
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B_rmwtans_filoe_L_control, 5. mutans_Bright_L_control_and_right 2_miin
and_right_Z_mi

Conclusion :

L Test Product named as Alovera Tooth Gel has shown >99.99% reduction of test
bacteria viz Staphyllacoccus aureus, Streptococcus mutans, Escherichia coli, Pseudomonas
aerugingsa 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, Streplococous mukans,
Escherichia call in 30 sec, 60 sec and ¥ minutes, and Bright Teoth Paste has shown no

 reduction of Pseudomonas aeruginosa in 30 sec, b0 sec and 2 minutes when analysed as per

 ASTM E 2315 - 03 (Re, 2008) Method.

| Hitavada: 217 fuly -2009; pg. no. Z,
E %, Khare, Encyclopedia of Indian Medicinal Plants; pg. no. 43-45.
Br. CK Kokate, A.P. Purchil, 5.5 Gokhafe; Pharmacopgnosy, 350 edition, pg. no
r nes: Pharmacognoesy; 15 edition; pgno. 211, 240-242.

fo and V.K. Kapoor; Text haook of Pharmacognosy; 1+ edition; pg no. 46-50.
adry : Pharmacognosy; 12 edition; pg no: 239-242.
- book of Industrial Pharmacognosy; 1* edition; pg ne, 67-69, 241-

p-65, no -6 , June 2005 pg no, 3-22,
book of pharmacognosy & phytochemistry; 1 edition: pg. no.

ss; Pharmacognosy; 81 edition; pg no. 60-63,
gnosy and Phytochemistry, 1+ edition; pg. no, 264-271.
arT icognosy 5 edition; pg no. 449-457.

oy Bevised New edition-2002; pg no, 49-56,
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FORMULATION AND EVALUATION OF ALOE-VERA GEL WITH ACTIVE SALT
AND ALUM : AS A NEW DENTIFRICE
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Amravati-444 602 (M5}
Dr. K. K TAPAR:

Vidyabharati College of Pharmacy,
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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. [t has
been grown as an ornamental plant widely. Products of the plant are used in the
treatment of various aillments, 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 therapeatic benefit.

Keywords: Aloe tooth, Escherichio coll, Candide albicons, zone of inhibition, natural
antimicrobial apents.

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
~flloeh meaning —shining bitter substance, while —vera in Latin means —true. 2000

 years ago, the Greek scientists regarded Aloe vera as the universal panacea, The
 Eyptians called Aloe —the plant of immortality. Aloe barbadensis Miller (Aloe vera)

g to the liliaceal family, of which there are about 360 species. The use of natural
ducts in the prevention and treatment of oral conditions has increased recently and
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could be of benefit to low socloeconomic bevel in urban and rural communities. Among
the various currenty available herbal agents the most popular and currently recelvinga
lut pf sclentific attention is Aloe verd, It |5 a perennial succulent xerophyte, which
develops water-storage tissue (o the leaves to survive in dry areas of low or erratic

rainfall [1], The plant has stiff grev-green lance-shaped leaves contalning clear gel in a
central mucilaginous pulp. Benefits associated with Aloe vera have heen attributed to

the polysaccharides contained in the gel of the leaves, It is a cactus like plant that grows
in hot and dry climatex. Numerous studies on Aloe vera are being done to demonstrate
the antiviral, antibacterial, analgesic, antitnflammatory & wound healing properties, The
Alge barbadensis plant consists of two different parts, each of which produces
substances with completely different compositions and therapoutic propertles. The
parenchymal Ussue makes up the inner portion of the aloe leaves and produces the Aloe
vera pel (or muctlage), a clear, thin, tasteless, jelly-like material. This tissue is recovered
from the leaf by separating the get 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 preen ring of the leaf. These cells produce an exudate that consists of
bitter vellow 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

ﬁn—p‘mtmlﬂmf wounds. The first reference to Aloe vera in English was a translation by

' John Goodyew i A.D. 1655 of Dioscorides Medical treatise De Materia Medica [3).
E -I.J' i Ty, r

natory Effects: It inhibits the cyclooxygenase pathway and reduces

: rty: A processed Aloe vera pel preparation reportedly inhibited
ndida albicans (7).
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¢) Antiviral Froperty: This action may be direct and indirect; ie, indirect due 1o
syspem, and direct due to aloe emodin.

stimulation of immune
Aloe vers, a great immune stimulant, contains 0%

i) immunomodulating Effects:
rhodium and iridium {trace minerals)
polysaccharides which dramatically increases

in the scemannan which i one of the
the white blood cells or macrophages

and T cells,
¢} Antloxidant Property: Aloe vern has very strol

peraxide activity, superoxide dismutase enzym
I, whith may be responsible for these antioxidant

W antioxidant nutrients. Glutathione
e4 and a phenolic antioxidant were

found to be present in Aloe vera ge

effects
f) Antitumor Effect: The two fractions from Aloes that are claimed to have an

effects include glycoproteins (lecting} and polysaccharides.
g) Dental Implants: Aloe vera gel placed around dental implants Is found effective to
reduce inflammation. Alee vera reduces inflammation by its antimicrobial &

X antiinflammatory effects.

ticancer

Materials and Methods:
Different concentrations of viscosity enhancer Carrageenam gum Were tried and

finally gel that showed good spreadability and consistency was selected for dentifrice

Fuperty.nf herhal gel of Aloe vera, active salt and alum,
Carrageenam gum was purchased from Sarin Industries Pvt Ltd, Mumbai (India),
“and hydrated silica from Madhu Silica Pvt. Ltd {Gujrat), Methyl Paraben,

Paraben, Sodium Chloride was Purchased from Titan Biotech Ltd. Rajasthan

hi
- F 0

sis) plant was obtained from Herbal Garden, Vidyabharti Pharmacy College -

ravat.
L]

AT [
TR

SERIMENTAL WORK

¢ of Pharmacy-Amravatl, were used. To obtain Aloe vera
lly obtalned from the centre (the parenchyma) of the plant
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leal of Aloe vera, the leaves of Aloe vera were collectod, washed with water and a mild
chiorine solution and were finally cut transversely inta pieces, With a vegetable pecier,
the thick epidermis was selectively removed and the inner gel-like pulp in the center of
the leal was separated with a spoon, minced, and homogenized in a mixer,

Selection, Optimization and Preparation of Aloe-Veratooth gel :

One of the main ingredients of the formulation s the gelling agent. The
concentration of viscosity enhancer or gel former i of immense value as g less
cencentration 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-uniferm
distribution of drug and problem with handling of gel. Different gel formers were tried
in order to select the best gelling agent.

50 in order to optimize the concentration of gelling agent to achieve proper
cansistency of the gel formulations were prepared with different gel formers. Sodium
Carboxy methyleellulose, Carbomer Y34, 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 Z.0% gelling apent somewhat better gel was

_nhtalm_ll:_l hut the problem of lguification after 24h was ohserved, Gel containing 3.0% of
carhomer 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 carbapal974 the gels formed are poor in consistency and very thick as indicated by
qmaadahility and extrudability values. Thus, 0.55% of carrageenam was selected as the

- optimized concentration of gelling agent
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Table 1: Formulation of Aloe-Vera Gel dentifrice

RN ingredicnts B (wiw)
i Forbitol 5,00
2 VTP Gum { Cumsgeenan gum) (5SS
] F- ol T | Abbmerve Silon § 135
4 M - Fil 110§ Hydmtesd Silea ) f.5
5 Poly cthylene giycoel 400 0s
7 Eodium Saccharm [T

T | Sodum fupnds 022
3 Sodwm lauryl sulphate £l
7 Ricihy] Paraben Kl
Iy Propyl Paraben L
0 Colowr [

T2 Flavour K]
13 Water BT
14 Abpe - vern pel 910
15 T 02
It Alum 0l

Finalized base formulation for gel tooth paste with aloe — vera extract, salt and
alusm asan active ingredients with other common ingredients of gel dentifrice.

.‘W-all the ingredients. Take sufficlent quantity of water . Add sodium
Spdium fluoride , preservatives , colour, Sodium salt, alum in it . Mix it

erly. Lastly add sodium lauryl suiphate to the formulation by

amount of foam will generate. Remove air by vacuum.
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Evaluationof Aloe-vera Tooth Gel
pH

1.0 g gel was accurately welghed 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 calculaned.

Spreadability

Omne of the criteria for a topical formulation to meet the ideal qualities &= that it
should possess good spreadabilicy. Ivis the term expressed to denote the extent of area
to which formulation readily spreads on application to skin or affected part The
thetapeutic officacy of a formulation also depends upon its spreading vaiue. 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 * 20 cm, over which a second glass plate was
placed. & weight ot 500 g was allowed to rest on the upper glass plate for 5 min. The
increase in the diamester due to gel spreading was noted.

Extrudability

Ta determine extrudability a closed collapsible mube containing formulation was
pressed firmly at the crimped end. When the cap was removed, formulation extruded
until the pressure dissipated. Weight in grams required to extrude a 0.5 cm nibbon of the
. Formulation in 10 se; was determined. The average extrusion pressure in gme was

Ww&w-&mm;mm
"'ﬁgﬁummm hittps/ W, Buroasiapub.org 302
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Homuogeneity

The developed formulations were tested for homogeneity by visual Inspection
after the gef had been filled in the container. They were tested for their appearance and
presence of any appregates,

Analysis of dentifrice Capacity as per I56356:2001;
The formulated Aloe vera tooth gel sample was tested as per 156356 1 2001

[ Specification for tooth paste;)

Antimicrobial Analvsis of Aloe-vera Touth Gel :

This in-vitro smudy was carfied out to determine Antimicrobial efficacy of
Alog-vern tooth gel against oral pathogens. In order o study in their effectiveness
against the test microorganisms , Escherichia coll, 5. aureus 5 mutans and Candida
albicans were selected as test microarganisms against which the antimicrobial assay by
modified agar well diffusion method as per NCCLS guide lines 2005 was performad.

= Name of Test : Anitibacterial property of test product by well diffusion method

as NCCLS pubdelines 2005

1. Staphylococcus aureus ATCC 6538

2. Streptococcus mutans ATCC 25175 bacteria
3. Escherichiacoli ATCC 10536

4. Candica albicans ATCLC 10231

‘The test organisms diluted approx. 107-108 CFU /ml were individually spread by
& sterile swah evenly over the Face of Soyabean Casein digest agar. Using cork borer a
--Bl:iﬂm diameter was punched in the medium. Test material-as it is in 100 ul

yas then applied to each well Control plant comprised of 100 ul distilled water
¢ plates incubated ar 370C/28C Tor 2472 hrs. Zone of inhibition were

International Journal of Aesearch in Economics & Social Sciences
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Resolts and Discussion:

Analysisof Aloe-vera Extract:

ey, | Paramier S pecification Resule
I Butanical Spurce M le Rubadeoan Witk Comp s
3 Appeamnce Colouress and Trankpinat Cerrp
3 Salubdsy i Wane Saluble Sadable |00%
4 [ihar Chamcienalic Charsclertalie
5 pH a0 -&0 (|
[ Speutlic Grrvity [ ld {0060
i} 25 dey €.
T Refmoire Index 13w L5 13952
e A deg. £
] Loss on drynsy Ahont 37 % Complits
Q Heavy Mitak E0 ppen Wlas Less than 2 ppim
I Arremic 10 ppm Mex Camphes
LT MeAT 10 ppm
L Microbm] Lus | 100 g fiad g Mias
Tl Bacienal Vouisi WP 3 efuly Camplics
Fenst and Mold Couint Complies
S A urens Alsent
ik 1T Abment
Salmowella g Absedt
Pipndpmonas Absent

{ without the risk of irritancy to the oral cavity, The pH was found to be 6,28
h was very near to the newtral pH, thus the formulation can be used without
irritancy Lo the oral cavity. This also indicated that the selected ingredients of

‘aternationsl lournal of Aesearch in Foongmics & Soral Sciences
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The Spreadability of formulations was found to decrease with increasing the

concentration of geiling dgent. The value of Spreadability for optimized gel was found
kit £ bt L6 cm andicating that the gel easily spreadable by srmall ameunt of shear.

Table 3 Evaluation of Aloe Tooth Gel as per IS: 6356+ 2001 (Specification for

bpoth paste]
BNa Descripiin Stanidard Husulis
ki Fmemesd
il |50 M Lt = Max 10 L]
1 T Micnon L hag 23% IR
4 H i Agjueodis Suagenswn 5.5 ror 183 G
: il T
3 pRNEE[L [HIWET Lt M, e
Bl Huwwy metals Li ; Max 2ippm Test Passes
E Amcoi Li: Max 2 ppm Texd Pasges
3 Viscon iy AT 1o I Tps
o “Fhard and sharp edge pasicles Tu pass the lost Wo hamd & sBamp  edge
purticles. observed
B. - Spreadabiliy T pows the fest Tesl pitsned
9 By Ta pss thit st RIS
1] Hinmogenety To puass T T Himegenous
Results of anti-microblal Assay:
»  Name of Test:
Anitibacterial property of test product by well diffusion method as NCCLS
gidelines 2005
kapml] m E
 Staphylococcus durens ATCC 6538

Sreptococcus mitans ATCE 25175 bacteria
~ Escherichia coll ATCE 105%6
\Candida slbicans ATCC 10231

snksms diluted approx, 107-108 CFU /ml were individually spread by
nly over the face of Soyabean Casein digest agar. Using cork horer a
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well of B mm digmeter wan punched in the mediim. Test material-as it & in 100 ul
quantity was then applied to each well. Control plant comprised of 100wl distillod watsr
salution, The plates incubated at 37¢C/28C for 24/72 hrs. Zone of Inhibition Wee

imrasured by calibrated ruler.

‘ruble 4: Antimicrobial Assay of Alue-Vera tooth gel

& anghe Tont Fnme of Ihitatkun s e (Everage)
Bk v it g s m il T Fid Te® Fadn
Ao ven gel TR Rtaph A6 mm T e | 153 Mm | 14§ mo
Hoght TF | Ao I mm 03 mm | 126 o 14 mm 13 mm
Al verm gel 11 B, =30 mm T mm e e Zane | Mo, Zone |
g TF | Mutans Twem | 24 mam 1% tom % mm | 132
Ak vemn gel T.F, Esvln Lol T Zone | Mo fune | N Tone | Mo Zope | No. Zohe
LT L R Tone | T dane | Mo Zune “Wo. dame | WMo, Lone
| Ao vern gri T an wblcany || 29 mm 77 mm Tk mn | (femm 14

Tagnt 1.0 ik o 5 i 2.2 e 20 mm 12 mm
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Figure no. 1: Bislogical indicator verses rone of inhibition of Aloe-Vera Tooth Gel

Graphical Representation of Result of Anti-microbial Analysis of Aloe Tooth Gel
having active salt and alum,
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The greater part of the warld's population relies on traditional medicine for
thiedr health care. This is also the case in the treatment of tecth. In developing countries,
formulations prepared from plants Have heen widsly used for the treatment of dentifrice
by medical personnel trained In western medicine as well as by traditional pracufioners.
Wounil relating with teeth healing isa dynamic response 1o injury that resultsin wound
contraction, wound closure and restaration of the functivnal barrier.|14] It has three
overlapping phases: inflammation, granulation tissue formatien and remodeling. During
especially the transition from granulation tissue o scar
tissue [ormation, collagen remodeling occurs, which Involves the degradation of
callagen with the formation of larger collagen bundles and an Increase in the number of
Intermolecular cross-linkages, This process i cantrolled by matrix metalloproteinases.
discharged by fibroblasts, macrophages, epidermil cells
5 teeth can be related to its collagen

the wound healing process

They are proteolylic enzymes
aitd endothelial cells: The tensile strength of

farmation and maturation.
The prepared Aloe-Yera Tooth Gel has promising etfect on the teeth. Further

studies need to be porformed to understand the exact mechanism of teeth wound
.'h!nlimhyddneumgul.
From all experiments conclusions can be drawn that Aloe-vera gel touth paste

yere successlully prepared along with active sodium salt and alum. According to result

s, prepared gel dentifrice formulation is capable of reducing the bad odour,
ﬁiﬁwﬂﬁmm effect to the teeth. Also. the formulation is potentially
it various micTo: oFganisms like §. sureus, 5 mutans, Candia albicans.

bes .wlﬁmfﬂr dhental care.

clopedia of Indian Medicinal Plants; p no. 43-45.
AP. Purohit, 5.5 Gokhale; Pharmacognosy, 35+ edition, pg. 0,

pgrosy; 15 edition; pgne. 211, 240-242,
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5] 55 Handa and V.K. Kapoor; Text book of Pharmacognosy; 1+ edition: pg ag, 46~
all,

6 Shah & Qadry ; Pharmacognosy; 12+ edition; pg no: 239-242

7) AN Kabia; Text book of Industrial Pharmacogmosy; 17 edition; pg no. 67-69,

Z41-243.
) Phytopharme; Volume-8, ne. -6 , June 2005 pg o, 3-22.
9}  EEdwin farad; Text hook of pharmacognosy & phytochemistry; 1%

IIH:II 335'33?:
10)  Tyler, Brady & Rebberss; pharmacognosy; Bt edition: pig o 60-63,
11)  Vinod D. Rangari; Pharmacognosy and Phytochemistry, 1+ edition: pg At 264

27
T.E Wallis; Text book of pharmacognasy & pdition; pg no: 449-457,

Indian Herbal Pharmacopoeta; revised New edition-2002: pg no. 49-56,

] : ,W HN.; Khanam §; Shardi V. 5.P; Shiveanda; TN, [P.ES college of

Y 'I_hijlé]m 5A050, Karmataka, India). Mational Seminar on new
stratagies for quality, safety and GMPs of the herbal drugs/products

w, November, 11-13, 2003 (Eng), P-64.

4 AM. Sharma, K Kuma Sushil (Council of scientific and

h, Niewe Nethi, India] 2003,
metics & perfumes, 89 no-3,61 (1972},

edition; pg

ermatol; 203234 (1965).

s for tooth-paste
yarious micro Organisms.
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ENOVELS OF NADINE GORDIMER: A THEMATIC STUDY

Mr. V.P. Shekokar.

Assistant Professor
: Vidya Bharati Mahavidyalaya, Amravati
i is a mirror to its society. It expresses the country's social, political and cultural
seteffectively. African literature received world wide acclaim nowadays. The writers
Achebe,Dorris lessing, Ngugi, Nadine Gordimer and Wole Soyinka are the pioneers
1 literature, Nadine Gordimer says about African writing “done in any language by
nselves and by others of whatever skin colour. They denote the African culture and
pughout their writing. The most imperative phase of African literature is that
i writing. The major themes of the literature are about identity crises, cultural

S iant and tyranny.

is a South African novelist. She was awarded with Nowvel Prize in 1991 for her
& Her work is mainly about Apartheid and the suffering of black citizens of South Africa
" _‘* a top place among the white South African writers, In this paper, an effort has been
ifo-reach out the substance of the major novels written by Nadine Gordimer. Her work is
Bivith moral and sacial issuss, particularly apartheid in South Africa.

are the dynamic force of the novels. Gordimer gave new thematic dimensions to the
_:__; fAfrican 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.
_';_.,.. tells the stories of common people, revealing moral ambiguities and choices. Another
_jMy Son's Story was published in 1990, The novel depicts a family disturb by illicit love,
i struggle and Apartheid. This novel weas considered as a milestone in Gordimer’s
career as she was awarded the Noble Prize for the same. This novel depicts the active

ent of black citizens in the freedom movement,

gy

novel Burger's Daughter is published in 1979, It is a political and historical novel. It deals
group of white anti-apartheid activists in South Africa. The novel is set in the history of
1-apartheid struggle and references to actmal events and people from that peried including
Mandela. The novel was well received by critics. A reviewer for The New York Time

T

that Burger's Daughter is Gordimer's most political and most moving novel. A eritic in The

|

Ison Review had mixed feelings about the book, saying that it “gives scarcely and pleasure in

ing but which one is pleased to have real nonstheless”, Gordimer wrote in an easy in *“What
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Happened to Burger's Daughter” that the theme of my novel is human conflict between the
desire 10 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 alse
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 : 1
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 -4
eturn 1o South Africa and continue to fight against the plight the oppressed and depressed, _
Beasie 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,
Gordimer’s through her work, she tried to search new ways to undgrstand 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,

® & & & B A& & & & =

July's People is published in 1981, Gordimer imagines a bloody South Aftican revolution, in
which white people are hunted and murdered after black citizen’s revolt against the aparthﬁ:i&.f
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
Smales, and educated white couple, compel to live with July, their former black servant. The |
story examines how people deal with the terrible choices forced on them by violence, race

T
th
natred and the state. Black citizen were deshumanized 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 4 i

th

greater than the black citizens as they has to endure the obstacles and misery in their life. 4
Through the character she tried to display how the South African black citizens tried to end SR 1o
Apartheid. In July's People, the novelist tried to show how the revolution replaces the power of § hia
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we-venture by risking his own life gives him ability. The Smales family
Fhome. Thus the novel displays the subversion of power of the whites
wolution. The Smales family faces the new life and they have to adapt the
adamily feels a sense of interference.

w5 an attempt to discuss the some major novels of the writer, Gordimer is

Sprofminent voice of South African situation. Thus the novels of Nadine Gordimer
‘thie themes and issues that depict the sufferings and problems of South African

pwdimer, Nadine, July's People. New York: Penguin Books, 1981.,
¥ Son's Story. London: Bloomsbury, 1990,
smger s Daughter, Harmondsworth: Penguin Books, 1979,
mhams, Cecil. The Tragic Life: Bessie Head and Literature in
gt Africa. New Jersey: African World Press, 1990,
brshams, Peter, A night of their own. New York: Knopf, 1965.
gl freedom: memories of Africa. New York: Collier Books, 1970.
oss, Robert. A Concise History of South Africa. Cambridge:
=mbridge University Press, 1999,
dine Crordimer, 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

ON:

: Sampasithat was published in the year 1889 is the first major play of Tagore, bearing
Bpses of his mystical attitude. Tagore regards it as an “introduction to all Kis future
Bcause its essence represents his-fundamental conviction of the "the joy of attaining the
within 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
=ssion  gathersd from the play is that Tagore wanis 1o establish his concept of

e 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 5. YENKAR

Abstract: Tody
of learning

ffm"wh:hbiﬁmklmmmnnfmnmm“ﬂmmm
nglish a5 2 second langusge boromes wiferidime Drammimg 3 o Dimpangs Sedas yom b

tommunicate scrass world, whers you may o have previcesly considiernd pobretinl meoch. Riese Haimad

teachers play a crucial role. It is s2id that, *Great teachers bl coente greal shadests” In Gt 2 cwguemg and
nfurmed teacher is the mest important school-relatsd Gxctor isSoreciog student achimvemenn, = ot

“"mm'“Wﬂﬂﬂilwﬂlbﬂlnhrw“mmdmﬁmh&mm&nwmmmm
PAper fiicuses on the need of trained teachers to teach the sevord bogsnge. B s Sriedy Ssooses e
peablems faced teachers. And attempt hiss been made to provide remsdies b the probiens

Keyworda: Globalization, culture, leasnirg, tescher, probems remmedes

Introduction:University courses prepare stodecss 1o
become acadermically eligible for the labour markst.
In higher education language teaching hes 2 bege
share 10 achieve (his  goal.  Iocvessieg
internationalization and developments in tachoology.
socicties and working lfe have chasged the
environment to such an extent that English lasgrge
lezrning has become the need of the day. The primany
aim of Language and communication studies is to
enzhle students and staff io become cominciogly
communicatng experts in their own fields aod o be
able to cope with intermational; in other words o
Intercubmral comtexts. And for this pumpose the
demand of the weined and elficent lingass
teachers nesd tn be satisfied. Considering this the
researcher has  psed the [ollowing  ressarch
methodaology far the research purpme
i Research methodology:The study s based on
secandary data which is collected from varices
books, National and [nternational journals and
putlication from various websites which focused
on importance of language teaching izachers.
Dmipiultﬂ:ud:mlﬂ'drﬂ'“""‘"ﬁ'

13 Teacher trainingThe best .wm::
ﬁiﬂﬂiﬁh subjert-matier MastEry a

| l. Mwmnﬁjﬂ.fmﬂﬂdﬂﬂlﬂd‘ﬁl#

pend time in real classrooms under the supervision

Bz iy T the contend of peactacal toacheng in 3
s :

14 Impoctaoos of Lasgospe Toscher traininge
Teacker maficier B 55 Eepoutaet owct i the diwme
of Ergpfil: Lampanee Tesckine Teachers swed 1o be
tred o Empeoniee e bowiedee on the
profssions] prend and esdusce ther teachung
Epabiics. Thesng b own, Sive Emporiant wieen
T, teafers srpaTits of Enstiandy oF CoaTee
bocls ae cusped or moESel e actves mewd B
cope o wikh the champes and o spply sew appeoach
ety Im B deeceves Thackew  Training
prosrmeres are phores simed 2z the Smpeonemment of
e gratoy of ceachine and ermeep and devwlopeng
the albiSny i bonchers B toach ofecthvely, Wik a
view tosefuscieg e ominy of Dageh Lo
trachizy and earping, Comemesioathe appaoach was
mmed toageip theon with the mow appocach. Bt
guestion & pheedt the implemeniasen of the trining
i the clrseees. This study aime to Bad sol the s
il implementation as well as spotting S5ferens Linmk
of problems that may hinder the Impleeseassion of
training in the classroom with a view B0 sagees
possitde ways o avercome from them

Mon trained teachers are offen assigned ta the v
challenging schools and classes with Fethe spemeann
and suppews. Mos of the teachers 30 Seaaifiad
with thew jobes and ooufidn pevieen B the egpectad
ol 5o mmewe aiengion Pwwld he pead ta poowide
B wilh early el adeguanr wopenl, sspecial i
hﬂtmhm ! peainamee,
Meonaring and concbing Frocn vets e anoagime i

mhhT diveinpeeal W A ew
in
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PR At avaiee win Uher tiods ting

;:.‘*:“huh A Viwged Pravearthe wanlil
mooveme a4 ghahal yillags Paglish has havawne
TN Reeslitey amd scalamd eomnie
e the wardd oy, The appaach of the
F"ﬁ"lh“ Bvwadi iy 1‘\@1-.!:-. hlm“;m-;- s .-m““pﬂ TN,
Theve & & grent demand of extioatiom wl Paglishy In
Fﬂﬂhih £ N ;h‘l'iﬁmh I\'l"lg'ﬁhh thh“i:ﬂ'ﬂnﬂ |'|:“~ ATy,
Englicd the same thene it hak beovine a sl syl
Emglah has hacome 4 statug sl and & s bowd
Wbt 3 reasonalle command s Baghish
Perhape vt veey comhortable with atatnmen of any
sctocarianal goal, Siilaly, teaching of Paglish lalls
the bay  position 0 the entbe cubonlom of
educaiion. Taachers of Poghish, in Wi coment, 1ake
the Tespanshility T enable the leariers to achieve
the aducational goals in general and languagge aim In
partionlan, Henoe the taaching of English bagmage |s
regairad fo be arrengrhenad and problews need 10 by
redaced with the best effms of govermment and
educationists and  rosmanchers. For this pawpuese
sedrher mrst be well trained bt on the sontvary 1his
question remaing unanswered,  Are our Englivh
machers  adequately tralned to face  this
challenge amd make the students eompeient
enaargh ta face the woLd?

Let’s Jook ar the problems in teaching and learning
Enghiazh language.

16 Problems in Teaching amd Learning Enplish
Lanemnage:Aronnd the world and in the sty Hke
India. many peaple learn English. While same ekl
pet the fuensy within a few years, lots of stadenti
encounter problems and challenges alang the way,
Same of these pertaln 1o Jeamming  Hoghlsh  In
particular, due ta the languanes diverse rowts, large
amaunt of irregular verbs amd profioond reghinal
variatians, Some of the common prahlems n leamibng
are as stared helow.

ks Pronunciation, Vecabulary and Grammar
almost all English Jearners  enciunter FlTowwhing

1) l:h.lllengnwlllummuuru!im
) lssues with voeabulary

i] Grri'nmm:;n of Appropriate Technliues; sarmiig

English requires different technlgques For dlilferent

& : * thme o
rypes of leamers. Sopme people reqitle mare

flact n; concepts before living it dllalogrs aml
e

et £ ek by mphiak b el

bkt Rusle, thymes, vlanis, i il

g ol skt oual etk eniil
Qe | bgptisly asnagge Toaehlog 10
v U aval g T G e
et sttt ok fnkrandieed 4o Baglids '[' Tl |
ety TR oo wist by stapband St banyied II“:I* I
st s anttues st Dk Phyates aml Ilrlrllh‘"mi'l III:|II
whie o ol Dl ol vl b et | III
apporintl gt 0 sl an woll as “""'”; "
bl ool by D eyt M IR R
wael 1 jiet (e opporindiies (o ose this g,
Eortiately well il teachom were alvﬂﬂ-ll:h' I
wriely peeribses, i ot sclnby (e T alwps
Do o wearely of sl well  frabned - Rarggag
twavhors, Py vl iappespeiate metliosdn (o eadh
Vb sl ana mevonl Bagtinagie
The alwwe comlest was appespiae for te s of
et binde vt abbid vt Fonves ovnind By oonn enmmsnninnli ot e
eompetence, Lamgiage teachers anially adoganl wiil
Bbloved aliWerent et lslinligles sl an
v Ceamimar Veansbation Methml
a Hlgual Methad
1. Ihveet Mot
Pnt v of manc by et Diani e e vt ol dhiat anwely e i
ehiwk e commdiative  statian of  eanilldate,
Pecaise teachingg of Bonglialy silijeet was treated like
wtlier sibects and the Impunitanee ol Hils was always
neplevinil,
B B liah Is sbmply treated an o suiliject Hidants
learned Fugllah only as & sobject rathor han s
Lonsginagsie, They are wmabile ot thebe Beailing hite
pwactlee duwe t Jack of a Gowvoralile epvlisment, Iy
andilllon i e glven constealinn, tesclivm lisve o
oA whily W Hikves) teaitibing bowivs sl by 18 nai
el b tearh the Bangaagge o deail,
Another Nkl seen In lilban teachiom In i
st o Hye Togglly deaevers ave wor Gamiliae winly i e
Latewt dlowelopuieits b BUT pesdaggogy. 'Tho shioailon je
me hetter even al the eollege lovel an Mgl
Mellarmilne almerven, I tiosl sl Pl In
e teweldigg of Doglish Do owe ey s e
appalliogly  small quanthy sl atticlinily  poor
oty of Buggliab o whilel oue Jearoom are eugipse *
Teeaelilogy of Boglah b Dbk b ovamidinat o il
anly.
L] [

c"llu “E.hnllh;np.ru I1|| 1':“.1;1“‘ Vingglnly Tonlays

sltengen Defone e FigHah Langage tonehiors jyy
bl v b el obwebinin. ' Vhary wlinilil Jier alilie Vi
prowlile (o Ve peaeiteal ssdy off it theern, 14y popa b
e damagsed e tl|I||'||!.1|| tiv Tuberact whtlhy i apseil fyoy
aniel ibsan o wteteve bdirmatbon all iwer 1 v ],
Woghlsh Das o dene D soveral ooy il s
wniniabibierenl s b siasst mnllalide g0l vl ol
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""-lnl'l-ﬁﬂ of jolx and alsn wers se=n I".'l.:’.d'"-ﬁ high
PoRitions in muny Matiomsl and  International
COhrgantzationg.

In the earller days English was just like & Library
Lewguage, but now that poven has changed tosally. At
present the challenges visible before the English
language teachers in India are diverse and it ks
necessary for them to she accordi to meet
the demands of the day. - il

Lio Methods to be Adopted to Improve Spoken
Skills:

- Group Discusstoms: Due to the world wide
growing trend in English, reschers ghe more
emphasis by communictive eppmach rether than the
lecture mode. Their main goal ks b0 make the
Students communicative in English langms

To achleve this they ﬂ-.'tnE':J-.-z the nsl‘:dm (T
participate more in dassroom sctivities so that they
will acuire adegnate command over speeking skills.
To oezis this emvironment, teachers @n conduect
Erop discursions, where stodents are supposed to
speak enly in Englich. Here, they can give their views,
ideas and thoughts in Englich due to which they
develop the habit of speaking fluently in English like
T}!T'duinﬂxirm!mmng:u,

Variows fypes of dboosions ako help stodents 1o
ommovr thelr general awaren=x and mnderstanding
Zherzt cumment affeirs. 1t gives = lot of scope for good
maginetion &nd deep thooghts This bpe of
dismassions help the students to Eeten to the views of
fellow wodens which In nom helps them o gain
knaried e 2nd enrich the vocalary alsn,

2. Debates: Debetes too play an important mle to
immprove the speaking abiliny of the stodents both at
school and af higher level Delates ot only make the
sndenis o speak boldly and fuently but abo help
the 1o f2ke one s=nd and be Grm 2nd consistent on
thar Alsng with this adventzge of rezsoning, it gives
podents same elperienoe to control their emotions
without Iodng thefr temper. This also belps them to
crganize their thoughes and Edeas in a spedific way
while speaidng.

3 Role Plays: Rale-plays are ansther important Lask
thar ezn improve the basic oollogquial Enghish of the
jezsmers. In mle plays, the stodsnbs  asoime
speak accordingly invalving in the given character
coempletely. In these pypes of activities teachers have
to pley a vital role av instructors and guide the
grsdents properiy so that they e2n act appropriately
mﬂﬂﬂmmﬂuﬂarﬂ;ﬂlﬂ!@ﬂumlz
mhgﬂqsﬁ#mlh!m Yoire.
‘_lm.hh[.ﬂming: MNow-a-days computer
has hernms & part 2nd parcel of cur day w day like. I

[t can be used 1o learn a foreign language
:::utgﬂmh‘ Language lab software has made
language Icaming easy and also made the language
Jearning process interesting and enjoyable for bath
teacher and shudent in this technical world,
pan English for Specific Purpases: As English has
emerged a5 a glabal language, it also plays a vital part
in every profession with respect i impartance anl
demand, Tvery profession has its own prolessinnal
terminclogy  which is used [requently In that
particular profession. For example, certain termes nsed
by the doctors, lawyers, et al. are quite diiferent from
thase of other professionals. 5o, to benefit thess
professionals, English for specific  purposes s
introduced so that specific English words related to
that particular profession can be taught by those
professipnals. Jargon related 1o one profession s
different from the ather. Hence every professional is
taught in & particular manner that fits in well with his
professional demands.

111 Teaching Language through Visual Alds: One
of the innvative methods used by the teacher to
teach language in class room is visual aids The
teacher distributes visual aids to students by dnading
them into various groups. The students are then
given stipulated time to extract relevant information
on the given aids. Afier that, those learners are
supposed to speak about the visual aids given to
thvern., This method expands the analyring capacity of
the students. By looking at the picture, the learner
should think and come out with innovative thoughts
which aleo hielp in leaming language by creating fun-
filled enavironment arsund them, The teacher acts as
facilitator who motivates the students to talk fresly.
As each person gets their own unique thinking it
helps to sharpen their thinking process.

w13 Conclusion:The goal of this paper was to convey
the importance of teacher training which is the need
ol the day. As the complexities of living conditions
demand skillad persons in various dimensions of life.
All the gkills have their own significance =0 is the
teaching of English as a language. Hence, the
teaching of English bnguage &= required fo e
strengibensd and problems need to be reduced with
the best efforts of government and educationists amd
researchers, Instead  of conwventional language
teaching new technical methods need to be adopted
for the better result of language learning and
teaching. Teaching English language s a challenge
todtay especially before non trained teachers so ||-“‘.|.|
should be properly trained to get the pasitive result,
Use of new technology changes the class room
environment from a boring one to a positive
environment where students would be concentrating
teachers. Trained teachers of English, in this contest,
should take the responsibility to enable the learners

IMRF jomnils

L ED

Scanned by CamScanner

o

= N .P'u_..'l':_;l,-_;|I_r__,!|_~=_!3I

i

R

o+

“

5 3 2



h ‘ i‘ T i\- i i i ﬁ' E‘. r a“ f 'lﬂ ,- r p “ r r " r" " m "' . 1 # e 1 9 e o

[SSN 2347-3479

Englich Srudies International Research fonrnal : Vidume 4 lssue 2 (2016)

to achiove the educational goals in general arml  language aind in [‘-‘ﬂ"h"hr'

References:

L Mukherjee, A, How o Recopnive Conimon
Mistakes in English; Mack Rose Publication, New
Delhi, 2005

2, Ahuja, B, and Chlabra, S, Communications,

Surjeet  Publications, [Delhi, 2003 Stone, G
Clarifying Communication Theroies, Surjeet
Publications, Delhi, 2003,

3 Mirunalini, Dr. N, Ramanl, "Comparing And

Categnrising The Orhographie Evtors OF Frimary
Level Girls And Doys Stadying In Selected Indian
International Schonls OF Rivadh, Kingdon OF
Saudi  Arabia®; Enpglish Stodics Infersational
Reszarch Jouwrnal @ Volome 3 Issoe 2 (zo5]  Iesn
2347-3470. I'g 64-67

4. Gandhi, M., Young Iadia (igig) Heporl of the

Secondary Education Commission (Governinent
ol India, sgzz)

. Fatemeh Siyael, Halimeh

Gukak, V., Englisl: in India: [t Present and Future

(Asia MulaHiahing [losse) Mohammad Mahmaudi,

Mahmeaud Nabilan, The Significance -E'H' Language
Labnrattiey In Teaching Grammar; English Seudies
International Research Journal @ Volume 3 lssue 2
{zens) lssn 2347-3470, Mg 68-72

. Sharma, 1L, Problems and Solutions of Teaching

English, (JankiPrakashan, New Dethi, 109943

. Dr. Vijay RahursoPande, Problems and Remedies

of Teaching Fnglish as a Sccond Languags,
Confluence, 155N 2250 38 X

. DeSA. Khader, Inequal And Exclusionistic

Mainstream Literature And The Marginalisation
OF Dalit Literature - A Study; English Studies
International Research Journal : Volume 3 lasue 2
(2ai5) [ssn 2347-3470, Pg 7377

hls, Aslwini N, Tondre
Kesearch Schalar
D, Prodnya &, Yenkar
Asigtant Professor, Dept, of English
Vidya Bhavati Mahavidyalaya, Amravati.

ISHN 970-93-041 24-50-9

{75

Tt L4 CEEEAGE Sd i AN

Scanned by CamScanner



[hb=% b-bip

b=h

3

SER
LR

R
B

2

20

=l R

: preis LB
e %o B

Scanned by CamScanner




Ty e I e B, e wdior 5 9 3 s s
wemed yegre e & S, g It FreRe, duad feeie 5 g
YEEmE SeANas AR, WA TS HERHE GeTeT 3 CREar yE
I FTgeA1 e T T IR § W e SR gus ey ey
M. 3 fearal srwrae wfemmey’, ‘wawEed @ ‘SremEn @
Ao T Sl aTSEdd qretee AR, WHHIA SrEqarqy
mwwmmﬁmﬁmmammg@w,

SHUTSEAT T el @& el aﬂ%ﬁ.qﬁaﬂﬁmﬁmmaﬁaﬁﬁwﬁ
o FUTEET FE.

() W IR T S = -

1. aTETETR S TTHEFHT Wﬁ%mﬂmﬁ%w@mﬁwm q
Hﬂfﬁﬁﬁﬁﬁmﬁmwm Hifeeg difia ordt 713, =1mm SIS
ﬁmmﬂwmﬁmm.mw._wwsm

mﬁwﬁmmﬁﬁ_mmﬁﬁ;ﬁﬁuﬁmmmﬂ

= —

|3:l$l'{ﬂ'q1:|’f| Wﬁﬁfﬂ—?nﬁﬁ | &3 |

Scanned by CamScanner



[ w
gﬁﬂﬁﬁnﬁmiﬂwﬁi_ﬂiﬁ%ﬂwﬁﬂgﬁ% o

Q
i vt ST . aﬂmﬂﬂniﬂiﬂnmﬁﬁ w Prel wi fecl-Fref el @1 rfen e g, Tz sy =
B LG i e e Hmﬂ_mum_ﬂuw mﬂnﬁuﬂmﬂumﬂ“ﬂnﬂ E&nﬂﬂdﬂ“ nﬂ@ﬂﬂ&ﬂﬂ@ﬂﬂﬂ&uﬂ%ﬂuﬁuﬁmﬂﬂmﬂuuﬂﬂjwﬂjhﬂd M
ot o v s, g KT Bl i i S
%aﬂimh@uﬂaﬁi_%%ﬁ%%ﬂﬂuqﬂﬁ e segran aferm fr=n win s Sifen T T kT 2
%ﬁﬂﬂﬁ-mﬂﬂ?ﬂw%ﬁaﬂm@%aﬂﬂw.ﬂﬂ%ﬂ ﬁﬁﬂﬁﬂﬁﬂ&.%.ﬁﬁﬂﬂﬂé...ﬂﬂwﬂﬂﬂaﬂﬂ- 3
oo e e P o s e AR IRAU=E T T B after? 1 o - 2 SO R S T S v S
%Eﬂuﬂ%ﬂ%ﬂﬂﬂ.ﬂﬂi.%ﬂ%ﬂwﬁﬂ . WA fidm, ol f wed o =ede, W e T, = e = S 3
ot mrd g Sl i st s et 43 R W

o=t 3. wver et firareit w1 2 s W e S e
AT Wi, HEviig SE s SEan seeen e e e
T, (it R 3, o gl e W ey W e SR e A

Sehei T HIVE. FERAA =E T WTETH] B AS a3, TR FIEE A

e it el T S R T TR e 2. S A=
ﬂﬂm&ﬂéq&miﬁﬂﬁﬂmﬂuﬂﬂa.m&ﬂ%gﬂ :
oll, At = Sreradh Wi T A s s e SR e, e stierta s S Saes ot o, T e
et e R e e TS T e afe e g i wide e o ot anée A =

H&&Hﬂ&"mﬂwﬂﬂuﬁﬁﬂﬁmﬁﬂmﬂaﬂﬂﬂpﬁﬁ%ﬂ&. TR ST SO @ TR G e v A v
g%%ﬁ.w%ﬁ_gﬂﬂﬂ%ﬂ@wﬂ 212 S ST S T T T, e s 1
I AT HITETSAT ST woft e 2. T R = HTiE o, W T W E A, Feams 41 5w e
fir S TS, S wE G WA A, AR W S Zrperren P wae, T WGt TR I I 0 e 7S M T T
et 8w T fRae. " ol wanm sRtveren wEEE 2 e ] : :

mﬁni.ﬁmﬂmﬂihﬂm_w&ﬁiwﬂﬂﬁﬁimuﬂﬁﬂ.

T I BN, ST W ST Fad Qv e e e Qe S e A T TS T, e, e S e
() wardiergfera st A n@%ﬁﬂaﬂﬂm&mﬂ%ﬂ@mﬂﬂﬂﬂdmﬂﬂﬂj
1. T Ui S W S e W e W, s e ] TR T ST TR TR Hﬂmwﬂngﬂmﬂﬂyummﬁ
%ﬁgﬂ.%%%mﬂi?ﬂ%%w nwﬂﬂﬁﬂﬂ%mﬂﬂﬂﬂa?ﬁﬂﬂ_iﬂﬂ:ﬁﬂnuﬂﬂ ﬂﬂlﬂﬂnﬂ_%
ﬂmaﬂﬂﬂhﬂ..ﬁﬂﬁi.ﬁ%ﬂ&ﬁﬁﬁdﬂﬁﬂﬂﬂ%ﬂ %ﬁﬂ%%ﬂ%ﬁ?ﬂ&-ﬂﬂa:ﬂj wA
%gg_ﬂmﬂ#ﬂ.ﬂgﬂmﬂﬂﬁmﬂiﬂ %ﬂﬁiﬂﬂmﬂmﬂﬂmﬂﬂiﬁﬂaﬂgﬂl TR EETEE
. T e SR AR R e ¥ e arereeed e ¢ el e, e e e s e SR

_Hﬂﬂﬂﬂ&_ﬂ.—wﬂ.&rmﬁﬁﬂ | E% | Eﬂmﬂ.ﬁ—ﬂ.ﬂﬂ.& X



o wfera sfafdwansdl @ wren wmfi, e Heramirainfy o
A wi, ayfeeTm EAr Tl Hm_jm_._l_n__ Y, s -ﬂﬂﬂqﬂﬂﬂﬂﬂ_ g U E Hﬂﬂmu_.“.“
.FHN.:H#m_._ arita. A, .H.._. TS TR [T, uu_.ﬂ.. qryger, ._.m.“n_ﬂn__. .w_._..qd.—_ﬂ
rrrzreramA At vsE ama. A gfewts i sl At
o Pl A B 3 S e e wain g
s, T T, PR T NSTTET e s o g
spemt iR, YT, femamorng # e farmin s e, "l it
arren ST v 2T, R e ani.

E”_H:E.mmmﬂ:ﬁkw?ﬁ:

=i Sfam s ) S ST SN, srEier, mEm, fiemmy - ,
sirelt fermanivaredt forven werae. 2ftrain Sushifeardl g wnnde fre ..

' ram T w6 7 TR 7 SR AT o 3,

&Hﬂgﬁm@&aﬂ.?ﬁgﬂ»ﬁ&?ﬁdwﬁwﬂgnﬂﬁﬁ%g_
ﬂﬂy&%mﬁwﬂ?iﬂqﬂﬂﬁﬂﬂaﬁﬂﬂﬂ :

wﬁ%%d%ﬂﬂmﬂﬂﬂﬂﬂ.&%ﬂ&m&%ﬂa

| weaei | FEEl-0kE | BRI

AT Seerr wren s S A e
ST e e e, ' Al T
mam:ﬂn.__m:i.n ;...._._..5__.

() andter sl e .
"y, sisrfen men anfor et A W

— ﬁ___ ._.z.._.ﬂ:._._.qh. ‘.b;.:_u_ﬂh__w AT s Tt FIITH] I I

gl wererl it ey e BT wreT ...J.pa....u:.n.._ : :
g TR B 2T arfers rpEmminfige R raiiols
e s’ ) TR HE R AL , ) xuu

wiaE, oA

TR ST,

iﬂi%w@%ﬂﬂuﬂﬂ#ﬂuﬂ.ﬂﬂwwﬂ S
n@w&ﬂ.ﬂﬂ#ﬂﬂﬂnﬂ.ﬁﬁ,ﬂﬂjnﬁﬂﬂuuﬂd.ﬂ T AT

wTR, T =T .
R ST T A e
S7fer TgTTATET WIS w6iel MR
g s, e we

ed by CamScanner

Scann



H1Ge TV @ e 7

3, O T faas qig

wrope’ Aerr, s AIOE ! wTe geel

&1 &1 & g7 Y el
R amnmﬁﬁﬁmﬁgﬂmwmm'm
Wﬁm-ﬁ@ﬁﬁﬁawﬁﬁww '

2) 2 T g T T waeA i el M.
| Ei)ﬁmmﬁmmm et g, S A %
(¥) efre @ meftor ST e W ST e .
() gferer woTETEaT TS HEe A1 e fevedt o,
() Y TR it gRifia SR ® FEeRd, e 9 gl
v QIO HTOTAT] 4T Shelq alereh! et 3712,
(1s) e sTafdvardia gt gienf siaaren ™ 91 SUd R,
(¢) "y g wyraTEn A vt oo e fan R e,
(3) slamamaTee seHH foen vwr-faTm gee (e
veare o', ‘g, WO, U WM FE 3w IHeste o,
"o A1- |
{ﬁ}ﬁmﬁﬁa,wm,ﬁﬁﬁﬁﬂwhw, 1:.” 3
() wHTA gferd T, AR §EIR, =y mm,q;;iﬂ_ (3)
frar=rdia 54, 7.€. (¥) e $=, 7.23, 3y, (W) el srtor. ey
e, ST A TE, T, G.£. (&) TRAR T, 5.2 . (19) Trredied
ﬂ‘d’fﬂ,'!-ﬁf- (‘f‘} “ﬁ?ﬁ?ﬁ“@“s‘i*“?- {Qt:' mﬁmﬁm mqﬁiﬁw
m;mr ?TETSWW, T2 (%) o, W e, sra St
9.3, ,9.E¥.
o LR LR (1) TR, .. (42) areten

|mﬁ1ﬁa%ﬁlaﬁarﬂ-qugﬁlﬁm

Scanned by CamScanner



Prespacetime Journal| December 2016 | Volume 7 | Issue 16 | pp. 2062-2074 2062
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

Article

Bianchi Type V Viscous Fluid Cosmology with
Linear Equation of State & Hybrid Scale Factor
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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=(7/—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 10™'** 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 Ia), 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 Ia
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)dy2 +C? exp(— me)dz2 (1)
where A, B, C are the metric functions of cosmic time ¢ and m is constant.

We consider the matter component of source field to be viscous fluid described by the energy
momentum tensor

Y;JM = (,0 + ;)‘/ivj + Egij - 2770-17 (2)
Where ; is the effective pressure related to the equilibrium pressure p by
p=p-cvh 3)

Here pis the energy density of matter, 7>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,/ =—1. @is the expansion scalar and o, 1s the shear tensor defined by
0= Vi;i
L0t v ) -Lon 4
sz_Evi;k j TVl 37 4)

where h; = g, +v,v;is the projection tensor.
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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-1)p. (0<y<2) 5)

We choose gravitational units such that 827G =c=1.

Since the vaccum has the symmetry of the background, its energy momentum tensor has the
form TUM = 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

R; _%R:gij =T (6)

ij )
where ’I:yt‘oml = Z‘JM + TUA = (pz +p, )vivj + D8
with p, = p+ A, p, = p— A are total energy density and total pressure, respectively.

The Bianchi identities require that Tl.;”m’ 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 e At TP @
A ¢ A B om [ 2]
TATc ac gt Troenn ®
A B AB ¢ m [ 2
TATB Bt 4‘5’7}9“ )
£+B_C+£_3mz =p+A (10)
AB BC AC A
A_B_C_, (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=§(H1+H2+H3)

L
RR __H (13)

N

A B
where H, = Z, H, = E, H, = % are directional Hubble factors along x, y & zdirections

respectively.

For Bianchi Type V metric expressions for volume expansion scalar #and shear tensor o, come

out to be

0=3H
ol=H -H, o;=H,-H, o,=H,-H, c;=0 (14)

Magnitude o of the shear tensor o is given by
» 1 i 1 [ 2 P 2]
o' =50,0 —g(Hl—Hz) +(H,-H,) +(H,-H,) (15)

From (6)-(8), we obtain the following two equations after integration

A B dl 72J.77dt
—_———_— = _e
A B R’

B C_d opm

= 16
B C R (16)
Using (11), from equation (16), we obtain that
é - E + (2d1 +3d2) 2.[”‘” (17)
A R 3R’
Prespacetime Journal WWww.prespacetime.com
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B_R (4, —:11)672;% a8)
B R 3R
C_R (d+ 23d2)e—2I77dz 19)
C R 3R
We consider the shear viscosity 7 scaling with the expansion scalar &, that is
R
1 =31, R (20)
1, being constant.
Using (20) in (17)-(19), we obtain
A_ £+ (2d1;‘6d2) 1)
A R 3R
B R (d,—d,)
2275 A 22
B R 3R™™ (22)
~ R 2
C_R_ (dl +3+edQ) (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=az“e" (24)

wherea, >0, o >0 and =0 are 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 £ =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 o >0 and f > 0leads 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

A=kR xR (ng%;‘;;)m% } (25)
B :szexp__3(2(iz6;73112+6%} (26)
C=kRex 5 (2(?6; 2)‘;) } @7)
where k,, k,, k, are constants of integration.
Using (24), we find the metric functions explicitly in terms of fas follows.
A=(ka, ) exp{ﬁt + aron )(th o~ )M%} (28)
B =(k,a, )" exp| ft + v )(’Zt e (29)
C = (kya, * exp| ft + ron) (Z’; T (30)
where m, = (2d1_4; dz), m, = (dz__—3dl)’ - (d, +32d2)'

The pressure and energy density are given by

e GO SO S S GO e e )

+6
(alt‘”eﬁ’)3 "

m2+m2+mm (24 (24 m
—( e 3)+6770(ﬂ+7j{,6’+—+—‘ }

6-+12 +6
(altaeﬁt) o t (altae,ﬂt)3 o
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2
m

ka, ) t** exp?2| ft + i
( 1 1) P {ﬂ (2+67]o)(a1ta€ﬁr)2+6%}

+

€1V

2

3m _A (32)

ﬂt + ml +6.
(2 + 617, )(altaeﬂ' )2 i

2
=3 ﬂ+g T (rmm, + mym, + mym, )
p t ( a Pt )6“2’70
alt e

:l (k,a, ) 1> exp 2{

One may observe that (28)-(32) represents exact solutions of the Einstein’s field equations (7)-

(11).

Now we find expressions for some other cosmological parameters of the model

— 3 _HT
The Anisotropy parameter A = % Z[%} (33)
i=1

The directional Hubble factors H, (i =1, 2, 3) as defined are given by

H, =(ﬂ+gj+—m" o (34)
t (ozlt“eﬂ’)3 0
The expansion scalar is given by
(9:3H:3(ﬂ+gj (35)
t

Using (34) and (35) into (33), we obtain

27[ﬂ+“ 1) Ofapee”

t

— 1 a\  (m2+md+m?
A:—jz {3(ﬂ+—j +( ! 2 3) (36)
The volume and shear scalar of the model are given by
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R =(at“e” ) 37)
252 = (rmym, + m2m2+j;’:711m3) (38)
(alt“eﬁt) ’

4.1.1. Model with constant A term and ¢(r)

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

o= l}(ﬁ N %)2 N (mlm2 +m,m, + mlm3)} 3 3m _A (39)
(

(altaeﬁt )6+12'70 ) 2 ml
koa,)'t** exp2| Bt + (v )( P ﬂ,)mm,
o\t e

p=(r-1 3(/““}2 s ) | 3nr —Ap (0
f (altaeﬁ[)6+12m) (k )2120‘ exp2| pr+ il
a
19 p (2 von, )(alt“eﬁt )2+6170
g=(;/+2770 _1{,84_%)_’_ (mlm2 +m,m, +m1m3)7_ (37/+1)m2
t a B 0+1277, [04
e f* (/)’ + tj 3[ p+ 0‘)(k1a1 P12 exp2| fr+ UL
t (2+67, )(alt”‘eﬂ’)2 "
B 2 _(m2+m3)(2+2770)+(m22+m32+m2m3x2+2770)
a B Promo "
3[,8 + Ot[jtz (alf e’ ) 3(a1t"‘eﬂ’ )6 o ( B+ 0;]
—on| B+ E+ ™ o | (1+7)A (41)
g £
t

It is observed that the solutions are singular at 7 =0. At late times the energy density converges

to 3p3°—A. Positivity of p is ensured only for33° > A. Ast —>oothen p —>(7—1)(3,32 —A),

Prespacetime Journal www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal| December 2016 | Volume 7 | Issue 16 | pp. 2062-2074 2070
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

s — (;/ +2n, - 1)ﬂ -2n,0 - % this shows that the pressure and bulk viscosity is constant as
t—>oo .

4.1.2. Model with variable A term and constant ¢(r)

Assuming the coefficient of bulk viscosity is constant g(t)=g0 =Constant, then (31), (32)

together with (5) yield the following expressions for energy density, pressure and cosmological

constant are given by

1 aY 2a (m]m2+mlm3—m22—m32) a
P:; O f+—| +—+ ﬁ,)6+12q0 +3¢, ﬂ"‘?

! t (alt“e

~ ' +(m2+m3)(6+6770)[ﬂ+gj
a P 3+677, t
(klal )2t2a exp2| pt+ o +6 (alt ‘ )
(2 +6n, )(alto‘eﬂ')2 "
2
- 6770(/3 - %](/3 += 4 WJ — 617, [/3 - %j 42)
1
(y-1) ( ajz 200 (mlm2+m]m3—m§—m32) ( aj
p , B+ B (alt“eﬁt )6+12770 +36| B+ .
B 2m? +(m2+m3)(6+6770)(ﬂ+g)
a 3+677,
(ka, )V 1> exp2| pr + m (alt eﬂt) ! f
(2+6n, )(alt“eﬂ ' )M%

a m,
B 6770(’8 " 7)( (a1taeﬂt )3+6770 ]} (43)

6 a) (m1m2 +mm, —m, —m32) 1
A=|3—— | p+—| + (mlm2 +m,m, +m1m3)— 6-+1277,
y ¢ /4 (alt"’eﬂ’)
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2
) ” eta(p]
4 (/’cla1 )ztza exp2| pt+ ™ s 7 ’
(24'6770)(allﬂeﬂt)2 "
_(mz+m3)(6++£770)(ﬂ+ﬂ]_Gi(ﬂ+ﬁjLw7 (44)
7/(alt”‘eﬂ1)3 ’ f y f (altaeﬂt) 0

The quantities diverge at t =0. As the evolution progress, the energy density, pressure and

3p

cosmological constant decreases. Ast — cothen p — — (2 B+s, ) -123,8° .
/4

p— (7—_1)6ﬁ2 +3¢,8-6n,5, A—> (3 — ﬁj,ﬁ + ﬁﬁ, It means pressure, density and
4 4 4

cosmological constant are constants at t tends to infinity.

4.1.2. Model with variable A term and constant¢ o p

Let us assume that g(t) =¢,pP , 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 22
o= 1 6(,B+gJ _'_225_'_(m]m2+m]m3 6+1T,7i m3)
_ @ ! ! (altaeﬁt)
7 =36| B+ p

m? +(m2+m3)(6+6770)[ﬂ+gj

a P 3+677, t
(klal )2t2a exp2| fr+ T 161 (alt ‘ )
(2 + 617, )(alt“eﬂ ’)2 P

a m,
]
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2 2
2a (mlm2 +mm; —m; —m; ):l

el s

2m’ +(m2+m3)(6+6770)(ﬂ+aj

a ﬂt 3+6T]O
ka ) t* exp2| fr+ i (alt ¢ )
( 1 1) p l:,B (2+6770)(a1taeﬁt)2+6%:|

a m,
e

P2 ( + —m; — 2)
aj a \mm, +mm, —m; —m;

_ So { ( e
6= 6 ,B+ 2 + 6-+12
3 g t t (altaeﬁt) Mo
|:7 3§0(IB+ ) ]}

2m’ +(m2+m3)(6+6770)(ﬂ+aJ

a  pr Yoo t
(klal )zt *exp2| Bt + ml 267, (alt ‘ )
(2+67, )(alt“eﬁ’) !

a m,
ronfo+ o) “

6 aY (mlm2 +mm, —m; —m32) 1
A=|3- p ﬂ + 7 + (m1m2 +m,m; + m1m3)_ a ( a pr )6+12170
7_3§0(ﬁ+tj 7_3§0(ﬂ+[] ate
2
B 2a N 2 _3 m
¥ =3¢, ,B+7 = |77 'B+t (k,a, Y 1** exp2| pr + ! o
(2+6770)(a1t”‘e"3’)z ’

(mz +m, )(6 + 6770)

(ﬂ +zj_ s [ﬁ +E)Lﬁ«w (48)
{7_3go(ﬂ+?)}(allaeﬁt)%%% ! |:7/—3g0(ﬂ+6:j:| t (all‘aeﬁl)3 ’
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We observe that the energy density p, cosmological constant A decreases very sharply.

Ast —oothen p —>

1 2 (7_1) 2 ( 6 J
6B po VY 682 As[3-—2 |5,
[y —3¢.,8] p L P pron= =36,/ 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 r=0and expansion scalar is infinite, which shows that the
universe starts evolving with zero volume at¢ =0with a big bang. The Hubble factors and shear
scalar diverge atr=0. The anisotropy parameter tend to infinity at the initial epoch. As ¢
increases, the scale factors and spatial volume increase but the expansion scalar decreases. As

e - 1
t —> ooscale factors and volume become infinite whereas H, = S, 0 > 35, A —> 5,02 —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 £ =0 we retrieve the power law solution and if we take o =0we

retrieve exponential solution obtained in earlier work (Kandalkar 2012).
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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 AsF51’3. 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
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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
(ZnO) 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 II-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
HCl, 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 1.

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
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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
Tanger 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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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
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Figure-5(a)
SEM micrograph of ZnO

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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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 16 297 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 II: 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 . . o

nanotubes were successfully covered with PANI byprocess of 6. R. Nohria, RK. Khillan, Y. Su, R Dikshit, Y. Lvov and

‘in situ’ chemical oxidative polymerization of aniline. Due to K. Vgrahramyg ,(20(_)6)‘ Hum}dlty 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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Introduction greater variations than any other group of repliles (' Ref A |

The biological diversity of the earth and its arigins has long been
a source of amazement and curiosity { Lanta jale 2005, The study
of biological diversity encompasses bath the intrinsic and anthro-
pocentric values associated with it. The values of the biological
elements are recognized in correspondence to the perceived
impartance by the human being. which is realized in terms ol the
ecosystem services (Daily 1997; larneaine 20, Biological di-
wersity 15 the base for upholding the ecosyitems and the functicnal
aspects of the species that provide goods and serwices for human
well-being. Monttoring of species diversity of a region enalies
estimatian of the prospective functional roles of the species, In any
poOsystems, monitoring species diversity can be ipseed as & tool to
reduce human mismanagement and pollution in urbanized, in-
dlustrial, rural, and other managed areas {100 10, Extending
this view, studies on species diversity in any ecosystems are
necessary 1o understand the effect of anthropocentric develapmant
on the integnty and sustenance of 40 ecosystem.

The diversiny of reptiies has been emphasized in many studies
owing to their dominance in the terestridl and aquatic ecosystems
and provision of ecosystem services such a5 pest control and
ecolomical maintenance [t 0 ) AMGng reptiles, saurnan fauna
ix a diverse group that changes from the primitiee (o the special-
jzed, phylogenetically, and their structural miodifications exhibit
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Lizards are members of the subordey Saurea wehich 53 ane of the twn
subarders of the arder Sepuainars (Class: Beptilia . They are poike-
lothermous,  insectivoreus, and  GVIpBcrs B SRy ipartas
[Sbaatrhiew 20050 L Presently, lizards are one of the most diversidfied
groups of vertebrates that have ever lived on sarth ceer the past
250 million years. CQver 5,000 species of Hzands buese Ined on earth,
inhalaiting a variety of habstats ranging from the highedr moun-
tainous peak to the low-lying terrestnal and agquatic habirats
(o Dl o0 8 ) Sauth A, including the Indian sub-
comtinent, is the kame for herpetolagical diversitie in the tropacal
pegon with India harboring 228 Saunan speced in diferent bno-
plvsical zones {0 e s St

In this contezr, the conservation of lizards &5 necessary 1o SWItan
varied kinds of eoosystem services fur human well-being. In view of
the essential coosystern services rendered by hrards and o pro-
mole comservating management, the present study was aimed o
the estimating of the saurian diversity in the Buldhana Dusrict,
Maharashtra, India. The results of the study are expected 10 sup-
plement the necessary information on the comteniation mArage
ment and enhance the ecobageal roles of the saurian species in the

Buldhana Disrrict and somifar geographical regions

Materfals and methods

Srudy area

The Buldhana distnet | j 5 ane il the et dwﬂs:ml'ﬂ'fl
regions in Mahdrazhtra Stare of India, with respest 1o biodiveraly

o FERE | Preatgfom and Tpisng, by Thenat
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Maharashtra
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Figare 1. Buldhang Doseret, Maharashtra, leia
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i P Joant, WT Tautarole f foarnad af dim-Piofle Bisdieersty 9 S3000 ) 4056 - Frp
Table V. Diversigy of Sasivian aund imng Fehriane 20400 January 2005 u ik Salibana iy, Malsashera bnia
Family SiEnniie Bdine Linanuss s T i Fo
inflywidiadly Fdfeinal whabiy
AL Calohes versinfor adian garden bpsid ar
[Bauding 18073) - Abmndant
Cafnbes roirn Teadian Beept hpaids i
{Bmeril amd Ditron, 1A44% " Ot dtennia)
Fsgmmnnphifus Sanfordamu andord's reck agama % HE Har
[Stedicaka, THIT} '
Chamaebennidae Chamesies zryamau Insdian Chuim arleon i W, Bars
taeahcrka 18732)
Gehkoradae Hemidorrplion hisek i Ornak’s hinuse peckn (] L ]
[Gray, 1930)
Hemidaerie flavisiridi Yellow-green Howie Geglm 15 I
(Murray, |HEG) -
Hemidociplus frennfus Asian houde gecko 1% L f
{Dumeril ared Behran, 1844} an
Hemidactyius pipanieii Giant Indian gecks L] IMNE e wennal
{Saliczia, 1871)
Hemivserivg deschenaslii Coummen bark gecko 42 LE Abaindan
(Bumeril and Hibson, 1844)
Hemidacgeliy triedms Teimnice hill gecka L] HT Rare
[Drawsslin, 1802)
Semoadag Entropds cannora Becled grass siink 34 KT Comuman
(Schneider, 1759)
Eulropis maoifario Bromze grass skink &0 LC Alsamilam
(Biych, 1853}
Lyjparomir punciarus Spotted supple skink 12 HT Eare
; (1 Gmelin, 1708
Vatanudae Varsaus hempalensis Bemgal monitor Heard 18 wu Frequens
{Daudin, 1R0E)

LL = brast concern; ME = not evaluated; NT = mearly threatened: YU = vulnerable,

Its healthy climate, mountainous terrain, rugged configuration, and
sudden fall in elevation are phenomenal (Joshi e al 2015) It is in
the Amravarl division of Maharashtra state in Western India. It is
situated at the westernmaost border of the Vidarbha regien of
Maharashtra, and ts 500 km from the state capital, Mumbai. It lies
between 19°51° N and 21°17' N latitude and 75757 E and 76°5% E
lengitude, It has a tofal area of 9,745 km”® {3,761 square miles), The
climatic condition of this discrict is characterized by a hot summer,
wiell-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
TA4C, and it decreased rtoward winter with a mean dhaily
maximum temperature of 276°C and a minimom of 1571°C
(Ruldhana Gieeticer 2015),

Survey methods

The present study s based on the field work carried out in the
study sites during February 2014 to January 2015, During the sur-
vey. an efficlent protocol was adopted. The survey was made using a
“visual encounter survey" methed (foan 2003) as well as by
employing randomized walking {‘whitaker 2014). The selected area

Relative deminance of species
¢ 1 2 3 4 5 a6 T 8 9 OO0 12 13 14 1%
gt — b - o S S AL ST IR B r - F !
Calnier voralenlnr LR T -
Henndoctvlus lerchenaulig : SR 2t L S RO RA T b 8 ot Lty

Enrvams macilaria
Hemidactwlus flaviviridic
Enrrapis carinaio
Hemidactyls frenaig
Varames hengalensis
Calotes rouril
Hemidacrylus hrnoksi
Lypasoma piinctaing
Hestidactyluy friedrus
Hemivlarhuy piganrens
Prammophilus Blanforduns
Chamueolen zeyianics

Figure 2. Relative shundance of saorian species in the Buldhana dstrice, Maharashea, India
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Relatlve accumrengo of fomilies
[H] 5 1] 15

Varnnadae

Chamas=leankdas

Figure 3. Relative domimance of saerian famifes in the Buldhang district, Maharasera, Indig

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

Species identification

Alter detection, a specimen was identifled with the help of
visible structural features. For identification and comparative
studies of observed specimens, keys and methods suggested by
Durrnvel F20070 Las F20074), and Alumed et al {2008 were adopred.
The International Union for Conservation of Mature { IUCN) status of

each encountered species was categorized aon the basis of Sdus
eb Al CIET Bumbbaar o of 230335 and Alexaaslan ancl Jagalme
Ll

Date analysrs

Species eccurrence analysis was carried out by using the
following formulas, Relative dominance (RD) of species was
calculated as [RD = Ni = T00/Nt], where Ni is the number of in-
dividuals of species and Mt is the tatal number of individuals of all

Euelidaan distance Indax

40 38 332

L [ i ] 1

248 24 'Zf.ﬂ

1Iﬂ 1‘,1 0A 04 0.0

1 i i

Dec

| Feb

Mo

Jan

| bar

‘ apr

SEp

Jun

<ul

May
Auig

Ot

Figwre & Dendragresn showang nmulinty in sember of saunan spevsst composition ameng the studied manth Suring Feiwnary 2004 o anusy H'“'

Scanned by CamScanner



Species {5 v S sl 0d), Belative pocurrence (RO}
of the family was caleulated as [RO = Ns « 100/Nt| where Ns is the
niember of species of each family and Mt s the total number of all
Speaes (e dnapies S0 st A0 Mean pencent ooourrenoe
[ ME for 3 minth was calculated as [ME = Mm = §00/ME] where M
1% the number of individeals in rach month and ME & the tetal
number of individuals dunng the complete study tenurs
(Hosovarapasers 2008, [oen 208 The mean values of the pooled
speaes ocurrence data were uied fo calculate the monthly di-
wersity of and fo cafegorize the local status of species,

The diversity assessment enabled highlighting the observed
species richness pattern of the saurian species. The diversity indices
wiere guantified with the helg of PAST Version 1,60 sofoware
{Palsromological Asse. Nioway: Hammer et al 2005 ). The species
diversity was calculared using the Shannon diversity index that
calculated [H = -Ef_ 1 Pi log B, where PP is the proportion of the
First species which is given by P = nifM, where ni is number of in-
dividual in particular month and M is rotal number of species; species
richness was ohtained by using the Margalef equation [BR={5-1)log
MJ, where R is the index of species richness. § s total number of
Fpecies and N is the torzl number of individuwals (hsurean 1083
while species equitability was determined by the equation of Pielou
[ = Ny/No] where N, is the number of abundant species in the
sample and Ny is the number of spedies in the sample { Hoammer ez al
<007 | The similarity associatien matrix upon which the cluster was

based was computed using the nearest nejghbor pair linkage algo-
rithm of Buclidean distance index for the presence and absence data
{FRapmes o al My,

Mean % sbundance

“Hu|

IN F Jeahit, VT Tambarpale § Jatinal of dais-lvacin Simhserainy 9 (IO0E] 06— 100

The difervnces between the diversity and evenness indices
among different study months were statistically analyzedd Lsing
dnalysts of wariance. The statisteral analyses iwere peefarmed
Pellenwing *or | 1% psing the ST55 version 10 (5955 lnc., Chicago,
L USA: Baear a4 LS,

Respls

During the sty a total of 295 imdividuals of 14 saurian species
belonging fo 5 famibies were identified | Gtk 1), From the sdserved
species, 3 were abundant, 2 were comiman, 2 were frequent, 2 were
accasional, and 5 were rare, The magimum abandance was chown
by Colotes wersicolor followed by Hemidactylus feschenaulil and
Elitrapis mocufaria, whide Chanreles 2evtamicus was the most ragely
observed with lzast abundance {10 'L Durlng the study, the
Gekloonidae family was obgerved to be more demipant over the
Soncidse, Agamidae. Varanidae, and Chamaeleonidse Families
{Fme 2L

A moanthly comparison of saurian species occurrence showed
the highest number of species during June o Seprember and the
lowest during February o May, A dendrogram developed by
Euclidean distance cluster analysis was obzerved 1a be multifaceted
and showed variation in the level of similarity in the number of
saurian species in 12 months. The months with the minlmum to
moderate number of species belong to ene cluster, whereas the rest
of the months with moderate to maximum numbser of species
formed another cluster {Fauee 4],

Shannon diversity
Feb

Figure 5. The values of the diveraify indiors in dilferent naonshs shserved Buough the rndam simpbng of the Seunan faund 0 the Buldhan Deatpict, Makaraghera, ndid
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A montrly comparisnn of sperist dmerary @rired B e
favnia 10 the studied area revesbogd thar Bamal Siuer oty s S
duning June o Septamber wiile lowesr durag Faraare) o Vey
Medfi peresent abundance sf fanrian fona =e agaifleanny
BITETent {F = 30304, &f = 1L p = 005 Sanvws Sy sahps ol
shenan faend were ngmidicarsly diferssr F = TRATL 4F @

P < D05 specees mveninetl among differsnr manrfis et -
cantlhy aiflerent F - 18824, 8 = 1] 3 005 whiule tgetae rlkprms
amang the study manms wad net sgraficentdy qufessnr F - 13129
df = IL p = D.05] snersin g d contrahelary saftern. & feend @ fean
% abuendaince was ncred o be pegrty wrmiar o of hasdnan
diverniy although species nehness s fperies sparanilie thesssdg

coniradurory pactemms T e L

Discussion

The crility of fhurdn speces an indicirsrs of spmranmenna
condifions is a bams for studying seataral tauran diverney Che
fervatons on the saurian dhersicy srovided nfdrmanion dbeur Sle
variations tn the species richness and the sbuncines taged vy me
sezsons The differénces in the diversity £an be dorburesd @
monthly changes in the dlirmaric eanditicns, In the presanr csrmes
a monthly comparison of fuTlin species poonrmenes st T
highest nember of species during June o Seprember o =i inussr
during Februdny to Mayr

The possible cause behind ther minicum diverng o e
winter moaths o irly Jummer months & e cofd-rondes sarars
of reptiles. Lizards preferred oo hibarnars in teér Sucrows or recting
places during wintsr to early summer Speces wars gn.-;:in-rr
nhrrvrdmmtﬂmmmnmmm ik =
2012 and ook 01, due to favorable emeronmenci ",r.n:i-
tons, the mongoan sedsan 2 the brasdiog sédzen for mos of Ce
repriles, whick leads to their manimum abundance in mmy moarme
Earlier studies on the sdurian diversty In veoous parss of Maka
rashira show mmlr-em:j mcl:t:h.epfm :hﬁerﬁmu Faltur iy
St Deshepinde or g 20T D Wgn -t Permiureiy F
) o
As revealed through the prezent oy, ar least 14 aurian e
aes belonging o 5 fEnilies were recorded during alf the mudies
manths. [n the observations. charaersst of e oodee !p-.r::r.-.-: wers
Euundmbulmm:rh:umeupﬂﬁ:ish;wrﬂ of = y
and A e ol 0 . The mammumn ahunddsce wis shcown Oy
Calotes wersicalor I’ﬂllﬂm-tt by Hemidactylhs edheireieg aod
Eutrops mocwlanus, while Chomeslsa zmlmicss v D Sewm
rarely observed with the ezt shmdance. During e gy e
Gekkonidae family was ghserved D be more domamant over Scio-
cidae. Azamidas, Varanidae, and Chamaslscndas

In parity with the species diversity observed s e Scidhana
district, it may be assumed thar the savnan rpedies carcy ouf
diverse functional rales for the num=nance of the ecoryseems The
availability of the green gpace and the hetemgensgy of Te fabaas
in terms of the avaflable vegstation and alted Sicrors fhun reoger
stability to the population and species assemblages in the lamed-
scapes dre possibly impestant contritastors to the sogeryed varie
tions in the saurian species observed in the prasent pudy The
present diversity stidy 15 confined t3 2 lemted area o seiecTed
habitats, There i, i the future, 3 chance of more species being
seported because of few pockets and habites in the Sudied Jrea
FEQUITINE More extenspye exploration,

AT denesin

T et e St o e 8 Lilarn e Ve
Thaneatlnr pewrm Tariuraof TeTia Sl ety P —_ty
Uaitrlad  PAfla il Twrties et vl e Lo s [T e—
ezt of Waibdraiis Fute iille e oemasiie 2 atanre e
FarieliarT A T Iy

Bians Tafwtiec SV latwtmle o Sogiesey Dot emheecw eper gfos
wripie o Dot Deme e mns  Gte §
Gl grosmoat- D vy ST
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Seien . EFFECT OF AZADIRACHTIN ON THE PHENOTYPE ;
i‘ﬁjL OF DIFFERENT DEVELOPMENTAL STAGES OF

DROSOPHILA MELANOGASTE

i L 2 o

tarn abid Hussain, Mohd Sajjad and Y.D. Akhere
- P.G.Department of Zoology, Vidya Baharti Mahavidyalaya, Amravati

nESTEﬁ;nﬂ;'-hE present study we have studied the effect of azadirar.hﬁ:j Fm insect model Drosophila
melonogaster. Drosophila melencgester is a small, common fly and exhubn‘camplete metamorphism.
Drosophila melanogaster caplured from rotten food, ripped bananaand kitchen. 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, and eventually we have observed decreasein the size of flies which were fed on controlled culture
media. '

KEY \W ORDS: Drosophilo melanogaster, Azadirachtin,

=,

Availalsle online at wwwlsrjin
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EFFECT OF AZADIRACHTIN ON THE PHENOTYPE OF DIFFERENT DEVELD PMENTAL STAGES OF civsees ' i

INTRODUCTION:

A drug includes all chemicals other than food that affect living processes. If this effect helpsthe
hody than drug is acting as a medicine but if a drug causes a harmful effect on the body the drugisacting
as a poison. To investigate about the drug effect on the human body the drug is not directly applied 1o
the human body but various tests is done on various other organism, 5o far several studies have mainly
been done on rat or mouse animal model and rarely with other animals like monkey, cat, dog, rabbit etc.

Regarding the various reason like more proliferation and low price scientist have focused on
insect models. Drosophila melanogoster is a small, commeon fly found near unripe and rotted fruit.
Drosophila is very valuable in terms of four pairs of chromosomes for genetic resea rchers, due to its
small size, ease of culture and short generation time. There are several reasontobe taken Drosophilo 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), makingit 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: The care and culture requiresiittie equipment;islowincostanduses
little space even for large cultures.

Dresophile melanogaster exhibits complete metamorphism, meaning the life cycle includes an
cgg, 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, Azodirochta Iindica is one of the
most promising natural compounds (Winkaler et al., 2007), where it is less harmful to the envirenment
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 toadult. As
Azadirachtin is similar to ecdysone it controls the process of metamorphosis by affecting on corpus
cardiacum (an organwhich cecrete hormoneininsects) means controls the 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 attracted

and feed on ripe banana and the flies were transferred to a conical flask in the lab, we cover to the
4 B £
opening of the flask with a Maslin cleth the flies were easily collected with a bruch.

Preparation of Dresophifa culture media
Material required
Potato, sugar, Propionic acld, yeast.

Potato - 100g
Apar . 1.09g
Water . 100 m)
Dextrose . 1gm
Propionic acid - 0.2ml
Yeast - 0.5gm
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EFFECT OF pzepimecur
F b N O THE FHENDTIFE OF DUEFERENT DEVELDPMENTEL STAGES OF ovvov.

Boilthe potato snd ctosp mat Eheb et g -
i1ard;Em¢;_;1;:p };n 4 o -jaa-‘:.-.f:n atigit upto 100 then add 1.0% g agar, 100 ml of H,0 added in
( r w=-Numogenie the mirture 2nd rnake a fine pacte. After formati
: - e wnd ernke & pasle, rmation of paste autoclave
it 2115 IFfor 10-15 min.

Coal the fr'&':si?f Up 10 60°C. Then 2¢4 0.2 ml progisnic acid put the culture media up to 40°C add
0.5%gmyeestinit by dissclving itin diztilled water then sterilize it in sutociave at 15 1P,

Preparation of culture vials: - After sterilzation of culture vials, transferred the culture, medium in
ordered manner. First label the four cultured vials 21 4,8,C,D and then the vials with culture media.-
Arrange the vizls 2t different azadirachtin concentrations. T

- 1

Vials A - 754 o .__:;i.-
' C - 12l . i
D

) - Control

e
Eﬂ Transfer of Drosophilo fliesinto culture vials:- )
Drosophila flies weere collected in collection bottle, the transfer 10-15 fruit fliesinto culture vials

! (half male 2nd half female) znd close the mouth of vials. Different concentration of drug was added to

y the culture 25 mentioned | the experimental set-up. These flies laid eggs ‘in culture, hatch and
completed their fife cycle within 10-15 days. After completion of life cycle, various stages of the flies

3 were collected and proceed for the measurement. The life cycle of Drosophila melanogaster were

5 studied inthese culture viale.

i Observation of various stages: - Male and femazle copulate afier 2-3 hours of copulation, female lay

fertilized eggs. After 24 hrs of fertilization eggs hatches into first instars larva. Firstinsta r larvae change
into second instars larvae, after 3-days. After the fifth day second instarla: rvae changes mtn.third instar
larvae and in sixth day third Instars larvee changes into pupa. The sizes E:.I"Ianra.e changes in all stages
were found 1o be shrinkage than in normal condition in case of azadirachtin fedlarvae.

]

Collection of adult flies: - The pupa changes in adult fly. After the development of adults, flies were
collected for the observation and meaturement of various parameters. First etherized them 1aru:|

collected in Petridis.

E

e { different developmental stages of the
of various parameters: - The measurement 0 . :
:;T:: ::l; :T:r: in under the microscope, These observations made under 10 ¥ magnifications by using

seeulometer having scale given in micrometer (um.

45 AND RESULT : .
S m:f:uu: :,ﬂt it wiork wie observed the effect of azadirachtin on the maolting of the flies and we

found the imhitition of the mohing with the inc reased dosages of ?ﬁ dira Cl}lf". at hiE_hE" :‘?5553{ 1 :’1‘;
0.5ml, 0.01m!) we obuerved the total mo rtality which shows the mg!-f:y toxicity of aza diracht n.d u.:l g
(3Bu), 35, 754) respectively we noticed the dh‘ﬂﬂl‘-‘lﬂﬂﬂlt of 3rd instar larvae inlo pupa a‘"h "" e
incate of atadirachtin (1830 and 35pl but &t (75!} ro 3"‘5! instar Iar'.-ar? developed into pupa thus
pupae development was inhibited or we may fay the moulting wasinhikited.

ok,

Avadlable geline at woww lurj 3
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LEFLCT OF AZADIRACHTIN ON THE PHENOTYPE OF DIFFERENT DEVELOPMENTAL STAGES OF wovverees

Lrevpl-siape
8 No, | 1" Instar 1" It 1" Instar Pupa Adult

S| (1) () (m) (pim)

Concenlration
1 Control 42.8345.15 | (3.540.80 130.16£15.38 | 177.834.59 143.16+9.6

7 7501 ABATAE | 7061445 | 1185434
(10.77) (18.23) (9.83) :
63.831430 | 78.5215.01 32 50427" | 138.5213.08 | 134.16210.12

k! A5pl

| (2,89 (19.10) (1.76) (2839) _ (13.16) ‘
d6LT AR o | 1208346.64"™ | 14054600 | 126.556.44

Values are mean £ SD of six obse rvations, * p<0.05>, ** p<0.01 & NS- Mot Significant. Values are
in paranthesis indicate the percent changein size overthe control.

200 I . : f
180
160
14an
110
100
BO
60
10 -EEa I
o | e
o -
Istinstar  Minstar  Minstar  Pupa Adult

-

E control
E75pl

maspul -
Eagpl

AR

....

A

Graph- Effect of azadirachtin on the size of different developmental stages of
Drosophila melenogaster. '

DISCUSSION AND CONCLUSION an

Paul B. Tanzubil and Alan R. M. Caffery (19580) studied the treatment of l-.‘;l rvae of the African
armyworm (Spodoptera exempta) with azadirachtinand aqueous neem sead extracts produced a range
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 larval-pupal
intermediates or abnormal pupae were commonly found. Similar results were obiained with the
aguebus extracts of neem seeds, The few pupae obtained from larvae treated with lower doses of the

extracts (0.01 and 0.1 pg per larva) either failed to develop further or developed into adults that died
during eclosion, or had frizzled, curled wings.

Low doses of azadirachlin merely prolonged the inter-

moult stage, apparently due to a delayed

i ———
bt anline ab wwwlsrj in
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eedysteraig peak.

Medium 2 i <
Permanuntlawae,t We N doses soppirn

he longevity of which increased wit
d secretion of

Lop

d adult ecdysis, and the larvae became
ecdysis, apolyeic Itri:inudnsus,Alllmughmediumdnmﬂ,rwum
deiays inpthige l:;n adult cuticle were taking place. The ecdysteroid peak was further
R ——" r'u:e and WH:.E somewhat lower than in controls. Permanent larvae induced by high
which was cﬂniF; . EFME: heither ecdysis nor apolysis. Larvae also showed an ecdysteroid peak,
X i0erably delayed and disti ” .
different azadira Y istinctly lower than in the contrals. Thus, treatment with

s thtin. doses allowed some dissection of the molting cycle into different steps, in which
ehormonal regulation could be studied independ ently.
Menakshi Bhat et al (2011) in their stu dy using invivo diabetic murine model, AZadiracto indica

and B””-ﬂl”'““m &a spectabilis chloroform, methanolic and aqueous extracts were investigated for the

blochemical parameters important for controlling diabetes. It was found that A. indica chloroform

E_’“Ta':t and B. spectabilis aqueous, methanolic extracts showed a good oral plucose tolerance and

significantly reduced the intestinal glucosidase activity. Interestingly, A. Indica chloroform and B.

_SPEFtahilis agueous 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, indica

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 2
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. 6.5ug/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 80ug/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 vwas
discussedin relation to the mode of action of azadirachtin on growth and molting.

In our study Drosophilo melonogasters were fed on culture containing different concentration
of azadirachtin as et (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
melonogosier.
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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 I,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-cancerz, antimicrobial3, antioxidant4,
antihelmintic, insecticidal, antitumors, 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
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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 CDCI; 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 C;sH;¢O;CIBr (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; Cl
09.98/10.03; Br 22.57/22.60. UV (ethanol): Ay, 520 nm, n—
m* transition. IR (KBr) (cm’l): 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 Cp,H;sN,0,SClI (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): Ay 495
nm, n— 7* 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-Cl
stret.), 685.51 (C-CI stret.). '"H NMR (0 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 C;3)H,,N,0,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; Cl 12.27/12.32; S
5.55/5.57. UV (ethanol): Ay« 370 nm, n— 7* transition. IR
(KBr) (cm™): 3500-2600 (-OH stret.), 3085.21 (Ar. C-H stret.),
2915.21 & 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-C1 stret.). 'H NMR (0 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 C;;H;yN3;03S,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 7.76/1.79; S
10.37/10.40; C1 11.45/11.50. UV (ethanol): A, 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-CI stret.),
682.61 (C-Cl stret.). '"H NMR (6 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 C;35H;3N;305S5,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): A, 530 nm, n— 7*
transition. IR (KBr) (cm'l): 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 (5 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).
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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 13.5 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
Treated Compo- Weight of Total Weight
bags unds D(cm) T(cm) L(cm) Dry Bags (grp) (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
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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
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spectrum of pharmacological activities!'” such as antimicrobial®'?, antidepressant'’,
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anticonvulsant[lz], antimalarial[13], antifungal[14], antitumor™ ', anti-inflammatory ', anti

U7 and pesticidal.“gl These five membered heterocyclic compounds possess good

diabetic
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-
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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. Li= 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

1) Nitric acid :- (0.1M) A. R. grade

i1) Potassium nitrate (IM):- A. R. grade

iii) Sodium hydroxide (0.1N):- A. R. grade

iv) Oxalic acid(0.1M) :-A. R. grade

v) Metal ions solutions:-Cu (II) and Fe(IIl) 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

1) Calculation of proton-ligand stability constant (pK values)
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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 (ms) at various pH by using Irving

and Rossotii equation.

Na= V-[E° +N)AV/(Vo+ V) TL] - (1
Where
Vo = Initial volume of solution
N = Normality of sodium hydroxide
T°L = Concentration of ligand in the solution
E’ = Initial con. of free acid (HNO3)
Y = number of dissociable protons from ligand
(V2-Vy) = 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 n A range of 0.2 to 0.8, using the following equation.

pK - pH = log n'a/l- n'p =--mmmmmmmmeeeeeae (2)

Where n'a value corresponds to given pH. The values of pK calculated by point-wise

calculation are presented in table 1, 2

i1) 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) na Tm® oo (3)
Where Vy = Initial volume of solution

N = Normality of NaOH

™y = Conc. of metal ions

na = Proton-ligand formation no.

Eo = Initial conc. of free acid (HNO3)
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(V3-V,) = 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[ HY(K.(T’-Tn’xn)x V,+V3/V,]
Where [H'] = Concentration of the hydrogen ion at n°=0.5 or 1.5

K= Ionization constant of the ligand
n= Metal-ligand formation numbers
RESULT AND DISCUSSION
Table 1: pH metric Titration data
Free Acid Ligand Metal-Ligand Metal-Ligand
Volume of o e e e e o .
NaOH(ml) Titration Titration T1trat1+02n T1trat1+(3)n
(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
9.5 242 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 5.77 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=0.1M
Medium: - 70% 1, 4-Dioxane -Water Temperature:-30 °C+0.1
4= 1 =3 -
13 ~ 1=
1 :I? = :: :: l{/ﬁ":‘_*_ L # P
: L=} : T |
= =] /!
= a - IIII
= E [
=] = |
5 = .'I
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=2 =L = A
1 e - 1

= = %q:- l.llT‘|s.9 -I\}?;!Igtgﬁ ‘I=1§.1BED
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Fig.1 Titration graph of free acid, free acid + ligand And free acid + ligand +metal ion

for L
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Table-2
Free Acid Ligand Metal-Ligand Metal-Ligand
Volume of e . . . A e s
NaOH(ml) Titration Titration Titration Titration
(A) pH (A+L) pH (A+L+Cu*?) pH | (A+L+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
1.5 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
3.5 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
5.5 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
7.5 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
9.5 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 6.92 443 4.50 3.77
11.5 12.70 11.64 9.76 7.03
12.0 13.80 12.63 11.58 10.00
12.5 14.04 13.04 12.70 12.02
13.0 14.10 13.24 12.96 12.35
13.5 13.24 12.63
14.0 12.78
14.5 12.95
15.00 13.02
15
14 = 14 FE)
12 | | 2] (7 ALt
11 11 |
10 - 10 I'
9 o |
8 8 1 |
E A Z A |
6 | B f
5 5 ..'
4 4 y
3 3
2 2
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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 pkK Metal ion logK; logK,

L 1075 el | 103577 | 92197

L 12.10 Pl | 10935 | 0500
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 (II) and Fe (Ill)ion as seen from their high logK value The Fe(Ill) ion due to its
higher charge and lower ionic size forms more stable complex with both ligands than Cu

(IIl)ions.
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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

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

0.54 -15634 -11616 -13400
0.4 -16363 -13563 -14910
0.3 -17896 -14791 16420
Graph 1
Concentration vs &,
10
== Ligan
d A
2 /M
'D 1 T T T 1
0 0.2 Og, 08 0.8
Graph 2
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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
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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 2c¢ 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- I -
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 (1c¢)
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-pD-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 (2c) mm were selected for X-ray diffraction analysis on a

Table 1 The crystal data of 2a—c

2a 2b 2¢
Empirical formula C,7H37,BrNO,4 C,7H37BrNO,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 037 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
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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
C16-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 111.9 (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
CI12-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-C5 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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In HOMO

b HOMO 2h LUMO

2e HOMO 2o 1TV

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 2242 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 110 ;
studied compounds 2a, 2b and
2
¢ 30
&0

Weight (%)
FS
=

g

100 200 300 400 500 600 Fod 800
Temperature C

@ Springer



Molecular structure investigation and biological...

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
1Cso0 = SEM (uM)  (uM) 1C59 =+ SEM
(WM)
2a NA NA NA 1548 + 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 (ICsqg = 41 4+ 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.
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
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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
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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.
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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 .
aretma quress Drug-Likeness Assessment
33 Aspidosperma pyrifolium ) ) )
24 — o The selected 99 antimalarial compounds were subjected
actrum Gipinum 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 (pI), 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

Shibi et al.

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 B 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 o 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 P 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

(¢) 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

Alal75 Vall76 Met177 Lys203 Asn204 and Ser205.

The 2D and molecular docking pose of the 8 active
compounds with the protein 1PFZ are shown in Fig. 4 and

The binding modes of compounds were analyzed using
MOE 2007.09. The active site of the protein 1PFZ are Thr31
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Table3. 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 =) o - @)
e O e )
{?} ) P ;ﬁ.%": , ;%
:"'\-.“__ oy i _;zeij f W?.I L

o
4]

115
i

0
s
- | Ho,
==, I
Phe i
l:-?l’ i HO l;)_>— i 3
ey J
Lz l'_.

Val
La

Met T
7 L}
fe -2

109

| ile |
al'y
105
110 -
@
=
&

. 74" Gly -
plf: =, zsv__l - Met
A 75
L.r'_ 1o Thr:l %
b1 22 1;-. IJS:r
7 192 37
114 17 ] Phe A
Ii‘"\l i
et
5 Fone i
o) 0
e f __.-O-\. )
) | b

I-‘s'eF
®

ile
B
-

- o
- = i “OH
. o | o &
= i i Gy
o % 2 @
& \ T
S 156 o i (£
0 N - e, Q 108,
o s, -
- ! oy ‘ i
2.96 e [ER)
e = r ezl s
o [} 1" - o
2 - X i
[ g W f
21 Ser
0 2 G
7 = Phe
- 244
"H0 '.- I'T)Te:} -
e T oH S ,
— 58%. i
'Glyl - | H
| 216 L g Ef 1
91% o -,
By =
rzr;'l .-fm . - z&"‘
= L ; | val 4
e e $ 2E75n o
& )

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.

torial Chemistry & High Throughput Screening, 2016, Vol. 19, No. 7 579

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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Fig. (6). 2D interaction graph of the active compounds with 2BJU.
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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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86

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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91

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)
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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
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Fig. (13). 2D interaction graph of the active compounds with 1ILYB

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
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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

Ali et al.

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,J = 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);
C3H3oN,0,4, 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,4, 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), 4.45 (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), 4.41 (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, J = 6.9 Hz), 4.49 (2H,
q, J = 72 Hz), 6.87 - 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 (5h): 'H NMR: 1.08 (8H,m),
147 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 =72 Hz), 7.12 - 8.16 (9H, m), 8.89 (2H,s); C35sH4,N¢Os,
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 (51): '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: 6.42 (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,1=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, J = 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 phenlyl) pyridin-3-yl)-1H-
benzo[d]imidazole-5-carboxylate (51): 'H NMR: 1.25 (3H, t,
J=72Hz),1.42 3H,t,J=7.2 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); C36H37CINgO,, 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;0H
_ > 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 1Csq = <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 5¢
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).



2-(pyridin-3-yl)-1H-benzimidazole as p38 MAP Kinase Inhibitors

Table 1. Biological Activity of Sa-1 against the p38 MAP Kinase.
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Compound R, ICso 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 Leud07, 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

(a) Close view

g™

L

(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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contended that, poor greater education, social technologles supperts social constructivist
techniques to learning they potentially have to improve students’ construction of understa nding and
promuote student interaction, An additional benefit of saclal technologies provided on the Internet is
that they are frequently free or require marginal investment, eliminating a potential barrier to
adoption, 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 MEaEns
that stcial networking activities have the possibility of enhancing student contact and is ysed 1o
improve their participation in :Fas_s, particularly where introverted students are involved. Students
can functian in online group learning, with less ar no anxiety of needing to ralse questions before
peers at school,

Review of Literature

Different researchers have conducted research to ascertain the influence of social media on LISErs,;
for example, Moon {2011) in a study on “impact of facebook on undergraduate acadeniic
performance”, averred that socizl media have negative impact on students, According ta the re sult,
the more students use facebook, the more it affects their academic performance. Similarly, Oye
(2012) notes that mest of the younger students use sacial netwarking sites mainly far socialising
activities, rather than for academic purpose, Oye (2012) further observed that most of the students
do feel that social networking sites have maore pasitive impact on their academic perfarmance, In
another study conducted by Shana (2012), it was revealed that students use social network mainly
far 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
leong's assertion when he opined that the negative Influence of internet ic only on excessive users
and not on all users, = '

Statement of Problem

The expansion in technology has also affected Internet software, thus leading ta chatting sites
known by the name “social media”. However the study will evaluate the im pact of social networking
on academic performance of college students.

Need & Purpose of the study

It 15 & comman scere to see a youth chatting in sensitive and highly organized places like church,

Mosgue and lecture venues. Some are so carried away that even as they are walking along the
highwzy, they keep chatting and put their lives in danger. The qjahuf;i_::_urigg.-aﬁa'qiigr[h’,,;;pm af
eaually saphisticated cellular phones has complicated the situatisn, as youths no longer need to visit

3 cybercafé before they send and receive musga;. &.nelﬂ?hn"ﬁaifm“'_'shmeﬂ fmm fﬁfﬂlﬂf‘{#

"visible friends, while important ventures like studying and writing are affected in the process. This
Phenomeaon has become a source of worry to many wh believe in knowledge and skill scquisition. :
The emergence of social media &5 a result o nalo rteriet: |
software hag raised eye hrm'am‘uﬁgiﬁﬁi on byl . '
Atall levels of learning now have divided attention ta . i

be harnessed from secial media, Whether these ¢
needs to be answered, This, the study frivestigate,
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Necessity of Social Networking Site

BYes 2k

Interpretation: There are140 |e, 70% of the respondents are of the opinion of having an account

nn-s'h!!iu while 60 i.e. 30% of the respondents feel that there is no need of opening or having an

atcount on these sites, Therefore it may be said that having an account an these sites hayve became

mecessary among students for collaborative learning as well as have become Status symbal amang
- students,

Preferred Social Sites

W twitter
® facebook
H omore than ons

sueaunt
| Noaccount

lﬂtﬂl‘ﬁ‘ﬂﬁ‘ﬂﬂm There are 26 respondents out of 200 who prefer W‘“‘“F‘:P““thiﬂm ondents
have facebook account, 40 respondents prefer more than one account on these sites while 19
respondents have no accoint on any of the social networking sites.,

SNS through mobile
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