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identification of Nigella sativa Seed and Its Adulterants

Using DNA Barcode Marker

*, Alagappan Kamarappan’, Lalit K. Vyas', Divya Shrivastava', Flduil'ﬂuhmkli'.
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\bstract  Adulterasion, tisidentification, and mibgtintio are the higgest challeages iy maknaiiing safety ond therapeatic
 efficacy of medisiual hesfie Mipells suniva seed. which is well kiiows medicinat herb suseeptibis 1o addulteration of sabsituion
el 10 fts great therapeetic value Addullieration #id subsmitution by mosphotogkcally sirmilar seeds gre the pritary concem m
- cammereislly svaitable Nigelln sativs seed Tn s study, w0 have el DNA barcode musker b fied Gt aduliesation,
- migidenlificalio _'_'_'ﬂ_w:pfh#iﬁlmm seed sold in various markets. We collected 190 samples, which wens
: ‘Black swed/Ny Hﬁ!ﬂﬂmwmmmuinlnﬂun N ), Pakistan (1 o), Sandi Arabial} Mo.). Egpt (2
-ﬁﬁMM‘Mﬁﬂmmm.mu No ). Al samples collssted from different peoprapkics were
irated ﬁawwmwmwuummmmwmmMmﬁ

of Life), PCH amplification of plastd geavme wilh mack: wai et very suceesstul, while PR

Scanned by CamScanner



# sdhis 5 P erad © Ddemilication of Srpeila sy

Thin mudy 18 © repoat, the utility of rbel aed mak O A
bgreodle marker boodeniify substifation smd: adullatabiong 0
ihe -"".l-.'-"'l""‘ garhivi seed il various |-"I'Il_.'r.'||lllll"'

2. Material and Methods
21 Nemapley

Samplos of Nigeila sative sceds were collecied froom
viriops peegrnphics Tke fodia (1 Mo Pkt {1 Mo
Sauci Arabia {§ Mo, Ezypl(d Mo,k Turkey (1 Mo, Syria |
M. ), Tunigin (2 Mo, ) und Oman (1 No.). Moucher specimens
wire deposibed uf Instituie Herbarium

2.2 DNA Extraction and PCR Amplification

Plamt DMA was sepormed from Sced coal cells uning
plantfenpgh DA iolsnon kit from Mergen Baoiek, Consdn
(DNA  lsslation  Kit Product B 262000 [ollewing
muneifaciuree's protoool Purified DINA was preserved at
300wl furiher wse, Furiher, eximcisd DNA was cxpmingd
wving 11.8% dgaivse gel clectrophoresis gtaned willy ethidiom
bromiche

Welt 1 =Dtk bdder (10, 8, & 5 4, 3, 2.5, L L5 1, 8,7 L5, LT Eh)
Wiglt 3- 13 = BINA of weed samoles (51-30)

Flgwira & (rmine Chieck far siirmcted DA fFan Seed seauler oy @5
dgrirrnmer el

2 4. DNA Amplification and Seqiencing

The target DMNA regions, namely rbel. wnd numth were
amplificd with respective universal DNA barcoding primers
ms préseribed by CBOL Plant working group, 2004 {16].
Universal  primers  foe thel  pene,  shela-F
ATGTCACCACAAACAGAGACTARAGC wnd  rhola-R:
COTAAAATCAAGTOCACTCROG, for matll gene, mtK-
EIMIR: ACCCAOTCCATCTGGAAATCTTGGITC and
mith-KINAF; CGTACAGTACTTTTGTGTTTACGAG
were psed, POR was performed ueing a teaction maxture of a
tatal volume of 50 ul for either of the genes: 25 pb of Tog
PUR Master Mix (Norgen Biatek, Canada), 22yl distilled
water, | pl forward primer (10pM), | pl reverse primer (10
pbd) amd Tl of the DNA templaie ($0-80 ng' pl). The PCR
conditinus maintained were ax follows, one oycle (94°C for 3
min), 35 eyeles (94°C for 1 min, 55°C for | min, 72°C for 1
miin ) and one eycle T2°C for T man. Amphified PCR products
of thel. wnd mutk, prmers, each of § pl were eheckad on

[ .5% agurose gel eloctropharesis for the réspoctive bands and
sent o Macrogen (Seoul, South Kotea) for DNA sequencing.

sl The Aalajliy iy Ul DA Horoode M arkes

el 1 = Ers ladkder (10,8, B, %4, 2%, 3, 1.8, 10,7, 0%, B3 K
wWywll 20 11 = it K gene PR peodost af samples [R5 B it
7.3 o vl aherwin light hands

Fiypaere X POR wipsdiipatiom ol i piwd A pRrasnry

| = A backer 10, 0 8 & B LA R LA LT, DY 1M
Wl B B = i | g PO st ol parapiey L1 38

Figpury 4. CH .|M'|'l.lll;'.'ll.'lllll willh pbey faramel

From shove fimures, it 1% clear that FCR amplifcation with
rhol primet was nhserved 1o he good in quality, while PCR
amplification with oK primes st of high guality.
Nutleotide bands 'of DNA with matk primer were not well
sepurated. TNA sequencng was done by sending PCR
pradusts to specialized research laboratory Macrogen (Seoul,
Soulh Korea). A¢ Ipl-guality reacs were ohteined with the
stngle  diroction, roarkers. were spquenced in the smghe
darectiog onsy.

1. Data Analysis

All dom amalysis were perfomed  dsing . MEBEGA T
(Moleculnr Evolutienory Genetics Analysis Yersion: T.0L.18),
NIZHI {FMatmnal Center for Bartechnology
Informyatienwehsite LEHing ‘blastn’ apphcation
{https//hbastnebl, nlmnit. gov/Blastcel) and Microsofi Excel
2010,

Obtuned sequences were aligeed by MUSCLE (174,
which gencrites multiple alignments of amino acid and
anciestide sequences, MUSCLE program 1= muoch beller
regarding speed and accuracy when compared with T-Luffes,
MAFFT, und CLUSTALW in oll tests. Aligned sequences by
MUSCLE were used to locate conserved, varmble, singloton,
parsimany informative site and compared with other obtained
sequenices af other Nigella sothve seed and its adulterant
sapaples using MEGA 7 [18]. Prmury sequence analyris of
nucleatide composition, conserved siles, variable sies,
siuglolon sites, parsimony informnetive sies and phylogenehic
tree provided adequate information te ducriminate. Nigella
sativa seeds from adubesants, Further all aligned sequenves
were submitted to NCBE (Natiom Center for Biotechnology
Infarmation) website and identificd vaing blastn application
| BtpncHolast netal sl nih goviBlast. cpi).
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17 Mummﬂmi
1 "[:.'Hiim_qﬂhuh
WS Nigelia nstiva
0 y BSOS Nigelln sativa
i MENS NS Nigala salrs
L] '__T:mﬁm.m
i-—-—hﬁﬂll_glﬂlm \
W0 | hignils arvensis KMIGOEIS 1
[ NS02 Nigelia saiba
45l NS0T Nigella astna
Nigaia dumsascona FJE26584 3 ;
NSOG NS Adutersnt 1
100 L H508 NS Adulterant 2

Iy figre & and 7, it can be clourly seen that sample NS0 and NSU% formed & separate ¢lade since they are genetically
Aiffesent and evolved from different apcestor. This cbservation further confinns specics discrimination power of riel
sncEL

Futher 1o nhove sequence analysis, aligned rhel sequences of seed samples were blasted individually on NCBI website
(st kst bl ith.gov/Blast ogt) for identification of sumples. Following are the details of identification of rhel
weguenees from NCRI blustn ol

Tahle 7 Matching awad Menttfontion of mucloaside sequencer uxing MCBS blurty,

n_ Beser T e~ g}
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showed 28 and 20
When we atudied {5 15 nueleotide soquences, (L s otserved that sample NSO ond NS08 i
Epgluton Tm = ?ufm@h?m NS0 and WS0H spmples s different plant genus o7 specles fram group congists of
™SO mm Wi, NS(TS, NS0T, NS0, NS 10 aisd Acccrion KLUHOGERD.1, KMABLEYS |
ﬂ.::lll:.i MM{:.HW-: leunt o types of nacleatides {or aming achds}, and st least two of them
occur with a minimim fequency of twa.
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specific ganetic dislance among 8
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sumple showed genetss distances Al 11,0901 310
o maximum of 0.01323,

44, Phpingente Troe with UPGHA Method
we wanted 1o undarstand
from 500 replicates 15

Typacally the evolutioonsy hustory f5 inferred using the UPGMA
whether adultemnts show different cluster in the phylogenic tree. The bootskap consensuy tree inferred

ches Eunuspmdirrgm;rmﬂﬁpuupmdmm f less than
ered together in the bontstrap test

tukcen to répresent the evolutionary history af the taxa onalyeed Hian

methiod [20]. On this wudy,

&1t botsirap replicates. The peroentuge of replicate trees m which the assointed twen clos
the branches, The evelutionury dismncss were computed using

5 replicates) are shown next to
methad [19] end ire in the units of the nusmber of base substifutions per site.

NS04 Nigells sativa
NS05 Nigella sativa
NS03 Migelia sativa
o | 509 NS Nigella sativa
NS10 NS Nigella satwva
NS01 Nigella sativa
91 ||! Nigslta arvensis KM3B0895.1
- o ol i
: L— Nigella damascena FJ626586.1
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: English Teaching and Learning with Computer

Mr.V.P.Shekokar
Assislan Proféssor
Vidya Dhari Mahovidyalays,
Amireath

The tremendous progress in [nformation and Communication Technology has changed
the way of teaching and leaming English language. Computer-assisted teaching refers to the
use af ICT tools, multimedia, and computer-based aclivities by the teachers as well as learners,
The teaching techniques are radically changing. As technology has become an integral part of
our daily lives, the field of Education couid not possibly stay unaffected. The compuiers and
he [nternet offer o wide range of nctivities which are very effective in English language
lsaming and teaching, These activities can be used either independently or in combination with
iraditional teaching techniques. This way students are offered a fully modified learning
experience based on their individual requirements.

Compuler Assisted Language Learning (CALL) is defined as “the search for and study
of applications of the computer in language teaching and lesming” (Levy,1997). The purpose
of CALL is to find ways for using cornputer technology for the teaching and leaming language.
It included word processing, presentations, practice, multimedia, intemet applications for
Iwhuning.ﬁmmuumlmummummﬂhy English language teacher and
learner. “Computers can do some of the work of the teacher and provide great assistance 1o the
leamer even without the presence of the teacher” (Pennington and Steven,1992). Today we
have many useful designed CALL opplications available for the teacher and student, “New
technologies have seen computers become smaller, faster, and easier for the teacher to use
(Evy,1997)". Technologies allew computers to do multimedia applications, incorporating
ﬂdm.:mmdmﬂmmdH:hmpunit}r-alhmmnmﬂmmimmwhbuﬂJMpmm
and other learners.(Felix,1998). The computer offers great flexibility for class scheduling and
pacing of individual learning, choosing activities and content ta suit individual learning styles.
{Oxford and others, [ 998). -

This interactive way of teaching appears to be more appealing to students, as loday’s
children grow up in highly mechanized environments gnd find technology fascinating.
Computer-based lessons give learners the chance 1o explore ideas in a fun and intriguing way.
Therefore, they are less prone [o get bored during classes and more likely to nctively participate
in the activities taking place in the classroom,

Children, however, are not the only type of students that can benefit from [CT-assisted
teaching. Video instruction and other interactive activilies have also been introduced in
university classes around the world, These tools give students the opportunity to take 3 closer,
more detailed look into complicated processes. such us medical procedures of scientifie
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experiments. i is imponant to say thal compulers canbot fully substitute the presence of 2
leacher who will guide students and answer all of their questions. Afier all, & computer nctivity
is only as good as its programming; funthermore, a siudent’s inability to adjust 1o the demands
uf & mechanized leaming process would cause him to feel frastrated and Jeft behind without his
weacher's help, To conclude, compuler-assisted teaching can effer great bemfils 10 beth
teachers and students. Combined with traditional weaching methods, it can optimize the resulls
of the leaming process and make keaming an interesting and fun experience.
Computer can be used a5 wstor to present leamer thi content of the lesson su
amimation, slides, leaming nctivities and practice, The compuier SEIVER a5 a means for
defiveriing instructional material. Interactivity is the most impartant sirengih of the computer.
The user can have control over leaminy so hefshe becomes &R active participant in leaming and
teaching process. It is also provide the instant raedback from the computer. [t also helps to use
students centered teaching method. With the rapid growih of science and technology, the use of
multimedia technology in language teaching has created a faverable context for reforming and
exploring English language teaching models in {he new age. Multimedia is considered truly
revolutionary for tanguage teaching and leaming. The use of multimedia in classroom cannol
be denied in the present edueational environment. In the present situation the wechnology plays
an important rate in the life teachers and students, Unilike the traditional classroom setting, the
mullimedia classroom setting has more facilities: all the equipments needed for teaching will be
arranged inside the classroom. The print lexts, video. audio, pictures and intemet is being
effectively used to enhance teaching and leaming of the language. Using print, film and other
hmnﬂmhrmdrhﬂwﬂvuumﬁmﬂwhhwm&ﬂmww
through stimuli shat will stimulate their imaginotions, engage their interest and fntroduce them
to the raw material for analysis and interpretation of bath language and context. Thus we can
greadly Increase their averall knowledge base, s well as their English  language and critical
literacy skills, facilitating their performance in future courses. The growth of the intemet has
facilitated the growth of the English language. In this sense, computers are no longer the
exclusive domain of a few individuals, but rather they are available to everyone,

As the computers besome mare readily available to all of us, it seems appropriate that
the language teachers should integrate it into their lessons. The students are surrounded by
technology and this technology can provide interesting and new approaches to |anguage
teaching and leaming. The teachers of English can take full advantage of this technology ©

tench English as second language. The traditional teaching methods are unpopular in the
English language classrooms. Computer technology with video, audio, grophs, power point
presentation, animation effects motivates the students to learn English quickly. Technology alsd
plays very supportive roke in enhancing student’s communication skills. Students can enhan®
bath their written and oral communication skill using technology under the sound guidance of

ch as L2xt,
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{heir teachers. Computer technology has been a great help o integrale weaching and lzaming L3

K mwuﬂmmpmrinunﬁ\m.ﬂmmufmistumlh!indnmﬂsﬂlh
class: mWﬁMWmMWWrnrwmmmlmfm
memgvﬂﬂyﬂwﬂﬂmnw‘aﬁynfmpmin-.rnrieurnfg:nmsuuhm
Jiglogues, interviews, lectures stories, songs and poems. Language Lab is invaluable for the

.o of listening and speaking skills. It does many things thal benefit oral skills
dmupmhmmm the regular not-tech classroom. There are nUMEroUs apps 1o build ol

space 5o il creates more real life environment for English teaching. It stimulates students’
initintives and economizes class time, providing more : nformation to the students.
Some Disadvantages of the Use

There are many disadvantages of using muliimedia technalogy in English language
reaching The languags Imnh!pmgrmmmmthﬂpmmﬂm“mhmﬂ to implementing
new technologies in education. Thﬂﬂpuﬁﬁmmtlgmmﬂh:dwm.snﬂWMsufﬁngmd
caining for at least one networked computer laboratory where teachers and students can come

and use il.

Though the use of multimedia technology in the language classrooms enhances the
nterest of the studests through audio and video, it lacks interaction berween teachers and
smdents. The English |anguage classroom becomes & show case and the students are considered
anly as viewers rather than the active participants in the classroom. Teachers may lack training
and skills in using the CALL.
Summing up

wmmmmgmiﬁmﬁmmﬂmmim
share millions of documents as [EXIS, mphhhmnﬂsuﬂﬁdmﬁuwwﬂﬁaﬁm
resource of good materials for language teaching and leamning. Computer assisted teaching has
important potential for English language teaching. It can motivate the leamers, increase
information access to the leamer and teachers. ilm:!.-.npmuulmmmmwl their own -
learming process and progress. It is also true that CALL will never replace the teacher. CALL is
not a magic solution to language teaching. The effectiveness of CALL relies on how it is used
o meet language leaming goals for individualized learners in specific educational sewing.
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THE VARIOUS PROBLEMS OF WOMEN AND THEIR
EMPOWERMENT IN INDIA

Dr. A.D.Chauhan?

ABSTRACT

Aﬁh'.l' rﬂ-Il‘Fl.mdlﬂﬂ'«"l' ir India, rhers ara che .-:lur-'.'éu.ll wiemets reiated articlsy creaced By cxperes. o e Indign constimurion

the principle of gender equality i anthrined wirh II'-'\-"-I'-:II1I|':-|'-|‘ Jursdeemrstaf nEhtr._llrlmdarr:lrn-'uJ duties mnd directivs

principles. M Cordtitution net ondy grontr equality to womer, bz alio émpowirs the mare o adopr meagures of pontive
alserrmlsrtion I-'I_I|I:\.I'|ll:-'l.li :._-,l"rr-::-mm. Empowdrraent b the ane of the ke fuctors in -frm'rﬁminl!]' ehe rurcess of development is the
sratuy and pedtion of women i dhe sitety For the bealify devilopmen EFMEJEE_L' there ix-a peed to specinl fonrr on mctal,
econpicol imnd Il:ln:f."l'r'l.'mI overall development of womern, We necd 10 dugrsnt oo ﬂ_ﬂbﬂ:__fﬂ empoiering witetn and enhance
their peageen. I s our moral, meiad end constinetional responahelity o erourd i progriss by providing chem i diguicl]

;.'H.Hr-.' and appartumities. Today women with thelr smerinesy, grove and elegance have conquared tha wiole world

KEYWORDS: gender equaliy, women, women commismien, female children,

POSITION OF WOMEN IN CURRENT
SCENARIO

Ini this contemporary world, women need (o
gaun the seme amoust of power that men have. Now, 1t 1s
time to Torget that men are the only holdzes of power, In
Inidie, women are siill facing different obstacles in male-
dominated cultures. Now & day"s women are coming the
main stream of development. The government of Tndia
established pospecial commission for the women
developiment | s, women commission in India.
Today, women are having the position inevery place,
Topmost organiations i Indi most of women are the
CEOS m various field. Recemly feminism concept added
in the women empowermeni which stress of the
fundinenial and human rights of women.

In Imdin, wormen are facing various problems,
heinous practice of famale feticide and mfanticide
wherein nearky |0 million baby girls have been killed in
the Inst twenty vears alons. In fact, safery i wn ohsolate
ward in today’s Tndia. Even law enforcement is analile
1o control the situation in India.

Every persen should think abom women
development. This is the need of the hour Evervone
must think of changing socizty. If we all abide by the
rulis, wormen jnoour citres will surely be zafer. Thas
situation has ceused immense loss 1o their seli-dipnity
g5 human beings and aiso their mdepandent entities,
associnled with men, apart from other mutier, nconiext
wath miellectual and professional capabiliy.

dfrachate Frofersar o Gocwiogy, Fidlve Bharet Collepe

————

dimravarl, Mihdracrire, (ndia

Val. & Apeil - Murch 2016-17 1041




The Farious Prehlems of Wieses aad e Enpucarment an fnfan

fir. A JhEhnnkan

PROBLEMS OF WOMEN

1. Violenee against Women:-
The life Indian women wre full of sorrow and
anxiety. There are various types of crime like rape,
maleziation, dowry harassment, wife-baltering,
kidnapping, female children to be sold dnto brathel
hoines, forcihle anbracement etc. Problems faced by
Indimn vwomen,
2, Gender Discriminalion:-

Ciender discrimination mefers w “the pracrice
whereby one sex is given preferential freatment over
the others, After everpopulation second numbgr
greatest problem an India s the fermale foeticide and
discrimination. The practice of giving social importance
to the hiclogical differences betwiden men and women is
everywhere, In some socheiies, these differences are very
mieh prooounced while in others, they are given less
Tmportancs.

3. Neglegence and poor health:-

Indisn women wre the most exploned o the
world. Sacially, psychologically, pelitically and
economically she is alwaves on secondary plice.
Improper haemoglobn, different  medical problems,
malnutrition and high death rate are the feachers of
indian women,

4, Unequal sex ratio:-

Mommally, in the population of any country,
male- fernale ratic remains moce or less the same, That is
S0, m India as the cenaus repons reveal femalg
population has been steadily declining ever since
| 901, This is sertous mdicomor in socieny. Effors shoold
be takes place for identification snd sort oot this problem.
5. Un-attraction of Female Education:-

Since ancient time we have béen seen that
generally women wnored from the eduwcation “Ladki o
parayid dian kot hal” s commion eodency observe
amang the Indians. Accordingly, much attention is paid
to the education of women Wfter independence. The
female [Herncy level ks also incrensing steadily, 1t has
increased from 18750 in 1971 to39.42% n 1991 and to
6d%% i 200 1, Tivspine of this change ncthe frend towards
literncy; some problem has cropped up,

b, Doy o curse:-

Al the time of marrage ceremany, the gift or
amounl given by the parents of girl s general trend in
Prcdia. bn leter stoge it became problem called dovwry
Every year so many cases of dowry exposed in India. Ti
i# 8 very serious problem faced by Indion women and
their parents
7, Vielence against women:-

Sexus! exploitation. femate foeticide. dowry,
damestic violence ele are the common prectices can see
in Indign society. The rate of such problems is hugh in
niral soctety. Maoin cause of i 15 that spoil mentaliny
with ald eostomes and mraditens,

B, Sexual Horassment:-

Mow days so many cases are exposing related 1o sexual
harsssment of women, Delh gang rape and =0 many
incidents’ toking place in Indig, Child abuse, sexual
exploitation, human trafficking, child labour etc aré the
vitriones problems - are present in Indian society,

9. Organizational problems:-

I working place, women ace a lobof problems regarding
various matters. May be some times sexual harassment
il other conflicts can creates at working place
Fxcessive bossing, unequal shifis, unwanted demands
by high suthority etc are the factors responsible for
Wimen explailEtion in organization,

10. Familiar and Social Problems:-

Farmily and society quickly lakes the copmizance about
women issues. The intensity and proportion of works is
always more than men. [n refigious and cultural activities
women generally ignore and put secondary place.
Whitever the snuation 15 there the women assums a
responsible for thar ace Also there is a rendency that
women are Lhe factories of child creation,

THE ROLE OF WOMEN
EMPOWERMENT IN INDIA

Empowerng women usually involvies giving
them ppporunity Tor bener education, Focos on the
overall development in India 5 ihe main work of women
empowenment commission in Indma. Basically ns perthe
hurmian rights there should be the same place o men and
wiinen but sociely doesn’t accept this situartion and
made the discrimination in aocioty.
When we study the evelution of man , it = potieed that
eradually women tlfed towards secondary place and
started the exploiidon through varous probléms,

For siogp and eradication of these problems,
the women commission established by Govi, of Iindia.
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After independence fhe dircciion has |:H:LI1
fised and various acis, plans heive been sturted Tor the
wismen devebopmeant in Indin, Delintely we can say that
Indin his dong the improvement by social, ecanomical
and political stats of women. Again there is need to
stricthy- implementation and development alscheme and
plaris started by Gevernment of Tndia,

FOLLOWING ARE SOME PLANS FOR
THE WOMEN DEVELOPMENT AND
EMPOWERMENT

1.Mahila cosh vojana:-

This iz first plan started for especially naral
women of India n which self employment, stress gn
mame and supplementary occupation arg the most
priority factors.

2, Training and employvment programme
for women [TLEFW?):-

' build up the confidence, econamically
strong and for enhancing the productvity are the midn
targats of this plan,

3. Rashtriva Mahila Kosh (EME):-

For social and esonomical changes, financial
mprovements throwgh varous programanes are the mam
objects of this plan. Micro finance to poor women,
gariculture women, shop keeping and handerafts etc
are importan ohjects of this plan.
4.Rajiv Gandhi Scheme for
Empowerment of Adolescent Girls
(RGSEAG):-

Thas i especially well-known Tor the ovemll
development of teen age girls for the ssues like nutrition,
education, medical facalities and eradication of fhe
different problems
5.Central Social Welfare Board (CSWB):-

Thiz scheme iz especially famous for
stimulation af the NGO which work Tor development of
WOAELETY,

6, Indira Gandhi Matritva Sahyvog Yojana
(MGMSY):-

For the improvement 1 the hialth dnd nutrnon
status af pregnant, lactating women and infonts, child
veccination with sort oot the various probloms.

7. Swayam Siddha yojana:-

Creation of self belp groups with Nnancial
support amd avatiability the fund for poor women o
soCiety.

#. Short Stay Homme Tor Waornen and Girls
(S5H):-

Armangersent ol temporary accommaodation ot

deprived, mentally offected. very poor, widew, cxploited

and refecied hy society and family W Itk the Relp of this
plan variows works knowledge given and iry 1 become
peld oo such fype-of womien

9, Swadhur:-

This plan is especinlly for the support of
women those really want 1o do the advance tvpe of
woork, Some finamcial suppor given by government (o
start the occupations,

Woman empowerment

lt-u'll;lru-lﬂtr“;ikqﬂll e :

w 3‘“‘

SUGGESTIONS FOR WOMEN
EMPOWERMENT
1. SKecurity of women-

Mg per the: human righis every woman shouid
safe a.ndl respectable in society as well as in
orgenization. There are sirict role=s and
recalations have been anséried and
implemented by government time 1o time. Also
there is a need to the sinct implemeniation of
this legislation for the suecess of women
CTNW ETITICTEL

Equality and no place to gender
diserimination-
Women should be properly trested i
everywhere, The contenis like ‘sexual
harassment, rape, exploitation should be
stopped by the e [Tors of all the contents from
sociely, Women are equally entitled wnd
qualified for jobs as men. We should not forgel
it soane of the greatest characiers in history
are women sech as Ruam Laxmibai. Indiea
Grandhi, and Muther Teresa ete,
Eradlecation of common and basic
problems of women in society-
Wi see the varions problems regarding social,
cennpmical and politicul aspocts: The society
should always try for mantain the egual stakes
and position m gociety. Other women refited
sy immedintely solve by poverniment anil
implement the correct strateay for development
ol wodrien
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4, The role of socialogisis, social workers,
planners and &GOS~
For overall development of women, there 15
ned [0 dio the colleetively effons  foom all the
levels of society, The mitelisctunl class hke
sociologists, social workers, planners and
MOOs have to give the hest effors for the
success ol women empowsrment,

5. Proper implementation and preparaton
of plans-
Alter independence, the speed of women
empowerment has been raised and it shown
the positive effects on society, but still agein
there 15 servous nesd ol collectively efforts from
poverpment and properly implementation of
various plans by administration.

&, Improvement in  politically and
economlcally starus-
In the suitable proportion of population
povernment has o give the reservation o
warnen, In that way women can pall into the
main steam of development.

H.'H’ % WERING 5

N, %
a8

CONCLUSION

For the proper conatruction of secicty there is
need to give special attention on women #mpoweTment
in India, Also traditional attitude has o chinge
recarding women, Awareness programme, education
and positive role of every mndivisible will help 1o
development in women empowerment i India,

Strictly implementation, creation and support
of legislative, Judiciacy will be benelicial to sort oul the
women related problems m Tndia, Sop the wirten
exploftation, rape sexually harassment, scid throwing,
domestic violence, child marriages and female foeticide
with proper instrments and control on these prablems

Various issues like women health, cducation,
sporis, schemes, egual seX ratio, entertamment, - basc
facilities, freedom, protection, sanitation arrngeman
should provide to women, Then definitely we can
develop the healthy [ndin
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PROBLEMS OF ELDERLY IN RURAL SOCIETY

= Dr.A.D.Chauhan?®

ABSTRACT

Rl:ru.i' eoclety b anpertaae iocliy 1o Todia. Arbund 74%0 papuleton of Tndra is somstered six lokhs villager Teanl
%% prapartion it pressat in oo Indian dconamy, Elderberry popalvsion il exver andd werks 1o the farming teceor.

Boral eiderly an smportane part reral af sooety B dr ehe stiedr, o L nocios thar ruraf :.I'd';nlr' someTimes i nered and explafted

by rural syseem. A Fapulacton ageing iva necognized intarnational seality, boeh In develaped wnid duevefoping cosuritrien. Indis is
whar Laving same arustesn abewt elderly tn rural sociery. The mussher of elderly in the developing woeld i increasing per the

dsmographic propertinn.
EEYWORDS: e eng Sector, Migrotinn, Rural Society,

INTRODUCTION

Fural society is an impartant society in India,
Around 74% population of lndia i3 scatesed six lakhs
villages, Toml 3% proportion is present in an Indian
economy. Elderberry population still exist and works in
the farming sector, Bural elderly an lisporiant part nul
of society. Bur in the study, 1% is nogice that rosal elderly
sometimes ignored and exploited by rural sysiem. As
Population ageing is 2 recognired international reality,
bodh 1 developed and developing coumnes, India s
alag hivimg same situation aboubeldarly In roral socilaty
The number of elderly in the developing warld is
imereasing per the demographic propertron.

The simiaticn of elderty is cormmon averywhene.
Elderly having meny - secial, econgmical and il
problems with varous diseases. In this stage they
decline their psvehological and physical problems
Earlier in rural society, joint Rl wiss execiting butas

Harral Codewre, Agriculere I.':.'pu.l?.:.m

per the span of time there is a frequently conversion
ind fransfer it inte the nuclzar family.

While perusing the study on elderly, w be
fous on their various peoblems and identify the ovarall
sttuirtion. As per the dictionary of medical sources. the
mian who haz crossed 80 vears accommodate in the
category of elderly. Elderly person also asswme that e
or herself weak and outdated. In today’s age of
rlobalization the status, structurs and various problems
nre reflected o old persons,

OLD PERSON IN RURAL SOCTETY
Indig is un sgriculiure coumry, Around 75%
Indian population lives in Six lakh villnges, India is
lamaoiis 10 the sorld dise fo ndian mirsl society and rural
virhure,
[ndizn rural culture sbways accepled and gives

{he place to “Afink Deo Bhav", Giving the respect 1o

"Assosiale Prafessor, Deptof Sacivlogy, UidveBharad College, Amrovan, Maharashing India
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senior and old person 15 @ trend and réndency el indians,
Therefore respect prestige and proper place 1o oid
person iEwadition in rinsd society.

Foural soceety bhas the jomt family system where
bl famiby members Tive together. Seniorand old person
monitor and control the familier, social activities with
sorting the problems, Guidance, respect, myvolment in
cultural and relipiows activities ol elderly 15 the part of
rursil life. Elderly have the basic agriculture kpowledae
which they hond over to- voung generation, ¥ears to
vears this svstem has been carry torward in village
soetety. Place in the Panchavat Raj svaem, bMokhiva,
Judge. gic role also sed 1o play by elderly in rural
siHlEly,

ROLE, STRUCTURE AND PROBLEM
OF RURAL ELDERLY IN CURRENT
SCENARIO -

Old-is opold i e proverb dviilable in roral
society. Earhier old person was treated respectfully, But
unfpriunately o current scenarie the status, position
and role have been change d and so mary problems ane
rising in front of rural eldes)y
1) Transformation of joint family to
nuelear family:-

Every day, people starl towards cities
Therefore joint family 15 converting intonucleer family,
Joim Family preserves the things for elderly but noclear
firmilv nuclear family doesn't support for clderly. Nuclear
Family i pelative o time, Therefore tmost ofthe old person
keeps in ofd nge home by their sons,

1) Migration: —

For migration Yariows couses are responsible.
After independence, modt of the people have been
migrated towards cities. Bombay is well-known examples
olmigration, Osiosaly problem ol old person create m
village and they shsconded from sociedy and fmily.

3 Rural poverty: -

o rural society, moximum pan of the povery
ceniratized and affect on their [ife stvle. Problemy of
Tood, sheler armd basie needs ratsed for elderhv. Head
of e Tamilsy unohle ta focws on old peeson. Thesefore
elderty {ace the probioms inrural family,

I]T‘[.edinal problems: -

Physical and mental various disorders present
in the elderly in villages. Mo experts doctors, medicine
available in the villages Therefore eiderly denth is high.
Even 50 to 60 year old elderly died due to the very
cormmio diseases, The mam reason i3 §ack of proper
diseases dingnosis and freanment,

5) Uncleanness and Hygienic related
ISSUES; —

Lack of toiled, bathroom facifity, unhygienic
probiems ete are face by mmil elderdy. Rural elderly looks
dirty and their cloths always unclean and unsafe.

i) Familiar Dispule and confliet:-

sometimes due to vanous psvohalooical
problems, olderdy are responsible Tor raise il conflicl
in famtily, Among family members on various issucs are
responsible for familer tension, gress and spotled the
health of family as well as spoieny.

7) Generation Gap: -

There i5 gap between old and preésent
pemeration, They are not ready (o listen them and ald
people sometimes addict 1o force their thoughts on
uthers, Thiz isthe one of the most responsible causes
In greate the problems for elderly.

8) Industrialization and Globalization: —

Todoy is o global age. Every one gives the
importange o ame. Busy schedule, much assignment,
lack of morals and various bad habiis are the gifls of
globalization and modermizstion.

# Avoidance of ethics and morals: -

The effect of urban lifestvle failed on rural
society. Willnoes slso staried the fullowness of modem
life sivle, They forgal their basic ethics and moral.
Therefom: elderly of rural society can be neglected from
soeziedy wid Femils,

107 Unatraction of NGO's and social
organizations; —

M any socinl organizations are known inurkan
sociely but they ignore 1o come ol villagis, Lack of
govemment control negligence ind ovordance 1o elderly
15 WETY COPrmon in rural socicty
Sugpestion lor the improvement of
status and role of old person in rural
sociely:-

There i= 5 need af Hme 1o rraintaina sainhle
sitwation for ekderly for their convenient survivil,

Il lewing SHEREETIONA shonld he mpanant for elderiy
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[y Healtiy and positive nole of family members
Iy Parzcipanion of elderly in culral, religious and
spicia | programs

An i limmen beings, consider 146 them
Fconemical support to be provided to elderly.
Role nf counseling and motivation.
Involvernent-of elderly i farming work loc
wuidance,

Medical factlitles and focus on their balance
ezt

Role ol peer groups. life partnerand grandson
af dnughters.

Entertainment sources and some time shifting
1o ther are also helpful for them

iH
4
5
&)

[} Spiritunlity and religious work attachment can

privide mentally peaceto eldarly,

SITUATION OF ELDERLY IN RURAL
S0OCIETY

[ Inrurnl society, old person are the symbol of
declime economical, health and social indicator,
They have poor housing condition wad
financially weak and dependent on others,
Elderky are the carriar of varions disorders,
Fanorance and negligence
Hyoenic and cleanoess related problems

= |

Rural old person face the following
problems:-
I} Migration.
N Environmental challenges.
1} Hemoteness:
43
5}
&}
Kl

Healih isspes:

Rural elderdy awnd mental problems,

Elderly and rural social security.

Age factors and related contenis in rural
saciety,

Social eeonamic fRclors wud poverty morural
wchedy.

Population distribution snd nirel seciety
ole of govemnmen, administation policies,
MG and other co-operalive socigties for
elderly.

1] Self-core, support, -social starus nnd degision
AKHTE

12} Preparation ol garmeni plan stralegy and

CINPKWETINENL COMImLission

13} Old age home, care centers and help deske
14} - Subsidiés and mvalvement of other activities
for awareriess in sociery,

Haral elderly tend to experience mare fancionnl
Imtitatbons; In particulss, rurat non-Gemeelders are found
to repert higher numbers of medical condmions, more
functional limitations, and greater difficully in
performing tasks of duily living than all other residential
CllEgOrTEs,

The children of rural non-farm residents, on
the oiher hand. are most likely 10 hive moved dome
distance awey from their parents; minimizing
opporiunittes for interaction. Supporting trom prandsons
and daughters is the need of time o improve the status
il elderly:

This disparity in serviges adds 1o the siress
and burden experienced by caregivers of rural eiders,
comtribuiing 1o therr need o e tooouiside Tamily
resources when they deplete thelr own physical and
emolionsl resources, or EXperience extreme siress
However, there #re many factors that have changed the
social support metworks available moreral arceis
decreasing their size and availability. The availability of
udequate support networks of frends and By nre an
importent faetor in the primary caregiver being able (o
cope.

The rural elderly whe are comfortable with
poeepling assistance from friends and neighbors se
boundaries as to what amount of assistance is
scceptable; They generally are more comforiable if there
has been some ongoing reciprocal relationship wherd
they had been of assistance, Older persons who are
new 1 the area may find it difficult smee they have had
no time 1o develop these reciprocal relationships that
hivee baen buiht over lifetimes,

The healthy relavionshig is needed for averall
improvement in. riral sectely. Elderly ereative in
facitiinting the integration of family and friends into the
core systam. Make services available to address shiort-
term g emergency needs for them.

Relationship in a daily life of elderly in
rural society:-

T identify the retationshop betwesn the eldetly
and murnl commuonmity, we need to examine whom they
Fave comnectian with and the meaning of this connection
for them. Female elderly have mord intaraction wilh thei
relatives and neighbors then the male elderly have On
e arher hand, female elderly have s wendency (o b
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more social im the cuse of social relatiomibips. Inather
words, fermale elderly have quite stromg etwark in rurul
commanity, which 55 valuable 1o order 10 sestin the
daily life of rural community, As wereveal thess facts,
the sociul position and role ol female elderly should he
reconsidered through the relationship strocture

Following are the some of the
recommendations, suggestions and
implement strategy for improve the
status of elderly in rural society:.-

I Focus on the walugs-and goal sysiem in
sOCiely-

2 Rural socisd progress. ond development-

3 Fole of NGOOs and social orpanizations

4. Particiaption of family members and others
supplementary persons foe elderly-

5 Imimovability of urben Lo rural society-

b Government and admimistration role for meral
elderly-

T The Minisiry of Justice and Empowesrmient his
prinounced nationsl council for old person
cilled age well funuation

8 School education about elderly people-

CONCLUSION

There 15 urgent need to amsemd the Cemstitutinn
for the spectal provision W profection of aged parsan
end bring it iy the periphery of fundamental right, The
riral atmosphers i less of population and therefore
definitelv the sge structure of eldery can be mised, But
pther factors dre most needed 1o provide thaem o
VELIO0S RERTCISS,

T improve the siatus of elderly, there iz a need
af comulative eflors from all the stapes. They should
treated properly from fumily members, reltatives and
sockety, Elderly is an imporiant stage in homaon life, [t
needs psvchological support from all side for
satislaetion ol them. Elderly should be treaied proparky
and hancdle carefully, Ol is pold i the feather o Tndsan
rural culture therefore old person needs behavior as por
their expectation
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The preseat study
albino rat, Rarus norvegicus.
zlterations in the weight
were poticed in the experimental animals.
the counting of spermatogonia, spermatids,
suggested the antifertility effect of azadirachtin

aimed to elucidate the effect of azadirachtin,d a neem product on some
The rats were treated with
of restes, cauda and capul

Stmilarly,
sperms, sperm motility aned aboormal spece cowntlg, Chir fneings

an the male reproductive argans fn

Abstract

Feriitity aspects of s e
azadiraehtin for 8 16 and 24 days and & slpnificar
epididymis and in the dismeter of festes pid semdniferons b wlezn
the treatment was alse responstiile to brotg! It nelverse effects o

arflalracr ik,

——

Key words: - Azadirachtin, Fertility, Albino rat

Introduction
Chemical pesticides,
fa—trers to Increase the yield of food crops,
g seriously
surnerous pesticidal hazards.

oWy

are safe, cheap and eco-friendly to replace the

harmiul chemical
indica, A juss. is

chemical pesticides because

once considered as a boon [or

environmental problem owing to thelr
Thus, it Is now beemne

mandatory to sesrch for altemative pesticides, which

pesticides. A necmi, Azadirachta
the evergreen and mulllpurpose

ical ee i NOW emerped as a sultable sub=titute [or
its products have stong

this pesilecidal propertys
anree of mediclies,
all wnil

pesticidal propeity. Aport from
neem tree §s conshilered o bo o
fodder, fuenlture, neem cake, {higer,  meien
Funglcldes ele.

Several  lnvestigators  suggested
putential of varlous proparations ul o
mouse,  monkey ol homar, (o
fnvestigntion abuul the alfect of geem (O e parnlis
peproduetive  organs I8 relntively  fow ol wlsds
controversiul, The Inhibitin ol sprrmntojeneals v
ceputted by Jushi ot al (1006} dn ral wheen lieateedl with

become

(e confraeptie
peean T forpanie pals,

prescnt 1T U

e THC, S sored Mations! Cosfernmce on
Frocredings ponsored N .
ri' ;!‘-I,'

Brvret Teats fn Conervation of
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aqueows solution of neem leaf powder. On

Prashad et 1 (1997) failed to sl'fuw any adveﬂ;;eﬁﬁ}
extract of neem leaf on spornstogenesis, litter size and
fertility in Wister rats. According to Choudhary et &
{1990), effect of ethanolic leaf exiract of neem fziled to
zlter the morphology and in number of spermatozoa in
the cauda epididymis of rat but marked alteration in
sperm parameters have been reparted in rat treated with
aqueols msjl;mimsl;z nzem leaf powder in the same
experiment. Neem extract have proven effective in
the c:mtml of agricultural p=sis in an environmentally
benign manmer (Immaraju, 1998; Allan et al, 1998). The
administration of neem leaf extract had adverse effect
on motility, morphology and on number of spermalozoa
in the cauda epididymis of mice (Rajlakshami, 1992).
More than 300 compounds have been isolated from the
various parts of neem tree bul major active compounds
are highly oxddized triterpenoids called, Limnoids. The

& zzadirachtin (Aza), the chief substance is accumulated

L S <
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#in seed kemels of neem tree. There are many pests

destroying the crops of farmer causing loss In
agricultural production. Among these agricultural pest,
a rodent pest, rat Is the more dangerous destroying
agricultural crop in lerge quantities. Because of its high
ferillity rate this rodent pest becomes a hurdle for
farmers for more food production. Hence, it becomes
mandatory io control the rat community in the interest
of agriculturalisis keeping this view In mind, the
present study was undertaken 1o investigate the effect of
azadirachtin on fertility and reproductive organs of male
albino rat, Ramus norvegicus.

Materials and Methods
Azadirachtin, a neem product was purchased from the
local market of Amravatl city which was used for the
experimentation. Adult male albing rats, weighing 200-
230 gm. were maintained and acclimatized in well
ventilated animals cages. They were provided dally

I1SSN 23194979

“'Iﬂlﬂiﬂpﬂ]md[ﬁmdwﬂmh
direction of the “Inssg ;
Commitiee™ of Sant Gma:r;im‘ﬁmgﬁum Ethtes)
Amravatl, Th ; ; University,
e animals were divided into two
such as control and exparimental. The dose Iﬁpgﬁwps
azadirachtin for 24 days was designed. The cml:;
were treated by intramuscular administration of 0,18 ml,
Df?ﬂ%eﬂmuiandnw&ﬁmmta!mumuﬁedh
intremuscular  administration of 019 ml. .f;
azadirachtin. Both control and experimental rats were
sacrificed at the end of the each experimental period Le.
8, 16 and 24 days and the testes, cauda epididymis and
caput epididymis were taken out quickly, The tissues
were blotted and weighed on the electronic digital
balance. The testis was fixed in Bouin’s fluid for the
histological study and cauda and caput epididymis were
used for the study of number, motility and morphology
nfspam-ﬁespmn:mmﬂngwﬂsmieﬂnutupu
the method of Freud's and Caral (1964). The motility of
spannfrnmﬂiesamplewas?kmllfm.mm&dal
magnification of 400X under microscopes. The maotility
was defined as the percentage of spermatozoa that had
any form of motility (Didion et al, 1989). The sperm
morphology  was  studied by teasing the cauda
epididymis in a known velume of normal saline at 3T
for morphological changes in head and tail to assess the
sperm abnormality under microscope. Spermatogenic
clements such as spermatogonia, spermatocyies and
spermatids were counted at 5p thick cross sections of
testis from 10 seminiferous tubules of each group
experimental rat. All raw counls were transferred to true
counts by an adaptation of ambercrombie formula
(Ambercrombie, 1946) from germ cell diameter
measurement. The diameter of seminiferous tubule was
measured by using occulometer under microscope.
Statistical analysis was done for above counts.

bltum as per e

Results and Discussion
Table 1 - Effect of azadirachtin on welght of testis, cauda epididymis, caput cpididymis and diameter

of seminiferous tubules of albino rats.

, We. of Cauda Wt af Caput Diameter of Testis
| Duration | Growp Wi of Testis (mgd | nigidymis () | epiitid —y
Casrnl M5
53 3+ 15.68nN5 213: L1 H5 2eT+2 I NS g.6+0.08
EDay | Esperimestl | g53 0049 (6.25) 21141.6 (053] 2174116 (4410 3.440.05 (-5.55)
Control BLi3=h 89 * ZiB:1.52 ** 334223 N5 | 3.2.0.08 **
Wouy | e 7851425 73 (B.2T) 209:0 81 [-4.1) 21541.73 (4.01) 27.0.21(-15.52)
Cartrnl 5D J+25.73 " Z1T41 35 = 22704 NS 3 H+014 I‘-'Sm3
| | Expertmerest | 682801450 (26.58) | 102:37 -11.5%) 209.1.61 (-1.92) 184013 (52,

\ndicate the percent ¢hanpe over contel.

Values are mean = of three chservations * p<0.05, **ne.0] and NS = Mot significant. Figures in paranthesis
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ﬁ treatment of nicotine in albin Ll
e in o mice but a high dose of | significant decrease was ghserved
the same caused a significant reduction in the welght of  treatment (Table- 2}1 Such d in Eh._llﬁ and 24 d:-'x
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epididymis which might be dee to the lack of
iﬂ'_a.l.iahﬂitl.r of androgens, as the synthesis of androgen
nughf have been decreased due to the treatment of
nicotine (Prabhakarrao & Paul, 1992). The effect of
prenatal treatment with busulfan on the hypothalamao-
pituitary asis, genital tract and testicular histology of
prepubartal male rels was studied by Marie-Claude
\.-"';gui&r et al, (1984) and they found a decrease in the
weight of cauda and caput epididymis.

A significant decrease, a moderate decrease and
significant decrease in the diameter of testis were
observed afier 8, 16 and 24 day’s treatment respectively
(Table-1). Such decrease in the diameter of testis may
be due to the degeneration of primary and secondary
spermatocytes of seminiferous tubules of testis (Fig.
1.1). Nicotine treatment reduced the diameter and

. Weight of testis which may be due to the decrease in the
_# number of spermatogonia and primary spermatocyles

with increase in the spermatocyles and spermatids
conversion process due to low level of primary
gonadotrophins under the swess of nicotine
(Prabhakarrao & Patil 1992). The investigation of above
cited worker also supports cur findings.
No significant change was cbserved in diamecter of
seminiferous tubule after 8 day's treatment but 2
significant decrease was noted in 16 and 24 day's
weated rats, Such a decrease in the diameter of
seminiferous tubule may be due to the disarrangement
and decrease in size of germinal epithelial cells of
sominiferous tubule of testls caused by the stress of
azadirachtin (Fig.1.2). Effect of endosulfan on testis of
rats, which interfere in the process of spermatogenesls
and disrupted the germ cells of seminiferous tubule
(Sinha et al, 1897). The antiferility effect of dry leal
powder of Andrograpius penfculata in male rats
(1930) which resulted Into the
reduction in diameter of seminiferous tubules which
may be exened due to the invasion of genital elements
intes the lumen of seminiferous tubules. In our present
swudy, & decrease in the dizmeter of seminiferous tubule
was noted which may be exerted by above referred
reasons due to the action of azadirachtin.
Mo significant change in spermalogonia countlng was
found in 8 and 16 day’s but a significant decrease wis
noted in 24 day’'s treatment. In spermatlocyies counting,
no significant decrease was found after B day's bul
significant decrease was found in 16 and 24 day's
weatment. Similarly In spermatids counting. a no
sygmificant decrease. @ moderate decresse and a

S'FE“H !
spermatocyies and spermatids may be dye 1n [;EEL__II-::

in the process of spermatopenesis and dagensraries, ot
the perminal cells of semm%‘um lﬂiﬁ"&?‘%ﬁ"—' e
effect of 80 KDa human semen E]meniﬂhlg- ). Toe
on alhing
rat resulted into decresse in  the mumher of
spermatogonia, spermatocytes and spermatids, which
may be due to the disorganization of the mbuler
elements, and alterstion in the cell associaton between
Sertoli cells and germ cells (Bhandivdekar et al, 19%2),
Similar finding was also documented by Mandavarao et
al, (1998) when they administered 2 medoxy-
progesterone -acetate (MPA) and dihydrotestostercos
(DHT) in rat, Rartus norvegicus that resulted into the
histological significant loss in spermatogenic elsments,
which may be probably due to reduction in level of
androgen binding protein, which brought androgzn
deprivation. In our present study, a sipnificant decrease
in counting of spermatogonia, spermatocytes and -
spermatids was observed which may be exarted due to
the disorganization of tubular elements under the action
of azadirachtin.
The sperm motlity in 2zadirachtin treated male rats wes
moderately decreased after B days but significant ~
decrease was noted after 16 & 24 days (Table-Z). The
sperm motility was adversely affected In male mice
when administred with leaf extract of neem znd this
resulted due 1o disturbances in epididymal function
(Mishra and Singh, 2000). The decrease in sperm
motility may be exerted due to the resulted alterations in
the microenvironment of seminiferous tubule. The
endocrine approach to male fentility control by steroid
hormone combination In rat and the significant
reduction in the seminiferous tubule was found which
was caused due to the disturbances in epididymal
microenvironment (Madhavaran and Shah, 1998). In
pur present study, & decrease in sperm motility may be
exerted due to the changes in microenvironment of
seminiferous tubule by the action of azadirachtin.
No significant decrease, a moderate decrease and a
significant decrease in normal sperm countlng Wwas
found afler the weatment for 8, 16 and 24 days
respectively. A significant increase in the ahbaormal
sperm countlng was found In all treated rats (Table-2).
Mishra and Singh (2005) also recorded a similar type of
reduction in sperm count In male mice when trested
with aqueous leal extract of neem and according 19
them this happened due to the suppressive effect of
neem on spermatogenests, The decrease I marral
sperm counting and Imcrease in abnormal SpeR®
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 Vijayzn,, (1930): Antifertility
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ceanting may be exertied due to the disarranpement and
decrease In size of perming] epithelium which resulted
intn the reduction in the sumber of spermatids which
wzs responzible for decrease in dzily sperm production
i the testis. Such low sperm production which further
led o decrease sperm release in the epldidymis of the
trezted rets which then caused a significent sperm
ebnormazlity in all treated groups, The feeding impact of
ethanolic exiract of Achyranthes aspera In reproductive
funiction In male rzts led into the reduction in sperm

count which tmay caused due 1o the sepression of
eprddidymal epithelium and a decline {n the ———
spermattzoa (Sandhyskumary, 200Z),

In our Investigation, 2ll perameter of male reproduction
in albino rat were zffected adversely under asadirachiin
stress and our finding Is parelle] with the findings of
sorne workers cited above.

Thus, it can be concluded that edirachtin play an
important antifertility role in male reproduction of
albino rat, Rattus norvegicus. .
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Abstract

The stability constant of substituted 2pyrazole (P1) with Cu(Il), Co(Il), Ni(ll), Mn(Il) complexes using pH metric titration
technique in 90% DMF-water mixture at an ionic strength of 0.1M KNO3 were studied. The data obtained showed that Cu

(II) has highest stability while Mn(Il) has lowest stability.

Keywords: Stability constants, Pyrazole, DMF, pH-meter study.

Introduction

A pH meter is used to find out the stability constant which is
useful as equilibrium constant for the formation of a complex in
solution. In recent years, most of the co-workers have focused
their studies on the pH-meter for stability constants in order to
obtain accurate results.

R.K. Tada et al have investigated Evaluation of stability
constant of Thiosemicarbazide (TRM-1) with copper (II), cobalt
(II) and nickel (IT) complexes using pH-meterl. A.B. Naik et al
have investigated pH-meteric studies on the substituted
pyrozoles with some lanthanides metal ions and the influence of
ionic strength on complex equillibria in a 70% dioxane-water
mixture’. G.H. Murhekar er al have investigated formation
constants of lanthanides metal ion chelates with some
substituted pyrozoles in different solvent compositions®. K.T.
Kiranpure et al have studied proton ligand and metal ligand
stability constant by effect of dielectric constants of methanol-
water and acetone-water mixtures on Cu (II)-salicyclic acid
complex®. M. M. Rathore ez al have investigated the effect of
dielectric constants of 1, 3 diphenyl thiazines with Cu (II)
complexes in dioxane-water mixtureusing pH-meter at 0.1 M
jonic strength’. Y.K. Meshram ez al have reported the stability
constants of transition metal complexes with substituted ketones
and simple ketones at 0.1 M ionic strength using pH-meter®. A.
Ramteke er al have studied stability constants of the complexes
of chlorosubtituted pyrazoles and pyrazolines with Cu (II), Ni
(II), Co (II) and Nd (II) metal ions in 70 % dioxane-water
mixture at 0.1 M ionic strength’.

The present work described interaction of Cu (II),Co(II), Ni(II),

Mn(II) complexes with 3-(2-hydroxyl-3,5-dicholorphenyl)-4-
benzoyl-5-(2’-furyl)-1-phenylpyrazole (P;) as ligand in DMF

International Science Community Association

(N, N-dimethyl formamide) solvent. The ligands are insoluble in
water hence 90 % DMF-water mixture is used as a solvent.

Materials and Methods

The lignads were synthesized by known literature method .The
stock solutions of the lignads (0.01 M) were prepared by
dissolving the requisite quantity of the lignad in a 90% DMF-
water solvent and diluted to the final volume. The solution of
sodium hydroxide (0.2 N) was prepared by making it free from
carbonate and standardized by titration against standard oxalic
acid. 0.1M HNOj; acid was used for the preparation of a stok
solution. Its exact normality was calculated by titrating against
standard sodium hydroxide. 0.1IM KNOj; solution which was
prepared from carbonates free double distilled water.

Metal Chlorides: Present investigation focused on the study of
transition elements: (1) Copper chlorides (CuCl,2H,0), (2)
Cobalt chlorides (CoCl,.6H,0), (3) Nickel chlorides (NiCl,) and
(4) Magnese chlorides (MnCl,4H,0). Double distilled water
was used for the preparation of 0.02M metal solutions.

Instruments: All the pH measurements and titrations were
carried out on ELICO-L1-10 pH meter with accuracy 0.01by
using a glass and calomel electrode assembly. The instrument
could read the pH in 0.0 to 14 in a step of 0.005. Firstly the
electrodes were washed with distilled water and dried with filter
paper for any pH measurement. The pH meter was standardized
before each titration with a buffer solution of pH 4.00, 7.00 and
9.20. The qualigens buffer tablets used for standardization of pH
meter at pH 4.00, 7.00 and 9.20.

The determination of metal-ligand stability constants carried
from three kinds of titrations: i. Acid titration: - Sml 0.1M
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(HNO3) +5ml (0.1M) KNOs+ 35 ml DMF+5ml water. .ii. Acid
+ Ligand titration: 5 ml HNO; (0.1M) + 5 ml KNO; (0.1M) +
10 ml ligand (in DMF) + 25 ml DMF + 5 ml water. iii. Acid+
Ligand+ Metal titration:- 5 ml HNO; (0.1M) + 5 ml KNO;
(0.1M) + 10 ml ligand (in DMF) + 25 ml DMF 2 ml metal ion
solution + 3 ml water.

0.2 N NaOH (alkali) solution used for all titrations and titration
data used to draw the curves between volume of NaOH added
and pH values. Readings related to estimate the value of pH and
volume of alkali added presented in Table-1. Metal-ligand
formation curves and acid-ligand formation curve represented in
Figure-1.

Results and Discussion

The dissociation of OH" clearly indicated by the titrations (acid
+ ligand) curves deviated from acid curves at pH 4.60 and
continued up to pH 12.58.

Metal ion hydrolysis: The pH at which metal ion start
association (hydroxylation) with OH group showed its co-

Res. J. Chem. Sci.

relation with the process of complex formation with the ligand.
The formation of hydroxide M (OH) is given by the equation,

M + H,0 ¥==M (OH) + H*

At the time of departure of metal complexes titration curve was
observed always at lowest pH values than the pH of hydrolysis
of metal ion.

Formation of Curves: The deviation of metal titration curves
from ligand curve (metal+ ligand) were found in between 4.50
to and continue up to 12.58. This shows the formation of
complexes with respect to change in colour.

Conclusion

From the graphical data it was conclude that the formation of
strong metal complexes due to higest pH values of ligand
titration curves as compare to metal titration curves. The higher
co-ordination achieved by large metal ion, hence Cu (II) shows
highest stability and Mn(II) shows lowest stability.

The pH titration reading of acid, acid + Ligand, acid + Lig;:)(;e(;.llM, T = 25°C, solvent DMF-water (90:10) + Metal, Ionic
Strength p =
Vol. of Alkali Acid Acid + Ligand | Acid + Ligand | Acid + Ligand | Acid + Ligand | Acid + Ligand
Adade Py (P + Cu ) Py + Co (II) (P + Ni (D) (Py) + Mn (I)
0.00 3.37 3.42 3.51 3.49 3.40 3.41
0.10 3.40 3.54 3.52 3.50 3.49 3.50
0.20 3.51 3.56 3.58 3.56 3.55 3.54
0.30 3.57 3.60 3.62 3.60 3.58 3.56
0.40 3.62 3.69 3.70 3.68 3.67 3.65
0.50 3.70 3.75 3.73 3.72 3.70 3.71
0.60 3.82 3.82 3.80 3.78 3.79 3.76
0.70 4.05 4.17 4.10 4.03 4.02 4.01
0.80 4.58 4.60 4.58 4.56 4.55 4.54
0.90 11.30 10.88 10.76 10.64 10.56 10.52
1.00 12.35 11.68 11.55 11.02 10.88 10.60
1.10 12.56 11.50 11.12 11.00 10.98 10.90
1.20 12.60 12.55 12.52 12.40 12.38 12.36
1.30 12.40 12.20 12.00 11.90 11.12 11.10
1.40 12.68 12.58 12.48 12.02 12.79 11.70
International Science Community Association 45
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Figure-1

Experimental curve of acid, acid+ligand and acid + ligand +metal
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Abstract

Five membered heterocycles with an additional hetero-atom called azoles are well known
for their pharmacological, agricultural and industrial applications. The chemotherapeutic agents
such as orisul (bacterostatic), antipyrine (antipyretic), butazolidine (anti-inflammatory) contain
pyrazoline nucleus. They have remarkable insecticidal activity against the insects like lepidopteran
and coleopteran. Imidazole derivatives of pyrazoline substrates were also reported as main
constituents of many pesticides used in agriculture. Some of their derivatives show the fungicidal
and plant growth regulatory activities. Owing to their applications, a significant amount of research
activity has been directed towards synthesis of this class of compounds. In this context, synthesis of
some new chlorosubstituted 1-phenyl-3-(2-substitiuted-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-
(2’-hydroxy-5’-chlorophenyl)-imidazolo]-4,5-dihydro-A*-pyrazolines were undertaken from 1-
phenyl—3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-amino-4,5-dihydro-A2-pyrazoline, which was
prepared by the reaction of substituted-3-benzoyl-6-chloroflavanone with phenylhydrazine
hydrochloride in 1,4-dioxane containing a little piperidine. The structures of newly synthesised
compounds were determined on the basis of elemental analysis and spectral characterization. The
newly synthesised compounds were assayed for their antimicrobial activity against some fungi viz.
Gliocladium roseum (Link) Bainier, Verticillium fungicola and some bacteria viz. Pseudomonas
stutzeri, Pseudomonas alcaligens, Pseudomonas fluorescene, Burkholderia gladioli which are
mainly responsible for the damage of mushroom crop. So also the titled compounds were screened
Jor their impact on phytotic growth of Oyster mushroom spp.

Keywords: Chlorosubstituted pyrazolines, a-amino ketone of pyrazolines, imidazolo-pyrazolines,
acetyl analogues of imidazolo-pyrazolines and antimicrobial activity.

L. INTRODUCTION
Heterocyclic compounds play an important role in mediating many biological processes'™. One
of the important reasons for the widespread applicability of heterocyclic compounds is the flexibility
of their structure towards modification to incorporate functional moieties either as substituent or as a
part of the ring system. Owing to this property, an organic chemist is enabled to tailor a structure to
meet a particular need by modifying the heterocyclic component. It is, therefore, not surprising that lot
of efforts have been extended in studying their chemistry and applicability.

Literature survey reveals that medicinal as well as agricultural chemists have become
interested in the synthesis of pyrazoline analogues possessing active moieties for the development of
bioactive agents having greater and improved properties towards respective fields. Kalirajan et al.®
reported the formation of some pyrazoline substituted benzimidazoles and studied their biological
activities.
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Rajora er al.’ transformed 1-benzimidazolyl-3-aroyl-prop-2-ene-1-one into N-substituted
pyrazoline derivatives by the treatment of phenylhydrazine, thiosemicarbazide and hydrazinehydrate
in presence of formic acid and reported their antimicrobial properties.

Literature survey also reveals that, mushrooms species easily fall prey to infections caused by
pathogens and thus become a serious problem in the mushroom crop cultivation. The diseases like
white cottony growth and fruiting body covered with the green spots are reported to cause by
Gliocladium sp. In addition to this, diseases like powdery white growth on stipe, fluffy growth on
substrate, dry bubble disease, brown spot disease are also reported to be caused by the infection of
Cladobotrym apiculatum, Arthrobotrys pleuroli, Velricillium fungicola and Pseudomonas stulzeri
respectively.

Thus it was thought significant to explore the properties of titled compounds against
mushroom crop pathogens viz fungi Gliocladium roseum (Link) Bainier, Verticillium fungicola and
bacteria Pseudomonas stutzeri, Pseudomonas alcaligens, Pseudomonas fluorescene, Burkholderia
gladioli and also their growth promoting and curative impact on Oyster mushroom crop.

In tune with the literature survey, we, herein, report the synthesis of 1-phenyl-3-(2-hydroxy-5-
chlorophenyl)-4-benzoyl-5-amino-4,5 -dihydro-A2-pyrazoline (1), 1-phenyl-3-(2-hydroxy-5-chloro
phenyl)-4-benzoyl-5-N-[(2’-hydroxy-5’-chlorophenyl)ethanonylamino]-4,5 —dihydro—Az—pyrazoline
(2), 1-phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2’-hydroxy-5’-chloro
phenyl)imidazolo]-4,5 —dihydro—Az—pyrazoline (3), 1-phenyl-3-(2-acetyloxy-5-chlorophenyl)-4-benzoyl
-5-[2-mercapto-4-(2’-acetyloxy-5’-chloro-phenyl)imidazolo]-4,5-dihydro-A*-pyrazoline (4).

II. EXPERIMENTAL

The structures of all the newly synthesised compounds, reported herein, were confirmed on the
basis of their chemical properties, elemental analysis and spectral data. UV -Vis spectra were recorded
in ethanol solvent. IR spectra were recorded on Perkin-Elmer spectrophotometer in the range 4000-
400 cm™ in KBr pellets. 'H NMR spectra were recorded on Bruker Avance-II 400 NMR
spectrophotometer in CDCIl; using TMS as an internal standard. The melting points were recorded by
capillary method in paraffin using Thiele’s apparatus and all are uncorrected. Chemicals used were of
A.R. Grade. The purity of newly synthesized compounds was checked by TLC using solvent
combination.

Preparation of 1-phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-N-[(2’-hydroxy-5’-chloro
phenyl)ethanonylamino]-4,5 -dihydro-Az-pyrazoline (2):

1-Phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-amino-4,5 —dihydro—A2—pyrazoline (1)
(0.01M) was refluxed with 1-(2-hydroxy-5-chlorophenyl)-2-bromoethanone (1a) (0.01M) in absolute
ethanol for about 1 hour. After cooling, the reaction mixture was decomposed in ice-cold water. The
product, thus separated, was filtered and crystallized from ethanol to get the compound 2.

MLF. C30H23N304Cl; (2): Brown crystalline solid, m.p.64 °C, yield 76 %, Elemental analysis (%): C
64.21/64.29; H 4.09/4.14; N 7.42/7.50; O 11.29/11.42; Cl 12.58/12.65. UV (ethanol): Ap.x 670 nm,
n— 7w* transition. IR (KBr) (cm'l): 3600-2400 (-OH stret.), 3085.52 (Ar. C-H stret.), 2918.54 (Ali. C-
H stret.), 1650.16 (C=0 stret.), 1566.35 (C=N stret.), 1354.30 (C-N stret.), 1209.32 (C-O stret.).
772.32 (C-Cl stret.). "H NMR (6 ppm): 2.6 (s, 2H, -CH»), 1.6 (s, 1H, -NH), 1.2 (d, 1H, CH-CH-CO-
Ph), 1.61 (d, 1H, CH-CH-CO-Ph), 6.9-8.2 (m, 16H, Ar-H), 12.13 (s, 1H, H-bonded -OH).

Preparation of 1-phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2°-hydroxy-
5’-chlorophenyl)imidazolo]-4,5-dihydro-Az-pyrazoline 3):
1-Phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-N-[(2’-hydroxy-5’-chloro-phenyl)
ethanonylamino]—4,S—dihydro—Az—pyrazoline (2) (0.0IM) was refluxed with potassium thiocyanate
(0.01M) for 4 hours in glacial acetic acid. After cooling, the reaction mixture was poured into ice-cold
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water and the product, thus separated, was crystallized from ethanol-acetic acid mixture to get the
compounds 3.

M.F. C3;H»,N403SCl, (3): brown crystalline shining solid, m.p.108 °C, yield 77 %, Elemental
analysis (%): C 61.83/61.90; H 3.57/3.69, N 9.26/9.31, O 7.86/7.98, S 5.27/5.33, C1 11.67/11.79. UV
(ethanol): Ayax 540 nm, n— 7* transition. IR (KBr) (cm™): 3500-2400 (O-H stret.), 3084.45 (Aro.C-H
stret.), 2916.44 (Ali. C-H stret.), 2532 (S-H stret.), 1647.26 (C=0 stret.), 1633.33 (C=N stret.),
1600.33 (C=C stret.), 771.31 (C-Cl stret.).lH NMR (& ppm): 6.7 (s, 2H, C-H), 1.5 (d, 1H, CH-CH-
CO-Ph), 2.5 (d, 1H, CH-CH-CO-Ph), 6.87 (s, 1H, N-CH=C), 7.1-8.1 (m, 16H, Ar-H), 7.86 (s, 1H, -
CH=CH), 12.06 (s, 1H, O-H).

Preparation of 1-phenyl-3-(2-acetyloxy-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2’-acetyl-
0xy-5’-chlorophenyl)imidazolo]-4,5-dihydro-Az-pyrazoline “@):
1-Phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2’-hydroxy-5’-chloro
phenyl)imidazolo]—4,S—dihydro—Az—pyrazoline (3) (0.01M) was refluxed with acetic anhydride for 45
min. in glacial acetic acid. After cooling, the reaction mixture was decomposed in water and the
product, thus separated, was crystallized from ethanol-acetic acid mixture to get the compound 4.

M.F. C35H36N405SCl, (4): Brown solid, m.p. 89 °C, yield 69 %, Elemental analysis (%): C
61.25/61.32, H 3.74/3.82, N 8.13/8.17, O 11.53/11.67, S 4.64/4.68, Cl 10.28/10.34. UV (ethanol):
Amax 570 nm, n— w* transition. IR (KBr) (cm'l): 3084.39 (Ali. C-H stret.), 1640.25 (C=0 stret.),
1645.78 (C=N stret.), 773.29 (C-CI stret.). '"H NMR (6 ppm): 6.8 (s, 2H, C-H), 6.80 (d, 1H, CH-CH-
CO-Ph), 6.86 (d, 1H, CH-CH-CO-Ph), 7.1-8.1 (m, 16H, Ar-H).
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III. ANTIMICROBIAL SCREENING

The compounds 1, 2, 3 and 4 were assayed against Mushroom crop pathogens using cup plate
diffusion method. The inhibitory effects of compounds against these organisms are given in Table
1.The screening results indicate that the compound 1, 2, 3 and 4 showed good to moderate antifungal
and antibacterial activities against fungi Gliocladium roseum (Link) Bainier, Verticillium fungicola
and Bacteria Pseudomonas stutzeri, Pseudomonas alcaligens, Pseudomonas fluorescene,
Burkholderia gladioli.

In this method, potato carrot agar and nutrient agar were melted, cooled and poured into sterile
petri-plates and allowed for solidification. After solidification, by using Lawn method the fungal
organisms were inoculated on the petri-plates having potato carrot agar and the bacterial organisms
were inoculated on the petri-plates having nutrient agar. After some time, the cups of about 10 mm
diameter were cut with the help of sterile borer. The drops of melted agar were added to seal the
botton} of the cups and the wells were filled by pipetting 0.1 ml solution of test compounds 100
pgml.

The discs of Cabendizum (10mcg/disc) and Gentamycine (10mcg/disc), were used as positive
controls. The zones of inhibitions were recorded in millimetres by using Himedia Zone Reader Scale.

the results obtained in the antimicrobial study are given in table no. 1

Table 1: Antimicrobial screening of titled compounds against Oyster mushroom crop pathogens.

S.N. | Compounds Zone of inhibition (mm)
Fungal pathogens Bacterial pathogens
Gliocladium | Verticillium | Pseudomonas | Pseudomonas | Pseudomonas | Burkholderia
roseum fungicola stutzeri alcaligens fluorescene gladioli
1. 1 08 08 09 07 09 09
2. 2 06 07 05 06 08 04
3. 3 11 16 13 13 15 09
4, 4 09 04 07 08 11 07
5. | Carbendizium 09 09 NA NA NA NA
6. Gentamycine NA NA 08 08 08 08

IV. GROWTH PROMOTING IMPACT OF TEST COMPOUNDS

The spawns of experimental species P. sajor-caju ie P. pulmonarius were procured from
genuine agricultural agencies and cultivated in the culture house of the ICAR affiliated Krushi Vidyan
Kendra, Durgapur (Badnera) Dist. Amravati.

The experimental setup was divided into two parts ie ‘A’-control group plants and ‘B’-treated
group plants. The spawns were inoculated and cultivated by the conventional methods.

The soyabean straw was used as a substrate for the cultivation of Pleurotus sajor-caju and it
was firstly chopped into smaller pieces up to 3-5 cm and soaked in water tank for 12-15 hours. This
was subjected for sterilization using hot water treatment maintained at 60-80 °C for 1 hour. The
sterilised substrate was taken out and allowed to lower down the temperature.

The uniform size beds were prepared in sterilized polythene bags filled with alternate layers of
sterilized soybean straw and spawns treated with the solution of test compounds. The mouth of
packets (beds) were plugged and tightened with threads and 20-25 pin-holes were made on all sides of
the packets. Similarly the untreated spawns were filled in control group beds (bags).

After proper labelling, the packets were hanged to iron racks and incubated in cultivation room
on or below 25°C. for mycelium running for 25-30 days. During this incubation period, appropriate
temperature of the incubation room was maintained.

After the complete development of mycelium, the packets were taken out of the incubation
room and shifted to growing room, where the packets were hanged to bamboo frame. During the
harvesting of mushroom beds were irrigated according to need.
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When the first primordial initiation was observed, the test compounds were sprayed on the
mushroom with specific intervals. 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, weight and colour were recorded.

The results of field experiments with test compounds are tabulated in table no. 2 and also
shown in fig. no. 1 and 2:

Table 2: Effect of titled compounds on Oyster mushroom: Pleurotus sajor-caju spp.

Treated Compo- Weight of Total Weight (gm)
bags unds D(m) | T(cm) | L (cm) Dry Bags (gIP) Fresh Dry Colour
(After Harvesting)
1. 1 8.0 0.5 5.8 0.930 219 20.45 White
2. 2 8.7 0.4 5.8 0.992 198 17.61 White
3. 3 11.7 0.6 6.9 0.983 227 21.35 Creamy
4. 4 11.6 0.5 6.3 0.955 207 18.93 Creamy
5. 1,4-Dioxane 6.0 0.4 6.1 0.990 176 19.13 White
6. Control 6.8 0.3 5.5 0.853 204 20.00 White
D = Diameter ; T = Thickness ; L = Length

V. ANALYSIS OF MUSHROOM SAMPLES TREATED WITH TEST COMPOUNDS

The samples of P. sajor-caju collected during the experimental study of growth promoting
impact were sun-dried and immediately proceeded for analysis of % crude fibre, % crude protein and
elemental detection with special reference to N, P, K and S.

The analysis of crude fibre percentage of the samples was carried out at Food Testing
Laboratory, Krishi Vigyan Kendra, Durgapur (Badnera) Dist. Amravati using Pelicans FBS-06 (P)
Laboratory Manuals & AOAC Method, whereas percentage of crude protein and element detection
were determined at Analytical Lab, using Leaf method of analysis. The Kjeldahls method, UV
spectrophotometer and Flame photometer were used for the analysis of N, P, K and S elements.

The results of analysis obtained for treated mushroom samples are tabulated in table no. 3:

Table 3: Analytical results of dry Oyster mushroom: P. sajor-caju spp. treated with titled compounds.

% of % of
S.N. Sample Crude Crude % N % P % K % S
Fibre Protein
1. 1 8.00 15.15 2.425 0.3042 2.560 0.1267
2. 2 8.73 16.02 2.564 0.3115 2.937 0.1369
3. 3 10.05 20.30 3.248 0.3238 2.710 0.1325
4. 4 9.85 18.93 3.029 0.2980 2.444 0.1317
5. 1,4-Dioxane 8.06 13.29 2.127 0.275 2.346 0.1358
6. Control 5.64 15.98 2.558 0.367 2.747 0.1412

VI. RESULTS AND DISCUSSION

In the present study newly synthesized 1-phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-
amino-4,5 —dihydro—Az—pyrazoline (1), 1-phenyl-3-(2-hydroxy-5-chlorophenyl)-4-benzoyl-5-N-[(2’-
hydroxy-5’-chlorophenyl)ethanonylamino] -4,5-dihydro-Az-pyrazoline (2), 1-phenyl-3-(2-hydroxy-5-
chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2’-hydroxy-5’-chloro-phenyl)imidazolo]-4,5 —dihydro—Az—
pyrazoline  (3) and  1-phenyl-3-(2-acetyloxy-5-chlorophenyl)-4-benzoyl-5-[2-mercapto-4-(2’-
acetyloxy—S’—chloro—phenyl)imidazolo]—4,5—dihydro—A2—pyrazoline (4) were screened for their
antimicrobial activity against some Mushroom crop damaging pathogens includes fungi viz
Gliocladium roseum (Link) Bainier, Verticillium fungicola and bacteria viz. Pseudomonas stutzeri,
Pseudomonas alcaligens, Pseudomonas fluorescene, Burkholderia gladioli. From the results, it has
been observed that the titled compounds showed good to moderate amount of antibacterial activity.
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Pleurotus sajor-caju, a species of Oyster mushroom was treated with test compounds to
examine the efficacy of the newly synthesised compounds on the morphology of treated mushroom
species with inclusion of analysis of treated samples.

When the treated and control species of mushroom were compared with reference to their
morphological characters, it was interesting to note that the treated species exhibited significant
growth in diameter and thickness of caps as well as lengthening of stipes. In addition to this, there was
remarkable increase in the yields because of that healthy growth and disease free environment.

The analytical results obtained for all the treated mushroom samples clearly show the increase
in the value of crude fibre percentage as well as the crude protein percentage. The presence of
elements like N, P, K and S were also analysed in the treated mushroom samples. The more vigorous
observations revealed that the mushroom crop treated with imidazole blends of azoles were found
more effective in the enhancement of crude fibre percentage compared to other treated 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 ecofriendly
environment for mushroom cultivation.

VIII. CONCLUSION

On the basis of chemical analysis and spectral data, it is concluded that, the synthesis of titled
compounds was achieved successfully. The antimicrobial screening of these compounds showed good
to moderate antifungal and antibacterial activities. From the Table-1 it can be noticed that the
imidazolo-pyrazoline have great potential towards mushroom pathogens.

The treated species ie. P. sajor-caju showed significant growth with respect to diameter,
thickness and lengthening of stipe that reflects the curative and growth promoting properties of the
titled compounds. Besides this, enhancement of the yields reveals the healthy growth due disease free
environment.

The newly synthesised compounds also showed noticeable enhancement in the nutritive values
ie increase in crude fibre percentage and crude protein percentage. In this regard, the imidazole blends
of azoles were found more effective in the enhancement of nutritive value.
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ABSTRACT

In the past 2,3 decades, the literature survey is enriched with progressive finding about the synthesis and
pharmacological evaluation of fused heterocycles containing imidazole and thiazole moeities. Due to their vital
role in biological activities, it was thought interesting to synthesize some chlorosubstitutedthiazoles and their
imidazole containing derivatives. The newly synthesized compounds when screened for antibacterial activities
against some plant pathogens showed good to excellent activity.

KEYWORDS: thioureas, thiazoles, imidazolo-thiazoles, antibacterial agent.

INTRODUCTION

Literature survey reveals that many heterocyclic
compounds containing fused ring system have a broad
spectrum of biological™ as well as physiological
activities. It is also revealed that thiazole moieties have
attracted considerable attention of medicinal chemists as
they are endowed with a wide range of diverse biological
activities™ such as anti-inﬂammatory[s], analgesic,
antifungal[f’], antimicrobial”’, anti-oxidant actiVity.[s]
Imidazole is also one of the most fascinating classes of
compounds possessing variety of biological activities” '
such as anti-HIV, anti-histamine, antibacterial,
tranquillizer etc. Morever imidazole!" motif is found in
number of chemo-therapeutic agents such as etomidate,

[1]

zolpidem, nafimidone, cimetidine, clodine, pilocarpine
and metronidazole. Encouraged by the earlier reports, we
have  designed and  synthesized some  new
chlorosubstituted thiazoles and their imidazolo-thiazole
blends. These titled compounds were screened for their
antibacterial'™'' assay against some ornamental plant
pathogens viz. Staphylococcus aureus, Staphylococcus
epidermis, Pseudomonas aeruginosa and Salmonella
typhi by using Agar disc diffusion method.

EXPERIMENTAL
Physical characterization data of all the compounds are
given in Table-1.

TABLE-1: Characterization data of newly synthesized compounds

Compound | Molecular Formula | Melting Point (°C) | Yield (%) | Ry
la C3HeCl,0, 221(B.P) 75 0.81
2a CsHyCl1,0, 53 74 0.84
3a C,5H3Cl1,0, 130 78 0.74
4a C,5H¢C1,0, 122 75 0.86
Sa C;5HgCl1,05 141 59 0.77
6a C,sH; BrCl,0; 100 60 0.79
7a C,6HgCl4 N,O,S 150 59 0.88
7b C»,H;,Cl;N,0,S 141 56 0.86
8a C,,H;,Cl,N,0O,4S 111 65 0.80
9a CysH;;CIgN;03S, 103 70 0.75

The synthetic routes which furnished the target compounds are shown below along with their IR and NMR data.
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Scheme-1

Preparation of 2,4-dichlorophenyl acetate (1a): 2,4-
Dichlorophenol (0.01M) was mixed with acetic
anhydride (0.01M) and anhydrous sodium acetate (5g).
The mixture was refluxed for about an hour. It was then
cooled and poured into cold water. Acetate layer thus
separated was washed with water for several times.
Finally it was purified by distillation and the distillate of
compound (la) was collected at about 221°C; yield:
75%, b.p: 221°C.

Preparation of 1-(3,5-dichloro-2-
hydroxyphenyl)ethanone (2a): The compound (la)
(50ml) was mixed with anhydrous aluminum trichloride
(120 g) and heated at 120°C for 45 minutes on sand
bath. The reaction mixture was decomposed by ice cold
water containing a little HCI to get the crude product. It
was then purified by recrystalization using ethanol to get
a greenish white solid as compound(2a); yield:74%;
m.p.:53°C.

IR(KBr  Vina)=3423cm'(-OH  str),1664cm™ (C=0Ostr),
1300cm’™ (C-Ostr), 766¢cm™ (C-Clstr).

NMR: §12.69(s,1H,Ar-H) , §7.25 to 7.63 (m,2H,Ar-H) ,
$2.60,(s,3H,-CH;).

Preparation of 1-(3,5-dichloro-2-hydroxyphenyl)-3-
(2,3-dichlorophenyl)prop-2-en-1-one (3a): The
compound (2a)(0.01M) dissolved in ethanol and 2,3-
dichloro benzaldehyde (0.01M) was added to it, the
mixture was heated to boiling, aqueous sodium
hydroxide solution 40% (10ml) was added to it dropwise
with constant stirring. The mixture was mechanically
stirred for 30 minutes at room temperature and kept
overnight. Then the mixture was acidified with HCl
(10%). The solid product thus obtained was filtered,
washed with sodium bicarbonate (10%) followed by
washing with water to get the crude product. It was
crystallized from ethanol-acetic acid mixture to get the
compound (3a); yield:78%; m.p.:130°C.

IR(KBr vy)=3445cm™ (O-Hstr),1649(C=0str),3068cm’
'(ArC-Hstr),1608cm™ (C=Cstr), 780cm’'(C-Clstr).

NMR: §13.16(s,1H,Ar-OH),58.39(d, | H,-CH),
$8.35(d,1H,-CH), 57.26-7.78(m,5H,Ar-H).

Preparation of 6,8-dichloro-2-(2,3-dichlorophenyl)-
4H-chromen-4-one(4a): The compound (3a)(0.01)
suspended in 10 ml DMSO refluxed with crystals of
iodine for 45 minutes. After cooling the reaction mixture
was diluted with water. The solid thus obtained was
filtered, washed with 20% sodium thiosulphate solution
and finally crystallised from ethyl alcohol to get the
compound (4a);yield:75%, m.p.:122°C.

IR(KBr vp,)=1664cm (C=Ostr), 1176¢cm™ (C-Osrt),
780cm™ (C-Clstr).

www.ejbps.com
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NMR: §7.8-8.1(m,5H,Ar-H), 86.7(s,1H,=CH).

Preparation of 1-(3,5-dichloro-2-hydroxyphenyl)-3-
(2,3-dichlorophenyl)propane-1,3-dione  (5a): The
compound (4a) (0.01M) dissolved in ethanol (25ml)
treated with HCI solution (25ml) (20%). The reaction
mixture was then refluxed for 45 minutes, cooled and
diluted with cold water. The product thus separated was
filtered and washed with water and finally recrystallised
from ethanol to get the compound (5a); yield:59%, m.
p.:141°C.

IR(KBr Vina)=3364cm’ (O-Hstr),1690cm’™
(C=0str),1310cm™ (C-Osrt),798cm™ (C-Clstr).

NMR:  810.45(s,1H,Ar-OH),  §7.2-7.9(m,5H,Ar-H),
83,9(s,2H,CH,).

Preparation of 2-bromo-1-(3,5-dichloro-2-
hydroxyphenyl)-3-(2,3-dichlorophenyl)propane-1,3-
dione (6a): The compound (5a) (0.01M) dissolved in
acetic acid (10 ml), treated with bromine in acetic acid
reagent (0.01M) (0.5ml). The mixture was allowed to
stand for 1 h. at room temperature. The reaction mixture
was decomposed with ice cold water to get the
compound 6a; yield:60%, m.p.:100°C.

IR(KBr Vina)= 3367cm’ (O-Hstr),1692cm’™
(C=0str),1162cm™ (C-Osrt),782cm ™ (C-Clstr),  630cm’
(C-Br str).

NMR: 512.9(s,1H,Ar-OH), 67.2-7.9(m,5H,Ar-H),
§3.3(s,1H,C-H).

Preparation of 2-amino-4-(2,3-dichlorobenzoyl)-5-(2-
hydroxy-3,5-dichlorophenyl)-1,3-thiazole (7a) and 2-
aminophenyl-4-(2,3-dichlorobenzoyl)-5-(2-hydroxy-
3,5-dichlorophenyl)-1,3-thiazole (7b): The compound
(6a) (0.01M) refluxed separately with thiourea (0.01M)
and phenyl thiourea(0.01M) in presence of aqueous
KOH solution (25ml, 0.02M) in ethanol (25ml) to
obtain the compounds (7a ); yield 59%; m.p. 150°C and
(7b); yield 56%; m.p. 141°C respectively.

3340cm™
1600cm™

IR(KBr  vpa)= 35 10cm™ (O-Hstr),
(sharp,NH,str), 1660cm™ (C=Nstr),
(C=0str),1310cm™ (C-Ostr),780cm ™ (C-Clstr).

NMR: §10.20(s,1H,Ar-OH),
84.0(s,2H,-NH,).

§7.2-7.9(m,5H, Ar-H),

Preparation of 2-({5-(3,5-dichloro-2-hydroxyphenyl)-
4-[(2,3-dichlorophenyl)carbonyl]-1,3-thiazol-2-
yl}amino)-1-(2,3-dichlorophenyl) ethanone (8a)

The compound (7a) (0.01M) was refluxed with 2-bromo-
1-(3,5-dichloro-2-hydroxyphenyl) ethanone (0.01M) in
absolute alcohol for 1 h. On cooling, the mixture was
decomposed in ice cold water. The product thus
separated was filtered and crystallized from alcohol to
get the compound (8a); yield:65%; m.p.:111°C.

528



Bhade et al.

3367cm’
1583cm™

IR(KBr Vo )=3460cm™ (O-Hstr),
(sharp,NHjstr), 1622cm™  (C=Ostr),
(C=Nstr),1310cm™ (C-Ostr),796cm™ (C-Clstr).

NMR: §12.72(s,2H,Ar-OH), 87.25-7.65(m,7H, Ar-H),
$2.65(s,2H,-CH,), 81.8(s,2H,-NH,).

Preparation of  2-[2-mercapto-4-(2-hydroxy-3,5-
dichlorophenyl) imidazolo]-4-(2,3-dichlorobenzoyl)-5-
(2-hydroxy-2,3-dichlorophenyl)-1,3-thiazol (9a)

The compound (8a) (0.01M) was refluxed with KSCN in
glacial acetic acid (20 ml) for about 4 h. On cooling, the
reaction mixture was poured into ice cold water. The
product thus separated was filtered and recrystallised
from ethanol to get the compound (9a); yield:70%:;
m.pt.:103°C.

European Journal of Biomedical and Pharmaceutical Sciences

3068cm™
1662cm’™

IRKKBr  vy)=334lcm™ (O-Hstr),
(sharp,NHjstr), 2548cm’™ (S-Hstr),
(C=0str),1641cm’™ (C=Nstr),796cm ™ (C-Clstr).

NMR: A12.61-13.0(S,2H,AR-OH), A7.25-7.92(M,8H,
AR-H), A2.5(S,1H,-SH).

ANTIBACTERIAL ACTIVITY

The test compounds were screened for their antibacterial
assay against ornamental plant pathogens viz.
Staphylococcus — aureus, Staphylococcus  epidermis,
Pseudomonas aeruginosa and Salmonella typhi by using
Agar disc diffusion method. The zones of inhibition
formed were measured in mm and are shown in table-2.

Table No.2: Impact of newly synthesized chlorosubstituted heterocycles against plant pathogens.

Pseudomonas aeruginosa Salmonella typhi Staphylococcus aureus | Staphylococcus epidermidis
Sample MTCC-424 ATCC-25812 ATCC-33591 MTCC-3086
Code (Gram Negative) (Gram Negative) (Gram Positive) (Gram Positive)

AB | SP | ABSP| CL | AB |SP | ABSP | CL | AB | SP | ABSP | CL | AB | SP | ABSP CL
7a 23 | 16 25 00 27 | 22 31 00 | 15 | 17 17 00 | 26 | 16 27 00
7b 23 | 16 25 00 26 | 21 32 00 | 14 | 18 16 00 | 26 | 17 27 00
8a 23 | 17 24 00 26 | 19 33 00 | 14 | 21 17 00 | 28 | 16 28 00
9a 23 | 16 24 00 27 | 18 31 00 | 13 | 21 17 00 | 27 | 16 27 00

Diameter of inhibition zone (mm)

AB- Antibiotic Disc (Chloramphenicol-10), SP- Sample, ABSP- Antibiotic+Sample, CL- Control (DMSO).

RESULTS AND DISCUSSION

The newly synthesized compounds (7a,7b,8a and 9a)
showed good to excellent activity against test pathogens.
A further detailed study in the light of Plant pathology is
advised.
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Abstract

In the last few decades, the compounds bearing heterocyclic nuclei have received much attention due
to their chemotherapeutic values in the development of novel antimicrobials. The literature survey is
enriched with the synthesis and pharmacological evaluation of fused heterocycles containing
imidazole moieties. Due to their vital role in biological activities, it was thought interesting to
synthesize some imidazole derivatives containing 4-(3,5-dichloro-2-hydroxyphenyl) moiety. The newly
synthesized compounds were screened for antibacterial activities against some plant pathogens.
Keywords- chlorosubstituted, fused heterocycles, imidazole, antibacterial activity, plant pathogens.

I. INTRODUCTION

Certain small fused heterocyclic''! molecules act as highly functionalized scaffolds and are
known pharmacophores of a number of biologically[2’3] active and medicinally useful molecules. The
literature contains several reports on the incorporation of imidazole moiety™™” with substituted
pyrazole[6'12] ring resulting in compounds with potent bioactivities'*'*. The five-membered
imidazole!®" ring is a structural unit found in many biologically active'”**!"! compounds. The strong
therapeutic properties of imidazole containing drugs have encouraged medicinal chemists to synthesize a
large number of novel chemotherapeutic agents comprising this entity. Amongst others, imidazole core
structures are found in different carboxypeptidase, hemeoxygenase and lactamase inhibitors showing
anti-inﬂammatory[22'24], anticancer[zs], antifungal[26], antibacterial[27’28], antitubercularm], anti-diabetic,
anticonvulsant™®”, antiamoebial®'**, anti—hyperlipidemic[33], antiviral, antiasthmatic, cardioprotective,
alpha-blocker, CNS-depressants, antiprotozoal and antihelmintics “# activities. Keeping in view the
advantages of imidazole and pyrazole moieties, we had planned for synthesis of some imidazole
derivatives containing 4-(3,5-dichloro-2-hydroxyphenyl) moiety and assayed them for antibacterial
activity.

II. MATERIALS AND METHODS

The synthetic routes which furnished the target compounds are as under along with their IR and
NMR data.
Preparation of 2,4-dichlorophenyl acetate (1a): 2,4-Dichlorophenol (0.01M) was mixed with acetic
anhydride (0.01M) and anhydrous sodium acetate (5g). The mixture was refluxed for about an hour. It
was then cooled and poured into cold water. Acetate layer thus separated was washed with water for
several times. Finally it was purified by distillation and the distillate of compound (1a) was collected at
about 221°C; yield: 75%, b.p: 221°C.
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Preparation of 1-(3,5-dichloro-2-hydroxyphenyl)ethanone (2a):The compound (la) (50ml) was

mixed with anhydrous aluminum trichloride (120 g) and heated at 120°C for 45 minutes on sand bath.

The reaction mixture was decomposed by ice cold water containing a little HCI to get the crude product.

It was then purified by recrystalization using ethanol to get a greenish white solid as compound(2a);

yield:74% ; m.p.:53°C.

IR(KBr Vinax)=3423cm™ (-OH str),1664cm™ (C=Ostr), 1300cm™ (C-Ostr), 766cm’™ (C-Clstr)

NMR: 612.69(s,1H,Ar-OH) , 7.25 to 7.63 (m,2H,Ar-H) , 62.60,(s,3H,-CH3).

Preparation of 1-(2-hydroxy-3,5-dichlorophenyl)-2-bromoethanone (3a): 1-(3,5-dichloro-2-

hydroxypheny d....... ... Dethanone (2a) (0.01M) dissolved in

acetic acid (0.02M) treated with bromine in acetic acid (0.02M) reagent in cold condition with

occasional shaking for 30 minutes. It was then poured into ice cold water. The solid thus separated was

filtered, washed with sodium bisulphate and finally with water to get the crude product. It was then

recrystallised from ethanol to get the compound (3a); yield:65%; m.p.:97°C.

IR(KBI Vinax)=3336cm™ (-OH str),1692cm ™ (C=0 str), 756cm™ (C-Br str), 732cm™ (C-Cl str).

NMR: 612.34(s,1H,Ar-OH) , 7.7 to 7.4 (m,2H,Ar-H) , 63.9,(s,2H,-CH,Br).

Preparation of 1H-2-one-4-(2-hydroxy-3,5-dichlorophenyl)-5H-imidazole (4a) and

1-H-2-imine-4-(2-hydroxy-3,5-dichloro-phenyl)-5H-imidazole (4b):
1-(2-Hydroxy-3,5-dichlorophenyl)-2-bromoethanone (3a)(0.01M) dissolved in ethanol refluxed

with aqueous urea (0.01M) and aqueous guanidine(0.01M) independently for 3 h. using TEBA (Triethyl

Benzyl Ammonium Chloride) catalyst. After cooling the reaction mixtures were diluted with water to

get the compound (4a); yield:65%; m.p.:110°C and the compound (4b) yield:63%; m.pt.:115°C

respectively.

IR(KBT Vinax)=3522cm™ (-OH str),3423cm™ (N-H str), 1610cm™ (C=0 str),1568cm™ (C=N str).

NMR: 612.59(s,1H,Ar-OH) , 67.7 to 7.9(m,2H,Ar-H) , 63.3,(s,1H,-NH), 62.7,(s,2H,-CH,).

Preparation of 6-(2-hydroxy-3,5-dichlorophenyl)-2,5-dihydro-imidazo[1,2-alimidazol-3-one (5a)

and 6-(2-hydroxy-3,5-dichlorophenyl)-2,5-dihydro-imidazo[1,2-aJimidazol-3-one (Sb):

The compound (4a) (0.01) dissolved in ethanol (5 ml) refluxed with aqueous glycine (0.02 M) and

aqueous alanine (0.02 M) separately in presence of TEBA (0.05 M) catalyst for 2 h. After cooling the

reaction mixtures were triturated until the solid gets separated. The products thus obtained were filtered,

washed with water and recrystallized from ethanol to get the compound (5a); yield:73%; m.p.: 95°C and

the compound (5b); yield:71%; m.pt.:830C.

IR(KBT Vinax)=3366cm ™ (-OH str),1600cm™ (C=0 str),1522cm™ (C=N str).

NMR: 612.32(s,1H,Ar-OH) , 7.7 to 7.3(m,2H,Ar-H) , 83.3,(s,1H,-NH), 82.9,(s,2H,-CH,).

Preparation of 1-acetyl-4-(3,5-dichloro-2-hydroxyphenyl)-1,5-dihydro-2H-imidazol-2-one (6a): A

mixture of compound (5a)(0.01M) and acetyl chloride(0.01M) dissolved in THF (5 ml) refluxed with

aqueous NaOH (0.03M) for 2 h. After cooling the reaction mixture was triturated until the solid gets

separated. The product thus obtained was filtered, washed with water and recrystallized from ethanol to

get the compound (6a);yield:65%; m.p.:102°C.

IR(KBT Vimax)=3367cm™ (-OH str),1692cm™ (C=0 str),1649cm™ (C=0 str),1588cm™ (C=N str).

NMR: 512.11(s,1H,Ar-OH) , 7.7 to 7.3(m,2H,Ar-H) , 62.8,(s,3H,-CH3), 62.3,(s,2H,-CH,).

Preparation of 4-(3,5-dichloro-2-hydroxyphenyl)-3-(2,3-dichlorophenyl)prop-2-enoyl]-1,5-

dihydro-2H-imidazol-2-one (7a): The compound (6a) (0.01M) dissolved in ethanol treated with 2,3-

dichlorobenzaldehyde (0.01M) at its boiling temperature. Aqueous sodium hydroxide solution 40%

(10ml) was added to it dropwise with constant stirring. The mixture was mechanically stirred for 30

minutes at room temperature and kept for overnight. It was then acidified with HCI (10%). The solid

product thus obtained was filtered, washed with sodium bicarbonate (10%) followed by washing with

water to get the crude product. It was crystallized from ethanol to get the compound (7a); yield:75%;

m.p.:124°C.
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IR(KBT Vinax)=3367cm™' (-OH str),1693cm™ (C=0 str),1650cm™ (C=C-H str),1563cm™' (C=N str).

NMR: 612.65(s,1H,Ar-OH) , 87.7 to 7.3(m,2H,Ar-H) , 67.6,(dd,2H,CH-CH), 62.7,(s,2H,-CH,).
Preparation of 4-(3,5-dichloro-2-hydroxyphenyl)-1-[5-(2,3-dichloro-phenyl)-4,5-dihydro-1H-
pyrazol-3-yl]-1,5-dihydro-2H-imidazol-2-one (8a): A reaction mixture of the compound (7a) (0.01M)
and hydrazine hydrate (0.01M) in pyridine (10ml) was refluxed on oil bath using magnetic stirrer for
2.5h. On cooling the reaction mixture was acidified with HC1 (30%). The solid product thus obtained
was filtered, washed with sodium bicarbonate (10%) followed by washing with water to get the crude
product. It was crystallized from ethanol to get the compound (Xalll); yield: 64%; m.p.:103°C.

IR(KBT Vinax)=3550cm ™ (-OH str),3423cm™ (C-N str),1693cm™ (C=Ostr),1588cm ™ (C=N str).

NMR: 612.23(s,1H,Ar-OH) , 7.8 to 7.3(m,5H,Ar-H) , 86.1,(s,1H,N-H), 83.9,(s,1H,N-C-H),
03.0,(s,2H,-CHy), 61.7,(dd,1H,-C-H), 81.4,(dd,1H,-C-H).

Scheme-
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ITII. ANTIBACTERIAL ACTIVITY

The test compounds showed good to excellent antiabacterial activities when screened against
some ornamental plant pathogens viz. Staphylococcus aureus, Staphylococcus epidermis, Pseudomonas
aeruginosa and Salmonella typhi by using Agar disc diffusion method. The zones of inhibition formed
were measured in mm and are shown in table-1.

“Table No.I- Impact of test compounds against plant pathogens”

Proudenonar goyrisae Safvenuslla Seamindorscour SrapiRiocaris
ATOE=24 s B AR
P Mammtive) ATCC.15812 ATCC-33501 AITCC-302&
v, - T (G Mamariva ) SCmm Foalcw {Coen Podisval
Sanple
Cn A | 5P | ABEP | CL| AR | 5P | ABSE | CL | AR | 5P | ABEP | CL | AB | 5P | ABEP | CL
nas
d 3 Ld 26 [r1] 8 | 1¥ 32 [=1] L& | L8 13 Do 27 | 14 2k ]
4b | |} 26 [121] 7 | 1E i3 [1] 17 | 1B T Lo o I 154
am N 20 [T 1 i3 [Nt 1) 13 2 13 29 [
b k] La 2 1] T 1E 32 [ 17 | 20 13 [x 7 | 18 2k 1]
[ 3 i2 24 1] IT | 18 ] [=1] 17 | 17 13 [ 37|15 2k [i57]
] L | Ll i [\ L& Al [ L& 1% ' 13 F] [0
= ] Lo 23 [r1] I7 13 5] [=1] L& | L5 13 Do 7|12 2k (]

Diameter of inhibition zone (mm) AB-Antibiotic Disc (Chloramphenicol-10), SP- Sample,
ABSP- Antibiotic+Sample, CL-Control (DMSO),Values were represented as the mean.

@IJAPSA-2016, All rights Reserved Page 82



International Journal of Applied and Pure Science and Agriculture (IJAPSA)
Volume 02, Issue 11, [November- 2016 ] e-ISSN: 2394-5532, p-ISSN: 2394-823X

IV. RESULTS AND DISCUSSION

The newly synthesized compounds (4a-8a) showed good to excellent activity against test
pathogens. A further detailed study in the light of Plant pathology is advised.
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Abstract

The synthesis, spectral analysis and biological activities of 5-phenyl-2-hydroxy-
chlorosubstituted-2-amino-1,3 thiazoles have been carried out. In this case 5-(2’-hydroxy-3’,5-
dichlorophenyl)-4-(heptan-1-one)-2- amino-1,3-thiazole(J), 5-(2’-hydroxy-3’,5’-dichlorophenyl)-
4-(heptan-1-one)-2-phenyl amino-1,3-thiazole (K), and 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-
(heptan-1-one)-2-diphenyl amino-1,3-thiazole (L) have been screened. The compounds J, K and L
were synthesized froml-(2’-hydroxy-3’,5’-dichlorophenyl)-2-bromo-1,3-nonanedione(a,) by the
action of thiourea, phenylthiourea, diphenylthiourea. The nanoparticles of the compounds J,K
and L have been prepared by using ultrasonic technique. The titled compounds and their
nanoparticles were screened for growth promoting activity on some vegetable crop plants viz..
Momordica charantia-L-Bitter guard (Karela), Lagneria siceraria-snake guard (Lavki), Luffa
cylindrica L-sponge guard (Gilke) and Benincasa hispida-Pumpkin (Kohle).
Keywords : Chalcone, thiazole, thiourea, phenyl thiourea, diphenyl thiourea, growth promoting
activities.

I. INTRODUCTION

Heterocyclic nucleus plays an important role in medicinal chemistry and it is a key template
for the growth of various therapeutic agents. Thiazole is a heterocyclic compound featuring both a
nitrogen atom and sulfur atom as part of the aromatic five-membered ring. Thiazoles and related
compounds are called 1,3-azoles (nitrogen and one other hetero atom in a five-membered ring.) They
are isomeric with the 1,2-azoles, the nitrogen and sulphur containing compound being called
isothiazoles. Thiazoles are found naturally in the essential vitamins. Molecules that possess sulfur
atoms are important in living organisms. The researchers® have reported the synthesis of several
thiazoles and also their potent biological activities such as antimicrobial’, antibacterial®'',
antifungal'>", fungicidal'* and insecticidal agent". Chalcones and their analogues having a, p-
unsaturated carbonyl system are very versatile substrates for the evolution of various reactions and
physiologically active compounds.

In the present study, various 5-phenyl-2-hydroxy-chlorosubstituted-2-amino-1,3-thiazoles
have been synthesized from 1,3-propanediones by using thiourea, phenyl thiourea and diphenyl
thiourea. The synthesized compounds along with their nanoparticles were evaluated for their growth
promoting activity on some vegetable crop plants viz. Momordica charantia-L-Bitter guard (Karela),
Lagneria siceraria-snake guard (Lavki), Luffa cylindrica L-sponge guard (Gilke) and Benincasa
hispida-Pumpkin (Kohle).

II. EXPERIMENTAL
All the glasswares used in the present work were of pyrex quality. Melting points were

determined in hot paraffin bath and are uncorrected. The purity of compounds was monitored on
silica gel coated TLC plate. IR spectra were recorded on Perkin-Elmer spectrophotometer in KBr
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pelletes, H' NMR spectra on spectrophotometer in CDCl; with TMS as internal standard. UV spectra
were recorded in nujol medium. The analytical data of the titled compounds was highly satisfactory.
All the chemicals used were of analytical grade. All the solvents used were purified by standard
methods. Physical characterisation data of all the compounds is given in Table 1.

2'-Hydroxy 3,5 -dichloroacetophenone :

2-Hydroxy-5-chloroacetophenone was dissolved in acetic acid (5 ml), Sodium acetate (3g) was
added to the reaction mixture and then chlorine in acetic acid reagent (40 ml; 7.5 w/v) was added
dropwise with stirring. The temperature of the reaction mixture was maintained below 20°C. The
mixture was allowed to stand for 30 minutes. It was poured into cold water with stirring. A pale
yellow solid then obtained was filtered, dried and crystallized from ethanol to get the compound 2-
hydroxy 3,5 -dichloroacetophenone.

Preparation of 2’-hydroxy-3’,5’-dichlorophenyl-4-hexylchalcone (a) :

2-Hydroxy-3,5-dichloroacetophenone (0.01 mol) dissolved in ethanol (50 ml) treated with
heptanaldehyde (0.1 M) at its boiling temperature. Aqueous sodium hydroxide solution [40%, 40
ml] was added dropwise and the the mixture was stirred mechanically at room temperature for about
1 hour. It is then kept for 6 to 8 hours followed by decomposition with ice cold HCI [1:1]. The
yellow granules thus obtained were filtered, washed with 10% NaHCOs; solution and finally
crystallized from ethanol-acetic acid solvent mixture to get the compound (a).

Preparation of 1-(2’-hydroxy-3’-5’-dichlorophenyl)-2,3-dibromononan-1-one (a;)

2’-Hydroxy-3’,5’-dichlorophenyl-4-hexylchalcone (a) (0.01 M) was suspended in bromine—
glacial acid reagent [25% w/v] [6.4 ml]. The reagent was added dropwise 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 (ay).

Preparation of 2-(4”-hexyl)- 6,8-dichloroflavone (a;) :

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2,3-dibromo-nonan-1-one (a;) (0.01 mol) was dissolved
in ethanol (25 ml). To this, aqueous solution of KOH (25 ml) was added. The reaction mixture was
refluxed for 1 hour, cooled and diluted with water. The product, thus separated, was filtered and
crystallized from ethanol to get the compound (a,).

Preparation of 1-(2’-hydroxy-3’,5’-dichlorophenyl)-1,3-nonanedione (a3) :

2-(4”-Hexyl)-6,8-dichloroflavone (a;) (0.01 mol) was dissolved in ethanol (25 ml). To this,
aqueous solution of HCI (25 ml) was added. The reaction mixture was then refluxed for one hour,
cooled and diluted with water. The solid product, thus obtained, filtered and crystallized from
ethanol to get the compound (a3).

Preparation of 1-(2’-hydroxy-3’,5’-dichlorophenyl)-2-bromo-1,3-nonanedione (a4) :

1-(2’-Hydroxy-3’,5-dichlorophenyl)-1,3-nonanedione (az) (0.01 mol) was dissolved in a
mixture of ethanol (10 ml) and dioxane (10 ml). To this, calculated amount of liquid bromine (0.5
ml) was added. The product was not separated even after standing for one hour. It was then diluted
with water and washed with water several times and extracted with ether. The solvent was removed
under reduced pressure to get the white solid of the compound (ay).

Preparation of 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2- amino-1,3-thiazole (J) :

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo-1,3-nonanedione (as) (0.01 mol) and thiourea
(0.01 mol) were dissolved in ethanol (25 ml). To this, aqueous KOH solution (0.01 mol) was added.
The reaction mixture was then refluxed for three hours, cooled, diluted with water and acidified with
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conc HCI. The product, thus separated, was filtered and crystallized from ethanol to get the
compound (J).

Preparatrion of 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2-phenyl amino-1,3-
thiazole (K) :

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo-1,3-nonanedione  (as) (0.01 mol) and
phenylthiourea (0.01 mol) were dissolved in ethanol (25 ml). To this, ag. KOH solution (0.02 mol)
was added. The reaction mixture was refluxed for three hours, cooled, diluted with water and
acidified with conc. HCI. The product, thus separated, was filtered and crystallized from ethanol to
get the compound (K).

Preparation of 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2-diphenyl amino-1,3-
thiazole (L) :

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo-1,3-nonanedione  (as) (0.01 mol) and
diphenylthiourea (0.01 mol) were dissolved in ethanol (25 ml). To this, aq solution of KOH (0.02
mol) was added. The reaction mixture was refluxed for three hours, cooled, diluted with water and
acidified with conc. HCI. The product, thus separated, was filtered, crystallized from ethanol to get
the compound (L).

The newly synthesized compounds were characterised on the basis of elemental analysis,
molecular determination, UV, IR, NMR. spectral data.

The UV, IR, and NMR spectral data :-

Compound (J) :

UV : Spectrum No. 1

The UV-Vis spectrum of the compound (J) reported in dioxane showed Amax value 410 nm
corresponding to n—m* transition.

IR (KBr) :- Spectrum No. 2

3036.60 cm'(-OH phenolic), 2955.55 cm’ (aliphatic -C-H stretching), 3208.58 cm’
(aromatic -C-H stretching), 3797.72 cm’! (-N-H stretching), 1228.56 cm’! (-C=N- stretching), 756.57
cm’! (-C-Cl stretching in aliphatic), 1073.66 cm’! (C-Cl stretching in aromatic).

PMR :- Spectrum No. 3

0 5.2 (hump, 2H, (-N-H) ; 0 6.7 (d, 1H, -CH=C-H-) ; 0 6.8 (d, 1H, -CH=C-H-) ; 0 7.0 to 7.8
(m, 2H, Ar-H) ; 0 offset, (region not observed, observed, O-H)

Compound (K) :
UV : Spectrum No. 4
The UV-Vis spectrum of the compound (K) reported in dioxane showed An.x value 392 nm
corresponding to n—>7* transition.
IR KBr : Spectrum No. 5

3078.56 cm’’ (O-H phenolic) , 2956.24 cm’! (aliphatic -C-H stretching) , 3305.55 cm’!
(aromatic C-H stretching) , 3786.79 cm™ (-NH stretching), 1552.51 cm™ (-C=N-stretching) , 754.50
cm’! [C-CI stretching in aliphatic) , 1174.48 cm’! [C-CI stretching in aromatic].
PMR :- Spectrum No. 6
0 1.06 (t, 3H, -CH,-CHs) ; 0 1.25 [Envelope of -CH;, 8H, -(CH)4-CH3], 0 3.32 (hump, 2H, -NH) ;
04.15 (d 1H, -CH=C-H-) ; 04.16 (d, 1H, -CH=C-H-); 07.01 to 7.72 (m, 7H, Ar-H).
Compound (L) :
UV : Spectrum No. 7
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The UV-Vis spectrum of the compound (L) reported in dioxane showed An.x value 386 nm
corresponding to n—* transition.
IR KBr :- Spectrum No. 8

3431.6 cm” (-OH phenolic) , 3057.11cm™ (aromatic C-H stretching), 1543.2 cm™ (-C=N
stretching), 772.13 cm’! (C-Cl stretching in aliphatic), 1051.11 cm’! (C-Cl stretching in aromatic).
PMR :- Spectrum No. 9

06.72 (d 1H, -CH=C-H-) ;06.70 (d,1H, -CH=C-H-) ; 0 11.85 (m, 12H, Ar-H) ; 0 10.3 (s,

1H, O-H).
OH OCOCH, OH oL - AcOH
(CH,CO),0 AlC, /@ ,-Ac
c CH,COONa c 120°C COCH,
Cl Cl o
OH OH . on
CH,-(CH,),-CHO Br2 / AcOH , 25%(w/v) H H
™
Cl COCH, c (CH,)s-CH, c (CH,)-CH,
0 Br Br
(a) le}
a, EtOH/KOH
cl
Cl
EtOH / liq Br, OH,
EtOH/HCI (CH,)-CH,
CH).-CH, =~ |
c H O Cl
0 o)
Cl a,
OH
H
R,NHCSNHR,
CH,)-CH, ————2>
c Br O Cl
0
Scheme: a
Where :

1) R =-H, -C¢Hs
2) R,=-H, -C¢Hs

Preparation of nanoparticles of the titled compounds:

Ultrasonic Processor Sonapros PR-250MP was used to produce nanoparticles of the test
compounds. The test compounds were dissolved in dioxane to prepare 0.1 M solutions. These
solutions were taken in beakers and the probe of the sonapras 250 MP was dipped in solution. These
solutions were exposed to sonopros MP 250 for 10 minutes separately. The test compounds were
converted to nanoparticles. The solvent dioxane was evaporated by conventional heating method.
The size of nanoparticles of the test compounds was confirmed by X-ray diffraction studies using
Benchtop x-ray diffraction (XRD) instrument (Miniflex).

The thin film of the nanoparticles of the test compounds was prepared on glass slide. This
slide was introduced to the X-ray diffraction instrument to get graphical information which was used
for the calculation of the crystal size of test compounds.
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Characterisation of size of nanoparticles of the test compounds :-
The crystal size of nanoparticles of the test compounds calculated by using Debye-Scherrer
equation.

Where,
D = The average crystalline size.
0.94 = The particle shape factor which depends on the shape and size of the particle.
A = is the wavelength.
B = is the full width at half maximum [FWHM] of the selected diffraction peaks (B = 0.545)
0 = is the Bragg's angle obtained from 260 values which was corresponding to the maximum
intensity peak in XRD pattern (6 = 0.7501 rad).

Growth Promoting Effect on some Vegetable crop Plants :-
The experimental set up of the study was devided into two parts:
(1) Seed treatment (ii) Field experiment.

(i) Seed treatment :-

With a view to safeguard dormant seed's potential from harmful external agencies, the seeds
of the test plants were treated by solution of test compounds (0.01dilution) prepared in dioxane
before sowing.

(ii) Field experiment :-

Pregerminated quality seeds of Momordica charantia L-Bitter guard (Karela), Lagneria
siceraria -snake guard (Lavki), Luffa cylindrica L-Sponge guard-(Gilke) and Benincasa hispida -
Pumpkin (Kohle) were procured from Department of Horticulture, Dr. PDKV, Akola.

The beds of cotton soil, 2.5 x 2.5 m size were prepared in an open field. The sowing of seeds
of all four test vegetable crop plants were done in separate beds and irrigated periodically.

The plants from each bed were devided into two groups i.e. A and B and designated as
"Control" and "Treated" group plants respectively.

The plants from group B were sprayed with the solution of test compounds at weekly
intervals. The field experiments were conducted to compare the treated plants of group B with
untreated plants of controlled group A. In this context, the observations were recorded on 7, 14, 21,
28, 35, 42, 45, 56, 63, 70, 77, 84, 91 days after sowing corresponding to early vegetative, late
vegetative, flowering, fruitification and fruit maturation, with special reference to number of leaves
and height of shoots.

The results of field's experiments are tabulated in the tables 2, 3 and 4.

ITII. RESULT AND DISCUSSION

The titled compounds and their nanoparticles were screened for their growth promoting
activity on test vegetable crop plants viz, Momordica charantia-L-Bitter guard (Karela), Lagneria
siceraria-snake guard (Lavki), Luffa cylindrica L-sponge guard (Gilke) and Benincasa hispida-
Pumpkin (Kohle).

When a comparison of morphological characters was made between those of treated and
control group plants, it was interesting to note that all the treated plants exhibited significant shoot
growth and considerable increase in the number of leaves as compared to those of untreated ones.
Also it was observed that the yield of treated plants enhances to a remarkable extent than control
group plants.
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Table 1 : Characterisation data of newly synthesized compounds :

Compounds Molecular formula M.P. % of % of element
in’C | yield C H N S Cl Br
CsH0,Cl, 54 80 47.90/48 2.95/3 34.15/34.58
a C15H150,Cl, 103 70 52.20/53.35 53.10/53.21 23.25/23.27
a C45H;50,CL,Br, 67 50 39.01/39.04 3.85/3.90 15.20/15.40 34.18/34.70
a, C15H160,Cl, 73 50 60.10/60.20 5.25/5.35 23.70/23.74
a3 C15H;130;:Cl, 118 60 56.60/56.78 5.60/5.67 22.33/22.39
ay C;5H;70;CLBr 84 50 45.40/45.45 4.20/4.29 17.90/17.92 20.15/20.20
J C16H,00,N,CLS 96 60 51.10/51.20 5.30/5.33 7.40/7.46 8.50/8.53 18.90/18.93
K C,H»;0,N,CLS 135 60 58.46/58.66 5.07/5.11 6.18/6.22 7.00/7.11 15.60/15.77
L CysH,60,CLN,S 122 50 63.92/64.0 4.90/4.95 5.30/5.33 6.0/6.09 13.50/13.52

Activity of the test compounds J, Kand L :
Table No. (02)

5-(2’-Hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2-amino-1,3-thiazole (J)

Periodicity of Momordica charantia Lageneria siceraria Luffa cylindrica Benincasa hispida
Observations (Bitter guard) (Snake guard) (Sponge guard) (Pumpkin)
[in days] (Karela) (Lavki) (Gilke) (Kohle)
Shoot height No. of leaves Shoot height No. of leaves Shoot height No. of leaves Shoot height No. of leaves
C T C T C T C T C T C T C T C T
7] 25 1.5 2 2 2.5 2.5 2 2 4.5 11.5 2 20 17.5 2 2
14 7 7.2 2 2 7.5 2.5 2 2 10 16 2 2 20 23 2 2
21| 25 17 7 13 8 5 2 3 15 18 3 4 23 28 3 5
28 | 35 40 9 14 9 9.2 3 4 16 22 4 5 25 29 4 6
35| 47 48 10 15 11 12.5 4 4 20 26 5 7 27 36 5 8
42| 51 74 12 25 17 21 5 5 25 29 7 9 30 42 6 10
49 | 55 82 14 28 25 39 6 7 30 32 8 11 35 50 8 12
56 | 60 100 16 30 28 45 7 9 35 40 10 13 38 62 10 16
63| 67 108 18 34 31 51 8 10 40 51 12 15 42 71 12 18
70| 72 112 20 38 34 55 9 12 45 58 14 16 46 79 14 20
77| 75 114 22 40 36 59 10 15 50 62 16 18 49 78 16 22
84| 80 115 24 43 38 64 11 17 55 68 18 20 53 65 18 24
91 | 82 118 26 45 40 68 12 19 57 72 20 24 56 68 20 26
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Table No. (03)

5-(2’-Hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2-phenylamino-1,3-thiazole (K)

Periodicity of Momordica charantia Lageneria siceraria Luffa cylindrica Benincasa hispida
Observations (Bitter guard) (Snake guard) (Sponge guard) (Pumpkin)
[in days] (Karela) (Lavki) (Gilke) (Kohle)
Shoot height | No. of leaves | Shoot height | No. of leaves | Shoot height | No. of leaves | Shoot height | No. of leaves
C T C T C T C T C T C T C T C T
7] 2.5 1.5 2 2 2.5 1.5 2 2 4.5 11.5 2 2 20 17.5 2 2
14| 7 7.5 2 4 7.2 5 2 2 10 16 2 2 20 23 2 2
21| 25 17 7 11 8 7.5 2 3 15 18 3 4 23 28 3 5
28 | 35 44 9 13 9 10 3 4 16 22 4 5 25 29 4 6
35| 47 54 10 19 11 15 4 6 20 26 5 7 27 36 5 8
42| 51 62 12 22 17 30 5 7 25 29 7 9 30 42 6 10
491 55 92 14 25 25 39 6 7 30 32 8 11 35 50 8 12
56| 60 105 16 32 28 45 7 9 35 40 10 13 38 62 10 16
63| 67 127 18 35 31 58 8 10 40 51 12 15 42 71 12 18
70| 72 132 20 40 34 62 9 12 45 58 14 18 46 79 14 20
77| 75 135 22 42 36 66 10 13 50 64 16 19 49 87 16 22
84| 80 140 24 45 38 69 11 15 55 70 18 21 53 94 18 24
91| 82 142 26 47 40 71 12 17 57 74 20 23 56 98 20 28
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Table No. (04)

5-(2’-Hydroxy-3’,5’-dichlorophenyl)-4-(heptan-1-one)-2-diphenylamino-1,3-thiazole (L)

Periodicity of Momordica charantia Lageneria siceraria Luffa cylindrica Benincasa hispida
Observations (Bitter guard) (Snake guard) (Sponge guard) (Pumpkin)
[in days] (Karela) (Lavki) (Gilke) (Kohle)
Shoot height | No. of leaves | Shoot height | No. of leaves | Shoot height | No. of leaves | Shoot height | No. of leaves
C T C T C T C T C T C T C T C T
71 2.5 1.5 2 2 2.5 1.5 2 2 4.5 13.5 2 2 20 21 2 2
41 17 7 2 4 7.5 5 2 2 10 16 2 2 20 23 2 2
21| 25 18 7 10 8 7.5 2 3 15 18 3 4 23 25 3 5
28 | 35 40 9 12 9 9.8 3 4 16 21 4 5 25 27 4 6
35| 47 48 10 13 11 18 4 7 20 25 5 7 27 32 5 8
42| 51 60 12 17 17 31 5 8 25 32 7 9 30 41 6 10
47| 55 78 14 20 25 41 6 9 30 35 8 11 35 50 8 12
56| 60 92 16 26 28 56 7 10 35 45 10 13 38 61 10 16
63| 67 105 18 28 31 63 8 11 40 60 12 15 42 70 12 18
70| 72 111 20 32 34 70 9 13 45 68 14 17 46 78 14 20
77| 75 114 22 34 36 75 10 14 50 75 16 19 49 86 16 22
84| 80 118 24 36 38 79 11 16 55 81 18 21 53 91 18 24
91| 82 120 26 38 40 81 12 18 57 84 20 23 56 95 20 26
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Impact  of  compound  5-(2-hydroxy-3’,5'-
dichlorophenyl)-4-(heptan-1-one)-2- amino- , o
1,3-thiazole (J) on phytotic growth of 5-(2’-hydroxy-3',5'-
Momordica charntia

Impact of  compound
dichlorophenyl)-4-(heptan-1-one)-2-  amino-
1,3-thiazole (J) on phytotic growth of
Lageneria siceraria

D0 days

Impact  of  compound  5-(2’-hydroxy-3',5'- gt

dichlorophenyl)-4-(heptan-1-one)-2-  amino- Impact ~ of  compound  5-(2’-hydroxy-3’,5'-
1,3-thiazole (J) on phytotic growth of Luffa dichlorophenyl)-4-(heptan-1-one)-2- amino-
cylindirca 1,3-thiazole (J) on phytotic growth of

Benincasa hispida
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ABSTRACT

The synthesis, spectral analysis and biological activities of 5-phenyl-2-hydroxy-chlorosubstituted-2-
amino-1,3 thiazoles have been carried out. In this case 5-(2’-hydroxy-3’.,5’-dichlorophenyl)-4-(4”-
nitrobenzoyl)-2-amine-1,3-thiazole (D), 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-(4”-nitrobenzoyl)-2-
phenyl-amino-1,3-thiazole (E), and 5-(2’-hydroxy-3’,5’-dichlorophenyl)-4-(4”-nitrobenzoyl)-2-diphenyl-
amino-1,3-thiazole (F) have been screened. The compounds D, E and F were synthesized from 1-(2’-
hydroxy-3’,5’-dichlorophenyl)-2-bromo-3-(4”-nitrophenyl)-1,3 propanedione (a;) by the action of
thiourea, phenylthiourea, diphenylthiourea. The nanoparticles of the compounds D, E and F have been
prepared by using ultrasonic technique. The titled compounds and their nanoparticles were screened for
growth promoting activity on some vegetable crop plants viz.. Momordica charantia-L-Bitter guard
(Karela), Lagneria siceraria-snake guard (Lavki), Luffa cylindrica L-sponge guard (Gilke) and
Benincasa hispida-Pumpkin (Kohle).

Keywords: Chalcone, Thiazole, Thiourea, Phenyl Thiourea, Diphenyl Thiourea, Growth Promoting
Activities

INTRODUCTION

Heterocyclic nucleus plays an important role in medicinal chemistry and it is a key template for the
growth of various therapeutic agents. Thiazole is a heterocyclic compound featuring both a nitrogen atom
and sulfur atom as part of the aromatic five-membered ring. Thiazoles and related compounds are called
1,3-azoles (nitrogen and one other hetero atom in a five-membered ring). They are isomeric with the 1,2-
azoles, the nitrogen and sulphur containing compound being called isothiazoles. Thiazoles are found
naturally in the essential vitamins. Molecules that possess sulfur atoms are important in living organisms.
The researchers Patterson and Capell (1940), Pullman A and Metzger (1948), Schwarz (1945), Alajarin et
al., (2006), Kumar and Kumar (2011-12), Patton et al., (2009) have reported the synthesis of several
thiazoles and also their potent biological activities such as antimicrobial (Jain et al., 2011), antibacterial
(Kaspady et al., 2009; Sanz-Cervera et al., 2009; Patel and Mehta, 2006; Shakeel et al., 2010), antifungal
(Kopnarr et al., 2004; Logu et al., 2005), fungicidal (Liu et al., 2004) and insecticidal agent (Pattanaik et
al., 1998). Chalcones and their analogues having a, B-unsaturated carbonyl system are very versatile
substrates for the evolution of various reactions and physiologically active compounds.

In the present study, various S-phenyl-2-hydroxy-chlorosubstituted-2-amino-1,3 thiazoles have been
synthesized from 1,3 propanediones by using thiourea, phenyl thiourea and diphenyl thiourea. The
synthesized compounds along with their nanoparticles were evaluated for their growth promoting activity
on some vegetable crop plants viz. Momordica charantia-L-Bitter guard (Karela), Lagneria siceraria-
snake guard (Lavki), Luffa cylindrica L-sponge guard (Gilke) and Benincasa hispida-Pumpkin (Kohle).

MATERIALS AND METHODS

All the glasswares used in the present work were of pyrex quality. Melting points were determined in hot
paraffin bath and are uncorrected. The purity of compounds was monitored on silica gel coated TLC
plate. IR spectra were recorded on Perkin-Elmer spectrophotometer in KBr pelletes, H' NMR spectra on
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spectrophotometer in CDClL; with TMS as internal standard. UV spectra were recorded in nujol medium.
The analytical data of the titled compounds was highly satisfactory. All the chemicals used were of
analytical grade. All the solvents used were purified by standard methods. Physical characterisation data
of all the compounds is given in Table 1.

2 -Hydroxy 3,5 -Dichloroacetophenone:

2-Hydroxy-5-chloroacetophenone was dissolved in acetic acid (5 ml), Sodium acetate (3g) was added to
the reaction mixture and then chlorine in acetic acid reagent (40 ml; 7.5 w/v) was added dropwise with
stirring. The temperature of the reaction mixture was maintained below 20°C. The mixture was allowed to
stand for 30 minutes. It was poured into cold water with stirring. A pale yellow solid then obtained was
filtered, dried and crystallized from ethanol to get the compound 2 -hydroxy 3,5 -dichloroacetophenone.
Preparation of 2°-hydroxy-3°,5 -dichlorophenyl-4-(4 " -nitrophenyl) chalcone (a):

To the boiling solution of the 2-hydroxy-3,5-dichloroacetophenone (0.01 mol) and p-nitrobenzaldehyde
(0.01 mol) in ethanol (20 ml) a 40% solution of NaOH was added gradually. The reaction mixture was
stirred mechanically at room temperature for 1 hour and kept steady for 6 to 8 hours, followed by
decomposition with ice cold HCI (1:1). The yellow granules thus obtained were filtered, washed with
10% NaHCO; solution and then crystallized from ethanol-acetic acid mixture to obtain the compound (a).
Preparation of 1-(2 -hydroxy-3°,5 -dichlorophenyl)-2,3-dibromo-3-(4 "-nitrophenyl)-propan-1-one (a;):
2’-Hydroxy-3’,5’-dichlorophenyl-4-(4”-nitrophenyl) chalcone (a) (0.001 M) was suspended in bromine—
glacial acetic acid reagent (25% w/v) (6.4 ml).

The reagent was added dropwise with constant stirring and 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 (a,).

Preparation of 2-(4 "-nitrophenyl)-6,8-dichloroflavone (a;):
1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2,3-dibromo-3-(4-nitrophenyl)-propan-1-one (a;) (0.01 mol) was
dissolved in ethanol (25ml). To this, aqueous KOH solution (25 ml) was added. The reaction mixture was
refluxed for 1 hour, cooled and diluted with water. The product thus separated was filtered and
crystallized from ethanol to get the compound (a,).

Preparation of 1-(2 -hydroxy-3°,5 -dichlorophenyl)-3-(4 -nitrophenyl)- 1,3 -propandione (as):
2-(4”-Nitrophenyl)-6,8-dichloroflavone (a,) (0.01 mol) was dissolved in ethanol (25ml). To this, aqueous
solution of HCI (25 ml) was added. The reaction mixture was then refluxed for 1 hour, cooled, and diluted
with water. The product, thus separated, was filtered, and crystallized from ethanol to get the compound
(a3).

Preparation of 1-(2 -hydroxy-3°,5 -dichlorophenyl)-2-bromo-3-(4 "-nitrophenyl)-1,3 propanedione (a,):
1-(2’-Hydroxy-3’,5’-dichlorophenyl)-3-(4"-nitrophenyl)-1,3-propandione (a;) (0.01 mol) was dissolved in
a mixture of ethanol and dioxane. To this, calculated amount of liquid bromine was added. The product
was not separated even after standing for one hour. It was then diluted with water, washed with water
several times and extracted with ether. The solvent was removed under reduced pressure to get the white
solid of the compound (a,).

Preparation of 5-(2 -hydroxy-3°,5 "-dichlorophenyl)-4-(4 "-nitrobenzoyl)-2-amine-1,3-thiazole (D):
1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo- 3-(4”-nitrophenyl)-1,3-propandione (a;) (0.01 mol) and
thiourea (0.01 mol) was dissolved in ethanol (25 ml). To this, aqueous KOH solution (0.02 mol) was
added. The reaction mixture was then refluxed for 3 hours, cooled, diluted with water and acidified with
conc. HCL The product thus separated was filtered and crystallized from ethanol to get the compound
(D).

Preparation of 5-(2’-hydroxy-3°,5 -dichlorophenyl)-4-(4 -nitrobenzoyl)-2-phenyl- amino-1,3-thiazole
(E):

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo- 3-(4”’-nitrophenyl)-1,3-propandione (a;) (0.01 mol) and
phenyl thiourea (0.01 mol) were dissolved in ethanol. To this, aqueous KOH solution (0.02 mol) was
added.
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The reaction mixture was refluxed for 3 hours, cooled, diluted with water and acidified with conc. HCL
The product, thus separated, was filtered and crystallized from ethanol to get the compound (E).
Preparation of 5-(2 -hydroxy-3°,5 -dichlorophenyl)4-(4 " -nitrobenzoyl)-2-diphenyl-amino-1,3-thiazole
(F):

1-(2’-Hydroxy-3’,5’-dichlorophenyl)-2-bromo- 3-(4”-nitropheny1)- 1 ,3-propandione (a;) (0.01 mol) and
diphenyl thiourea (0.01 mol) were dissolved in ethanol. To this aqueous solution of KOH (0.02 mol) was
added. The reaction mixture was then refluxed for three hours, cooled, diluted with water and acidified
with conc. HCL The product, thus separated, was filtered and crystallized from ethanol to get the
compound (F).

The newly synthesized compounds were characterized on the basis of elemental analysis, molecular
determination, UV, IR, NMR. spectral data.

The UV, IR, and NMR Spectral Data:

Compound (D):

UV: Spectrum No. 1

The UV-Vis spectrum of the compound (D) reported in dioxane showed A, value 475 nm corresponding
to n—7* transition.
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Spectrum No. 1

IR (KBr): Spectrum No. 2

3335.23 cm’'(-OH phenolic), 2923.23 cm’' (aliphatic -C-H stretching), 3074.22 cm™ (aromatic -C-H
stretching), 3788.41 cm” (-N-H stretching), 1229.14 cm’ (-C=N- stretching), 740.22 c¢cm' (-C-Cl
stretching in aliphatic), 1053.26 cm™ (C-Cl stretching in aromatic).

PMR: Spectrum No. 3

3.4 (hump, 2H, (-N-H); 8 6.7 (d, 1H, -CH=C-H-); 0 6.8 (d, 1H, -CH=C-H-); 8 7.1 to 8.3 (m, 6H, Ar-H);
912.6 (s, 1H, O-H)

Compound (E):

UV: Spectrum No. 4
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The UV-Vis spectrum of the compound (E) reported in dioxane showed A, value 490 nm corresponding
to n—>7* transition.
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IR KBr: Spectrum No. 5

3337.18 cm’' (O-H phenolic), 2923.20 cm™ (aliphatic -C-H stretching), 3073.17 cm™ (aromatic C-H
stretching), 3925.40 cm™ (-NH stretching), 1218.9 cm (-C=N-stretching), 769.23 cm™ [C-Cl stretching
in aliphatic), 1053.18 cm™ [C-Cl stretching in aromatic].
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8 3.58 (hump, 1H, =NH); 0 6.64 (d 1H, -CH=C-H-); 6 6.69 (d, 1H, -CH=C-H-); 6 7.1 to 8.3 (m, 11H, Ar-
H); 5 12.5 (s, 1H, O-H).
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3025.30 cm™” (-OH phenolic), 3035.51cm™ (aromatic C-H stretching), 1548.5 cm™ (-C=N stretching),
755.8 cm™ (C-CI stretching in aliphatic), 1072.15 ¢cm™ (C-CI stretching in aromatic), 1344.6 (C=N
stretching).
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06.93 (d, 1H, d 1H, -CH=C-H-); ¢ 6.93 (d,1H, -CH=C-H-); 0 7.07 to 8.6 (m, 16H, Ar-H); 0 9.7 (s, 1H,

O-H).
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Ultrasonic Processor Sonapros PR-250MP was used to produce nanoparticles of the test compounds. The
test compounds were dissolved in dioxane to prepare 0.1 M solutions. These solutions were taken in
beakers and the probe of the sonapras 250 MP was dipped in solution. These solutions were exposed to
sonopros MP 250 for 10 minutes separately. The test compounds were converted to nanoparticles. The
solvent dioxane was evaporated by conventional heating method. The size of nanoparticles of the test
compounds was confirmed by X-ray diffraction studies using Benchtop x-ray diffraction (XRD)
mstrument (Miniflex).

The thin film of the nanoparticles of the test compounds was prepared on glass slide. This slide was
introduced to the X-ray diffraction instrument to get graphical information which was used for the
calculation of the crystal size of test compounds.

Scheme:
OCOCH OH
(CH CO C|2 - AcOH
CH COONa 12000 c COCH,
cl
/é: Br2 / AcOH , 25%(wiv) y
o COCH, COCH=CH-CH,NO, . NO,
Br Br
o}
a, EtOH/KOH
cl
cl
EtOH / liq Br, OH, o
EtOH/HCI NO,
NO, < |
cl
o}
OH
H
O O No, _RINHCSNHR,
c I 2
Br O
o)
a,
Where:

1) R, =-H, 'C6H5
2) R, =-H, -CsHs

Characterisation of Size of Nanoparticles of the Test Compounds:
The crystal size of nanoparticles of the test compounds calculated by using Debye-Scherrer equation.
0.94 A

Where,

D = The average crystalline size.

0.94 = The particle shape factor which depends on the shape and size of the particle.

A =is the wavelength.

B =is the full width at half maximum [FWHM] of the selected diffraction peaks ( = 0.545)

0 = is the Bragg's angle obtained from 20 values which was corresponding to the maximum intensity peak
in XRD pattern (6 = 0.7501 rad).
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Table 1: Characterisation Data of Ne wly Synthesize d Compounds

Compounds Molecular Formula M.P. % of % of Element

in’C Yield C H N S Cl Br
CsH,0,CL 54 80 47.90/48 2.95/3 34.15/34.58
a C,sH,0,NCl, 250 70 53.10/53.25  2.40/2.66 3.98/4.18 21/21.77
a, C,5sH,0,NCLBr, 72 70 36.01/36.14  1.78/1.80 2.78/2.81 14.20/14.25  32.08/32.12
a, C,sH,0,CLN 132 60 53.14/53.57  2,07/2.08 4.13/4.16 21.03/21.13
a; C,5sH,0:CLN 117 50 50.74/50.84  2.45/2.54 3.90/3.95 20.03/20.05
a, C,5sH;OsCLBrN 78 60 41.12/41.57 1.78/1.84 3.20/3.23 16.08/16.39  18.34/18.47
D C,6H,10;N;CLS 170 70 46.50/46.60  2.56/2.66 10.05/10.19  7.67/7.76 17.20/17.23
E C,H,50,N;CLS 168 70 54/54.09 3.0/3.07 8.56/8.60 6.50/6.55 14.50/14.54
F C,sH,,0,CLN;S 180 75 59/59.78 3/3.02 7.4/7.47 5.6/5,69 12.6/12.63

Activity of the Test Compounds D, E and F:
Table 2: 5-(2°-Hydroxy-3’,5’-Dichlorophe nyl)4-(4-Nitrobe nzoyl)-2-Amine-1,3-Thiazole (D)

Periodicity of Momordica Charantia Lageneria Siceraria Luffa Cylindrica Benincasa Hispida
Observations  (Bitter Guard) (Snake Guard) (Sponge Guard) (Pumpkin)
[in Days] (Karela) (Lavki) (Gilke) (Kohle)

Shoot Height No. of Leaves Shoot Height No. of Leaves Shoot Height No. of Leaves Shoot Height No. of Leaves

C T C T C T C T C T C T C T C T
7 25 1.5 2 2 25 1.5 2 2 45 5 2 2 20 23 2 3
14 7 7.2 2 2 75 7.2 2 2 10 8.2 2 2 20 24 2 3
21 25 20 7 6 8 13 2 4 15 13 3 6 23 245 3 4
28 35 40 9 10 9 20 3 6 16 38 4 9 25 25 4 5
35 47 47 10 12 11 32 4 7 20 52 5 12 32 27 5 7
42 51 51 12 15 17 59 5 9 25 83 7 17 30 32 6 9
49 55 62 14 17 25 71 6 11 30 89 8 20 35 38 8 11
56 60 80 16 19 28 90 7 13 35 103 10 26 38 52 10 15
63 67 134 18 22 31 102 8 14 40 138 12 29 42 60 12 16
70 72 142 20 28 34 109 9 16 45 145 14 32 46 65 14 18
77 75 148 22 30 36 114 10 18 50 150 16 35 49 71 16 20
84 80 152 24 32 38 120 11 20 55 154 18 38 53 76 18 22
91 82 155 26 35 40 122 12 22 57 156 20 40 56 78 20 24
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Table 3: 5-(2°-Hydroxy-3’,5’-Dichlorophe nyl)-4-(4”-Nitrobe nzoyl)-2(Phe nylamino)-1,3-Thiazole (E)

Periodicity of Momordica Charantia Lageneria Siceraria Luffa Cylindrica Benincasa Hispida

g?];;;:]t ioms (Bitter Guard) (Snake Guard) (Sponge Guard) (Pumpkin)
(Karela) (Lavki) (Gilke) (Kohle)

Shoot Height No. of Leaves Shoot Height No. of Leaves Shoot Height No.of Leaves Shoot Height No. of Leaves

C T C T C T C T C T C T C T C T
7 25 15 2 2 25 1.5 2 2 45 6 2 2 20 225 2 3
14 7 10 2 4 75 1 2 2 10 8.5 2 2 20 23 2 3
21 25 30 7 6 8 12 2 3 15 12 3 4 23 25 3 5
28 35 48 9 10 9 16 3 4 16 20 4 6 25 27 4 6
35 47 70 10 12 11 24 4 5 20 29 5 7 27 34 5 7
42 51 83 12 14 17 40 5 6 25 34 7 9 30 40 6 10
49 55 86 14 16 25 45 6 7 30 37 8 11 35 45 8 11
56 60 120 16 19 28 52 7 9 35 45 10 13 38 55 10 16
63 67 132 18 35 31 58 8 10 40 51 12 15 42 60 12 18
70 72 140 20 38 34 62 9 12 45 56 14 18 46 66 14 20
77 75 143 22 30 36 64 10 14 50 70 16 19 49 70 16 22
84 80 149 24 32 38 67 11 16 55 74 18 21 53 75 18 24
91 82 151 26 34 40 69 12 18 57 78 20 23 56 78 20 26
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Table 4: 5-(2°-Hydroxy-3’,5’-Dichlorophe nyl)-4-(4”-Nitrobe nzoyl)-2-Diphe nylamino-1,3-Thiazole (F)

Periodicity of Momordica Charantia Lageneria Siceraria Luffa Cylindrica Benincasa Hispida

g?];;;:]t ioms (Bitter Guard) (Snake Guard) (Sponge Guard) (Pumpkin)
(Karela) (Lavki) (Gilke) (Kohle)

Shoot Height No. of Leaves Shoot Height No. of Leaves Shoot Height No.of Leaves Shoot Height No. of Leaves

C T C T C T C T C T C T C T C T
7 25 15 2 2 25 1.5 2 2 45 6 2 2 20 215 2 3
14 7 7 2 4 75 1 2 2 10 8.5 2 2 20 23 2 3
21 25 15 7 6 8 12 2 4 15 12 3 4 23 24 3 5
28 35 42 9 10 9 16 3 4 16 20 4 6 25 26 4 5
35 47 45 10 12 11 24 4 5 20 29 5 7 27 32 5 7
42 51 54 12 14 17 40 5 6 25 34 7 9 30 40 6 9
49 55 60 14 16 25 45 6 7 30 37 8 11 35 45 8 12
56 60 99 16 19 28 52 7 9 35 45 10 13 38 52 10 15
63 67 104 18 25 31 58 8 10 40 57 12 15 42 61 12 17
70 72 110 20 28 34 62 9 12 45 56 14 17 46 68 14 19
77 75 114 22 30 36 64 10 14 50 59 16 18 49 75 16 20
84 80 118 24 32 38 67 11 16 55 62 18 20 53 81 18 22
91 82 121 26 34 40 69 12 18 57 65 20 23 56 84 20 24
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mpact of Compound 5-{2"-hydroxy-3’5"-didhorophemyl)4-{4"
nitroberzoyl)-2-amine-13-thimole (D) on phytotic growth o
Momordico charontio
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impact of Compound 5-(2"-hydroxy-3"5"-dichloropheny)-4-{4"-
nitrobereoyl)-2-amine-1 3 -thimole (D) on phytotic growth of
Logeneria siceraria

Figure 2
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impact of Compound 5-{2"hydroxy3’5"dichioropheny)-4-{4”-
nitroberzoyl)-2-amine-1,3-thimole (D) on phytotic growth of Luffo
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mpact of Compound 5{2"-hydroxy3”5"-dichiorophenyd)4-{4"-
nitroberzoyl)- 2-amine-1 3-thimole (D) on pghytotic gowth of
Benincasa hispida

90 days
Figure 4

Centre for Info Bio Technology (CIBTech)



International Journal of Basic and Applied Chemical Sciences ISSN: 2277-2073 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jcs.htm
2016 Vol. 6(3) July-September, pp.5-21/Badnakhe and Rajput

Research Article

Growth Promoting Effect on some Vegetable Crop Plants:

The experimental set up of the study was divided into two parts:

(i) Seed treatment (ii) Field experiment.

(i) Seed Treatment:

With a view to safeguard dormant seed's potential from harmful external agencies, the seeds of the test
plants were treated by solution of test compounds (0.01dilution) prepared in dioxane before sowing.

(ii) Field Experiment:

Pregerminated quality seeds of Momordica charantia L-Bitter guard (Karela), Lagneria siceraria -snake
guard (Lavki), Luffa cylindrica L-Sponge guard-(Gilke) and Benincasa hispida -Pumpkin (Kohle) were
procured from Department of Horticulture, Dr. PDKV, Akola.

The beds of cotton soil, 2.5 x 2.5 m size were prepared in an open field. The sowing of seeds of all four
test vegetable crop plants were done in separate beds and irrigated periodically.

The plants from each bed were divided into two groups ie. A and B and designated as "Control" and
"Treated" group plants respectively.

The plants from group B were sprayed with the solution of test compounds at weekly intervals. The field
experiments were conducted to compare the treated plants of group B with untreated plants of controlled
group A. In this context, the observations were recorded on 7, 14, 21, 28, 35, 42, 45, 56, 63,70, 77, 84, 91
days after sowing corresponding to early vegetative, late vegetative, flowering, fruitification and fruit
maturation, with special reference to number of leaves and height of shoots.

The results of field's experiments are tabulated in the tables 2, 3 and 4.

RESULTS AND DISCUSSION

The titled compounds and their nanoparticles were screened for their growth promoting activity on test
vegetable crop plants viz, Momordica charantia-L-Bitter guard (Karela), Lagneria siceraria-snake guard
(Lavki), Luffa cylindrica L-sponge guard (Gilke) and Benincasa hispida-Pumpkin (Kohle).

When a comparison of morphological characters was made between those of treated and control group
plants, it was interesting to note that all the treated plants exhibited significant shoot growth and
considerable increase in the number of leaves as compared to those of untreated ones. Also it was
observed that the yield of treated plants enhances to a remarkable extent than control group plants.
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ABSTRACT

Man’s existence on this earth has been made possible only because of the vital role played by the

plant kingdom in sustaining his life. The three important necessities of life — food, clothing and
shelter and a host of other useful products are supplied to a great extent by the plant kingdom.
Cardiospermum halicacabum is one of the medicinally potential plants which is used in the
treatment of rheumatism, lumbago, cough, hyperthermia, and nervous diseases. The present
investigation was undertaken to screen the phytochemical analysis, antimicrobial and antioxidant
activity of Cardiospermum halicacabum whole extract.
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INTRODUCTION

The modern system of medicine has made a tremendous progress and synthetic drugs and
antibiotics have revolutionized the complete scenario. But their toxic side effects are also being
realized which has attracted the attention of whole world towards natural system of medicine. Man
has made use of plants in the treatment of diseases. A large number of drugs are of plant origin.
Plants keep the body in tune with nature as nature intended and maintain proper balance. Natural
sources help people to build their good health'. Recently there has been a shift in universal trend
from synthetic to herbal medicine, which we can say ‘Return to Nature’. Medicinal plants have
been known for ‘millennia’ and are highly esteemed all over the world as a rich source of
therapeutic agents for the prevention of diseases and ailments. Nature has bestowed our country
with an enormous wealth of medicinal plants; therefore, India has often been referred to as the
medicinal garden of the world®. Cardiospermum halicacabum is a deciduous climber growing up
to 3meters. The ground stem carries alternate double triad leaves 3 to 6 cm long, the tiny radiate
flowers. Stems are 5 to 10cm in length. The fruits are tiny green balloon shaped; spherical capsule
containing the characteristics. Seeds with their heart shaped white markings. The plant has been
used in the treatment of rheumatism, stiffness of limbs, snake bite; its roots for nervous diseases, as
a diaphoretic, diuretic, emetic, laxative, its leaves used in the treatment of diarrhoea, dysentery and
headache. Phytochemical constituents such as flavones, aglycones, triterpenoids, glycosides and a

range of fatty acids and volatile ester have been reported from the various extracts of this plant™.
MATERIALS AND METHOD

The plant material of Cardiospermum halicacabum were collected seasonally and authenticated by
the taxonomists Dr. S. P. Rothe from the Department of Botany, Shri Shivaji College Akola.
Chemicals

All the chemicals used in the study were obtained commercially and of analytical grade.
Microorganisms

The test organisms Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and Pseudomonas
aeruginosa were procured from the National Collection of Industrial Microorganisms (NCIM),
National Chemical Laboratory, Pune 411 008.

Phytochemical Screening

The chemical tests were performed for testing different chemical groups present in ethanol extract
of test plant.

1) Test for Sugar
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a) Molisch’s Test: - Positive
b) Ilodine Test: - Positive
2) Test for Flavonoids

a) Shinoda test: - Positive

b) H 2SO test: - Positive

3) Test for Sterols
a) Salkowaski test:- Negative
b) Vanillin test:- Negative
4) Test for Alkaloids
a) Wagner’s reagent test: - Positive
b) Mayer’s reagent test: - Positive
5) Test for Tannin

a) FeCl3test: - Positive

b) Lead acetate test: - Negative
6) Test for Protein and Amino acid
a) Biuret test: - Positive
b) Xanthoprotein test: - Positive
7) Test for Resin
a) NaOH test:- Positive
MATERIALS AND METHOD

Soxhlet extraction method is used for the preparation of extracts of Cardiospermum halicacabum
plant material. The coarse powders of Cardiospermum halicacabum plant material were extracted
with water, ethanol and acetone solvents by using soxhlet apparatus. These extracts were
concentrated at 40 °C using rotary evaporator. The extracts thus obtained were stored separately in
air tight bottles for further study.

Study of Antioxidant Activity by DPPH®

The antioxidant activity of the ethanol extract was assessed on the basis 1, 1-diphenyl-2-
picrylhydrazyl (DPPH). The diluted working solutions of the test extract was prepared in ethanol.
0.002% of DPPH was prepared in methanol and 1 ml of this solution was mixed with 1 ml of
sample solution. These solution mixtures were kept in dark for 30 min and optical density was
measured at 517 nm using UV Visible spectrophotometer. Methanol (1 ml) with DPPH solution

(0.002%, 1 ml) was used as blank. The optical density was recorded and % inhibition was
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calculated using the formula given below
PERCENTAGE (%) INHIBITION OF DPPH (%AA) = AA%B x 100

Where A = Optical density of the blank and B = Optical density of the sample
RESULTS AND DISCUSSION

The stock solution 1 mg/ml of ethanol extract was prepared. The required dilutions 0.11 mg/ml to
0.19 mg/ml were prepared by appropriate dilutions. The optical density and percent antioxidant

activity was calculated and reported in table 1.

Table 1. Optical density and percent antioxidant activity for ethanol extract. O. D. of blank
DPPH = 0.565

CONC. mg/ml Img/ml 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

O.D. OF SAMPLE  0.387 0.385 0.380 0.375 0.370 0.367 0.365 0.363 0.360 0.358 0.356
JAA 19.37 19.79 20.83 21.87 2291 23.54 2395 2437 25.00 25.41 25.83

0.39 -
0.385 -
0.38 -

obef *°
o' 037 -

Sample ; 65 -

0.36 -
0.355 -
0.35 T T T T
0 0.5 1 1.5 2 2.5

Concentration mg/ml

Figure 1: Decrease in O. D. of sample with increase in concentration of Ethanol Extracts

30 - % AA
25 -
=% AA
20 -
% Antioxidant
Activity

10 -
5 _
0 T T T T 1

0 0.5 1 1.5 2 2.5

Concentration mg/ml

Figure 2: Increase in percent antioxidant activity with increase in concentration of Ethanol

Extracts
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Antimicrobial Assay’

The whole extracts of plant material in aqueous, ethanol and acetone solvents were screened for
their antimicrobial potency by cup plate agar method against microbial species viz. Escherichia
coli, Staphylococcus aureus, Bacillus subtilis, and Pseudomonas aeruginosa. The petriplates were
prepared with 25ml sterile Mueller Hinton Agar. A sterile cork borer (§ mm) was used to make
wells in each plate. 1 ml inoculums’ suspension was swabbed uniformly over the agar medium to
get uniform distribution of bacteria. After labelling the plates 100ul of each test compound (at
concentration of 0.01 mol) was added aseptically into the wells. The petriplates were then
incubated at 37°C for 24 hrs during which the activity was evidenced by the presence of zone of
inhibition surrounding the well. The negative control was prepared using respective solvent.
Ampicilin disc (10 mcg/disc) and Vancomycin disc (30 mcg/disc) were used as positive control.
The zones of inhibition were recorded in millimetres by using Himedia Zone Reader Scale.

Table 2: Antimicrobial activity of different extracts of the test plant

Sr. Extracts Concentration Inhibitory zones in mm
No. Escherichia Staphylococcus Bacillus Pseudomonas
coli aureus subtilis  aeruginosa
1)  Aqueous extract 100 mg/ml 12 mm 12 mm I0mm 11 mm
2)  Ethanol extract 100 mg/ml 13 mm 11 mm ITmm 12 mm
3)  Acetone extract 100 mg/ml 12 mm 10 mm Ilmm 13 mm
4)  Ampicilin disc (10 meg/disc) 14 mm 13 mm 14mm 12 mm
5)  Vancomycin (30 mcg/disc) 14 mm 16 mm 12mm 13 mm
18 -+
16 -
14 -
M Escherichia coli
12 -
10 m Staphylococcus
Inhibitory Zones in | aureus
mm 8 - Bacillus subitilis
6 - B Pseudomonas
4 aeruginosa
2 .
0 .
Agqueous Ethanol Acetone  Ampicilin Vancomycin
extract extract extract disc
Test Extracts

Figure 3: Antimicrobial activity of different extracts of the test plant
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CONCLUSION

Remarkable decrease in the O. D. values of sample for three different solvent extract were
observed indicating antioxidant activity of the fractions. Ethanol extract of the whole test plant
showed good to moderate antioxidant activity which is evident from the graph. The ICs, value for
ethanol extract is calculated from the figure 2 which is 1.4 mg/ml. The whole extracts of plant
material in aqueous, ethanol and acetone solvents were screened for their antimicrobial potency

which shows moderate to good activity as shown in figure 3.
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Abstract In the present work, quantitative structure—activity
relationship and pharmacophore modeling analysis were
performed for human African trypanosomiasis healing
activity of pyridyl benzamides (dataset-1) and 3-(oxazolo
[4,5-b]pyridin-2-yl)anilides (dataset-2). For quantitative
structure—activity relationship analysis, a pool of descriptors
(mono-dimensional to three-dimensional) was generated,
followed by descriptor reduction using objective and sub-
jective feature selection. Multiple splitting was employed for
the generation of multiple quantitative structure—activity
relationship models to get maximum information about the
descriptors that have correlation with the HAT activity of
pyridyl benzamides and 3-(oxazolo[4,5-b]pyridin-2-yl)ani-
lides. The genetic algorithm-multilinear regression quantita-
tive structure—activity relationship models have excellent
statistical robustness with good external predictive ability.
The pharmacophore model and quantitative structure—activity
relationship analyses furnished complementary and con-
sensus results to each other.
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Introduction

Human African trypanosomiasis, also known as sleeping
sickness, is a vector-borne parasitic disease usually trans-
mitted by the bite of an infected tsetse fly (Glossina genus)
and caused by Trypanosoma brucei gambiense and Try-
panosoma brucei rhodesiense (Ferrins et al., 2014; Sykes
et al., 2012). This neglected disease has high occurrence in
Africa continent, except North Africa. However, the gen-
ome of the parasite has been sequenced and many proteins
have been recognized as prospective targets for drug
development. Analysis of the genome revealed that
T. brucei has over 800 genes that make proteins the parasite
‘mixes and matches’ to evade immune system detection,
consequently, developing a vaccine for this disease is very
difficult (Barrett et al., 2011; Lutje et al., 2013; Simarro
et al., 2012). Moreover, the type of treatment depends on
the stage of the disease. The drugs used in the first stage of
the disease have lower toxicity and easy to administer. The
earlier the disease is identified, the better the probabilities of
a cure. But, in majority of cases, the disease is identified in
second stage (Barrett et al., 2011; Carvalho et al., 2014;
Ferrins et al., 2014; Lutje et al., 2013; Simarro et al., 2012;
Sykes et al., 2012). A drug that can cross the blood—brain
barrier to reach the parasite is crucial for treatment success
in the second stage. Such drugs are mostly toxic and pro-
blematical to administer (Barrett et al., 2011; Lutje et al.,
2013; Simarro et al., 2012). In Fig. 1, the marketed drugs
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Fig. 1 Marketed and clinical stage drugs for HAT

and drugs in clinical stages have been depicted (Barrett
et al.,, 2011; Carvalho et al.,, 2014; Ferrins et al., 2014;
Gilbert, 2014; Lutje et al., 2013; Nagle et al., 2014; Simarro
et al., 2012; Sykes et al., 2012).

To overcome these difficulties, Sykes et al. (2012)
employed high-throughput screening (HTS) against
T. brucei using a library of 87,296 compounds, and dis-
covered a good number of classes with encouraging activ-
ity. Unfortunately, some inhibitor series like pyridyl
benzamide and its derivatives were excluded in the initial
HTS work because they did not satisfied the predefined
selection criteria. Later studies (Ferrins et al., 2014)
revealed that derivatives of pyridyl benzamide possess HAT
activity in nM range with the possibility to treat the disease
in second stage. Despite the efforts executed till this date,
the search for specific biological target or targets of this
series of compounds still persists (Ferrins et al., 2014). In
such a situation, computer-aided drug design is considered
an attractive tool for lead optimization.

In the past decades, computer-based techniques have
emerged as attractive alternatives to conventional ‘trial and
error’ methodology of drug design/discovery to map the
mysterious ways of bio-chemistry of drug action, optimi-
zation and toxicity reduction (Bukhari et al., 2014, 2015;
Ebalunode et al., 2011; Rastija and Masand, 2014; Yoon
et al., 2013). Computer-aided drug designing (CADD) is a
faster, cheaper and highly result oriented thriving modern
technique involving amalgamation of different fields with
major emphasis on understanding how different biological
molecules interact, to probe the mechanisms of disease and
to determine the effective structural features linked with
activity/toxicity (Alafeefy et al., 2012; Bandgar et al., 2012;
Chavan et al., 2013; Mahajan et al., 2012; Masand et al.,
2013; Patil et al., 2012; Pourbasheer et al., 2015). Quanti-
tative structure—activity relationship (QSAR), molecular
docking, pharmacophore modeling, etc. are popular CADD
methods, which when used in chorus results in highly

successful analysis giving maximal of information required
for lead (and drug) optimization. These methods provide
information about the structural features that govern the
specific activity/toxicity of drug candidate and better insight
in mechanism of drug action (Barakat et al., 2014; Bukhari
et al., 2014, 2015; Huang and Fan, 2011; Masand et al.,
2014c, 2015; Rastija and Masand, 2014; Rastija et al., 2013;
Yang et al., 2014; Yoon et al., 2013).

Molecular docking is especially more promising when
enough information is available about the target receptor
(protein or bio-polymer) with which the drug interacts
(Mahajan et al., 2012). The receptor with which pyridyl
benzamides and 3-(oxazolo[4,5-b]pyridin-2-yl)anilides
interact is unknown (Ferrins et al., 2014), hence, QSAR and
pharmacophore modeling were performed to determine the
structural features that have good correlation with the HAT
activity of pyridyl benzamides and 3-(oxazolo[4,5-b]pyr-
idin-2-yl)anilides.

Experimental methodology
Experimental datasets

In the present work, HAT activities of two different datasets
comprising different heterocyclic scaffolds were subjected
to QSAR and pharmacophore modeling. The reported ICs
(uM) values for HAT activity were converted to pICsg
(—logoICsp) before QSAR analysis.

Dataset-1

The dataset-1 consists of 32 pyridyl benzamides screened
against 7. brucei with a variety of substituents at diverse
positions (Ferrins et al., 2014). The ICs,, pICso along with
the substituents are tabulated in Table 1.

Dataset-2

The datset-2 selected for the present study comprises 31
derivatives of 3-(oxazolo[4,5-b]pyridin-2-yl)anilide pre-
viously reported to have HAT activity (Ferrins et al., 2013).
The molecules possess different types of substituents pre-
sent at different positions. The 1Csq, pICsy along with the
substituents are tabulated in Table 2.

Modeling and molecular descriptors calculation

In the present work, for QSAR analysis the procedure
reported in the literature has been followed (Mahajan et al.,
2012; Masand et al., 2013, 2015; Rastija and Masand, 2014;
Rastija et al.,, 2013). The structures were drawn using
ChemSketch 12 freeware followed by energy minimization
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Table 1 1Csg, pICs along with

the substituents for dataset-1 / =

N N ‘ 8 |
N AN \ NN X

‘ R2 ‘ R2

AF A~ O
R1 R1
1-23 24-32

S. no. R, R, Exp. ICso Exp. pICsg
1 H 2-Me 3.03 5.5190
2 4-CN 2-Me 2.3 5.6380
3 4-Me 2-Me 2.1 5.6780
4 4-Cl 2-Me 2.1 5.6780
5 4-Br 2-Me 1.8 5.7450
6 4-F 2-Me 0.51 6.2920
7 4-C=CPh 2-Me 1.7 5.7700
8 4-C=CCH,-iPr 2-Me 1.1 5.9590
9 4-Ph 2-Me 2 5.6990
10 5-OMe 2-Me 3.8 5.4200
11 6-CH=CH(CH,),CH3; 2-Me 6 5.2220
12 6-NH, 2-Me 4.6 5.3370
13 H H 9.07 5.0420
14 H 2-Et 2.74 5.5620
15 H 2-Me, 3-F 0.89 6.0510
16 H 3-F 7.33 5.1350
17 H 2-Me, 3-Cl 0.63 6.2010
18 H 2-Me, 3-Br 5.7 5.2440
19 H 2,3-diMe 3.5 5.4560
20 H 2-Me, 4-F 1.9 5.7210
21 H 2-Me, 4-Cl1 1.1 5.9590
22 H 2-Me, 4-Br 1.1 5.9590
23 H 2,4-diMe 0.98 6.0090
24 H 3-F, 4-F 0.41 6.3870
25 4-Me 3-F 0.83 6.0810
26 4-Me 3-F, 4-F 0.9 6.0460
27 4-Cl 3-F 0.47 6.3280
28 4-C1 3-F, 4-F 0.53 6.2760
29 4-F 3-F 0.1 7.0000
30 4-F 3-F, 4-F 0.19 6.7210
31 5-OMe 3-F 2.3 5.6380
32 5-OMe 4-F 2.6 5.5850

using MMFF94 force field in TINKER. The optimized
structures were used as input for calculation of myriad
number of descriptors using PaDEL 2.21 as a descriptor
calculator. The descriptor pool of more than 16,000
descriptors consists of mono-dimensional (1D) to three-
dimensional (3D), electro-topological, finger-prints and
other descriptors. As all the calculated descriptors do not

@ Springer

contain valuable information, hence, objective feature
selection was employed to reduce the number of descrip-
tors. As a rule, constant, near constant (>85 %) and highly
correlated (IRl > 85 %) descriptors were eliminated before
subjective feature selection (SFS) using QSARINS-Chem
2.2.1. This resulted in a reduced cluster of 264 and 181
descriptors for dataset-1 and 2, respectively, with a wide set
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Table 2 ICs, pICsq along with the substituents for dataset-2

Rs

NH

R R,

S. no. R, R, R; ICso  pICso
1 H 4-Cl 2-Furanyl 022  6.658
2 H 4-Cl 3-Me-2-furanyl  0.65  6.187
3 H 4-Cl 5-Isoxazolyl 32 5.495
4 H 4-Cl 5-Oxazolyl 1.5 5.824
5 H 4-Cl 3-Furanyl 0.3 6.523
6 H 4-Cl 1.8 5.745
10 H 4-Cl Phenyl 1.5 5.824
13 H 4-Cl 2-Pyridinyl 5.7 5.244
14 H 4-Cl 4-Pyridinyl 34 5.469
17 H H 2-Furanyl 034  6.469
18 H H 3-Me-2-furanyl  0.17  6.77
19 H H 5-Oxazolyl 29 5.538
20 H H 3-Furanyl 0.6 6.222
21 H H 4-Thiazolyl 1.3 5.886
26 H 4-OMe  2-Furanyl 1.1 5.959
27 H 4-Me 2-Furanyl 6.2 5.208
28 H 4-F 2-Furanyl 6.3 5.201
32 H 6-Me 2-Furanyl 094  6.027
33 H 6-Me 3-Me-2-furanyl  0.57  6.244
35 H 6-Me 3-Furanyl 0.31 6.509
36 H 6-Me 4-Thiazolyl 2.6 5.585
37 H 6-F 2-Furanyl 0.29  6.538
38 H 6-F 3-Me-2-furanyl 0.1 7

39 H 6-F 5-Oxazolyl 2 5.699
40 H 6-F 3-Furanyl 0.12  6.921
41 H 6-F 4-Thiazolyl 0.76  6.119
42 Ph H 2-Furanyl 0.12  6.921
43 4-OMe-Ph  H 2-Furanyl 0.63  6.201
44 4-Cl-Ph H 2-Furanyl 055 6.26
45 H H 2-Furanyl 0.78  6.108
46 H H 3-Furanyl 1 6

of theoretical molecular descriptors that takes into account
different structural features, viz. constitutional (OD), 1D, bi-
dimensional (2D), and 3D, capturing and magnifying dis-
tinct aspects of chemical structures.

Model development

QSAR models are developed (1) to determine the struc-
tural features that are correlated with the desired activity,
and (2) to predict for a compound before its actual
synthesis and/or biological screening (Masand et al.,
2014a, b 2015). The predictive ability of a QSAR model
can be defined as the ability of a model to correctly predict
the biological activity of compounds that were not used for
model development.

To get maximal information, models were developed
using divided and undivided whole datasets. The datasets
were randomly divided into training (80 %) and prediction
(20 %) set before descriptor selection. Multiple splitting was
performed to develop multiple QSAR models. A molecule
in the training set of a splitting may or may not be in the
training set of another splitting. The Genetic Algorithm
(GA) module of QSARINS-Chem 2.1.1 (Gramatica et al.,
2013, 2014) was used for selection of optimum number and
set of descriptors. For the sake of simplicity and to avoid the
problem of over-fitting, the heuristic search of descriptors
was limited to three (for dataset-1) and four (for dataset-2)
descriptors using the defaults settings in QSARINS-Chem
2.1.1. Q2100 was used as a fitness function to avoid the
problem of naive Q°. The strategy used in QSAR model
development has been summarized in Fig. 2.

Model validation

Appropriate model validation is an important aspect of
QSAR model development. The statistical qualities and
validity of the genetic algorithm-multilinear regression
(GA-MLR) equations were established by means of: (a)
internal validation or cross-validation (CV) by leave-one-
out (LOO) and leave-many-out (LMO) procedure; (b) using
the prediction set; (c) data randomization, i.e., Y-scram-
bling; and (d) examining if the following conditions are
satisfied (Masand et al., 2015): R%,>0.6, Q%00 >0.5,
0’ m020.6, R*>(Q% R’ >0.6, RMSE,<RMSE,,,
AK >0.05, CCC>0.80, Q*F">0.60, r*,,>0.6, (1-r/
ry’)<0.1,09 <k<1.1or(1-r"/r';’)<0.1,09 <k' < 1.1, 1
roz—r’o2| < 0.3 with RMSE and MAE close to zero. The
threshold values of these parameters ensure robustness and
external predictive ability of a GA-MLR model. Thus, all
the models having low internal and external predictive
ability were subsequently rejected.

Pharmacophore model development
For pharmacophore modeling, all the molecules in the

dataset were aligned using the lowest energy conformer of
the most active compounds in the datasets. PyMOL 1.7 and
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Fig. 2 Strategy used in QSAR i
model development ultiple
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Fig. 3 Consensus pharmacophore model for dataset 1 (cyan: H- (A) between different features; ¢ pharmacophore model with angles
acceptor, magenta: H-donor, yellow: hydrophobic). a Pharmacophore between different features
model with aligned ligands; b pharmacophore model with distances
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Fig. 4 Consensus pharmacophore model for dataset 2 (cyan: H- (A) between different features; ¢ pharmacophore model with angles

acceptor, magenta: H-donor, yellow: hydrophobic). a Pharmacophore between different features
model with aligned ligands; b pharmacophore model with distances

LIQUID 1.0 were used for the generation of consensus  two hydrophobic regions at a distance of 5.40 A from each
pharmacophore model using default settings. other, one H-bond acceptor at distance of 4.70 and 5.55 A
from the two hydrophobic regions, and a H-bond donor
region at a distance of 4.84 and 3.50 A from the two

Results and discussion hydrophobic regions.

Consensus pharmacophore model for dataset-1 Consensus pharmacophore model for dataset-2

The consensus pharmacophore model reveals that the  The consensus pharmacophore model for dataset-2 consists
pharmacophoric pattern (see Fig. 3) for dataset-1 consists of ~ of six pharmacophoric features (see Fig. 4). The H-bond
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Table 3 Statistical parameters S. no Statistical parameter Model-1.1 Model-1.2 Model-1.3 Model-1.4

for various GA-MLR QSAR

models for dataset-1 1 Ny 32 26 26 26
2 Nex - 6 6 6
3 Number of descriptors 3 3 3 3
4 R%, 0.8284 0.8155 0.8142 0.8139
5 Rzadj_ 0.8100 0.7903 0.7889 0.7886
6 LOF 0.0509 0.0628 0.0466 0.0467
7 Kxx 0.2148 0.1665 0.2122 0.2358
8 AK 0.1547 0.1717 0.1569 0.2031
9 RMSE,, 0.1833 0.1928 0.1785 0.1786
10 MAE,, 0.1572 0.1597 0.1161 0.1115
11 CCCy, 0.9061 0.8983 0.8976 0.8974
12 S 0.1960 0.2096 0.1941 0.1942
13 F 45.0488 32.4047 32.1362 32.0824
14 R%, (Q%100) 0.7719 0.7342 0.7707 0.7672
15 RMSE,, 0.2114 0.2314 0.1983 0.1998
16 MAE.,, 0.1806 0.1923 0.1319 0.1303
17 CCC,, 0.8746 0.8556 0.8741 0.8754
18 Q% mo 0.7343 0.7425 0.7456 0.7240
19 R’yeer 0.1072 0.1092 0.1236 0.1100
20 RMSE, - 0.1504 0.2283 0.2235
21 MAE., - 0.1266 0.1929 0.1931
22 R - 0.8298 0.8271 0.8271
23 0%k - 0.8770 0.8289 0.8359
24 0’ - 0.8092 0.8186 0.8260
25 0% - 0.8878 0.6962 0.7086
26 CCCey - 0.8871 0.9074 0.9021

donor feature 2 is at a distance of 4.94, 6.32, and 4.78 A
from hydrophobic 5, H-bond acceptor 1 and 6 features,
respectively. The H-bond acceptor region 3 is at a distance
of 3.16, 6.76, and 5.00 A from H-bond donor region 2, H-
bond acceptor region 6, and hydrophobic region 5,
respectively.

QSAR analysis

The datasets used in the present study are small but the
molecules are either positional or functional isomers,
thereby, cover significant chemical space. For small data-
sets, we have previously demonstrated (Masand et al., 2015)
that at least one QSAR model must be built using undivided
whole dataset to capture maximum relevant descriptors,
which in turn not only provides useful information for
future modification but is useful for comparison and
assessment of QSAR models constructed using divided
datasets, also. Therefore, models were derived using divi-
ded and undivided datasets.

While performing the QSAR analysis, generally stepwise
regression, GA, etc. algorithms are employed for SFS. This

results in a good number of MLR models with nearly
comparable statistical characters embracing different
descriptors. Mostly, in such a situation, only one MLR
model is selected on the basis of its statistical performance.
The drawbacks, however, of this ‘first among equals’
approach (Masand et al.,, 2014a, b) are (1) accurate
and rational association of descriptors with correct structural
features is challenging for a QSAR model involving
complex/esoteric descriptors only, (2) a single QSAR
model may be influenced by (i) the method of splitting,
composition of training and prediction sets, procedure
used for descriptor pruning and selection, and (ii)
some molecules in the training/prediction dataset. An easy
and possible solution to overcome the different drawbacks
of ‘first among equals’ approach is to build multiple
models using multiple splitting (Masand et al., 2014a,
2015). This also helps in capturing less privileged yet
useful structural features that govern the activity. Hence, in
the present study, multiple models were built for both
the sets.

Dataset-1: For dataset-1, the various GA-MLR QSAR
models are as follow:
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Table 4 Experimental and S. no. Exp. Status Pred. Status Pred. Status Pred. Status Pred.
predicted pICsq values along pICsop  model-  pICs model-1.2  pICsq model-1.3  pICs, model-1.4  pICsq
with the status of the molecules 1.1 model- model- model- model-
in different models 1.1 1.2 1.3 1.4
1 5.5190 Training 5.4457 Training 5.4674  Prediction 5.4166 Prediction 5.4850
2 5.6380 Training 5.5113  Training 5.5605  Training 5.5774  Training 5.6531
3 5.6780 Training 5.6936 Training 5.4025  Training 5.3535  Training 5.4856
4 5.6780 Training 5.7937  Training 5.7839  Training 5.7267  Training 5.7525
5 5.7450 Training 5.6184 Prediction 5.6472  Training 5.6961  Training 5.7507
6 6.2920 Training 6.0440 Training 6.1053  Training 6.2829  Training 6.1439
7 5.7700 Training 5.5688  Training 5.9221  Training 5.8677  Training 5.8572
8 5.9590 Training 5.8578  Training 5.6516  Prediction 5.5349  Prediction 5.5589
9 5.6990 Training 5.5577  Training 5.7362  Training 5.7246  Training 5.6937
10 5.4200 Training 5.5854  Training 5.6094  Training 5.5644  Training 5.5986
11 5.2220 Training 5.3502  Prediction 5.4240  Training 5.3370  Training 5.3955
12 5.3370 Training 5.2989  Training 5.4585 Prediction 5.3818  Prediction 5.5919
13 5.0420 Training 5.1085  Training 5.1915  Training 5.0538  Training 5.0516
14 5.5620 Training 5.4327  Training 5.6515  Training 5.6200  Training 5.4868
15 6.0510 Training 6.0293  Prediction 6.0860  Training 6.0680  Training 6.0254
16 5.1350 Training 5.1857  Prediction 5.3721  Training 5.3065 Training 5.1638
17 6.2010 Training 5.9086  Training 5.9231  Training 5.6231  Training 5.6841
18 5.2440 Training 5.6305 Training 5.6857  Training 5.6521  Training 5.7911
19 5.4560 Training 5.6239  Training 5.6531  Training 5.6474  Training 5.5023
20 5.7210 Training 5.8896  Training 5.7213  Prediction 5.9763  Prediction 5.8707
21 5.9590 Training 6.0595 Prediction 5.9813  Training 5.9427  Training 5.9459
22 5.9590 Training 5.7816  Training 5.7378  Training 5.9660  Training 5.9743
23 6.0090 Training 5.7663  Training 5.7348  Training 5.7544  Training 5.9328
24 6.3870 Training 6.1195  Training 6.0564  Training 6.2657  Training 6.1155
25 6.0810 Training 6.3177  Training 6.0790  Training 5.9855  Training 6.0830
26 6.0460 Training 6.3863  Training 6.0855  Prediction 6.2253  Prediction 6.1972
27 6.3280 Training 6.2824  Training 6.4306  Training 6.3806  Training 6.2962
28 6.2760 Training 6.3741  Training 6.3844  Training 6.3129  Training 6.3017
29 7.0000 Training 6.7187  Training 6.9288  Prediction 6.8487  Prediction 6.8315
30 6.7210 Training 6.7775  Training 6.8455  Training 6.7595  Training 6.8521
31 5.6380 Training 5.9028 Training 5.8545  Training 5.7107  Training 5.7471
32 5.5850 Training 5.7374 Prediction 5.4196 Training 5.5969  Training 5.4917

Model-1.1 (undivided dataset): pICsq = 4.8523(x0.3676) —
0.9802(« 0.4082) * GATS8c + 0.1240(£0.0734) * RDF40p +
0.0552(0.0099) * RDF55s

Model-1.2: pICsy=6.4521(+1.2282) — 3.1455(+2.3630)
*Els+0.0545(+0.0492) * RDF40m + 0.0489(+0.0111) *
RDF55s

Model-1.3: pICsq=5.2245(+£0.9946) — 3.4904(+1.8452)
*Els+0.2540(+0.1731) * AD2D423 +0.9151(£0.2562) *
cbrtRDF55s

Model-1.4: pICsq=7.4582(+0.9582) — 0.8339(x0.5028)
* GATS6m + 0.0425(+0.0128) * RDF55s — 3.2008(+1.8707)
*Els

@ Springer

The various parameters calculated for models 1.1-1.4
have been tabulated in Table 3. From Table 3, it is clear that
the developed models satisfy threshold values for most of
the internal and external validation parameters. For dataset-
1, GA analysis for undivided whole dataset resulted in
many QSAR models, but, only one model (model-1) was
found to satisfy the threshold values for various statistical
parameters. A simple comparison of different statistical
parameters for different models (see Table 3) reveals that
the models 1.1-1.4 are statistically robust with good
external predictive ability. For the model 1.2, 0%k > R,
this leads to the contrasting inference that the model
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Table 5 Statistical parameters S. no. Statistical Model-2.1 Model-2.2 Model-2.3 Model-2.4
for various GA-MLR QSAR parameter
models for dataset-2
Ny 31 31 25 25
2 Nex - -- 6 6
3 Number of 4 4
descriptors
4 Ry 0.8176 0.7834 0.8292 0.8650
5 Rzadj_ 0.7895 0.7500 0.7951 0.8380
6 LOF 0.0840 0.0997 0.0948 0.0750
7 Kxx 0.2711 0.2185 0.2343 0.2425
8 AK 0.0590 0.1123 0.0738 0.0593
9 RMSE,, 0.2150 0.2343 0.2094 0.1862
10 MAE,, 0.1753 0.1968 0.1741 0.1663
11 CCC,, 0.8996 0.8785 0.9067 0.9276
12 s 0.2348 0.2558 0.2341 0.2082
13 F 29.1302 23.5052 24.2815 32.0406
14 Ry (QP1o0) 0.7480 0.6889 0.7348 0.7864
15 RMSE,, 0.2527 0.2808 0.2610 0.2343
16 MAE,, 0.2076 0.2357 0.2175 0.2094
17 CCC,, 0.8604 0.8267 0.8539 0.8841
18 0* Mo 0.7441 0.7246 0.7420 0.8083
19 Ryeer 0.1426 0.1495 0.1479 0.1690
20 RMSE. - - 0.2378 0.2456
21 MAE,, - - 0.1828 0.1874
22 R%.x - - 0.7574 0.7417
23 0%k - - 0.7670 0.7515
24 0% - - 0.7478 0.7310
25 0%r3 - - 0.7798 0.7651
26 CCCex - - 0.8477 0.8302

is able to predict better for the prediction set than the
training set.

In all the models, RDF55s (radial distribution function-
055/weighted by relative I-state, a 3D-descriptor) is com-
monly present with a positive coefficient. Therefore,
RDF55s has a positive correlation with the activity. Another
descriptor with positive relation with the activity is
AD2D423 (presence of oxygen-halogen at a topological
distance of 6). Els (1st component accessibility directional
WHIM index/weighted by relative I-state, a 3D-descriptor)
is present in the models 2-4 with a negative coefficient,
indicating its negative relation with the activity.

Model-1.1

The high value of R%,, CCCy, R*,, CCC,, and F with close
value of Rzadj indicates that the model is statistically robust
with adequate number of descriptors, i.e., it is free from
over-fitting. This is further confirmed by the low value of
LOF, RMSE,, s, RMSE,.,, and RZYScr. The correlation,

residual, and applicability domain plots further confirm the
statistical quality of the model. In addition, the model is
based on descriptors having very low inter-correlation (see
the supplementary material).

Models 1.2—1.4

For models 1.2-1.4, R*,, CCCy, R, CCCy,, R*,4j and F
satisfy the recommended threshold value, which indicates
that the models are statistically robust with acceptable
number of descriptors. The CV parameters chv, RMSE,,,
MAE,,, CCC., and Q* mo vindicate the statistical
robustness of the models. The external predictive ability of
the models is confirmed by the high values of R%.., O%F1,
Q2F2’ Q2F3, and CCC,,.

In Table 4, the experimental and predicted pICs, values
along with the status of the molecules in different models
have been tabulated.

Dataset-2: For dataset-2, the statistical parameters for
various GA-MLR QSAR models are tabulated in Table 5.
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Table 6 Experimental and S. no. Exp. Status Pred. Status Pred. Status Pred. Status Pred.
predicted pICsq values along pICso  model-1  pICs, model-2  pICsy model-3 pICso model-4 pICsg
with the status of the molecules model-1 model-2 model-3 model-4
in different models
1 6.6580 Training 6.5467  Training 6.4296  Training 6.5480  Training 6.4840
2 6.1870 Training 6.2442  Training 6.1332  Training 6.2457  Training 6.3019
3 5.4950 Training 5.6939  Training 5.4748  Training 5.7024  Training 5.7097
4 5.8240 Training 5.6856  Training 5.7094  Training 5.6941  Training 5.7602
5 6.5230 Training 6.5996  Training 6.4762  Training 6.6009  Training 6.5297
6 5.7450 Training 5.7470  Training 5.6548  Training 5.7577  Training 5.8656
7 5.8240 Training 5.5625  Training 5.5603  Training 5.5795  Training 5.5277
8 5.2440 Training 5.3701 Training 5.3789  Prediction 5.3871  Prediction 5.4355
9 54690 Training 5.8982  Training 5.8452  Training 5.9079  Training 5.7716
10 6.4690 Training 6.3096  Training 6.1833  Training 6.3113  Training 6.3235
11 6.7700 Training 6.3267 Training 6.2714 Prediction 6.3271  Prediction 6.2664
12 5.5380 Training 5.4968  Training 5.5203  Training 5.5056  Training 5.4149
13 6.2220 Training 6.4666  Training 6.3659  Prediction 6.4676  Prediction 6.3956
14 5.8860 Training 5.7585 Training 5.7135  Training 5.7683  Training 5.6735
15 59590 Training 5.6389  Training 5.7195  Training 5.6374  Training 5.7643
16 5.2080 Training 5.3692  Training 5.4802  Training 5.3752  Training 5.2679
17 52010 Training 5.3822  Training 5.7036  Training 5.3890  Training 5.4388
18 6.0270 Training 6.3231  Training 6.2825  Training 6.3310  Training 6.2565
19 6.2440 Training 6.0928  Training 6.0622  Training 6.1008  Training 6.0480
20 6.5090 Training 6.5092  Training 6.4943  Prediction 6.5165 Prediction 6.4971
21 5.5850 Training 5.4202  Training 5.4028  Training 5.4376  Training 5.4607
22 6.5380 Training 6.6790  Training 6.7607  Training 6.6888  Training 6.7277
23 7.0000 Training 6.6736  Training 6.7892  Training 6.6827  Training 6.6325
24 5.6990 Training 5.6207  Training 5.8055  Training 5.6388  Training 5.7560
25 6.9210 Training 6.9418  Training 7.0711  Training 6.9505  Training 7.0062
26 6.1190 Training 6.1746  Training 6.3624  Training 6.1920  Training 6.2441
27 6.9210 Training 6.5269  Training 6.5242  Training 6.5261  Training 6.7398
28 6.2010 Training 6.3307  Training 6.3314  Training 6.3300  Training 6.3100
29 6.2600 Training 6.2680 Training 6.2274  Prediction 6.2681  Prediction 6.4581
30 6.1080 Training 6.3574  Training 6.3239  Prediction 6.3573  Prediction 6.1536
31 6.0000 Training 6.3396  Training 6.2961  Training 6.3397  Training 6.2262

Model-2.1 (undivided dataset): pICsq = 3.6176(x1.1170) +
4.7639(+1.2164) * MATS7s — 0.3082(+ 0.1906) * FP144 +
0.9061(x0.2021) * KRFPC3159 — 1.2136(+0.9844) * AM1_
LUMO

Model-2.2 (undivided dataset): pICsq=3.4617(x1.2086) +
3.9877(x1.2580) * MATS7s — 0.2446(+0.2206) * ExtFP474 +
0.8142(x0.2232) * KRFPC3159 — 1.4583(+1.0627) * AM1_
LUMO

Model-2.3: pICsq=3.6318(x1.2369) +4.7733(x1.2560)
* MATS7s — 0.3012(+0.2150) * FP144 + 0.8978(+0.2222) *
KRFPC3159 - 1.2077(+1.0827) * AM1_LUMO

Model-2.4: pICsq=3.6897(+0.8080) +4.7111(+1.1005)
* MATS7s —0.2938(+0.1905) * FP144 + 0.9284(+0.1977) *
KRFPC3159 + 0.0221(+0.0133) * PEOE_VSA_POL

@ Springer

From Table 5, it is clear that all the models satisfy the
threshold value for many parameters that are used to judge
the external predictive ability of a QSAR model. MATS7s
(Moran autocorrelation—lag 7/weighted by I-state, a 3D-
descriptor) and KRFPC3159 (a finger print descriptor which
stands for presence of furan ring) are present in all the
models with positive coefficient. This indicates that furan
ring has good correlation with the activity and it must be
retained in future developments. A plausible explanation of
molecular descriptor MATS7s could be that the compounds
should have atoms at a topological distance of 7 with
different I-state as a tendency. This means that one atom i
should have I-state higher than the average I-state of the
molecule and the other atom j should display the opposite.
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From models 2.1-2.3, it appears that AM1_LUMO (least
unoccupied molecular orbital calculated by AM1 method)
has negative correlation with the activity. AM1_LUMO
signifies the overall eletrophilicity of a molecule. To
enhance the activity, the value of MATS7s and
KRFPC3159 must be as high as possible, whereas reverse is
true for AMI_LUMO. PEOE_VSA_POL is a descriptor
that corresponds to van de Waal’s polar surface area. The
positive coefficient for PEOE_VSA_POL indicates its
positive correlation with the activity.

In Table 6, the experimental and predicted pICs, values
along with the status of the molecules in different models
have been presented.

Conclusions

In conclusion, robust QSAR models with good external
predictive ability have been developed. The developed
models, since, satisfy the threshold values for many statis-
tical parameters that are essential to ascertain the quality and
utility of a QSAR model, the developed models could be
useful for future optimization of the activity profile of the
molecules used in dataset 1 and 2. The pharmacophore
models revealed the characteristic features that are essential
for activity. Both pharmacophore and QSAR models pro-
vide consensus and complementary prospective ideas about
the structural features that must be considered.
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ABSTRACT

In this work, an attempt was made to propose new leads based on the natural scaffold
Thiaplakortone-A active against malaria. The 2D QSAR studies suggested that three descriptors
correlate with the anti-malarial activity with an R” value of 0.814. Robustness, reliability and
predictive power of the model were tested by internal validation, external validation, Y-
scrambling and Applicability domain analysis. HQSAR studies were carried out as an additional
tool to find the sub-structural fingerprints. The CoMFA and CoMSIA models gave Q? values of
0.813 and 0.647, and RznCV values of 0.994 and 0.984, respectively. Using the 2D-QSAR
equation, the activity values of the seven modified compounds were calculated and it was found
that three molecules showed good anti-malarial activity. Molecular docking of the 42
Thiaplakortone-A derivatives with P. falciparum calcium-dependent protein kinase 1
(PfCDPK1) was carried out to find out protein-ligand interactions. Data mining of the bioassay
dataset AID: 504850 using the classifier based on Random Forest (RF) of Weka suggested that
all of the eight molecules selected and three out of the seven virtual molecules were anti-malarial
active. Both the virtual molecules and drug molecules were docked with CYP3A4, indicating
that the virtual molecules could metabolize easily. Toxicity studies using Osiris shows that three

molecules showed no toxic characters.

Keywords: Malaria, 2D-QSAR, HQSAR, 3D-QSAR, Molecular docking
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Introduction

Malaria is a devastating global health threat. Approximately half of the world population
is at the risk of being infected by the disease (White et al., 2014). Malaria is caused by five
Plasmodium species: P. falciparum, P. ovale, P. vivax, P. malarie and P. knowlesi, of which P.
Jalciparum, sources cerebral malaria and is the primary cause of mortality. Because of the
emergence of multi drug-resistant pathogens, there is an urgent necessity for the development of
new drugs. Many of the newly synthesized medicines do possess many side effects. Many
multinational drug companies keep unethical business and profit-oriented mindset which leaves,
insufficient input in promoting research. Thus research and development, leading to the
discovery of medicines for diseases which affect the third world countries, are meager. The
increase and spread of artemisinin-resistant parasites is alarming, since no drugs are available to
replace the ACTs as the frontline anti-malarial treatment. This necessitates the importance of

modification of the existing drugs or of designing new drugs.

Calcium-dependent protein kinases are lacking in human beings, but their presence is
reported in plants and Alveolates (Harper and Harmon, 2005). PfCDPKI is a calcium-dependent
calmodulin-independent protein kinase which is expressed in the asexual blood stages of the
parasite responsible for disease pathology (Zhao et al., 1993). It is concerned in parasite motility
and host cell invasion, where it is able to phosphorylate components of the molecular motor that
drives parasite invasion of red blood cells (Green et al., 2008; Holder et al., 2012). The
prevention of this invasion process could break the parasite lifecycle, causing the parasites to die.
Pf CDPKI therefore represents a novel target for the potential treatment of malaria. Earlier

workers have reported inhibitors of PACDPKI1 and inhibitors of the CDPK1 enzymes from the
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related Apicomplexan protozoa, Toxoplasma gondii and Cryptosporidium parvum (Kato et al.

2008; Lemercier et al. 2009).

The effectiveness of natural products has stimulated scientists to search for new paths in
drug design (Newman et al., 2012). Due to the ease of accessibility, pharmaceutical synthesis has
drawn greatest consideration towards herbal medicines. One fourth of the drugs prescribed
worldwide at present comes from plants and 60% of anti-infectious drugs already on the market
or under clinical investigations are of natural origin (Sala et al., 2011). This highlights the
importance of developing natural products based drugs for diseases like malaria (I.6pez et al.,

2009).

Many scientists have put in their efforts to conduct studies to understand the anti-malarial
activities of plant based products. Researchers have reported the in vivo-and in vitro studies of
the Aspidosperma (Apocynaceae) plant against malarial parasite and concluded that the plant
species is likely to be useful in the further development of an anti-malarial drug (Aguiar et al.,
2015). Mojarrab et al., studied the anti-malarial activity of the three Iranian Artemisia species, A.
ciniformis, A. biennis and A. turanica by invitro f-hematin formation assay. They observed that
the dichloromethane (DCM) extract of A. ciniformis and ethyl acetate (EtOAc) extracts of A.
biennis and A. turanica showed significant anti-malarial activities (Mojarrab et al., 2015). But it
can be seen that many of the phytochemicals as such are not so active against the malarial
parasites. Possibility of another derivative with more biological activity is not probed. This could
result in the loss of vital-information regarding the formulation of any active derivatives out of
the chosen phytochemicals. Therefore it is wise to develop derivatives out of the phytochemicals

and examine their activities.

Thiaplakertones A-D displayed significant growth inhibition against chloroquine-
sensitive (3D7) and chloroquine-resistant (Dd2) P. falciparum (ICsy values <651 nM) and
showed only moderate cytotoxicity against HEK293 cells (ICso values >3.9 uM).
Thiaplakortone-A, is the most active natural product found in the Australian marine sponge
Plakortis lita and shows ICsg values of 51.0 and 6.6 nM against chloroquine-sensitive (3D7) and
multidrug resistant (Dd2) P. falciparum parasite lines, respectively (Davis et al., 2013). These
studies suggest that none of the modification resulted in getting derivatives with activity higher

than that of Thiaplakortone-A.
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Synthesis and structural characterization of new compounds and the subsequent
understanding of their biological activity are rather cumbersome procedures which demand time,
expense and hard work. This is where computational drug design comes for our help and
understanding. Quantitative Structure-Activity Relationship (QSAR) study can be used to
demonstrate how the structural features of molecules relate to the biological activity using
chemometric methods. Thus we can replace the expensive biological tests or experiments, since
QSAR studies can be used to predict the responses to the new compounds. The QSAR technique
mathematically correlates the biological activity of the molecules with their various structural
features called molecular descriptors. Accordingly, the QSAR technique has been widely
reformed by different groups of researchers for identifying novel chemical entities. We have
earlier reported the QSAR and molecular docking studies for a series of 7-substituted-4-
aminoquinoline derivatives to study their anti-malarial activity (Shibi etal., 2015). Sainy and
Sharma have reported the anti-malarial activity studies of thiolactone derivatives using QSAR
and molecular docking studies (Sainy and Sharma, 2015). Masand et al., 2015 reported the
application of QSAR studies to find out the anti-proliferative activity of substituted Phenyl 4-(2-
Oxoimidazolidin-1-yl) benzenesulfonates. In an attempt for finding out new potent anti-malarial
agents, we have performed 2D- and 3D-QSAR studies on Thiaplakortone-A derivatives for
quantifying the necessary structural and physicochemical requirements for designing some leads

as potent anti-malarial drugs.

The present study is focused on understanding the theoretical aspects of the structural
features of the natural scaffold Thiaplakortone-A and the derivatives for designing new drug
molecules. For the purpose, more than 15000 molecular descriptors which represent the
structural characterization of Thiaplakortone-A and its derivatives are generated to understand a
logical correlation between structure and activity. We also constructed highly predictive and
acceptable HQSAR model (Moda et al., 2007). The comparative molecular field analysis
(CoMFA) was carried out to find the correlation of steric and electrostatic properties with that of
their biological activity (Cramer et al., 1988). The role of steric, electrostatic, hydrophobic and
H-bond donor in properly curating the molecules is of utmost importance. Hence we carried out

comparative molecular similarity indices analysis (CoMSIA) studies (Klebe et al., 1994).

Molecular docking also plays an important role in drug design and elucidation of protein-

ligand complex structures (Amtul et al., 2007). It can be used prior to experimental screening and

5
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can be considered as a dominant tool to reduce the effort and cost needed for the development of
new drug molecules. The interactions of drug molecules with the receptor protein were
effectively understood by a molecular docking analysis. Several studies have revealed the pivotal
role played by the drug candidates in interacting with the protein P. falciparum calcium-
dependent protein kinase 1 (PfCDPK1), which prompted us to select the same proteins for our
study (Bansal et al., 2013; Holder et al., 2012). A series of 42 analogues of Thiaplakortone-A
were selected for the present study.(Schwartz et al., 2015). All the 42 compounds were docked
with both the two protein targets which aided the filtering of eight molecules. Based on the
structural information gathered from the above studies seven new virtual molecules were created.
Using the 2D-QSAR model developed, the biological activity of the new. virtual molecules were
computed and were found to be very much promising. Before further analysis another screening
was carried out by artificial intelligence method based on Random Forest (RF) algorithm of
Weka. Based on the RF model virtual screening of all the 42 Thiaplakortone-A derivatives and
seven virtual molecules was conducted and it was found that 18 molecules from the
Thiaplakortone-A bunch and four of the new virtual molecules possess anti-malarial properties.
It is also interesting to note that those molecules screened by Weka and possessing high docking
score are also validated by Osiris software which exemplifies their lead like properties. Several
studies found out that the metabolic action with respect to Cytochrome P450 gives a proper

indication regarding the toxicity of the selected molecules.

Materials and Methods

Datasets

The 3D-structures of the 42 Thiaplakortone-A derivatives were drawn in Molecular
Operating Environment (MOE) software (MOE Version 2007.09, Chemical Computing Group,
Inc.). Each compound was energy minimized and optimized by using Merck Molecular Force
Field (Halgren, 1996). Structures of the selected Thiaplakortone-A derivatives and their

respective inhibitory activities are given in Table 1.

2D-QSAR
2D-QSAR studies require the calculation and selection of suitable descriptors. The
energy-minimized geometry of each molecule was used for the calculation of the various

descriptors. The MOE and PaDEL-Descriptor programs were used for the calculation of 15533
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different descriptors. Descriptor selection is carried out by the software PHAKISO. “General”
and “CORCHOP” are the main descriptor filtration algorithms in PHAKISO. “General” method
is used to remove descriptors which have the same values and with missing values. And
“CORCHOP” method was used to remove the repeated, inter-correlated and correlated
descriptors. After the selection, the pool of descriptors was reduced to 214. These descriptors
were selected as independent variables and ICsg as the dependent variable. The ICsy (nM) values
were converted into pICsg (-log ICsp), which can be used as dependent variable for subsequent
2D-QSAR analysis. The dataset was split into 85% training set and 15% test set for model
development and subsequent validation. The software QSARINS was employed to search the
optimum number and set of descriptors using multiple linear regression (MLR) models.

(Gramatica et al., 2013)

2D-QSAR model validation
The quality of the built model is evaluated by internal validation, using squared cross

validated corrrelation coefficient (Qz).

Z?:l (Ypred - Yexp)z
Z?:l (Ypred - Ymean)z

Q?=1- (1)

where Ypred, Yexp and Y pean are the predicted, experimental and mean values of the pICs,

respectively.

The predictive ability of the developed QSAR model is estimated using correlation
coefficient (R), standard deviation (s), Fischer’s test (F), level of confidence (p), predicted
residual sums of squares standard deviation (Spress) and standard deviation error in prediction

(SpEp).

The model is further validated by external validation, Y-randomization and applicability
domain calculation. The external validation of the built model is tested with the following
parameters: rzext (external determination coefficient), Q2F1, Q2F2, Q2F3, Concordance Correlation
Coefficient (CCC), CCCey;, rzm, and Arzm. Arzm estimated the closeness between the values of the
predicted and the corresponding observed activity values. Y-randomization experiment is
performed to detect the chance correlations between the dependent variable and the descriptors.

(Riicker et al., 2007)
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Other parameters such as RZ, Ri?, k, and k’ are also calculated. RZ (Predicted vs.
observed activities) and RZ(observed versus predicted activities) are the coefficients of
correlation obtained by the regression lines through the origin, with the intercept set to zero.
Generally for a model with good predictive ability, R or Ry? must be equal to or lower than R%.
For the slope value k (predicted versus observed activities) or k' (observed versus predicted
activities), suitable range is 0.85 <k < 1.15 or 0.85 <k' < 1.15. (Golbraikh & Tropsha,2002;
Zhang et al., 2006)

Applicability domain (AD) calculation is applied to investigate the possible presence of
outliers in the whole data set. The AD of the developed QSAR models is evaluated using the

standardization approach. (Roy et al., 2015)

HQSAR

The structures of Thiaplakortone-A derivatives were converted into fragments initially
utilizing the default fragment size of 4-7 atoms per fragment. All fragments were assigned in
characterized molecular hologram lengths (53, 59, 61, 71,83, 97, 151, 199, 257, 307, 353, 401
bins) and fragment distinction examination was performed in terms of atoms, bonds,
connectivity, hydrogen and donor/acceptor atoms. During the HQSAR runs, different
combinations of these parameters were considered. After the partial least-squares (PLS) analysis,
several QSAR models were generated for each distinguishing fragment. The internal validation
was performed by leave-one-out (LOO) cross-validation. An external validation was performed

with the test set of 7 compounds, which was not considered in the HQSAR model development.

3D-QSAR

All the selected Thiaplakortone-A derivatives and their inhibition zone were used to
construct COMFA and CoMSIA models using the program SYBYL (Tripos International,
Missouri, USA). For both CoOMFA and CoMSIA analysis, the standard Tripos force field was
employed. The total set of 42 molecules was divided into two subsets: the training set and the
test set comprising 35 and 7 compounds, respectively, in such a way that both sets cover the
entire range of biological activity (Table 1). The training set was used to generate the models and
the test set was used to validate the quality of the models. The partial atomic charges of the
compounds were calculated by the Gasteiger-Hiickel method and energy minimizations were

performed using the Tripos force field (Gasteiger and Marsili, 1980) with 1000 iterations, a
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distance-dependent dielectric and the Powell conjugate gradient algorithm convergence criterion

of 0.01 kcal mol™ A (Clark et al., 1989).

3D-QSAR model construction

The steric (S) and electrostatic (E) CoMFA potential fields were computed at every
lattice intersection of a regularly spaced grid of 2.0A. The grid pattern was generated
automatically by the SYBYL/CoMFA routine. The steric (Lennard-Jones potentials) and
electrostatic (Coulombic potentials) fields were ascertained utilizing the standard Tripos force
fields in 3D grid with a spacing of 2.0 A and extended at least 4.0 A beyond the van der Waals
around aligned compounds in all directions. A distance-dependent dielectric constant of 1.00 was
used. A sp’ hybridized carbon atom with +1 charge served as probe atom to calculate steric and
electrostatic fields. The steric and electrostatic contributions were reduced to +30.0 kcal/mol and
electrostatic contributions were ignored at the lattice intersections with maximal steric
interactions. The minimum sigma (column filtering) was set to 2.0 kcal/mol to increase the
efficiency of the predictive models and to decrease the noise so that the columns possessing less
energy variance in contrast to this value were excluded from analysis. To derive appropriate
results, the “StDev*coeff” (the standard deviation and the coefficient) values as different

weighing factors in addition to the grid spacing were performed.

For CoMSIA examination, five similarity indices comprising of steric (S), electrostatic
(E), hydrophobic (H), hydrogen bond donor (D) and hydrogen bond acceptor (A) fields were
computed for each lattice with a grid of 2A. The CoMSIA descriptors were acquired utilizing the
settings of sp” carbon-atom as a probe atom with a +1 charge, +1 hydrophobicity, +1 hydrogen
bond donor and +1 hydrogen bond acceptor at each lattice. A default value of 0.3 was used as the

attenuation factor:.

3D-QSAR Statistical Results

Partial least squares (PLS) methodology for cross-validation with leave-one-out (LOO)
method is used in 3D-QSAR to produce a series of coefficients (Bush and Nachbar, 1993; Wold
etal., 2001). The most active molecule tpk1 was selected as the template for alignment. Different
statistical parameters such as the cross-validated correlation coefficient (Q2), non-cross-validated

correlation coefficient (Rzncv), the predicted correlation coefficient (Rzpred), standard error of
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estimate (SEE), the optimum number of components (ONC) and F values were taken into

consideration to validate the model.

The LOO cross-validation was performed to identify the cross-validated correlation
coefficient (Q?) values. Then the ONC perceived in the LOO cross-validation process was
utilized in the final non-cross-validated PLS run with a column filter value of 2.0 kcal/mol. In
CoMSIA, five descriptors available are considered. In all cases it has been established that the
five different descriptor fields are not totally independent of each other and that such dependency
among individual field usually decrease the statistical significance of the models (Bringmann and
Rummey, 2003). We have generated 14 different models in order to build the optimal 3D-QSAR

models with the highest Q* values and other statistical results for each class:

To evaluate the predictive power of 3D-QSAR models, the biological activities of the

external test set were predicted. The Rzpred, is calculated using the equation

RZ =1- Z(Ypredicted_yobserved)z (2)
pred XY observed_Ymean)2

where Y predicieds Yobserved aNd Y mean are predicted, actual and mean values of the activity,

respectively. Y (Ypreaictea — Y, pservea)? isthe predictive sum of squares (PRESS).

To further validate the predictive ability of the constructed models, the following equation was

used (Rénnar et al., 1994):

R} (overay = R? X (1= /R =R}) 3)
Molecular docking

Molecular docking studies were performed using MOE (Chemical Computing Grouplnc,
Montreal, Quebec, Canada), in order to investigate the interaction mechanism and probable
binding mode of Thiaplakortone-A derivatives at the active site of Plasmodium falciparum
calcium-dependent protein kinase 1 (PfCDPK1). The 3D crystal structures of PfCDPK1 (PDB
ID: 3179 & 3HZT) were retrieved from the protein data bank (Berman et al., 2007). This
structure was protonated and energy minimized in MMFF94x force field to a gradient of 0.0001
kcal/mol/A (Halgren, T.A. 1996). The “Site Finder” module in MOE was used to identify and
place dummy atoms into the active site pocket. The default settings for all of the parameters
including Ligand Placement (Triangle Matcher) and Rescoring (London dG) were used. The top

scoring ligand pose from each docking run was used for calculation of binding energy.

10
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The physicochemical properties of the selected protein molecules 3179 and 3HZT were
determined using Expasy ProtParam tool (Gasteiger et al., 2003). ProtParam in Expasy
Proteomics Server computes various physicochemical properties that can be deduced from a
protein sequence. The properties such as theoretical isoelectric point (pI), molecular weight, total
number of positive and negative residues in the query, its value extinction coefficient, instability

index (II), aliphatic index (AI) and grand average hydropathy (GRAVY) were computed.

Data mining

Data mining was carried out using Weka software, using RF algorithm. The RF algorithm
creates multiple decision trees using bootstrap samples from the original training data set. Then
the set of trees is used for classification. The RF algorithm is an ensemble classifier. It gives high
accuracy and time efficiency for predictive data modeling. Classifier performance is evaluated
via k-fold cross-validation. 10-fold cross-validation (CV) was used here as it gives higher bias in
the expected prediction error but lower variance. The result from the test set is presented by a
confusion matrix which consists of true positives (TP), false positives (FP), false negatives (FN)
and true negatives (TN). It gives an idea to understand the results of the classification method.
TP (TN) represents the total number of correctly classified instances and FN (FP) refers to the

total number of respectively misclassified instances.

Prediction of metabolic behavior of the virtual molecules

SMARTCYyp is used for predicting the reactivity at C, S, N, and P positions in a given
ligand. (Rydberg et al., 2010) The results are obtained in the form of a structure and a table for
each molecule. The 3 top ranking atoms are highlighted in the structure and table. From this the
site with the highest probability of metabolism can be understood. If a given substrate had more

than one known site of metabolism (SOM), only the highest predicted SOMs were considered.

Results and Discussion
2D-QSAR

In the present study, the natural scaffold Thiaplakortone-A based derivatives were taken
to understand a logical correlation between structure and activity. Using the MLR analysis
method the following 2D-QSAR model was obtained.

pICso =- 0.0072 (= 0.0033) SMR_VSAT1 - 0.0713 (= 0.0324) MNDO_LUMO - 6.4747 (+
3.4349) maxHssNH + 6.1505 (= 0.0429) .4)

11



Downloaded by [University of Pennsylvania] at 22:31 07 August 2016

R2=0.814; R2-54;. = 0.790; s = 0.1258; F = 33.825; Q*=0.757; p < 0.0001

where R2- 54 refers to the adjusted coefficient of determination, s is standard deviation, F

indicates F-ratio test, Q” indicates cross validated correlation coefficient.

The three physicochemical descriptors (SMR_VSA1, MNDO_LUMO and maxHssNH)
were involved in this QSAR equation. All the descriptors were found to contribute negatively to
the biological activity of the compounds which indicates that decrease in their values'would
result in an increase in activity. The negative coefficient of the three descriptors indicates that the
values should be kept as low as possible to have acceptable activity. The model has good
capacity to explain the observed values of biological activity because it possesses high cross
validated correlation coefficient (Q*= 0.757) and is further confirmed by the low standard

deviation (s = 0.1258). The model explains 81.4% of the variance in the antimalarial activity.

The predictive ability of the model is very high, which is reflected by the external
validation parameter values RMSE ¢ = 0.0981, Q% = 0:9311, Q%m = 0.9244, Q%3 = 0.8684 and
CCCey = 0.9524, 171y aver = 0.7117, Ar*y, = 0.0954. Other statistical parameters, i.e., RZ and R{?
were 0.758 and 0.700, respectively, whereas k-and k™ were 1.00 and 0.99, respectively. All the
parameters were within acceptable range, and a small residual difference between the observed

and predicted activities proved that the developed model is good.

SMR_VSAL1 is the sum of v; such that R; is in (0.11,0.26). It belongs to the category
generally called as the Subdivided Surface Areas which are descriptors based on an approximate
accessible van der Waals surface area (in Az) calculated for each atom, v; along with some other
atomic property, p;: If n; is the number of occurrences of atomic number i in the molecule,
then p; = n; / n'wheren is the sum of the n;. The v; values are calculated using a connection table
approximation. Each descriptor in a series is defined to be the sum of the v; over all atoms i such
that p; is in a specified range (a,b). R; denotes the contribution to Molar Refractivity for atom i as

calculated in the SMR descriptor.

MNDO_LUMO is a potential energy based descriptor. It denotes the energy (eV) of the
Lowest Unoccupied Molecular Orbital calculated using the MNDO Hamiltonian (Stewart, 1993).
maxHssNH is a 2D descriptors which means Maximum atom-type H E-State of -NH-. Table 2

gives the values for observed, predicted antimalarial activities and residual values.

12
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In the present work, only three descriptors have been incorporated in the final 2D-QSAR
model, as adding more descriptors in the model resulted in negligible improvements only in the
value of R”. Hence, the heuristic search was limited to three descriptors to avoid over-fitting and
to keep the model as simple as possible. Thus the model predicts the anti-malarial activities of

the set molecules with greater predictability using the selected parameters.
Y-randomization test

Y-randomization experiment is performed to detect the chance correlations between the
dependent variable and the descriptors. (Riicker et al., 2007) In the Y-randomization test, the
dependent variable is scrambled and new QSAR models are developed using the same set of
independent variables as present in the un-randomized model. The models obtained should be of
poor quality. The statistics of the randomized models (Q? and R?) should be poor, otherwise,
each resulting model may be based on pure numerical effects. For-an acceptable QSAR model,
the average correlation coefficient (R;) of randomized models should be less than the correlation
coefficient (R) of non-randomized model. The extent of difference in the values of the mean
squared correlation coefficients of the randomized (Rr2) and that of the non-randomized (Rz)
models is reflected in the value of R, parameter. (Todeschini, 2010) The value of °R,’should be

more than 0.5 for passing Y-randomization test.

‘R,°"R x/[RZ x R2 (5)
The biological activity, whichis the dependent variable, is randomized keeping the others
descriptors as such.In the present study, fifty randomized models were constructed and the
model parameters obtained are presented in table 3. Since the Csz value obtained is 0.792, the Y-

randomization test was passed for our model.

Applicability domain (AD) analysis

In addition to Y randomization, AD of the developed QSAR model was analyzed by
employing basic theory of standardization approach. It helps to define the model limitations with
respect to its structural domain and response space. Applicability domain is the area of the
physicochemical, structural, or biological space where the model is expected to be exploitable
and the predictions are assumed to be trustable. The training set compounds define the

boundaries of the chemical space where predictions could be considered as the result of data

13
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interpolation. The algorithm and methodology proposed by Roy et al was used to define outliers
(in the case of the training set) and to identify the compounds residing outside the AD to cross-
examine and substantiate the QSAR model (Roy et al., 2015). No-X outliers were identified
either in the training or in the test set which eliminates the chances of uncertainty in the
predictions. This also proves that compounds in the training set are similar and their modelled

3D descriptors and modelled response reside within the AD.
HQSAR

It is not clear which substitution position and what kind of substituents could provide the
most significant contribution to the PACDPKI inhibitory activity. So HQSAR study was
conducted to obtain more inclusive information. HQSAR is a 2D-QSAR method which creates
structure activity relationship based on the fragments (Salum and Andricopulo, 2009). The
extended form of the fingerprint used by it is known as a molecular hologram which contains all
the possible molecular fragments within a molecule. The advantage of HQSAR technique is that
it does not require the alignment of dataset on common template. HQSAR requires only 2D
structure which employs specialized fingerprints as predicted variable of pharmacological
activity, which is considered as dependent variable. Even though this method is 2D in nature, it

utilizes 3D information such as chirality and molecular hybridization.

The best HQSAR model for PACDPK1 inhibitors was found to be the model with atoms,
bonds, connectivity and hydrogen atoms (A/B/C/H) as the fragment distinction parameters. The
results of the HQSAR analysis are reported in Table 4. The model shows good predictive
capacity (R = 0.682), high data fitting (R?1ev = 0.958) and low cross-validated standard error
(SEP = 0.198).

Considering only the HQSAR contribution maps of the most active compound tpkl, (Fig.
1a), the generated model is able to identify fragments which increase the biological activity
which are colored in yellow and green). However, in the case of least active compound tpk22,
(Fig. 1b), the model identifies the fragments that decrease the activity which are coloured in red
and orange in the model. The fragments colored in white (neutral contribution) highlights

fragments without correlation with the biological activity variation.
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The fragment CH, adjacent to the pyrrole ring exerts maximum contribution. Besides
this, the hydrogen atom attached to the nitrogen of the pyrrole ring has also been marked green.
The fragments contributing moderately to the activity profile of the molecules constitute N atom
of the pyrrole ring bearing the R1 substituent. Thus, compounds bearing all of the essential
molecular fragments exhibit potent anti-malarial activity, while those lacking the essential

fragments lie down in the lower activity range.

Even though the above model explains how various alkyl groups affect the activity of a
compound, the fragment collision is the limitation of HQSAR technique. Also the predictive
quality of an HQSAR model is dependent on the setting of the atoms, bonds, connections,
hydrogens and chirality parameters. So, 3D-QSAR studies have been carried out to find out how

the presence of certain groups affects the anti-malarial activity of the compounds.

3D-QSAR
CoMFA statistical analysis

CoMFA and CoMSIA were generally used for understanding the QSAR at the 3D level.
In 3D-QSAR methods the active conformer and superposition rule for a set of molecules were
employed to clarify how the molecular structures of the compounds and bio-activity are related
whereby the potency of the molecules could be predicted. The CoMFA methodology assumes
that a suitable sampling of the steric and electrostatic fields around a set of aligned molecules
provides all the informationneeded for understanding their biological properties. The statistical
parameters of standard CoMFA models constructed for Thiaplakortone-A derivatives with steric
and electrostatic fields are given in Table 6. PLS analysis of the training set showed a high Q
value of 0.813 with seven ONC. The non-cross-validated PLS analysis with the ONC results in
an R2nCV of 0. 994, F=216 and a SEE of 0.027.

Considering both steric and electrostatic field contributions, the former accounts for 59%,
while the latter contributes 41%, indicating that the steric factor contributes slightly more to the
binding affinities of the ligands to the target. The SEP (0.149) suggest a high degree of

confidence in the analysis.

To further evaluate the reliability and predictability of the built model, the external test

set of 7 compounds was used. The statistic parameters, Rzpred =0.892 and R2m (overall) = 0.788,
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suggested a good predictive ability of our COMFA model. Table 7 lists the experimental,

predicted activities and the residual values of the dataset.
CoMFA contour map analysis

The CoMFA contour map of steric field is revealed in Fig. 2a. The green contour
recommends where increased steric bulk is connected with enhanced PACDPK1 inhibitory
activity, whereas the yellow contour indicates the regions where sterically bulky groups would

decrease the PfCDPKI inhibitory activity.

Near the R2 region, there is one big green contour which demonstrates the favorable
impact of bulky groups in increasing the inhibitory activity of compounds. This is illustrated by
comparing the activities of molecules 11 and 6 where the presence of bulky groups like i-Butyl,

(> Ethyl) as R2 substituent would bring about higher pICs, values (6.270 > 6.153), respectively.

This is additionally seen between compounds 12 and 8 where compound 12 possessed
Cyclopentylmethyl group and displayed higher inhibitory activity (pICso = 6.219) and bulky
characteristics than compound 8 which contained c-Propyl group as the R2 substituent (pICsy =
5.943). By means of the bulky substituents (—Chloromethoxyphenyl > —Fluorophenyl) as R2
substituent would prompt pICsg values-in the compounds: 23 (pICsp = 6.034) and 17 (pICso =
5.889).

This outcome can-also be observed between compounds 36 and 27 where the higher
activities can be related to the presence of — N(H)-adamantyl and — Furanyl substituents., The
increase in the bulky behavior of the substituent (—Furanyl < — N(H)-adamantyl), increases the

inhibitory activities also. (5.967 < 6.200).

The contour map of the electrostatic field of CoOMFA model is shown in Fig. 2b.
Increasing positive charge is favored in blue regions (contribution level of 80%) and increasing
negative charge is favored in red regions (contribution level of 20%). The electrostatic contours
map shows red contour at the R2 substituent. The presence of red contours illustrates the
favorable effect of negative charge in some series of compounds. The electrostatic contour plot
has a blue contour near R1 group and red contours around R2 group. The red contour above the

R2 group can be explained by comparing compounds 14 and 13 where replacing of phenyl with
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2-Fluorophenyl increases the negative charge behavior of this substituent. Consequently, the
pICso values also increase (6.235 < 6.352). Further, the influence of the substituents can be
understood by comparing compounds 19 (having -2, 6-Difluorophenyl group with pICs =
5.962) and 17 (having —4-Fluorophenyl group with pICsy = 5.889) where the use of the negative
charge group as R2 would lead to the increase of the inhibitory activities. The red contours
observed near R2 substituent can be described considering compounds 23 and 16.; When the
negative charge features increase (3-Chloro-4-methoxyphenyl > —3-Bromophenyl), the
inhibitory activities (6.034 > 5.847) decrease. The blue contour above the R1 group can be
explained by comparing compounds 41 and 42 where Benzyl is replaced with 4-Chlorobenzyl
resulting in the negative charge behavior of this substituent, which was confirmed by the

increased inhibitory activity (6.356 > 6.197).
CoMSIA statistical analysis

CoMSIA uses Gaussian approximation for calculating similarity indices at various grid
points. But in CoMFA analysis the lattice points located inside the molecules are not taken into
account in the statistical correlation analysis. Partial least square analysis with the CoMSIA
descriptors resulted in satisfactory Q2 and R2nCV values. Table 5 shows the summary of the
statistical analysis of COMSIA. In the CoMSIA,; the LOO cross-validated value Q2 with
combined steric (S), electrostatic (E), hydrophobic (H) and hydrogen bond donor (D) fields was
0.647 with six ONC for training set. The non-cross-validated PLS analysis with the ONC results
in an R2rlCV of 0. 984, F =292.970 and a SEE of 0.042. The percentage of the variance explained
by S, E, H and D descriptors are 0.151, 0.313, 0.188 and 0.349, respectively.

The predicted pICsy values with the CoMSIA model is found to be in good agreement

with the experimental data within a statistically tolerable error range, with R2pred value of 0.718.
CoMSIA contour map analysis

The electrostatic contour map of the CoMSIA model is shown in the Fig. 3a, where
increasing positive charge is favored in blue regions (contribution level of 80%) and increasing
negative charge is favored in red regions (contribution level of 20%). The large blue contour
around R2 group is explained by comparing compounds 11 and 32 where replacing i-Butyl with

Ot-Bu increases the positive charge behavior of this substituent and accordingly, the pICs values
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are increased (compound 11; pICsp = 6.270 < compound 32; pICsy = 6.123). Comparison of
compounds 36 and 34 suggests that the negative charge groups (—N(H)-adamantyl> —N(Me)
OMe) impart higher biological activities (6.200 > 6.130), to compound 36. As shown by the
pICsp values, the presence of groups such as —Difluorophenyl (compound 19 with pICsy = 5.963)

in contrast to —Phenyl (compound 13 with pICsy = 6.235) resulted in the decrease of activity.

Fig. 3b describes the CoMFA steric contour map. In the CoOMSIA steric contour map,
green colour represents areas were more bulk groups are favorable, while the unfavorable steric
areas are indicated by yellow contours. A large green contour is present near the R2 group which
demonstrates that the presence of bulk group will increase the activity of the molecules. This is
explained by considering the molecules 23 and 16 where replacing 3-Chloro-4-methoxyphenyl
with 3-Bromophenyl increases the steric behavior of the substituent and consequently, the pICsg
value is increased (compound 23; pICsp = 6.034 < compound 16; pICsy = 5.847). The presence of
Cyclopentylmethyl ring in the compound 12 exhibits (pICso = 6.219) higher inhibitory activity
compared to the compound 8 (pICsp = 5.943), having a c-Propyl group in the R2 position.

The magenta region of the CoMSIA hydrophobic contour plot in Fig. 3c, reveals that the
hydrophobic substituents in this region could enhance the inhibitory activity while the orange
contour represents the enhancement of the inhibitory activity by the hydrophilic substituents in

this region.

In the CoMSIA hydrogen bond donor contour maps, as observed in Fig. 3d, the cyan
contour indicates that hydrogen bond donor substituents in this region will improve the activity
while the purple contour indicates that hydrogen bond donor substituents in this region will lead

to decrease in-activity.

The steric and electrostatic field contributions to the CoMFA model were 59% and 41%,
respectively. The field graphics obtained from CoMSIA analysis elucidated the relationships
between differences in the fields and variations in the dependent variable. The contributions of
steric, electrostatic, hydrophobic, H-bond donor and acceptor fields to CoOMSIA were 15.1, 31.3,
18.8 and 34.9%, respectively.

Comparison of the QSAR models
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A consensus details regarding the prediction of activities from all the models is assessed
by finding the correlation between the predicted and experimental pICsg values for 2D QSAR,
HQSAR, CoMFA and CoMSIA models and are presented in Fig.4. The trend lines with respect
to 2D QSAR and CoMFA are very close with R values of 0.843 and 0.757, respectively. The
CoMSIA model shows an R” value of 0.851.The plot also identifies the existence of outliers of
the HQSAR model. The HQSAR plot shows an R? value of 0.657. All the methods haye

provided consensus and complementary results.
Protein validation and Molecular docking

P. falciparum calcium-dependent protein kinase 1 (PACDPK1) is responsible for
phosphorylation of components of the molecular motor that drive parasite invasion of red blood
cells. If this invasion process can be prevented the parasite life cycle will be broken, leading to
the destruction of the parasites. This could potentially prevent the infection. Therefore PACDPK1
represents a novel target for the potential treatment of malaria and offers promise for achieving
selectivity over the kinases of the human host (Ahmed et al., 2012). The primary features of the
proteins 3179 and 3HZT were studied using Expasy proteomics server (Wilkins et al., 1999). By
using ProtParam tool, the physicochemical characters were analyzed. The molecular weight of
3179 obtained is 55289.55 Da and the theoretical pl is 5.70. The II of the protein is calculated by
considering all the residues in the protein. This index has been used to predict whether a protein
is stable (II<40; proteins that have an in vivo half-life of >16 h) or unstable (I >40; proteins that
have an in vivo half-life of <5 h. (Guruprasad et al., 1990). The instability index is found to be
28.87 which classifies the protein as stable. The negative value of GRAVY (-0.423) illustrates
that the protein molecule is hydrophilic. Similarly, the molecular weight of 3HZT obtained is
54603.45 Da, theoretical pl is 5.55. The instability index is found to be 31.96 which classifies the
protein as stable. The Al of proteins can serve as a measure of thermostability of proteins (Ikai.,
1980). The Al of the proteins 3179 and 3HZT are 85.19 and 87.84, respectively, which shows
that both the proteins are thermally stable. The negative value of GRAVY (-0.419) illustrates that
the protein molecule is hydrophilic. 3179 has the extinction coefficient 49070 M'cm™ in 280 nm
solution assuming all pairs of Cys residues form cystines, while 3HZT shows 51840 M"'cm’".
The half-life estimated for both the proteins was 30 hours (unit measured based on mammalian

reticulocyte in vitro studies).
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The quality of the proteins 3179 and 3HZT (Fig 5) were evaluated using Ramachandran
plot obtained from MOE 2007.09 (Lovell et al., 2003). The output of the result shows that the
protein 3179 has three outlier amino acids Asn 370, Ala 413 and Asp 415. The number of
residues in the core region is 94.01%. The number of residues in the allowed region is 5.54% and
the number of residues in the outlier region is only 0.66%. 3HZT has no outlier amino acids. The
number of residues in the core region is 93.64%. The number of residues in the allowed region is
6.36%. Ramachandran’s plot predicts that the final structure is highly reliable for molecular

docking.

The molecular docking of 42 ligands with the proteins 3179 and 3HZT were carried out
using MOE 2007.09. The protein was made rigid and ligand was left free to rotate (flexible
docking). This was necessary to ensure that the docking process was in-accordance with lock and
key mechanism. The ‘Site Finder’ tool of the program is used to find the active sites of the

proteins. The results of the molecular docking are summarized in Table 8 and Fig. 6 and 7.
Molecular docking interaction studies of the selected ligands with 3179

The molecular docking results of the eight active compounds with the protein 3179 were
shown in the Table 8. The binding interactions of the ligands and the proteins were studied using
LigPlot. The 2D and molecular docking pose of the 8 active compounds with the protein 3179

are shown in the Fig. 6.

Molecular docking of compound tpkl (Fig. 6) with molecular docking score -13.6612
kcal/mole showed four side chain hydrogen bonding interactions between the residue Lys 59 and

the groups —NH,, carbonyl and sulfonyl group.

Compound tpk17 shows three side chain hydrogen bonding interactions (Fig. 6). The
carbonyl group shows a side chain hydrogen bonding interaction with the polar residue Lys 59
(2:63 A, 28%). One of the oxygen atoms of the sulfonyl group show two side chain hydrogen
bonding interactions with the polar residues Lys 176 and Ser 61 (2.91 A, 28%,2.99 A, 22%). It

shows a molecular docking score of -13.2110 kcal/mole.

The binding mode observed (Fig. 6) for the compound tpk20 shows that the residue Lys

176 forms side chain hydrogen bonding interactions with the oxygen atoms of both the carbonyl
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and sulfonyl groups (2.44 A, 56%, 2.57 A, 58%). The proximity contour shows that the molecule
is very closely hemmed in by the active site. A side chain hydrogen bonding interaction is
observed between the —-NH group and the residue Ser 83. The molecular docking score is found

to be -13.2729 kcal/mole.

Compound tpk28 shows interactions like side chain hydrogen bonding interaction and
backbone hydrogen bonding interaction (Fig. 6). The oxygen atom of the sulfonyl group shows a
back bone hydrogen bonding interaction with the amino acid Ser 205 (2.6 A, 86%). The carbonyl
group forms a side chain hydrogen bonding interaction with the residue Ser 83 (3.0°A, 12%).

This compound shows a molecular docking score of -13.9943 kcal/mole:

Compound tpk34 shows a molecular docking score of -14.0290 kcal/mole. The -NH
functional group of the ring shows a side chain hydrogen bonding interaction with the residue
Asn 210 (1.98 A, 17%). The proximity contour shows that the molecule as a whole is very

closely hemmed in by the active site.

Molecular docking of compound tpk36 with molecular docking score -13.6347 kcal/mole
showed a side chain hydrogen bonding interaction between the Oxygen atom of the S=0O group
and the residue Lys 209 (2.83A, 18%). The carbonyl group shows a side chain hydrogen bonding
interaction with the residue Lys 59 (2.51A, 35%). The carbonyl group at the other end shows a
backbone hydrogen bonding interaction with the residue Phe 62 (2.50A, 22%).

The binding mode observed for the compound tpk41 shows that the carbonyl group of the
forms a side chain hydrogen bonding interactions with residue Lys 59 (2.29 A, 46%). The

molecular docking score is found to be -15.0210 kcal/mole.

Compound tpk42 shows interactions with the active site of the protein molecule. The
carbonyl group shows a side chain hydrogen bonding interaction with the amino acid Lys 59
(2.54 A, 51%). The oxygen atom of the sulfonyl group present at the opposite side of the
molecule shows a side chain hydrogen bonding interaction with the amino acid Lys 391 (2.64 A,
84%). The benzene ring shows an arene-cation interaction with the residue Arg 442. This

compound shows a molecular docking score of -11.2184 kcal/mole.

Molecular docking interaction studies of the selected ligands with 3HZT
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The molecular docking results of the 8 active compounds with the protein 3HZT are
shown in the Fig. 7. Compound tpk1 showed two direct interactions with the residues of the
binding cavity of the protein (Fig. 7). The binding site residues involved in these prominent
interactions are Gln 367 and Asn 204. GIn 367 showed a side chain hydrogen bonding
interaction with the carbonyl group at 2.55 A. Asn 204 shows a side chain interaction with the
carbonyl group 2.40 A (21%). Asp 220 and Lys 201 were also incorporated in the linkage due to
the presence of water molecules. The molecular docking score of the compound is <10.5007

kcal/mole.

In Compound tpk17, only one prominent interaction is observed and the binding site
residue is Glu 160 (Fig. 7). Glu 160 showed a side chain hydrogen bonding interaction at 1.74 A
with the -NH group. The compound shows a docking score of -10.9846 kcal/mole.

Compound tpk20 showed indirect hydrogen bonding interaction with oxygen of
morpholine ring with the amino acid residues Gly 159 and Tyr 156 (Fig. 7). The molecular
docking score is -11.9554 kcal/mole.

Compound tpk28 showed three prominent interactions with the residues Asn 204 and Tyr
156 (Fig. 7) with a molecular docking score of -10.2702 kcal/mole. Asn 204 forms a side chain
hydrogen bonding interaction with the carbonyl group at 2.78 A. The amino acid residue Tyr 156
forms a back bone hydrogen bonding interaction with the carbonyl group of the pyrrolidinone
ring at 3.06 A. Asp 220 and Lys 201 were also involved in the interactions because of bridging

water molecule.

In Compound tpk34, only one prominent interaction was observed (-11.0446 kcal/mole).
Glu 160 showed a side chain hydrogen bonding interaction with the N atom of the pyrrolidine
ring (1.30A, 41%). It shows an indirect hydrogen bonding interaction with the oxygen atom of

the methoxy group.

Compound tpk36 shows two prominent interactions with the residues Glu 160 and Ser 84
(-10.7451 kcal/mole). Ser 84 shows a backbone hydrogen bonding interaction with the -NH
group of the pyrrole ring at 2.01 A. The residue, Glu 160 shows a sidechain hydrogen bonding
interaction with the -NH group of the compound at 1.38 A.
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Compound tpk41 shows a polar side chain hydrogen bonding through amino acid residue
Glu 160 with the -NH group of the compound at 1.87 A. It shows a side chain hydrogen bonding
interaction with the residue Asn 204 with the oxygen atom of the sulfonyl group (1.87 A, 18%).

The molecular docking sacore of the compound is -10.8624 kcal/mole.

The Compound tpk42 shows a prominent side chain hydrogen bonding interaction
through the amino acid residue Ser 84 with the carbonyl group (2.76 A, 18%). The residue Ser

84 is also interacted with the compound through the water molecule (-11.6409 keal/mole).

Results of the molecular docking of 42 Thiaplakortone-A derivatives with 3179 and
3HZT revealed that eight compounds namely, tpkl, tpkl7, tpk20, tpk28, tpk34, tpk36, tpk41 and
tpk42 exhibited good docking scores.

Design of new virtual molecules

In order to design new virtual molecules we have used information obtained from 2D-
QSAR, HQSAR, CoMFA and CoMSIA models. The primary objectives of building a 2D-QSAR
model are to find out the structural features correlated with activity and to predict the activity of
a molecule. We have used the equation obtained from 2D-QSAR, to find out the activity of the
modified compounds. The results of HQSAR model demonstrates that the fragment -CH,-
adjacent to the pyrrole ring positively contribute to the biological activity. So we have retained
the methylene group in the modified molecules. Moreover, the HQSAR contribution plot shows
that, the hydrogen atom attached to the nitrogen of the pyrrole ring also shows favourable

contribution. Considering this fact, we have retained H atom in the four virtual molecules.

CoMFA and CoMSIA models derived for Thiaplakortone-A derivatives throw light on
how to design novel molecules with improved anti-malarial activity. A remarkable elucidation of
the COMFA and CoMSIA contour maps gave us valuable information for amending the structure
of the main scaffold. In CoOMFA and CoMSIA electrostatic contour maps, the existence of a red
contour near R2 position indicates that electronegative groups are favorable for increasing the
anti-malarial activity. The CoMSIA hydrogen bond donor contour map also indicates that at the
R2 position of the Thiaplakortone-A scaffold, a hydrogen bond donor group is favorable for anti-

malarial activity. Based on these, we introduced electronegative and hydrogen bond donor
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groups at the R2 position and created 7 virtual molecules tpk(1a), tpk(1b), tpk(1c), tpk(1d),
tpk(le), tpk(1f) and tpk(1g). The suggested molecules are thus the result of harmonious use of
CoMFA and CoMSIA with 2D-QSAR and HQSAR models.

The descriptors of the modified virtual molecules were calculated using PaDEL-
Descriptor and MOE softwares. The descriptors used to find out the activity of the modified
molecules using the equation obtained from 2D-QSAR are listed in the table 9. From the
calculated activities, it is clear that out of the seven modified virtual molecules, tpk(1a), tpk(1b),
tpk(1c), tpk(1d), tpk(1le), tpk(1f) and tpk(1g), three molecules tpk(1c), tpk(1d) and tpk(le)
showed good anti-malarial activity values of 6.159, 6.542 and 6.391, respectively.

Data Mining Using WEKA

Machine Learning (ML) method was employed in order to confirm whether molecules
were active against malarial parasites or not. Using WEKA tools, binary classifiers for the
molecules were created, based on their bio activity. For the purpose, the bioassay dataset AID:
504850 which contained compounds having the potential to inhibit apicoplast formation in the
malarial parasite Plasmodium is taken. The assay was based on a Luciferase reporter assay and
the compounds that cause inhibition of apicoplast formation was assayed by a delayed death
response. Growth inhibition is detected by a decrease in luciferase activity. The dataset AID:
504850 contained a total of 2304 tested compounds. Compounds in AID: 504850 were
characterized based on a compound ranking system called ‘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 considered as inactive (344) and the ones having a score

between 1,and 39 were labeled as inconclusive (788).

PowerMV software was used to generate 179 molecular descriptors for each dataset,
which includes 147 pharmacophore fingerprints, 24 weighted burden number and 8 property
descriptors. The dataset was split into 20% test set and 80% training-cum-validation set. The
selected compounds after the molecular docking studies were tested using the classifier based on
RF. Earlier workers have observed that RF provides the best classifier (Sajeev et al., 2013; Seal
et al., 2012; Periwal et al., 2011). The algorithm tries to find as good a distinction as possible

between active compounds and others, on the basis of a set of molecular descriptors. It identifies
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features shared by different subsets of active compounds and accordingly filters out compounds
within the target data set in which these combinations are lacking. It is the most accurate
classifiers available. For evaluation of the RF classifier, we employed the 10-fold cross
validation. With RF model, the selected 8 molecules were screened using AID dataset 504850
and the confusion matrix shows that all the selected 8 compounds; tpkl, tpk17, tpk20, tpk28,
tpk34, tpk36, tpk41 and tpk42, were found to be active. The specificity and sensitivity of the
built model was 62.7% and 76.8 %, respectively. The accuracy of the generated model was
determined by the overall effectiveness of a classifier. The accuracy (Q) of the model was found

to be 76.82 %, which depicts that the results are accurate. ROC area was 69.4%.

Data mining study was then performed to find out whether the modified molecules were
active or not. The virtual screening carried out using the RF model based on the AID: 504850
shows that out of the seven modified molecules the compounds tpk(le), tpk(1f) and tpk(1g) are

anti-malarial active and can be considered to be the lead molecules (Fig. 8).
Prediction of toxicity risks and drug score assessment

The molecules screened will be safe for use only if they are not toxic to humans. The
present study therefore further relied upon theoretical in silico methods to assess the toxicity of
the molecules. Depending on the chemical structure of the molecules their pharmaceutical
actions may vary. The pharmacokinetics of the molecules within the body and its action and

performance rely upon absorption, distribution, metabolism and excretion.

The cytochromes P450, which contain heme, metabolize a wide range of therapeutic agents
(Bezirtzoglou, 2012). The isoforms of CYP enzymes are CYP1A2, CYP2C9 and CYP2C19,
CYP2D6 and CYP3A4. (Williams et al., 2004) Out of these CYP3A4 is the most abundant
human hepatic P450 isoform which is responsible for the metabolism of about 50% of known
drugs (Guengerich, 1999). The metabolite prediction of CYP3A4 substrates by MetaSite shows
an.accuracy of 78%. (Zhou et al., 2006). A better understanding of molecular interactions
between CYP3A4 and drugs are useful perceptions for the development of new medications. The
size and shape of the active site cavity of the CYP3A4 structures are remarkable. (Scott and

Halpert, 2005)
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In order to find out whether the modified molecules will be metabolized or not, molecular
docking of the commercially available drug molecules and the modified molecules were
performed into the active site of the enzyme CYP3A4. (Kjellander et al., 2007; Oda et al., 2004).
If these molecules are not metabolized by the enzyme they will accumulate and ultimately will
be converted to toxic compounds. The shape and size of the active site present in the CYP3A4

shows that, it can metabolize several bulky substrates (Rendic, 2002).

The human microsomal cytochrome P450 3A4 protein structures, 1 WOE-and 1WOF,
downloaded from Protein Data Bank were subjected to 3D protonation and energy minimization
utilizing the MOE program. Using the processed CYP3A4 crystal structures, the ‘Site Finder’
tool of the program is used to find out its active site. The modified molecules were subjected to
molecular docking. The energy data showed a rough correlation between the docking score
values of the compounds and their interactions. The saved pose for the ligand-enzyme complex
of each modified molecule was subjected to detailed 3D analysis for its interactions at the

enzyme active site.

In order to correctly predict the CYP3A4 derived SOM, SMARTCyp was used. The
prediction of the seven virtual molecules by SMARTCyp to identify the best three SOMs, are
presented in the Fig. 9. The SOMs with first three ranks are represented with rings. The
methylene group (-CH»-) adjacent to amino group of compounds tpk(la), tpk(1b), tpk(1c) and
tpk(1le) are ranked as the best SOM. This is followed by amino group in rank two position. For
the compound tpk (1e), the double bond adjacent to the -SO, group is regarded as the SOM. In
compound tpk (1f), the methyl group and methylene group attached to the oxygen atom, are
considered as SOM with highest ranks as shown in Fig. 9. In compound tpk (1g), the -CH- group
connected to the hydroxyl group is identified as the SOM. The modified compounds bind tightly
to CYP3A4, and they showed good docking scores than the drug molecules, consistent with the
observation that they probably interacts with CYP3A4 through the active site. The present study
therefore gives the metabolic nature of the lead like molecules. To summarize, we have shown
that the modified compounds if taken by patients with malaria interact well with CYP3A4. These

molecules also obeyed Lipinski’s Rule of Five.
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Osiris Property Explorer was used to predict the toxicity and drug likeness of the
compounds. The database of this online program contains in vitro and in vivo validated
compounds and the predictions were based on the functional group similarity for the query
molecule. The results were visualized using the color codes. Green color shows low toxic
tendency, yellow shows the midcore and red color shows high tendency of toxicity. It is used to
calculate toxicity risk parameters such as mutagenicity, tumorigenicity, irritation, and
reproductive toxicity of all the modified compounds, and it was found that compounds tpk(1b)
and tpk(1c) showed midcore and high tendency of irritation, respectively. Compound tpk(1d)
indicated risk of mutagenicity and tumorigenicity. In order to assess the compound’s overall
potential to qualify for a drug, overall drug score (DS) was calculated, which combines drug-
likeness, hydrophobicity (LogP), aqueous solubility (LogS), MW, and toxicity risk parameters.

All the calculated values were given in Table 10.

The DS for tpk(le) [(2-{1,1,5,9-tetraoxo-4H,5H,9H-11°-[1,4]thiazino[2,3-f]indol-8-
yl}ethyl)urea], tpk(1f) [2-methoxy-N-(2-{1,1,5,9-tetraoxo-4H,5H,9H-1A°-[ 1,4]thiazino[2,3-
flindol-8-yl}ethyl)acetamide] and tpk(1g) [2-hydroxy-N-(2-{1,1,5,9-tetraoxo-4H,5H,9H-1A°-
[1,4]thiazino[2,3-f]indol-8-yl}ethyl)propanamide] show comparatively high values suggesting
that they can be developed as potential anti-malarial drug. All these compounds have no effect
on mutagenicity, tumorigenicity, irritation, and reproductive toxicity. Other drug-like properties

are under the acceptable limits.
Conclusion

The analysis of 42 Thiaplakortone-A derivatives by 2D-QSAR, HQSAR, 3D-QSAR,
molecular docking and Data mining studies provides a new path for the design of new series of
anti-malarial drugs. In this study, 2D-QSAR models are generated by MLR method, and the
robustness of the model is validated by internal, external, Y-randomization and Applicability
domain analysis. The CoMFA and CoMSIA analysis have provided distinguishing key structural
features affecting the anti-malarial activity of these inhibitors. We identified and confirmed the
residues that play key role in the hydrogen bond donors, hydrophobic, steric and electrostatic
interactions. All the 42 Thiaplakortone-A derivatives were subjected to molecular docking and

the compounds with good docking score were selected and subjected to data mining. Data
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mining shows that 4 of the selected compounds with good docking score are anti-malarial active.
Based on 3D-QSAR, seven virtual compounds were designed. These molecules were subjected
to data mining and drug-likeness studies. The result shows that all the molecules obey Lipinski’s
ROS5 and machine learning study reveals that out of the seven modified molecules three
molecules are anti-malarial. Thus the generated models through modified approach provide a
functional guideline to design and predict the activity of virtual compounds with enhanced

inhibitory activities and thus help rational design of novel anti-malarial drugs.
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Figure captions

Fig. 1. Individual atomic contributions for the activity of the most potent compound tpk 1 (a) and
the least potent compound tpk 22 (b). The colours at the red end of the spectrum reflect
unfavourable contributions in the order of red>red-orange>orange colour, while colours at the
green end indicate favourable (positive) contributions inthe order of green>green-blue>yellow.
Atoms with intermediate contributions are coloured in white.

Fig. 2 CoMFA field contour maps for active compound tpk 1. Electrostatic fields (a): Blue fields
indicate electropositive groups favored, red fields indicate electronegative groups favored. Steric
fields (b): Green fields indicate steric bulk favored, yellow fields indicate steric bulk disfavored

Fig. 3. CoMSIA field contour maps for active compound tpk 1. Electrostatic fields (a): Blue
fields indicate electropositive groups favored, red fields indicate electronegative groups favored.
Steric fields (b): Green fields indicate steric bulk favored, yellow fields indicate steric bulk
disfavored. Hydrophobic fields (c): Magenta and orange represent favored and disfavored
regions respectively for hydrophobic interaction. H-bond donor fields (d): cyan and purple
represent regions for favored and disfavored for H bond donor groups respectively.

Fig. 4. Predicted anti-malarial activities with experimental values of 2D-QSAR, HQSAR,
CoMFA and CoMSIA.

Fig. 5. Ramachandran Plot of the proteins.

Fig. 6. 2D interaction and molecular docking pose of the active compounds tpkl, tpk17, tpk20
and tpk28 in the binding pocket of the protein 3179

Fig. 7: 2D interaction and molecular docking pose of the active compounds tpk1, tpk17, tpk20
and tpk28 in the binding pocket of the protein 3HZT

Fig. 8: Representation of SOMs by SMARTCyp.
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Table captions

Table 1. Representative skeletons and molecular structures of Thiaplakortone-A derivatives and
their activity values

Table 2: Numerical values of the Observed Activity, Predicted Activity and Residual values of
2D-QSAR

Table 3: Statistical parameters after Y-randomization test

Table 4: Summary of the HQSAR statistical indices for various fragment distinction (FD)
parameters using the default fragment size (4-7 atoms) for the Thiaplakortone-A derivatives
(N=42).

Table.5: Statistical parameters of CoMSIA models

Table 6. Statistical results of COMFA and the best CoMSIA models

Table 7: Experimental and predicted activities (pICso) with residual values

Table 8: Data of protein-ligand docking.

Table 9: Descriptors used to find out the anti-malarial activity value

Table 10: Predicted molecular parameters of the modified compounds
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Table 1. Representative skeletons and molecular structures of Thiaplakortone-A derivatives and

their activity values

Compounds R1 R2 ICso  pICso
(o) 1
N i
(I
& |
NH.R2
tpk1 H H 104 6.983
tpk2 CH3 H 128  6.892
tpk3 CH3 CH3 137  6.863
¢ i
New
Y O
NH\(RZ
tpk4 H CHj 160  6.795
tpkS H Methyl 472  6.326
tpk6 H Ethyl 703 6.153
tpk7 H n-Propyl 439  6.357
tpk8 H c-Propyl 1139 5.943
tpk9 H i-Propyl 537  6.270
tpk10 H n-Butyl 644  6.191
tpk11 H i-Butyl 537  6.270
tpk12 H Cyclopentylmethyl 604 6.219
tpk13 H Phenyl 582  6.235
tpk14 H 2-Fluorophenyl 445  6.351
tpk15 H 3-Fluorophenyl 1260 5.899
tpk16 H 3-Bromophenyl 1423 5.846
tpk17 H 4-Fluorophenyl 1290 5.889
tpk18 H 2,5-Difluorophenyl 1300 5.886
tpk19 H 2,6-Difluorophenyl 1090 5.962
tpk20 H 5-Fluoro-2-morpholinophenyl 1210 5.917
tpk21 H 2-(2-Fluorophenyl)acetyl 1300 5.886
tpk22 H 2-Fluoro-5-(trifluoromethyl)phenyl 1957 5.708
tpk23 H 3-Chloro-4-methoxyphenyl 925 6.033
tpk24 H 2-Hydroxy-4-methoxyphenyl 1412 5.850
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tpk25
tpk26
tpk27
tpk28
tpk29
tpk30
tpk31
tpk32
tpk33
tpk34
tpk35
tpk36
tpk37
tpk38
tpk39
tpk40
tpk41
tpk4?2

T TToT T T I T I T T TT

Cyclopentyl
(3-Methyloxetan-3-yl)methyl
Benzyl

4-Chlorobenzyl

3-(4-Methoxyphenyl)propyl
Isoquinolin-1-yl

Furan-3-yl
(S)-5-Oxopyrrolidin-2-yl
1H-Indol-2-yl

N(H)n-Bu

N(H)t-Bu

Ot-Bu
N(H)-3.,4-dimethoxybenzyl
N(Me)OMe
N(H)CH,COEt
N(H)-adamant-2-yl

CH;

CH;

CH;

CH;

CH;

CH;

1633
824
1079
1120
886
709
685
153
1110
741
663
631
684
937
933
822
441
635

5.787
6.084
5.967
5.950
6.052
6.149
6.164
6.123
5.954
6.130
6.178
6.200
6.164
6.028
6.030
6.085
6.355
6.197
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Table 2: Numerical values of the Observed Activity, Predicted Activity and Residual

Compounds Observed Predicted Residual HAT i/i St Dev Res
pICso pICsy (h*=0.3571)

tpk1* 6.9830 6.8039 -0.1791  0.3164 -1.7214
tpk2 6.8928 6.7100 -0.1828  0.2405 -1.6669
tpk3 6.8633 6.7997 -0.0636  0.3176 -0.6121
tpk4 6.7959 6.8615 0.0656 0.3398 0.6418
tpkS 6.3261 6.3036 -0.0225  0.2575 -0.2073
tpko6 6.1530 6.1714 0.0184 0.1030 0.1544
tpk7°* 6.3575 6.3263 -0.0312  0.0741 -0.2576
tpk8 5.9435 5.9029 -0.0406  0.5683 -0.4906
tpk9 6.2700 6.1755 -0.0945  0.0733 -0.7801
tpk10 6.1911 6.2200 0.0288 0.0531 0.2355
tpk11 6.2700 6.2084 -0.0616  0.0568 -0.5044
tpk12 6.2190 6.1347 -0.0843  0.0865 -0.7006
tpk13 6.2351 6.2299 -0.0052  0.0520 -0.0426
tpk14 6.3516 5.9874 -0.3643 . 0.0924 -3.0387
tpk15* 5.8996 5.9689 0.0693 0.0899 0.5773
tpk16 5.8468 6.0483 0.2015 0.1028 1.6909
tpk17 5.8894 6.0140 0.1245 0.1000 1.0433
tpk18 5.8861 6.0510 0.1650 0.1336 1.4085
tpk19 5.9626 5.8392 -0.1234  0.1541 -1.0661
tpk20 59172 5.9937 0.0765 0.0934 0.6384
tpk21 5.8861 5.7658 -0.1202  0.1123 -1.0143
tpk22 5.7084 5.7471 0.0387 0.5009 0.4350
tpk23 6.0339 6.0199 -0.0140  0.0878 -0.1163
tpk24 5.8502 5.7790 -0.0711  0.2030 -0.6333
tpk25 5.7870 5.8311 0.0441 0.1003 0.3698
tpk26* 6.0841 6.0535 -0.0305  0.1002 -0.2557
tpk27 5.9670 6.1030 0.1360 0.0994 1.1388
tpk28 5.9508 6.0576 0.1068 0.1026 0.8963
tpk29 6.0526 6.0464 -0.0062  0.1030 -0.0518
tpk30 6.1494 6.0879 -0.0615  0.0977 -0.5145
tpk31 6.1643 6.1753 0.0110 0.1054 0.0927
tpk32* 6.1232 6.1423 0.0191 0.0890 0.1591
tpk33 5.9547 6.0826 0.1279 0.0787 1.0589
tpk34 6.1302 6.1884 0.0582 0.0435 0.4728
tpk35 6.1785 6.2311 0.0526 0.0522 0.4295
tpk36 6.2000 6.1232 -0.0768  0.0837 -0.6378
tpk37 6.1649 6.2184 0.0535 0.0585 0.4382
tpk38* 6.0283 6.1647 0.1365 0.0634 1.1205
tpk39 6.0301 6.2500 0.2199 0.0629 1.8054
tpk40 6.0851 6.1873 0.1022 0.1213 0.8663
tpk41 6.3556 6.1549 -0.2006  0.0976 -1.6784
tpk42 6.1972 6.1591 -0.0382  0.0645 -0.3135
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*-Test set compounds

Table 3: Statistical parameters after Y-randomization test

Random Models Parameters

R, : 0.315
R’: 0.109
Q: -0.159
R, 0.792

R; - average correlation coefficient
R,*-mean squared correlation
coefficients of the randomized
Qrz- average cross-validated
correlation coefficient
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Table 4: Summary of the HQSAR statistical indices for various fragment distinction (FD)
parameters using the default fragment size (4-7 atoms) for the Thiaplakortone-A derivatives

(N=42).

Fragment R’ SEP Rpev HL N
A/B/C 0.681 0.191 0.917 307 6
A/B/C/H 0.682 0.198 0.958 151 8
A/B/C/H/Ch 0.649 0.200 0.928 401 6
A/C/H/Ch/DA  0.468 0.238 0.803 401 4
A/B/C/H/Ch/DA 0.547 0.227 0.906 307 6
A/B/Ch/DA 0.398 0.262 0.897 61 6
A/B/C/ICh/DA  0.569 0.218 0.868 307 5
A/C/Ch/DA 0.407 0.247 0.655 71 3
A/B/H/Ch/DA  0.437 0.253 0.853 83 6

Downloaded by [University of Pennsylvania] at 22:31 07 August 2016

SEP: standard error of prediction, chv: cross-validated correlation coefficient, Rzncv: non cross-
validated correlation coefficient, HL: hologram length, N: optimal number of components,
Fragment distinction; A: atom, B: bond, C: connection, H: hydrogen, Ch: chirality, DA: donor
and acceptor. The best model is in bold.
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Table.S: Statistical parameters of CoMSIA models

Model Descriptors R’.00(Q*/ONC R’/ SEE,e, Fvalue R’y ioverany Rlprea
1 Sand E 0.658/7 0.979/0.050  175.779 0.760 0.672
2 D and A 0.501/5 0.854/0.126  33.826  0.648 0.393
3 S,Eand H 0.595/7 0.987/0.039  299.385 0.768 0.792
4 S,Eand A 0.687/7 0.983/0.045  221.859 0.789 0.405
5 S,Eand D 0.721/6 0.972/0.057  160.663 0.768 0.470
6 D, A and H 0.534/4 0.895/0.106  63.705 - 0.621 0.892
7 D, A and E 0.566/6 0.963/0.065 ~122.082 0.728 0.573
8 S,Dand H 0.593/4 0.926/0.089 . 94.388  0.685 0.722
9 S,E,Dand A 0.682/6 0.977/0.051 201207 0.773 0.400
10 S,E,DandH  0.647/6 0.984/0.042 292970 0.770 0.718
11 S,E,AandH  0.637/7 0.987/0.040  283.145 0.784 0.598
12 D,A,HandS  0.612/6 0.968/0.061  139.470 0.764 0.524
13 D,A,HandE  0.549/6 0.966/0.062  134.057 0.727 0.779
14 S,E,D,AandH 0.565/6 0.927/0.085  74.046  0.860 0.606

RzLoo(Q2)— cross-validated correlation coefficient
ONC- Optimum Number of Components
Rzncv— Non cross-validated correlation coefficient

SEE, .- Standard Error of Estimate

Rzpred—Predicted correlation coefficient

S-Steric, E-Electrostatic, D-Hydrogen bond donor, A- Hydrogen bond acceptor and H-
Hydrophobic.

The best model is in bold.
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Table 6. Statistical results of COMFA and the best CoMSIA models

CoMFA CoMSIA (Model 10)
Q*/ONC 0.813/7  0.647/6
R’ 0.994 0.984
SEP 0.149 0.201
SEE 0.027 0.042
R%pred 0.891 0.718
F value 216 292.970
Field contribution
steric 59 15.1
electrostatic 41 31.3
hydrophobic - 18.8
H-bond donor - 349

Qz-cross-validated correlation coefficient.

ONC-Optimum number of components

R2nCV -non cross-validated correlation coefficient.

SEP- Standard error of prediction.

SEE-Standard errors of estimate.

Rzpred- Predicted correlation coefficient for the test set
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Table 7: Experimental and predicted activities (pICso) with residual values

Downloaded by [University of Pennsylvania] at 22:31 07 August 2016

Compound Actual HQSAR CoMFA CoMSIA

id pICso predicted residual Predicted Residual Predicted Residual
tpkl 6.983 6.609 0.373 6.861 0.122 6.914 0.069
tpk2 6.892 6.764 0.128 6.841 0.051 6.916 -0.023
tpk3 6.863 6.855 0.007 6.767 0.096 6.822 0.041
tpk4 6.795 6.763 0.032 6.879 -0.083 6.880 -0.084
tpkS 6.326 6.393 -0.067 6.262 0.064 6.319 0.007
tpk6* 6.153 6.288 -0.135 6.220 -0.067 6.215 -0.062
tpk7 6.357 6.235 0.121 6.258 0.099 6:358 -0.000
tpk8 5.943 6.177 -0.233 6.008 -0.064 - 5.963 -0.019
tpk9 6.270 6.207 0.062 6.278 -0:008 6.300 -0.030
tpk10 6.191 6.258 -0.067 6.002 0.189 6.132 0.059
tpk11 6.270 6.175 0.094 6.339 -0.069 6.274 -0.004
tpk12 6.219 6.169 0.049 6.169 0.050 6.192 0.027
tpk13* 6.235 6.028 0.207 6:189 0.046 6.192 0.043
tpk14* 6.351 5.973 0.378 5.789 0.562 5.853 0.498
tpk15* 5.899 5.954 -0.054 5:900 -0.000 5.943 -0.043
tpk16 5.846 6.000 -0.153 5.854 -0.007 5.847 -0.000
tpk17 5.889 5.901 -0.011 5.945 -0.055 5.905 -0.015
tpk18 5.886 5.848 0.037 5.928 -0.041 5.894 -0.007
tpk19* 5.962 5918 0.044 6.105 -0.142 6.007 -0.044
tpk20 5917 5.592 0.325 6.055 -0.137 5.904 0.013
tpk21* 5.886 6.077 -0.190 5.960 -0.073 6.097 -0.210
tpk22 5.708 5.607 0.040 5.652 0.056 5.696 0.012
tpk23 6.033 5.783 0.249 5.863 0.170 6.000 0.033
tpk24 5.850 5911 -0.061 6.054 -0.203 5.868 -0.017
tpk25 5.787 5951 -0.164 5.645 0.142 5.822 -0.035
tpk26 6.084 5.897 0.186 6.149 -0.064 6.039 0.045
tpk27 5.967 6.230 -0.263 6.094 -0.127 6.065 -0.098
tpk28* 5.950 5.770 0.180 6.376 -0.425 6.373 -0.422
tpk29 6.052 5.882 0.170 5.966 0.086 6.047 0.005
tpk30 6.149 6.248 -0.099 6.237 -0.087 6.159 -0.009
tpk31 6.164 6.006 0.157 6.147 0.017 6.126 0.038
tpk32 6.123 6.284 -0.161 6.090 0.033 6.130 -0.006
tpk33 5.954 6.043 -0.089 6.061 -0.106 5.981 -0.026
tpk34 6.130 6.334 -0.203 6.085 0.045 6.076 0.054
tpk35 6.178 6.194 -0.015 6.186 -0.007 6.197 -0.018
tpk36 6.200 6.062 0.137 6.206 -0.006 6.231 -0.031
tpk37 6.164 6.606 -0.441 6.188 -0.023 6.211 -0.046
tpk38 6.028 6.130 -0.102 6.182 -0.153 6.062 -0.033
tpk39 6.030 5.891 0.139 6.104 -0.073 6.020 0.010

tpk40 6.085 6.176 -0.091 6.177 -0.091 6.036 0.049
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tpk41 6.355 6.151
tpk42 6.197 6.260

0.204 6.168 0.187
-0.063 6.196 0.001

6.365
6.143

-0.009
0.054

*-Test set compounds

Table 8: Data of protein-ligand docking.

Compounds 3179 3HZT
(kcal/mole) (kcal/mole)

tpkl -13.6612 -10.5007
tpk17 -13.2110 -10.9846
tpk20 -13.2729 -11.9554
tpk28 -13.9943 -10.2702
tpk34 -14.0290 -11.0446
tpk36 -13.6347 -10.7451
tpk41 -15.0210 -10.8624
tpk42 -11.2184 -11.6409
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Table 9: Descriptors used to find out the anti-malarial activity value

Modified SMR_VSA1 MNDO_LUMO maxHssNH pICsy
molecules

tpk(la) 11.9848 -0.3257 0.0188 5.872
tpk(1b) 26.9449 -0.1881 0.0392 5.498
tpk(1c) 13.1239 -0.0132 -0.0141 6.154
tpk(1d) -17.9354 0.2459 -0.0231 6.543
tpk(le) -19.8345 0.0739 -0.0043 6.394
tpk(1f) -19.8345 0.1285 -0.0079 6.425
tpk(1g) 5.5507 0.0787 -0.0084 6.168

SMR_VSAI1- Molecular refractivity based descriptor
MNDO_LUMO- potential energy based descriptor
maxHssNH- Maximum atom-type H E-State of -NH-
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Table 10: Predicted molecular parameters of the modified compounds

Compounds ClogP Solubility Mol wt Drug likeness DS

tpk(la) 0.19  -3.30 343 -0.37 0.604
tpk(1b) 0.82  -3.78 361 -3.12 0.337
tpk(lc) -1.89  -2.28 332 -0.66 0.366
tpk(1d) -1.74  -2.06 349 3.73 0.572
tpk(le) -1.74 293 336 4.00 0.877
tpk(1f) -1.62  -2.29 365 4.01 0.880
tpk(1g) -1.68  -2.54 365 1.16 0.776
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In the present work, sixty substituted 2-Phenylimidazopyridines previously reported with potent anti-
human African trypanosomiasis (HAT) activity were selected to build genetic algorithm (GA) based
QSAR models to determine the structural features that have significant correlation with the activity.
Multiple QSAR models were built using easily interpretable descriptors that are directly associated with
the presence or the absence of a structural scaffold, or a specific atom. All the QSAR models have been

thoroughly validated according to the OECD principles. All the QSAR models are statistically very robust
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QSAR

Substituted 2-Phenylimidazopyridines

(R? = 0.80—0.87) with high external predictive ability (CCCex = 0.81—0.92). The QSAR analysis reveals
that the HAT activity has good correlation with the presence of five membered rings in the molecule.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Sleeping sickness or human African trypanosomiasis (HAT),
transmitted by tsetse flies (genus Glossina), has a major occurrence
in rural populations in sub-Saharan Africa. HAT, considered as a
neglected tropical disease, was nearly eradicated in the mid-1960s.
The resurgence in the late 1990s, due to poor sanitation and suit-
able habitats for its vector in the Democratic Republic of the Congo
(DRC), Angola, Central African Republic, southern Sudan, and
Uganda, received considerable attention of the researchers to
develop better diagnosis and treatment for the disease [1-3].
Recent reports indicate that in humans the disease is thought to be
mainly caused by Trypanosoma brucei gambiense and Trypanosoma
brucei  rhodesiense, however the non-human-pathogenic

Abbreviations: HAT, Human African Trypanosomiasis; GA, Genetic algorithm;
MLR, Multiple linear Regression; QSAR, Quantitative structure-activity analysis;
WHO, World health organization; ADMET, Absorption, Distribution, Metabolism,
Excretion and Toxicity; OLS, Ordinary Least Square; QSARINS-Chem, QSAR Insubria-
Chemistry; OECD, Organization for Economic Co-operation and Development.

* Corresponding author.
E-mail address: vijaymasand@gmail.com (V.H. Masand).

http://dx.doi.org/10.1016/j.molstruc.2016.11.012
0022-2860/© 2016 Elsevier B.V. All rights reserved.

trypanosome species Trypanosoma brucei brucei, Trypanosoma
congolense, and Trypanosoma evansi are also responsible in some
instances [1]. The disease has two stages; in stage 1 (hemolym-
phatic) the peripheral infection with non-specific clinical symp-
toms occur; and in stage 2 the parasite crosses the blood brain
barrier (BBB) and intrudes the central nervous system (CNS) [1-3].

Suramin and pentamidine are the recommended drugs for stage
1 infection, whereas for stage 2, the therapeutic options are mel-
arsoprol, eflornithine and the currently used combination therapy
NECT (nifurtimox and eflornithine combination therapy). Unfor-
tunately, vaccine cannot be developed due to a high degree of
antigenic variation. In addition, the treatment is parasite- and
stage-specific, depending on the ability of the compound to cross
the BBB. For BBB clearance the drug must be sufficiently lipophilic,
which results in poor water solubility, hence, such drugs are mostly
toxic and problematical to administer. Consequently, the available
drugs for stage 2 of the disease exhibit high toxicity, involve the
complexity of administration procedures and progressive loss of
efficacy in some geographical regions. Recent efforts identified
Fexinidazole, furamidine, DB289 (parafuramidine), CPD-0802 (an
aza analogue of parafuramidine) and SCYX-7158 (a boron based
compound) as attractive lead/targets in the drug pipeline for
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developing better therapeutics for HAT (see Fig. 1). Despite the
previous efforts executed high toxicity, poor oral bioavailability and
blood—brain barrier penetration are the major obstacles ahead for
these clinical candidates. Thence, the search for a drug candidate
with adequate activity, ADME and toxicity profile still persists
[1-4].

Recently, Tatipaka et al. [5] identified substituted oxazolopyr-
idine 1 (see Fig. 2) as an attractive lead due to good whole-cell
activity on T. brucei, no cytotoxicity on mammalian cell lines,
acceptable exposure in the central nervous system, and satisfactory
aqueous solubility. But, its poor metabolic stability in liver micro-
somes appeared as a severe liability. Later, to design a better
analogue of 1 with the desired profile, they synthesized and
screened a series of substituted 2-Phenylimidazopyridines. Since,
the mechanism of action and the specific target with which these
analogues interact is unknown [5]; in such a situation, a good
strategy for lead optimization is to employ computer aided drug
design (CADD) using the available information. Hence, in the pre-
sent work, ligand based drug design technique, viz. QSAR (2D- and
3D-) has been executed to determine the structural features having
a significant correlation with the HAT activity profile of substituted
2-Phenylimidazopyridines.

In the past decades, CADD has appeared as a thriving option to
conventional ‘trial and error’ methodology of drug design/discov-
ery to unknot the mysteries of structural patterns that govern the
activity, pharmacokinetics, pharmacodynamics and toxicity pro-
files of a drug candidate. CADD is relatively fast, economical and
significantly result oriented successful in-silico technique [6—10]. It
encompasses a combination of different ideas, algorithms, tools
and techniques of various scientific fields like computer, mathe-
matics, statistics, etc. Its major emphasis is on simulation of in-
teractions of different molecules, to determine the reasons behind
the specific interactions of different molecules and identification of
effective structural features associated with activity/toxicity. QSAR,
molecular docking, pharmacophore modeling, etc. are established
CADD methods, which when used in harmony provide significant
and unrivalled information essential for lead/drug optimization
[4,11—15]. These methods have been widely used for identification
of the structural patterns that govern the specific activity/toxicity of
drug candidates and provide better insight into the mechanism of
drug action.

The main objective of the present work is to develop statistically
robust and easily interpretable, in terms of structural fragments or

Furamidine

ZT

CF3 O

SCYX-7158

specific atom, QSAR models with high external predictive ability.

2. Experimental methodology
2.1. Experimental datasets

In the present work, HAT inhibition activities of sixty substituted
2-Phenylimidazopyridines comprising different heterocyclic scaf-
folds and diverse substituents at various positions covering a
meaningful portion of the chemical space were subjected to QSAR
modeling [5]. The reported ECso (M) values for HAT activity were
converted to pECsg (-log1oECs50) before QSAR analysis. The ECsp,
PECs0 and the substituents on 2-Phenylimidazopyridine moiety
have been listed in Table 1.

2.2. Modeling and molecular descriptors calculation

In the present work, a QSAR analysis following the standard
procedure recommended by OECD and different researchers was
exercised [16—26]. The chemical structures were drawn using
ChemSketch 12 freeware followed by energy minimization using
MMFF94 force field in TINKER [4,12,15]. The optimized structures
were used as input for the calculation of a good number of 1-3D,
electro-topological, fingerprints and other descriptors. Two
descriptor calculating softwares were used: PaDEL 2.21 and e-
Dragon. Since, all the calculated descriptors (>18,000) do not contain
significant information; objective feature selection was employed to
reduce the descriptor pool. Nearly constant (>95%), constant, and
highly correlated (|R| > 95%) descriptors were eliminated before
subjective feature selection (SFS) using QSARINS-Chem 2.2.1
[16,17,20]. This resulted in a reduced cluster of 345 descriptors only.
The very next step involved the elimination of highly esoteric de-
scriptors, the descriptors for which an exact explanation is not
available or it is difficult to interpret it in terms of structural features
[26]. This led to a set of only 253 easily interpretable descriptors. The
reduced set still consists a wide range of theoretical molecular de-
scriptors that takes into account different structural features, viz.
constitutional (OD-), mono-dimensional (1D-), bi-dimensional (2D-)
and three-dimensional (3D-), capturing and magnifying the diverse
aspects of the chemical structures.

OH

o \Q\WN B’\
CF; O o

SCYX-6759

Fig. 1. Chemical structures of clinical drug candidates against HAT.
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Ease of synthesis,

O Cl

No stereogenic carbons,

) Low MW and Lipinski rule-of-five compliance,

(T NN

N T. brucei in vitro EC5, = 220 nM,
O@ Acceptable aqueous solubility,

—/ Not cytotoxic to mammalian cells (L6, CRL-8155 and HepG2 cells),

Poor metabolic stability in liver microsomes

Fig. 2. Chemical structure and profile of substituted oxazolopyridine 1.

2.3. QSAR model development

2.3.1. QSAR model

The very first principles and applications of QSAR analysis are to
gain maximal information of activity related structural features and
to predict the desired activity of a molecule before its actual syn-
thesis and bio-screening. Hence, in order to achieve these goals
easily interpretable descriptors were considered during model
generation and multiple QSAR models were developed using
divided and undivided datasets [19,27,28]. The dataset was divided
into a training (80%) and a prediction (or test) (20%) sets in random
fashion before descriptor selection. Multiple splitting were
employed to develop multiple QSAR models [12,15], in this way a
molecule in the training set of a splitting may or may not be in the
training set of another splitting. Therefore, the multiple QSAR
modeling approach ensured that maximum number and informa-
tion is gained for molecular descriptors that govern the biological
profile of the molecules. GA (Genetic Algorithm) module of
QSARINS-Chem 2.2.1 was utilized for the selection of optimum
number and set of descriptors. For the sake of simplicity and to
avoid the problem of over-fitting, the heuristic search of descriptors
was limited to four descriptors using the default settings in
QSARINS-Chem 2.2.1. Q%40 Was used as a fitness function to avoid
the problem of naive Q2. The strategy used in QSAR model devel-
opment has been summarized in Fig. 3 [12,15,24].

For development of QSAR models 6—10, HeuristicLab 3 was
employed using different operand using the default settings.

2.4. Model validation

All QSAR models need to be appropriately validated to ascertain
its predictive ability and utility. The statistical qualities and validity
of the QSAR models were established by means of: (a) internal
validation or cross-validation (CV) by leave-one-out (LOO) and
leave-many-out (LMO) procedure; (b) using the prediction set; (c)
data randomization i.e. Y-scrambling and (d) examining if the
following conditions are satisfied [12,15]: R%y > 0.6, Q%00 > 0.5,
Q*mo > 0.6, R? > Q% R%y > 0.6, RMSE, < RMSE, AK > 0.05,
CCC > 0.80, Q>—F" > 0.60, °y > 0.6, (1-1%/r3) < 01,09 < k< 1.1 or
(1-1?/r'3)<0.1,0.9 < k' < 1.1, |r2—r'3| < 0.3 with RMSE and MAE close
to zero. The threshold values of these parameters confirm the
robustness and good external predictive ability of a GA-MLR model.
Thus, all the models having low internal and external predictive
ability were subsequently rejected.

3. Results and discussion
3.1. QSAR models

The GA analysis resulted in the generation of a good number of
MLR models with nearly similar statistical performance but
encompassing different descriptors. In such a situation, the usual
practice followed by a QSAR modeller is to select only one MLR
model on the basis of its statistical performance. However, this ‘first

among equals’ approach is with following drawbacks [12,15] (1) a
QSAR model consisting of only esoteric descriptors, suitable and
realistic description in terms of structural features is highly prob-
lematic and challenging, (2) The single QSAR model may not be
based on (i) appropriate composition of training and test sets, (ii)
sufficient chemical and biologic space i.e. appropriate applicability
domain, (3) the single QSAR model might have high predictive on a
particular prediction set, but poor predictivity on another predic-
tion set. To overcome these drawbacks of ‘first among equals’
approach, building and reporting multiple models or consensus
modeling are two easy, practicable and efficient solutions. Recently,
it has been established that developing multiple QSAR models
based on divided and undivided dataset enhance the efficacy of
QSAR in determining the dominant and concealed structural fea-
tures that have significant correlation with the activity [12,15].
Therefore, in the present study, multiple QSAR models have been
built following the OECD principles for acceptable QSAR models.
This approach led to generation of ten QSAR models possessing
excellent statistical performance. The GA-MLR QSAR models along
with different statistical parameters, tabulated in Table 2, are as
following:

3.2. Model-1 (Undivided dataset)

PECso = 6.486 (+0.378) — 0.214 (+0.067) * C-024 + 0.756
(+£0.273) * nRO5—1.087 (0.318) *FO9[N—F] + 0.897 ((+0.169) *F10
[C—F].

3.3. Model-2 (Undivided dataset)

PECso = 4.218 (+0.514) + 0.449 (+0.141) *FO2[N—N] + 0.842
(+0.265) * nR05—0.570 (+0.305) *FO9[N—F] + 0.453 (+0.147) *F10
[C—F].

3.4. Model-3 (Divided dataset)

PECso = 5.148 (+0.537) + 0.518 (+0.399) *B10[C—F] + 0.624
(+0.292) * nR0O5—0.558 (+0.476) *BO9[N—F] + 1.178 (+0.404) *B07
[N—F].

3.5. Model-4 (Divided dataset)

PECso = 5.729 (+0.258)—1.328 (+0.724) * nArNR2 + 1.450
(+0.337) * nPyrrolidines—0.507 (+0.254) *F10[N—F] + 0.308
(+0.100) *FO9[C—F].

3.6. Model-5 (Divided dataset)

PECso = 5.789 (+0.258)—1.375 (+0.743) * nArNR2 + 1322
(+0.331) * nPyrrolidines—0.015 (+0.008) *G(N..F) + 0.381 (+0.121)
*FO9[C—F].
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Table 1
Different substituted 2-Phenylimidazopyridines along with reported ICsq and pICsp.

[ONV2RN
R4
S.No. Ry Rz ECsp (um) PECs5o(M)
1. H cl 0.22 6.658
2. H F 0.12 6.921
3. H Me 043 6.367
4, H CN 0.4 6.398
5. Br F 0.23 6.638
6. CN F 038 6.42
7. phenyl F 0.04 7.398
8. 4-fluorophenyl F 0.05 7.301
9. 3-chlorophenyl F 0.05 7.301
10. 4-MeO-phenyl F 0.17 6.77
11. 4-phenylphenyl F 0.42 6.377
R3
ll\l _N
Ro o/ N
Ry Ry R3  ECso (pM) pPECso(M)
12. 5-methylfuran-2-carbonyl H F 02 6.699
13. 3-methylfuran-2-carbonyl H F 01 7
14. 3-furanoyl H F 0.15 6.824
15. benzoyl H ca 71 5.149
16. oxazole-5-carbonyl- H F 19 5.721
17. 2-thiophenoyl H cl 15 5.824
18. 3-pyridinecarbonyl- H F 7 5.155
19. pyrazine-2-carbonyl- H F 09 6.046
20. N-methylpyrrole-2-carbonyl- H F 1.1 5.959
21. methylsulfonyl H Ccl 6.1 5.215
22. 2-furancarbothioyl- H F 041 6.387
23. 2-furanoyl 2-acetyl F 05 6.301
24. 2-furanoyl 2-furanoyl F 0.12 6.921
25.  benzyl benzyl F 11 5.959
26. methylcarbamoyl H F 38 5.42
27. isopropylcarbamoyl- H ca 1 6
28. phenylcarbamoyl- H c 12 4.921
29. dimethylcarbamoyl- H cl 04 6.398
30. 1-pyrrolidinoyl- H Cl 0.09 7.046
31. 1-piperidinoyl- H cl 1.9 5.721
(0] F
R1)J\ ” /qé N
HN—/ N
Ry
Ry Ry ECso (uM)  PECso(M)
32. 2-furanyl H 0.2 6.699
33. 2-furanyl Cl 0.07 7.155
34.  2-furanyl F 0.2 6.699
35. 2-furanyl 5-Cl 10 5
36. 2-furanyl 7-Cl 0.12 6.921
37.  N-pyrrolidinyl  Cl 0.05 7.301
38. N-pyrrolidinyl phenyl 0.002 8.699
39. N-pyrrolidinyl ~ 3-methoxyphenyl 0.01 8
40. N-pyrrolidinyl 2-methoxyphenyl 0.005 8.301
41.  N-pyrrolidinyl ~ 3-Cl-phenyl 0.002 8.699
42, N-pyrrolidinyl 2-chlorophenyl 0.005 8.301
43. N-pyrrolidinyl ~ 3-acetylphenyl 0.003 8.523
44.  N-pyrrolidinyl ~ 3-Me-phenyl 0.002 8.699
45, N-pyrrolidinyl ~ 3-trifluoromethoxyphenyl 0.03 7.523
46. N-pyrrolidinyl ~ 3-methyl-4-fluorophenyl 0.02 7.699
47.  N-pyrrolidinyl ~ 3-NH,-phenyl 0.01 8
48.  N-pyrrolidinyl ~ 3-furanyl 0.004 8.398
49, N-pyrrolidinyl ~ 3-thiophenyl 0.002 8.699
50. N-pyrrolidinyl 2-thiophenyl 0.004 8.398
51.  N-pyrrolidinyl  3-pyridyl 0.005 8.301

Table 1 (continued )

HN—/
Ry
Ry Ry ECso (hM)  PECso(M)
52.  N-pyrrolidinyl ~ 5-(2-chloropyridyl) 0.01 8
53.  N-pyrrolidinyl ~ 4-(2-chloropyridyl) 0.004 8.398
54. N-pyrrolidinyl 5-(3-methylpyridyl) 0.01 8
55. N-pyrrolidinyl 5-(2-methoxypyridyl) 0.005 8.301
56.  N-pyrrolidinyl ~ 5-(3-pyrrolidino) 0.02 7.699
57. N-pyrrolidinyl 5-(3-chloropyrimidinyl) 0.005 8.301
58. N-pyrrolidinyl 5-pyrimidinyl 0.03 7.523
59.  N-pyrrolidinyl ~ 5-(2-methoxypyrimidinyl)  0.06 7.222
60. N-pyrrolidinyl 5-(2-chloropyrimidinyl) 0.04 7.398

3.7. Model-6 (Undivided dataset)

PECsg = 8.455 (+0.292)—0.013 (+0.006) *G(N..F)—1.410 (+0.392)
* invsqr-nR05—1.440 (+0.273) *BO3[N—0] + 0.318 (£0.134) *F10
[C—F].

3.8. Model-7 (Undivided dataset)

PECso = 9.122 (+0.407)—0.013 (+0.006) *G(N..F)—1.217 (+:0.341)
* invsqr-nR05—0.846 (£0.159) * expB0O3[N—0] + 0.317 (+:0.135) *F10
[C—F].

3.9. Model-8 (Divided dataset)

PECso = 8.162 (+1.455)—0.022 (+0.021) * Ss—2.053 (+0.442) *
invcube-nR05 + 0.948 (+£0.263) * C-041 + 0.901 (+0.325) *B10
[C—F].

3.10. Model-9 (Divided dataset)

PECs0 = 8.540 (£0.458)—0.015 (+0.011) *G(N..F)—1.603 (+0.450)
* invsqr-nR05—1.416 (+0.355) *BO3[N—O] + 0.340 (+0.160) *F10
[C—F].

3.11. Model-10 (Divided dataset)

PECsp = 7.675 (+0.331) + 0.388 (+0.308) * Cl-089—1.485
(+£0.412) * invcube-nR05—-1.118 (+0.316) *BO3[N—O] + 0.672
(+0.308) *B10[C—F].

The statistical symbols have their usual meaning [12,16,17,20,23]
and are available in the supplementary material, also. From sta-
tistical analysis (Table 2), it is clear that all the developed QSAR
models are statistically robust and possess good external predictive
ability, especially, the models 6—10. The models 6—10 outperform
their counterparts apropos of fitting, internal validation and
external predictivity criteria. As expected, establishing the models
6—10 helped in the identification of less dominant descriptors like
Ss (sum of Kier-Hall electrotopological indices), G(N..F) (sum of
geometrical distances between N and F), C-041 (an atom-centered
fragment representing X—C(=X)—X), and Cl-089 (an atom-centered
fragment representing Cl attached to sp? hybridized C) with cor-
relation with the activity, which were not discovered while build-
ing the models 1-5. For all the developed models, the value of Rzad];
is quite close to R%; suggesting that the number of descriptors in
the models are not too high, thereby, indicating that the models are
free from over-fitting [26]. This is further supported by the low
value of LOF (Lack of fit) for all the models. The low Kxx
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Fig. 3. Strategy used for developing the QSAR models.

Table 2
Statistical performance of different QSAR models.

S.No. Statistical Parameter Model-1 Model-2 Model-3 Model-4 Model-5 Model-6 Model-7 Model-8 Model-9 Model-10
1. Ner 60 60 48 48 48 60 60 48 48 48

2. Nex - - 12 12 12 — — 12 12 12

3. Number of Descriptors 4 4 4 4 4 4 4 4 4 4
Fitting Criteria

4, R?; 0.807 0.806 0.822 0.823 0.812 0.863 0.862 0.839 0.876 0.874
5. R%,q;. 0.793 0.792 0.806 0.806 0.794 0.853 0.852 0.824 0.865 0.863
6. R%; - R%qj. 0.014 0.014 0.016 0.017 0.018 0.010 0.010 0.015 0.012 0.012
7 LOF 0.288 0.289 0.292 0.301 0312 0.205 0.206 0.246 0.214 0.217
8. Kxx 0.255 0.300 0.398 0.365 0.406 0.441 0.440 0.306 0.478 0.374
9. AK 0.119 0.139 0.119 0.064 0.058 0.064 0.063 0.131 0.080 0.104
10. RMSE, 0.465 0.466 0.450 0457 0.466 0.392 0.394 0.413 0.385 0.389
11. MAE,; 0.354 0.358 0.349 0.362 0.383 0312 0313 0.320 0.307 0314
12. RSS¢r 12.981 13.028 9.733 10.034 10414 9.232 9.302 8.190 7.119 7.248
13. CCCy 0.893 0.893 0.903 0.903 0.896 0.926 0.926 0913 0.934 0.933
14. s 0.486 0.487 0476 0.483 0.492 0410 0411 0.436 0.407 0.411
15. F 57.446 57.191 49.749 49.841 46.345 86.363 85.610 56.177 76.220 74.679
Internal Validation Criteria

16. R%w (Q?loo) 0.776 0.770 0.784 0.777 0.753 0.840 0.839 0.800 0.847 0.844
17. R2-R?, 0.031 0.036 0.038 0.046 0.059 0.022 0.023 0.039 0.029 0.030
18. RMSE, 0.501 0.508 0.496 0.513 0.533 0.423 0.425 0.461 0.428 0.432
19. MAE,, 0.382 0.394 0.389 0411 0.442 0.340 0.341 0.358 0.344 0.351
20. PRESS.y 15.041 15.472 11.824 12.629 13.650 10.740 10.837 10.190 8.809 8.974
21. CCCq 0.877 0.874 0.882 0.881 0.867 0914 0914 0.892 0.919 0.917
22. Q%mo - - 0.774 0.792 0.771 0.830 0.827 0.787 0.842 0.841
23. RPyser — - 0.081 0.086 0.087 0.069 0.069 0.086 0.087 0.082
24, Q%yser - - -0.151 -0.178 -0.231 -0.137 -0.137 -0.144 -0.144 -0.144
External Validation Criteria

25. 0* — - -10.983 3.116 2325 — — -2.183 -2.328 1.261
26. RMSEex - - 0.570 0.479 0417 — — 0.512 0.441 0.483
27. MAEex - - 0.421 0.351 0310 — — 0.442 0.350 0.402
28. PRESSext - - 3.894 2.756 2.085 — — 3.148 2.330 2.801
29. RZex — — 0.673 0.838 0.924 - — 0.819 0.779 0.787
30. Q%-F' - - 0.690 0.748 0.830 — — 0.807 0.759 0.711
31. Q%-F? - - 0.673 0.713 0.800 — — 0.804 0.752 0.702
32. Q%P — — 0.716 0.805 0.849 — — 0.753 0.838 0.806
33. CCCex - - 0.805 0.886 0916 — — 0.905 0.882 0.875
34. r’m aver. - - 0.541 0.654 0.776 — — 0.741 0.687 0.657
35. r’m delta - - 0.257 0.180 0.094 - - 0.040 0.069 0.197
36. R2-ExPy - - 0.785 0.780 0.756 — — 0.801 0.848 0.845
37. R?2 - - 0.740 0.747 0.712 — — 0.765 0.829 0.823
38. k' - - 0.996 0.997 0.993 — - 0.996 0.998 0.997
39. 1-(R?R'2) - - 0.057 0.042 0.059 - - 0.044 0.022 0.025
40. r’m - - 0413 0.639 0.597 — — 0.650 0.731 0.722
41. R? - - 0.784 0.777 0.753 — — 0.800 0.847 0.844
42. k - - 0.999 0.998 1.002 - - 0.999 0.999 0.999
43, 1-(R2-ExPy/R2) - - 0.001 0.004 0.004 — — 0.001 0.001 0.001
44. r’m - - 0.767 0.737 0.716 — — 0.780 0.829 0.829

R? — correlation coefficient, Q* — leave-one-out ‘cross validated R?, R%,q; - 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; R? yo and Q%;y0 — leave many-out
correlation coefficient and cross-validation coefficients; R?y¢ and Q%ye: — Y—- scramble correlation and cross-validation coefficients.

(representing inter-correlation among descriptors) value in all the
models indicates that low correlation among the descriptors used
in a model [16,17,20]. The condition RMSE;- < RMSE, is satisfied by
all the developed models. The values of cross validation parameters

Q% Q%m0 and CCCey for the developed models are high, thereby,
indicating the statistical robustness of the models. The low value of
R?yser and Q%yscr for all the models indicates that the models have
not been developed by chance. For the models 3—5 and 8—10, the
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Fig. 5. Different possible tautomeric forms of 38.

high value of various statistical parameters like R%y, Q>-F', Q>-F?,
Q%-F3, CCCqy, etc. indicate the models possess high external pre-
dictivity. This is further supported by the low value of RMSEg,
MAEgy, and PRESSey. In short, the developed models satisfy the
recommended interrelations and threshold values for various sta-
tistical parameters suggested by different researchers. Interest-
ingly, for model 5 a very rare observation is identified, the value of
Q%-F! (= 0.830) is greater than R? (= 0.812), thus, the model is able
to predict new data better than fitting available ones, indicating
that the molecules for which this model fits better are present in
the prediction set [15,29,30]. This is again supported by the higher
value of R% than R?.

A commonly encountered problem associated with QSAR anal-
ysis is the interpretation or correlation of descriptors with specific
structural fragment or atom. Therefore, in the present work, easily
interpretable descriptors that are directly associated with the
presence or the absence of a structural scaffold, or a specific atom
were considered. This could be highly beneficial to synthetic
chemists for future synthetic strategies.

In models 1-3, the 2D-constitutional type of descriptor ‘nR05’,
representing the presence of a five membered ring, is present with
a positive coefficient. The descriptors ‘invsqr-nR05’ and ‘invcube-
nRO5’ represent the inverse of square or cube of ‘nR05’, respec-
tively, and have negative coefficients in models 6—10. Therefore, it

appears that the presence of five membered rings in the molecules
increases the activity. This observation is vindicated by comparing
the activity of 1 with 15, and 2 with 18, as representatives. There-
fore, in future modifications five membered ring must be retained
to increase the activity. The 2D-descriptors, FO9[N—F] and B09
[N—F], which correspond to the frequency and presence/absence of
N and F at a topological distance of 9, respectively, have a negative
correlation with the activity. Interestingly, in models 1-3, the
positive correlation of F10[C—F] and B10[C—F], which correspond to
frequency and presence/absence of C and F at a topological distance
of 10, respectively, with HAT activity indicates that the presence of F
favors the activity. This is again supported by the positive correla-
tion of BO7[N—F], which represents the presence/absence of N and F
at topological distance of 7, in model 3.

The descriptor C-024, an atom centered descriptor corresponds
to R—CH—R fragment, has a negative coefficient in model-1, hence,
its value must be kept as low as possible. The descriptor ‘nPyrro-
lidines’ indicates the presence of number of pyrrolidine rings in the
molecule, its presence is beneficial for activity, as evident from its
positive coefficient in model 4 and 5. The descriptor ‘nArNR2’
which stands for the presence of number of tertiary amines (aro-
matic) in the molecule has a negative association with the activity,
hence such groups must be avoided in future modifications. FO2
[N—N] is a finger print descriptor that represents the frequency of
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the presence of two nitrogen atoms at a topological distance of 2, its
positive coefficient in the model 2 points out its positive influence
on the activity. This descriptor has been depicted by red bonds in
Fig. 4 using the molecule 38 as a representative. This descriptor is
associated with an interesting pharmacophoric pattern of H-bond
donor and acceptor nitrogen atoms present in a specific arrange-
ment, in which a H-bond donor (like N2) is at a topological distance
of 2 from at least one H-bond acceptor N (like N1 or N3).

The importance of this structural pattern is further supported by
the fact that the presence of 5-chloropyridin-2-yl, as in N-(3-((5-
chloropyridin-2-yl)carbamoyl)-4-fluorophenyl)furan-2-
carboxamide, has negative influence on the activity. The compound
N-(3-((5-chloropyridin-2-yl)carbamoyl)-4-fluorophenyl)furan-2-
carboxamide (ECs9 = 7 uM) was not incorporated during the QSAR
and pharmacophore model building, as the aim of the present work
was to analyze the bicyclic derivatives only.

This interesting pattern of H-bond donor/acceptor nitrogen
atoms also helps in attaining various tautomeric forms, thereby,
providing additional flexibility to the molecules to acquire bio-
active tautomeric form(s) while interacting with the target recep-
tor. It has been established that a less stable tautomeric form of a
molecule could be the true bioactive tautomeric form [12]. Thus,
tautomeric transformations could be a possible reason behind
higher activity of the molecules bearing imidazopyridine ring. Such
a useful flexibility is diminished when an oxazolopyridine ring is
present instead of an imidazopyridine ring. The various tautomeric
forms along with their calculated distribution (using the software
MarvinSketch 5.0) for the molecule 38, as a representative, have
been depicted in Fig. 5.

The descriptor BO3[N—O], which represents the presence/
absence of N and O at a topological distance of 3, or its exponential
expB03[N—O] have negative coefficients in the model 6,7, 9, and 10.
Therefore, the presence/absence of N and O at a topological dis-
tance of 3 has negative influence on the activity. Hence, such a
combination of N and O must be avoided for better activity profile.
This is supported by the observation that in the present series the
molecules bearing oxazolopyridine ring, in general, are less active
than those having an imidazopyridine ring.

4. Conclusions

The QSAR analysis revealed important information and obser-
vations about the structural features that steer the HAT activity of
substituted 2-Phenylimidazopyridines. The developed models are
statistically robust with high external predictive ability. The
development of multiple QSAR models helped in identifying less
dominant, but very useful descriptors, which have significant cor-
relation with the activity. The QSAR models pointed out that the
presence of five membered rings, especially the pyrrolidine ring, is
beneficial for the HAT activity of the present series molecules.
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Abstract: Some novel hydrazone derivatives 6a-o were synthesized from the key intermediate
4-Chloro-N-(2-hydrazinocarbonyl-phenyl)-benzamide 5 and characterized using IR, 'H-NMR,
13C-NMR, mass spectroscopy and elemental analysis. The inhibitory potential against two secretory
phospholipase A, (sPLA;), three protease enzymes and eleven bacterial strains were evaluated. The
results revealed that all compounds showed preferential inhibition towards hGIIA isoform of sPLA,
rather than DrG-IB with compounds 61 and 6e being the most active. The tested compounds exhibited
excellent antiprotease activity against proteinase K and protease from Bacillus sp. with compound
61 being the most active against both enzymes. Furthermore, the maximum zones of inhibition
against bacterial growth were exhibited by compounds; 6a, 6m, and 6o against P. aeruginosa; 6a, 6b,
6d, 6f, 61, 6m, 6n, and 60 against Serratia; 6k against S. mutans; and compounds 6a, 6d, 6e, 6m, and
6n against E. feacalis. The docking simulations of hydrazones 6a—o with GIIA sPLA,, proteinase K
and hydrazones 6a—-e with glutamine-fructose-6-phosphate transaminase were performed to obtain
information regarding the mechanism of action.

Keywords: benzo[d][1,3]Joxazin-4-one; aroylhydrazides; N-acylhydrazones; hydrazones; benzylidene
hydrazides; phospholipases; proteases; antimicrobial evaluation; molecular docking

1. Introduction

Hydrazones bearing azomethine moiety can be formed by condensation of hydrazides or aroyl
hydrazides with aldehydes [1-4]. These compounds are most widely used as building blocks for
the synthesis of 3-acetyl-2,5-disubstituted-2,3-dihydro-1,3,4-oxadiazoles [5], different mono-, di- and
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trisubstituted hydrazines [6,7], azetidin-2-ones, thiazolidin-4-ones and methyl thiazolidines [8,9], and
formazan derivatives [10,11]. Hydrazones are well known to exhibit a wide spectrum of biological
activities [12] and have been utilized as useful candidates for development of antimalarial [13],
antitumor [14], antiviral [15,16], antimicrobial [17], antioxidant [18], analgesic, anti-inflammatory and
anti-ulcerogenic agents [19,20].

Secreted phospholipases Aj (sPLA;s) are enzymes found in mammals and animal venoms that
catalyze hydrolysis of glycerophospholipids at the sn-2 ester position to release a free fatty acid and
a lysophospholipid [21]. Mammalian phospholipases have been categorized into ten groups IB, IIA,
IIC, IID, 1IE, IIF, 111, V, X and XIIA [22,23]. It has been reported that sPLA;s play a key role in a good
number of bio-chemical processes, thus, on one the hand, group IB sPLA; has been proposed to be
involved in various physiological and pathophysiological processes such as cellular proliferation, cell
migration, hormone release [24] and apoptosis in neuronal cells [25]. In addition, higher levels of this
enzyme were detected in the serum of patient with chronic renal failure [26] and acute lung injury [27]
compared to healthy controls.

On the other hand, the GIIA sPLA; has been correlated to inflammatory diseases, which
is due to elevated levels of this enzyme were detected in the fluids of patients suffering from
various inflammatory diseases such as rheumatoid arthritis [28], acute lung injury-acute respiratory
distress syndrome (ALI-ARDS) [29] and pancreatitis-associated adrenal injury in acute necrotizing
pancreatitis [30], as well as in various cancers [31]. Therefore, seeking potent and selective inhibitors
to this sSPLA; may be considered an effective approach to develop novel anti-inflammatory and
antitumor agents.

Proteases or proteinases enzymes are proteolytic enzymes that break down proteins into peptides
and amino acids. They are classified into different classes depending on their source and functions [32]
such as proteinase K, protease from Bacillus and protease-esperase. Biologically, proteases are involved
in controlling many biological pathways in the life cycle of human, plants, animals, insects and
pathogens such as fungi, bacteria and viruses. Many studies reported their involvement in the
pathogenic processes of human diseases such as bleeding disorders [33], inflammation [34], cancer [35],
hypertension [36] and AIDS [37]. Therefore, proteases inhibitors’ can be considered as targets in drug
design for developing therapeutics and prevention of diseases [38].

In continuation to our previous efforts towards synthesis of novel biologically active
compounds [39-41], we report herein the synthesis of novel hydrazones 6a—o and evaluation of their
phospholipases, proteases and bacterial inhibitory activities. The docking simulations of hydrazones
6a—o0 against GIIA sPLA,, proteinase K and hydrazones 6a—e against glutamine-fructose-6-phosphate
transaminase were performed in order to obtain information regarding the mechanism of action.

2. Results and Discussion

2.1. Chemistry

Benzoylation of anthranillic acid 1 with 4-chlorobenzoyl chloride 2 in methylene chloride in the
presence of triethylamine afforded the corresponding amido acid 3 which upon boiling with excess
of acetic anhydride underwent intramolecular cyclization and afforded benzo[d][1,3]oxazin-4-one
derivative 4. Nucleophilic attack by the amino group of hydrazine hydrate on the carbonyl
group of the latter benzoxazinone, and subsequent ring opening gives the key intermediate
4-Chloro-N-(2-hydrazinocarbonyl-phenyl)-benzamide 5. Condensation of hydrazino derivative 5
with a variety of aromatic aldehydes yielded the desired hydrazones 6a—o (Scheme 1). The structures
of these products were confirmed based on their spectral data and elemental analyses. In general,
the IR spectra of compounds 6a-o displayed two absorption bands at Vimax 3421-3292 cm~!, which
are attributed to the two (NH) groups, and two absorption bands at vimax 1684-1657 cm~! due to the
two carbonyl groups. In addition, the (C=N) groups appeared around 1598-1579 cm~!. Moreover,
the "H-NMR spectra of these compounds indicated the disappearance of the spectral line due to NH,
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group of the starting hydrazide 5 and appearance of two broad singlet signals at 6 12.37-11.08 ppm
corresponding to 2NH groups, singlet signals at 6 8.84-8.30 ppm due to the characteristic azomethines’
protons (N=CH) in addition to signals attributed to the aliphatic and aromatic protons at the expected
chemical shift values. Analogously, the 1>*C-NMR spectra proved the presence the two C=0 groups
at dc 165.61-163.86 ppm, azomethine carbons’ at 151.46-145.10 ppm and the aliphatic and aromatic
carbons at the expected chemical shift values. The mass spectra of all of the synthesized compounds
revealed the existence of the parent ion peaks. Finally, the C, H, N elemental analyses of all of the
synthesized compounds were in agreement with the proposed structures.

cl
cl
NH, % 0 p
—_ — =
0 O O
0 o
3

1 2 4

NH,NH,
cl Cl
o) ArCHO/ AcOH cat. O=:
NH J—Ar = NH
:< HN—N/_ :( HN—NH,
e} O
6a-o 5
a, Ar =Ph b, Ar = 4-C|'06H4
c, Ar = 4-OH,3-OMe-CgH3 d, Ar = 3,4,5-(OMe)3-CgH>
e, Ar= 2,4-C|-CGH3 f, Ar= 4-OMe-CsH4
g, Ar = 4-N,N-di-Me-CgHy h, Ar = 2-OMe-CgHy
i, Ar = 4-Me-CgH, j, Ar = 4-COOH-CgH,4
K, Ar = CH=CH-CgH5 I, Ar=2-COOH-CgH,4
m, Ar = 3-OH,4-OMe-CgH3 n, Ar = 4-cyclohexyl-CgHy4

0, Ar=3-OMe-CgHy
Scheme 1. The synthesis of Schiff bases 6a-o.

2.2. Biological Evaluation

2.2.1. Phospholipases Inhibitory Activity

The phospholipase inhibitory activity of hydrazones 6a—o have been detected against two different
classes of sPLA;s, namely human group IIA sPLA; (hG-IIA) and dromedary group IB sPLA; (DrG-IB).
The obtained results revealed that compounds 6c, 6d, 6e and 61 exhibited selective inhibition against
hGIIA rather than DrG-IB by 50.67% =+ 4.04%, 55.67% =+ 4.72%, 72.67% =+ 2.51% and 74.33% =+ 3.21%,
respectively, as shown in Figure 1 and Table S1.

Conversely, the lowest inhibitory activity against this enzyme (9% =+ 2%) was displayed by
compound 6n. These results are in agreement with the data obtained in our previous work [42].

As many clinical studies revealed that the levels of SPLA;s are increased in different inflammatory
conditions such as rheumatoid arthritis [28], these active hydrazones can be proposed as potential
candidates to explore their utility for such ailment.
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Figure 1. Inhibitory activity (%) of compounds 6a-o against sSPLA; (hG-IIA and DrG-IB).

2.2.2. Proteases Inhibitory Activity

The synthesized compounds were also screened for in vitro anti-proteases activity against the
commercially available protease-esperase, proteinase K and protease obtained from Bacillus sp.
The screening results shown in Figure 2 and Table S2 revealed that the tested compounds displayed
varied degrees of proteases inhibition. The maximum inhibitory activities against proteinase K
(86 £ 2.64), protease from Bacillus (74.66 £ 2.88) and protease-esperase (39.33 £ 3.21) were exhibited
by compound 61.

100 m Proteinase K
90  m Protease from Bacillus sp

80 | = Esperase

70 -
60 -
50
40 -
30
20 -
10 -
0

Protease Inhibitory Activity (%)

6a 6b 6c 6d 6e 6f 69 6h 6i 6 6k 61 6m 6n 6O

Compound

Figure 2. Antiprotease activity (%) of compounds 6a—o against different protease enzymes.

Furthermore, the next highest inhibitory activities against proteinase K were exhibited by
compounds 6e (74.66% =+ 2.51%) and 6m (69% =+ 4.58%), while the next highest inhibitory activities
against protease from Bacillus sp. were exhibited by compounds 6b (72.33% + 2.51%) and 6g
(72.33% £ 6.42%).
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It is worth mentioning that most of the compounds showed good antiprotease inhibition against
proteinase K and protease from Bacillus sp., as depicted in Figure 2. It was also noticed that there was
alignment in inhibitory activity against these two enzymes, as any single compound that showed high
inhibitory potential against one of them also reacted in a similar fashion towards the other one.

As the anti-inflammatory activities of chemical compounds can be expressed by phospholipase
Aj (hGIIA) and/or through protease inhibitor potentials [42], compound 61, which was found to
be the most active candidate against both phospholipases A, (sPLA;) and protease enzymes under
investigation, may be proposed as promising potential anti-inflammatory agent for treatment of
ulcerative colitis.

2.2.3. Antibacterial Screening

Finally, compounds 6a—o were further examined for in vitro antibacterial activity. Preliminary
screening against eleven strains of Gram-positive and Gram-negative bacteria was performed by
adopting standard protocol [43]. The antibacterial potency was determined by measuring the inhibition
zones. All tests were performed in duplicates and means of inhibition zones were recorded in mm as
presented in Table 1.

Analysis of the screening data revealed that the inhibition activity produced by some of the
tested compounds was found to be good to excellent compared to the used reference drug tetracycline.
Among the eleven strains that would be considered more susceptible to inhibition by one or more of the
synthetic compounds were; P. aeruginosa, Serratia, S. aureus, S. mutans and E. feacalis with genus Serratia
being the most sensitive one which was inhibited by nine hydrazones. The highest inhibition towards
this pathogen was displayed by compounds 6a, 6b, 6d, 6e, 6f, 61, 6m, 6n, and 6o with inhibition zones
of 15.5 +£0.0,12.5 £ 0.0,12 £ 0.0, 14 £ 1.0, 14 £ 1.0, 13 £ 0.01, 145 £ 1.5, 14.5 £ 0.5and 12.5 £ 0.5,
respectively. The highest inhibitory activity against P. aeruginosa was exerted by compounds 6a, 6m,
and 60 with inhibition zones of 17 + 1.0, 18.5 &= 0.5 and 18.5 % 0.5, respectively. Although compounds
6j, 61 and 6n produced the highest inhibition zones against S. aureus strain, they were considered
to be less effective compared to the reference drug tetracycline. Moreover, the maximum zone of
inhibition (24.5 = 0.5) was exhibited by compound 6k against S. mutans. Finally, the reference drug
tetracycline was found to be completely inactive against E. feacalis, while compounds 6a, 6d, 6e, 6m,
and 6n exhibited the maximum inhibition zones of 18.5 & 0.5, 18.0. + 1.0, 18.5 £ 0.5,13.5 &= 1.5 and
18.5 £ 0.5, respectively. The rest of the compounds showed moderate inhibition against all other
bacterial strains.

2.3. Molecular Docking Analysis

Based on the data obtained from different biological evaluations, compounds 6a—o were docked
against proteinase K, GIIA sPLA;, and compounds 6a—e against glutamine-fructose-6-phosphate
transaminase (GlcN6P) synthase (GImS, L-glutamine: D-fructose-6P amidotransferase, EC 2.6.1.16) in
order to provide a conceivable rationale for the observed activities.

2.3.1. Docking Simulations for Compounds 6a—o in Active site of GIIAsPLA;

GIIASPLA; is a low molecular weight enzyme (14 kDa) with seven disulfide bonds with a highly
conserved Ca?*-binding loop and a catalytic dyad consisting of His47/Asp91 along with active a
hydrophobic region lined near the N-terminal helix [44].
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Table 1. Antibacterial activities of the synthesized hydrazones 6a-o.
Gram-Negative Bacteria Gram-Positive Bacteria

Comp # E. coli p. aeruginosa K. Pneumoniae  Salmonella Serratia S. aureus S. aureus ALA1 ~ MRSA ATCC3  S.mutans  E.feacalis  B. subtilis
6a 0+0 17 £1 0+0 8+1 155+0 00 10£0 12£0 12 £05 18.5+ 0.5 00
6b 145+ 15 12+0 0+0 125 £ 0.5 125 £ 0.5 8+05 0+0 6+0 0+0 95+ 0.5 0£0
6¢ 1+0 15+0 0+0 10251 14+1 0+0 0+0 8+05 0.6+12 13+1 0£0
6d 14.5 £ 0.5 10+0 122+1 65+0 12+0 85+0.5 0+0 0+0 10 £ 0.0 18+1 0+0
6e 10£0 125+ 0.1 125+ 0.5 4+0 14+1 85+£05 0+0 14£1 8+1 18.5+ 0.5 00
6f 0+0 10.5+0.1 45401 10£0 14 +£0.1 0+0 0+0 0+0 8+1 0+0 0+0
6g 0+0 105+ 0.5 8+1 0£0 105+ 0.5 85+0 0+0 0£0 0+0 0+0 0£0
6h 8+0 125+ 0.7 0+0 0+0 10+£0 85+0.7 0+0 0+0 0+0 0+0 0+0
6i 85+ 0.5 10.5 £ 0.5 0+0 0+0 85+ 0.5 105+ 1.5 0+0 0+0 0+0 0+0 0+0
6j 8+1 10+0 0+0 0£0 85£05 195+ 15 0+0 0£0 0£0 0+0 0£0
6k 10+£0 135+ 1.5 14.5 + 1.5 0+0 10+£0 10.5 + 1.5 0£0 0+0 245 %05 0£0 85+£05
61 14+1 11£0 11+£0 8+1 13 £0.1 185+ 0.5 0+0 0+0 14 £2 0+0 00
6m 10+1 18.5 £ 0.5 0+0 440 145+15 85+ 0.5 0+0 85+ 05 0+0 135+ 15 0+0
6n 10+0 0+0 13+1 0£0 125+ 05 14+1 0+0 10+0 15+1 185+ 0.5 0£0
60 10+0 18.5 £ 0.5 10+0 0+0 12.5 £ 0.5 0+0 0+0 0+0 9406 0+0 0+0
TCN 19+£0.1 17 £0.2 17 £ 05 16 £0.1 12£0.3 31+0.6 29+04 18 £0.3 27 £1.2 0+0 15£05

Comp # = Compound number; TCN = Tetracycline.
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The docking simulations for 6a—o in active site of GIIAsPLA; are presented in Supplementary
Materials, Figure S1. Results of docking simulations for compound 61, the most active anti-GIIAsPLA;
enzyme, depicted here as a representative in Figure 3, revealed that it interacts with hydrophobic
and polar residues of active site of GIIAsPLA,. Compound 61 has adopted “U” shape with its central
benzene ring oriented towards the polar residues viz. His6, Gly22, Asp48, and Val30. The -CONH-N-
moiety is responsible for interactions with Phe5 and His47. The -CO-NH-N= moiety bridging the two
benzene rings as a polar linker has incorporated good flexibility to the ligand, hence such a flexible
moiety is beneficial for further amendments. The —Cl and -COOH groups are oriented toward Leu?2
and Val3 due to polar interactions. The -CO- group of -CONH- group is close to Gly22. Hence,
—CONH- group is important group for retention in future optimizations.

Figure 3. Docking pose for compound 61 as a representative, in the active site of GIIAsPLA,;.

2.3.2. Docking Simulations for Compounds 6a—o in Active Site of Proteinase K

Proteinase K (EC 3.4.21.64, protease K, endopeptidase K, Tritirachium alkaline proteinase,
Tritirachium album serine proteinase, and Tritirachium album proteinase K) is a broad-spectrum serine
protease belonging to Peptidase family S8 with ability to digest proteins. It is used for the destruction
of proteins in cell lysates (tissue, and cell culture cells) and for the release of nucleic acids [45].

The docking simulations for hydrazones 6a—o in active site of proteinase K are presented in
Supplementary Materials, Figure 52. Results of docking simulations for compound 61, the most
active antiproteinase K, depicted here as a representative in Figure 4, revealed that it interacts with
hydrophobic and polar residues of active site of proteinase K. Compound 61 is unable to occupy the
complete space of active site of the enzyme. It interacts with polar residues viz. Asn161, Asn162, Ser224
and His69. In addition, it has H-bond formation with H,O (at distance of 2.86 A°), present inside the
active site of Proteinase K, due to the -COOH group present on benzene ring. Hence, the -COOH
group is beneficial. Another important interaction is arene-cation interaction between the benzene ring
possessing —Cl atom with H,O (at distance of 4.08 A°), present inside the active site of proteinase K.
Interestingly, the compound possesses intramolecular H-bond formation (distance 2.09 A°) between
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the -NH- part of -CONH- group with -CO- part of -CONH-N- group. This H-bond is probably
responsible for the specific orientation and shape of the molecule inside the active site. The compound
61 has acquired weird “J” or “L” shape inside the active site. The benzene ring possessing -COOH
group is closer to the active site residues. This indicates that the -CONH- and -CONH-N- groups are
important for future modifications.

Figure 4. Docking pose for compound 6l as a representative, in the active site of proteinase K.

2.3.3. Docking Simulations for Compounds 6a—e in Active Site of Glutamine-Fructose-6-Phosphate
Transaminase

The molecular mechanism of multifarious reaction catalyzed by glucosamine-6-phosphate
(GIeN6P) synthase (GImS, L-glutamine: D-fructose-6P amidotransferase, EC 2.6.1.16) enzyme comprises
both ammonia transfer (L-glutamine to Fru-6-P) and sugar isomerization (fructosamine-6-phosphate
to glucosamine-6-phosphate). This reaction is the initiation of the pathway leading to the eventual
production of uridine 5'-diphospho-N-acetyl-D-glucosamine (UDP-GIcNAc), a product that is present
in all class of organisms, but in fungi and bacteria it is utilized to construct macromolecules essential
for the cell wall assembly, such as a number of amino sugar-containing macromolecules, comprising
chitin and mannoproteins in fungi, and peptidoglycan and lipopolisaccharides in bacteria. In the
prokaryotic cell, the inhibition of GIcN6P synthase even for a small time is fatal. Fortunately, because
of the longer lifespan of human, the running down of amino sugar pool for a short time is not deadly.
Consequently, it has been proposed as a possible target for developing antibacterial and antifungal
agents [46—49].

It is evident that recognition of a molecule by a particular enzyme is dependent on the structural
properties of that molecule and its distribution of the molecular electrostatic potential (MEP).
Furturmore, analysis of ligand-receptor interactions for GlcN-6-P synthase revealed that ligands
having primary amido groups can form stable hydrogen bonds with the amino acids residues present
in the binding site of the fungal enzyme thus they may serve as “anchors” to lock the inhibitor in
the binding pocket of the enzyme. In addition, previous structure-activity relationship experiments
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revealed that presence of active electrophilic center at a proper position is required for inactivation
of the enzyme to take place [49]. By analogy, hydrazones 6a—o having the same structural features
represented by two primary amido groups and electrophilic double bond may serve as inhibitors for
bacterial GIcN6P synthase. This hypothesis is examined by docking hydrazones 6a—e in the active site
of the bacterial enzyme (these results are presented in Supplementary Materials, Figure S3).

Docking simulations for the most active candidate 6a which inhibits collectively three bacterial
strains and exhibiting inhibition zones larger than those produced by the reference drug tetracycline
against two bacterial strains, Serratia and E. feacalis, depicted here as a representative in Figure 5,
revealed that it interacts with a good number of residues of active site of glucosamine-6-phosphate
(GlcN6P) synthase. It mainly interacts with polar and hydrophobic residues of the active site. It has
adopted weird “J” or “L” shape in the active site. The oxygen atoms of the two amide groups are
responsible for the formation of H-bonding with the polar residues Ser A401 (distance 2.61 A°®),
GIn A348 (distance 1.94 A°) and Ser A349 (distance 1.71 A°). Hence, the amide groups are beneficial
for future development. The arene-cation interaction of benzene ring of ligand with the polar residue
Arg A26 has strengthened the binding of ligand with the receptor. The chlorine atom on the benzene
ring of the ligand has hydrophobic interactions with the hydrophobic residues Trp A74, Ala A602 and
Val A399 that constitute the lipophilic region of the cavity. The -CO-NH-N- moiety present between
the two benzene rings as a polar linker has furnished high flexibility to the ligand, hence such a
flexible moiety is advantageous for further modifications. The benzene ring, which is acting as a bridge
between the two -CONH- groups, is oriented toward polar region of the active site, which comprises
polar residues such as Ser A401, Cys A300, Ser A303, Ser A347, Thr A352, Gln A348 and Ser A349.

7
-\

P -

T

Figure 5. Docking pose for compound 6a, as a representative, in the active site of glucosamine-6-
phosphate (GlcN6P) synthase.

3. Experimental Section
3.1. Chemistry

3.1.1. General

All the chemicals were purchased from various suppliers, and were used without further
purification, unless otherwise stated. Melting points were measured on a Gallenkamp melting point
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apparatus (Sanyo Gallenkamp, South borough, UK) in open glass capillaries and are uncorrected.
Infrared spectra (IR) were recorded using the KBr disc technique using a Perkin Elmer FT-IR
spectrophotometer 1000 (PerkinElmer, Waltham, MA, USA). 'H- and '3C-NMR spectra were recorded
on a BRUCKER-PLUS NMR (Billerica, MA, USA) operating at 500 MHz in deuterated dimethyl
sulfoxide (DMSO-dg). Chemical shifts are referred to in terms of ppm and J-coupling constants are
given in Hz. Mass Spectra were recorded on a Shimadzu GCMS-QP 5000 instrument (Shimadzu, Tokyo,
Japan). Elemental analysis was done to evaluate the presence of C, H, and N by Perkin Elmer-series-II
and the found results were within £0.4% of the theoretical values. The biological evaluations of the
products were carried out at King Saud University, Riyadh, KSA.

3.1.2. Synthetic Procedures

Compounds 3 and 4 were prepared according to reported procedures [20].

4-Chloro-N-(2-(hydrazinecarbonyl)phenyl)benzamide 5

A mixture of 2-(4-chlorophenyl)-4H-benzoyl [d][1,3]oxazin-4-one 4 (2.57 g, 10 mmol) and 10 mL
of hydrazine hydrate (80%) was refluxed for 1 h. Evaporation of the excess hydrazine under reduced
pressure and washing of the remaining solid product with plenty of water afford the title compound
in pure form.

Yield (95%); shiny white powder; m.p. 175-177 °C. IR ( KBr) vmax: 3316-3128 (NH; and 2NH),
1673, 1635 (2 C=0), 1592 (C=N) cm~!; 'H-NMR (DMSO-d¢) &: 12.04 (s, 1H, NHCO), 11.92 (s, 1H,
NHCO), 8.51 (d, 1H, Ar-H, | =8.3 Hz), 7.95 (d, 2H, 2 x Ar-H, ] = 8.4 Hz), 7.90 (d, 1H, Ar-H, | = 7.6 Hz),
7.76-7.62 (m, 3H, 3 x Ar-H), 7.28 (t, 1H, Ar-H, | = 7.5 Hz), 4.52 (s, 2H, NH,); 3C-NMR (DMSO-ds)
5: 165.27 (CO), 164.16 (CO), 138.2, 137.10, 132.43, 129.11, 128.72, 127.80, 125.445, 124.32, 120.93
(12 x Ar-C); MS (ESI): 290 [M* + 1], Anal. Calcd. For Ci4HpCIN3Os: C (58.04%); H (4.17%);
N (14.50%); Found: C (58.08%); H (4.21%); N (14.53%).

Synthesis of Compounds 6a—o

General procedures: A mixture of 4-chloro-N-(2-(hydrazinecarbonyl)phenyl)benzamide 5 (2.89 g,
10 mmol) and the appropriate aldehyde (10 mmol) was refluxed in absolute ethanol (15 mL) in
presence of few drops of glacial acetic acid as a catalyst for about 4 hour and monitored with TLC
(n-hexane:EtOAc, 80:20) until the reaction was completed as observed by appearance of a single new
spot. The resultant reaction mixture was cooled to room temperature and the solid product obtained
in each experiment was collected by filtration and recrystallized from ethanol to afford the desired
products 6a—o

N-(2-(2-benzylidenehydrazine-1-carbonyl)phenyl)-4-chlorobenzamide (6a) Yield (89%); white crystals; m.p.
244-246 °C; IR (KBr) vmax: 3336-3197 (2 NH), 1673, 1635 (2 C=0), 1592 (C=N) cm~!; 'H-NMR
(DMSO-dg) b: 12.14 (s, 1H, NHCO), 11.94 (s, 1H, NHCO), 8.51 (d, 1H, Ar-H, | = 8.3 Hz), 8.47 (s, 1H,
N=CH), 7.96 (d, 2H, 2 x Ar-H, | =8.4 Hz), 7.92 (d, 1H, Ar-H, | = 7.6 Hz), 7.76-7.47 (m, 8H, 8 x Ar-H),
7.30 (t, 1H, Ar-H, | = 7.5 Hz); *C-NMR (DMSO-dg) &: 165.39 (CO), 164.00 (CO), 149.53 (N=CH),
139.53, 137.42, 134.49, 133.63, 133.06, 130.86, 129.48, 129.36, 129.10, 127.75, 123.85, 121.85, 121.75, 121.31
(18 X AI’-Q),‘ MS (ESI)Z 379 (C21H16C1N302, [M+ + 1]; Anal. Calcd. for C21H16C1N302: C (66.760/0);
H (4.27%); N (11.12%); Found: C (66.72%); H (4.24%); N (11.14%).

4-Chloro-N-(2-(2-(4-chlorobenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6b) Yield (95%); white
powder; m.p. 252-256 °C; IR (KBr) vmax: 3333-3201 (2 NH), 1675, 1639 (2 C=0), 1598 (C=N) cm~;
'H-NMR (DMSO-dy) &: 12.19 (s, 1H, NHCO), 11.95 (s, 1H, NHCO), 8.52 (d, 1H, Ar-H, ] = 8.3 Hz),
8.45 (s, 1H, N=CH), 7.96 (d, 2H, 2 x Ar-H, ] = 8.4 Hz), 7.90 (d, 1H, Ar-H, | = 7.8 Hz), 7.77 (d, 2H,
2 x Ar-H, ] =8.4 Hz), 7.65-7.61 (m, 3H, 3 x Ar-H),7.52 (d, 2H, 2 x Ar-H, | = 8.4 Hz), 7.28 (t, 1H, Ar-H,
] = 7.6 Hz); 13C-NMR (DMSO-dg) 5: 165.46 (CO), 163.96 (CO), 148.13 (N=CH), 139.62, 137.43, 135.32,
133.58, 133.42, 133.10, 129.67, 129.44, 129.33, 129.07, 123.76, 121.71, 121.08 (18 x Ar-C); MS (ESI): 413
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[M* + 1], Anal. Caled. for Co;Hi5CLN30,: C (61.18%); H (3.67%); N (10.19%); Found: C (61.20%);
H (3.64%); N (10.21%).

4-Chloro-N-(2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6c) Yield (85%);
white crystals; m.p. 236-238 °C; IR (KBr) vmax: 3341-3201 (2 NH and OH), 1675, 1639 (2 C=0), 1588
(C=N) cm~!; TH-NMR (DMSO-dg) 6 11.93 (s, 2H, NH and OH), 9.59 (br. s, 1H, NH), 8.46 (d, 1H, Ar-H,
] = 8.3 Hz), 8.30 (s, 1H, N=CH), 7.90 (d, 2H, 2 x Ar-H, | = 8.4 Hz), 7.83 (d, 1H, Ar-H, | = 7.7 Hz),
7.58(d,2H, 2 x Ar-H, ] =8.4 Hz), 7.54 (d, 1H, Ar-H, | =7.7 Hz), 7.29 (d, 1H, Ar-H ] = 1.0 Hz), 7.21
(t, 1H, Ar-H, ] =7.7 Hz), 7.06 (dd, 1H, Ar-H, ] = 8.1, 1.0 Hz), 6.80 (d, 1H, Ar-H, ] = 8.1 Hz), 3.78 (s, 3H,
OCHj3); 1*C-NMR (DMSO-dg) 5 165.13 (CO), 163.98 (CO), 150.24, 149.81, 148.55, 139.52, 137.41, 133.65,
132.90, 129.46, 129.01, 125.84, 123.78, 123.06, 121.63, 121.31, 115.93, 109.49 (CH=N and 18 x Ar-C), 56.04
(OCHj3); MS (ESI): 425 [M* + 1], Anal. Caled. for CopH1gCIN3Oy: C (62.34%); H (4.28%); N (9.91%);
Found: C (62.32%); H (4.24%); N (9.93%).

4-Chloro-N-(2-(2-(3,4,5-trimethoxybenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6d) Yield (93%);
white crystals; m.p. 247-248 °C; IR (KBr) vmax: 3345-3208 (2 NH), 1671, 1644 (2 C=0), 1578 (C=N)
cm~1; TH-NMR (DMSO-dg) &: 12.11 (s, 1H, NHCO), 11.81 (s, 1H, NHCO), 8.46 (d, 1H, Ar-H, ] = 8.2
Hz), 8.37 (s, 1H, N=CH), 7.96 (d, 2H, 2 x Ar-H, | =8.4 Hz), 7.88 (d, 1H, Ar-H, | =7.6 Hz), 7.67 (d, 2H,
2 x Ar-H,]=8.4Hz),7.63 (t, 1H, Ar-H, ] =8.2 Hz), 7.31 (t, 1H, Ar-H, ] = 7.6 Hz), 7.04 (s, 2H, 2 x Ar-H),
3.85 (s, 6H, 2 x OCH3), 3.74 (s, 3H, OCHj3); 13C-NMR (DMSO-dy) &: 165.25 (CO), 164.12 (CO), 153.69
(8 x C-OCH3), 146.48 (N=CH), 139.32, 137.39, 133.68, 129.97, 129.52, 129.47, 129.15, 123.96, 121.96,
104.96 (15 x Ar-C), 60.60 (OCH3), 56.50 (OCH3), 56.46 (OCHs). MS (ESI): 469 [M* + 1], Anal. Calcd.
for Cy4Hy>CIN3Os5: C (61.61%); H (4.74%); N (8.98%); Found: C (61.32%); H (4.71%); N (9.02%).

4-Chloro-N-(2-(2-(2,4-dichlorobenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6e) Yield (93%); creamish
powder; m.p. 262-264 °C; IR (KBr) vmax: 3421-3268 (2 NH), 1680, 1656 (2 C=0), 1592 (C=N) cm~1;
TH-NMR (DMSO-dg) 6: 12.36 (s, 1H, NHCO), 11.79 (s, 1H, NHCO), 8.82 (s, 1H, N=CH), 8.47 (d, 1H,
Ar-H, ] =83Hz),8.04 (d, 1H, Ar-H, ] =8.5Hz), 7.95 (d, 2H, 2 x Ar-H, ] =8.4 Hz), 7.91 (d, 1H, Ar-H,
J=7.8Hz),7.75 (s, 1H, CH-Ar), 7.69-7.64 (m, 3H, 3 x Ar-H), 7.55 (d, 1H, Ar-H, ] = 8.5 Hz), 7.31 (t, 1H,
Ar-H, ] = 7.6 Hz); 3C-NMR (DMSO-ds) &: 165.31 (CO), 164.42 (CO), 148.38 (N=CH), 139.64, 137.93,
135.26, 133.45, 133.39, 133.10, 129.51, 129.49, 129.27, 129.11, 123.80, 121.71, 121.88 (18 x Ar-C). MS (ESI):
447 [M* + 1], Anal. Calcd. for Co1H14CI3N30;: C (56.46%); H (3.16%); N (9.41%); Found: C (56.48%);
H (3.20%); N (9.42%).

4-Chloro-N-[2-(4-methoxy-benzylidene-hydrazinocarbonyl)-phenyl]-benzamide (6f) Yield (88%); white
powder; m.p. 260-262 °C; IR (KBr) vyy: 3374-3242 (2 NH), 1682, 1646 (2 C=0), 1589 (C=N) cm;
TH-NMR (DMSO-dg) &: 12.06 (s, 1H, NHCO), 12.03 (s, 1H, NHCO), 8.55 (d, 1H, Ar-H, ] = 8.3 Hz), 8.42
(s, 1H, CH=N), 7.96 (d, 2H, 2 x Ar-H, ] =8.5 Hz), 791 (d, 1H, Ar-H, | =7.6 Hz), 7.69 (d, 2H, 2 x Ar-H,
J=87Hz),7.64(d, 2H,2 x Ar-H,] =85Hz), 7.60 (t, 1H, Ar-H, ] =7.5Hz), 7.27 (t, 1H, Ar-H, | = 7.5 Hz),
7.02 (d, 2H, 2 x Ar-H, ] = 8.7 Hz), 3.80 (s, 3H, OCHj3); >*C-NMR (DMSO-ds) §: 165.25 (CO), 163.91
(CO), 161.55 (C-OCHg3), 149.54 (N=CH), 139.65, 137.42, 133.60, 132.96, 129.45, 129.42, 128.99, 127.01,
123.69, 121.53, 121.02, 114.82 (17 x Ar-C), 55.75 (OCHj3). MS (ESI): 409 [M* + 1], Anal. Calcd. for
CpH13CIN3O3: C (64.79%); H (4.45%); N (10.30%); Found: C (64.78%); H (4.42%); N (10.32%).

4-Chloro-N-(2-(2-(4-(dimethylamino)benzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6g) Yield (82%);
yellow powder; m.p. 249-251 °C; IR (KBr) vmax: 3364-3212 ((2 NH), 1679, 1640 (2 C=0), 1582 (C=N)
cm ™1 TH-NMR (DMSO-dg) &: 12.11 (s, 1H, NHCO), 11.85 (s, 1H, NHCO), 8.56 (d, 1H, Ar-H, ] = 8.2 Hz),
8.32 (s, 1H, CH=N), 7.96 (d, 2H, 2 x Ar-H, | = 8.5 Hz), 7.90 (d, 1H, Ar-H, | = 7.2 Hz), 7.68 (d, 2H,
2 x Ar-H, J=85Hz),7.62 (t, 1H, Ar-H, ] =7.4 Hz), 7.56 (d, 2H, 2 x Ar-H, ] = 8.8 Hz), 7.28 (t, 1H, Ar-H,
] =7.4Hz),6.77 (d,2H, 2 x Ar-H, ] = 8.8 Hz), 2.99 (s, 6H, 2 x N-CHj3); '3C-NMR (DMSO-dy) §: 165.31
(CO), 164.13 (CO), 152.4 (C-NCH3), 148.27 (N=CH), 138.2, 137.4, 134.84, 129.53, 129.44, 129.18, 128.8,
127.7,124.2,123.74,119.8, 112.3 (17 x Ar-C), 45.2 (2 x CHj). MS (ESI): 422 [M* + 1], Anal. Calcd. for
Ca3Hp1 CIN,O;: C (65.63%); H (5.03%); N (13.31%); Found: C (65.59%); H (5.02%); N (13.33%).
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4-Chloro-N-(2-(2-(2-methoxybenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6h) Yield (98%); white
powder; m.p. 236-238 °C; IR (KBr) vmax: 3383-3251 ((2 NH), 1680, 1652 (2 C=0), 1589 (C=N) cm~;
TH-NMR (DMSO-dy) &: 12.06 (s, 1H, NHCO), 11.97 (s, 1H, NHCO), 8.77 (s, 1H, N=CH), 8.47 (d, 1H,
Ar-H, ] =8.3Hz),7.90(d, 2H, 2 x Ar-H, ] =8.5 Hz), 7.88-7.83 (m, 2H, 2 x Ar-H), 7.60 (d, 2H, 2 x Ar-H,
J =8.5Hz), 7.58-7.20 (m, 3H, 3 x Ar-H, ] =7.5 Hz), 7.05 (d, 1H, Ar-H, | = 8.4 Hz), 6.98 (t, 1H, Ar-H,
] =7.7 Hz), 3.80 (s, 3H, O-CHj3); 13 C-NMR (DMSO-d) 6: 165.28 (CO), 163.96 (CO), 158.39 (C-OCHj3),
145.11 (N=CH), 139.63, 137.42, 133.64, 133.05, 132.40, 129.49, 129.46, 129.09, 126.09, 123.77, 122.47,
121.58, 121.23, 120.99, 112.37 (17 x Ar-C), 56.18 (OCH3). MS (ESI): 409 [M* + 1], Anal. Calcd. for
CpoH1gCIN3O3: C (64.79%); H (4.45%); N (10.30%); Found: C (64.82%); H (4.46%); N (10.33%).

4-Chloro-N-(2-(2-(4-methylbenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6i) Yield (91%); white
crystals; m.p. 256-258 °C; IR (KBr) vimax: 3372-3264 ((2 NH), 1684, 1657 (2 C=0), 1579 (C=N) cm~};
'H-NMR (DMSO-dg) &: 12.08 (s, 1H, NHCO), 11.97 (s, 1H, NHCO), 8.52 (d, 1H, Ar-H, ] = 8.3 Hz), 8.43
(s, 1H, N=CH), 7.98 (d, 1H, Ar-H, | = 8.5 Hz), 7.91 (d, 2H, 2 x Ar-H, | = 7.7 Hz), 8.68-7.62 (m, 5H,
5 x Ar-H), 7.31-7.28 (m, 3H, 3 x Ar-H), 2.34 (s, 3H, CH3); '*C-NMR (DMSO-d) & (ppm): 165.31 (CO),
163.98 (CO), 149.61 (N=CH), 140.77, 139.55, 137.42, 133.62, 133.62, 133.02, 131.78, 129.97, 129.49, 129.46,
129.06, 127.74, 123.81, 121.67, 121.24 (18 x Ar-C), 21.52 (CH3). MS (ESI): 393 [M* + 1], Anal. Calcd. for
CyH1gCIN3O;: C (67.43%); H (4.63%); N (10.72%); Found: C (64.42%); H (4.66%); N (10.73%).

4-((2-(2-(4-chlorobenzamido)benzoyl)hydrazono)methyl)benzoic acid (6j) Yield (85%); creamish powder;
m.p. 252-254 °C; IR (KBr) vmax: 3373-3292 (2 NH, OH), 1759, 1680, 1652 (3 C=0), 1581 (C=N) cm~};
'H-NMR (DMSO-dg) &: 12.25 (s, 1H, NHCO), 11.92 (s, 1H, NHCO), 8.51 (s, 1H, N=CH), 8.04-7.25
(m, 12H, 12 x Ar-H); 3C-NMR (DMSO-dg) 5: 167.37 (COOH), 165.58 (CONH), 163.98 (CO), 148.24
(N=CH), 139.63, 138.49, 137.44, 133.56, 133.13, 132.42, 130.26, 129.40, 129.30, 129.09, 127.72, 123.75,
121.75, 121.05 (18 x Ar-C). MS: m/z 423 [M* + 1], Anal. Calcd. for CpoH16CIN3Oy: C (62.64%); H
(3.82%); N (9.96%); Found: C (62.63%); H (3.86%); N (9.97%).

Chloro-N-(2-(2-(3-phenylallylidene)hydrazine-1-carbonyl)phenyl)benzamide (6k) Yield (93%); creamish
powder; m.p. 248-250 °C; IR (KBr) vmax: 3391-3271 (2 NH), 1680, 1644 (2 C=0), 1594 (C=N) cm!;
'H-NMR (DMSO-dg) &: 12.04 (s, 1H, NHCO), 11.97 (s, 1H, NHCO), 8.51 (d, 1H, Ar-H, ] = 7.8 Hz), 8.25
(d, 1H, N=CH, ] = 8.3 Hz), 7.95 (d, 2H, 2 x Ar-H, | = 8.5 Hz), 7.88 (d, 1H, ] = 7.8 Hz, Ar-H), 7.68 (d, 2H,
2 x Ar-H, ] =85Hz),7.64-7.62 (m,3H, 3 x Ar-H, ] =7.6 Hz),7.41 (t,2H, 2 x Ar-H, ] =7.3 Hz), 7.36-7.08
(m, 4H, 4 x Ar-H); 3C-NMR (DMSO-dg) &: 165.29 (CO), 163.92 (CO), 151.46, 140.39, 139.49, 137.44,
136.26, 129.50, 129.45, 129.34, 129.05, 127.67, 125.84, 123.84, 121.28 (N=CH-CH=CH and 18 x Ar-C).
MS: m/z 405 [M* + 1], Anal. Calcd. for Co3H1gCIN3O5: C (68.40%); H (4.49%); N (10.40%); Found: C
(68.42%); H (4.51%); N (10.44%).

2-((2-(2-(4-chlorobenzamido)benzoyl)hydrazono)methyl)benzoic acid (61) Yield (87%); white powder; m.p.
251-253 °C; IR (KBr) vimax: 3368-3278 (2 NH and OH), 1758 (CO), 1680, 1656 (2 C=0), 1579 (C=N)
cm~1; TH-NMR (DMSO-dg) 8: 12.37 (s, 1H, NHCO), 11.95 (s, 1H, NHCO), 8.74 (s, 1H, N=CH), 8.52 (d,
1H, Ar-H, ] = 8.3 Hz), 8.09 (d, 1H, Ar-H, | =7.8 Hz) 7.97 (d, 2H, 2 x Ar-H, | = 8.5 Hz), 7.95-7.62 (m, 6H,
6 x Ar-H), 7.56 (t, 1H, Ar-H, ] = 7.4 Hz), 7.28 (t, 1H, Ar-H, ] = 7.4 Hz); 13 C-NMR (DMSO-d) 8: 168.51
(COOH), 165.61 (CO), 164.02 (CO), 148.38 (N=CH), 139.56, 137.39, 134.82, 133.66, 133.09, 132.49, 131.29,
130.35,129.47, 129.25, 127.23, 123.78, 121.70, 121.19 (18 x Ar-C). MS (ESI): 423 [M* + 1], Anal. Calcd.
for CpoHj6CIN3Oy: C (62.64%); H (3.82%); N (9.96%); Found: C (62.67%); H (3.85%); N (9.88%).

4-Chloro-N-(2-(2-(3-hydroxy-4-methoxybenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6m) Yield
(94%); white powder; m.p. 239-241 °C; IR (KBr) vmax: 3383-3256 (2 NH), 1680, 1657 (2 C=0), 1582
(C=N) cm~!; 'H-NMR (DMSO-ds) &: 12.04 (s, 1H, NHCO), 11.97 (s, 1H, NHCO), 8.56 (d, 1H, Ar-H,
J =8.3Hz), 8.34 (s, 1H, N=CH), 7.96 (d, 2H, 2 x Ar-H, ] =85Hz),7.90 (d, 1H, ] =7.7 Hz), 7.67 (d, 2H,
2 x Ar-H, ] =85Hz),7.62 (t, 1H, Ar-H, ] =7.5Hz),7.31 (d, 1H, Ar-H, ] = 1.6 Hz), 7.28 (t, 1H, Ar-H,
J =7.6 Hz), 7.08 (dd, 1H, Ar-H, ] = 8.3, 1.6 Hz), 6.98 (d, 1H, Ar-H, | = 8.3 Hz), 3.82 (s, 3H, O-CH3);
I3C-NMR (DMSO-dg) &: 165.16 (CO), 163.93 (CO), 150.53, (C-OCH3), 149.81 (C-OH), 147.37 (N=CH),
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139.58, 137.44, 133.62, 132.62, 129.49, 129.43, 129.01, 127.29, 123.77, 121.55, 121.13, 112.90, 112.29 (16 x
Ar-C), 56.04 (OCH3). MS (ESI): 425 [M* + 1], Anal. Calcd. for CoHisCIN3Oy: C (62.34%); H (4.28%);
N 00(9.91%); Found: C (62.38%); H (4.26%); N (9.93%).

4-Chloro-N-(2-(2-(4-cyclohexylbenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (6n) Yield (85%); white
crystals; m.p. 257-259 °C; IR (KBr) vmax: 3386-3260 (2 NH), 1682, 1654 (2 C=0), 1589 (C=N) cm ™
TH-NMR (DMSO-dy) &: 12.03 (s, 1H, NHCO), 11.08 (s, 1H, NHCO), 8.51 (d, 1H, Ar-H, ] = 8.2 Hz),
8.36 (s, 1H, N=CH), 7.95 (d, 2H, 2 x Ar-H, ] = 8.5 Hz), 7.88 (d, 1H, Ar-H, | = 7.7 Hz), 7.65 (d, 2H,
2 x Ar-H, ] =83 Hz),7.59 (t, 1H, Ar-H, ] =7. 7Hz), 7.31-7.18 (m, 5H, 5 x Ar-H), 3.09-1.55 (m, 11H,
cyclohexyl-H); 13C-NMR (DMSO-dg) §: 165.54 (CO), 163.86 (CO), 146.14 (N=CH), 139.23, 137.44, 133.55,
132.61,129.47,129.39, 128.84, 127.16, 126.60, 123.76, 121.72, 121.49 (18 x Ar-C), 42.85, 41.23, 35.32, 34.39,
33.43, 28.39 (cyclohexyl-C). MS (ESI): 461 [M* + 1], Anal. Calcd. For Cy;H¢CIN3O;: C (70.50%); H
(5.70%); N (9.14%); Found: C (70.51%); H (5.71%); N (9.13%).

(Z)-4-chloro-N-(2-(2-(3-hydroxybenzylidene)hydrazine-1-carbonyl)phenyl)benzamide (60) Yield (95%); white
powder; m.p. 262-264 °C; IR (KBr) vmax: 3386-3258 (2 NH, OH), 1680, 1652 (2 C=0), 1579 (C=N)
cm~1; TH-NMR (DMSO-dg) &: 12.12 (s, 1H, NHCO), 12.04 (s, 1H, NHCO), 8.84 (s, 1H, N=CH), 8.55
(d, 1H, Ar-H, ] =8.3 Hz), 7.97 (d, 2H, 2 x Ar-H, | = 8.5 Hz), 7.95-7.90 (m, 2H, 2 x Ar-H), 7.67 (d, 2H,
2 x Ar-H, ] =85Hz),7.63 (t, 1H, Ar-H, ] = 7.5 Hz), 7.46-7.03 (m, 4H, 4 x Ar-H); 3C-NMR (DMSO-d;)
5: 165.27 (CO), 163.96 (CO), 158.40 (C-OCH3), 145.10 (N=CH), 139.64, 137.42, 133.64, 133.05, 132.40,
129.50, 129.46, 129.09, 126.09, 123.77, 122.47, 121.48, 121.57, 121.23, 120.99 (17 x Ar-C). MS (ESI): 395
[M* + 1], Anal. Calcd. For Cy;H;4CIN3O3: C (64.05%); H (4.09%); N (10.67%); Found: C (64.07%);
H (4.12%); N (10.63%).

3.2. Biological Evalustion

3.2.1. Inhibition of sPLA, Activity

The test of inhibitory activity of secretory phospholipase A; (sPLA;) was performed as described
by De Aranjo and Radvany [50]. Briefly, the substrate consisted of 3.5 mM lecithin in a mixture of
3 mM NaTDC, 100 mM NacCl, 10 mM CaCl, and 0.055 mM red phenol as colorimetric indicator in
100 mL H>O. The pH of the reaction mixture was adjusted to 7.6 using phosphate buffer. The Human
group IIA (hG-IIA) and dromedary group IB (DrG-1IA) sPLA; were solubilized in 10% acetonitrile at a
concentration of 0.05 pg/pL. A volume of 10 pL of these PLA; solutions was incubated with 10 puL
containing 10 pg of each compound for 20 min at room temperature. Then, 1 mL of the PLA; substrate
was added, and the kinetic of hydrolysis was followed during 5 min by reading the optical density at
558 nm. The inhibition percentage was calculated by comparison with a control experiment (absence
of compound).

3.2.2. Protease Inhibitor Assay

Three commercially available proteases; proteinase K (Sigma-Aldrich, St. Louis, MO, USA, P2308),
esperase (Novozyme, Sigma-Aldrich, P5860) and that obtained from Bacillus sp. (Sigma-Aldrich, P3111)
were evaluated for the effect of the studied compounds on their activities. Protease assays were carried
out by adopting Kunitz caseinolytic method [51] using Hammerstein casein as substrate. Respective
protease inhibitor activities were assayed under the same conditions with the addition of the inhibitor
(0.1 mg/mL) to the respective reaction mixture and pre incubation for 10 min at 37 °C. The assay of
the residual enzyme activity was followed by the addition of 2 mL of 1% casein and the resulting
mixture was allowed to stand for 30 min at 37 °C. The reaction was stopped by the addition of 2.5 mL
of 5% TCA solution. After centrifugation of the reaction mixture (12,000 rpm, 15 min), the absorbance
was measured at 280 nm. Protease inhibitor unit is defined as the amount of protease inhibitor that
inhibited one unit of respective enzyme activity. The protease inhibitor activity was expressed in
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terms of percent inhibition. Appropriate blanks for the enzyme, inhibitor, and the substrate were also
included in the assay along with the test.

3.2.3. Antibacterial Activity

Culture of Microbial Strains Preparation

Pure standard microbial isolates collected from King Khaled University Hospital were tested in
this study; including Staphylococcus aureus ATCC 25923, Methicillin resistant Staphylococus aureus
ATCC 12498, Bacillus subtilis ATCC 6633, Enterococcus faecalis ATCC 29212 as Gram-positive
and Escherichia coli ATCC 25966, Pseudomonas aeruginosa ATCC 27853 and Serratia marcescens as
Gram-negative bacteria. Fresh cultures of each microorganism were grown on nutrient agar plates
(Oxoid, Thermo Scientific, Basingstoke, UK); of which small inoculums were suspended in 5 mL
nutrient broth for bacterial suspension preparation of 0.5 MacFarland.

Antibacterial Assay

Antimicrobial activity was assayed using well diffusion technique according to given
literature [43]. Briefly, small inoculums of each of the microbial suspension prepared were loaded on
sterile Muller Hinton agar plates surface (Oxoid) with sterile cotton swabs. Loaded plates were then
perforated equidistantly with a sterile 6 mm diameter cork borer, and 70 pL of each compound solution
(1 mg/mL) were loaded in their respective wells. DMSO and Tetracycline were used as negative
and positive controls, respectively. Plates were kept to rest for 30 min at room temperature and then
incubated at 37 °C for 18-24 h. Antimicrobial activity was determined by measuring the inhibition
zone. All tests were performed in duplicates and means of inhibition zones were recorded in mm.

3.3. Molecular Docking

In the present work, AutoDock 4.0 (The Scripps Research Institute, La Jolla, CA, USA) was used
for molecular docking. The software is freely available and can be used with different molecular
viewers like PMV, PyMol, etc. For docking simulations, the structures of the molecules were drawn
using ChemSketch 12.0 (Advanced Chemistry Development, Inc., Toronto, ON, Canada) freeware
and optimized using the inbuilt methodology. The optimized structures were saved in 3D-format in
.mol file format. The structures of proteins GIIA sPLA; (pdb: 1DB4), proteinase K (pdb: 2PWB) and
glutamine-fructose-6-phosphate transaminase (1JXA) were retrieved from www.rcsb.org. The pdb
1DB4, 2PWB, and 1JXA for the proteins were selected on the basis of reasonable X-ray resolution
and sequence completion. The proteins structures were optimized before actual docking simulations.
Following parameters were set for getting better docking results: Algorithm: genetic Algorithm;
Number of runs: 10 GA runs; Number of evaluations: 250,000 evaluation/run; population size: 150.

4. Conclusions

In conclusion, fifteen novel hydrazone derivatives 6a—o were synthesized, fully characterized
and examined to evaluate their inhibitory activity against two phospholipases A;, three protease
enzymes and a panel of Gram-negative and Gram-positive bacterial strains. Among the investigated
compounds; 6e and 6l selectively exhibited sPLA; the highest inhibitory activity against hG-IIA
isoform. It is quite interesting to report that compound 61 also displayed the highest antiprotease
inhibition against all used protease enzymes.

Moreover, the series under investigation showed varied antibacterial inhibitory activity. Thus,
while similar inhibition to that produced by the reference drug tetracycline was displayed by compound
6a against P. aeruginosa, compounds 6m and 60 exhibited higher inhibition. In addition, the most
susceptible bacterial strain to the synthesized compounds was genus Serratia, which was inhibited by
nine of them, with compound 6a being the most powerful inhibitory agent. Furthermore, the maximum
inhibitory activities were exhibited by compounds 6j, 61, and 6n against S. aureus and by compound
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6k against S. mutans. Finally, compounds 6a, 6d, 6e, 6m and 6n were found to be more potent than the
used reference drug against E. feacalis. The docking simulations of compounds 6a—o with GIIA sPLA,,
proteinase K and compounds 6a—e GlcN6P were carried out in order to investigate the mode of action.

Supplementary Materials: Supplementary materials can be accessed at: http:/ /www.mdpi.com/1420-3049/21/
12/1664/s1.
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ABSTRACT

avings and investment which are promoted by the

capital market are the basis of capital formation and

economic growth in the country so that it is essential
to highlight the relationship between saving objectives of
investors and their investment preferences among the
various alternatives of investments in the market. Savings
are invested in assets depending upon their risk and return
characteristics. But the main object of investor is to
minimize the risk involved in investment and maximize the
return. Researcher has taken into consideration all the

available investment avenues and its
relevant factors by conducting survey
among BHMS Doctors in Amravati city.
In the said study the convenience
random sampling technique was used
for the selection of respondents.
Primary data has been collected from
the respondent’s personal interview and
also with the help of structured
questionnaire, which were distributed
among them. The collected data has
been interpreted and analyzed by using
tables, percentage & chi-square test.
Awareness about all the available
investment avenues in the financial
market is more in male respondents
than the female respondents. Most of
the respondents preferred various
investment avenues according to the
availability of the excess funds/savings
made by them. This research paper
highlights the impact of objectives of
savings on preference of the investors
towards various investment avenues
and also provides valuable suggestions
fortheinvestors.

KEYWORDS: I/nvestment avenues,
Investment Preference, Savings, BHMS
Doctors.

INTRODUCTION:

Savings are the foundation on
which we can build our dreams, so keep
saving! Explore new investment
avenues to aim for potential wealth
creation. Our approach towards saving
our hard earned money is often shaped
by our various aspects of routine life.
Sometimes we save affects how we lead
our life. It varies hand to hand. So
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discover our unique take on savings and determine our Savings Avatar. And accordingly,” while we work
to save, let our savings work.” If someone who looks beyond savings and wants his money to grow then
that person has to think towards making smart investments by choosing better avenues among various
alternatives available in India.

Investment means an acquisition of some assets. It also means the conversion of money into
claims of money and use of funds for productive and income generating assets. Simply, we can say that
the use of available funds i.e. savings utilized for the following productive purposes like Earning of
income, appreciation of capital, wealth creation or for further production of goods and services with
the intention of securing profits. Investment activity involves the use of funds or savings for further
creation of assets or acquisition of existing assets.

Surplus money or savings and information are two basic pillars towards investment. The first
requirement of investment is the surplus availability of money i.e. savings. But money is not enough, as
investments are generally made on the basis of information of companies, instruments, industry, and
economy. Both savings of money and information flow provides assistance in effective investment
management.

Savings are the surplus funds left after incurring expenditure from the income. Savings are
sometimes autonomous coming from households as a matter of Habits. There are some specific
objectives of savings as follows:-
|. For education of children,

ii. To fulfill future needs and safety,

iii. To meet contingencies,

iv. For precautionary purposes,

v. For wealth creation like purchase of house, assets etc.,
vi. Forimproving standard of living.

REVIEW OF LITERATURES:-

1. Sushant Nagpal and B. S. Bodla (2009), on impact of investors’ lifestyle on their investment pattern:
an empirical study states that the modern investor is a mature and adequately groomed person.
Occasions of blind investments are scarce, as a majority of investors are found to be using some source
and reference groups for taking decisions.

2. Chaturvedi Meenakshi & Khare Shruti (2012) carried out study on the Saving Pattern and Investment
Preferences of Individual Household in India. They found that most investors give the preference to
Bank Deposit as the first choice of investment and next to bank deposits they prefer small saving
schemes constituting the second choice of investment.

3. Geetha N, & Ramesh M. (2012) studied the importance of Demographic Factors in Investment
Decision. They concluded by saying that there is significant relationship between the demographic
factors such as gender, age, education, occupation, annual income and annual savings with the sources
of awareness obtained by the investors.

4. Ramprasath .S and Dr. B. Karthikeyan (2013), on individual investors’ behavior towards select
investments, states that the majority of the investors are giving much importance for the factor
“safety”. Similarly investment avenues such as Bank deposits, LIC polices and Bullion has been
preferred by the individual investors. Similarly the majority of the investors are periodically evaluating
the performance of their investment avenues.

5. Sunil Kumari (2013), studies on investment attitude of rural investor states that all of the rural
investors consider the risk and return on investment and most of them are also dependent on financial
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advisor’s opinion because of lacking the depth knowledge of market. But generalization of the study is
subject to its limitations like unwillingness of respondents, limited period of time, lack of literacy of
rural investors etc. It is concluded that psychological theory planned behavior reflects in rural people’s
investment decisions along with afinance theory is conceptsi.e. riskand return equilibrium/ trade off.
6. Pandey Priyanka (2014) carried out a study of saving and investment pattern of investors of Haridwar
District. She revealed that the awareness of investment knowledge and investment opportunities
among investors of Haridwar District was quite high. Even having sound knowledge of financial market,
investors need an assistance of financial planners. Most of the investors rely on fixed deposit and PPF as
a best investment avenue. It also revealed that preference to invest in a specific investment avenue is
strongly affected by objective of saving.

RESEARCH PROBLEM:
To study the relationship between saving objectives of BHMS Doctors and their investment
priorities/preferences amongvarious available investment avenues in India.

OBIJECTIVES OF THE STUDY:

1.To know the preferences of BHMS Doctors towards various investment avenues.

2.Tostudy about the preferred time period of investment among B.H.M.S Doctors.

3.Toknow the purpose behind their savings and the investmentin a particularinvestment avenue.

4.To study the impact of saving objectives on the preferred investment avenues of BHMS Doctors in
Amravati city.

HYPOTHESIS OF THE STUDY:-
1. Thereis nosignificantimpact of saving objectives of investors on their preferred investment avenues.
2.Thereis nosignificant relationship between age and saving objectives of investors.

RESEARCH METHODOLOGY:-

The said study is based on primary as well as secondary data. Primary data has been collected by
survey method for which suitable questionnaire was structured and distributed among 50 BHMS
Doctors of Amravati city with the help of convenience random sampling technique.

Secondary data has been collected from books, journals, review of literatures, relevant articles,
reports and related websites.

LIMITATIONS OF THE STUDY:-

1.Sample sizeis of only 50 respondents.

2. Conclusions and suggestions drawn on the basis of information provided by BHMS Doctors.
3. This study is restricted to BHMS Doctors of Amravati city only.

DATA ANALYSIS AND INTERPRETATION:
After collection of data, it has been arranged in a tabular form for its suitable analysis and
interpretation so that the true and fair results may be drawn towards the stated study.
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Table 1: Gender wise distribution of B.H.M.S doctors:-

Sr. No. Particular No. of Respondents | Percentage (%)
1 Male 39 78%
2 Female 11 22%

TOTAL 50 100%

Analysis: From the above table it is revealed that most of the respondents are male i.e. 78% and the
balancerespondents are femalei.e. 22%.

Table 2: Age wise distribution of B.H.M.S. doctors:-

Sr. No. Age Groups No. Of Respondents Percentage (%)
1 Up to 30 years 15 30%
2 30 to 40 years 15 30%
3 40 to 50 years 16 32%
4 Above 50 years 04 08%
Total 50 100%

Analysis: From the above table it is revealed that majority 32% respondents are from the age group 40
to 50 years, 30% respondents are from the age group up to 30 years, 30% respondents are from the age
group 30to40years and the least respondentsi.e. 8% are from the age group of above 50 years.

Table 3: Income wise distribution of B.H.M.S doctors:-

Sr. No. | Income Group No. Of Respondents Percentage (%)
1 Below Rs. 2,50,000 13 26%
2 Rs. 2,50,000 to Rs. 5,00,000 | 27 54%
3 Rs. 5,00,000 to Rs. 7,50,000 | 08 16%
4 Above Rs. 7,50,000 02 04%
TOTAL 50 100%

Analysis: From the above table it revealed that majority of the respondents i.e. 54% are from the
income group of Rs.2,50,000 to Rs.5,00,000, 26% respondents are from the income group of below
Rs.2,50,000, 16% respondents are from the income group of Rs.5,00,000 to Rs.7,50,000 and the least
4% respondents are from the income group of above Rs.7,50,000.

Table 4: Believe of BHMS Doctors in Savings which further leads towards investments:-

Sr. No. Particulars No. Of Respondents Percentage (%)
1 YES 46 92%
2 NO 04 08%

TOTAL 50 100%

Analysis: Fromthe above tableitis revealed that 92% of the respondents believe in savings which leads
towards their further investments and only 8% of the respondents not believe in savings but they still
doestheinvestments as per their necessity.

Table 5: Saving objectives of BHMS Doctors:-

Sr. No. | Saving Objectives No. Of Respondents | Percentage (%)
1 For Future Safety of family 07 14%
2 For Tax Savings/Benefits 19 38%
3 For Children education & welfare 13 26%
4 To meet contingencies 03 06%
5 For Purchase of house & assets (wealth creation) 08 16%
TOTAL 50 100%
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Analysis: From the above table it is revealed that 14% respondent’s saving objective is for future safety
of family, 38% respondent’s saving objective is for tax savings, 26% respondent’s saving objective is for
children education & welfare, 06% respondent’s saving objective is to meet contingencies and 16%
respondent’s saving objective is for purchase of house & assetsi.e. for wealth creation.

Table 6: Awareness about various Investment Alternatives available in India:-

Sr. No. | Awareness about Investment Alternatives No. Of Respondents | Percentage (%)
1 YES 38 76%
2 NO 12 24%

TOTAL 50 100%

Analysis: From the above table it revealed that maximum respondentsi.e. 76% have awareness about
various investment alternatives available in the market whereas 24% of respondents have not
awareness about the various investment alternatives available in the financial market.

Table 7: Striking factors among BHMS Doctors before choosing a particular investment avenue:-

Sr. No. | Think before investment No. Of Respondents | Percentage (%)
1 About Return from it 19 38%
2 About Risk involved in it 06 12%
3 About Safety of invested money 08 16%
4 About liquidity 02 04%
5 Hedge against inflation 03 06%
6 All the above factors 12 24%
TOTAL 50 100%

Analysis: From the above table it is analyzed that 38% respondents think about return from
investments, 12% respondents think about risk involved in investment, 16% respondents think about
safety of invested money, 04% respondents think about liquidity, 06% respondents think about hedge
against inflation and 24% respondents think about all the above stated factors before making their
investmentin a particularinvestment avenue.

Table 8: Preferences of investment avenues given by BHMS Doctors:-

Sr. No. | Investment Avenues No. Of Respondents | Percentage (%)
1 Insurance policy 18 36%
2 Fixed deposits 10 20%
3 Equities / shares 01 02%
4 Real estate 08 16%
5 Mutual funds 04 08%
6 Gold/ Precious metal 09 18%
TOTAL 50 100%

Analysis: From the above table it is revealed that 36% respondents preferred to invest in insurance
policy, 20% respondents preferred to invest in fixed deposits of banks, 02% respondents preferred to
invest in equities/shares, 16% respondents preferred to invest in real estate, 08% respondents
preferred to investin mutual funds and 18% respondents preferred to investin gold/precious metals.
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Sr. No. | Tenure of Investments No. Of Respondents | Percentage (%)
1 For Short term ( Up to 1 year) 10 20%
2 For Medium term ( Above 1 to 3 years) 24 48%
3 For Long term ( Above 3 years) 16 2%
Total 50 100%

Analysis: From the above table it is revealed that 20% respondents invest their money for short term
period, 48% respondents invest their money for medium term period and 32% respondents invest their
money for the long term period.

Testing of hypothesis:-

[.“There is no significant impact of saving objectives of investors on their preferred investment

avenues.”

To test this hypothesis the researcher has applied chi-square test:-

Table: Observed Frequency and Expected Frequency (Primary Data) Showing relationship

between preferred investment avenues and savings objectives of investors:-

Investment Insurance | Fixed Equities/ | Real Mutual Gold/Precious | Total
Avenues Policy Deposits | shares Estate Fund metals
/Saving
Objectives
For future | 03(2.52) | 01(1.4) | 00(0.14) | 02(1.12) 01(0.56) 00(1.26) 07
safety of family
For Tax | 13 (6.84) | 04(3.8) | 00(0.38) | 00(3.04) |02 (1.52) 00(3.42) 19
Savings/Benefits
For Children | 02 (4.68) | 03(2.6) |00 (0.26) | 00 (2.08) | 01(1.04) 07 (2.34) 13
education &
welfare
To meet future | 00 (1.08) | 00(0.6) | 01(0.06) |00 (0.48) |00 (0.24) 02 (0.54) 03
contingencies
For Purchase of | 00 (2.88) | 02(1.6) | 00 (0.16) | 06(1.28) 00 (0.64) 00 (1.44) 08
house & assets
TOTAL 18 10 01 08 04 09 50
Table:- Chi-square test:-
) E (O-E) (O-E) (O-E)’/E
3 2.52 0.48 0.230 0.091
1 1.4 -04 0.160 0.114
0 0.14 -0.14 0.020 0.143
2 1.12 0.88 0.774 0.691
1 0.56 0.44 0.194 0.346
0 1.26 - 1.26 1.588 1.260
13 6.84 6.16 37.946 5.548
4 3.8 0.2 0.04 0.010
0 0.38 - 0.38 0.144 0.379
0 3.04 -3.04 9.242 3.040
2 1.52 0.48 0.230 0.151
0 342 3.4 11.696 3.420
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2 4.68 -2.68 7.182 1.535
3 2.6 0.4 0.16 0.062
0 0.26 -0.26 0.068 0.262
0 2.08 -2.08 4.326 2.080
1 1.04 -0.04 0.002 0.002
7 2.34 4.66 21.716 9.280
0 1.08 - 1.08 1.166 1.080
0 0.6 -0.6 0.36 0.600
1 0.06 0.94 0.884 14.733
0 0.48 -0.48 0.230 0.479
0 0.24 -0.24 0.058 0.242
2 0.54 1.46 2.132 3.948
0 2.88 -2.88 8.294 2.880
2 1.6 0.4 0.16 0.100
0 0.16 -0.16 0.026 0.163
6 1.28 4.72 22.278 17.405
0 0.64 -0.64 0.410 0.641
0 1.44 -1.44 2.074 1.440
TOTAL 72.125
Degree Of Freedom (V):-
V=(r-1) *(c-1)
=(5-1) *(6-1)
=4*5
V=20
CONCLUSION:-

The table value of chi-square at 5% significance level with 20 degrees of freedom is 31.410,
which is less than 72.125 the calculated value of chi- square. Hence the stated null hypothesis is
rejected and accordingly we can state that there is a significant impact of saving objectives of investors
ontheir preferred investment avenues.

Testing of hypothesis:-
I1.“Thereis no significant relationship between age and saving objectives of investors.”

To test this hypothesis the researcher has applied chi-square test:-

Table: Observed Frequency and Expected Frequency (Primary Data) showing relationship between
Age and Saving Objectives of investors:-

SR.NO. | Age For For tax | For To meet | For Total

Group future savings children | contingencies | purchase
safety education of assets

1. Up to 30 | 02(2.1) 04(5.7) 02(3.9) 00 (0.9) 07(2.4) 15
years

2. 30 to 40| 03(2.1) 06(5.7) 06(3.9) 00 (0.9) 00(2.4) 15
years

3. 40 to 50| 02(2.24) [07(6.08) | 05(4.16) |01(0.96) 01(2.56) |16
years

4. Above 50 | 00(0.56) |[02(1.52) | 00(1.04) |02(0.24) 00(0.64) |04
years

Total 07 19 13 03 08 50
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Table:- Chi-square test:-

Volume - 6 | Issue - 8 | September - 2016

0 E (O-E) (O-E) (O-E)y’'/E
02 2.1 -0.1 0.01 0.005
04 5.7 - 1.7 2.89 0.507
02 3.9 -1.9 3.61 0.926
00 0.9 -0.9 0.81 0.900
07 2.4 4.6 21.16 8.817
03 2.1 0.9 0.81 0.386
06 5.7 0.3 0.09 0.016
06 3.9 2.1 4.41 1.131
00 0.9 -0.9 0.81 0.900
00 2.4 -2.4 5.76 2.400
02 2.24 - 0.24 0.06 0.027
07 6.08 0.92 0.85 0.140
05 4.16 0.84 0.71 0.171
01 0.96 0.04 0.00 0.000
01 2.56 -1.56 2.43 0.949
00 0.56 -0.56 0.31 0.554
02 1.52 0.48 0.23 0.151
00 1.04 -1.04 1.08 1.038
02 0.24 -1.76 3.10 12.917
00 0.64 -0.64 0.41 0.641
32.576

Degree Of Freedom (v):-

V=(r-1)*(c-1)
=(4-1)*(5-1)

=3%*4

V=12.

CONCLUSION:-

The table value of chi-square at 5% significance level with 12 degrees of freedom is 21.026,
which is less than 32.576 the calculated value of chi- square. Hence the stated null hypothesis is
rejected and accordingly we can state that there is a significant relationship between age and saving
objectives of the investors.

FINDINGS:

1.Inthe stated study researcher has investigated 50 respondents/ BHMS Doctors of Amravaticity and in
it revealed that most of the respondents are malei.e. 78% whereas 22% respondents are female.

2.It is revealed that majority 32% respondents are from the age group of 40 to 50 years, 30%
respondents are from the age group of up to 30 years, 30% respondents are from the age group of 30 to
40yearsandthe leastrespondentsi.e. 8% are from the age group of above 50 years.

3.Itis revealed that majority of the respondents i.e. 54% are from the income group of Rs.2,50,000 to
Rs.5,00,000 and the least 4% respondents are from the income group of above Rs.7,50,000.

4.For testing of hypothesis researcher has used chi-square test and by way of which it is revealed that
thereisasignificantimpact of saving objectives of investors on their preferred investment avenues.
5.By using chi-square test for testing of hypothesis, it is revealed that there is a significant relationship
between age and saving objectives of the investors.

6. It is revealed that majority i.e. 92% of the respondents believe in savings which leads towards their
further investments and only 8% of the respondents not believe in savings but they still do investments
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as per their convenience or availability of surplus funds.

7.1t is revealed that majority 38% respondent’s saving objective is for tax savings and thereafter 26%
respondent’s saving objective is for children’s education & welfare and only 06% respondent’s saving
objective isto meet future contingencies.

8.1t is revealed that maximum respondents i.e. 76% have awareness about various investment
alternatives available in the financial market whereas only 24% have not awareness.

9.It is revealed that maximum i.e. 38% respondents think about return from investments there after
24% respondents think about all the stated factors before making their investment in a particular
investment avenue and only 04% respondents thinkabout liquidity.

10.1t is revealed that majority 36% respondents preferred to invest in insurance policy thereafter 20%
respondents preferred to invest in fixed deposits of banks and only 02% respondents preferred to invest
in equities/shares.

11.1t is revealed that maximum 48% respondents invest their money for medium term period
thereafter 32% respondentsinvest their money for the long term period.

CONCLUSIONS:

After analysis and interpretation of the collected data it is concluded that most of the
respondents believe in savings which leads towards their further investments and it further concludes
that thereis a significantimpact of saving objectives of investors on their preferred investment avenues
and there is a significant relationship between age and saving objectives of the investors. Most of the
respondents preferred to invest in insurance policy for the safety of their family and thereafter
preferredtoinvestin fixed deposits of banks for the sake of safety of their invested money in which their
conservative ideology or traditional approach towards investment seems and it also resembles that
they don’t aware about the concept of hedging against the inflation rate.

SUGGESTIONS/RECOMMENDATIONS:

1.0nthe basis of said study | can say that least of the respondents invest their money in equities/shares,
mutual funds and in other latest investment avenues so that they should be benefitted by the effective
guidelines towards such avenues due to which such investors gets attracted towards latest investment
options as well theirawareness plays key role in the economic development of the nation as well.
2.Most of the respondents have not awareness regarding various mutual fund schemes available in the
financial market so that it is also recommended to the broking agencies of mutual funds to provide
effective guidelines among investors to highlight the benefits of mutual fund investments.

3.Most of the respondents are not aware about the concept of hedging against inflation due to which
they still believe in old traditional investment avenues even if they have not fulfilled their wants so that
they should invest their savings in modern investment avenues.
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ABSTRACT

The present study was to evaluate the phytochemical compound from six different solvent of dried leaves and stem
of Miliusa tomentosa belongs to family Annonaceae. Qualitative preliminary phytochemical analysis of this plant
contains carbohydrate, protein, cardiac glycoside, glycosides, alkaloids, flavonoids, saponins, steroids,
anthraquinones, tannins, quinines and inorganic compound. The presence of these phytochemicals can be

correlated with medicinal potential of these plants.

KEYWORDS: Miliusa tomentosa, Phytochemical screening; Quantitative analysis.

INTRODUCTION

Higher and aromatics plants have traditionally been used
in folk medicine as well as to extend the shelf life of
foods, medicinal plant use for inhibition against bacteria,
fungi and yeasts. Annonaceae is a pantropical family of
shrubs, trees and lianas. The family consists of about 130
genera and 2300 species. Although the position of
Annonaceae within the Angiosperms and order
Magnoliales and its family circumscription is clear and
undisputed.!!  The plants belonging to family
Annonaceae are used as antibacterial, anticancer,
anthelmintic, antiparasitic and pesticidal agents."”) The
genus Miliusa (Annonaceae family) consists about 40
species which grows in tropical rainforest of India,
Thailand, South China and North Australia.’! The
different species of Miliusa are invariably small to large
trees and are found in a wide range of rainforest
communities. Only three species of Genus Miliusa occur
in Australia, which are endemic to there and contain two
essential oils.) The plant is used in folk medicine for
different symptom such as gastropathy and
glomerulonephropathy.”' In Chinese traditional medicine
Miliusa tomentosa oil has been found to have both
antibacterial and analgesic properties. '’

Knowledge of the chemical constituents of plants is
desirable because such information will be valuable for
synthesis of complex chemical substances.””’ Two new
isoquinoline alkaloids, 2,10- dimethoxy-3,11-dihydroxy-
5,6-dihydroprotober -berine and 1,9-dihydroxy-2,11 -
dimethoxy-4,5- dihydro-7-oxoaporphine, together with
thirteen known alkaloids, were isolated from the
ethanolic extracts of the stem and leaves of M. cuneata
(Graib)."® Since Miliusa tomentosa (Roxb.) J Sinclair is
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one of them, its traditional uses are not reported but its
fruits are eaten in some parts of India and its tree yields a
pale yellow gum known as karee gum.”’ Thus, main
objective of this research work is to consider the
photochemical screening of the content which is present
in different crude extracts.

MATERIAL AND METHODS

Collection of plant materials

Fresh plant parts of Miliusa tomentosa (Roxb.) J. Sinclair
were collected from naturally growing populations
located in Melghat region Maharashtra, India, during
February-March 2016. The samples were identified at
the herbarium section of the Department of Botany,
Vidya Bharati Mahavidyalaya, Amravati. The fresh plant
part samples were washed by tap water, air dried in
shadow at room temperature milled well into a fine
powder in a mixer grinder and stored until for further
analysis.

Preparation of plant extracts in aqueous and different
organic solvent

5 gm of dried powder was macerated with 100 ml of
aqueous, petroleum ether, chloroform, toluene, butanol
and benzene in a conical flask and shaken at room
temperature for 24 hours and filtered through Whatman
No.1 filter paper. The concentrated extracts were taken
in colour amber bottles and kept in refrigerator for
further analysis using the standard methods.""

Calculation of Extraction Yield (% Yield)

The yield (%, w/w) from dried extract was calculated as:
Yield (%) = (W; x 100) /W,
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W, is the weight of the extract after lyophilization of
solvent and W, is the weight of the powdered material.

Phytochemical screening

Phytochemical screening tests for the identification of
protein, sugar, amino acid, alkaloids, flavonoids,
steroids, cardiac glycosides, tannins, phenols, quinines &
inorganic tests were carried out for all the extracts by the
standard methods.!''l"!

Tests for carbohydrates

Fehling’s Test

Iml 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, the brick red precipitate
was observed.

Benedict’s reagent

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.

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.

Standard Test for combine sugar

In 1 ml extract 5 ml conc. Hel added and hydrolyzed by
boiling and neutralized by adding NaOH and repeat the
fehling test, Brick red ppt indicate result.

Keton's test

2 ml extract add with few crystal of resorcinol and equal
voloume of conc. Hcl and heat over sprit lamp observed
rose coloration indicate presence of keton.

Test for proteins

Burette Test

To the small quantity of extract 1-2 drops of burette
reagent was added. Formation of violet colour precipitate
showed presence of proteins.

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.

Test for Xanthoprotein

In 2ml of test solution a few drops of conc. nitric acid
and 3ml of ammonia were added appearance of red
precipitate indicate the presence of xanthoprotien.
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Tests for Anthroquinone glycosides

Borntrager’s Test

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

Tests for Cardiac glycosides

Keller-Killiani test

Sml of extract, 1ml of conc.H,SO,, 2 ml 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, 2ml of chloroform and 2ml of
conc.H,SO, was added. The solution was shaken well.
As a result chloroform layer turned red and acid layer
showed greenish yellow fluorescence.

Test for alkaloids

Hager’s test

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.

Mayer’s test

2-3 ml of filtrate, dil. HCl and Mayer’s reagent was
added and shake well. Yellow precipitate was formed
showing the presence of alkaloids.

Dragendroff’s test

2-3 ml of filtrate, few drops of dil. HCI and Dragendroft’s
reagent was added and shake well. Formation of orange-
brown precipitate showed the presence of alkaloids.

Wagners test
2 ml extract add the reagent reddish brown ppt show
indicates 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.

Alkaline test

To the test solution add few drops o NaOH solution
formation of intence yellow color which turn to colorless
solution after addition of dil. Acetic acid indicate
presence of flavonoids.

NaOH test

Small amount of extract was treated with NaOh and Hcl
observe formation of yellow Orange color.
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H,S0,
Fraction of extract treated with Conc.H,SO, and observe
formation of orange color.

Test for Tannins and Phenolics compound

FeCl; solution Test

On addition of 5% FeCl; solution to the extract, deep
blue black colour appeared.

Lead Acetate test
On addition of lead acetate solution to the extract white
ppt appeared.

Phlobotannins
2 ml extract add dil. HCI observe red ppt.

Gelatin test
To the test solution add few drops of 10% gelatin
solution white ppt indicate the result.

Test for Saponin

Foam Test

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

Frothing test

3 ml extract with 10 ml D/W in test tube and plug the
Stoppard and shake vigorously for 5 min. it allow to
stand 30 min observe the honey comb forth indicate
result.

Test for Glycosides

The extract was mixed with a little anthrons on a watch
glass. One drop of conc. sulphuric acid was added and
made into a paste and warmed gentle over the water bath.
Dark green coloration indicates the presence of
glycosides.

European Journal of Biomedical and Pharmaceutical Sciences

Test for Quinone

2 ml test solution was treated with a few drops of conc.
H,SO, or aq. NaOH solution. Colour formation indicates
the presence of quinoid compound.

Test for fixed oil

A small quantity of powder was pressed between the
filter paper. Formation of grease spot indicates the
presence of fixed oil and fats.

RESULT

The preliminary phytochemical analysis of leaf and stem
of Miliusa tomentosa in this study revealed the presence
of glycosides, steroid, saponins, flavonoids, tannins,
alkaloids, phenolic compounds, quinine, anthraquinone
and inorganic test (Table-1 and Table-2). Using different
solvent (aqueous, benzene, butanol, chloroform, toluene,
and petroleum ether) extract. This study revealed the
presence of glycosides maximum in benzene, butanol
and petroleum ether, where as steroids were present in all
solvents except water. Alkaloids presence maximum in
water and chloroform. Flavonoids minimum presence in
benzene, butanol, toluene and water while phenolic
compounds found in butanol and water extracts only but
tannins were absent in all extracts. Saponins were
maximum present in chloroform and anthraquinone
absent in all extracts while as inorganic tests showed
positive results in chloroform extracts. In contrast to all
this carbohydrate are maximum in butanol extract and
protein in aqueous solvent extracts of leaf.

The phytochemical analysis of stem extracts show the
presence of glycosides, saponins maximum in
chloroform extract while alkaloids, phenol, inorganic test
in butanol extract. Flavonoids and steroid recorded in
petroleum extract only. Interestingly, tannin and
anthraquinone absent in all extract (Table-1 and Table-
2). Extractive values of leaf and stem extract by various
solvents shown in (Table -3). Extractive values are varies
according to solvents systems.

Table 1: Phytochemicals analysis in the stem extracted by various solvents

Sr.No

Phytochemicals

Carbohydrate

Test Name Benzene

Butanol

Chloroform | Toluene | Petroleum Ether

Water

Fehling -

- + - +

Benedict -

Molisch -

Combine Sugar -

Keton +

Proteins

Biurett -

Millions -

Xanthoprotein -

Glycosides

Cardiac +

Keller-Killani -

Steroid

Salkowski test -

Lieberman-Buchnard -

H,SO, -

Alkaloids

Hager's -

Mayer's -
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Dragendroff’s

Wagner's

Flavonoids 8

Lead acetate

+ |+ |+

Alkalin

+ [+ [+

NaOH

H,S0,

Phenolic

FCClz

Lead acetate

+ |+ [+

Tannin

Gelatin

Phlobotannin

10

Saponin

Foam

Frothing

11

Quinone

quinone

12

Anthraquinone

Anthraquinone

13

Inorganic

Sulphate test

Carbonate test

(+) Present (-) Not detected

Table 2: Phytochemicals analysis in the Leaf extracted by various solvents

Sr.No

Phytochemicals

Carbohydrate

Test Name

Benzene

Butanol

Chloroform

Toluene

Petroleum Ether

Fehling

+
+

Benedict

+

Molisch

Combine Sugar

Keton

Proteins

Biurett

Millions

Xanthoprotein

Glycosides

Cardiac

KellerKillaiani

Steroid

Salkowski

Lieberman-Buchnard

H,S0,

Alkaloids

Hager's

Mayer's

Dragendroff’s

Wagner's

Flavonoids

Lead acetate

Alkalin

NaOH

H,S0,

Phenolic

FeCl,

Lead acetate

Tannin

Gelatin

Phlobotannin

10

Saponin

Foam

Fothing

11

Quinone

quinone

12

Anthraquinone

Anthraquinone

13

Inorganic

Sulphte test

carbonate test

(+) Present (-) Not detected
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Table 3: Extractive values of leaf and stem extract by various solvents

Sr. Leaf extract Extractive of Stem extract | Extractive value
Solvent Name

No. colour Leaf colour of Stem
1 Benzene Blackish green 0.13 Green 0.07
2 | Butanol Green 0.04 Light green 0.45
3 | Chloroform Dark Green 0.08 Light green 0.012
4 | Toluene Yellowish Green 0.09 Light green 0.01
5 | Pet. Ether Yellowish Green 0.07 Light green 0.11
6 | Water Orange 0.19 Red Orange 0.11

DISCUSSION camp, Amravati, Maharastra for providing necessary

The phytochemical screening revealed the presence
glycosides, steroids, alkaloids, flavonoids, phenolics,
tannins, saponins, quinines, anthraquinones and
inorganic compounds. The leaf extract detected the
phytochemicals including Flavonoids, Steroids, Saponins
and Alkaloids which have been supported by some other
workers also."*! The crude extract of leaf and stem
showed the absence of phytochemical constituents such
as tannins and anthraquinones. Similar results have been
found by other workers!"” hence supporting present
work. Alkaloids tend to be organic and natural
ingredients that have nitrogen and are also
physiologically active together with sedative and
analgesic roles."” Phenolic compounds are some of the
most widespread molecules among plant secondary
metabolites, are known to act as natural antioxidants.!'®
Cardiac glycosides are the compounds used to treat
congestive heart failure and cardiac arrhythmea. These
compounds work by inhibiting the Na+/K+ pump.'”
Saponins are high molecular weight compounds in which
a sugar molecule is combined with triterpene or steroid
aglycon, so there are two major groups of saponins;
triterpene saponins and steroid saponins. These are
therapeutically important as they show hypolipidemic
and anticancer activity of cardiac glycosides.!"®!
Flavonoids enhance the effects of Vitamin C and
function as antioxidants. They are also known to be
biologically active against liver toxins, tumors, viruses
and other microbes.!"” The yield of extracts depending
on the solvent and plant material used.”” Hence the
preliminary phytochemical investigation are actually
obliging in finding chemical ingredients in the plant that
may help to their quantitative evaluation and also in
locating the source of pharmacologically active principle.

CONCLUSION

The results of the phytochemical analysis showed the
leaves and stem extracts indicate their potential as a
source of bioactive principles that may supply drugs for
modern medicines. Further studies are therefore required
to validate their antimicrobial, antihyperglycemic, anti-
inflammatory and anthelminthic activities. In addition,
isolation, purification and characterization of the active
chemicals are necessary to ensure that the plant has novel
chemicals which will be helpful in future studies.
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Introduction

Io the year 2000, for the first time the sdea of mitisting
the 5T was made by the BIP Govermment under the
leadership of Atal Dehan Vajpayee. An ompowered
commitice was also formed for that, beaded by Asim
Diasgupta (ihe then Finance Minister of the West Bengal
Government)., The committee was formed o design tae
model of the GST and at the same time inspect the
preparation of the 1T depanment for 15 follout. In 2011,
the previows  United  Progrossive  Allinmce  (UT'A)
Government also imroduced o Constitution Amcndnent
Bill to facilitate the mtredecion of the GST in the Lok
Siabha b it was rejeciod by many Staves:

The Constitution Amendment Bill fir Goods  and
Sendees Tax (GGS5T) has been opproved by The
President of India post fis passage in the Parhament
(Bapya Sabha on 3 Awgost 2016 and Lok Sabha on 8§
August 2016) and eatification by more than 30 percent
of state legisistures. The Government of India is

commitied to replace all the indirect tves levied on
poods ond scrvices by the Cenfre and States and
implement GET by Apni 2017

With GST, it is anticipaied that the @ base will be
comprehengive, ni vinually a1l goods and services will
be taxable, with minimum exemptions. GST wall be &
game changing reform for the Indian economy by
creating a common |ndian market and reducing the
caseading effect of tax on the ¢ost of goods and
services, [t will impact the tax structure, tax mcidence,
tox computaticn, tax payment, complinnce, credit
utilization and reporting, leading to 2 comphete overhaul
of the eument indirect tox system, GST wall have a far-
reaching impact on olmost all the aspects of the
busingss operations in the country, for instance, pricing
of products and serviees, supply chain opitmizotion, [T,
accounting, snd tax compliance systems,

Frocerthmgs af Nt Coferone oo St India Fisien 2029 dnnevaiions in Compuser Applications, Muvragement and Commerce
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Object of study

T know the GST in dotl] and find oul advaniges i
b disadvantages of it

What is GST?
Ihe GST s hasieally an dndiveet 1 i brings most ol
L the pxes imposed on most Soods and sorvecos. o
r rranuacture, sk and  consumpling i leI'lI.IIL'H- wil
services, under a smgle domain ol the naticexl level 1o
!'b: progent svstem, taxes are levsed scparately on goods
gervices. The GST s o egnsalidmed 18 basad on b
" iform rate of tnx fixed for both goods and servicss
band it 5 payable ar the final poanl ol corsumpiicon. Al
“ooch sage of sale or FLEEI':E;I: i fhe supply chinin, this
& pax i5 collected on walussdded goodds and services,
through a tax credit meehanizm.
+ The proposed model of GET and the rate
A dual GST system is planned o be smplemented in
“India ps propesed by the Empowered Commitiee wnder
L which the GAT will be divided into twor parts
b & Staic Goods and Services Tax (SGST}
b Central Googds ond Servaces Tax e
“Both SGST and CGST will be lovied on the taxable
Cvalue of o mansaction, All gobds and services, Raving
aside a fow, will be brought into the GST and there will
e no difference between yoods and services: The GST
- system will combine Central excise duty, additionsl
excise duty, services tax, State VAT entenaimmnent 1ax
b g wnder one bannet.
¢ The GST rate is expected 1o be around |4-16 per ceml
b Afler the combined GST rata i3 fixed, the States and the
‘Centre will decide on the SGST and CGST mies A1
peesent, 10 per cemt s levied on services and he
indirect taxes on most goods is wround 20 per cent
Status of mvplementulibn of GST
To be fully viable by law in all the Sates, the GST Bill
needs 1o bé pessed by a two-thinds majoriny i both
" Houses of Purfiment and by the lepslaburnes of balf of
L the 20 Siates, In Decamber 2014, Finance Mmister
Arun Jaitley mtreduced the constitutional amendment
Bifl of the GST in the Lok Subha, He sanounded that
b the GST would be o major reform in Indin’s taxaticn
system since 1947, which would reduce transaction
costs for business mied boost the ecomoany,
Earlier, the Bill was refected by & few Staes saying that
it does not include the fssues of compensalin, entry lux
and the tax on peroleum products. Jaley while
introducing the Bill said tha all elfons have been taken
1o make sure that the Stases do not suffer any loss of
revens with the implementation of the GST. The Siates
will receive Rs 11,000 crore this fiscal year so tho i

wonld compensate the losses sulferad By them e
Jeeline in Centrpl sules tax (CST) and subsequently
fnaneinl assstance would be provided for o five-yiest
e,

All said and dane, the GST Bal! which was concoiynd
way back in the year 2000 has not secin the Tight o the
day o5 yet, If everything gogs well. most likely the Hill
will be legislated by Apnl 2006 According to g shikly
by the Natenal Coungl ol Applied E¢oncamic Hescanh
(NCAER), full implementotion ol the OST could
expand India’s growih of gross domestic product by
0.9-1.7 percemage points. By removing the system of
wwltipte Central and Stote faxes, the GST can help m
reducing taxation and Aling costs and capand business
profitability, thewchy  atmacting  mvestments  ansd
promating GDP growih. Simplification. of tax worms
can help in improving tax complionee and increasing
L% TEVENLS.

Advantages of GST Bill

Intradoction of ‘&8 GET 1 very owch cssciutial n the

emerging ervironment of the ndian ceopormy

o Thereis na douhi that in production and distibution
of goods, services are  inereasiagly used o
consumned and vice versa Sepamie taxes [or goods
aryd servces, which is:1he prescnl TaXEton Fysiem.
requires division of transaction values it value of
goods and services for taxition, leading o greater
camplications, admipistration, including
compliances costs, In the GET system, when all the
taxes are integrated, it would make possible the
taxation: burden o b split equitably befween
manufacirme and services.

o GST will be levicd unly at the final deéstination of
consumption besed on VAT principle and not ot
varows  points  (fkom retnil
ogutleisy. This will help m remoyving CCOMOTIE
distortions gnd bring abowt developmont of a
common tational micket,

e Tt will also help w bulld a transparcnt and
cormuption-free tax adminisiation, Prosently, a tax
1% levied on when & fnished prodwcl moves o
from a factory. which is paid by the manufaciurer,
and it is again levied af the retad autler when sold,

Apart from full allowance of éredit, there are sevieril

ather advantages of inroducing a G5 1 n India

s Possible reduetion In prices: Due o full and
segmless cradit, monufaciurers or fraders do not
have to include taxes a8 o part of their cost of
production, whch 15 2 very big réeason to sy that
W con see 8 redocticn in prices. Howewer, if the

|1|.;u'|.||‘|'.'|.-|:1|.|ri.'r|.1a (]
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goveriimer sueks o imendoge GST watk @ by
rate. tms miiht et D).

o Increase in Gevernmuent Revenwes: This might
sepnn 1o Be 4 fihe viepoe, However, even al the lime
of introductivn of WAT, ihe public revenucs
actually wimt up insied of @lling becouse many
peophe resorted (o payime ks rutlier than evadiong
the same: Mowever the givemiment may wish 1o
iniroctuce GST 4t d Revenue Neutral Rate, mowhich
case the pevenues might oot s a sgpmibcent
pncrener in thie s o m.

= Less complianee and proceduoral cost: Insiead of
maintaiming big records. rewrms and reporing under
various different siatutes, all assesses will Bid
comforable ander GST a5 the complignce cost will
e reduced. [eshould be noted fhi (ke assessels
are. nevertheloss, required te keep record of CGET,
BGST and IGST scparalely

Benefits of ST il

Fur the Centre and the States

According te experis, by implementing the 5T, Indm
will gain §15 billion a year. This 5 becawde, 1t W ifl
promnole  more  eXports,  Grealy mire erploy menl
opporiunitics and boost prowth. 1t wall divade 1he
buarden of tax between marufaeturing and services

For individuals and companics

In the GST sysiem, taxes Tor both Centre and Stae will
he collected at the point of sale. Both will be charged an
the manufactaring vost. Tndividuals will be benefied by
this as prices are likely w come down and lower praces
MEAN TR CONSUIPIRN, il More ConsumpLLen means
mare prowduction, therchy helping in the growth of th
COMANIES,

[tems not under GST

Alechol, tahacen, petraleum producis

®  There une scame netoal pricdidis whiers e Tas mile 1S
eaily & percent but with ST o will o costiner (ke
Crapmends mnd eloils:

s The contral on business will b of stwe and ceniral
wovernment 50 W may be some complex for
bijisimessmian.

v Al eredits will be online and some penalties are
like eriminad activity. So it is threatening for small
busiressan who ss now free from Taxes

o GST i alo having thiee tpes of ey and all hove
tir b mainmained and this ool going too casy for
srall] Businessman

Above are the advaniages and dissdvantages of GST

Bill m India and as per me it will be mose comfonable

than the existing Tax Process i India.

L onclusion

o In the GST system, when afl the ‘taxes ane
mtegrated, it would muke possible the texutaon
burden to be split equitahly behweon mann factrng
anid services. This will help in removing cconeinic
distortions and brme sbour  development of a
comamon mational market. GST at a Revenud
Menteal Rate, in which case the revenies might not
see @ significant inerense in the short run, Instead of
mairtaining hig records, returns and reporhing snder
vapous different sioboics, bll essesses will Fnd
comfortable under GST a5 the compliange cost will
he peduced

o Reduce the chscading cffect of taxcs on the final
arice of the product. Eliminate tax-on-tax elfect. ..,

o Modetnte prices and mcrcase conmmmplion.

o Uniform and Stable Tax Regime. Cne-Country-

One-Tax.

Simplhfy Tax Strocture. -

Increase ODP. wx-GDP matio and reverme surplus.

L
Disadvantages of GST Bill in India o Will climinaie milltiple taxes.
o Will reduie logistios cost for fioms.
s The Service Tak in Indin i now 13% butb o s  Would recuce black moncy; need for fmancial
proposed GST & about [K-11Me All the services divcumentmtion will incrcase.
will be Costlier and this one of the Disadvanlages
of GST Bill on Common Person
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INVESTIGATION OF S0D1UM HYALURONATE SKIN SERUM BY USING NANATECHNOLOGY

Ms. Bhavika Bhokare!
Mrs. Madhuri Pardeshi®

[M.Tech Cosmetics, MBA)
Department of Cosmetic Technology, Vidya Bharti Mahavidyalaya, Camp Road. Amravati, 444602

Nanotechnology is widely used in cosmetics, This technique Is safe for targeted drug delivery.
Nanoparticulate delbvery system s more prominent and exhaustive. Basically, Nanoparticles are
colloidal drug delivery systems. Nanotechnology can be used in products like lipstick soap, anti
wrinkle cream. perfumes, toothpaste, ete. Serums are lightweight moisturisers that penetrate
deeper to deliver active ingredients into your skin. This study presents methods,

characterization of sodium hyaluronate nanoparticles further formulation of skin serum and its
evaluation at different parameters.

Keywords: Nanotechnology, Sodium hyaluronate, skin serum, Stability testing.
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INTRODLUICTION
Manotechnology is fastest growing area lor the maintenance of skin health as well as for the

diagnosis and management of cutaneous disease. It enriches the study of particles smaller than
100 nm in size. The prefix “nano” frem nanotechnology it is a Greek word. in which “nane” means
small or little [1]. Nanoparticle is type of colloidal drug delivery system where the particle size
ranges from 10—1000 am in diameter. The sub particlés are prepared from a variety of material
and synthetic polvmers thatinclude gelatine, poly methacarylate some biopolymers etc. Drugs can
be dissolved, entrapped, or encapsulated into the nanoparticles, on simply absorbed on their
surface. Nano sphere consists of a dense polymeric matrix in which the drug can be dispersed,
whereas, Nanocapsiles are constitited of a liquid core surrounded by a polymeric shell.
Nanoparticles are formed by single layered shell and are filled with il which tends themselves
ideally as carriers for lipophilic agents [2]), Nanoparticles in cosmetic preparations are found (o
improve stability of various cosmetic Ingredients such as unsaturated fatty acids, vitamins or
antioxidants by encapsulating them, (nerease the efficacy and tolerance of UV filters on skin
surface, make te product more aesthetically pleasing and enhance the pesetration of certaln

active ingredients to the epidermis {3].

Nanoparticles under the skin in cosmetics
The impartant route is through dermal exposure, The dermis has a rich supply of blood and tissue

macrophages; lymph vessels, dendritic cells, and five different types of sensory nerve endings. An
increased inflammatary activity and epithelial translocation of manmade 20 and 30 nm solid
particles was observed already 20 yvears ago. Broken skin represents a readily availabie entry even
for larger (0.5-7 micro meter] particles. as evidenced by reports about accumulation of large
amounts of soll particles in inguinal lymph nodes from people who runs or walks bare feet.
However report shows that broken skin is not necessary for uptake of nanoparticles. Tinkle et al
hypothesized that skin when flexed- as in wrist movements- can make the epidermis more
permeable to nanoparticles and then favour uptake into lymphatic system and regional lymph
nides [4],

ADVANTAGES
1. Large scale production is possible.

Long term stability

Controlled and sustained release of active drug can be achieved
Organic solvents can be avolded.

It can be lyophilized.

6. It can be freeze dried to form powder formulation

By autoclaving and gamma radiation sterilization is possible.

It improves skin protection with organic compound.

o Rl b

m

DISADVANTAGES

1. Poordrug loading capacity.

2. High water content dispersion.
T —
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3, Thelow capacity to load hydrophilic drugs.

OBJECTIVE: The aim of my work was to prepare and Investigate sodium hvaluronate in gkin
serum by using nanotechnology.
In the first part of the investigation, nanoparticles were prepared with a method deseribed below
and further synthesizing its size.
The main steps are as follows:
¢ Reactions under the sane conditions and with concentration of Hyaluronic acld, oxallc
acid,  sodium  monostearate,  1-(3-  dimethylaminoproyl}-3-ethylcarbodiimide
hydrochloride. The standarnd solutions were prepared with appropriate concentrations,
pH was adjusted, the preparation of  hyaluronic acid, malic acid, sodium monoswarate,
1-[ 3+ dimethylaminoproyl }-3-ethylearbodiimide hydrochloride solutions respectively , the
mixing and stirring time the temperatures applied, maintain storage conditions.
s Cenlirmation of nanoparticles by LM 20 nanosight
In the second part of the investigation, the formulation and evaluation of skin serum was studles
as followes:
*  Formulawas seét for the formulation of skin serum.
= Physical appearance and Stability testing of the batches was studbed with differem
concentrations of active. Serum was checked at different parameters and also microbial
growth studies were done.,

METHOD OF PREPARATION

I. High pressure homogenization.

1.1 Hot homopgenization

1.2 Cold homogenization,

Micro emulsion techmgue.

Uhrra sonication or high speed homogenization
Doubie emulsion method.

Spray drving method.

ok b

1. High pressure homogenization. |n kigh pressure homogenzation liguid 15 pushed at high
pressure 100-2000 bar through a narrow gap. The fluid acceleratesat wery high velocity { 1000
km/h). In this typical lipid contents in the rmnge of 5-10% which represents no probiem to the
homogenizen Higher lipid concentrations up to 40% have been also homogenized to lipid nano
dispersions, [tis widely used than any other method, because it is m’!vamagenus than other
methed, Following are some of the advantages of this method are that it is easy scale up and
powerful techniques, short produdtion times and more feasible [1],

1.1 Hot Homogenization. Thiz method 15 similar to homogenization of an emulsion, because this
15 also carried out 4t temperature above the melting point of Hpid. In the hot homogenization
methed the drug is dissolved or dispersed in melted solid Lpid for SLN or ina mixture of lgaid
lipid [0dl) and melted solid lipid for nano structured Lipid carrier. This lipid melt containing

drug ix then mixed by high speed stirring in a solution of the hot surfactant at same
—_— e W
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temperature {5- 10 °C) above the melting point of the solid lipid or lipid blend), This pre-
emulsion s then passed through & high pressure. Homogenizer adjusted to the same
temperature, generally applying three cycles ac 500 bar or two cycles at BOO bars, This
technigue can be used for lipephilic and insoluble drugs as well as for the heat sensitive drugs
beciuse the exposure time to high temperature is comparatively shomt. The technigue 15 not
suitable for inclusion of hydrophilic drugs into solid lipkd nanoparticle because of larger
portion of drugs ks in water during homogenization which leads Lo low enirapment capacity
[5].

1.2 Cold homogenization This technigue iz developed to overcome the problems which are
associated with hot homaogenization like temperature induced drug degradation and drug
diztribation into the agueous phase during homogenization [1]. In the cold homogenization
mecthod, the lipid micro particles are obtained by melting and subsequent cooling of drug
containing lipid melt followed by crushing, grounding and diffusing in cold surfactant to obtain
a cold pre-suspension of micronized lipid particles. This suspension is then forced w pass
through a high pressure homogeniser at room temperatune applying typically 5-10 cyeles at
1500 bar This method i the first choice for hydrophilic drogs with good as well as low
solubllity (surfactants are added to improve solubility]. This technigquee avoids and shorens
melting process of lipid and hemce it i appropriate for thermo sensitive and therma labile
drugs (5]

2. Micro emulsion techmigue This method 5 based on the dilution of micro emulsions. As
micro-gmulsions -are two-phase svstems compased of an nner and outer phase. Micro
emulsions are clearn, thermodymamically stable system composed of a Hpophilic phaze, water,
surfactant and co-surfactant. Micro emulsions are produced at a temperature above the
melting point of the lipids, so the lipid should have melting point above room temperature (1]
Solid lipid nanoparticles can alzo be prepared by micro emulsification of inner malten lijpds
phase [oil) which is preloaded with drug (at 65-70 *C), followed by dispersion in cold aqueaus
phase with mechanical stirring [at 2-3 *C). The dispérsion is washed two times with distiled
water by ultra filtration. After washing, the suspenzion is freese dried. The diameter of the
disperse phase droplet should be always below 100nm. There is no need of energy for this
preparation [51.

3. Ultra somication or High speed homogenization Salid lipld nanoparticles were also
developed by high specd stirring or saonication, The most advantage of this method is that, the
Equipments that are used here are very common in-every lab | 1]. Solid Hpid nanoparticles can
also be prepared by sonication or high speed stirfing. This is very general and simple
technbgue and can be beneficial over other methods ke hot and cold hemogenization but with
drawback of distribution of larger particle size ranging between micrometer range lesling (o
physical instability such as particle growth upon storage and also metal contamination due to
ultra sonication |5].

4. Double emulsion method It 15 3 novel method of preparation of salid lipid nanoparticles
loaded hydrophilic drug molety and s based on solvent cmulsification evaporation by drug
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encapsulation in thé auter water phase of w/iofw double emulsion along with a stabilizer 1o
avoid partitioning of the drug to outer water phase during solvent evaporation |5]. For the
preparation of hydrophilic loaded SLNs, a novel method based on solvent Emulsilication-
evaporation has been used. In double emulsion technigue hydrophilic drugs was dissolved in
aqueous solution, and then was emulsified in melted lipid. In thix method the drag is
encapsulated with a stabillzer to prevent drug partitioning to external water phase during
selvent evaporation in the external water phase of w/o/w double emulsion. Stabilized primary
emulsion was dispersed in aqueous phase which contains hydrophilic emulsifier after that the
double emulsion was stirred and was isolated by flcrstion [1].

Spray drying method 1tz analleyiative preocdune T lyoplilization in o der L Dransfon i
aqueous SLN dispersion into a drug product. This method is cheaper than lyophilisation. This
method caise particle aggregation due to high temperature, shear forces and partial melting
of the particle. In this method shorl drying time and consequently fast stabilization of feed
material at moderate temperatures make spray drying method suitable lor producing
nanoparticles of drugs that are thermo labile. The 20% trehalose in ethanol-water mixtures
{1090 v/v). Due to high temperature and shear force it may cause aggregation of particle [1].

=

Materials and Method

Hyalurvnic acid Hyaluronic acid (HA] is a high molecular weight biopolysacharide, discovered in
1934, by Karl Méver and his assistant, Joho Palmer in the vitreous of bovine gves. Hyaluronic acid
i% a maturally occurring biopolymer, which has important biclogical functions in bacteria and
higher animals incleding humans. It is found in most connective tssues and is particularly
concentrabed in synovial Awid, the vitreous Muid of the eve, umbilical cords and chicken combs, It
i5 naturally synthesized by a class of integral membrane proteins called hvaluronan synthases, and
degraded by a family of enzymes called hyaluronidases [6). Following are important points about
hyaluronic acid. Hyaluronic acid derives from the Greek "hyalos”, glogsy vitreous and uronic acid.
The malecule binds water and functions as lubricant between the collagen and the elastic fibre
petworks in dermis during skin movement, Effect onskin is that it hydrates viscoelastic film on
the skin. The polymer may also bie injected to obtain a smoother sorface and reduce the depth of
wrinkles.Properties: Most powerful moisturiser and humectants known so far provide
smioothness and softening to the gkin, redce appearance of wrinkles. ldeal ingredient after skin
peclsUsageTypically used at 0,1-2%. Hyaluronic ackd 5 nob readily soluble in water as it binds
waker very quickly forming a gel [?l

Method of preparation of hyvaluronie acld nanoparticles The present study relates to the
development of a hyaluronic acid nanoparticles for the administration of active molecules, These
panoparticles are made up af hyaluronle acid Insalt form, preferentially the sodivm salt of the
palymers. In a typical experiment, the procedure comprises the following stages:
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Flow chart 1: Method of hyaluronic acid nanoparticles

Preparation of aqueous solution of salt of HA (6 mgimi)

| - _; - =
| I‘n.'p.:r.ﬁ:n:m of an Ao seilalicd ».rl'il.:.'».|r;|.r|:|:h: [E] |:|:||.__'.-'r|1l oxal hvdrarnde) |
l Preparation of sorbatan inonosteante | 12 % wiv)
Addition of the ilv_u drasile solution {3 |1'|j:!-"l11|b o Ui sasluiticnm of ”:. alueronie acul, followed h_\ pfec i of 1=
i Yedimcthy lemumoproy | 3= ethylciarbodiimide hydrochlonde (EDCT) soluton (2 7 mgfml)

-

¥

Addion of the surfactant solution and mixmg under magnetic siiming. lowening the pH and muntaiming the

st overmieht, which will produce the Nanoparcbes.

The work-up of the Nanoparticles was as follows: pH wasincreased to the range of 8-9, followed
by the addition of alcohol to precipitate the Nanoparticles: The precipitated Nanoparticles were
kept in drying oven-at 25°C lor six hours to dry. The resulting Nanoparticlkes can be kept in the

refrigerator for storage [B].

CHARACTERIZATION OF NANOPARTICLES

Estimation of parficle size by LM 20 Nano Sight

Nanoparticle tracking analysis divulges size of nanoparticles by tracking the Brownian motion of
particles freely suspended in colloidal solution. Mean size ol nanoparticles was calculated by
tracking minimum of 1000 panoparticles active in Brownian motion. The size histograms of
sodlium |lfq-'.|l|.||:'|::l|'|.:T|.' are evident from Fjp" 1(a bandc) |w-.p-|.ﬂ|.'[|'|.-4.-ll,.' ['4'!

- - N

(a) (b} (c]
ULV Spectrophotometry Ultraviolet [UV) and visible radiation comprise only a small part of the
electromagnetic spectrum, which incudes such other forms of radiation as radio, infrared (IR),
cosmic, and X ravs. Figure 2 [a), (b), [¢] respectively [9]
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() (b) [c)

Fourier Transform Electron Microscopy; A mathematical operation known as Foorier
transform (FT) can separate the individual absorption frequencies from the interferogram,
pmdur: ng aspectrum virtually iclentical bo that ebtained with a dispersive spectrometer. This type
of instrument is known as Fourier transforms infrared spectrometer [ 10).

XNeray Biffroction: X-ray diflraction is based on constructive interference of monochromatic X-
rays and a crystalline sample. These X-rays are generited by a cathode ray tube, filtered to
produce monechromatic radiation, collimated to concentraite, and directed toward the sample,
The imeraction of the incident ravs with the sample produces constructve interference (and a
diffracted ray ) when conditions satisfy Bragse's Law (nA=2d sin 8). This law relates the wavelength
of glectromagnetic radiation to the diffraction angle and the lattice spacing ina crystalline sample.
These diffracted X-rays are then detected, processed and counted. By scanning the sample through
a range of ZHangles. all possible diffraction directions of the fattice should be attaimed due to the
random orientation of the powdered material. Conversion of the diffraction peaks to d-spacing
allows identification of the mineral because each mineral has a set of unique d-spacing. Typically,
this i5 achieved by comparison of d-spacing with stanidard reference patterns. Al diffraction
mathnds . re haserd on ggnr_ﬂ'drh]u il E-|':|E' T ‘.l'-r-.|}' mihas Thivaes 'l{-mj.ﬂ.' ari direrted ot thie
sample, and the diffracted vays are collected. A key component of all diffraction is the angle
between the incident and diffracted rays. Powder and single crystal diffraction vary in
instrumentation beyond this [11].

Results and discussion

The particle size mean af =odium hvaluronate found 1o be 44nm whereas the mode is 1 1lnm and
standard deviation iz 57nm. While the UV visible spectrophotometry shows that figure 2(a)
absorbance is shown at peak of 257 nm, The XRD (%-ray Diffroction] result in figure Z{c]) shows
thiat the sample is of amorphous nature.

Skin Serum

A serum iz a product typified by its rapid absorption and ability to penetrate into the deeper layers
of the skin, together with itx non-greasy finish and intensive formula with a very high
concentration of active substances. Like many other skin products, serums are designed to focus
on different actions - anti-ageing, brightening, acne prevention, etc. Because of the high
concentrations of the active elements, it i£ commaon for cosmetic serums to contain only a few
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active ingredients which provide intensive nutrition for the deeper layers of your skin. The oil-
free finish doesnt leave your skin feeling tight alter use: instead it should feel velvety smooth
becase of the serum's intensive and deep-layer action. Since the active Ingredients are 0 highly
concentrated, 2 serum will produce more visible results in less time than a simple moisturiser or
oather skin product. Sometime the high concentration of active ingredients can irritate sensitive

skin [12].

Material and Methods

'sr, | Ingredients Quantity for 100 gm Uses
No.
Fi F2 F3
L Carbopol 940 05 gm 0.5 gm 0.5 gm | Gelling agent
2 Ofive odl 1ml Ll 1ml Emallient
3 Almond oil 1ml 1md 1ml Emollient
4 Twean B0 1ml 1.2 mil 1.4 ml Emulsifier
5 Propylene glyool Zml 25 ml 2.8 mil Hamectant
& Poly sirhate 60 1 ml 1.5 ml L& ml Salubuliser
7 Ethylenediaminetstraacetic 0l g 01 gm 0.1gm | Chellating agent
acid

a Triethanaloamine 03 mi 05 ml .6 ml Stabiliser
G Iso propyl alcohol gs [vE TR Sotubuliser -
10 | Glycerine 0.7 mi 0.8ml 04ml | Humectant —
i1 Perfume gs Qs 0.5 Perfume
12 O DM Hyadantoin 4.5 gE 0.5 Freservalive

13 | Sodium Hyalurohate 08 gm 0.5 gm 1gm Activ

14 | DM water Tao Ta To Afutous phase

make finke make
1100 mk 10 ml 100 ml

Observation: From the above ohservation formula F2 was selected as it was stable and it
shows consistency, spreadability and feel and active was added with different concentration and
evaluated  forin vitre study as per IS and in vive study with human volunteers.

Procedure for base formula:  Take clean apparatus. Weigh Carbopol 940 disperses in distilled
water containing EDTA, DM DM Hyadantoin-and glycerine. After proper mixing add TEA drop by
drop to form a gel. then take another beaker to this add almond oil, olive oll, rose oil, Polysorbate

e —————————
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60, Twiren 80, propylene glycol, stir it well and then pour it into gel under stirring slowly, allow it
o stir for some more time and then fill it inte suitable container.

Table 1: Optimization of serum base

Sr. No. PARAMETER F1 F2 Fl
1 Appearance ' e .
Z Colour - L] s

3 ulour - " e

4 Consistency - -

5 T - T -

b Spread ability L pis n

Gond= * Belter = ** Bist = *+*
Evaluation of skin serim

Determination of physlcal parameters

In physical parameters, appearance, consistency, colour, odour, and spreadability was taken into
consideration. The Physical Parameters are determined by visual chservation by taking small
amounts of sample. The Serum and lotion samples were kept at varions temperatures such as
room temp, at 45°C and at the elévated temp (freeze temp.|. The formulations were checked after
every 10 days for parameters such as colour, odour, consistency, spreadability and appearance

[13]

Determination of pH [15: 6608 - 1978)

For oll-in-water emulsion Serum Accurately 52001 g of the Serum was weighted in a 100ml
beaker, 45ml of water was added and the Serum was dispersed 0L The pH of the suspension at
270 € was determined using the pH meter [13].

Determination of total [atty substance content: [Indian Standard skin creams —
specification, Z004)

For this the emulsion is broken up with dilute mineral acld and the fatty matter i extracted with
petroleum ether. It is weighed after removal of the solvent. Accurately about 2g of sample was
welghted Intoa conical fask, about £5ml of dilute HC1 was added, reflux condenseor was fitted into
the lask and the content of the lask was boiled until the oil and water phases have separated. The
content of the fask was poured into 300 ml separating funnel and it was allowed to cool Lo 20°C.
The conical Mask was rinsed with 50mi of ethyl ether in portions of 10mi. The cther rinsing was
poured into separating funnel. The separating funnel was shaking well and leave until layers
separate, Separate out with 50mi portions of ether twice. All the ether extracts was combined and
wiashed them with water until free of acid. The ether extracts was filtersd through a filter paper
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%
containing sedium sulphate into a conlcal Aask which had been previously dried at temperature

ol 6% +2°C and then weighed. The sodium sulphate was washed on the filter paper with ether and
the material remaining in the flask was dried at a temperature of 6°C £2°C to constant mass [13).

Total Fatty substance % by mass =100x M1/M2.
Where, M1 1s Mass in g of residue and M2 is Mass in ¢ of material taken for the test.

Determination of Thermal Stability:

A 20 mm broad and 5 mm thick strip was spreaded from the material to be tested on the internal

wall af a beaker of 100ml capacity in its total height. The beaker was kept for 8 hrs, in the humidity
chamber at 60 to 70% relative humidity and temperature 372 1°C.

Microbial examination of Serum: T.

The test consist of pleating a known dilution of the sample on soya bean casein digest agar medium
suitible for the total count of aerobic bacteria and fungl after incubat ing them for a specified
period to permit the development of visual colonies for counting Pre-treatment of sample: To 10
mi of sodium chloride solution pH 7 or any other suitable medium add 1gm or 1ml of sample
Total bacterial count: Pipette out in duplicate Lml of pre-trested sample aseptically into 5 sterile
Petri dishes. Pour 15 1o 20 mi of molten soya bean casein digest agar maintained at about 45°C
Mix the content of the plate by swirling. Allowing the incubate the plates at 37°C +1°C in inverted
position for three days Count the number of colonies in each plate, Determine the average number
uf colonies on plates and multiply by dilution factor. This will be the number of microorganisms
per gm al the sample. If no ¢olony was recovered from any of the plate it can be stated as less than
2l microarganisms per gm.

Total fungal count: Pipette out in duplicate 1mi of pre treated sample aseptically into 5 sterile
petridishes. Pour 15 to 20 ml of molten sabouraud'c chloranphenicol agar (SCA) maintained at
about 45°C mixes the content of the plate by swirling. Allowing the plates to solidify, invert and
incubated at 23+2°C for three days. Count the number of colontes in each plate.

Stability studies ol Serum: Stability studies for Serums were carried eut according to ICH
guidelines. The Serum samples were kept on the 5°C room temperature, and 40°C. The changes
in the physical appearance, colour, odour etc and chemical changes suchas change in pH. viscosity,
pH separation were checked and thus The formulation of Serum was optimized.
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Table2:
s No PARAMETERS Fl F2 K3
{(A) Physkcal appeanance
| Appramnoe sorum like serum like serum fike
2 Colaur white apaque white opaque while apagu
3 Ohidlour pleasant pleasant prleasant
4 Consistency semmi Houid somi liguid semil Hguid
5 Spreacd abilisy gooil g very gooed
& ity ficky feel Bao No Mo

Accelerated stability studies: To ensure that a cosmetic remain stable till the consumers has
used the entire cosmetic or has stopped using it, a number of special accelerated test procedures
have been developed. The evaluation employs a combination of tests. This method of evaluation
not only indicates stability of Base formulation but also indicates the stability of functional
ingredient [13].

Freeze thaw cycle: These tests are not carried out at fixed temperature and humidity. [n these
tests, temperature was changed cyclically every day e.g. Low-high-low-high-low-high, to simulate
changes in temperature daily [13].

Tahle 3:

L Mo FARAMETERS [ F2 F3

| Frecze thaw cycle Stahle Stahle Stahle
RESULT AND DISCUSSION
In Vitro-Study

Table No. 4: Determination of physical parameter of a Skin Serum containing Sodium
hvaluronate Active. (Stability study after 10 days).

hr Mo FARAMETERS Fi F2 F3

Phwsical appearance = = =
i Appearance = = =
z El.lll.lur = L -
3 Odour BN e -
4 Lon=istency = P s
5 Spread abality i i e
[ Oily ftacky feel - s -

Change=* Nochanpe= "*
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Table No. 5: Stability study after 20 days

ar. Mo PARAMETERS F1 F2 F3

Physical appearance | ** cm .
I Jﬂl.F-PEﬂrﬂ [T o Ll - -
2 Colour s e o
% (hlnur - e e
4 Consistency s i -
5 Spread ahility e e s
) Dily ftacky leel - i il

Table No. 6: Stability study after 20 days

Sr No. PARAMETERS Fil F2 F3

Physical appearance | ** pd -
1 Appearance - i =
i Colour st 58 zi
3 Odour i - e
4 Consistency - gt -
5 Spread ability = e =
[ Oily/tacky feel = i e

Table No. 7: Determination of pH of serum containing sodium hyaluronate as active. Standard
value 5 1o 9

T e Fi F2 Fa
Interval

1 0 Day 623 | 621 | 619

2 Bth Day 6.21 6.2 6.18

3 16thDay | 623  |619 | 615

3 ZathDay | 622 | 617 | 611

5 I0th d'“','l" 623 .16 .12
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Graphical Representation of data:

h(1)

Table 8: Determination of Total fatty matter of serum containing sodium hyaluronate as active
(Standard value 5.0%)

S No Parameter F1 F2 Fi
TFM % by
1 mass +55% | 4.65% | 460%

Graphical Representation of data;

Graph (2)

mFl
Percentage mE2
l »

Table 9: Determination of Thermal Stability serum contalning sodium hyaluronate as active.

Sk Nao Parameter [ | F2 F3

| Thermal Stability | passed | passed | passed
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Microbial examination of a Serum
Table No. 10: Microbial examination of a serum containing sodium hyaluronate as active

5t No Name of the test Result Specification Unit

Total hacterial count | 10 CFUfgm | NMT100 EFU/gm | CFU/gm
2 Fungal count Ril NMTIOCFU fgm CFU/gm

Conclusion

Nanoparticles are one of the promising drug delivery systems, which can be of potential use in
controlling and targeting drug delivery. They possess better stability when com pared with
lipasemes. They have various applications such as ophthalmic drug delivery, intravenous delivery
as carriers for radio nucleotides in nuclear medicine, as cosmetics for the skin and hair care,
sustained release formulations and many more. Nanoparticles formulated as amorphous spheres
offer higher solubility than standard crystalline formulations, thus improving the poor agueous
solubility of the drug and hence its bioavailability, While serum on the other side, is a concentrated
product widely used in cosmetology: The term itself comes from professional cosmetology.
Cosmetic skin serum is a highly concentrated product based on water or all as any other cream.
Serums are concentrates containing approximately 10 times more of biologically active substances
than creams, therefore quicker and more effectively coping with cosmetic problems. The effect of
serum when concentrates are that it immediately gets the necessary amount of active substances
such form which assimilates easier. The active substances in high concentration act in the same
way as cream they maoisturlse, rejuvenate, lift up, etc. The only difference is that in case
concentrates are used corvectly the noticeable result will be reached gquickly,
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ARTICLE INFO ABSTRACT

Article history: We discuss two dark energy models on LRS Bianchi Type-I magnetized anisotropic
Rece?ved:.8 De?emb?r 2016; space —time with a variable equation of state (EoS). The EoS for dark energy @ is found
Received in revised form: to be time dependent and its existing range for derive models is in good agreement with
8 February 2017; the recent observations. Using the suitable condition, the anisotropic models approach to
Accepted: 18 February 2017; isotropic scenario. We also find that during the evolution of the universe, the EoS

Keywords parameter for DE changes from @ >—1 to @ =—1 in first model whereas from
Variable EoS Parameter @ >—1 to @ <—1 in second model which is consistent with recent observations. The
Magnetic Field cosmological constant A is found to be a positive decreasing function of time and it
Dark Energy. approaches a small positive value at late time (i.e. the present epoch) which is
corroborated by results from recent supernovae la observations. The physical and
geometric properties are also discussed.
© 2017 Elixir All rights reserved.
Introduction

The nature of the dark energy component of the universe [1-3] remains one of the deepest mysteries of cosmology. There is
certainly no lack of candidates: cosmological constant, quintessence [4-6], k-essence [7-9], phantom energy [10-12].
Modifications of the Friedmann equation such as Cardassian expansion [13,14] as well as what might be derived from brane
cosmology [15-17] have also been used to explain the acceleration of the universe. A particular case of the linear Equation of state
has used in the cosmological context by Xanthopuolos [18], he considered space-times with two hypersurface orthogonal, space-
like, commuting killing fields.

The current standard model of cosmology implies the existence of dark energy which accounts for about 70% of the total
energetic content of the universe, which ac-cording to the observations is spatially flat [19]. Several models have been proposed
to explain dark energy [20-26]. An alternative consists of to consider a phenomenological decaying dark energy density with
continuous creation of matter [26] or photons [27,28].The dark energy might decay slowly in the course of the cosmic evolution
and thus provide the source term for matter and radiation. Different such models have been discussed and strong constraints come
from accurate measurements of the CMB. Although some authors [29] have suggested cosmological model with anisotropic and
viscous dark energy in order to explain an anomalous cosmological observation in the cosmic microwave background (CMB) at
the largest angles.

Bianchi type models have been studied by several authors in an attempt to understand better the observed small amount of
anisotropy in the universe. The same models have also been used to examine the role of certain anisotropic sources during the
formation of the large-scale structures we see in the universe today. Some Bianchi cosmologies, for example, are natural hosts of
large-scale magnetic fields and therefore, their study can shed light on the implications of cosmic magnetism for galaxy formation.
The simplest Bianchi family that contains the flat FRW universe as a special case are the type-1 space-times.

Measuring the equation of state for dark energy is one of the biggest efforts in observational cosmology today. The DE model has
been characterized in a conventional manner by the equation of state (EoS) parameter p which is not necessarily constant,

yo,

where P is the energy density and P is the fluid pressure [9]. The present data seem to slightly favour an evolving dark energy
with EoS 4 < —] around the present epoch and ) > —] in the near past. Obviously, @ cannot cross —] for quintessence or

phantom alone. Some efforts have been made to build a dark energy model whose EoS can cross the phantom divide. The simplest
DE candidate is the vacuum energy ( (»p = —] ), 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) [30], phantom
energy (¢ < —1) [31] and quintom (that can across from phantom region to quintessence region as evolved) and have time

dependent EoS parameter. Some other limits obtained from observational results coming from SNe Ia data [32] and combination
of SNe Ia data with CMBR anisotropy and galaxy clustering statistics [33] are —1 .67 < @< —0.62 and —1.33 < »—0.79.

respectively. The latest results in 2009, obtained after a combination of cosmological datasets coming from CMB anisotropies,
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luminosity distances of high redshift type Ia supernovae and galaxy clustering, constrain the dark energy EoS to
—1.44 < @ < —0.92 at 68% confidence level [34,35], However, it is not at all obligatory to use a constant value of @ . Due to

lack of the observational evidence in making a distinction between constant and variable @, usually the equation of state
parameter is considered as a constant [36,37,4] with phase wise value 1 for vacuum fluid, dust fluid, radiation

—-1,0,——,and +1
3

and stiff dominated universe respectively. But in general, @ is a function of time or redshift [38,39,40]. Some literature are also
available on models with varying fields, such as cosmological models with variable EoS parameter in Kaluza-Klein metric and
wormbhole [41,42]. In recent years various form of time dependent @ have been used for variable A models by Mukhopadhyay et
al. [43]. In well —known reviews on modified gravity [44,45].it is clearly indicated that any modified gravity may be represented
as effective fluid with time dependent @ .

In Principle, once the metric is generalized to Bianchi types, the EoS parameter of the fluid can be generalized in a way
conveniently to wield anisotropy with the considered metric . In such model, where both the metric and EoS parameter of the fluid
are allowed to exhibit an anisotropic character, the universe can exhibit non-trivial isotropization histories and it can be examined
whether the metric and/or the EoS parameter of fluid evolve toward isotropy. We may say about two main classes of such models;
according to whether this anisotropization occurs at an early time or at late times of the universe, The former class can be related
with the inflation field , which drives the inflation, which drives the late time acceleration of the universe. In the context of the
former class, the generic inflationary model can be modified in a way to end inflation with a slightly anisotropic spatial geometry.
Bianchi type-I universe is the prime candidate for studying the possible effects of an anisotropy in the early universe on present-
day observations, there are few other models (for example, B -V, ), which describe an anisotropic space-time and generate

interest among physicists.[46-49]. Pradhan and Bali [50] and Bali et al. [51] have studied B _ Vlo space time in connection with
massive strings. Recently Amirhashchi et al.[52] presented dark energy models in an anisotropic B-VI, space —time by

considering constant deceleration parameter. In this paper, we have investigated two new LRS Bianchi type-I magnetized dark
energy models with variable equation of state . The discussion of the paper is as follows:

In section.2, the metric and the field equations are described. In section 3 deals with the solutions of the field equations in two
different cases .Section 4 deals with physical and geometric behavior of the models. In section 5, we describe an other dark energy
model and its physical aspects. Finally, conclusions are summarized in the last Section 6.

2. Metric and Field Equations:
We consider the LRS Bianchi Type-I metric in the following form

ds® =—dt> +a’dx” +b*(dy” +dz”) M
where the scale factors a and b are functions of cosmic time only.
The energy momentum tensor for anisotropic dark energy with magnetic field is given by

T/ =""T/+™'T] )
where
PETE = ( + Yuu’ + i 3)
j Pep T Pep U, P8
where | iis the flow vector satisfying
gijuiuj =—1 )
EM i is the electromagnetic field tensor which is given by
J
1 1 ®)
EM _ afp _ * af
T; _47Z_|:EaFjﬁg 4gi'F Faﬂ:|
where [ is the electromagnetic field tensor which satisfies the Maxwell equations
ij
i | 6
F[ij;a]:()’ (F'\y-8)=0 ©

In commoving coordinates, the incident magnetic field is taken along x-axis, with the help of Maxwell equations (6), the only
non-vanishing component of f is
ij

F,y=const=M. W

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/ = diaglT, . T, T; . T; ] ®
Thus, one may parameterize it as follows
: M? M? M? M?
’Z:J:dla[_p—i_ 7px_ ap + ,p7+ ]
87b* 8t T 8mt T 8wt
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2 2 2 2
=dia[—(p + o, p— (o p+ (. p+
[—(p 87zb4)( P 871]54)( VP 8;zb4)( P 87zb4)]
M? M*? M? M? )
=dia[—(p + N (o+0)p+—,(w+0)p+
[-(p 872174)(/9 872174)( )P — ( )P 871174]

where O is the energy density of the fluid are the pressures and are the directional EoS parameters
gy y P.P.sDP p w_,0, ,0 P
x y z x y z

along the X,Y,Z respectively, ) 7 is the deviation free EoS parameter of the fluid. We have parameterized the
(0] =
Yo,

deviation from isotropy by setting ) — ) and then introducing skewness parameter § which is the deviation from @ along
X

both y and z-axes. @ and § are not necessarily constants and might be function of the cosmic time 7.
The Einstein’s field equations are

1 (10)
R; - ERg g = 87T

where the symbols have their usual meaning.
By adopting commoving coordinates, Einstein’s field equation (10), for the Kontowski-Sachs space-time, the field equations
take the form

2a,b, b’ 2 an
h+#:87fp+M

ab b*
ay by  a,b, 2 (12)
—+ 2+ 22 = 8r(w+0)p—
a b ab ( )P b*
2b44 42 M2 (13)
+——=-8mwp +——
b b? w b*

where a subscript 4 indicates differentiation with respect to t.
3. Solutions of the field equations
The spatial volume for the model (1) is given by

V=R =ab’ (14)
where R is the mean scale factor. The mean Hubble parameter H is given as
B V1o 0] =
R 3V 3Qa b
The directional Hubble parameters in the directions of x,y and z respectively may be defined as
a, b (16)

H

y =

and H =H_ =-—*
a b
The volumetric deceleration parameter ¢ , the scalar expansion @ , shear scalar o2 and the average anisotropy parameter A are
m

defined by
_ RRV (17)
q=- 2
R,
0:“—4+2%4 "
a
b 2 (19)
o= 1/ % 24
A a b
A —li(Hi_H)z 20
" 34l H

where H.(i=x,y,2) represents the directional Hubble parameter in the direction of x,yand z. respectively. A =0

corresponds to isotropic expansion.

Initially we apply the law of variation for Hubble parameter for the LRS Bianchi Type —I metric may be given by
_n 21

H = D(ab?) ?
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where D >0 and n > (Q are constants. Such type of relations have firstly been considered by Berman [53], Berman and

Gomide [54] for solving FRW models. Letter on many authors have used this law to study FRW and Bianchi type models.
On integrating, after equating (15) and (21), we obtain

3 (22)
abzz(nDt+cl)" for n#0

here ¢, is positive constants of integration. The values for the deceleration parameter for the mean scale factor as:

g=n—1 (23)
which is constant. The sign of ¢ indicates where the model inflates or not. The positive sign of ¢ i.e. () <y <] indicates

inflation. It is remarkable to mention here that through the current observations of SNe Ia and CMBR favors accelerating models
(g<0); but both do not altogether rule out the deceleration ones which are also consistent with these observations [55]

Now we assume that the expansion (§) is proportional to shear (), this condition lead to

s Dy = aox/§ a_4+2b_4
a b a b
which yields to

a _ b

a b

where 2a, \/g 1 and a, e arbitrary constants. Above equation, after integration, reduces to

1—0{0\/5

a — bn’[
where Yij is an integrating constant. Here , for simplicity and without any loss of generality, we assume S =1. Hence we have
a=>b" (24)

The motivation behind assuming this condition is explained with reference to Thorne[56], the observations of the velocity-
red-shift relation for extragalactic sources suggest that Hubble expansion of the universe is isotropic today within ~ 3() percent

[57,58]. To put more precisely, red- shift studies place the limit
O )
— <03

On the ratio of shear O to Hubble constant H in the neighborhood of our Galaxy today. Collins et al. [59] have pointed out
that for spatially homogeneous metric, the normal congruence to the homogeneous expansion satisfies that the condition 4 is

0
constant.
Using (24) (14) in (15), we obtain the expressions for metric function as follows
X (25)
b=mDt+c)™
1 (26)

a=(nDt+c, );
where ¢, is an integrating constant
Hence the model (1) reduces to
2 2 @7)
ds> =—dt’> + (nDt +c,)! dx’ + (nDt +c¢,)"™ (dy’ +dz*)

4. Physical aspects of dark energy model
The expressions for the Hubble parameter H, scalar of expansion @ ,shear scalar O

and the average anisotropy parameter A for the model (27) are given by
m

28
030 -— L (28)
(nDt+cy)
T 29)
o’ = %{—nD(ml 1)} (nDt + ¢, )2
m
. (m* +2)(nD)* — 2nDLml(m + 2) 1 (30)

m

3Im?lPL?
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Using equation (11) , the energy density of the fluid is obtain as

D)2 . 31
8mo =2m+1) (n )2 (nDt + cl)’2 —M?*(nDrt + c) o
(ml)
Using equation (13) , the EoS parameter is obtained as
2 (32)
D 4
Q2ml - 3)[’2) (Dt +¢,)> + M>(nDi +¢,)
m
- 2
D 4
(2m + 1)(%) (Dt +¢,)> —M>(nDi +¢,)
Using equation (12), the skewness parameter § are computed as
- (33)

[2+1(m—1) - m(m + 1)(”?) (nDt+c¢,)> =2M*(nDt +c,)™
m

2
2m+ 1)(”’?) (Dt +¢,)> —M>(nDi +¢,)
m

From (32), it is observed that the equation of state parameter @ is time dependent, it can be function of redshift Z or scale factor
R as well. The redshift dependence of @ can be linear like

(z)=w, + 'z (34)
with dw (see [60,61]) or nonlinear as
w'=—
dZ z=0

W,z 35)
a)(z) = a)o + it 0l

1+z
[62,63]. So as for as the scale factor dependence of @ is concern. The parametrization
@(R) = w, + 0, (1-R) (36)

where w, is the present value (R =1) and w, is the measure of the time variation ;" is widely used in the literature [64]

So, if the present work is compare with experimental results [31,32,33,34], then one can conclude hat the limit of @ provided by
(32) may accommodated with the acceptable range of EoS parameter . Also it is observed that at y — ¢ ) vanishes, where ¢ is

a critical time given by
mi 37
. 1 (nD [2ml-3\)"?% ¢
“ mwD\ml\ M? nD
Thus, for this particular time , our model represents a dusty universe. We also note that earlier real matter at t <t »where > ()
- "c

later on at ; > ; , where ) > () converted to the dark energy dominated phase of universe.
- c

For the value of @ to be in consistent with observation [31], we have the following general condition

1, <t<t,,

where
. (38)

2 ml-2
3 m(l + 3.34) +0.67
,_1|nD 3 _a
" uD| ml 2.67TM? nD

ml_ (39

2 ml-2
3 m( [ +1.24j —-0.38
LinD, L \3 a

nD| ml 1.62M? nD
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For this constrain, we obtain —1 .67 < @ < —().62 Wwhich is in good agreement with the limit obtained from observational

results coming from SNe Ia data [31].
For the value of @ to be in consistent with observation [12] , we have the following general condition

t, <t<t,, (40)
where
- (1)
2 ml-2
3 m(l + 2.66) +0.33
, L |nD 3 _a
> aD| ml 2.33M* nD
ml (42)
2 ml—2
3 m(l + 1.58) -0.21
, _ 1 |nD 3 _a
Y nD| ml 1.79M ? nD

For this constrain, we obtain —1.33 < (9 < —().79 which is in good agreement with the limit obtained from observational

results coming from SNe Ia data [31] with CMB anisotropy and galaxy clustering statistics [32].
For the value of @ to be in consistent with observation [33,34] , we have the following general condition

1y <t<fg,

mi (43)
2 ml-2
3 m(l + 2.88) +0.44
, L |nD 3 _a
> uD| ml 2.44M* nD
ml (44)
2 ml-2
3 m(l+1.84j—0.08
, L |nD 3 _a
° uD| ml 1.92M 2 nD

For this constrain, we obtain —1.33 < 9 < —().79 which is in good agreement with the limit obtained from observational

results [33,34].
From (31), we note that energy density of the fluid p(1) is a decreasing function of time and p >0 when

i (43)
1 (nD [2m+1 "2 ¢
t—| — | —— -
nD{ ml\ M? nD
Here QO is apositive decreasing function of time and it approaches to zero as f —> 0.
In absence of any curvature, matter energy density () and dark energy QA are related by the equation
= 4
Q +Q, =1 (46)
Where o o) and A - Thus, (46) reduces to
" 3H® b 3H?
A (47)
pz + 2 1
3H 3H
Using (28) and (31) in (47), the cosmological constant is obtained as
2 4 (48)

2
A=|3z -1 (2m + 1)(@ (nDt+c¢,)” + L (nDt +¢,) ™
8 ml 87

From (48), we observe that A is decreasing function of time and it is always positive when
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2(ml-2)
> M2 an? —(2m+1)[£j ) ;o
nD ml nD

We observe that cosmological parameter is decreasing function of time and it approaches a small positive value at late time
(i.e. At present epoch). Recent cosmological observations[65,2]; [3,66,67] suggest the existence of a positive cosmological
constant A with the magnitude A(G7 )~ 10712 These observations on magnitude and red-shift of type Ia supernova suggest

3|7 .
C

that our universe may be an accelerating one with induced cosmological density through the cosmological A - term. Thus, the
nature of A in our derive DE model is supported by recent observations.
From (28)-(29) , it can be seen that all the kinematical parameters [ @ and o diverge at the initial singularity. There is a

Point Type singularity [48] at ¢, in the model . The mean anisotropic parameter is constant and it increases. Thus, the
I =——
nD
dynamics of the mean anisotropy parameter depends on the value of 72 . Since ;.2 the models does not approach
? = cons tanft,

isotropy through the whole evolution of the universe.
5. Other dark energy model
Now we take the following ansatz for the scale factor, where the increase in terms of time evolution is

R(t) =te' 50)

By the above choice of scale factor yields a time dependent deceleration parameter. We define the deceleration parameter ¢ as
usual,

R,R Ry, 6D
q = — = —
R, RH’
Using (50) into (51), we find
! (52)
q=—1+—"
(1+2%)
Using (24) and (51) in (15), we obtain the expressions for metric functions as follows
£ (53)
a= ([et )2+m
(54)

b=(te' )%*”’

Hence the model (1) reduces to
om 6 (55)

ds® =—dt* +(te' )2 dx* + (te' )2 (dy* + dz*)

The expressions for the Hubble parameter [ , scalar of expansion @, shear O and the average anisotropy parameter 4 for
m

the model (55) are given by

p=3m =3 R |-g LH! oY
R t
,  (m=1)’ (t+1j2 (57)
O =" |
m-r t

(m® +2) = 2mr(m+2) (58)
A, = I +1
Where m+ 72 - Since ;2 for all values of M except for y;; =1, hence the model is anisotropic except for j;; = 1.

r= —#0

3m o?

The dynamics of the mean anisotropic parameter depends on the value of 7. The mean anisotropic parameter is constant. We
observed that when 5, — 0, Am —3 oo and for 5 — 1, Am = ()- Thus, the observed isotropy of the universe can be achieved in

phantom model.
The energy density of the fluid can be find by using (53) and (54) in (11)

) - (59)
8”pzw(t__'_1} _Mz(l’et)rm

mzr2 t

Using (53) , (54) and (59) in (13) , the EoS parameter @ is obtained as
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(60)

3¢+ —2mr o, -

BN —M“(te")
Cm+D) (t+1Y =
5 5 - _M (te ) rm
rm t
Using (53), (54), (59) and (60) in (12), the skew parameter § are computed as

4 ©61)

+2M (e’ )™

(m2+m—2)(t+1j2+(l—m)

m’r? t mrt*

2

2m+1D)(t+1 _4

e DL ypofer)
rm t

So, if the present work is compared with experimental results [31,32,33,34], then one can conclude that the limit of @

provided by (60) may accommodated with the acceptable range of EoS parameter. Also it is observed that at
t=t w vanishes »wWhere ¢ isacritical time given by the following relation
c c

4 (62)
3(t+1)* =2mr -—
3+D” —2mr —~M?*@t.e) ™=0
22,2 c

m-rt,
Thus for this particular time, our model represents a dusty universe, We also note that the earlier real matter at y <y , where

- "c
@ > (0 lateronat ¢ 5 ¢ , where ¢ < () converted to the dark energy dominated phase of universe.
C

From (59), we note that energy density of the fluid p(1) is a decreasing function of time and pr=>0 when

2 22 2 (63)
v (t+1 M “m’r
(te’ )Km >
t 2m+1
Here PO is a positive decreasing function of time and it approaches to zero as f —> 0.
Using (56),(59) in (47), the cosmological constant is obtained as
2 2 -4 (64)
92m+1 t+1 M —
A=|3= ( )2 ( J _ (tel)rm
8r(m+12) t 87
From (64), we observe that A is a decreasing function of time and it is always positive when
e 2 (65)
(t + lj(te, )m+2 S M?*(m+2)
t 247(m—1)°

We observe that cosmological parameter is decreasing function of time and it approaches a small positive value at late time. Thus
,the nature of A in this derived DE model is also in good agreement with recent observations [1,2,68,69,70].
6. Conclusion

On getting motivated from increasing evidence for the need of a geometry that resembles Bianchi morphology to explain the
observed anisotropy in the Wilkinson microwave anisotropy probe (WMAP) data, we have discussed some features of the Bianchi
type- VI, universes in the presence of a fluid that wields an anisotropic EoS parameter in general relativity. A new class of

anisotropic LRS Bianchi type —I magnetized Dark energy models with variable EoS parameter @ has been investigated by using
time dependent deceleration parameter. In literature it is a plebeian practice to consider constant deceleration parameter. Now for
a universe which was decelerating in past and acceleration at present epoch, the DP must show signature flipping as already
discussed in Section 2 . Therefore our consideration of DP to be variable is physically justified.

Our Power law solution represents the singular model where the spatial scale factors and volume scalar vanish at LAl

¢,

r=——
nD
the physical parameters are infinite at this initial epoch and tend to zero as £ — o0. There is a point Type singularity [48] at
c, in the model.
t=——
nD
It is observed that, in early stage, the EoS parameter @ is positive i.e. the universe was matter dominated in early stage but
in late time, the universe is evolving with negative values i. e. the present epoch . DE model presents the dynamics of EoS
parameter @ provided by (32) whose range is in good agreement with the acceptable range by the recent observations [31-34].
The existence of DE, in whatever form , is needed to reconcile the measured geometry of space with the total amount of matter in
the universe, DE models present the dynamics of EoS parameter @ provided by (32) and (60) whose range is in good agreement
with the acceptable range by the recent observations [31-34] .It can be easily seen that in both DE models . Thus , our both
anisotropic parameter vanishes at z; = 1. Thus, our both anisotropic models approach to isotropy at z; =1. It is already
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discussed in previous section , we obtain cosmological constant dominated universe, quintessence and phantom fluid dominated
universe [45], representing different phases of the universe through- out the evolving process.
Our DE model is of great importance in the sense that the nature of decaying vacuum energy A(z) is supported by recent

cosmological observations. Though there are many suspects (candidates) such as cosmological constant, vacuum energy, scalar
field, brane world, cosmological nuclear-energy, etc. as reported in the vast literature for DE, the proposed model in this paper
favors EoS parameter as a possible suspect for the DE.
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Abstract

The dissociation constant and equivalence point in 70% Dioxane-Water and end point in different concentration with
flavones at different temprature. Dissociation constant equivalence point has also calculated by potentiometer. Ligand had
been studied using potentiometric method using calomel and platinum electrode various temperature for 0.1M ionic strength.

Keywords: Dioxane, Potentiometer, Metal solutions Ni(II), Copper (II), NAOH.

Introduction

A number of investigations on potentiometric titrations of
complexes have been ade to explain their prominent features in
the solutions. However, the extensive literature dealing with the
potentiometric titrations of complexes has been restricted to
globular protines as well as synthetic polymeric acids, bases. As
the part of general program on complex formation between
metal and acid ions'. These paper presents the results on the
flavones of benzaldehyde and crotonaldehyde complex of
copper and Ni(II) using the method of potentiometry”.

Complex formation between copper(Il) and Ni(Il) and
unsubstituted acid®. Many quantitative studies were carried out
with flavones to find its conformational change in neutralization
and to estimate the molecular parameters from analysis of the
potentiometric titration*. Experimental study carrid out on
calomel electrode under both static and dynamic conditions
presence of other ions. With ligands and metal for the
determination of the relevant complex formation constant from
potentiometric data’.

Materials and methods

In potentiometric titration prepare electrolytic solution of given
concentrations of and the ligands flavones of p-chloro
benzaldehyde, flavone of chrotonaldehyde and flavones of
benzaldeyde and metal solution of copper and nickel. Also
prepare 0.1 N NAOH soutations. These NAOH solutation
standerised oxalic acid. the std. metal solutions were prepared in
dioxane-water. These NAOH soutions tritre against metal
solutions.

Result and discussion

The graphical data showed that increasing volume of NaOH
with also increasing pH value clearly indicate disociation
constant at point of interaction.
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Table-1: The titration reading of Copper(Il) and volume of
NaOH 0.1 M,at temp 25°C

Ml pH
0.5 1
1 1.147
1.5 1.308
2 1.499
2.5 1.757
3 0.243
3.5 7
4 1.624
4.5 12.103
14
12 I
10 I
PR A—
‘L = PH

S N B~ N ©
N
-

Figure-1: Volume of NaOH Vs
Benzaldehyde

pH on flavones of
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Table-2: The titration reading of Ni(II), and volume of NaOH Table-3: The titration reading of Ni(II) and volume of NaOH

0.1 M, at temp 25°C

0.1 M,at temp 25°C

Ml pH Ml pH
0.5 1.678 0.5 0.236
1 1.986 1 1.235
1.5 2.89 1.5 1.563
2 1.789 2 1.548
2.5 3.678 2.5 2.362
3 2.456 3 1.365
3.5 2.678 3.5 3.569
4 1.896 4 2.356
4.5 4,789 4.5 2.698
6 Conclusion

1 2 3 4 5 6 7 8 9

Figure-2: Volume of NaOH Vs pH on flavones
Crotonaldehyde

of

2.5 A =—ml

1 2 3 45 6 7 8 9 10

Figure-3: Volume of NaOH Vs pH on flavones of P-

Chlorobenzaldehyde
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The dissociation co nstant and equivalence point were determine
potentiometrically. It is concluded that the dissociation constant
and equivalence point different at different concentration.
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ABSTRACT ARTICLE HISTORY
Human African trypanosomiasis (HAT) is prevalent in African countries, Received 25 September 2016
covering 37 countries, mostly sub-Saharan. A limited number of  Accepted 4 February 2017
drugs are available to cure this neglected disease. In the present

L - = - ) KEYWORDS
work, quantitative structure-activity (toxicity) relationships (QSA(T) QSAR; 6-arylpyrazine-2-
R) analysis has been performed for a dataset of 54 6-arylpyrazine- carboxamides; Trypanosoma
2-carboxamides as Trypanosoma brucei inhibitors to identify the brucei; neglected disease;
important structural features required for future optimization of toxicity
lead candidates. The QSA(T)R models satisfy OECD guidelines
and have high statistical robustness. The QSA(T)R models are
based on easily interpretable molecular descriptors. The QSA(T)
R models indicate that Trypanosoma brucei inhibitory activity of
6-arylpyrazine-2-carboxamides has correlation with the presence of
N-sec-butylformamide and substituted benzene. The results could be
beneficial for further optimization of 6-arylpyrazine-2-carboxamides
as Trypanosoma brucei inhibitors. Some potential candidate molecules
have been proposed.

Introduction

Sleeping sickness, also known as Human African trypanosomiasis (HAT), is a neglected dis-
ease, which is mostly transmitted by the bite of the blood-sucking tsetse fly of the genus
Glossina [1-3]. According to a report from the World Health Organization this disease has
high occurrence in sub-Saharan countries, with 70 million people at risk of contracting HAT
and about 8000 new HAT cases each year [1-4]. This vector-borne parasitic disease, caused
by protozoan parasites of the genus Trypanosoma, has two main stages: (a) the peripheral
infection, which has non-specific symptoms, and (b) central nervous system invasion [1-6].
If untreated, this disease is eventually incurable in practically all cases, and due to toxicity
and poor efficacy, limited drugs are presently available for its effective treatment [1-6].
Fortunately, the genome sequence of the parasite has been determined and various proteins
have been identified as potential targets for drug development. But further investigation of
the genome sequencing has disclosed that Trypanosoma brucei has over 800 genes that
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Figure 1. Some commercial and clinical stage drugs for treating HAT.

encode variant surface glycoproteins, resulting in parasite protein ‘mixes and matches’ to
evade immune system detection; subsequently, developing a vaccine for this disease is
rightly challenging [1-7]. In addition, the type of treatment varies with the stage of the
disease. The drugs employed in the first stage of the disease have little toxicity and are easy
to administer. The prospects of a cure are better if the disease is identified in its earlier stage.
But, in most of the cases, the disease is identified at a later stage. The success of treatment
in the second stage relies significantly on a drug that can cross the blood-brain barrier to
reach the parasite. Unfortunately, such drugs are mostly toxic and difficult to administer. In
Figure 1, the commercial drugs and drugs in clinical stages have been illustrated [1-10].

To overcome these problems, Rahmani et al. [3] used high-throughput screening against
T. brucei using a library of 87,296 compounds, and identified 6-arylpyrazine-2-carboxamide
as a promising scaffold for developing therapeutics against T. brucei. Further, they synthesized
a good number of 6-arylpyrazine-2-carboxamide derivatives and screened for in vitro activity,
microsome stability, solubility, etc. The analysis revealed that the compounds possess activity
in the uM range with low microsome stability. Hence, further improvements are essential to
achieve the goals with retention or augmentation of HAT healing activity and metabolic
profiles. In this scenario, computer-aided drug design (CADD) is an attractive tool for further
lead optimization.

In past decades, computer-aided techniques have appeared as promising alternatives to
the conventional‘trial and error'methodology of drug design/discovery to unveil the secrets
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of the biochemistry of drug action with absorption, distribution, metabolism, excretion and
toxicity (ADMET) optimization. CADD is a rapid, cost-effective and impressively successful
result-oriented contemporary technique comprising unification of various fields, with a main
emphasis on mapping how diverse biological important molecules interact, to understand
the mechanisms of disease and to find the pharmacophoric patterns linked with activity/
toxicity [7,11-15]. The commonly employed CADD methods - quantitative structure-activity
relationships (QSAR), molecular docking, pharmacophore modelling - when used concom-
itantly result in particularly effective analysis, providing maximal information desired for
lead (and drug) optimization. These methods offer in-depth knowledge about the pharma-
cophoric patterns that control the specific activity/toxicity of a drug candidate and enhanced
intuition for the mechanism of drug action.

Molecular docking is generally preferred when sufficient knowledge and evidence are
available about the target protein (receptor or bio-polymer) with which the drug interacts.
As the target protein with which 6-arylpyrazine-2-carboxamides interact is unidentified [3],
QSAR (a ligand-based drug design technique) was performed to identify the structural features
that have good correlation with the HAT healing activity of 6-arylpyrazine-2-carboxamides.

Experimental methodology
Experimental dataset

In the present work, anti-HAT activity values of a diverse dataset of 54 6-arylpyrazine-2-car-
boxamide derivatives encompassing different heterocyclic rings and a variety of substituents,
previously reported by Rahmani et al. [3], were subjected to QSAR analysis (see Figure 2 and
Table 1). The substituents are highly varied; consequently, the present dataset comprises
isomers such as positional, functional, etc. Thus, the dataset covers a good chemical space.

A separate quantitative structure-toxicity relationships (QSTR) model has been developed
for the cytotoxicity data of 13 arylpyrazine-2-carboxamide derivatives. The reported EC,
(UM) activity values for anti-HAT and rat skeletal myoblast cell L-6 strain were converted to

4 4
I 3 | =
R'_.I_ R'—I_
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= ]
N, | “H
WH g
=11 el Bh-54 12-35

Figure 2. 6-arylpyrazine-2-carboxamide derivatives used in the present work.
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Table 1. Substituents, experimental EC,; and pEC,, for anti-HAT activity of 6-Arylpyrazine-2-carboxam-

ide derivatives.
ECy, (uM) pEC,, (M) EC., (UM)L-6 pEC,, (M)L-6
S.N. R R Anti-HAT anti-HAT strain strain
1 1a-9 ;]/\ H 0.49 5.690 18 7.744
2 1b-10 ;'!'-Y H 2.6 6.415 - -
3 1c-11 ) H 0.26 5.415 20 7.699
4 1d-12 HN\(\ H 0.32 5.505 - -
5 le-14 T H 1.7 6.230 - -
BN

6 1f-15 ;,T‘j/\/ H 0.53 5.724 - -
7 1g9-16 ") H 7.3 6.863 - -

T e
8 1h-21 —_— H 2.6 6.415 - -

HM

9 1i-22 T H 3 6.477 - -

HN\|<
10 1j-24 }_ZQ H 6.1 6.785 - -
1 1k-25 }—zi ; H 46 6.663 - -
12 11-27 2-F H 0.75 5.875 - -
13 1m-28 2-Cl H 1.1 6.041 - -
14 1n-30 2-0CH, H 54 6.732 - -
15 1p-31 2-NO, H 0.89 5.949 - -
16 10-33 2-COCH, H 10 7.000 - -
17 19-34 2-Me H 1.2 6.079 - -
18 1r-35 2-CN H 0.35 5.544 18 7.744
19 15-36 3-F H 0.82 5914 - -
20 1t-37 3-Cl H 0.48 5.681 39 7.409
21 1u-38 3-Br H 0.57 5.756 - -
22 1v-39 3-0CH, H 0.41 5.613 - -
23 Tw-40 3-NO H 0.45 5.653 - -
24 1x-41 3-NH H 11 6.041 - -
25 1y-43 3-CH H 0.17 5.230 43 7.366
26 1z-44 3-CN H 2.7 6.431 - -
27 2a-45 4-F H 0.4 5.602 17 7.769
28 2b-46 4-Cl H 0.68 5.833 - -
29 2c-47 4-Br H 2.2 6.342 - -
30 2d-48 4-OCH, H 13 6.114 - -
31 2e-49 4-NO, H 45 6.653 - -
32 2f-50 4-NH, H 29 6.462 - -
33 2g-51 4-COCH, H 47 6.672 - -
34 2h-52 4-CH, H 3.74 6.573 - -
35 2i-53 4-CN H 2.7 6.431 - -
36 2j-54 ;.L_ 2-CN 0.17 5.230 10 8
37 2k-55 ;.L_ 3-Me 0.1 5.041 20 7.699
38 21-56 T 3-Me and 0.48 5.681 - -

HN

\K\ 5-Me

(Continued)
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Table 1. (Continued)

ECy, (uM) PpEC, (M) ECy, (UM)L-6 pEC,, (M)L-6

S.N. R R’ Anti-HAT anti-HAT strain strain

39 2m-57 ';I' 4-F 0.08 4.903 28 7.553
T

40 2n-58 ';I' 3-Me and 4-F 0.025 4.398 24 7.620
T

41 20-59 ;I' 2-CN and 4-F 0.1 5.000 20 7.699
T

42 2p-60 ';I' 3-CF, 0.26 5415 - -
T

43 29-61 ';I' 3-Cl 0.36 5.556 . .
T

44 2r-62 ';I' 3-Cland 5-Me 0.77 5.886 - -
T

45 25-63 ';I' 3-Cland 4-F 0.22 5.342 - -
T

46 2t-64 HN\O 2-CN 0.2 5.301 " 7.958

47 2u-65 - 3-Me 0.035 4.544 42 7.376

48 2v-66 mg 4-F 0.071 4.851 - -

49 2w-67 HN\O 3-Me and 4-F 0.024 4.380 - -

50 2x-68 HN\O 2-CN and 4-F 0.057 4.756 - -

51 2y-69 H"\O 3-CF, 0.15 5.176 - -

52 2z-70 HN\O 3-Cl 0.24 5.380 - -

53 3a-71 - 3-Cland 5-Me 0.5 5.699 . .

54 3b-72 mg 3-Cland 4-F 0.1 5.041 - -

PEC,, (PEC,, = -log,EC,,) before quantitative structure-activity (toxicity) Relationships
(QSA(T)R) analysis. The EC PEC,, along with the substituents are shown in Table 1.

50"

Modelling and molecular descriptors’ calculation

In the present work, for successful QSA(T)R analysis, OECD guidelines and a standard protocol
recommended and used by different researchers have been followed [12,16-25]. The struc-
ture drawing was accomplished using ChemSketch 12 freeware, followed by energy
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minimization by means of MMFF94 force field available in TINKER. The energy-minimized
3D structures were used for calculation of a large number of descriptors (>29,000) using
PaDEL 2.21 and PyDescriptor as a molecular descriptor calculator. This huge molecular
descriptor pool of more than 29,000 descriptors covers mono-dimensional (1D) to three-di-
mensional (3D), electro-topological, finger-prints and other molecular descriptors. Since all
the calculated descriptors do not contain relevant information, henceforward, objective
feature selection (OFS) was performed using QSARINS-Chem 2.2.1 [24,26] to eliminate a
large number of redundant molecular descriptors. Prior to subjective feature selection (SFS)
performed using QSARINS-Chem 2.2.1 [24,26], constant, near constant (>98%) and highly
correlated (|R| >90%) descriptors were rejected. OFS caused significant reduction of descrip-
tor pool to a cluster of 1200 and 865 molecular descriptors only for QSAR and QSTR models,
respectively, still covering a wide structural and chemical space, including constitutional
(0D), 1D, bi-dimensional (2D) and 3D [7,11,12,20-25,27,28].

Model development

The main objectives for QSA(T)R models analysis are (1) to identify the structural features
that influence the activity/toxicity profile of a congeneric series of molecules, and (2) to
predict the activity/toxicity for a compound prior to its actual synthesis and/or biological
screening. To obtain maximum information about pharmacophoric features, QSAR models
were derived using a divided and undivided dataset. The dataset was randomly split into
training (80%) and prediction (20%) set earlier to descriptor selection. Multiple splitting was
carried out to derive multiple QSAR models. A compound may or may not be in the training
set of two different splittings. The genetic algorithm (GA) module of QSARINS-Chem 2.2.1
[24] was employed for selection of optimum number and cluster of molecular descriptors.
The heuristic search of molecular descriptors was restricted to four descriptors using the
defaults settings in QSARINS-Chem 2.2.1 to avoid over-fitting and have simplicity in under-
standing the developed QSAR models. Q% __was considered as a fitness function to circum-
vent the problem of naive Q.

As the dataset for toxicity is small, for QSTR model development the complete dataset
was used. The heuristic search of molecular descriptors was constrained to two descriptors
using the defaults settings in QSARINS-Chem 2.2.1 to circumvent the problem of over-fitting
and complexity.

loo

Model validation

QSA(T)R model development is incomplete without appropriate model validation.
Appropriate QSA(T)R model validation ensures the external predictive ability of a model.
Hence, the statistical qualities and strength of the genetic algorithm-multiple linear
regression (GA-MLR) equations were assessed on the basis of: (a) cross-validation (CV) by
leave-one-out (LOO) and leave-many-out (LMO) procedures (i.e. internal validation); (b) using
the prediction set; (c) data randomization, i.e. Y-scrambling, and (d) observing if the following
criteria are fulfilled: r*, = 0.6,Q°  =20.5,Q°,,,206,r* > Q% r*, >0.6,RMSE, < RMSE_, AK >
0.05,CCC=0.80,Q-F" 2 0.60,r* =206, (1-r*/r?) <0.1,09<k<1.10r(1-r*/r ?) <0.1,0.9
<k's1.1|r?-r 2 <0.3 with RMSE and MAE close to zero [7,11-13,28]. A GA-MLR model
that satisfies the threshold values of these parameters possesses statistical robustness and
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external predictive ability. Therefore, the models that do not satisfy above mentioned criteria
were consequently excluded [7].

Results and discussion
QSAR models

The selected dataset considered in the present study is of moderate size with the molecules
either being positional or constitutional isomers, consequently covering a good chemical
space. We have earlier proved that for small or moderate-size datasets at least one QSAR
model must be constructed using an undivided whole dataset to determine maximal signif-
icant descriptors, which in turn not only affords valuable information for future variations
but is also beneficial for comparison and evaluation of QSAR models built using divided
datasets. Hence, in the present work, QSAR models were developed using divided and undi-
vided datasets.

During the QSAR analysis, normally stepwise regression, GA, etc. algorithms are consid-
ered for SFS. SFS gives rise to a good number of MLR models with almost equivalent statistical
performance but often comprising different descriptors. Generally, in such a situation, only
one MLR modelis chosen on the basis of its statistical robustness. The weaknesses, however,
of this‘first among equals’approach are (1) if the chosen model comprises complex/esoteric
descriptors then simple and straightforward correlation of descriptors with proper structural
features is relatively difficult, (2) a single QSAR model may be swayed by (i) the method of
splitting, constitution of training and prediction sets, method adopted for descriptor selec-
tion, and (ii) some more influencing molecules in the training/prediction dataset [7,11,12,14].
A simple and potential answer to outwit the shortcomings of the ‘first among equals’
approach is to construct multiple QSAR models using multiple splitting. A further advantage
of this solution lies in identification of underprivileged yet valuable pharmacophoric features
that control the anti-HAT activity [7,11,12,14]. Therefore, in the present study, multiple QSAR
models were constructed. Interestingly, univariate statistical analysis revealed that anti-HAT
activity has good but negative correlation with R = 0.771 with a finger print descriptor
KRFPC3662, which signifies the presence of SMILES notation CCC(C)NC=O0 that corresponds
to N-sec-butylformamide fragment. The developed multi-linear GA-MLR QSAR models are
as follows:

Full set model Model 1:

PEC,, =+ 5.598 (+ 1.92) + 8.333 (+ 0.343) * KRFPC1609 + 0.608 (+ 0.128) * KRFPC3662 -
0.021 (£ 0.009) * byring allplus_AbSA + 0.221 (+ 0.075) * fHF4B

Full set model Model 2:

PEC,, =+ 5.505 (+ 0.184) - 0.460 (+ 0.222) * AD2D627 + 0.701 (+ 0.357) * KRFPC1609 +
0.514 (£ 0.133) * KRFPC3662 + 0.202 (+ 0.078) * fHF4B

Model 3:

PEC,, =+ 5.539 (+ 0.202) + 0.826 (+ 0.340) * KRFPC1609 + 0.595 (+ 0.135) * KRFPC3662
—-0.016 (+ 0.010) * byring allplus_AbSA + 0.226 (+ 0.075) * fHF4B

Model 4:

PEC,,=+5.994 (£ 0.473) + 0.773 (+ 0.372) * KRFPC1609 + 0.484 (+ 0.165) * KRFPC3662 +
1.934 (£ 1.294) * O_all_3Bc + 0.219 (+ 0.084) * fHF4B
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From the derived models it is clear that KRFPC1609 (a Klekota-Roth finger print descriptor
that corresponds to di-substituted benzene with one of the substituents at the meta posi-
tion), KRFPC3662 (a Klekota—Roth finger print descriptor that corresponds to N-sec-
butylformamide fragment) and fHF4B (frequency of occurrence of hydrogen within 4 A from
fluorine atom) are common in all the newly derived MLR-QSAR models. Their coefficients
are positive in all the models; hence, the higher the values of these fragments, the higher
the activity. In models 1 and 3, the descriptor byring allplus_AbSA, which represents absolute
surface area of positively charged atoms of rings, has negative coefficient, therefore, its value
must be as low as possible. For this, electron-withdrawing groups on rings and heterocyclic
rings must be avoided.

The descriptor KRFPC3662 (representing the fragment N-sec-butylformamide) has encour-
aging correlation with the activity, which is supported by comparing the activity of following
pairs of compounds: 1 (IC,, = 0.49 uM) and 2 (IC,,=2.6 uM), 15 (IC,,=0.53 uM) with 14 (IC,,
=1.7 uM), and 1 (IC, ;= 0.49 pM) with 9 (IC, = 3 uM). In general, molecules lacking the N-sec-
butylformamide fragment have lower activity profile compared with their analogues with
the N-sec-butylformamide fragment. The descriptor KRFPC1609 has significant influence in
deciding the activity, as evident from the comparison of activity values of the following pairs
of compounds: 13 (IC,, = 1.1 uM) and 20 (IC,, = 0.49 uM), 30 (IC,, = 5.4 uM) and 22 (IC,, =
0.41 puM), 17 (IC;, = 1.2 uM) and 25 (IC,, = 0.17 puM), and 15 (IC,, = 0.89 uM) and 23 (IC,, =
0.45 uM). Surprisingly, the compound number 19 (IC, = 0.82 uM) even though it possesses
-F at the meta position on the benzene ring, it has lower activity than 12 (IC,, = 0.75 uM)
and 27 (IC,, = 0.40 uM). A plausible explanation for this abnormal observation was obtained
after derivation of above QSAR models. The above QSAR models revealed that the descriptor
fHF4B has positive correlation with the activity. In the case of compound 12 and 27, the
value of the descriptor fHF4B is higher than compound number 19 (see the supporting
information, available via the Supplementary Content tab on the article’s online page at
##4#1#). Hence, in future optimizations of 6-arylpyrazine-2-carboxamides as T. brucei inhibitors
with —F as one of the substituents, the value of the descriptor fHF4B must be given significant
importance.

The descriptor AD2D627, which stands for the presence of carbon and oxygen atoms at
a topological distance of 9 from each other, has negative coefficient in model 2. Hence, such
a combination of C and O must be avoided to have better activity. This is supported by the
difference in the activity of compound 5 (IC,, = 1.7 uM) and 7 (IC,, = 7.8 uM), 30 (IC, ;= 1.3
puM) and 14 (IC50 =5.4puM),and 18 (IC50 =0.35 uM) and 35 (IC50 =2.7 uM).

The statistical parameters for all the derived models have been tabulated in Table 2. In
Table 3, experimental and predicted pEC, by various models along with the status of the
molecule are shown.

The GA heuristic search for undivided whole dataset resulted in many QSAR models, but
only two models (models 1 and 2) were observed to accomplish the threshold values for
different statistical parameters. FromTable 2, it is evident that the derived QSAR models fulfil
threshold values for many of the internal and external validation parameters. A comparative
analysis of various statistical parameters for different models points out that the models are
statistically acceptable because of good external predictive ability. For all the derived models,
the close value of rzadj to r?, indicates that the models consist of a sufficient number of
descriptors and the problem of over-fitting is absent. The low value of RMSE and MAE (fitting,
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Table 2. Different statistical parameters for goodness of fit, internal validation and external predictive
ability for models 1-4.

S. No. Statistical parameter Model-1 Model-2 Model-3 Model-4
1. N, 54 54 44 44

2. N, 00 00 10 10

3. Number of descriptors 04 04 04 04
Fitting criteria

4 2, 0.8351 0.8218 0.8459 0.8141
5. rzadj 0.8216 0.8072 0.8301 0.7950
6. r.- rzadj 0.0135 0.0145 0.0158 0.0191
7 LOF 0.0967 0.1045 0.0973 0.1159
8 o 0.2004 0.1973 0.2133 0.2042
9. AK 0.1458 0.1926 0.1395 0.1902
10. RMSE,, 0.2648 0.2753 0.2552 0.2786
11. MAE,, 0.2120 0.2216 0.2032 0.2228
12 RSS,, 3.7875 4.0931 2.8660 3.4143
13. ccc, 0.9101 0.9022 0.9165 0.8975
14. s 0.2780 0.2890 0.2711 0.2959
15. F 62.0275 56.4818 53.5289 42.6884
Internal validation criteria

16. rzcv (Qloo) 0.8067 0.7854 0.8057 0.7809
17. r-r, 0.0284 0.0363 0.0402 0.0331
18. RMSE,, 0.2867 0.3021 0.2866 0.3024
19. MAE_, 0.2321 0.2435 0.2290 0.2461
20. PRESS,, 4.4393 4.9275 3.6144 4.0227
21. ccc,, 0.8943 0.8821 0.8941 0.8788
22. QZLMO - - 0.7980 0.7822
23. Py - - 0.0924 0.0958
24, QzYscr - - -0.1713 -0.1686
External validation criteria

25. 6* - - -11.1670° -9.0760°
26. RMSE,, - - 03190 03897
27. MAE, - - 02716 0.2823
28. PRESS,,, - - 1.0175 1.5185
29. r - - 0.7473 0.7231
30. @, - - 0.7724 06757
31. @, - - 0.7387 0.6430
32. @, - - 0.7593 0.6362
33. «C,, - - 0.8369 0.8023
34, r>-ExPy 0.8068 0.7858 0.8060 0.7811
35. r’oz 0.7671 0.7391 0.7678 0.7292
36. k' 0.9980 0.9978 0.9983 0.9978
37. 1- (rz/r’oz) 0.0493 0.0595 0.0474 0.0665
38. r’m 0.6460 0.6159 0.6484 0.6031
39. ROZ 0.8067 0.7854 0.8057 0.7809
40. k 0.9999 0.9999 0.9996 0.9999
41. 1-(r- EXPy/rOZ) 0.0002 0.0005 0.0003 0.0003
42. r’m 0.7972 0.7706 0.7930 0.7697

CV and external validation) indicates that the models have statistical acceptability. The high
value of internal validation parameters r?_ (Q*loo) and Q° ,,, indicates that the derived mod-
els are statistically robust. Models 3 and 4 possess high external predictive ability as indicated
by high value of CCC_, (> 0.80); this is further supported by high values of Q°;,, Q°,,,and Q°,
(> 0.60). The high predictive ability is vindicated by a high value of r’_ for Models 3 and 4.
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Table 3. Experimental and predicted pEC,, by various models along with the status of the molecule.

Status for Pred. Status Pred. Status Pred.
S.N. Exp.pEC,, model Tand2 ~ model 1 Pred.model2  model 3 model 3 model 4 model 4
1 6.3100  Training 59519  6.0187 Training 5.9383  Training 5.9561
2 5.5850  Training 55679  5.5052 Training 5.5152  Prediction 5.4923
3 6.5850  Training 6.6599  6.5323 Training 6.6100  Training 6.4552
4 6.4950  Training 6.6220  6.5323 Training 6.5810  Training 6.4337
5 5.7700  Training 54075  5.5052 Training 53920  Training 5.4370
6 6.2760  Training 6.0342  6.0187 Prediction 6.0014  Training 5.9615
7 5.1370  Training 5.5607  5.0451 Training 5.5096  Prediction 5.2072
8 5.5850  Training 53093  5.5052 Training 53166  Training 5.5381
9 5.5230  Training 55121  5.5052 Training 54723  Training 5.5824
10 52150  Training 54076  5.5052 Training 5.3921 Training 5.1697
1 53370  Training 52272 55052 Prediction 5.2536  Prediction 5.1611
12 6.1250  Training 6.3324  6.4226 Training 6.3420  Training 6.4218
13 5.9590  Training 5.8078  6.0187 Training 5.8276  Training 5.9913
14 52680  Training 5.6895  5.5586 Prediction 57368  Training 5.4268
15 6.0510  Training 55574  5.5586 Training 5.6354  Training 5.6678
16 5.0000  Training 53445  5.5586 Training 5.4720  Training 5.7388
17 5.9210  Training 5.6280  6.0187 Training 5.6895  Training 6.0005
18 6.4560  Training 6.0655  6.0187 Prediction 6.0255  Prediction 6.0356
19 6.0860  Training 6.2159  6.2206 Training 6.1967  Prediction 6.1824
20 6.3190  Training 5.9965  6.0187 Prediction 59724  Training 5.9669
21 6.2440  Training 59618  6.0187 Training 5.9458  Training 5.9711
22 6.3870  Training 59697  5.5586 Training 5.9519  Training 5.7853
23 6.3470  Training 5.9905 6.0187 Training 5.9679  Prediction 5.3715
24 5.9590  Training 6.1657  6.0187 Training 6.1024  Training 5.9481
25 6.7700  Training 6.6703  6.7193 Training 6.6757  Training 6.7215
26 5.5690  Training 55158  6.0187 Prediction 5.6035  Training 5.9775
27 6.3980  Training 6.5026  6.4226 Training 6.4727  Training 6.4026
28 6.1670  Training 59992  6.0187 Training 5.9745  Training 5.9535
29 5.6580  Training 5.9637  6.0187 Training 5.9473  Training 5.9717
30 5.8860  Training 59366  6.0187 Prediction 59265  Training 5.7398
31 53470  Training 5.9654  5.5586 Training 5.9486  Training 5.3967
32 5.5380  Training 6.1523  6.0187 Training 6.0921 Training 5.9454
33 53280  Training 5.8321  5.5586 Prediction 5.8463  Prediction 5.5336
34 54270  Training 5.8992  5.5586 Training 5.8978  Training 5.9472
35 5.5690  Training 5.5359  5.5586 Training 5.6189  Training 5.9876
36 6.7700  Training 6.5957  6.5323 Training 6.5607  Training 6.4788
37 6.9590  Training 72413 7.2328 Training 7.2423  Training 7.2173
38 6.3190  Training 6.1893  6.5323 Training 6.2488  Prediction 6.4349
39 7.0970  Training 6.9895  6.9361 Training 6.9748  Training 6.8834
40 7.6020  Training 7.5257  7.5418 Training 7.5540  Training 7.5331
41 7.0000  Training 6.9134  6.7342 Training 6.8605  Training 6.7013
42 6.5850  Training 6.7637  6.9361 Prediction 6.8015  Training 6.9037
43 6.4440  Training 6.4919  6.5323 Training 6.4811 Training 6.4471
44 6.1140  Training 6.2654  6.5323 Training 6.3072  Training 6.4492
45 6.6580  Training 6.8804  6.9361 Training 6.8910  Training 6.8946
46 6.6990  Training 6.7132  6.5323 Training 6.6509 Prediction 6.5316
47 74560  Training 72735  7.2328 Training 7.2670  Training 7.2462
48 7.1490  Training 7.0749  6.9361 Training 7.0404  Training 6.9132
49 7.6200  Training 7.5350 7.5418 Training 7.5612  Training 7.5651
50 7.2440  Training 7.0186  6.7342 Prediction 6.9413 Prediction 6.7414
51 6.8240  Training 6.8358  6.9361 Training 6.8568  Training 6.9291
52 6.6200  Training 6.5221  6.5323 Training 6.5043  Training 6.4587
53 6.3010  Training 63190  6.5323 Training 6.3483  Training 6.4570
54 6.9590  Training 6.9099  6.9361 Training 6.9137  Training 6.9055
QSTR model

The derived QSTR model along with its statistical parameters is as follows:
PEC,, =+ 1.266 (+ 1.401) + 0.268 (+ 0.107) * C_don_7A - 0.305 (+ 0.153) * RDF135s
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Figure 3. Plausible 6-arylpyrazine-2-carboxamide derivatives with low toxicity (predicted by the QSTR
model) and high activity (predicted by models 3 and 4).

N,=13,Q°  =06757r =0.824, rzadj =0.789, K, = 0.089, AK = 0.366, RMSE, = 0.081,
RMSE_, =0.109, F = 23.399, CCC, = 0.904, CCC_, = 0.832, MAE, = 0.064, MAE_, = 0.087, RSS,
=0.084, PRESS , = 0.155, s = 0.092

From the various statistical parameters, it is clear that the developed QSTR model is sta-
tistically robust with acceptable predictive ability, and satisfies the threshold values for many
statistical parameters. The descriptor C_don_7A stands for the presence of a donor atom
and carbon atom within 7 A of each other. The positive coefficient for C_don_7A indicates
that the presence of the donor atom and carbon atom within 7 A of each other has strong
correlation with the toxicity. RDF135s, a radial distribution function descriptor, which stands
for radial distribution function - 135 / weighted by relative I-state, has negative correlation
with toxicity. Its value must be lowered to reduce the cytotoxicity. The molecular descriptor
values have been tabulated in Table S3 in the online supplementary material.

To summarize, QSA(T)R analysis reveals that for better T. brucei inhibitory activity and
reduced toxicity the following 6-arylpyrazine-2-carboxamide derivatives could be plausible
synthetic targets (see Figure 3).

r

Conclusions

In conclusion, the QSAR analysis reveals that the anti-HAT activity of 6-arylpyrazine-2-car-
boxamides has correlation with the frequency of occurrence of C and O at a topological
distance of nine and the N-sec-butylformamide fragment. The QSA(T)R models are statisti-
cally robust with high external predictive ability. In addition, the idea of developing multiple
QSAR models helped in identifying more significant descriptors. The developed models
could be useful for future optimization of lead candidates.
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Abstract

In the present work, we synthesized the 2-amino-5-substituted-1,3,4-thiadiazole moiety and its different derivatives. The
preparation of above 1,3,4-thiadiazole involves cyclisation of aromatic acid with thiosemicarbazide in presence of few drops
of POCI; as dehydrating agent. The derivatives, mostly Schiff’ bases, were synthesized using ‘Green Chemistry’ approach.
The reactions are simple one step reactions.The purity of derivatives confirmed by Thin Layer Chromatography. IR spectra
was recorded on FT-IR SHIMADAZU, and X-ray Diffraction by RIGAKUMINIFLEXII. The synthesized compounds were
tested for their antimicrobial activity against three microorganisms namely E-coli, S. Aureus and P. Seudomonas, and the
minimum inhibitory concentrations (MICs) of the tested compounds were determined by the dilution method using

Ampicillin, Chloramphenicol, Tetrecyclin.

Keywords: 1, 3, 4-thiadiazole, Synthesis, Antibacterial, Antifungal activities.

Introduction

Heterocyclic' are very important in biological activity and in
industries”. One such important heterocyclic ring is 1, 3, 4-
thiadiazole ring. It is a 5-membered heterocyclic ring in which
nitrogen are at 3" and 4™ position and the sulphur is at 1%
position.

S

Figure-1
General structure of 1,3,4,-thiadiazole

1, 3, 4-thiadiazole and its derivatives are widely applied in
medicine’ and agriculture” as pesticides’.

Nowadays, the research field dealing with Schiff base
coordinationchemistry has expanded enormously®.

Where R' = H, CH3 R® =

Schiff bases resulted from aromatic aldehydes. Schiff bases
have been reported in their biological properties, such as,

antibacterial’, antifungal activities®°.

Experimental data: In experimental study the melting point
were taken in capillary tube at a room temperature which are
incorrected. All derivatives are pure by crystallization process
and the purity of derivatives confirmed by TLC. Using solvent
system of Glacial acetic acid and Ethylacetate 1:1 ratio using
iodine as a visualizing agent. FT-IR (SHIMADAZU), X-ray
Diffraction- RIGAKUMINIFLEXII,

Methodology

General method for synthesis of Schiff bases from Mas131
to Mas135: A mixture of substituted thiadiazole and substituted
aromatic aldehyde in glacial acetic acid was refluxed for two
hours, cooled and poured cold water with stirring till
precipitation was complete.

R1
N—N

e
S
Cl

Cl, -N(CH3)2, HR® = NO,,HR* = OH,H

Rz

Scheme-1
General method for synthesis of Schiff bases

International Science Community Association



Research Journal of Chemical Sciences

E-ISSN 2231-606X

Vol. 6(11), 40-43, November (2016)

Results and Discussion

The data of physical properties of synthesized Schiff bases are
given in Table-1. All compounds are studied by IR, NMR, Mass
spectrometry, X-ray diffraction.

Characterization- FT-IR Spectra in cm™: Mas 131-
1662.64(C=N bond), 1595.13(N-H bend), 1438.90(C-H bend),

Res. J. Chem. Sci.

812.03(para substitution), 729.09(C-Cl bond). Mas 132 -
3736.12 (-OH bond), 3088.03(C-H stretch), 831.32 (meta
substitution-OH), 669.30(C-Cl stretch). Mas 134 - 3282.84(N-H
stretch), 1508.33(Ar C=C stretch), 775.38(C-CI stretch)

H'NMR (DMSO, 400MH),: 7.3 (d. 1H, J=7.31), 7.5 (d, 1H,
J=7.48),7.9 (d,1H, J=7.93) 6.8 (s, J=6.83).

Table-1
Characterization
Sr no. Molecular formula | M.Pt.°C | Rl R2 R3 R4 Yield | Mol.wtgm/m
(%) ole
S1 CsHeN3SCl 128 221.5
Mas131 C17H4N4SC1 90 H N(CH3), H H 25 341.5
Mas132 C,sHgN3;SCIO 219 H H H OH 20 314.5
Mas133 C,5sHgN;SCl, 160 H Cl H H 30 333
Mas134 C5sHgN,SCIO, 110 H H NO, H 20 333
Mas135 Ci6H2N3SCIO 180 CH; H H OH 35 343.5
Table-2
Crystal data and structure refinement for SA1 Molecule
Empirical formula C6H8NCI
Temperature 293K
Formula weight 179.2
Crystal system Centro symmetric
Unit cell dimensions a=9.3,b=7.25A", 91.50,0 =11.0A°
5 = Amino-8-{B-n Tn:-.'Jr\:.'I-Ei--aﬂ'e'.'g.'tu-l.:.ti-frc: ne hydrochiomde hydrate, L8 A7 HE O3 - H 01 HE O, CO-016-05 58
30
Cll
m
&
5]
&
Eul
20
| A
; I i .
1] F El] ] ] &0 70
2-t it [ dhitg]
Figure-2

Characterization of X-ray diffraction
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Table-3
Biological assay: Antibacterial study of Schiff base
Sr.No. S.aureus P.Seudomonas E. coli
S1 15 17 15
Masl 19 16 19
Mas?2 15 16 19
Mas3 17 13 20

Conclusion

An environmental benign method was adopted to synthesize
thiadiazole and its derivatives. The method is economical and
very efficient’. The yield is quite high with good purity of the
molecules. The molecules have good anti-microbial activity'’.

In the present work, various derivatives of 1,3,4-thiadiazole
were synthesized by using aromatic carboxylic acid as starting
material with moderate to good yield. The method is atom
economic, easy and efficient and eco —friendly. The method has
advantages of cheaper chemicals and safely too. The method has
additional advantage of easy work up and the compounds are
obtained in high purity without any tedious separation. Thus, the
method has good number of advantages. The Rf values,
determined for two molecules viz. compound number 1 and its
derivatives, are close to 0.5. The structure confirmed by the FT-
IR spectroscopy and X-ray diffraction studies gives the
crystalline nature of the compounds.

The biological assay indicates high antimicrobial activity
against E. coli, S. Aureus and P. Seudomonas’. For some
compounds the activity is better than the reference drugs. This
indicates that the molecules are good candidates for lead
optimization.
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Abstract: Newly substituted 3 Aroyl flavanones were synthesised by using
microwave irradiation. The structure of compounds was elucidate by spectral analysis
(IR and NMR). The synthesised compounds were screened for their antibacterial
activity.

Keywords:-3-aroyl flavanone, - Diketone, antibacterial activity.

INTRODUCTION

In the resent years there is much biomedical interest in flavanoids because of their lot of beneficial
effects on human being. Flavanoids are naturally occurring polyphenolic compounds with flavones
nucleus having anti-oxidant, anti-tumour, anti-ulcer, anti-inflammatory activities. They are available
as flavanone, flavanol, isoflavane, flavones and their derivatives. The flavanoides basically possess 15
carbon skeletons (C6-C3-C6). Flavanoides are mainly found in onions, apples, red wine, blueberries,
grapes and tea. Flavanones are the important class of flavanoids containing a 2-phenyl-benzopyran-4-
one skeleton, Flavanones are commonly found in various citrus fruits and vegetables':Synthetic
flavanones have attracted considerable attention because of their various pharmacological properties

45 46,7
1*, 1

including antifunga antibacterial*®’ analgesic’, antioxidant’.Flavanones are antioxidants,

preventing heart disease. They are used as a potential cancer chemopreventive agents® *-
MATERIALS AND METHODS

All the laboratory chemicals and solvents required for the study were of highest purity commercially
available. Melting points of all synthesised compounds were determined by melting point apparatus.
The purity of synthesised compounds was checked by thin layer chromatography on silica —G layers.
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IR spectra were recorded on FTIR spectrophotometer using KBR pallets. NMR spectra were recorded
on Bruker Avance 11 400 NMR spectrometer.

Preparation of 5-chloro-2-hydroxy-4-methyl acetophenone(1): p-chloro-m-cresyl acetate was
prepared by acetylation of p-chloro-m-cresol. Then by Fries migration 5-chloro-2-hydroxy-4-methyl
acetophenone was obtained.

Preparation of substituted 2-benzoyloxy acetophenones (2 a-b):5-chloro-2-hydroxy-4-methyl
acetophenone (1) (0.04 mol) and aromatic carboxylic acid (0.05 mol) were dissolved in pyridine and
POCl; ;s added drop by drop with constant stirring till the viscous mass is obtained. Maintain the
temperature below 10% during the addition of pocls to the reaction mixture. The reaction mixture is
allow to stand for overnight at room temperature .The reaction mixture is decomposed by 10% HCI.
The product thus separated was filtered, washed with water followed by sodium bicarbonate (10%
solution) and then again washed with water. The solid product was crystallised from ethanol to
obtained corresponding 2-benzoyloxy acetophenones.

5-chloro-2-(4’ chloro benzoyloxy)-4-methyl acetophenone (2a) was prepared by above method by
using 4-chloro benzoic acid. Similarly 5 -chloro -2-(2’-4’dichloro benzoyloxy) -4-methyl
acetophenone (2b) was prepared by using 2-4 dichloro benzoic acid.

Preparation of 1-(2°-hydroxy aryl)-3-aryl propane-1, 3-diones (3 a-b): 2-substituted benzoyloxy
acetophenones (2a-b) (0.05 mol) was dissolved in dry pyridine (40) ml. The solution was warmed up
to about 60°% and pulverised KOH (0.15 mol) was added slowly with constant stirring. After four
hours the reaction mixture was acidified by adding ice cold dilute HCI (1:1). The solid product thus
separated was filtered, washed with sodium bicarbonate solution (10%) and finally with water. It is
then crystallised from ethanol acetic acid mixture to get 1-(2’-hydroxy aryl)-3-aryl propane-1, 3-
diones (3 a-b).

Preparation of some new substituted 3-aroyl flavanones (4 a-c):

Under microwave irradiation: Synthesis of flavanone was carried out by mixing appropriate amount
of 1-(2’-hydroxy aryl)-3-aryl propane-1, 3-diones (3 a-b) (2.69 m. mol) and aromatic aldehydes (2.69
m. mol) in presence of catalytic amount of aqueous KOH in methanol and irradiating in microwave at
100 W for two minutes. The reaction mixture was cooled, poured into crushed ice and then conc. HCI
was added. The mixture was left to stay at 2-3°% overnight and the separated solid was collected by
filtration, washed with water and recrystalized from methanol to give desired product.

2 (2’ chloro)-3-(4’-chloro benzoyl)-6-chloro-7-methyl flavanone (4a) was prepared by above method
by using 1 -(2’hydroxy-4’methyl-5’ chloro phenyl)-3(4’ chloro phenyl) propane 1-3-dione (3a) and 0-
chloro benzaldehyde. Similarly 2 (4’ chloro)-3-(2°4’-dichloro benzoyl)-6-chloro-7-methyl flavanone
(4b) and 2 (2’ chloro)-3-(2°4’-dichloro benzoyl)-6-chloro-7-methyl flavanone (4c) were prepared by
using 1-(2’hydroxy -4’methyl-5" chloro phenyl)-3(2’4’di chloro phenyl) propane 1-3-dione (3b) and
p-chloro benzaldehyde and o-chloro benzaldehyde respectively.

Table 1: Chemical data of the compound:

Compound no. R, R, Mol. M.P.(°C) Yield
Formulae (%)
2a Cl H CisH12C1L03 120 63%
2b Cl Cl Ci6H;1C1303 105 67%
3a Cl H Ci6H12C1L03 162 72%
3b Cl Cl Ci6H11C1303 125 69%
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Fig.1: Experimental scheme for the synthesis of 1-(2’-hydroxy aryl)-3-aryl propane-
1,3-diones(3 a-b)

Table 2: Chemical data of flavanones:

Compound Compounds names Mol. M.P %

codes Formula (“c) Yield

4a 2 (2’ chloro)-3-(4’-chloro benzoyl)-6-chloro-7- | C23Hi503Cl3 115 69%
methyl flavanone

4b 2 (4 chloro)-3(2’4’dichlorobenzoyl)-6-chloro-7- | C23Hi403Cl4 110 65%
methyl flavanone

4c 2 (2> chloro)-3(2’4’dichlorobenzoyl)-6-chloro-7- | C23Hi403Cl4 124 73%
methyl flavanone
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Fig.3: Experimental scheme for the synthesis of substituted 3-aroyl flavanones (4 a-c).
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Fig.4: IR spectra of 2 (2’ chloro)-3-(4’-chloro benzoyl)-6-chloro-7-methyl flavanone
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Fig.5:'"HNMR spectra of 2 (2” chloro)-3-(4’-chloro benzoyl)-6-chloro-7-methyl flavanone
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Fig.6: IR spectra of 2 (4’ chloro)-3(2’4’dichlorobenzoyl)-6-chloro-7-methyl flavanone.
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Fig.7:'"HNMR spectra of 2 (4” chloro)-3(2°4’dichlorobenzoyl)-6-chloro-7-methyl flavanone.
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Fig.8: IR spectra of2 (2’ chloro)-3(2’4’dichlorobenzoyl)-6-chloro-7-methyl flavanone
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Fig.9: 'HNMR spectra of 2 (2’ chloro)-3(2°4’dichlorobenzoyl)-6-chloro-7-methyl flavanone

Antibacterial activity: All the synthesised flavanones were screened for their antibacterial activity
against S. Aureus, E. Coli and S. typhi using ciprofloxacin as a standard drug. Agar diffusion method
was employed to study the activity. Initially, the stock culture of bacteria were revived by inoculating
on broth media and grown at 37% for 18 hrs. The agar plates of the above media were prepared and
wells were made in the plate. Each plate was inoculated with 18 hr. old culture and spread evenly on
the plate. After 20 min, the wells were filled with the compound and antibiotic at different
concentrations. All the plates were incubated at 37% for 24 hr. and the diameter of inhibition zone

were noted.
Table 3: Antimicrobial activity of synthesised flavanones.
Sr. Compounds Antibacterial activity inhibition zone (mm)
NO. S.aureus E.coli S.typhi
1 4a 9 4 8
2 4b 9 6 6
3 4c 13 9 9
RESULT AND DISCUSSION

In this work, total three flavanones namely 4a-c are synthesised from different aromatic aldehydes by
using microwave irradiation. All the synthesised flavanones were screened for their antibacterial
activity against S. Aureus, E. coli and S. Typhi. From the data on Antibacterial activities given in table
3, it was observed that, compound 4a showed moderate activity against S. Aureus. while week activity
against E. Coli and S. Typhi. Compound 4b also showed moderate activity against S. Aureus and
week activity against E. coli and S.Typhi. Compound 4c showed moderate activity against all
the three bacteria.
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CONCLUSION

In the present study synthesis of flavanone using microwave provide practical alternative to the
existing method for the synthesis of flavanone. This method is fast and clean so found to be beneficial
according to time, improved yield and environmentally sound. From the antibacterial screening it is
observed that all the synthesised flavanones exhibit activity against bacteria. All the synthesised
flavanones show good activity against S.aureus gram positive bacteria than gram negative bacteria.
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ABSTRACT

One of the intention of medicinal chemistry research is to develop
compounds that show desirable biological activity and easily accessible. Newly
substituted 3 Aroyl flavanones were synthesised by using 8- Diketones. The structure
of compounds were elucided by specral analysis (IR and NMR). The synthesised
compounds were screened for their amtimicrobial activity.

Keywords: 3-aroyl flavanone, - Diketone, antimicrobial activity.

INTRODUCTION

Flavanoids are naturally occurring polyphenolic compounds with flavones nucleus
having anti-oxidant, anti-tumor, anti-ulcer, anti-inflammatory activities. They are available as
flavanone, flavanol, isoflavane ,flavones and their derivatives. The flavanoides basically
possess 15 carbon skeleton (C6-C3-C6). Flavanoides are mainly found in onions, apples, red
wine, blueberries, grapes and tea (Bylka et al., 2004). Flavanones are the important class of
flavanoids containing a 2-phenyl-benzopyran-4-one skeleton, Flavanones are commonly
found in various citrus fruits and vegetables.!Synthetic flavanones have attracted
considerable attention because of their various pharmacological properties including
antifungal*’, antibacterial*®’, analgesic’, antioxidant’.

MATERIALS AND METHODS

All the laboratory chemicals and solvents required for the study were of highest purity
commercially available. Melting points of all synthesised compounds were determined by
melting point apparatus. The purity of synthesised compounds was checked by Thin layer
chromatography on silica —G layers. IR spectra were recorded on FTIR spectrophotometer
using KBR pallets. NMR spectra were recorded on Bruker Avance 11 400 NMR spectrometer.
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Preparation of 5-chloro-2-hydroxy-4-methyl acetophenone (1)

p-chloro -m-cresyl acetate was prepared by acetylation of p-chloro-m-cresol. Then by
Fries migration 5-chloro-2-hydroxy-4-methyl acetophenone was obtained.

Preparation of substituted 2-benzoyloxy acetophenones (2 a-b)

5-chloro- 2-hydroxy-4-methyl acetophenone (1) (0.04 mol) and aromatic carboxylic
acid (0.05 mol) were dissolved in pyridine and pocls is added drop by drop with constant
stirring till the viscous mass is obtained. Maintain the temperature below 10°% during the
addition of pocls to the reaction mixture. The reaction mixture is allow to stand for overnight
at room temperature .The reaction mixture is decomposed by 10% HCI. The product thus
separated was filtered, washed with water followed by sodium bicarbonate (10% solution) and
then again washed with water. The solid product was crystallised from ethanol to obtained
corresponding substituted 2-benzoyloxy acetophenones.

5-chloro-2-(4’ chloro benzoyloxy )-4-methyl acetophenone (2a) was prepared by
above method by using 4-chloro benzoic acid. Similarly 5-chloro-2-(4’ methoxy benzoyloxy)
-4-methyl acetophenone (2b) was prepared by using p-methoxy benzoic acid.

Preparation of 1-(2°-hydroxy phenyl)-3-phenyl propan-1,3-diones (3 a-b)

2-substituted benzoyloxy acetophenones (2a-b) (0.05 mol) was dissolved in dry
pyridine (40 ml) . The solution was warmed up to about 60° and pulverised KOH (0.15 mol)
was added slowly with constant stirring. After four hours the reaction mixture was acidified
by adding ice cold dilute HCI (1:1). The solid product thus separated was filtered, washed with
sodium bicarbonate solution (10%) and finally with water. It is then crystallised from ethanol
acetic acid mixture to get 1-(2’-hydroxy phenyl)-3-phenyl propane 1,3--diones (3 a-b)

Preparation of some new substituted 3-aroyl flavanones (4 a-d)

Under microwave irradiation

Synthesis of flavanone was carried out by mixing appropriate amount of 1-(2’-
hydroxy phenyl)-3-phenyl propane-1,3-diones (3 a-b) (2.69 m. mol) and aromatic aldehydes
(2.69 m. mol) in presence of catalytic amount of aqueous KOH in methanol and irradiating in
microwave at 100 W for two minutes. The reaction mixture was cooled, poured into crushed
ice and then conc. HCI was added. The mixture was left to stay at 2-3% overnight and the
separated solid was collected by filtration, washed with water and recrystalized from methanol
to give desired product.

2 (4’ chloro)-3-(4’-chloro benzoyl)-6-chloro-7-methyl flavanone (4a) was prepared by
above method by using 1 -(2’hydroxy-4’methyl-5 chloro phenyl)-3(4’ chloro phenyl) propane
1-3-dione (3a) and p-chloro benzaldehyde. 2 (4 methoxy)-3-(4’-chloro benzoyl)-6-chloro-7-
methyl flavanone (4b) was prepared by above method by using (3b) and p-methoxy
benzaldehyde. Similarly 2 (4’chloro)-3(4’-methoxy benzoyl)-6-chloro-7-methyl flavanone
(4c) and 2(2’°chloro)-3(4’methoxy benzoyl)-6-chloro-7 methyl flavanone (4d)were prepared
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by using 1-(2’hydroxy -4’methyl-5" chloro phenyl)-3(4’methoxy phenyl) propane 1-3-dione
(3b) and p-chloro benzaldehyde and o-chloro benzaldehyde respectively.

Table 1: Chemical data of substituted acetophenones and diones

Compound code | Ri R> | Mol. Formulae | M.P.(° C) | Yield (%)
2a Cl H | CisH12Cl203 120 63%
2b OCHs | H | Ci7Hi5ClO4 80 50%
3a Cl H | CisHi2CL203 162 72%
3b OCH; | H | Ci7Hi5ClO4 142 57%
COOH
HsC OH R2  POCIy/Pyridine
+ _ >
C—cHs3
(¢]] ||
1) o) Ri
R
I
Pyridine
cl |T—CH3
2a-b (o)
HsC OH
R2
CH,
cl (|3|/ \0—2 >—R1
3a-b 0 ©

Fig.1: Experimental scheme for the synthesis of 1-(2’-hydroxy phenyl)-3-phenyl propane-1,3-diones (3 a-b)

Table 2: Chemical data of newly synthesised flavanones

Compound | Name of compounds Mol. MP | %
code Formulae (°%c) | Yield
4a 2 (4’ chloro)-3-(4’-chloro benzoyl)-6-chloro-7-methyl flavanone | C23His03Cls | 120 | 71%
4b 2 (4 methoxy)-3-(4’-chloro  benzoyl)-6-chloro-7-methyl | C24H1s04Cl2 | 130 | 61%
flavanone
4c 2 (4’chloro)-3(4’-methoxy benzoyl)-6-chloro-7-methyl flavanone | C24Hi504Cl> | 145 | 55%
4d 2(2’chloro)-3(4’methoxy benzoyl)-6-chloro-7 methyl flavanone C24Hi1304CL | 152 | 59%
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Fig.2: Experimental scheme for the synthesis of substituted 3-aroyl flavanones (4 a-d).

Spectral data of flavanones

Spectral data of 4a:

IR: 3071 cm (Aromtic C-H stretch), 1748 cm™!(C=0 stretch), 1498 cm™ (Aromatic
C=C stretch), 2948 cm™'(C-H stretch of methyl group), 1197 ¢cm™(C-O-C stretch), 796 cm’!
(Aromatic substitution C-Cl), HNMR: 6 2.38 (S, 3H of CH3), 6 4.5 (S, 1H of CH attached to
C=0), 6 1.2(S,1H of CH attached to O), & 6.8-8.0 (m,10H of Ar-H), & 11.9 (tautomerism).

Spectral data of 4b:

IR: 3053 cm! (Aromtic C-H stretch), 1691 cm!(C=0 stretch), 1567 cm™ (Aromatic
C=C stretch), 2970 cm™'(C-H stretch of methyl group), 1196 cm™(C-O-C stretch), 795 cm’!
(Aromatic substitution C-Cl), HNMR: 6 2.38 (S, 3H of CH3), 6 4.6 (S, 1H of CH attached to
C=0), & 1.3(S,1H of CH attached to O), & 3.8 (S,3H of O CHs),  6.6-7.8 (m,10H of Ar-H),
0 11.8 (tautomerism).

Spectral data of 4c:

IR: 3017 cm™ (Aromtic C-H stretch), 1748 cm™'(C=0 stretch), 1565 cm™ (Aromatic
C=C stretch), 2840 cm™'(C-H stretch of methyl group), 1205 cm™(C-O-C stretch), 794 cm’!
(Aromatic substitution C-Cl), HNMR: 6 2.38 (S, 3H of CH3), 6 4.5 (S, 1H of CH attached to
C=0), §2.4(S,1H of CH attached to O), & 3.8 (S,3H of O CHs), § 6.6-7.9 (m,10H of Ar-H),
6 11.8 (tautomerism).
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Spectral data of 4d:

IR: 3065 cm™ (Aromtic C-H stretch), 1737 cm'(C=0 stretch), 1612cm™ (Aromatic
C=C stretch), 2995cm™!(C-H stretch of methyl group), 1179 ¢m™'(C-O-C stretch), 729 cm
(Aromatic substitution C-Cl), HNMR:  2.39 (S, 3H of CH3), 6 4.5 (S, 1H of CH attached to
C=0), 53.1(S,1H of CH attached to O), & 3.8 (S,3H of O CHs), § 6.6-7.9 (m,10H of Ar-H),
0 12.5 (tautomerism).

Antibacterial activity

All the synthesised flavanones were screened for their antibacterial activity against S.
Aureus, E. Coli and S. typhi using ciprofloxacin as a standard drug. Agar diffusion method
was employed to study the activity. Initially, the stock culture of bacteria were revived by
inoculating on broth media and grown at 37% for 18 hrs. The agar plates of the above media
were prepared and wells were made in the plate. Each plate was inoculated with 18 hr. old
culture and spread evenly on the plate. After 20 min, the wells were filled with the compound
and antibiotic at different concentrations. All the plates were incubated at 37% for 24 hr. and
the diameter of inhibition zone were noted.

Table 3: Antimicrobial activity of newly synthesised flavanones(4a-d)

Sr. NO. | Compound | Antibacterial activity inhibition zone (mm)
codes S.aureus E.coli S.typhi
1 4a 7 10 7
2 4b 5 8 6
3 4c 5 5 6
4 4d 6 8 11
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T O m s

RESULT AND DISCUSSION

In this work, total four flavanones namely 4a-d are synthesised from different aromatic
aldehydes. All the synthesised flavanones were screened for their antibacterial activity against
S. Aureus, E. Coli and S. Typhi. From the data on Antibacterial activities given in table 3, it
was observed that, compound 4a showed moderate activity against E. Coli while week activity
against S. Aureus and S. Typhi. Compound 4b showed moderate activity against E. Coli and
week activity against S. Aureus and S.Typhi. Compound 4c showed comparatively week
activity against all the three bacteria. Compound 4d showed moderate activity towards
S.Typhi. While week activity against S. Aureus, E. Coli.

CONCLUSION

From the above data it is conclude that 4a is found to be lead compound against E.
Coli. And 4d is found to be lead compound against S. Typhi, as these compounds showed
moderate antibacterial activity against E. Coli and S. Typhi respectively.
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ABSTRACT

A newly synthesised propane-1,3- dione (B- Diketones) are synthesised
from substituted 2-hydroxy acetophenone and different sustituted benzoic acids and
are characterised by IR and NMR spectra. The stability constants of ligand complexes
with transition metal ions Cu(II), Co(Il) and Ni(II) were determined pH metrically.
The stability constants of ligands and metals have been calculated.

Keywords: IR and NMR spectra, ions Cu(Il), Co(Il) and Ni(II), pH metrically.

INTRODUCTION

pH metric technique is simple, rapid, most versatile, cheap and do not need any
sophisticated instruments, which is very much used for investigating the physical properties
such as proton ligand and metal ligand stability constants of organic drugs. This technique has
been extensively used by J. Bjerrum! and Irving-Rossotti>. Propane-1,3- dione are very
important compound in organic synthesis, because they exhibits some biological activity such
as antioxidant®, antitumor?, antibacterial® activities. B- Diketones have gained a lot of interest
due to their importance as good ligands® and its complexes have been widely used in diverse
area.

MATERIALS AND METHODS

All the laboratory chemicals and solvents required for the study were of highest purity
commercially available. Metal ion concentration were determined by using EDTA with
suitable indicator and used as a chelating reagent. B- Diketones were synthesised by using
Baker Venkatraman reaction. The purity of synthesised compounds was checked by thin layer
chromatography on silica —G layers. IR spectra were recorded on FTIR spectrophotometer
using KBR powder. NMR spectra were recorded on Bruker Avance I1 400 NMR spectrometer.
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SYNTHESIS OF B-DIKETONE
The synthesis involves following steps:

Preparation of 5-chloro-2-hydroxy-4-methyl acetophenone(1):

p-chloro-m-cresyl acetate was prepared by acetylation of p-chloro-m-cresol.

Then prepared p-chloro-m-cresyl acetate (50ml) and anhydrous aluminium chloride
(120 g) were heated at 120% for 60 min. in an oil bath. The reaction mixture was cooled and
decomposed with ice-cold water containing a little HCI (10%) to get Ketone.

Preparation of substituted 2-benzoyloxy acetophenones (2a,b,c) :

5-chloro-2-hydroxy-4-methyl acetophenone (1)(0.04 mol) and aromatic carboxylic
acid (0.05 mol) were dissolved in pyridine and pocls is added drop by drop with constant
stirring till the viscous mass is obtained. Maintain the temperature below 10°% during the
addition of pocls to the reaction mixture. The reaction mixture is allowed to stand for overnight
at room temperature. The reaction mixture is decomposed by 10% HCI. The product thus
separated was filtered, washed with water followed by sodium bicarbonate (10% solution )
and then again washed with water. The solid product was crystallised from ethanol to obtained
corresponding substituted 2-benzoyloxy acetophenones.

5-chloro-2-(4’ chloro benzoyloxy )-4-methyl acetophenone (2a) was prepared by
above method by using 4-chloro benzoic acid. 5 chloro- 2-(2’-4’dichloro benzoyloxy ) -4-
methyl acetophenone (2b) was prepared by using 2-4 dichloro benzoic acid. Similarly 5 chloro
-2-(4’ methoxy benzoyloxy) -4-methyl acetophenone (2c) was prepared by using p-methoxy
benzoic acid.

Preparation of 1-(2’-hydroxy phenyl)-3-phenyl propan-1,3-diones (3 a,b,c) :-

2-substituted benzoyloxy acetophenones (2a-b) (0.05 mol) was dissolved in dry
pyridine (40 ml). The solution was warmed up to about 60°% and pulverised KOH (0.15 mol)
was added slowly with constant stirring. After four hours the reaction mixture was acidified
by adding ice cold dilute HCI (1:1). The solid product thus separated was filtered, washed with
sodium bicarbonate solution (10%) and finally with water. It is then crystallised from ethanol
acetic acid mixture to get 1-(2’-hydroxy phenyl)-3-phenyl propan-1,3-diones (3 a,b,c) .

Spectral data of - diketones:

Spectral data of 3a (Li):

IR: 3424 cm™ (Phenolic -OH stretch), 3093 cm™ (Aromtic C-H srretch), 1685 cm™
(C=0 stretch), 1611 cm™ (Aromatic C=C stretch), 2927 cm™'(C-H stretch of methyl group),
761 cm’'(Aromatic substitution C-Cl), H NMR: § 3.54 (S, 1H of OH), & 2.49 (S, 3H of CH3),
62.61 (S, 2H of CH»), 6 6.8-8.1 (m,6H of Ar-H), 6 11.94 (tautomerism).

Spectral data of 3b (L>):
IR: 3444 cm™ (Phenolic -OH stretch), 3095 cm™ (Aromtic C-H srretch), 1749 ¢cm™(C=0
stretch), 1610 cm™ (Aromatic C=C stretch), 2924 cm!(C-H stretch of methyl group),734 cm’!
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(Aromatic substitution C-Cl), H NMR: $ 4.52 (S, 1H of OH), 6 2.37 (S, 3H of CH3), § 2.52 (S,
2H of CH»), & 6.6-8.1 (m,5H of Ar-H), & 11.8 (tautomerism).

Spectral data of (L3):

IR: 3470 cm™ (Phenolic -OH stretch), 3005 cm™ (Aromtic C-H srretch), 1686 cm™(C=0
stretch), 1605 cm™! (Aromatic C=C stretch), 2939 cm™!(C-H stretch of methyl group),794 cm™
(Aromatic substitution C-Cl), H NMR: & 4.68 (S, 1H of OH), & 2.44 (S, 3H of CHs),  3.80 (S,
2H of CHy), 6 3.89(S,3H of O CH3), 9 6.8-8.0 (m,6H of Ar-H), 6 11.56 (tautomerism).

COCH
HsC OH R2  POCIy/Pyridine
. -
C—cCcHs
Cl |
R
(1) 0o !
R,
I
H3C Oo—¢cC R1
BVT
Pyridine
cl |(|3—CH3
2a-c 0O
HsC OH
R
CH,
cl T|/ ¢ R,
3a-c 0 o

Fig.1: Experimental scheme for the synthesis of 1-(2’-hydroxy phenyl)-3-phenyl propan-1,3-diones (3 a-c)

Table 1: Physical data of B-diketones

Ligand | Ri R: | M.F M.P°c | colour | %Yield
3a Cl H | CisHi2Cl203 | 162-164 | Yellow | 72
3b Cl Cl | CisH11CI303 | 125-126 | Yellow | 69
3c OCHs | H | Ci7H15ClO4 142-144 | Yellow | 57
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pH metric analysis :

The potentiometric titrations are performed by using systronic digital pH meter with
accuracy in 0.01 unit with combined glass electrode. The electrode was activated by immersing
24 hours in 0.1 N hydrochloric acid and then 24 hours in distilled water. For smooth handling
of electrodes all the precautions suggested by Albert and Sergent’, Bates® were adopted. All
titrations were carried out under inert atmosphere by bubbling nitrogen gas through an
assembly. Instrument was calibrated with buffer solution of pH 7.00 and 9.20 at 30°c before
titration. The ligand solutions were prepared in 70% methanol-water which was used for
further titrations i.e. without and with transition metals Cu(Il),Co(Il) and Ni(Il). The 1-(2’-
hydroxy phenyl)-3-phenyl propan-1,3-diones was monobasic acids having only one
dissociable H* ion from OH group.

pH metric titration was utilized for determination of proton ligand stability constant
and metal ligand stability constant. The respective pH metric data given in table 2 and table
3. The plot of pH vs. Volume of NaOH given in fig.2

RESULT AND DISCUSSION:

The dissociation constant of substituted diketones were determined pH-metrically. The
ligands used in present work are monobasic acid having only one dissociable H* ion from —
OH group and therefore represented as,

HL

H* + L

Proton ligand stability constant:
The titration curve of acid and ligand deviates at about pH- 3. The deviation between
acid curve from ligand for all system showed the dissociation of H" ion from —OH group of

ligands. The proton ligand formation number ( na )
Aa =y (E°+N)AV
(Vo+V1)TL

Where,
VO - Initial volume of solution
N - Normality of sodium hydroxide
T - Concentration of ligand
Y — Number of dissociable proton s from ligand
AV - volume of alkali consumed by acid and ligand on the same pH.

The pK values calculated from the formation curves between pH V, na . The half
integral method was employed for the determination of proton ligand stability constant. The
proton ligand stability constant were calculated from formation curve. The value of pH at na

=0.5 corresponding to the value of pK.

Metal ligand stability constant:
Metal ligand formation number () was calculated by following expression.
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— _ (E+N)AV
= (V°+V2)T°M

The metal ligand formation curve were plotted between pH V, n . The metal ligand
stability constant were determined by half integral methd.log K, and K values are calculated
from formation curves.

e

H
1
-

WCx 343 £3 43 EEx  @An  dx  34n
Wa ard EH

Fig. 2: Titration curve

Table 2: Proton-Ligand Stability Constants (pK)

No. Ligands pK Value

Li 1-(5'-Chloro-2'-hydroxy-4'-methylphenyl)-3-(4'-chloro phenyl)-propane-1- | 7.72
3-dione

L> 1-(5'-Chloro-2'-hydroxy-4'-methylphenyl)-3-(2',4'-dichloro phenyl)- | 7.58
propane-1-3-dione

Ls 1-(5'-Chloro-2'-hydroxy-4'-methylphenyl)-3-(4'-methoxy phenyl)- | 7.76
propane-1-3-dione

Table 3: Metal-Ligand Stability Constants (Log K)

System Metal-Ligand Stability Constants (Log K)
Log K1 Log K>

Li-Cu(Il) | 6.49 3.17
Li-Co(Il) | 6.48 3.15
Li-NidI) | 7.03 4.17
Lo-Cudl) | 4.83 2.01
L-CodI) | 5.48 3.01
Lo-Ni(Il) | 6.34 3.50
Ls-Cudl) | 5.01 3.13
L3-Co(II) | 5.99 2.67
Ls-NidI) | 6.52 1.68
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CONCLUSION

The titration curve for all the system started from pH=3. This indicated the complex
formation. Also change in the colour from yellow to red in the range 3to 10 during titration
showed complex formation between metal and ligand. It is observed from the table- 3 that the
difference between the values of log K; and Kb is sufficiently large. This indicates stepwise
complex formation between ligand and metal ion. For ligand-1,the difference between the
values of log K; and K3 is higher in Co(II) complex than Cu(Il) and Ni(I).This indicated that
Co(Il) forms more stable complex with ligand-1 than Cu(Il) and Ni(Il).For ligand-2 the
difference between the values of log K; and K5 is higher in Ni(II) than Cu(II) and Co(II).And
for ligand-3 also the difference between the values of log K; and K5 is higher in Ni(II) than
Cu(Il) and Co(II).This indicates that ligand-2 and ligand-3 form more stable complex with
Ni(II) than Cu(II) and Co(II).
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Abstract

Some azo compounds (la-e) were synthesized by simple diazotization reaction of five different substituted aromatic amines
using sodium nitrite and hydrochloric acid followed by coupling with 4-hydroxybenzaldehyde in alkaline medium.
Synthesized azo compounds have been confirmed by UV, IR and '"H NMR spectral data and also screened for their

antibacterial activity using disc diffusion method.

Keywords: Azo compounds, 4-hydroxybenzaldehyde, Diazotization, Antimicrobial screening.

Introduction

Out of the different classes of dyes, azo dyes constitutes one of
the largest and important class of synthetic organic compounds
containing an azo N=N group generally connected to aromatic
rings. Mostly, synthesis of azo compounds involves
diazotization of substituted primary aromatic amines followed
by coupling with nucleophiles.They do not occur naturally but
synthesized only through chemical synthesis' and have been
extensively used in different applications such as dying textile
fibres, colouring variety of materials, biomedicinal studies and
in advanced organic synthesis as well as shows excellent
antibacterial and pesticidal properties’. Azo compounds and its
derivatives are also known for their use as antifungal,
antidiabetics, antineoplastics, anti-inflammatory, antiseptic and
other useful chemotheraptic agents’®. A number of azo
compounds particularly synthesized from B-naphthol, m-cresol,
resorcinol, tyrosine, aspirin, paracetamol etc have been
frequently reported and exhibited impressive biocidal effects.
Since compounds with an azo moiety and 4-
hydroxybenzaldehyde moiety have been extensively used as
dyes but their antimicrobial activity are less reported and hence
in the present work, we have prepared five different substituted
azo derivatives of 4-hydroxybenzaldehyde namely la-e,
characterized and also screened for their antibacterial activity at
different concentrations by using disc diffusion method.

Materials and Methods

In present work, chemicals and reagents used were of analytical
grade (Merck and Alfa Aesar Company Ltd). Melting points
were determined by open capillary method and are uncorrected.
The UV spectra of azo compound was determined by Lab India
3000+ spectrophotometer at Vidyabharati Mahavidyalaya,
Amravati. IR spectra was recorded in KBr pellets from
Shimadzu DRS-8000 IR spectrophotometer at Shri Shivaji

International Science Community Association

Science College, Amravati and '"H NMR spectra from Bruker
Avance 1I 400 MHz NMR spectrometer using DMSO as a
solvent and TMS as an internal standard at SAIF, Punjab
University, Chandigarh.

Experimental procedure for the synthesis of azo
compounds7: 4-Nitroaniline (0.01 m) was dissolved in 2.5 ml
of conc. HCI and 2.5 ml (4N) cold solution of NaNO, was
added with constant stirring. During addition, temperature of the
reaction mixture was maintained up to 0-5°C. Diazonium salt
solution prepared above was added drop by drop to the solution
of 4-hydroxybenzaldehyde in 10% NaOH with stirring for 30 to
40 minutes by adjusting the temperature between 5-10°C. The
crude product precipitate was filtered, washed with distilled
water, dried and recrystalised from hot ethanol to yield brown
coloured crystalline solid of 4-hydroxy-3-((4-nitrophenyl)
diazenyl) benzaldehyde (1c). M.f. = C{3HyN;0,4; m.w. = 271.23;
m.p. = 94-95°C. Tts alcoholic solution shows positive test of
ferric chloride, showing the presence of phenolic —OH group.
Similarly other compounds are prepared by same method and
are shown in Scheme-1.

Spectral data of representative azo compound 1c: IR: 3707
cm™ (Phenolic —OH stretch), 3032 cm™ (Aromatic C-H stretch),
1716 cm™ (C=0 stretch of Ar-CHO), 1539 cm™ (Aromatic C=C
stretch ), 1492 cm™ (N=N stretch).'"H NMR: § 3.35 (s, 1H of -
OH), 6 11.7 (s, 1H of -CHO), 6 6.9-8.4 (m, 7H of Ar-H). UV
(Mnax): 360 nm.

Antimicrobial screening: All the synthesized azo compounds
were screened for their antibacterial activities against three
microorganisms viz. Escherichia coli, Staphylococcus aureus
and Salmonella typhi by adopting disc diffusion method® at
Microbial Section, FTL, Krishi Vigyan Kendra, Durgapur
(Badnera), Dist. Amravati. The azo compounds were dissolved
in ethanol to get solutions of 50 and 100 mcg/ml concentrations.
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compounds were measured in mm and were compared with
streptomycin as a standard.

o e

Sterile discs were dipped in these solutions, dried and placed on
nutrient agar plates spreaded with the bacteria. After incubation
at 37°C for 24 hr, the zones of inhibition produced by azo

NH, Na Cl o N R
H ;L
o N NaNO, + HCI | N OH H
g T o R -
A 0-5°C P 5-10°C/ OH Ol
Diazonium salt la-e
Where : R = 2-NO, , 3-NO, , 4-NO, , 4-CH;, 4-C¢H,NH,
Scheme-1
The general reaction scheme for synthesis of azo compounds 1a-e
Table-1
Compounds codes, names, mol. formulae, mol. weights, melting points and percentage yields of synthesized azo compounds
la-e
Compds. Compounds names Mol. Mol. M.p. %
codes P formulae Wt. (°C) Yield
(E)-4-hydroxy-3-((2-nitrophenyl)diazenyl)
la benzaldehyde C13HoN3;0, 271.23 120-122 50%
(E)-4-hydroxy-3-((3-nitrophenyl)diazenyl)
1b benzaldehyde C13HoN3;0, 271.23 123-124 62%
(E)-4-hydroxy-3-((4-nitrophenyl)diazenyl)
lc benzaldehyde C13HoN3;0, 271.23 94-95 71%
(E)-4-hydroxy-3-(p-tolyldiazenyl)
1d benzaldehyde C4HoN,0, 240.26 98-100 56%
(E)-4-hydroxy-3-(4-(4-anilinyl)phenyldiazenyl)
le benzaldehyde C19H15N302 317.34 102-104 52%
Table-2
Antimicrobial activity of synthesized azo compounds 1a-e
Compds. Conc. Zones of inhibition in mm
codes (meg/ml) E.coli S.aureus S.typhi
50 NI NI NI
la
100 NI NI NI
50 NI NI NI
1b
100 NI NI NI
50 1(6) I(13) I(7)
1c
100 1(8) 1(14) 1(8)
50 NI NI NI
1d
100 NI NI NI
50 NI NI NI
le
100 NI NI NI
Std. 25 meg/disc 20 26 25

NI=No Inhibition, I=Inhibition (zones of inhibition are given in parenthesis)
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UV spectra of azo compound 1c
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IR spectra of azo compound 1c
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"H NMR spectra of azo compound 1c

Results and Discussion

In this work, total five substituted azo compounds namely la-e
were successfully synthesized from five different aromatic
amines by simple diazotization-coupling reactions, recrystalised
and two different concentrations of each compounds were
prepared and further used individually to test their antibacterial
activities against three microorganisms viz. Escherichia coli,
Staphylococcus aureus and Salmonella typhi. From the data on
antimicrobial activities of azo compounds given in Table-2, it
was observed that the azo compounds 1a, 1b, 1d andle do not
showed any inhibitory action and were found to be inactive
against all the tested microorganisms at both the concentrations.
Only the compound 1c showed inhibitory action against E. coli,
S. aureus and S.typhi at both concentrations. At 50 mcg/ml
concentration, compound 1c showed 6, 13 and 7 mm of zones of
inhibition and at 100 mcg/ml concentrations showed 8, 14 and 8
mm of zones of inhibition against E. coli, S. aureus and S.typhi
respectively. The maximum 13 and 14 mm zones of inhibition
of compound 1c was found to be against S. aureus species at 50
mcg/ml and 100 mcg/ml concentrations respectively. Also
Streptomycin at the concentration of 25 mcg/disc showed 20, 26
and 25 mm zones of inhibition against the microorganisms E.
coli, S. aureus and S.typhi respectively.

Conclusion

Out of the five laboratory synthesized substituted azo
compounds, the compound Ic is found to be active and showed
low to moderate antibacterial activity against all the
microorganisms tested. The inhibitory effect of azo compounds

International Science Community Association

1c recorded especially against S. aureus was most satisfactory at
both the concentrations and hence it can be used as lead
compound against microorganisms S.aureus.
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ABSTRACT

Schiff bases are a significant group of organic compounds that have biological activities and
miscellaneous applications because of their antibacterial, antivirus activities, metal complexation and
other Pharmacological activities. The simple and meticulous method used for the determination of the
stability constants of the complexes by means of UV-visible spectrophotometry depending on the
theoretical interpretation of the stoichiometry, Jobs and Yoe-Jones, methods was proposed. In present
work, proton ligand stability constant (pKa) of substituted hydroxy Schiff base ligand 2,2’-((ethane-
1,2-diylbis(azanylylidene))bis(ethan-1-yl-1-ylidene))bis(4-methylphenol) (H2L) have been investigated
by spectrophotometric method. Determination of pKa values has studied at different concentrations of
ligand solution. pKa values are calculated at pH 4.82,5.12,5.40,5.70 & 5.90 by using standard literature
method. The ruggedness of the determined result was also validated in this study for producing exact
pKa value. The results obtained from this work were compared with those obtained using the
potentiometric method. The difference between the results found with these two methods was

approximately 0.04 units.
KEYWORDS

Schiff base, Spectrophotometric method, pKa determination.

INTRODUCTION

The Schiff bases and their metal complexes
have got more importance recently ' because
of their application as biological, biochemical,
analytical, antimicrobial, anticancer,
antibacterial, antifungal and anti tumor activity.
They have been studied as a class of ligands 8.
Recently there has been a considerable interest
in the chemistry of Schiff base compounds
because of their potential pharmacological
applications °. Schiff base complexes showed
catalytic activity in carbonylation of alcohols
and alkenes at low pressure to produce
arylpropionic acids and their esters '® !, which
are used as non-steroidal anti-inflammatory
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Shyam nagar, Congress Nagar Road

Amravati-444602

Maharashtra, India
Email.- trupti.Jawankar @ gmail.com
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In addition to monometallic, the bimetallic
Schiff base complexes also showed catalytic
activity in carbonylation reactions. The Heck
reaction'?, an industrially useful process to
synthesize fine chemicals and pharmaceutical
was successfully catalyzed using Schiff base
complexes.

The study of proton ligand stability constant
3(pKa) has gained much importance as it
affects solubility, absorption across biological
membranses, distribution to the site of action,
renal elimination, metabolisms and binding of
the drug with protein and receptor. The pKa
plays very important role in drug discovery.
The determination of pKa of drug is of interest
from the stand point of its influence on
pharmaceutical compound synthesis. The FDA
of all countries has made it mandatory to
estimate pKa value of new drug molecules'*.
The pKa of the drug is cited in literature !> ' by
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several authors. The first real report !’ on the
determination of pKa value of drug appeared in
which the dissociation constant was determined
by a potentiometric method employing mixed
solvent techniques wusing methanol-water
mixtures. But pKa of Schiff base ligand at
different concentration by spectroscopic method
have not been studied yet. So in this report we
determined the pKa of Schiff base ligand
spectrophotometrically. Spectrophotometry is
one of the most powerful methods for the
investigation of solution equilibria, although
potentiometric ~pH titrations are more
convenient and more commonly used due to the
simplicity of the equipment and minimum time
requirement. Spectrophotometric titrations are
useful for determining the ionization constants
of acids and bases even below pH 2 and above
pH 11, where potentiometry becomes
inconvenient. Spectrophotometric titrations also
yield additional spectral information about the
species formed during the titration and requires
very less amount of the compound '8, therefore
we prefer this method in our experimental
work.

An extra aspect of our study is the validation of
pKa value. This study was done by S. Singh et
al for pKa determination of nimesulide!®. For
this, the result was validated from
determination of pKa by using different
concentration of HoL ligand on same
spectrophotometer.

EXPERIMENTAL AND MATERIALS

All chemicals were used as obtained from
Rankem and Sd fine chemicals. Anal grade
solvent from Sd Fine chemicals was used
without further purification. Freshly prepared
triple distilled water was used for making
solutions.

The Schiff base ligand was synthesized by
condensation of the acetophenone with ethylene
diamine in suitable stoichiometric proportion as
per the literature method ?°. The pH of the
solutions were measured on a pH meter
(Systronics Ltd. India) equipped with a
combined glass electrode. It was standardised
at27°C using standard buffers. The UV-Visible

© Copyright reserved by IJPRS

absorption spectra were recorded on Systronics
UV-Visible spectrophotometer-119.

HO .
- ey

oH

2, 2’-((ethane-1, 2-diylbis (azanylylidene)) bis
(ethan-1-yl-1-ylidene)) bis (4-methylphenol)

H:L ligand
Method

The determination of pKa by
spectrophotometric method is based on the
principle that ionisation of the acidic or basic
compound is pH dependent. Hence with change
in pH of the solution is the ratio of ionised form
to the unionised form changes. At definite
wavelength the ionised and unionised forms
have different absorptions. =~ The UV-Visible
absorption spectra were recorded on Model
Systronics UV-Visible Spectrophotometer -119
operated at a wavelength range of 200-400 nm.
The dissociation constant (pKa) of HoL ligand
were determined at room temp, according to the
experimental method reported by Albert and
Serjeant 2!. The pH values of all solutions were
measured on a Systronics digital pH meter 335
equipped with combined glass electrode which
was calibrated at 27° using standard buffers at
pH 4.0 and 7.0.

The synthesized H:L ligand was used after
recrystallisation, DMF was purified by
distillation process which was given in Vogel’s
TextBook of Practical Organic Chemistry 2.
Buffer chemicals and all other reagents were of
analytical grade. Freshly prepared double
distilled deionised water were used throughout.
All of the experiments were carried out at room
temperature; 27+1°C. The procedure reported
by Albert & Serjeant was used for the
determination and calculation of pKa. For the
experiments at different pH, the acetate buffers
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were used. Aliquots of five different sets were
prepared by varying volume of buffer sol"
0.0IM solution of HoL ligand in DMF was
prepared.To each set 10uL of this stock
solutions was added to the buffer solutions of
varying pH to get the final conc.of the ligand as
10uML . The buffer solutions of varying pH
were prepared by mixing suitable proportions of
0.04M sodium acetate, 0.02M Acetic acid,
0.1M HCI and 0.1M NaOH. Relevant quantity
of sodium chloride was added in order to
maintain the ionic strength of all solutions to
0.1.The solutions were mixed and the all five
sets were placed in a High precision water bath
set at 27°%. The absorbance variation was
illustrating this result for each solution at 294
nm.

The absorbances of neutral and ionised species
of the ligand at 0.1M ionic strength of NaCl
were measured. For validation of the
determination of pka value the total study of
measurement of absorbance was repeated. This
ruggedness study was done by absorbance
measurements in three studies were done by
using different conc. of ligand solution on same
spectrophotometer.

A havee
=g

‘o lmapihnm

Fig 1: UV Spectrum of H:zL at Various pH.

RESULTS AND DISCUSSION

Fig. 1 shows a schematic representation of UV
spectrum of HoL ligand with pH. Table 1 shows
variation in the UV spectrum of one of the
determination in buffer solution of various pH.

Table 1: Analysis Data of Calculations of pKa
from Absorbance at Aarious pH

pH Absorbance (d) pKa=pH + log (di-d

/d —dm)
4.82 0.30469 5.3573
5.12 0.4182 5.4224
5.40 0.4255 5.6384
5.70 0.4752 5.7586
5.90 0.6020 5.6055

Average: pKa = 5.5564

dm - 0.1875 (in 0.IM HCl ) ; d = 0.7996 ( in
0.1M NaOH).

Table 2: Validation of Ruggedness of the pKa
Value

Instrument 1

Person 1,day 1,ligand Person 1,day 1,ligand
Strength= SuML"! Strength= 10uML"!

Person 1,day 2,ligand
Strength= 15uML'!

Person 1,day 2,ligand
strength = 20uML"!

5.5533 5.5564

5.5578 5.5585

© Copyright reserved by IJPRS
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In fig.1 we observed that the overlapping
spectra of all the sample solution which were
taken and absorbance at 294 nm was recorded.
In this spectrum clearly two isobestic points
were observed at 241 and 269 nm. The sharp
isobestic points were observed which only used
for calculation of pKa. The absorbance data was
used to estimate pKa values by three methods
of calculation. Table 1 shows the pH
dependance of absorption spectra of HoL.

(1) The distinct pka value was calculated by
using following equation:

pKa =pH + log (di—d/d—dn)

Where d; is the absorbance of ionized species, d
is the absorbance of respective buffers tested
solution and dn is absorbance of unionized
species. The average pKa was calculated by
taking antilogarithm of each individual
calculated pKa value, by taking average of all
the antilogarithmic values, and taking logarithm
of the averaged value. This calculation method
gives more precise pka value.

(i1) The plot of pH Vs log di-d / d-dm gave a
straight line with intercept as pKa equal to
5.5545. It is a good agreement with these
determinations by equation.

(i11) The values of degree of ionization (a) are
determined from the absorption data. The plot
of a Vs pH, gives the value of pKa equal to
5.7502 at a. = 0.5.

Table 3: pKa Calculation by Various Methods
of Calculation.

pKa
Calculation pKa by Cpalffuf:t)il:n
from Intercept of o
Equation
5.5564 5.5545 5.7502

To establish validation of ruggedness of the
result the same process was repeated for all
other ~ working solutions of  different
concentration of ligand. The validation result of
pka was listed in Table 2. This result of the
validation study were obtained very close, that

© Copyright reserved by IJPRS

means it indicate the accuracy of result and
technique. The final determined pka value
calculated from our experiment is 5.55. the
lower value of pka as compared to standaed
value of 10.0 for phenolic -OH group, might
be due to presence of unsaturated —-N==C—
linkage at ortho position.

In this work, the pka value for H,L ligand
determined spectrophotometrically was found
to be 5.55 which is about 0.04 unit different
from 5.51 obtained by Calvin- Bjerrum method
using potentiometric technique. The observed
differences between the pka values obtained by
both method might be due to different
experimental methods.

Finally we report that the close agreement of
pKa value among spectrophotometric method
and with potentiometric method shows
robustness of the spectrophotometric method.
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ABSTRACT : In the present work, The complex formation between Cu(II),Co(III) and Fe(III) metal ions and 6, 6'-((ethanel,
2-diylbis (azanylylidene)) bis (ethan-1-yl-1-ylidene)) bis(4-chloro-2-nitrophenol) [L,] and 2-((2-(1-(2-hydroxy-5-
methylphenyl) ethylidene) amino) ethyl) ethanimidoyl)(4-methyl-6-nitrophenol [L,] have been investigated using pH metric
titration technique in 70% DMF-Water mixture at 27°C & at 0.1M ionic strength. The method of Calvin and Bjerrum as
adopted by Irving and Rossotti has been employed to determine metal-ligand stability constant. It is observed that Cu (II), Co
(IIT) and Fe (IIT) metal ions form 1:1 and 1:2 complexes with ligands (L, & L,). The data obtained were used to estimate and
compare the values of proton-ligand stability constant (pK) and metal-ligand stability constants (log k).

Key words: Schiff's bases, Metals ions Cu(II), Co(IIT) and Fe(I1I), DMF-Water mixture , Stability constant.

I INTRODUCTION: medium at 30°C (Palaskar,N.G,Samyak, 1988). Recently
Jadhav etal have investigated the stability constant of Mn(II),

Schiff bases are an important class of ligands in CO(II), Ni(II), Cu(Il) and Zn(II) complexes with synthesis

coordination chemistry and find extensive applications in Schiff base compound N-[2-hydroxy-1-napthalydene]-2-

different fields. The chemistry of the carbon-nitrogen double ethoxyanilline in 60% Dioxane - water medium at 0.1M

bond plays a vital role in the progresses of chemistry science ionic strength potentiometrically (Jadhav et al, 2015).

(Patai, 1970). Schiff bases have been known since 1864 when

Hugo Schiff reported the condensation of primary amines with The present paper deals with the complexation reactions

carbonyl compounds (Cimerman et al, 2000). Schiff-bases between Cu(Il),Co(IIT) and Fe(IIl) meta ions with

have been widely used as ligands because of high stability of substituted hydroxy ligands at 0.1M ionic strength, pH

the coordination compound, of them and their good solubility metrically in 70% DMF-water mixture.

in common solvents such as ethanol, methanol, chloroform,
dimethyl formamide . The active and well-designed Schiff
base ligands are considered as "privileged ligands". I MATERIALS AND METHODS :

Considerable research work has been done in the
past, on the study of complexes (Martell et a/ 1962). The
stability constants for the metal complexes are widely used in
various fields such as biological processes, pharmaceuticals,
analytical processes, separations techniques, etc. Metal
complexes play a vital role in nature, they have been
extensively used in clinical applications as enzyme inhibitors
(Shankarwar ef a/,2013). Metal complexation not only brings
the reacting molecules together to give activated complex but
also polarized electrons from the ligand towards the metal
(Floreneand Attwood 1981). The relation between stability and
basicity of ligands is indicated by the formation constant and
free energy change value bulkier group increases the basicity
of ligands as well as stability. Thakur ef a/ have studies the
influence of dielectric constants of medium on the complex
equilibrium of substituted hydroxyl-1,3- propandiones with
Cr(IT) metal ions and studies on interaction between Cu(II),
Cr(IT) and Ni(II) metal ions at 0.1M ionic strength pH
metrically (Thakur ez al ,2012). Metal complexes of the Schiff
bases have occupied a central role in the development of
coordination chemistry (Schiff H 1864). Many attempts have
been made to evaluate different factors affecting the stability of
the metal chelates along with their stability constants (Martell,
1982) ,( Mayadeo,1980) and (Kiranmai ez al ,2010). Palaskar
has studied the effect of ionic strength and dielectric constant

of Cu(Il) -3-nitrophthalic acid potentiometrically at . . o
0.02,0.04,0.06,0.08 and 1.0M ionic strength in aqueous The experimental procedure involved the titrations of —
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Substituted Schiff's base ligand 6, 6'-((ethanel, 2-
diylbis (azanylylidene)) bis (ethan-1-yl-1-ylidene)) bis(4-
chloro-2-nitrophenol) [L,] and 2-((2-(1-(2-hydroxy-5-
methylphenyl) ethylidene) amino) ethyl) ethanimidoyl)(4-
methyl-6-nitrophenol [L,] were synthesized in the laboratory
by known literature method & their purity was checked by
TLC on microscopic slides with silica gel-G layer thickness
0.3mm. The structure was confirmed by IR , NMR spectra
and melting point. All the chemicals used were of AR grade.
The solution of ligands was prepared in DMF. DMF (A.R.)
was purified by the method described by Vogel (Vogel,1989).
All solutions were prepared in double distilled, CO, free
water. Metal ion solutions were prepared by dissolving the
requisite quantities of metal nitrate in double distilled water
and standardized by using conventional procedures. Sodium
hydroxide solution was prepared in deionised water and
solution were standardized before use by known methods &
used as afresh.
Measurements
All the pH measurements and titrations were carried out with
Systronic microprocessor based pH meter with magnetic
stirrer (accuracy + 0.01 units) using glass electrode & calomel
electrode at 27 + 0.1 "C. pH meter was calibrated by standard
buffer solution (pH 4.0,7.00 & 9.2).



(i) Freeacid HNO, (0.01 mol.dm™)

(ii) Free acid HNO, (0.01 mol.dm™) and ligand (2 x 10 ~
mol.dm™)

iii) Free acid + ligand (2 x 10 M) + metal ion titration (4 x 10~
‘M) with standard NaOH solution (0.13 mol.dm™) in presence
of an inert atmosphere by bubbling a constant flow of nitrogen
gas. The ionic strength of all these systems was maintained
constant 0.1M by adding appropriate amount of KNO,
solution.

l RESULTS AND DISCUSSION :

The substituted Schiff bases L, and L, having replaceable H"
ion in phenolic hydroxy group may be ionized as i.e.
HL ------- >H'+L

The titration data were obtained used to constuct the formation
curves [acid curve (A), acid + ligand curve (A + L) and acid +
ligand + metal ion curve (A + L + M)] by plotting pH Vs
volume of NaOH . It is observed from titration curves that for
all systems ligand start deviating from the free acid curves at
pH=2.9 and deviation continuous up to pH=12. The deviation
presents dissociation of proton in Schiff base. The average
number of proton dissociated from the ligand (metal ion curve
(A + L + M)] by plotting pH Vs volume of NaOH . It is
observed from titration curves that for all systems ligand start
deviating from the free acid curves at pH = 2.9 and deviation
continuous up to pH = 12. The deviation presents dissociation
of proton in Schiff base. The average number of proton
dissociated from the ligand (#a) was determined from free acid
and acid - ligand titration curves by employing the equation (1)
proposed by Irving and Rossotti .(Table 1)

iy y - (E+N)X (V2=V))/ (Vo+ V1) X T eevvenenee.
Where, y is the number of replaceable H' ions, V° is the total
volume of the solution , E® & T°, are the total concentrations
of Nitric acid & ligand respectively, V, &V, are volume of
alkali added to reach the same pH reading during titration of
free acid and free acid plus ligand respectively.V,-V, is the
horizontal difference in the volume at the given pH and N is
the concentration of sodium hydroxide (0.13 mol.dm?)

The pK, and pK,values were determined from formation
curves by half integral method (na V/s pH) by noting the pH at
whichna= 1.5 and na=0.5 respectively. The accurate values of
pK, and pK, were calculated by point wise calculations which

are presented in Table 1.

Determination of Metal-Ligand Stability Constant
(Logk) of Schiff base at 0.1 M ionic Strength

Metal-ligand stability constant of metal chelates with Schiff
bases of L, and L, were determined by employing Calvin -
Bjerrum pH- metric titration method as adopted equation (2)
by Irving and Rossotti . The formation of chelate between
metal ions with Schiff bases L, and L, were indicated by the
significant separation starting from pH=2.9 for all complexes.

n= (E°+ N) X (V3 —Vz) / (V°+ Vz) xT°m

Where E° is the concentration of acid, N is the normality of the
NaOH, T°m is the concentration of metal, V° is the total
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volume and V- V, is the horizontal difference in the volume at
the given pH.

The metal ligand stability constants for Culll),Co(III) and
Fe(I1I) with Schiff baseligands L, andL,in70% DMF-water
can be found by the half integral method and pointwise
calculation method (Table -2) . the formation curves were
constructed by plotting the values of n against pH of the
solution and are shown in fig. 1 to 6.

l CONCLUSION :

In the present study;, it is observed from titration curve that the
extent of deviations confirms complete dissociation of -OH
group .The deviation between acid+ligand curve and
acid+ligand+metal curve indicates the commencement of
complex formation. The change in colors during titration with
respect to pH also indicates the complex formation between
ligand and metal ions.

It could be observed from Table No. 2 that there is good
agreement of Proton-liand stability constants between half
integral method and pointwise calculation method.. The pK
values for ligand depend on structures and resonance
stabilization of ligands. The ligand L, shows higher pK values
than L,. The more pK values of ligand (L,) is attributed
because (L,) has electron realizing methyl group which form
the more stable complex ,in the DMF-water system.
Symmetrical and asymmetrical structures for ligands are also
responsible for the pK values for the ligand.

Determination of metal-ligand stability constants requires the
accurate value of proton-ligand stability constant. Higher
values of log K, and log K, showed that ligand are stronger
chelating agents and vice versa. In the present investigation
values of log K, and log K, have been calculated with half
integral and pointwise calculation methods. The values
obtained are in good agreement (shows in Table No. 2). The
difference between log K, and log K, values are studied for all
the systems and is represented in Table No.3.

It is observed from table-3 the difference between log K, and
log K, values are less, it indicated the simultaneous formation
of 1:1 and 1:2 complexes in the solution. They showed the
linear relationships between log K and pK values of ligands
suggesting identical binding sites in all ligands .

The higher value of ratio (Log K,/ Log K,) for Fe(IIl)-- L, &
Cu(Il)--L, complex indicates the more stable simultaneous
complex formation as compare to Co(I11)--L, & L, ,Cu(I1)--
L, and Fe(III)-L, complexes ( Tayade and Wadekar,2017).
Stability constants depend upon the size of cation.
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Table 1: Determination of proton-ligand stability constant (pK) of Schiff bases .

Medium : 70% DMF -water
T'M=4x10"M

p=0.1M
N =0.13N

TL=2x10"M
Vo=25ml

System Metal ligand stability constants (log K)

Half Integral Pointwise Calculation

Log K, Log K, Log K, Log K,
Cu(II)-L; Complex 5.25 3.48 5.13 3.39
Co(111)-L; Complex 4.85 3.24 4.95 3.10
Fe(IIl)-L; Complex 5.38 3.22 5.31 3.20
Cu(II)-L, Complex 6.68 5.51 6.59 5.49
Co(111)-L, Complex 6.25 5.18 6.21 5.14
Fe(III)-L, Complex 6.81 5.28 6.78 5.20

Table 3 : Metal-Ligand Stability constants (Log K).
System Log K, Log K, | Log K;-LogK, Log K;/Log K,
Cu(II)-L; Complex 5.25 3.48 1.77 1.508
Co(II)-L; Complex 4.85 3.24 1.61 1.496
Fe(II)-L; Complex 5.38 3.22 2.16 1.670
Cu(II)-L, Complex 6.68 5.51 1.17 1.212
Co(111)-L, Complex 6.25 5.18 1.07 1.206
Fe(III)-L, Complex 6.81 5.28 1.53 1.289
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E°=1x10?M Temp. =27 +0.1°C
System Constants (pK)
Half integral method | Pointwise calculation
Schiff Base L, pK, pK» pK; pK»
7.18 12.42 7.07 12.32
Schiff Base L, 8.51 12.05 8.49 11.98

Table 2 : Determination of LogK; & LogK, Values




Fig. 1
Plot between n vs pH

Fig. 2
Plot between n vs pH

Fig. 3
Plot between n vs pH

System- Cu(ll)-L, System- Co(lll)-L, System- Fe(lll)- L,
2 2 2
1.5 15 1.5
1 c 1 c 1
c
0.5 0.5 0.5
0 0 0
0 5 10 0 5 10 0 5 10
pH pH pH
Fig. 4 Fig. 5 Fig. 6
Plot between n vs pH Plot between n vs pH Plot between n vs pH
System -Cu(ll)-L, System-Co(lll)-L, System -Fe(lll)-L,
2.5 2.5 2.5
2 2 2
1.5 1.5 1.5
1 1 1
0.5 0.5 0.5
0 0 0
0 10 20 0 10 20 0 10 20
pH pH pH
NCMAM-2017

BIONANO FRONTIER

Print ISSN 0974-0678, Online : 2320-9593,www.bionanofrontier.org




ejbps, 2017, Volume 4, Issue 04, XX-XX.

Research Article

SJIF Impact Factor 4.382

EUROPEAN JOURNAL OF BIOMEDICAL
AND PHARMACEUTICAL SCIENCES

http://www.ejbps.com

ISSN 2349-8870
Volume: 4
Issue: 04
XX-XX
Year: 2017

STUDY OF METAL-LIGAND STABILITY CONSTANTS OF La (III), Sm(II) & Nd(III)
METAL ION COMPLEXES WITH SUBSTITUTED SCHIFF’S BASES AT 0.1 M IONIC
STRENGTH PH- METRICALLY

Truptanjali R. Lawankar ', Devidas T. Mahajan and Syed. Azhar. Quazi

Department of Chemistry, Vidyabharati Mahavidyala, Amravati-444602 Maharashtra, India.

*Corresponding Author: Truptanjali R. Lawankar
Department of Chemistry, Vidyabharati Mahavidyala, Amravati-444602 Maharashtra, India.
trupti.lawankar @ gmail.com,

Article Received on 31/01/2017 Article Revised on 21/02/2017 Article Accepted on 16/03/2017

ABSTRACTS
In present work, the interaction of La(Ill), Sm(III) and Nd(III) metal ion with
6,6’((ethanel,2diylbis(azanylylidene))bis(ethan-1-yl-1-ylidene))bis(4-methyl-2-nitrophenol) [Lq] and

6,6’((ethanel,2diylbis(azanylylidene))bis(ethan-1-yl-1-ylidene))bis (4-chloro -2-nitrophenol [L,] was investigated
at 0.1 M ionic strength (27 # 0.1 °C) in 70% DMF- water mixture by Bjerrum method as adopted by Calvin and
Wilson . It is observed that La (IIT), Sm(III) and Nd(III) metal ions forms 1:1 & 1:2 complexes with Schiff base
ligand . The substituted Schiff bases show formation of simultaneous complexes. From estimated data (pK & log

K), the effect of substituents were studied.

KEYWORDS: Schiff base, Metals ions La (IIT), Sm(IIT) and Nd(III) , DMF-Water mixture , Stability constant.

INTRODUCTION

The stability of metal complexes with medicinal drugs
plays a most important role in the biological & chemical
activity.''?! Generally metal complexes play a very major
role in biological process such as metalloproteins,
metalloenzymes, storage, transport, detoxification etc.
The physico-chemical properties of organic reagents are
necessary to understand their nature, reactivity and
analytical applicability. Schiff bases are versatile
complexing reagents. Studies on the metal complexes of
the Schiff bases require the knowledge of their ionization
constants. The ionization constants in particular are
essential for the metal-ligand stability constants and to
have knowledge of selectivity of the relevant analytical
reactions. Schiff’s Bases and their derivatives possess
effective antibacterialm, antitumour[4], antimicrobial™
properties. Schiff bases and their complexes shows a
high variety of applications in biological clinical and
analytical fields.”® Narwade er al' have investigated
the equilibrium constants of Cu(Il) complexes with some
substituted chalcones at 0.1M ionic strength pH
metrically. Deshmukh has studied proton -ligands
stability constants with dichlrosubstituted pyrazolines, is
oxazolines, pyrazoles and isoxazoles.'"” Recently
Khambre and Narwade have studied stability constant of
Cu(II),Ni(II),Co(II) complexes of substituted schiff’s
bases.""!  Mandakmare er al have investigated the
interaction between UO2 (II) and substituted coumarins
at 0.IM ionic strength potentiometrically and
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spectrophotometrically."” Looking into wide range of
activities of Schiff bases and their metal complexes, the
present work describe the interaction between La(Ill),
Sm(III) and Nd(IIT) metal ions with substituted Schiff
base complexes in mixed solvent at 0.1M ionic strength
that are studied pH-metrically by Calvin- Bjerrum
titration technique.

EXPERIMENTAL

MATERIALS AND METHOD

Substituted Schiff’s base ligand
6,6’ ((ethanel,2diylbis(azanylylidene))bis(ethan-1-yl-1-
ylidene))bis(4-methyl-2-nitrophenol [L;] and

6,6’ ((ethanel,2diylbis(azanylylidene))bis(ethan-1-yl-1-

ylidene))bis (4-chloro -2-nitrophenol [L;] were
synthesized in the laboratory by known literature method
& their purity was checked by TLC on microscopic
slides with silica gel-G layer thickness 0.3mm. The
structure was confirmed by IR, NMR spectra and melting
point. All the chemicals used were of AR grade. The
solution of ligands was prepared in DMF. DMF (A.R.)
was purified by the method described by Vogel.'*! All
solutions were prepared in double distilled, CO, free
water. Metal ion solutions were prepared by dissolving
the requisite quantities of metal nitrate in double distilled
water and standardized by wusing conventional
procedures. Sodium hydroxide solution was prepared in
deionised water and solution were standardized before
use by known methods & wused as afresh.
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HsC / \ CH,
HsC —N N—— CH,
OH HO
NO, NO,

L; : 6,6'-((ethane-1,2-diylbis(azanylylidene))bis(ethan-1-yl-1-ylidene))bis(4-methyl-2-nitrophenol)

HaC / \ CH,
Cl —N N— o
OH HO
NO, NO,

L, : 6,6'-((ethane-1,2-diylbis(azanylylidene))bis(ethan-1-yl-1-ylidene))bis(4-chloro-2-nitrophenol)

Measurements

All the pH measurements and titrations were carried out
with Systronic microprocessor based pH meter with
magnetic stirrer (accuracy = 0.01 units) using glass
electrode & calomel electrode at 27 + 0.1 ° C. pH meter
was calibrated by standard buffer solution (pH 4.0,7.00
& 9.2).

The experimental procedure involved the titrations of
(i) Free acid HNO; (0.01 mol.dm™)

(ii) Free acid HNO; (0.01 mol.dm™) and ligand (2 x 10
mol.dm™)

(iii) Free acid + ligand (2 x 10 M) + metal ion titration
(4 x 10 *M) with standard NaOH solution (0.13 mol.dm™
%) in presence of an inert atmosphere by bubbling a
constant flow of nitrogen gas. The ionic strength of all
these systems was maintained constant 0.1M by adding
appropriate amount of KNOj solution.

RESULTS AND DISCUSSION

The substituted Schiff bases L; and L, having
replaceable H* ion in phenolic hydroxy group may be
ionized as i.e.

The titration data were obtained used to constuct the
formation curves [acid curve (A), acid + ligand curve (A
+ L) and acid + ligand + metal ion curve (A + L + M)]
by plotting pH Vs volume of NaOH . It is observed from

titration curves that for all systems ligand start deviating
from the free acid curves at pH = 2.9 and deviation
continuous up to pH = 12. The deviation presents
dissociation of proton in Schiff base. The average
number of proton dissociated from the ligand (nA) was
determined from free acid and acid - ligand titration
curves by employing the equation (1) proposed by Irving
and Rossotti .(Table 1)

(E°+N) X (V2—-Vy)

(Vo+ V1) x T°,

Where, y is the number of replaceable H ions, V° is the
total volume of the solution, E° & T°_ are the total
concentrations of Nitric acid & ligand respectively, V;
&V, are volume of alkali added to reach the same pH
reading during titration of free acid and free acid plus
ligand respectively.V,-V, is the horizontal difference in
the volume at the given pH and N is the concentration of
sodium hydroxide (0.13 mol.dm™).

The pK,; and pK,values were determined from formation
curves by half integral method (nA V/s pH) by noting the
pH at which nA = 1.5 and nA= 0.5 respectively. The
accurate values of pK; and pK, were calculated by point
wise calculations which are presented in Table 1.

Table 1: Proton ligand formation number at (27 + 0.1 ° C) and at ionic strength p = 0.1 mol dm-3

Medium: 70% DMF -water
T'M=4x10"“*M
E°=1x107

p=0.1M
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N=0.13N
Temp. =27 +0.1°C

TL=2x10"M
Vo =25 ml
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System: Ligand 1

pH V1 V2 AV nA
5.6 341 3.49 0.08 1.845125
5.8 3.45 3.56 0.11 1.797346
6 3.49 3.61 0.12 1.75834
6.2 3.5 3.69 0.19 1.633333
6.4 3.51 3.75 0.24 1.537005
6.6 3.54 3.82 0.28 1.460406
6.8 3.55 3.88 0.33 1.394273
7 3.58 3.93 0.35 1.356452
7.2 3.6 3.96 0.36 1.307692
7.4 3.63 4 0.37 1.289207
7.6 3.66 4.04 0.38 1.270761
7.8 3.69 4.08 0.39 1.252353
8 3.7 4.1 0.4 1.233449
8.2 3.74 4.15 0.41 1.215379
8.4 3.76 4.18 0.42 1.196801
8.6 3.79 4.22 0.43 1.178534
8.8 3.8 4.25 0.45 1.140625
9 3.83 4.29 0.46 1.122442
9.2 3.86 4.33 0.47 1.104297
9.4 3.88 4.36 0.48 1.085873
9.6 3.91 4.43 0.52 1.050723
9.8 3.95 4.48 0.53 0.999092
10 4 4.54 0.54 0.975862
10.2 4.03 4.58 0.55 0.957975
10.4 4.08 4.64 0.56 0.940853
10.6 4.12 4.69 0.57 0.92342
10.8 4.16 4.75 0.59 0.887174
11 4.21 4.83 0.62 0.832592
11.2 4.26 491 0.65 0.778195
11.4 4.35 5.05 0.7 0.688245
11.6 4.44 5.24 0.8 0.505435
11.8 4.5 5.43 0.93 0.266102
12 4.6 5.55 0.95 0.234797

System: Ligand 2

pH V1 V2 AV nA
5.2 3.35 34 0.05 1.902998
54 3.39 3.48 0.09 1.815643
5.6 341 3.53 0.12 1.767687
5.8 3.45 3.58 0.13 1.748682
6 3.48 3.62 0.14 1.729635
6.2 3.5 3.65 0.15 1.710526
6.4 3.52 3.7 0.18 1.652875
6.6 3.54 3.74 0.2 1.614576
6.8 3.55 3.8 0.25 1.538389
7 3.57 3.83 0.26 1.499475
7.2 3.6 3.87 0.27 1.480769
7.4 3.62 3.9 0.28 1.461915
7.6 3.65 3.95 0.3 1.424084
7.8 3.69 4 0.31 1.400716
8 3.7 4.05 0.35 1.349268
8.2 3.73 4.09 0.36 1.310825
8.4 3.76 4.15 0.39 1.269172
8.6 3.79 4.2 0.41 1.226742
8.8 3.82 4.24 0.42 1.198473
9 3.85 4.28 0.43 1.180243
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9.2 3.86 4.31 0.45 1.142412
9.4 3.9 4.37 0.47 1.105536
9.6 3.93 4.42 0.49 1.068441
9.8 3.96 4.47 0.51 1.031423
10 4 4.52 0.52 1.013793
10.2 | 4.05 4.58 0.53 0.996558
104 | 4.09 4.65 0.56 0.951217
10.6 | 4.13 4.7 0.57 0.92379
10.8 | 4.17 4.76 0.59 0.887556
11 4.23 4.85 0.62 0.83339
11.2 | 4.27 4.95 0.68 0.732241
11.4 | 4.35 5.05 0.7 0.688245
11.6 | 4.43 5.14 0.71 0.673123
11.8 4.5 5.23 0.73 0.638983

12 4.57 5.35 0.78 0.566921
12.2 4.7 5.49 0.79 0.537037
12.4 4.8 5.65 0.85 0.431208

Table 2: Determination of proton-ligand stability constant (pK) of Schiff base at (0.1 M ionic Strength

System Constants (pK)
y Half integral method | Pointwise calculation
. pK, pK, pK; pK,
Schiff Base L1 6.50 1152 | 66l 11.49
Schiff Base 1.2 7.18 12.42 7.07 12.32

Determination of Metal-Ligand Stability Constant
(Log k) of Schiff base at 0.1 M ionic Strength
Metal-ligand stability constant of metal chelates with
Schiff bases of L; and L, were determined by employing
Calvin -Bjerrum pH- metric titration method as adopted
equation (2) by Irving and Rossotti . The formation of
chelate between metal ions with Schiff bases L; and L,
were indicated by the significant separation starting from
pH =2.9 for all complexes.

(E°+ N) X (V3 -V3)

(V°+ V,) x T°m

Table 3: Determination of LogK1 & LogK2 Value
Medium: 70% DME-water p=0.1M
T'M=4x10*M N=0.13N

Where E° is the concentration of acid, N is the normality
of the NaOH, T°m is the concentration of metal, V° is
the total volume and V;- V, is the horizontal difference
in the volume at the given pH.

The metal ligand stability constants for La(III), Sm(III)
and Nd(III) with Schiff base ligands L, and L, in 70%
DMF-water can be found by the half integral method and
pointwise calculation method (Table -3).

TL=2x"M
V°®=25ml

E’=1x10°M Temp. =27 +0.1°C
Metal ligand stability constants (log K)
System Half Integral Pointwise Calculation
Log K1 Log K2 Log K1 Log K2
La(IIT)-L.1 Complex 9.38 7.39 9.18 7.29
Sm(III)-L1 Complex 9.12 7.52 8.908 7.379
Nd(III)-L1 Complex 9.48 7.53 9.383 7.390
La(IIT)-L.2 Complex 3.39 3.11 3.610 3.047
Sm(III)-L.2 Complex 3.62 3.01 2.816 2.748
Nd(IIT)-L2 Complex 4.68 341 4.307 3.494
Table: 4 Metal-Ligand Stability constants (Log K).
System Log K1 | Log K2 | Log K1-Log K2 | Log K1/Log K2
La(IIT)-L1 Complex 9.38 7.39 1.99 1.269
Sm(IIT)-L1 Complex 9.12 7.52 1.6 1.212
Nd(II)-L1 Complex 9.48 7.53 1.95 1.258
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La(IIT)-L2 Complex 3.39 3.11 0.28 1.090

Sm(I1I)-L2 Complex 3.62 3.01 0.61 1.202

Nd(III)-L2 Complex 4.68 341 1.27 1.372
CONCLUSION REFERENCES
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constant. Higher values of log K, and log K, showed that
ligand are stronger chelating agents and vice versa. In the
present investigation values of log K; and log K, have
been calculated with half integral and pointwise
calculation methods. The values obtained are in good
agreement (shows in Table No. 3). The difference
between log K; and log K, values are studied for all the
systems and is represented in Table No.4.

The difference between log K; and log K, values are
less. The difference between log K; and log K, values
indicated the simultaneous formation of 1:1 and 1:2
complexes in the solution. They showed the linear
relationships between log K and pK values of ligands
suggesting identical binding sites in all ligands.

The higher value of ratio (Log K,/ Log K,) for La(IlI)-
Ligand- L; & Nd(II)-ligand- L; & L, complex indicates
the more stable simultaneous complex formation as
compare to Sm(IIl) —Ligand-L; & L, and La(IIl)-Ligand
L, complexes. Stability constants depend upon the size of
cation.
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ABSTRACT

omen empowerment is a process in which

women challenge the existing norms and

culture, to effectively promote their well
being. The participation of women in Self Help Groups
(SHGs) made a significant impact on their
empowerment both in social and economical aspects
therefore this study addresses impact of Economic
empowerment of women through self help groups in
Amravati District of Maharashtra. The information
required for the study has been collected from primary
sources through structured questionnaire and personal
interview and secondary sources. A Non Probability
Convenience Sampling’ Technique has been followed;
Average and percentage analysis was carried out to
draw meaningful interpretation of the results. chi-
square test was used to find the reasons for joining the
Self help group. Factor analysis was used to measure
and determine the relationship between the observed
variables. Women participation in Self Help Groups

have obviously created tremendous impact upon the
life pattern and style of poor women and have
empowered them at various levels not only as
individuals but also as members of the family
members of the community and the society as whole.
The results of the study revealed that the SHGs have
had greater impact on both economic and social
aspects of the beneficiaries.

KEYWORDS:Self-Help Groups, Economic
Empowerment, Empowerment of Women.

1.INTRODUCTION

Self Help groups are nonprofessional organization
formed by people with a common problem or
situation, for the purpose of pooling resources,
gathering information and offering mutual support,
services, or care. Women constitute around half of
the total human resources in our economy. Yet
women are the more poor and under privileged than
men as they are subject to many socio-economicand
cultural constraints. They have no such place in
society likes men .The situation is more severe in the
rural and backward areas. Women development
activities must be given importance to eradicate
poverty, increase the economic growth and for
better standard of living. The benefits Include
mobilisation of savings and credit facilities and
pursuit of group enterprise activities. The group-
based approach not only enables the poor to
accumulate capital by way of small savings but also
helpsthemto get access to formal credit facilities.

In the words of ex. President Dr. A.P. J. Abdul Kalam,
“Empowering women is a prerequisite for creating a
good nation, when women are empowered, society
with stability is assured”. Empowerment of womeniis
essential because their thoughts and value systems
leads to the development of a good family, good
society and ultimately agood nation.

Facilitating the participation of women in economic
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life is seen to provide financial gain at both household and national level, as well as having long-term impacts
upon poverty reduction through creating changes in the intergenerational transmission of poverty processes.
However, enabling women to participate in economic life is subject to both formal and informal constraints:
women face various institutional barriers, as well as discrimination played out within social relations. SHG’s is a
initiative for removing these barriers, and actively creating mechanisms through which women are able to add
value to the economy, access to jobs, access to credit and financial services; land and property rights and;
agriculturalinputsand technology.

Inshort SHG’s Objectives are:

e To help women to mobilize the resources of the individual members for their collective economic
development,

¢ To uplift the living conditions and statusin society

¢ Create a habit of savings, utilization of local resources,

¢ To gain mutual understanding, develop trust, Decision making skills, leadership skills and self-confidence.

Thus the SHGs function on the principle of the five 'p's.7
i) Propagator of voluntarism

ii) Practioner of mutual help

iii) Provider of timely emergency loan

iv) Promoter of thrift and savings, and

v) Purveyor of credit.

2. REVIEW OF LITERATURE

Rekha Goankar(2001)in her study concluded that the movement of SHGs can significantly contribute
towards the reduction of poverty and unemploymentin the rural sector of the economy and the SHGs can lead to
social transformation in terms of economic development and the social change.

Naila kabeer (2005) in a study apparently concludes that while access to financial services can make
important contributions to the economic productivity and social wellbeing of poor women and their
households, it does not “automatically” empower women —any more than do education, political quotas, access
towaged work or any of the other interventions.

M.Anjugam (2007) has observed that socially backward, landless and marginal farm house holds
participate more in the self help group programme. Possession of livestock and consumer goods by the member
households has been found to deter the joining of group.

Gladis Mary John(2008) found that membership in SHG inculcated a great confidence in the mind of
majority of women to succeed in day to day life. Positive change was found in the attitude of relatives and friends
towards the women in self help groups.

Dr.vasanthakumari (2012)in his study recognized that By organizing poor women into groups, they not
only expand options available to them for their development but also provide them with opportunities to
develop their confidence and skills to improve their status and to bring about a change in the attitude of the
society towards women.

According to Dr. Dasarathi Bhuyan(2006) in his article discussed that the Indian women have cast of their
age old shackles of serfdom and male domination. She has come to her own and started scaling the ladders of
social advance with proud and dignity and the most important measure of their success should be the extent to
which they enable woman to interpret, apply and enforce laws of their own making, incorporating their own
voices, values and concerns.

According to Y.B. Shambharkarl, U.V. Jadhav2 and D.M. Mankar3 noticed that among majority women
members of SHG despite of having higher level of knowledge about functioning of SHG and favourable attitude
towards SHG, the level of outcome is not commendable. This tends to recommends that there is a scope to
increase the impact of SHG on empowerment of women member specially in the Rural and tribal groups.
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According to Reena , Rajdeep Kaur , Nikita who studies a Comparative Analysis of Women’s Economic
Empowerment through Self Help Groups to evaluate the level of Women’s economic empowerment through
SHGi.e.income, expenditure and saving of the member after joining SHG.

According to Rajeev Thomas (2015) who assessed the socio-economic profile of the Neighbourhood
groups (NHG) members under microfinance programmes and their participation in NHG activities which will
indirectly have a significant effect in their monthly saving habits and ensure this unique model of participation
and empowerment

Vikrant Sharma, Preeti Sharma who studied the impact of self help groups on women empowerment
and the results of the study revealed that the SHGs have had greater impact on economic, social and political
aspects of the beneficiaries.

Pradnya Likhite in her research article evaluated the impact of SHG on the social empowerment of
women in Maharashtra that the Self Help Groups are helpful to their family not only from the economic aspect
but from the social status aspect as well. The movement of women empowerment is also marching ahead in the
light of this strong confidence and the sense of self-realisation

Prof Archana Ajit Borde, Prof Ajit Kumar Borde studied on study on empowerment of women's self help
groups and rural women entrepreneurs in Maharashtra. The study focuses on various opportunities received by
women self help groupsin participating various programmes.

3. RESEARCH PROBLEM

The fundamental aim of promoting SHGs is poverty alleviation and to achieve empowerment of women.
This study is undertaken to analyse whether self help groups have a favorable impact on the economic
empowerment of women in Amravati District, Maharashtra.

4. OBJECTIVES OF STUDY

The objective of present research study is to study:

1. The extent to which the SHG’s are conducive for pushing the spirit of economic self-reliance among women
2.Therole of SHG for the economic empowerment of women

3.The awareness & effectiveness of SHG for economic empowerment of women

4. To study the performance and impact of self help groups among women

5.RESEARCH METHODOLOGY:

The said study is based on primary as well as secondary data. Primary Data has been collected through
well structured questionnaire and survey method wherein the questionnaire was distributed among 50
members of different self help groups in Amravati district with the help of ‘Non Probability Convenience
Sampling’ Technique.

6. LIMITATION OF STUDY:

Limitations of the study are as follows:-

1. The study will be limited to Amravati city. As such the finding of the study may not be totally applicable to
othercities.

2.The study will be limited forempowerment of Women’s SHG only.

3. Conclusions and suggestions are drawn on the basis of information provided by SHG women beneficiaries
only.

4.Samplesizeisof 50 only

7.DATA ANALYSIS AND INTERPRETATION:

The data after collection has been analyzed, arranged in tabular form followed by Analysis and
Interpretation of data in a general way involves a number of closely related operations, which are performed
with the purpose of summarizing the data that fulfill the research objective.
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Table No. 1 Education-Wise Details of SHG Members:-

Sr. No. Particulars Responses %
A 10th class 23 45%
B 12th class 15 30%
C Graduate 7 15%
D Post Graduate 1 02%
E Illiterate 4 08%

Total 50 100%

Analysis

Fromthe above tableit can be revealed that 10th class education is 45%. 30% members of SHG pass their
12th class.15% member done graduation.2% member have complete the PG. And 8% members of SHG were
illiterate.

Table No.2 Age-wise Distribution of Self Group Beneficiaries

Sr.No. Particulars Responses %o
A Below 30 years 15 30%
B 30-40 Years 24 48%
C Above 40 years 11 22%

Total 50 100%

Analysis

From the above table it can be interpreted that majority of the respondents 48% are from the age group
30-40years, 30% beneficiaries are from the age group below 30 years and only 22 % of beneficiaries are from age

group above 40 years
Table No. 3. Respondents Monthly Income
Sr.No. | Particulars Responses %
A Rs. Less than 1500 11 22
B Rs. 1500 - Rs. 3000 24 48
C Rs. 3000 - Rs. 4500 9 17
D Rs. 4500 - & Above 6 13
Total 50 100
Analysis

From the above table it can be revealed that the majority of the beneficiaries of SHG 48% have earned
Rs. 1500 - 3000. 22% member earned less than Rs.1500. 17% women’s earned Rs.3000 — 4500. 13% member

earned Rs.4500— & above.
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Table No. 5. Reasons for Joining the SHG

Sr.No. | Particulars Responses %
A To attain the economic independence 11 22
B To get recognition from the society 7 14
C For Savings and covering expenses 16 32
D To show the talents 5 10
E For children’s education 7 14
F For meeting emergency 4 8
needs(health/medicines)
Total 50 100

Analysis:

32% of the respondents were of opinion regarding SHG enriching the saving, the second importance for
to attain the economicindependence 22%, and 14% to recognition from the society, 10% show the talents, 14%
joined for supporting their children’s education and others and Only 4% of the members opinion reveals that for
meeting emergency needs.

Table No. 8. Status of SHG member in family

Sr.No. | Particulars Responses %

A Live Your Life With Respect 20 40
B You Make Your Own Decision 11 22
C Have Financial Freedom 7 14

D Complete Control of Your Life At 2 4

House

E Improvement in standard in living 10 20
Total 50 100

Analysis

From the above table we observed that 40% members of SHG live their life with respect. 22% members
of SHG make their own decision. The 20% members have financial freedom. 5% members of SHG have complete
control ontheir life.

Table No. 9. Members are satisfied after joining SHG

Sr.No. | Particulars Responses %

A Yes 47 95
B No 3 5
Total 50 100

Analysis: From the above table we observed that 95% members of SHG are satisfied and 5% members are not
satisfied after joining SHG
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Table No. 11. After becoming the member of SHG which objectives are satisfied

Sr.No. | Particulars Responses %

A Habit of Saving 10 20
B Short Term Financial Help 08 16
C Long Term Financial Help 07 15
D Medical Treatment 6 12
E Higher Education for children 7 14
F Start Small Enterprise 12 23
Total 50 100

Analysis: From the above table we can interpret that 23% members started their own small enterprise20%
members start their habit of saving.16% member get short term financial help, 15% get access to long term
financial needs,.14% members were able to achieve higher education for their children’s, 12% members spend
on medical treatment.

Table No. Problem face by the members after joining the SHG

Sr.No. | Particulars Responses %

A Documentation 11 22
B Getting Loan 14 28
C Working Condition 8 15
D With Member 17 35
Total 50 100

Analysis: From the above table we can interpret that 28% members found problem in lengthy procedure of
getting loan 22% members face the problem of documentation process .15% member face the problem of
working condition, 35% had the problems with members.

Table no: Advantages of the SHGs viewed by the women.(Multiple Choice)

Sr.No. | Particulars Responses %

A Improved financial stability 45 90

B Got knowledge about banking systems 32 64
& else

C Could meet each other frequently 15 30

D Improved status in the family 5 9

E Could know the other women’s 7 14
problems

F Improved self confidence and self 12 24
esteem

G Women could organize and improved 14 28
decision making

H They do not have to take loans from 3 6
the money lenders

Total 50 100

Analysis : From the above table we observed that 90% members of SHG believed that SHG improves the financial
stability, 64% got knowledge of banking system, 30% members said that SHG help them to meet each other more
frequently, 9% members said it improved their status in the family, 14% said that it helped to know other
women’s problems, 24% improved their self confidence and self esteem, 28% members could organize and
improved decision making and 6% were of the opinion that they do not have to take loans from money lenders.
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Table No: After the joining of SHG there are changes in your expenses and savings

Sr. No. | Particulars Respondent %
1 | Strongly Agree 68 | 68
2 | Agree 32| 32
3 | Strongly Disagree
4 | Disagree
5| Can't Say

Total 100 100

Analysis: From the table we can analyze that all the members are happy after joining the SHG. 68% are strongly
satisfied with the SHG. And remaining 32% members are satisfied.

8.HYPOTHESIS TESTING
Statement:
1.”Thereis no significant relationship between Education of SHG members for Joining the SHG”.

For testing the hypothesis the researcher has applied Chi-Square test:-

Table: Observed Frequency and expected frequency Showing Relationship between Education of SHG
members and reasons for Joining the SHG.

Reasons/E To attain Recogniti Saving & | Show For For Tota
ducation the on from | Covering talent/skill | Children’s meeting 1
) economic Society Expenses Education Emergenc
independen y Needs
ce
10th class | 05(5.06) | 04(3.22) | 07(7.36) | 01(2.3) 04(3.22) | 02(1.84) | 23
12thclass | 05(3.3) 03(2.1) | 03(4.8) | 02(1.5) 01(2.1) 01(1.2) | 15
Graduate | 00(1.54) | 00(0.98) | 05(2.24) | 02(0.7) 00(0.98) [ 00(0.56) | 7
Post 00(0.22) | 00(0.14) | 01(0.32) [ 00(0.1) 00(0.14) | 00(0.08) | 1
Graduate
Tliterate | 01(0.88) | 00(0.56) | 00(1.28) | 00(0.4) 02(0.56) | 01(0.32) | 4
Total 11 7 16 5 7 4 50
Table: Chi-Square Test
0 E (O-E) (O-EY’ (O-E)’/E
05 (5.06) -0.06 0.0036 0.0007
04 (3.22) 0.78 0.6084 0.189
07 (7.36) -0.36 0.1296 0.0176
01 (2.3) -1.3 1.69 0.7347
04 (3.22) 0.78 0.6084 0.1889
02 (1.84) 0.16 0.0256 0.0139
05 (3.3) 1.7 2.89 0.8757
03 2.1) 0.9 0.81 0.3857
03 (4.8) -1.8 3.24 0.675
02 (1.5) 0.5 0.25 0.1667
01 (2.1 1.1 1.21 0.577
01 (1.2) -0.2 0.04 0.0333
00 (1.54) -1.54 2.3716 1.54
00 (0.98) -0.98 0.9604 0.98
05 (2.24) 2.76 7.6176 3.400
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02 (0.7) 1.3 1.69 2.414
00 (0.98) -0.98 0.9604 0.98
00 (0.56) -0.56 0.3136 0.56
00 (0.22) -0.22 0.0484 0.22
00 (0.14) -0.14 0.0196 0.14
01 (0.32) 0.68 0.4624 1.445
00 (0.1) 0.1 0.01 0.1
00 (0.14) -0.14 0.0196 0.14
00 (0.08) -0.08 0.0064 0.08
01 (0.88) 0.12 0.0144 0.0163
00 (0.56) -0.56 0.3136 0.56
00 (1.28) -1.28 1.6384 1.28
00 (0.4) 0.4 0.16 0.4
02 (0.56) 1.44 2.0736 3.70
01 (0.32) 0.68 0.4624 1.445
TOTAL 23.2585
Degree of Freedom (V):-

V=(r-1)*(c-1)=(5-1)*(6-1)=20

Conclusion: The table value of Chi-Square test at 5% significance level with 20 degrees of freedom is
31.410, which is greater than 23.258 the calculated value of chi-Square. Hence the stated null hypothesis is
accepted and hence we can say that there is no significant relationship between education of SHG members and
reasons for Joining the SHG.

9. FINDINGS

Following Are the Findings of the Present Study

1) The 10th pass level in the SHG is relatively high. Only 15% women’s are done Graduation.

2) Most of members earn Rs. 1500 - 3000. This gap is because of priorities of job i.e. some members do full time
joborsomeare parttime.

3) Most of women joining and becoming the members of SHG fall in age category 30-40 Years.

4) Maximum of the women joined the SHG for saving and covering expenses and most of the member of SHG
joined to attainthe economicindependence and very few of them joined for meeting emergency needs.

5) Majority of members are in favor of that SHG provide them improved financial stability , improvement in
standard of living, decision making skills and many members also got trained and acquainted with the banking
system and technology.

6) After becoming the member of SHG women have good position in the house, society and live her life with
respectand few of them also improved with their decision making skills.

7) Most of SHG members satisfied their objectives for which they become the member of SHG.

8) Majority of the member of SHG start their own business which is very much helpful for their development and
for self dependent.

9) Some member of SHG has faced the problem of working condition but most of the members of SHG have
problem with the members.

10) Every women of SHG strongly agrees that after joining the SHG there are prominent changes in member’s
expenses and savings pattern as they increase the savings and also most of women make expenses on business
growth.

10. SUGGESTIONS

1) The educated women should participate in SHG.

2) The members of SHG who are not get full time participation in SHG they should Take full time participationin
SHG.

3) The training programme should be organised by the SHG member for better development.
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4) The member of SHG should help the other member to solve problems within the group for self as well as group
development.

5) More schemes can be introduced by the government and it has to be properly communicated and advertised
to reach the Self Help Groups. Various Non Government Organizations and other support agencies should
effectively participate and deals with Self Help Group.

6) It is suggested that motivational campaign may be conducted for increase in saving habit in the minds of the
members. The campaign should give importance to savings for future benefits.

7) The number of member should be increase in SHG.

8) The programmes should be designed on the basis of needs of women at the micro level. Planning for self-
employment for women needs a multi-pronged strategy.

11. CONCLUSIONS

¢ After Analysis and interpretation of the collected data it can be easily concluded that most of the women who
have passed SSC are willing to join SHG for fetching various benefits of joining the SHG and gaining economic
independence, financial stability and an improved mode of saving the incomes and covering expenses. Hence,
when women's participation in the labor force grew fastest, the economy will experience the largest reduction in
poverty rates.

¢ When women farmers can access the resources they need, their production increases, making it less likely that
their families are hungry and malnourished.

¢ When women have access to time-saving technologies & Skill training programmes they increase their
productivity, capacity and as well as launch income-generating pursuits and entrepreneurial ventures. Those
kinds of outcomes empower women to become stronger leaders and to more effectively contribute financially to
their families, communities and countries.

e Increased income controlled by women gives them self confidence, which helps them obtain a voice and votein
forempowerment

e Economic empowerment makes conducive the Economic decisions of acquiring, allocating, and selling assets.

¢ Increasing the role of women in the economy is part of the solution to the financial and economic crises and
critical for economicresilience and growth.
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From the editor’s desk...

It 1s matter of great honor and privilege for me to extend warm regards to everyone who has
extended direct or indirect support and well wishes for this academic event, National Conference on “Smart
India Vision 2020 — Innovations in Computer Applications Management and Commerce”. This conference,
I welcome all the dignitaries, invitees, eminent scholars, resource persons, research scholars and research
students. We have organized this national conference with the view to provide an excellent opportunity to
discuss various relevant aspects of innovations in Management, Commerce and Computer Applications.

India vision 2020 is aimed at transforming India into a developed country by giving priority to
Education, Information and Communication Technology, Agriculture and Infrastructure. Dr. Kalam has
said that we should use technology for the betterment of India. There are only three years left to achieve
Dr. Kalam’s vision of a developed India in 2020. Everyone has to work in coordination with every other
industry in order to effectively support the Vision 2020. Dr. Kalam encouraged the youth of India to
understand the importance of conservation and to lead the way towards sustainable development.
The Youth should learn to take responsibility and work in the direction of development with honesty and
integrity. In order to discuss “Smart India Vision 2020”, the role of innovations in Computer Applications,
Management and Commerce, this Conference will prove immensely beneficial to researchers, students and
teachers.

I am extremely grateful to Hon’ble Dr. Devisinghji Shekhawat, the Founder President of
Vidyabharati Shaikshanik Mandal, Amravati and Chief Patron of this conference and to Hon’ble Smt.
Pratibhatai Patil, former President of India, for their valuable guidance and inspiring suggestions. I take this
opportunity to express my gratitude to Hon’ble Raosaheb Shekhawat, President of Vidyabharati
Shaikshanik Mandal, Amravati and all the other members of the Management for their cooperation, moral
support and to go ahead with this academic event.

At the same time, I would like to express appreciation for the efforts done by faculty members to
bring laurels for our college by organizing this event successfully. I express my sincere thanks to all
Researchers, Resource persons, Delegates and Participants who have taken pains attend and grace the

occasion with their research attempts.

%t—;—_ﬁg
Dr.F.C.Raghuwanshi

Principal & Chief Editor
Vidya Bharati Mahavidyalaya, Amravati
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improvement of India in some of the international
rankings, prevent corruption practices etc and these are
some of the reasons why people although are going

through difficulties are lauding this measure of the
government.

References
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ABSTRACT

Any country whose rural population is still mired in poverty and unemployment, and faces high rural-urban
economic equality cannot be termed as a developed country. In fact, the economic status of the rural population of
any country provides a more realistic picture of the development quotient. Using this framework, countries such as
India, China, South Africa, Vietnam, Brazil, Indonesia, and Egypt are far from being developed, even though they
may be witnessing a high GDP growth rate. Thus, development of rural economies is the real challenge for
developing countries where large sections of people reside in villages and smaller towns. And this is the area where
development interventions either fail to penetrate or bounce back without creating a significant impact, and there are
more reasons than one for this.

There is increasing realization that India cannot be a developed nation as long as we do not improve the basic
amenities in villages. India’s rural market is booming, but e-commerce in India is associated almost exclusively with
urban distribution. We need rural e-commerce for Indian Digital Villages to overcome their logistical disadvantages.
Indian villages desperately need low-end manufacturing to create jobs for youngsters who have no interest in
farming. Large industries cannot do the job. What’s needed is infrastructure plus marketing and financial linkages

that enable rural entrepreneurs to start small-scale industries.

Introduction

The concept of smart village is very interesting because
Indian villages in general have poor basic amenities as
compared to the urban area. According to the 2011
census of India, 68.84% of Indians (around 833.1
million people) live in 640,867 different villages. The
size of these villages varies considerably. 236,004
Indian villages have a population of fewer than 500,
while 3,976 villages have a population of 10,000+,

Rural areas need not be and should not be characterized
solely as agricultural belts and agrarian population.
Instead, they should be considered as a human resource:
a resource of young people, of skilled artisans, of
innovators, and of entrepreneurs, that is waiting to be
tapped to accelerate local and national development. A
rural youth may be a son or daughter of a farmer but
need not be a farmer herself/himself. Instead s(he) can

be a software developer, a call-centre employee, an e-
entrepreneur, a lawyer preparing cases for foreign firms,
or a potential employee for new forms of employment
which have not yet emerged. Once we start thinking
from this angle, we will realize that we need to correct
our development-oriented policies and actions. A case
to point out is that of the ICT intervention. The impact
of ICT in rural areas and particularly on rural poverty is
very limited despite its penetration into urban areas.
And even when ICT projects are taken up in rural areas,
they are limited to agricultural sector.

The vision for Digital India unveiled by the Prime
Minister is path breaking and has the potential to create
a transformational change in various sections of the
society with rural India poised for being the biggest
beneficiary of this change. The plan to provide
universal phone connectivity and access to broadband in
2.5 lakh wvillages by 2019 is the clarion call for
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entrepreneurs and policy planners to take advantage of
the opportunity to build new solutions for rural markets.
Mobile telephony is expected to play the lead role in
delivering the advantages of information access and
digital empowerment to the rural population. India has
close to 960 million mobile subscribers as of end March
2015 as per Telecom Regulatory Authority of India
(Trai) and now service providers are turning their
attention to rural India for their expansion. Urban
mobile subscriber share stands at 58% as compared
42% of rural subscribers. Rural mobile subscriber base
is growing twice as faster compared to urban subscriber
base. While the national teledensity stands at 79% as of
March 2015, rural teledensity is 46.5% thus indicating a
yawning gap to be addressed.

What is encouraging is the fact that in order for digital
revolution to take off in rural India, the supportive
pillars namely the processes, the banking system, digital
literacy and the willingness of people to accept the
change in view of the benefit accruing to them—all of
which are time consuming to conceptualize and
implement, have already been thought through
diligently and are being addressed in parallel. In order
to realize the full potential of the digital vision
articulated, investments envisaged will have to take
place within the timeframes outlined, further reforms in
the interface between the government and citizens need
to be implemented expeditiously, better alignment
between various agencies would have to be ensured and
digital literacy would have to gain further momentum.

Latest Initiatives and Developments

1) Digital “Town Squares”

Digital Village Concept can best be done by creating
Digital “Town Squares” — which will be tower-based
sites that enable the Smart Village and would become
the focal point for the providing information, social, in-
site physical infrastructure, each with its own ecosystem
of energy, security ,e-learning and e-governance etc.,
services to villages. This can become the spring board
for rapid economic growth in the rural areas. Global
case-studies have demonstrated how wireless broadband
plays a key role in rural society, impacting GDP,
productivity and employment. These towers can extend
significant benefits to the village’s economy, typical
benefits like 24x7 backup energy at site premises,
additional services such as mobile charging and
recharging points, entrepreneurial opportunity to set up
cyber cafes and other small businesses that require
internet connectivity, uninterrupted e-education, mini

ATMs, E-Government and other value added services
2) Godavari district of Seemandhra , village Mori
This tiny cashew-exporting village located near the Bay
of Bengal in the East Godavari district has gone fully
digital with all the households enjoying WiFI, Internet
connectivity and cable TV while making all transactions
cashless. It has also achieved the status of complete
cashless transaction village, besides being open
defecation free (ODF) village

3) In July 2015 that Akodara village,

Akodara village located a little over an hour away from
Ahmedabad, in Sabarkantha district in Gujarat, has
become the first digital village of India with operating
ATMs, shops opposite the CCTV-monitored anganwadi
with provision to pay through mobile phone to pay. The
village has wifi too. The village of 1,200 people has
been adopted by ICICI Bank, helped by the local
administration, so that it can be showcased as an
example of the bank’s vision of the digital future that
awaits India’s hinterland. Almost every adult in
Akodara now has a savings bank account with ICICI,
which he or she can access through the local bank
branch, or the village ATM, or through mobile phones
via SMS. The villagers’ most important transactions —
selling agri-produce at the local mandi or selling milk at
the co-operative society — have been digitised and
made cashless. The system has made them
automatically less susceptible to corruption and fraud.
Also, their accounts are linked to their Aadhar cards,
which mean that government benefits are now
transferred directly into their savings accounts.

4) Provision of Urban Amenities to Rural
Areas (PURA) is a strategy for rural development
in India PURA proposes that urban infrastructure and
services be provided in rural hubs to create economic
opportunities outside of cities.

5) National Institute of Rural Development (NIRD)
Seven pilot projects were implemented and An
evaluation study of these pilot projects was carried out
by which identified the necessity of community and
private sector participation as essential factors and the
need for factoring infrastructure development with lead
economic  activities and livelihoods creation,
requirement of project site selection on the basis of
growth potential and need for convergence with other
schemes of the government.

6) Dhasai village in Thane district of Maharashtra.
The idea was sown by Swatantryaveer Savarkar
Rashtriya Smarak—a Mumbai-based NGO—which
approached the Bank of Baroda with a request to
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provide necessary infrastructure in the village of 10,000
people, including a significant tribal population.

On the similar grounds there were welcome initiatives
and successful penetration in Punsari village Gujarat ,
Hiware-Bazaar, Maharashtra , Ankapoor, Telangana |,
Kumbalangi village, Kerala — a model for eco-tourism
7) Digital India Initiative for women empowerment.
W2E2 (India): Women for Empowerment and
Entrepreneurship, in short W2E2 is helping rural
women with digital tools, e-learning, internet
connection. Women tend to use the Internet for their
own projects in fields like sustainable agriculture and
rural health.

Similarly, National e-Governance Plan gives a chance
to the rural entrepreneurs to provide citizen-centric
services including access to land records and utility bill
payments. The other similar pillars for women
empowerment are: - Broadband Highways, Universal
Access to Mobile Connectivity, Public Internet Access
Program, e-Governance, e-Kranti — Electronic Delivery
of Services, Electronics Manufacturing, IT for Jobs,
Early Harvest Program, Internet Saathi etc.,A few years
back, these were dream only. But now we’re proud to
say that Indian women are developing, so does India.

8) PUBLIC PRIVATE PARTNERSHIPS

Community involvement

[J Planning for Village Development

[J Mobilizing resources for the Plan, with active
engagement with elected representative

[J Monitoring the utilization of government funds to
increase accountability

[ Influencing personal and community behaviour

Currently, India has a total of 450,000 telecom towers,
only 60% of which are located in rural areas. These
tracts have a poor tele-density of 46% (according to
TRAI). We need another 60,000 telecom towers in
order to achieve the goals of the ‘Digital India’
programme. Rural telecom remains expensive and the
only way, to get broadband penetration in rural India is
through Public Private Partnerships (PPP). PPP
committees need to be set up at the highest level in each
state to facilitate the rollout and provision of these
services. Despite the tediousness, scale of the venture,
and time required to medium-term, and associated
social and economic implications for India in the long-
term, make Public Private Partnerships an absolute
necessity for the cause of ‘Digital Villages’. To add
value, our Indian subsidiary would be happy to
participate in a few PPP pilot projects, by providing the
Telecom Infrastructure that is essential to making these
projects a success.

Key elements of a model village

A 21st century model village in India needs to
incorporate certain key themes which would be
essential for its success. The figure below highlights
these broad thematic focus areas, and also mentions the
important elements under each such theme.

Sustainability

[ Better health — with special focus on maternal and child health
[ Practical and smart education

[ Housing & livelihood

[] Capacity building of all stakeholders

[ Clean drinking water & sanitation

[) Environmental sustainability

MODEL
VILLAGE

)

Connectivity

) Physical connectivity to towns and other places through
roads

[J Easy and cheap means of transportation

[ Digital connectivity and mobile connectivity

[0 Augmenting power connectivity through off-grid
renewable sources

[ Financial connectivity

An intervention under one of these areas could have an
effect across other areas as well. For example,
technology could be used to improve the quality and

Technology

[ Delivery of government services

[1 ICT and space technology in the aid of farmers

[1 Remote sensing for resource mapping and better utilization of
existing assets

[l Land records modernization

[ Biometrics for better targeting of services such as PDS, insurance,

pension

delivery of other services such as health and education,
which in turn contributes to sustainable development. A
number of these initiatives have already been taken in
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different parts of the country, but most of them have
been attempted in isolation. The urgent need is to bring
about a convergence of all such initiatives, for which 2
things would be essential — a) grassroots level planning;
and b) mobilization of resources.
Conclusion

The telecom infrastructure companies can play a major
role in the eventual success of ‘Digital India’. A well-
orchestrated collaboration between the Government,
policy makers, mobile network operators, and telecom
infrastructure companies is crucial to the success of this
venture.. However, rather than imposing taxes, levies,
charges, and licence fees on the telecom sector, the
government must provide ‘gap funding’ and other
incentives to the Industry for expanding into rural
locations; they also need to form a public-private

partnership (PPP) to initiate and manage wireless
broadband pilot projects in districts with government
provided fibre backhaul (NOFN) aimed at creating
smart villages.

Thus the next decade could catapult India to a new
league of prosperity which will pave the way for
elevating the living standards of sizeable number of
rural poor and empower them as never before if only we
seize the opportunity that digital mission provides.There
is a need to transform schemes and subsidies being
given to rural areas. New schemes and projects need to
be created which promote rural e-Entreprencurship.
Bank loans and credit lines should be extended to
provide funds for rural e-commerce and other e-
Services.
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EMPLOYEE ENGAGEMENT: AN OVERVIEW

D. Kalra and D. Penkar
S. B. Patil Institute of Management, Pune

ABSTRACT

The employee engagements a business buzzword has generated research and steam since the new economy service
industries like Information Technology (IT) and Information Technology Enables Services (ITES) have taken off, the
origins of engagement are as old as mankind itself. Employee engagement is the conditions for all members of an
organization to give of their best each day, committed to their organization’s goals and values, motivated to
contribute to organizational success, with an enhanced sense of their own well-being. It is based on trust, integrity,
two way commitment and communication between an organization and its members. Employee engagement is an
approach that increases the chances of business success, contributing to organizational and individual performance,
productivity and well-being. It is a property of the relationship between an organization and its employees. An
engaged employee is one who is fully absorbed by and enthusiastic about his/her work and so takes positive action to
further the organization's reputation and interests.In other words engaged employees are those who are emotionally
connected to the organization and cognitively vigilant. In this papers an attempt is made to study overview of
employee engagement.

Keywords: Employee Engagement, Information Technology, Work engagement.
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development. Hence GST may usher in the possibility
of a collective gain for industry, trade, agriculture and

common consumers as well as for the Central
Government and the State Government.
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INDIA ON ITS URGE TOWARDS CASHLESS ECONOMY

S. A. Chourasia
Department of Management, Vidya Bharati Mahavidyalaya, Amravati, Maharashtra, INDIA.

ABSTRACT

India hopes to create a cleaner, more transparent economy via digitalization that will lead to an improved climate
for foreign investment, boost economic growth, and ultimately propel the country to the next chapter of its emerging
markets story.Debit and credit cards have started to take the place of cash all around the globe and the time is not so
far when the term ‘cashless society’ becomes a reality. Everyday products and services for which one used to pay
using cash are now being paid for using cards. In fact, your next festive purchase or that long overdue vacation can
now be possible without having to worry about carrying or using cash.But even if India were to accomplish this
rather incredible and, in the short-term at least, improbably feat, there is still a marked downside, “The long term
impact will be a paradigm shift to the digital fintech platforms. It will be a surveillance, panopticon-led society of a
new breed.”

Keywords: Demonatisation, Cashless economy, Digitilasation, Online banking, Mobile banking, Online shopping, e-

wallets,

Introduction

India’s demonetization scheme was a unilateral
initiative that was planned in secret — in a back room
of Prime Minister Modi’s home, in fact — by a small
group of insiders tied-in with the upper echelons of
India’s government. The strategy was to instantly
nullify all 500 and 1,000 rupee banknotes, the most
common currency denominations in the country, and
then eventually replace them with newly designed,
more secure 500 and 2,000 rupee notes. This endeavor
instantaneously became policy when the prime minister
announced it via a surprise television address at 10:15
PM on November 8.

“Ever since Prime Minister Narendra Modi’s
demonetization announcement, we have suddenly seen
a spike in both app downloads & merchant registrations.

This spike is now coming from all cities, big and small,
pan-India, consisting of small merchants like vegetable
vendors, Kirana shopkeepers [small convenience
stores], street vendors, rickshaw drivers, taxi’s etc.,
who’ve signed onto our Oxigen Wallet app for the
merchant payments service,” said Pramod Saxena, the
founder and CMD of Oxigen Services.

It was a move that could have brought India’s economy
to a shuddering halt. Indeed, the seemingly endless
queues outside banks, and the difficulty of spending
cash at shops and stalls may have seemed like it did.
But the decision to demonetise the 500 and 1,000 rupee
notes was just one in a series of moves that will push
India towards a digital economy.

The demonetisation was implemented with the aim of
eliminating societal corruption and counterfeit currency.
But the move was sudden, happening overnight. The
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two notes accounted for 86% of the bank notes in
circulation in India, and retailers and consumers were
forced to look immediately for options. Many turned to
digital paying systems.

The digital money strategy has been laid out by Prime
Minister Modi’s government from its early days in
power, via a string of major decisions. The Jan Dhan
scheme, for example, saw more 220m new bank
accounts being opened for the poorest in society. The
Reserve Bank of India also decommissioned all
currency notes issued before 2005.

Until recently, cash was used for more than two-thirds
of transactions in India. However, just over a month
into the demonetisation and the country had already
started to see the benefits of digital transactions.
Government figures show a 268% increase in year-on-
year tax collection from 47 Indian cities for November
2016.

Perhaps the most significant development since the
announcement of demonatisation is the shift in the
legitimizing narrative around the note ban. What was
touted as a ‘surgical strike’ on black money, fake
currency and terror funding has now become a radical
‘reform’ to transform India into a cashless economy. A
series of measures, not least a high-decibel advertising
campaign, are already in place to build national
consensus in favour of this transformation.

WHY CASHLESS???

What explains this urgent drive towards a cashless
society? One
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outcomes of
a  cashless
society, and
read  back
from it the
intent behind
such a move.
One
immediate
outcome of a
cashless
India would
be a sharp
rise in indirect taxes compliance. Traders, small
businesses, shopkeepers, and consumers routinely use
cash as a means to avoid paying service tax, sales tax,
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VAT, and any number of indirect taxes and fees. This
mindset needs to change if the imminent Goods and
Services Tax (GST) regime is to actually work. Brutally
enforcing a cashless payments system — by sucking out
86 per cent of paper money and letting people flounder
for a period in a condition of acute paper money
scarcity — is perhaps the quickest means way to get
there.

Cashless societies are generally corruption free. There
are lots of benefits for being cashless(doesn't mean
being poor) Cost of handhng cash is high, it is in the
favor of economies to

- LTH
-.- go  cashless. Cashless
transfer is nothing but
- g' L electronic /digital
— - g transaction of your
: capital with the help of
A netbanking, credit card,

etc. You can shop, pay
your bills, schedule transactions and manage all your
finances from home, office or wherever you are with
your smart phone. It not only ease our life but also
authenticate and formalise our transactions. Electronic
transactions also help in curbing corruption and black
money flow which in result ameliorate economic
growth. Digital payments indirectly reduces expenditure
in manufacturing currency notes and its transportation.
It's ingeniosity is only questionable only when it comes
to cyber fraud and hacking. In a third world country,
cashless transaction system is not that widespread due
to lack of education and technology gap which is
actually a matter of concern and must be addressed by
government or financial institutions.
The moves like digilatisation are pushing the
economy in the right direction....
Since the removal of the notes, the government has
been working hard to promote digital payment systems
to consumers, proactively offering different
incentives and rewards. So far, it seems to be working:
the government has reported a 400-1,000% increase in
digital transactions since the demonetisation.
The changes have created perfect market conditions for
alternative digital payment systems, in addition
to existing e-wallets and debit/credit cards. These are
not just the basic banking apps or websites either.
The National Payments Corporation of India, together
with the RBI, has launched UPI (“united payment
interface”), which powers multiple accounts from
participating banks, and offers several banking services
all in a single mobile application.
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A step in the right direction certainly, but not one
without its problems. Although India has around 220m
smartphone users as of February 2016, there is still a
long way to go until 100% of the population has mobile
internet access.

Nevertheless, the banks have made sure that
smartphone ownership is not a barrier to accessing
mobile payments, providing a USSD option on older,
“non-smart” phones which users call up for. In addition,
the “Digital India Initiative” has been set up to provide
internet access and comprehensive mobile phone
coverage across India, helping over a billion people to
get  online and  utilise digital  payment
techniques.Furthermore, the RBI has been promoting a
biometric  authentication system for  banking.
The Aadhar Enabled Payment System (AEPS) can be
used to open a bank account, withdraw or deposit cash,
and transfer funds using just an identification number
and fingerprint. AEPS was created to serve remote
towns and villages where cash machines cannot be
provided. It has the potential to be the cornerstone of
the government’s vision of a cashless digital society — if
it can penetrate deeply enough into rural India.

The transaction costs are coming down and will further
go down. Once a substantial part of transactions are
cashless, it would bring down the cost of printing,
managing and moving money around. Further, the
cashless economy automatically solves the problems of
cash out on long holidays, risk of carrying currency
notes etc. Further, the lesser use of cash strangulates the
grey economy, prevents money laundering and increase
tax compliance. Increased tax base would result in
greater revenue for state and greater amount available to
fund the welfare programmes. Lastly, Cash being
material, can be prevented from circulation but
electronic channels alleviate this friction and increase
circulation of currency. Enabling access to banking is a

pre requisite to promote cashless economy. So the
success of initiatives such as Jan Dhan accounts linked
to Aadhaar data will be very important. A robust
payments mechanism to settle a digital transaction is
also needed, though the National Electronic Funds
Transfer and Real Time Gross Settlement services. The
Indian central bank will also have to shed some of its
conservatism, part of which is because it has often seen
itself as the protector of banking interests rather than
overall financial development.

The expansion of telecom and smart phones would
provide a digital shift to the economy in near future.
The private sector the driver of this change.
Government is also mulling to provide incentives for
electronic payments for example waiver of tax when
electronic settlements are used. The private sector has to
come forward to drive the change. Apart from this
government should also give incentives for electronic
transactions.

Conclusion

Cashless is now the big buzzword in India, and the ball
is rolling as the world's largest cash economy begins
going digital. Seeing the digital landscape of other
developing countries, we can be certain that in setting a
huge goalpost for digital finance, we are not pursuing a
chimerical dream. But the pace of this journey will have
to be determined by the ability of our citizens to cope
with it. We should not take to a highway that leaves
millions of it citizens below.

What we need for any revolution to succeed is humility.
When we design solutions that recognise everyone as
equal partners, we have a real chance to achieve our
national goals. This logic comes from the power of
empathy — not a form of empathy that comes from
superiority, but one born from a profound humility.
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