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ABSTRACT

The poly ortho toludine was synthesized by oxidative chemical polymerization method in the absence and in the
presence of ultrasonic irradiation using potassium dichromate as an oxidant and hydrochloric acid as a dopant. The
synthesized polymers were characterized using, UV, IR, TGA and DTA. The Dc conductivity of the polymers and
their biological applications like antibacterial and cytotoxic effects were studied. The study revealed that the
polymer prepared was conducting in nature and the value was found to be p2.x10% Scm at 40° C and they are
thermally stable even up to 840°C. The antibacterial study was carried by Agar well cut diffusion method and the
cytotoxic effect was carried out by MTT assay .The studies indicate that the activities were found to increase with
increase in concentrations. The study also revealed that the polymer prepared in the presence of ultrasonic
irradiation showed better results even at lower concentrations.
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INTRODUCTION

Conductive Polymeric Materials containing conjugateonds have attracted much interest in scientficl
technological areas in recent years. The uniquiealptlectrical and chemical properties offer thesaterials to be
used in electronic displays, telecommunication, seisors[1]anticorrosion coatings, rechargeable npetic
batteries, electromagnetic shielding, polymer pholtaic’s ,polymer actuators[2,3]. Polyaniline (PANs by far
the most investigated conducting polymer. Howeweajor problem related to its successful utilizatlaps in its
poor mechanical properties and process ability tduiés insoluble nature in common organic solvga{s5]. The
common way to change the physical and chemicaletigs of polymer is to substitute the polymer ohaith
special chemical groups likeCH,, -C,Hs, -OH, -OCH [6] etc. Poly toluidines have attracted considerable &tien
as they exhibit better solubility in many solveatsd better processability than PANI [5]. MacDiarnaidd co-
workers [7] suggested that introduction of —Cklubstituent on the phenyl rings increases théotois neighboring
benzene rings on the polymer chain thereby resgulim decrease in the extent of conjugation of POlgho
Toluidine (POT). It has been demonstrated thattmauctivity of POT at room temperature is onevey brders of
magnitude (18-10% S/cm) lower than that of PANI(20" S/cm) [9]. Basically the stages of polymerizatioh
aniline and its derivatives (including o-toluidinedn be described by a sequence of reactions iimgpbxidation
and coupling reactions.

Electrochemically active groups are either builthe polymer structure inside the chain or as alaehgroup or

incorporated into the polymer phase in the coufdbe polymerization [10]. Properties of polymers ariginated
from their highly regulated molecular and morphatad structures. The electrical conductivity, appeae,
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toughness and morphology are markedly affectechbyconditions of polymerization. Recently sonoctstrgihas
attracted considerable interest since irradiatibreaction mixtures with ultrasound produces aetgrof effects on
reactions.

Conducting polymer having good biocompatibility damed with antibacterial and cytotoxicity propecgn lead to
tremendous development in the field of biomedicarel controlled drug release, the latter of which te
tremendously useful in cancer treatment . A ranf§ebiomedical applications for conducting polymere a
considered which includes development of artifiaialiscles, controlled drug release and stimulatibmesve
regeneration. Low cytotoxicity and good biocompititip are evident from the growth of cells on cowrting
polymers and from the low degree of inflammatioarse test animals over a period of several we&R$ [Given
that conducting polymers are redox-active, and shaottle between reduced and oxidized forms, patenti
interactions of the polymers with biological medied to be considered [13].

The imine group present in various natural, natdealved and non-natural compounds like Schiff basas been
shown to be critical to their biological activiti@scluding antibacterial, antifungal and antipycepiroperties [14-
18]. Since Polytoluidines also, possess amine @uirtei units in their structure [6], they could aesdibit biological

activity like antibacterial property. Besides apmiate mechanical and physical chemistry propertibe most
important requirement for a material to be usebiégmedical fields is its biocompatibility in a sz environment.

Cytotoxicity testing of a material by MTT colorinmgtis the initial step to evaluate its biocompdiipiand the fast
effective method to choose the right material.

The literature survey shows that exhaustive wosklieen carried out in conducting polymers and tygilications
in different fields, but no literature is availalda synthesis of Poly ortho toluidine in the abseand presence of
ultrasonic irradiation. Hence an attempt has beewento synthesize poly ortho toludine and to sttluir
biological applications.

EXPERIMENT SECTION

Materials:
All chemicals used in the present investigationarAnalytical Reagent (AR) grade and used as vecki

Preparation of Poly Ortho Toluidine:

The polymerization of the monomer was initiated twe drop wise addition of oxidizing agent Potassium
Dichromate and Conc. Hydrochloric acid as dopamteurconstant stirring for 5 hours at room tempeeatn 1:1
ratio [6]. After 24 hours the product Poly orthduidine (POT) was filtered, washed with distillechter until the
filtrate was colorless. Finally the polymer wasedriand powdered. The same procedure with slightifioation
was adopted for the preparation of poly ortho tladn the presence of ultrasonic irradiation (PQTS

Characterization:

The UV- Visible spectra was recorded using syst®miouble beam UV-Visible spectrophotometer in rénege
300-900nm. FT-IR spectra of POT were recorded énntfid IR region between 4086m to 400'cm using Thermo
Nicolet Model 6700. The samples were prepared énpallet form using spectroscopic grade KBr powddre
thermo gravimetric analysis (TGA-DTA) measurememtse made using a Schimadzu TGA-50 Japan systesr und
a nitrogen atmosphere with a heating rate ofC10 min from room temperature to 900° C. The eieatr
conductivity was measured using Systronics Foub@riostrument at 4C.The samples were measured in pellet
form of 13mm diameter.

Antibacterial Activity:

Agar Well Diffusion Method was employed for thisidy. Gram positive bacterBaphylococcus auereus and gram
negative bacteri&scherichia coli were utilized [19]. Sterile Nutrient broth was autated with freshly isolated
bacterial culture and incubated for 24 hrs &C3The bacterial suspension was found to be appiieim 19-10°
cells/mL after the incubation period, they were duses inoculums. About 0.1mL of suspension contgiri®
Colony Forming Unit (CFU/mL) of bacterial strain svased to study by Agar well cut diffusion meth@0][ The
polymer (both in presence and absence of ultrasorddiation) were taken at different concentrasionz., 50,
75,100 pg/mL and their zone of inhibition were ntored after 24 hrs and the inhibition zone was camag with
the standard Gentamycin whose zone of inhibitid2Bimm.
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Cytotoxic Activity - (3-(4, 5-Dimethylthiazol — 2-yl)-2, 5-diphenyltetralium bromide (MTT) assay

Cytotoxicity was determined using MTT assay. ltedatines the inhibitory effect of the crude extraots cell
growth using MTT assay.To determine cell viability, cell number was quéietl using the standard Colorimetric
MTT assay. This colorimetric assay is based onctireversion of the yellow tetrazolium bromide (MTID) the
purple formazan derivatives by mitochondrial suaténdehydrogenase in viable cells. The cells weyeng in a 96-
well plate in Delbucco’s Minimum essential mediuDMEM) (HiMedia) supplemented with 10% fetal bovine
serum (Gibco Laboratories) and antibiotics (straptain, penicillin-G, kanamycin, amphotericin B). édt 1 ml
cell suspension (f6ells/mL) was seeded in each well and incubate@7atC for 48 hour in 5% C@for the
formation of confluent monolayer. The monolayercefis in the plate was exposed to various diluti¢i@00, 500,
250, 125ug). The cell viability was measured using MTT assathwiITT (5 mg/mL) and DMSO. This tetrazolium
salt is metabolically reduced by viable cells telgia blue insoluble Formosan product measured7a8nrh
spectrophotometerically. Controls were maintaiedughout the experiment (untreated wells) asamitrol. The
assay was performed in triplicate for each. The mafathe cell viability values was compared to twatrol to
determine the effect of the polymer on cells andeét viability was plotted against concentrationtioé polymer.
Viability was defined as the ratio (expressed asqraage) of absorbance of treated cells to usdeeaglls [21].
Controls were maintained throughout the experimédntreated wells were used as cell control andedils treated
wells as diluents control.

RESULTS AND DISCUSSION

Characterization:

The FT-IR spectrums of the synthesized polymemhm @absence and in the presence of ultrasonic étiadi are
given in figure 1&2. The peak at 3398¢mnd 3430 cmcorrespond to N-H stretching vibration for POT &@TS
[22]. The higher frequency vibration at 1598 tand 1614 crhas a major contribution from the C-N stretching of
quininoid ring for POT and for POTS. The lower faegcy mode around 1497 @¢ndepicts the presence of
bezenoid rings [23]. The presence of these baraslglshows that the polymers are composed of ithieeaand
imine units .The peaks at 826¢rand 800cnt corresponds to para dissubstituted aromatic fiimgjsating polymer
formation [24] which proceeded in a head to taghian [11].The new band which is not found in Palline
appears at 1155c¢hwhich could be attributed to the —gtécking mode. Moreover the bands at 115%@eem to
be very intense and broad in the spectra of thepleaprepared in presence of ultrasonic irradiatiompared with
its absence. This band is vibrational mode of B'HN Q or B-N H-B (B: Benzenoid, Q: Quininoid unit) and may
be attributed to the existence of positive chamggtae distribution of the dihedral angle betwdss lhenzenoid and
quinioid rings [19]. Therefore this could be coresied that the polytoluidine prepared in the presesfaultrasonic
irradiation has higher doping level than its absenc
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Figure 1- FT- IR Spectra of POT
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Therefore this could be considered that the paljdahe prepared in the presence of ultrasonic iatéxh has higher
doping level than its absence. All the other pdak®d to be almost same for the polymer prepardtiérabsence
and in the presence of ultrasonic irradiation.

The absence of the characteristic strong absosptidrcarbonyl group (1680 ¢h) indicates the absence of any
significant quantity ofo-quinone structure which may result from over ofima of the POT [33]. Based on the
above results, the POT is expected to have orthidiok unit and such units are linked to each otfieethe C-NH-
Cand C - N - C bonds. Some of the polymeric umiéy have a ladder-like planar structure with pher@agdngs
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Fig 3:UV-Vis spectra of POT
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Fig 4: UV-Vis spectra of POT S

The UV-Vis spectra of POT and POTS were recordeDMSO and are shown in Figs 3 and 4. In the polymer
prepared in the presence and absence of ultrasaaation, the first absorption band appearsiregion of 312-
376.8nmis assigned to the-n transition of the benzenoid ring. It is relatedhe extent of conjugation between the
phenyl rings along the polymeric chain. The absorpband at 582nm and 632nm for POT and at 528ndnh an
600nm corresponds toat-transitions and insulating pernigraniline phasehe polymer. The peaks at 806nm for
POT and 844nm correspond to conducting emeraldiasgof the polymer.

It can be observed that absorption for the polyprepared in the presence of ultrasonic irradiai®ohigher at
longer wavelength than that for the polymer preganeits absence which can be attributed to didamalectrical
properties and redox behavior [25]. The other broand appearing beyond 800nm is attributed to theldronic
transitions arising from the two step oxidatioreduced POT and POTS [32].

The Thermo gravimetric analysis of both polymersTP&ahd POTS are shown in figures 5 and 6. It is glye
known that three weight loss steps are observélteim GA measurements for Polyaniline and theindeites. The
thermo gravimetric analysis exhibits a three stegslin the range of 72-840°C for POT. The first weight loss
(13.43wt. %) starts from room temperature to°80orresponds to the loss of water molecules/maisind dopant
HCI present in the polymer matrix. The second welghs from 300 to 60C is associated decomposition of the
oligomers from the polymeric  matrix. The weiglis$ after 60 is due to the complete degradation and
decomposition of the polymer backbone [25]. Ther fetep weight loss was resulted for POTS similaP@T
associated to the loss of water, dopant, decomiposif oligomers and the polymer.

At the end of the analysis 25.81% of the POT samgteained as residue and for POT S it was 27.2%&mFhe
comparison of the remaining residue it can be cowdd that POT S is thermally more stable than POTDTA a
weak exotherm around 220 was found for Poly-o-toluidine and strong exothet 420C and for POTS a weak
exothermic peak around 14D and strong exotherm at £@0and it can be concluded that polymer decompasitio
takes place exothermally.

At the end of the analysis 25.81% of the POT samgeained as residue and for POT S it was 27.2%&mFhe
comparison of the remaining residue it can be cowdd that POT S is thermally more stable than PODTA a
weak exotherm around 220 was found for Poly-o-toluidine and strong exotheat 420C and for POTS a weak
exothermic peak around 14D and strong exotherm at £@0and it can be concluded that polymer decompasitio
takes place exothermally.

495



R. Jaya Santhiet al J. Chem. Pharm. Res., 2012, 4(1):491-500

100 }
.
15 <
13.43% L0172
04
85 -
300¢
801 14.94% —
&
= 754 : Fo123 &£
e i : E
< 704 ! e 8
i}.: | 500¢ =
Toesq G . =
g
. . L =]
60 ) - 2581%
' 0.073
55 |
-I. ,'/_“‘- '
0 - T T - ) "\_.__/
: . k_/——/‘ -~
45 ' El
8401
40 y T T T T r T T T T : T , 0.023
30 90 180 210 270 330 390 450 510 570 630 690 750 810
Temperature (°C)
Fig 5: Thermal Analysis of POT
oo L
R 10.23%
an -
| -
a5 4 150C 8.315%
80 1
200C g
~ 754 12.80% . =
= ‘ Foe T
— . _gj
_IE::I 704 K]
= s =
- 65 - = . 2
@
o
60
27.27%| I
N /
504 ’ .
45 4 “""—-—,_\_,__./
ganc |
40 T T T T T T T T T T T T T 0.020
30 90 150 210 270 330 390 450 510 570 630 630 750 810

Temperature (°C)
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Electrical Conductivity
The electrical conductivity of POT and POTS wererio to be 2 X18S/cm and 2.087 X 18S/cm respectively at

40°C. Electrical conductivity of POTS was found to dlghtly higher than POT .The electrical condudgivivas
calculated using the formula [26].

Where d is inter electrode distance, R is resigtamd A is cross sectional area
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Biological Applications:
Biological applications like antibacterial actig$i against gram positive and gram negative baaeadecytotoxicity
using MTT assay were studied.

The antibacterial activities of the polymers preghin the presence and absence of ultrasonic &tiadi were
investigated again§aureus (gram positive) and E.Coli (gram Negative) and their zone of inhibition areegi in
table 1 at the concentration of 50, 75 and 100ud21@,28,29]

Tablel: Antibacterial Activity of POT and POTS

' Sauereusgram (+v§ mm | E.coli gran(—ve mm
Concentration (ng/mL POT POT-S POT POT-S
100 20 20 7 8
75 15 15 6 7
50 12 13 6 6

Depending on the measured values with the zonahabition including the well in millimeter, the abacterial

activity can be classified into the following types 12mm zone of inhibition high sensitive, 9-12nzone of

inhibition — moderate sensitive, 6-9mm zone of lition — less sensitive and < 6mm zone of inhilpitio bacterial
resistant. It was found that zone of inhibitionswaghest for polymer prepared in presence of sgin& irradiation
than its absence. The zone of inhibition increasgdoncentration of polymer increased and inhibiti@as highest
for Saureus (20mm).

Cytotoxicity was determined using MTT assay[30]. this experiments the cytotoxicity of the polymevsre
assessed by inhibition of proliferation of Hepeglls. It determines the inhibitory effect of ttride extracts on cell
growth using MTT assayDifferent concentrations of polymer were usedtfos study. The mean of cell viability
values was compared with a positive control cyctigpthamide whose concentration is 90pg/mL. Utetkeeells
were used as positive and negative controls respgct The minimum concentration of sample that wasdc to
liver cancer cells was recorded as the effectivegdconcentration when compared to positive con(RLC-
cyclophosphamide). Egwas derived at a concentration lesser than 100pgfthe polymer. Toxicity increased as
the time and concentration increased.

POT POTS

Fig 7: Cytotoxicity of POT and POT S (24 hours)

At 24 hours the Eg values of the POT is 240ug/mL whereas for the ipelyin presence of ultrasonic radiation it
is lesser than 125ug/mL. Hence it is evident thgbtoxic activity was exhibited by the POTS at lowe
concentration than in their absence. (Fig7). Thisld be attributed due to increased oxidation at ghlymeric
surface and enhanced decomposition of oxidant [31].
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POT POTS

Fig: 8 Cytotoxicity of POT and POT S (48 hours)

At 48 hours toxicity was almost equal to 80% fotypeer in absence and in the presence of ultrasewiation at
1000pg/mL. (fig 8)
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The Eggvalues for POTS ar&25ug/mL and for POT 220ug/mL at 48 hours.

But, at lower concentration polymer prepared inspree of ultrasonic radiation was found to havedgmxicity
against liver cancer cells.

CONCLUSION

The conducting polymer poly ortho toludine was jarepl by chemical oxidation method in the presemckia the
absence of ultrasonic irradiation and they wereraxttarized using UV, IR, TGA and DTA. The Electtica
conductivity was measured and POTS showed a slifigher conductivity than POT. The biological dpations
like antibacterial and cytotoxic activities werergad out. The results confirm that they can bedffe againss.
aureus andE.Coli and can act as good bactericidal agents and thepealso used against liver cancer cells. The
results show that the polymer prepared in the pieesef ultrasonic irradiation is more efficient thiéss absence. So
the polymers prepared in the presence of ultrasoridiation can pave way for their applicationviarious fields.
Although the present investigations reveal thatypmttho toludine have excellent antibacterial aytbioxicity
activities, further in vivo studies for their contiiity in biological media are very essential bef exploiting the
fabulous scope of these synthetic polymers in baica applications. Further research could pave Veaythe
development of novel drugs to control diseasesiiedtions.
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