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ABSTRACT

Methyl acrylate was grafted onto chitosan by using the ceric ammonium nitrate as the initiator. The effect of
initiator concentration, monomer concentration, time & temperature on % G and % E were studied. The grafted
samples were characterized using FTIR, SEM, TGA methods. Evidence of grafting was confirmed by FTIR
spectroscopy. The morphology evaluated by SEM. The thermal analysis indicated the different stages of the
degradation of the grafted copolymer. The antibacterial and antifungal activities of the grafted polymer have also
been investigated. The grafting compound was applied onto chitosan initiated by ceric ion at 1 wt. % add and was
found to have a good antimicrobial and antifungal performance.
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INTRODUCTION

Chitosan is a linear polysaccharide derived froitirghthe second most abundant organic compountsraxt to

cellulose in the nature. Chitin can be found in $hells of marine invertebrates (crabs, crustagesins), fungi,

insects and yeasts. Depending on the source, @rgky functions as an exoskeleton, providing gsticad integrity,

commonly embedded in a matrix of proteins, mineratsl at times various other polysaccharides. Cligtia

homopolymer comprised of 2-acetamido-2-de@x@-glucopyranose units; however, some units existthie

deacetylated form as 2-amino-2-deo¥y-D-glucopyranose. When chitin is deacetylated ttdeast 50%, it is
referred to as chitosan, in other words this iemtally the N-deacetylated derivative of chititnéenical structure is
provided below in Figure 1A, where x = 1-y, y bethg proportion of acetylated repetition units).

Fig-1 Structure of Chitosan
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Chitosan has many interesting biological and chahpcoperties. The excellent features such as bipedibility,
ecologically safe biodegradability (degradation duts of chitosan are non-toxic, non-immunogenid aon-
carcinogenic) and low toxicity with versatile bigioal activities (chitosan has antimicrobial adiivand low
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immunogenicity) recommends this biopolymer for amiions in biomedicine [1-5]. In addition, chitos& very
efficient for interaction with the anionic solutie€luding dyes in acidic solutions due to the rea&cgroups, such as
—OH and —NH. This property has been widely used for the rerof¢éhe water-soluble dyes, as an alternative to
the conventional sorbents and flocculants [6,7]weileer, due to inter- and intramolecular H-bondiolitosan is
only soluble in few dilute acid solutions (deperglion the molecular weight), which limits its applions. As a
result, many attempts have been made in chemicdificetion of chitosan, aiming at improving its watolubility.
Among these an ideal way is the graft modificatidrchitosan [8-11]. The main advantage in the grgfefforts is
the high degree of functionality of chitosan - thelecule backbone contains two hydroxyl groups @mel primary
amine group per repeat unit. The active primarynangroups on the molecule being reactive provitesdor the
attachment of different side groups employing migdction conditions. In this way versatile materibhsed on
chitosan with specific functionality can be obtaine

Grafting vinyl monomers onto chitosan [10, 11pise of the most effective methods to improve thdopmances
of chitosan without sacrificing its properties aatbo is a challenging field of research with untadi future
prospects. Vinyl graft copolymerization can be diésd as the modification of a preexisting polyrahain (trunk
polymer).

Graft copolymers are synthesized to improve phydiemical properties of synthetic/natural polymecs f
applications in agriculture, biomedicine and otfiefds. Different studies have been published oa ghafting
copolymerization of chitosan with various vinyl nomers like acryonitrile [12], methyl methacrylat&3],
Acrylamide [14], acrylic acid [15], using cerium amnium nitrate as redox initiators.

In this context, the present study is focused @ncitpolymerization of chitosan with different vinyplonomers via
surfactant-free emulsion copolymerization (SFERhgipotassium persulfate as initiator. The SFERPriepie is
one of the most important methods for the synthesipolymer beads with controlled size [16-21]. yoéric
colloidal micro- and nanoparticles possessing aremely large surface area are attractive candidasecarrier
vehicles for bioactive substances, such as thetiapdrugs, proteins, genes, or enzymes. For sughications,
colloidal particles prepared from biocompatible d@ntegradable polymers are desirable. .

In the present research program, we wish to refpertgraft copolymerization of Methyl Acrylate onthitosan
using ceric ammonium nitrate as the initiator. neft co- polymerization was studied by varying théiator,
time, temperature and concentration of monomer.grafted polymers were characterized by SEM, FTH& 8GA
studies. The antibacterial and antifungal actisit¢ the grafted samples have been reported.

MATERIALSAND METHODS

Materials

Chitosan (CS) (Degree of Deacetylation = 95% deatethby 1H-NMR and Molecular Weight 13.45 x 104 Da)
was purchased from India Sea Foods, Kerela, Ind&thyl Acrylateand other chemicals were used as analytical
grade and purchased from Sigma Aldrich Company.

2.1 Graft Copolymerization

A chitosan aqueous solution of 2 wt % was prepémedissolving 20 g of chitosan powder in 1000 mLacgtic
acid solution (1%, v/v). After chitosan was disguly the solutions were filtered with cheeseclothviaguum
aspiration to remove foam and any undissolved iitiparThe ceric ammonium nitrate in 0.5 M nitric acidigan
was then loaded into the reactor under continudinsng. Then a known weight of Methyl Acrylateas also
injected into the reactor. The reaction was assutbdthve started at the moment the monomer wast@gerhe
grafting reaction was carried out under nitrogencasphere in a 500 mL, four-necked flask equippeatt aireflux
condenser, a stirrer, dropping funnel, and a gkt gystem immersed in a constant temperature vietr. In a
typical reaction, Chitosan (0.006—0.025 mol; 1-4wgls dispersed in a definite volume of water witdnstant
stirring and bubbling of a slow stream of nitrogen30 min at the desired temperature (20€)0After 30 min, a
freshly prepared 10 mL solution of CAN (0.02-0.06110.11-0.33 g) in nitric acid (0.1-0.4N) was adidnd
stirred for 10 min. Nitrogen gas was continuousgged through the reaction mixture and AN (0.0215Dmol, 6—
10 mL) was added. In all the reactions, total vauof the reaction was kept constant. The graftesgrtion was
carried out for varying time intervals (1-4 h). Thero time of the reaction was at the time of moaoaddition.
After completion of the reaction, the reaction mangt was immediately poured into methanol in therat 1 : 5 of
material to liquor for precipitation. The precipéd product was recovered by centrifugation anchedswvith pure
methanol (2x50 mL). The crude copolymer thus olediwas dried till constant weight under vacuum ¢dré Hg)
for 24 h at 48C. The dried product was extracted with dimethytfamide for 48 h and washed with methanol to
remove the homopolymer (polyacrylonitrile). Theftge Chitosan (Chitosan-g-MA) was dried to a conisteeight
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under vacuum (7.6 mm Hg) for 24 h at’@0 The percentage grafting (%G) and percentagdingaéfficiency
(%GE) were determined from the increase in the tedf) Chitosan after grafting in the following maann

Weight of Polymer Grafted
G % =——2 Y x 100

Initial Graft of Back bone

Weight of Pol Grafted .
=S80 OV MTE S 100 + Weight of Homopolymer
Weight of Polymer grafted

E %

2.2 FTIR
The Fourier Transform Infrared Spectrum (FTIR) cdfted samples was measured in KBr pellets usidgSCO
FTIR-5300 spectrophotometer in the range 4000—856. ¢

2.3 SEM (Scanning Electron Microscope) Studies

Scanning electron microscopy images at 500 magidins were obtained for Chitosan and Chitosan-g-idig
Zeiss EVO 40 EP Scanning Electron Microscope (Cadgbkr England). The sample was laid on the alumistuh
using double-sided conducting adhesive tape andspatser coated with gold.

2.4 Antibactarial Susceptibility Test

The disc diffusion method was used to screen thibagterial activity.In vitro antibacterial activity was screened
by using Mueller Hinton Agar (MHA) obtained from idedia (Mumbai). The MHA plates were pre- pared by
pouring 15 ml of molten media into sterile Petratel. The plates were allowed to solidify for 5 raimd 0.1%
inoculum (0.5 McFarland standard) suspension wabed uniformly and the inoculum was allowed to firy5
min. 50ul concentration of test sample was loaded on 0.5temile disc. The loaded disc was placed on thiacel
of medium and the compound was allowed to diffugesf min and the plates were kept for incubatioBZi(C for
24 h. At the end of incubation, inhibition zonesnfied around the disc were measured with trans-pauégr in
millimeter. For each bacterial strain, nega-tivatcols were maintained where pure solvents were usstead of
the extract. The control zones were subtracted fitoentest zones and the resulting zone diame-nigrttze result
obtained was tabulated) and Ampicillin (10 mcg/}lisere used.

2.5 Antifungal activity :

Further thegrafting compound were found to be Hhigluxic against clinically isolated fungal speciést a
concentration of 5@ grafting compound revealed a higher antifungaivig against C. albicans, Candida kefyr,
Aspergillus niger whereas intermediated activityraveshowed against C. tropicalis, C. krusei, A. dgvA.
fumigatus. The inhibitory activities of all the §iag compound are reported in Table 6. The datalte were
compared with the standard antimicrobics of Ketazmfe (30 mg) and Itraconazole (30 mg).

RESULTSAND DISCUSSION

CAN has been used extensively as the redox initifo effecting grafting of a variety of vinyl moneers onto
biopolymers. The formation of free radicals in G§ftreated biopolymers has been confirmed by ebecpin
resonance. The mechanism by which Ce(lV) intenaits biopolymer to form free radical involves thariation of
a coordination complex between the Ce(lV) and tlgdrdxyl group of biopolymer. The Ce(IV)-biopolymer
complex then disproportionates forming a free raldin the biopolymer chain and Ce(lll).

Evidence for complex formation has been obtainedibgtic and spectrophotometric methods for thelation of
various alcohols and substrates containing alcafolps by Ce(lV) ions in perchloric and nitric axidThe
postulated mechanism has been supported by thelmodgound studies of Ce(lV) oxidation of monohgdri
alcohols and 1,2-glycols and suggest that th#&Q3 glycol and the ghydroxyl of an anhydro-D-glucose unit may
be preferred sites for free-radical generation.

3.1 Determination of the Optimum Reaction Conditions
To optimize the conditions for grafting of MA on@hitosan, the concentration of nitric acid, fredical initiator,
monomer, Chitosan, time, and temperature weredarie

Production of freeradical: Oxidation
CS + C& — Complex— CS + C&" + H'

Initiation
CS + M— CSM
Cé"”" + M Complex M + C& + H'
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Propagation

CSM + M— CSM,
CSM; + nM — CS (M)
M+ nM — (M)gs1

Termination
CS (M),. + Ce— CS (M),., + C€" (Graft Copolymer)
(M)ps1 + CE* — (M)41 + CE* (Homopolymer)

Chain Transfer
CS (M)n + C8* - CS (M)n + C& + H'
CS(M)n+M—CS (M)n+ M

(Where CH, m, CH(M),; and (M), represent chitosan, Methyl Acrylate, the graftcgpwr and homopolymer,
respectively)

3.2 Effect of CAN (Ceric Ammonium Nitrate) Concentration

The effect of the concentration of the initiator*Cen grafting of Methyl Acrylate. It was observedattthe
maximum percentage of grafting occurred at 5. 70°X4#. A further increase in the ¢econcentration leads to a
decrease in the grafting percentage of Methyl Aateyl This could be explained by the fact that cercat a higher
concentration causes the termination of graftintyrperic chain growth since ceric ion is a very gdedminator.
Another factor which could contribute to a decreiasthe grafting percentage at higher concentradibimitiator is
the increase the homopolymer formation, which caegpwith the grafting reaction for the availablenomer

80 -+

60 -
40 -

20 -

O T T T T 1
0.02 0.04 0.06 0.08

=0—%E ——%G

Fig-2. Effect of CAN Concentration on Chitosan/M A

3.3 Effect of monomer concentration

The effect of the Methyl Acrylate concentration thie graft yield obtained with chitosan is shown. iAorease in
the monomer concentration is accompanied by simifi increase in grafting up to 0, 75M. Howeverhwite
further increase in the concentration of monomeafting is found decrees. This could be ascribetthéosubstantial
amount of polymer grafted on the subtract backbevtgch inhibit the diffusion of ¢& and the monomer into
chitosan for further grafting.

3.4 Effect of Time

The effect of the reaction time on the percentdggrafting and grafting efficiency. The percentageayrafting was
found to increase linearly with time and then apprately constant. The initial increase in the redte to the
increase in the number of grafting site, but thimber remain constant with further increase of time
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Fig-3 Effect of monomer concentration on Chitosan/M A
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Fig-4 Effect of Time on Chitosan/M A

3.5 Effect of Temperature

The dependence of grafting yield on temperaturthénrange of 25°C — 52°C . The maximum graftingvigithyl
Acrylate occurs at 35°C within 180min. A furthecirase in temperature reduces the percentagengrafthis is to
be expected since at higher temperature various tfasform reaction are accelerated which leagsdecrease in
the percentage of grafting on in other words thendgion of more homopolymer.

100
80 A
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40 45 50 55
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Fig-5 Effect of Temperature on Chitosan/MA
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Fig-6 SEM Picture of Grafted Chitosan/M A

4.SCM Analysis of Grafting Compound :

It clearly exhibits the polysaccharide nature hgwaried particle sizes with rough surface. Evenghblysaccharide
seems completely scattered alongwith larger padioh change in colour of the polysaccharide oftiggaand the
thick polymeric coating of MA on their surface afpwith grafting of MA such that all the gap between
polysaccharide particles have been closed indithge effect of grafting . It can be seen that indil
polysaccharide molecules of Chitosan have joinealilh these surface coatings during grafting pmces
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Fig-7. FTIR Spectra of pure chitosan grafted with MA (Monomer)

Transmission

4.1 FTIR Studies

The FTIR spectra of the Chitosan, Chitosan-g-PM#J the PMA homopolymer are shown in Figure 8. Thastm
important absorption peaks for PMA were at 1700 4h80 cm'. These peaks were caused by C=O stretching
vibrations and C-O stretching vibrations, respetjivThe well-characterized absorption peaks forwe®e at 1663
and 1545 cm’. They were caused by the carboxyl and amide grofifS, respectively. This was in agreement
with the experimental results of Wu and Zhang.23nBared with the spectra of PMA, CS, and the gr&t the
observed absorption peaks at 1663 and 1186"dor the graft copolymer indicated that the MA tgrfted onto
Cs.

100

Weight (%)
2
>

404

20 - T T
o 100 200 300 400 500 600
Temperature (C)

Fig-8. TGA curvesof (a) theoriginal chitosan, (b) the copolymer and (c) the TGA of chitosan-g-M A
(M ethyleacylate) graftcopolymer
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Fig-9. Anti bacterial Activities of Grafted Chitosan-M A

Bacteria MIC (mg/ml)
Escherichia coli 18.02+1.00
Enterobacter cloacae | 23.02+1.07
Enterobacter cloacae 25.00+0.97
Enterococcus faecalis | 29.75+1.84
Proteus wulgaris 29.09+1.78

4.2 TGA Studies:
The TGA of pure chitosan and chitosan-g-MA (Metleyldate) is given in fig.-7. The grafting was alsapported
by thermogravimetric analysis.

5.Anti bacterial Activities of Grafted Chitosan MA :

A preliminary study has been carried out to complaeeantibacterial activity of grafted chitosan tychloride film
samples with that of chitosan. The study was cdroiet againsP. aeruginosa, E. coli, B. subtilis and S. aureus
using the inhibition zone method. The results drews) in Table 1. It was observed that grafting improved the
antibacterial activity of chitosans. While the ibition zone diameter for chitosan film ranged betw® and 11 mm
against indicated bacteria, the inhibition zongeased up to 17 mm (agairstsubtilis) by grafting. Although the
difference is not significant, activity of gram-jitbgee bacteria seems to be more pronounced; ineréasthe
inhibition zone diameter is 4 - 5 mm in gram-negatbnes whereas it is 5 - 7 mm in gram-positiveso@rafted
samples showed an increas-ing antibacterial agtastthe degree of grafting increased for all afhginegative and
gram positive bacterias; a minimum of 2 mm increases observed consistently when the grafting péagen
increased from 82.5% to 145%. Average film weighickness) also effected the degree of antimictatvity of
both chitosan and grafted chitosan samples. Andd3nm in-crease was observed when the average aompo
weight was increased from 134 to 296.

Antibactarial activities of Grafting CS/MA Compounginimal inhibitory concentration (MIC) mg/ml.

5.1 Antifungal activity:

Table 2.Antifungal activities of Grafting compounds Minimathibitory concentration (MIC) mg/ml .Further the
grafting compound was found to be highly toxic agaiclinically isolated fungal species. At a cortcation of 50
ul grafting compound revealed a higher antifungalvity against C. albicans, Candida kefyr, Aspdugil niger
whereas intermediated activity were showed ag&nstopicalis, C. krusei, A. flavus, A. fumigatulhe inhibitory
activities of the entire grafting compound are mégpa in Table 2. The data results were comparel thi# standard
antimicrobics of Ketoconazole (30 mg) and Itracat@z30 mg).
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Fig.-10- Antifungal Activities of Grafted Chitosan-M A

Fungus MIC (mg/ml)
C. albicans 12. 30+0. 03
C. tropicalis| 14.32+0. 19

C. krusei 15. 28+0. 02

C. Kefyr 11.33+0. 24

A. flavus 18. 63+0. 34

Antifungal activitiesof Grafting CS/MACompound minimainhibitory concentration (MIC) mg/n
CONCLUSION

The graft copolymerization dflIA onto Chitosarnn agueous medium was initiated effectively with KkLAThe
reaction conditions were optieed for grafting of MA onto Chitosan byarying the concentration of Chitos,
CAN, MA, HNO;, polymerization time, and reaction temperaturee Tharacterization of the grafted products
means of FTIR, scanning electron microscopy, amantlal analysis furnishi evidence of grafting oMA onto
Chitosan. Chitosan-MAias overall hig thermal stability than pure Chitosahhis stidy has demonstrated tt
grafing compound showed a higher antibact and fungalactivity. Grafting compound markedly inhibited t
growth of most bacteri@and fungatested although their inhibitory effects differed.
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