Available online at www.der phar machemica.com

I'_Q\\?“ma Cégl
@ . | SSN 0975-413X Der Pharma Chemica, 2016, 8(18): 78-86

CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)
l=w=

\

** De,.
** 2D

Chitosan/Polyvinyle Alcohol with Silver Nanoparticlesfor Antimicrobial
Applications

A.M.Hezma', A. M. Abdelghany*, M. S. Abdel-Aziz*and I. S. Elashmawi*?

Spectroscopy Department, Physics Division, Natidtesearch Centre, Dokki, 12311, Giza, Egypt
*Microbial Chemistry Department, Genetic Engineerargl Biotechnology Division, National Research @snt
Dokki, 12311, Giza, Egypt
®Physics Department, Faculty of Science at Al-Ukib@h University, Saudia Arabia

ABSTRACT

An in-situ preparation technique was used for pragian of equimass samples (chitosan/poly vinylohdd,
CS/PVA) embedded with silver nanoparticles (AgNRsggy diffraction scans (XRD) showed the appeaeanictwo
new peaks with increasing silver content. XRD shibthat the intensity of the peal@2 18.6° slightly decreased
after adding AgNPs indicating that strong interacti occurred between PVA and CS and an increaséden t
amorphous phase in the polymeric matrices. Foutiensform infrared spectra (FTIR) showed the main
characteristic bands corresponding to the polymernstituents (CS/PVA). The UV/vis. absorption speand
XRD scans revealed the presence of the semi-digstalature of the polymeric composites. The olgt@ipolymer
nano-composis were also examined for their antibacterial efi@gainst Gram +Ve, Gram -Ve and spore forming
bacteria. The nano-composite samples showed Hatteproperties than that of the pristine polyméerms without
silver nanoparticles.
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INTRODUCTION

Chemical reduction technique comprises one of testraommon reported methods for developing silvamon

particles (AgNP). Reduction method that uses chalmimcluding hydrazine hydrate, ethylene glycaomethyl

formamide and other available chemicals may caasiity and/or biological hazardgl-3]. Recent trends in
nanotechnology research involving use of eco-filigpodlymers that can achieve stabilization as waslireduction
during synthesis process of silver nanoparticlés [1

Water soluble biopolymers in combination with AgMRere expected to produce new antimicrobial acésitiA
stream of natural polymers have been employedhfipteparation process of polymeric AQNP nanocoitgmf2,
3]. Chitosan (CS) is a natural biocompatible bigpwr which degraded within human body by enzymeahaowit
further cytotoxicity [4]. Adsorption efficiency fowater can be related to their crystalline natse Chitosan
displays a broad spectrum of antimicrobial actxgtdue to their mechanism of binding to the neghtieharged
cell wall of bacteria followed by their connectitmDNA which leads to inhibiting its replication,[8]. Bioactivity
of chitosan could be improved by its combinatiothwether bioactive materials such as drugs. Chitasteracts
very easily with bacterial DNA, glycosaminoglycamdamost bacterial proteins, thereby enhancing titibacterial
properties [7].

Polyvinyl alcohol (PVA) represent a nontoxic, syetih and water soluble polymer used in stabilizatia

nanoparticles synthesis [8-10] and their blend vgttitosan exhibits antimicrobial activity againsitipogenic
bacteria in food packaging preparation [11]. Filamsl coatings based on biopolymer (i.e., chitosalillose, etc.)
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have been proposed to function as blocks towardsstane, oil as well as aroma flavor, they can b#edaa
materials for future applications [12]. Furthermgpelymeric thin film doped with silver nanopartsl showed an
antimicrobial activity up to 99.99% agairistcherichia coliandStaphylococcus aureusy that it could be used as
an antimicrobial wound-dressing material for chcomiounds and burns [13, 14]. Materials that comstaitver
and/or silver ion are used as catheters, vascrddisgprostheses and as wound dressings [15Re6Ently, authors
shows that silver nanoparticles is much more dffecbulk silver or silver ions as an antimicrob[al7, 18].
Antimicrobials silver nanoparticles are environnadyt and health safe in addition to their high that stability
[19]. Commercial silver containing products suchaagmentation devices, bandages, topical ointmédistsie
scaffolds, antimicrobial gels and filters were usedhe last decade for improving public healthec§20, 21].
Different authors discovered that silver possesalaitity for treatment of cancer [22]. Silver istngpecific at
targeting cancer cells and it has been found thattoxic for normal cells to get exposed to silmanoparticles of
size> 20 nm for long time [23-25].

Inorganic nanoparticles that have antimicrobialviteds can be classified as a new class of biog@dinaterials
that satisfies the increasing demands for hygianaur daily life. In particular, cupper or silveamoparticles were
extensively used in many bactericidal fields [ZBheir major antimicrobial activities can be relatedtheir strong
cytotoxicity for different bacterial cells [27]. Rently, polymeric matrices have been examined agegtive

mediators to stabilize AgNPs and avoid their agatieg [28]. This work was undertaken with the okijex of

synthesizing CS/PVA-Ag nanocomposite by a chemicaihod with different concentrations of silver. feient

spectroscopic techniques were used for sample deaization including (FTIR) Fourier transform iafed,

electronic UV/vis. and X-ray diffraction analysiXRD). The antimicrobial activities against diffetetested
microbes were also studied.

MATERIALSAND METHODS

2.1. Sample preparation and measur ement techniques

The basic materials used in this study include yaolgt alcohol ((PVA) (GH40), of M,,= 14000 gm/mol), chitosan
(CS) (low molecular weight (75-85% deacetylated))l silver nitrate (AgNG),all supplied by Sigma-Aldrich Co.
(USA).

Films of AQNPs/PVA/CS were synthesized using soluttasting method as in the following steps. Sohsiof
equal weights of PVA and CS were prepared usinglgodistilled water with constant stirring at 60°Gradient
concentrations of AgN©Owas added to the PVA/CS poly blend solutions camtusly stirred at 60°C for about 3
hours to ensure their homogeneity as indicateclitetl. Homogeneous solution was casted into Bistnes and
left to dry at 50°C for 3 days to form the desifiiah with a thickness from about 0.5 mm to 1.0 nand then the
films were stripped off the dish. X-ray diffracti@eans were performed using a PAN analytical Xt PRO XRD
system (Holland) in reflection or transmission oegiusing Cu-K target radiation (whera=1.540 A, and tube
operating at 45 kV-40 mA). All samples were meadure Bragg angle @ range of 5-60 FT-IR absorption
spectra were measured for different films usingngle beam Fourier transform-infrared spectromgicoletiS10,
USA) at room temperature in the spectral range0604-400 crit. UV-visible absorption spectra were measured in
the wavelength region of 190-1100 nm using aV-57¥-WS-NIR spectrophotometer (JASCO, Japan).
Transmission electron microscopy (TEM) studies wawee of nanoparticle films formed on carbon coategper
grids (40umx 40 ummesh size), using a JEOL 1200 EX (Japan) transomsdectron microscope, operating at an

accelerated voltage of 12W.
Table (1) Sample composition and notation

Sample| PVA | CS | AgNQ
notation Wit%
SO 50 50 0.00
S1 49.95| 49.95 0.10
S2 49.90| 49.9¢ 0.20
S3 49.80| 49.8( 0.40
S4 49.60| 49.6(0 0.80

Agar plate method has been established to evatbatantimicrobial activities of prepared samplest ttontains
AgNPs compared with a positive control (PVA) andepblend films (PVA/CS) according to the Collingdayne
method [29, 30]. Four different test microb&taphylococcus aureu&scherichia coli Candida albicansand
Aspergillus nigerwere selected to evaluate the antimicrobial a@ttvias representatives of G+ve bacteria, G-ve
bacteria, yeast and fungal groups. The bacteridly@ast test microbes were grown on a nutrient ageium. On
the other hand, the fungal test microbe was cuitvan Czapek-Dox medium. The culture of eachrtéstobe was
diluted by distilled water (sterilized) to 1@ 1& colony forming units (CFU)/ml then 1ml of each wased to
inoculate 1L-Erlenmeyer flask containing 250ml ofidified agar media. These media were put ontwiptesly
sterilized Petri dishes (10 cm diameter having 26hdolidified media).
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The discs (15 mm) from the different polymer spemis (PVA, PVA/CS and PVA/CS/Ag) were placed onte th
inoculated agar plate surfaces and incubated far&2437°C (bacteria). But the fungus was incubdted8h at
30°C. On the other hand, yeast was incubated for #430C. Antimicrobial activities were recorded as the
diameter of the clear zones (including the filnelfsthat appeared around the films.

The antibacterial of PVA, PVA/CS and PVA/CS/Ag ldenwere also investigated using a plate count iqabrby
measuring the colony forming unit (CFU) meth@l. aureusstock culture was used to cultivate nutrient broth
medium and incubated at 3Z for 24h. Samples were supplied to the bactetitiivated flasks. A control sample
was constructed (without any specimens). After Iitubation at 37 °C, a serial dilution from eachmpée-
containing culture and the control has been dof&-(107"). The reduction in the bacterial was monitoredg
ways. In the first, the solidified nutrient agarRetri dishes were inoculated by 100ul from eaititidn and the
CFU was detected and the loss in the growth ratddiRculture flasks containing polymers samplegiast to the
culture media without any samples were detectedrdaty to the following Eq.[31]:

R(%) = == x100

Where: A is colony forming units for the culturedted samples (S1-S4) after 16-h incubation and &lony
forming units for the culture untreated sample (&@Jer the same incubation conditid88]. In the next way, the
optical density of the incubated nutrient broth metdwas detected at 660 nm against control culbfir®. aureus
The optical density was directly proportional te thcrement in the number of the bacteria in thdiom.

2.2. Calculation of the nanoparticle size

One of the most characteristic features of the pariizle is the size despite their shape and Higion because it
can control the main characteristic features ofgtepared naonparticles. Many methods can be usepafticle
size determination including direct experimentaltmes such as TEM and dynamic light scattering (PLt
addition to information which can be obtained frovdirect experimental methods such as XRD usind-krewn
Scherrer formula [1, 25]:

L = KA/ cosP)

Where L is the average crystallite sizé, is the X-ray wavelength in nanometer (nf)s the peak width at half
maximum of the diffraction peak in radians and Kaishape factor related to crystallite shape, nilyn3a9. Mie
theory applies classical electrodynamics to clustesimple shapes likes spheres introduce a preaoidieect
experimental method captured from the UV/vis. meaments.

RESULTSAND DISCUSSION

3.1. X-ray diffraction analysis

Figure 1 shows X-ray diffraction (XRD) scans for RZS with 0, 0.1, 0.2, 0.4 and 0.8 wt.% of AgNP&eTpure
PVA/Cs film (S0) showed the characteristic patteflan amorphous phase with the main halo of thee#&yroad
peak at a @ of 18.6°, a shoulder at & ®»f 22.5°[33] and another broad peak at 41.2°. Xhray diffraction pattern
for S1, S2, S3 and S4 films show the peaks of P\GAADd several sharp diffraction peaks @&t 32 and 48.
These peaks are assigned to the face-centred-¢fduy structure of the embedded Ag metal nanofagic
corresponding to thé k | parameters (111) and (200) which increase in gitgrwith increasing Ag content.
Observed bands were compared with the standard growiffraction card of Joint Committee on Powder
Diffraction Standards (JCPDS), No. 04—0783. Preseasfca large number of self-agglomerated nanopestin
sample (S4) of high level of AgNPs leads to inceeas crystalline character of the nanocompositdfr&ition
pattern also indicates all films consists of twaagd structure (amorphous polymer and nanpartitlasgd on
absence of a new peak or a peak shift comparedthétipure PVA/Cs. This remark proves that additbhgNPs
causes no change in the crystallinity of PVA/CSypwr blend.

3.2. FT-IR analysis

The FT-IR spectra of CS/PVA filled with various dtions of AgNPs in the spectral range of 4000-460" ds
shown in Fig. 2.The absorption peak observed ab 340" attributed to OH/NHindicates the presence of hydrogen
bonds [34]. From the FT-IR spectra of the pure R¥film (S0) the bands around 1632,1325 and 1550 ware
assigned to amide | (C=0), amide Il (-NH) and aswtnim stretching mode of -GHyroup of the organic matrix,
respectively. The peak observed at 2920" dm characteristic of —CHasymmetric stretching of CS/PVA. The
CS/PVA films loaded with silver nanoparticl€sig. 2 (S2-S3 showed all the above characteristic peaks with a
slight shift and large decreasing intensity of peak 1550 to 1511 cfeorresponding — Ckasymmetric stretching
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band. There were decreases also in intensity afrdiands, including 2920, 1746 and 1240 trehowing that
AgNPs were bound to functional groups that presertoth chitosan and PVA. The increase of intensitytNH

peak may be attributed to co-ordination bond foromabetween electron rich groups (oxygen/-NH) pnese

chitosan to silver which results in change in béenth and/or frequency. These mentioned obsenatonfirm
presence of silver nanopatrticles in the chitosad:fivh networks.

111

200

S4

N o -

S2

Intensity (a.u.)

S1

SO

T T T T T T T T T T
10 20 30 40 50 60

2 6 (degree)

Fig. 1: X-ray diffraction (XRD) scansfor the PVA/CSblend and the blend with various AgNPs contents
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Fig. 2: FTIR absorption spectrafor peaks PVA/CS blends and the blends with various AgNPs contents

3.3. UV/vis. optical absorption spectra

Figure 3 shows the UV/vis. absorption spectra i whavelength range of 200-1100 nm for all dopedpdasnat
room temperature. A sharp peak at 246 nm for pleedbowhich attributed ta—=n* transitions was observed. The
peak comes from unsaturated bonds (C=0O and/or CH).characteristic band at around 438 nm for Q.2vof
AgNP (S1) is attributed to of AgNPs (S1).The inignef this band increases with increase of thenagoparticles.
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The shift of this band to lower wavelength (as shaw3) indicates a decrease of grain sizes oAth@anoparticles
within the blend with higher the content for 0.8%tof AgNPs (S4). Furthermore, the absorption ban298 nm,
associated with the N@ompound, increases with increasing AgNPs. Morealecurves are characterized by the
presence of an exponential decay tail at high veagth, indicating the presence of localized statabe energy
band gap.

The optical energy band gap (distance between HAMDLUMO) was determined from the plot of photoerey
(hv) versus ¢hv)'", wherea is the absorption coefficient amtharacterizes the type of transitiorhas values, 1/2,
2, 3/2 and 3 for direct, indirect, forbidden direantd forbidden indirect transitions, respectivelhe relation
between the photon energwjivarious ¢hv)*? was plotted as shown in Fig. 4 and used to catettaoptical gap.
Assessment of the optical absorption spectra meammt at 448 nm was done using Mott and Davis ftarfar
direct optical band. The band gap energies werradned from the extrapolation of the linear settid the curves
to the x-axis for whichohv)? = 0 [35]. The band gap energies at various dopantentrations AgNPs are shown in
Fig. 4. A blue shift to 418 nm was observed forhieist concentration of AQNPs compared with thatwdk \g at
510 nm, suggesting the formation of nanometer-sgadicles of Ag which is in an agreement with tKBD
results.

The calculated values of the energies band gapedsed with increasing of AgNPs concentration whics
explain on the basis of the fact that the incorpponaof a small amount of dopant forms charge ti@msomplexes
in the host lattice (polymer blend) and Aamns. This results in the formation of defects alymeric matrix. These
defects produce localized states in the opticatlbgap. They are responsible for decreasing the lpapdenergy
when the Ag-filler was increased in the polymeriatrix.
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Fig. 3: UV/vis. absor ption spectrafor the PVA/CS blendswith various AgNPs contents

3.4. TEM analysis

Fig. 5 depicts TEM images of the morphology, dmttion of silver nanoparticles dispersed withinF34A polymer
blend. Image (S1) is of the nanocomposite filmshviit2 wt.% of silver nanoparticles. The single jotes have
sizes in the range of 202 nm. When the amount of Ag nanoparticles incrédsed.4 wt.% (S2), the sizes of the
particles were decreased to the rargks £ 2 nm and at the amount of 0.8 wt.% of silver (38, aggregation of
silver nanoparticles appeared with individual gaetisize, in the ranget nm. As shown in these images higher
number of the particles were clearly in spheride@pes which were connected together and netwoskrime areas
rich in silver clusters uniformly distributed withthe polymeric matrix. Obtained data was in agesnvith that
obtained from UV/vis. optical absorption spectrangsMie theory and from X-ray diffraction using Szher
formula.
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It is clear from the images that the average siae @ecreased with increasing the amount of Ag. RlenUV/vis.
spectra, X-ray diffraction and TEM images; it wasifid that a higher amount of silver resulted imalier size
with a good dispersing within polymeric matrix.
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Fig.5: TEM images of the mor phology, distribution of silver nanoparticles dispersed within Cs/PVA polymer blend

3.5. Antimicrobial test

The results in Table 2 and Fig. 6 indicate that PAMd the PVA/CS blend didn't exhibit any antimidedlactivity,
whereas samples S1, S2, S3 and S4 showed antimaicaativity against the test microbes. The agfivitcreased
from S1 to S4 with maximum activity for S4 whictvgia clear zone of 25 mm (including the film diaengtagainst
Staphylococcusaurep3 mm withE. coli, 25mm withCandida albicansnd 45mm withAspergillusniger

C. albicans (PVA, Blend and S1) E. coli(PVA, Blendand S1)  S. aureus(PVA, Blend and S1) A. niger (PVA, Blend and S1)

| — —
S. aureus(S2, S3 and $4) A. niger(S2, S3and 4)

C. albicans(S2, S3 and $4) S. aureus(S2, S3 and $4)

Fig.6: The antimicrobial activity of different samplesusing the disk agar diffusion method

Bacterial culture (contral) Blend S1, 2, S3and A

Fig.7: Staphylococcus aureus colony forming units of untreated (control, culture medium) and different films (PVA, blend, S1, S2, S3 and
4 at 0.2g/25ml culture)

Table (2): Theantimicrobial activity of different samplesusing agar diffusion disk method

Clear zone (mm)
Sample Staphylococus aureu| E. coli | Candida albicans| Aspergillus niger
PVA - - - -

SO (PVA/CS) - - - -
S1(PVA/CS/Ag0.1) 21 20 19 25
S2(PVA/CS/Ag0.2) 22 21 21 35
S3(PVA/CS/Ag0.4) 23 23 23 40
S4(PVA/CS/Ag0.8) 25 23 23 45
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3.6. Determination of antibacterial activity by measuring the absorbance and CFU

The results represented in Table 3 and Fig. 7 éxthib antimicrobial activity again§. aureusy measuring the
CFU (colony forming units) and the reduction of @Wsorption for the control sample (p@8eaureusculture) and
the cultures containing 0.2 g/25 ml in ErlenmeyasKs (vol. 100 ml). Figure 8 shows the growthhia flasks of
control, PVA and the samples (S1, S2, S3and S4atentrations of 0.2 g/25 ml. The results shovet th
reduction in the bacterial growth has been founthénsamples S1, S2, S3and S4 and nothing haplerthei pure
PVA and PVA/CS blend.

Fig.8: The growth density of Staphylococcus aureus culture (control), PVA, blend, S1, S2, S3 and $4 samples (a-f) (control on the left and
the sample on theright)

Table (3): Antibacterial activity of treated and untreated samplesin comparison to control (Staphylococcus aureus culture€) using CFU
and UV reduction techniques

Sample Absorbance Number of CFU Reduction in
at 660 nm (107ml) CFU (%)
Bacterial culture 1.602 2.50 0.00
PVA 1.659 2.70 0.00
S0 (PVA/CS) 0.072 0.00 100
S1(PVA/CS/Ag0.1) 0.047 0.0 100
S2(PVA/CS/Ag0.2) 0.088 0.00 100
S3(PVA/CS/Ag0.4) 0.240 0.00 100
S4(PVA/CS/Ag0.8) 0.102 0.00 100
CONCLUSION

Equal mass pristine polymer blendsof CS/PVA samales the same samples doped with different coreibmtis
of AgNP were prepared and studied. Examinationrepared nano-composites by XRD indicates the poeseha
broad band at about 18.&hich is assigned to PVA/CS blend and the appearafidwo new peaks at 32 and
46°were assigned to the face centered cubic (fccytstrel of the embedded Ag nano-particles, correspgrto h k
[(111) and (200), respectively. FT-IR spectra shoaintenance of the basic vibrational band correspgntb CS
and PVA. UV/vis. absorption spectral data indidage presence of absorption bandat about 246 nnatthileuted to
T — Tt transitions, which is suggested to be from unsdaad bonds C=0 and/or C=C. These results inditete
complexation between all the components and thengshan crystallinity with the change in the AgNPs
concentration. The nanocomposite samples showrlgiteproperties than that of pristine polymer fudewithout
silver nanoparticles. It is obvious that nanoconitposamples exhibit an antibacterial effect agagraim-positive
and negative bacteria.
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