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ABSTRACT

Present day numerous efforts have been done to the development of multipurpose textiles which fulfill the necessity
requirements of consumer demands. In the present research woven cotton fabric surface was modified by adaptation
of biopolymers such as chitosan and sodium alginate in addition to titanium dioxide, zinc oxide, and their mixtures
to impart multifunctional properties. Cotton fabric surface was characterized by Scanning Electron Microscope
(SEM) and Electron Dispersion Emission X-ray (EDX). Escherichia coli (E. coli) (Gram negative bacterium) and
Saphylococcus aureus (S. aureus) (Gram positive bacterium) were used for estimation of antibacterial properties of
coated samples and the maximum reduction% as well as excellent UV protection category (UPF 40-50+) were
achieved with chitosan+ alginate+ metal oxides mixtures. In addition, fabrics wettability was enhanced significantly
by different coating mixtures except for chitosan alone. Healing and anti-inflammatory properties showed
remarkable enhancement for all coating mixtures and the strongest healing activity was found with chitosan+
alginate mixture in experimentally induced inflammation in rats. So, it could be claimed that the obtained coated
fabrics were suitable for different applications such as medical applications aswell asindustrial products.
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INTRODUCTION

In recent years, the demand to modern textile nagehas been increased due to the negative sidbsnsan

activity and civilization such as transport accigerchemical materials, fire, cold, diseases, gudts [1]. So, the
production of high value-added products such aglicakand protective textiles became one of thetrimportant
requirements for modern life [2]. These multifuncial properties can be merged with the traditiafatextile

products [1].

In addition to the harmful effects of ultravioletdiation led to a considerable need for a photdegton [3]. The
most popular choices for protection from UV radiatare UV blocking textiles and sun blocking creg#jsThere
are two types of UV blockers, the organic blockerdJV absorber since they absorb the UV rays awodgsnic
blockers which are usually certain semiconductades such as Ti§ ZnO, SiQ, and AbQOs. Inorganic blockers are
the preferred according to their exclusive featunesm-toxicity, and chemical stability under botlgthtemperature
and UV -ray exposure [4]. Consequently, severaliss have been carried out to block the textlarits against
UV radiation [2,4,5].

Moreover, the antimicrobial products have beenabuge care as a result of infectious diseaseseait in the
world [6]. The textile products are considered gprapriate media for microorganism’s growth [7]. €Be
microorganisms can reproduced quickly when thergsderequirements, as moisture, nutrients and satpre are
found. Proteins and carbohydrates in natural filbarsbe nutrients and energy sources under cextaiditions. As
well as soil, dust, solutes from sweat and somgléefinishes can also be nutrient sources for gocganisms [8].
The effects of microorganisms on textile itself sadl many problems such as deterioration, stainimgj a
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discoloration in the fabric, furthermore likelihoanf contamination and unpleasant odor of the we{8ed].

Thereby, many researchers aimed to utilize antbial finishes to eliminate microbial attack fortaiming the
aesthetic, hygienic or medical function [2,9,10,1%gveral antimicrobial agents have been used entelxtile

industry, chitosan, is the most non-toxic, biodegitde and biocompatible one [8]. Chitosan is a guatipnic

biopolymer, which has a wide spectrum of biologiaetivity against bacteria, fungi; as well as ishe@emostatic
properties [12]. Additionally, it has been incorated with alginate in order to obtain a highly absmt bandage
with antimicrobial properties [13]. Alginate hasepeused in wound dressing, as it is high absorbsterial;

therefore it is very appropriate for highly exudiwgunds [10].

Alginate as well as chitosan is obtained from reltaource, science both is biodegradable and haioygdhesion,
which make them more retention over the skin. Tlgeate as acidic linear polysaccharide composecetfwall

and intercellular cementing matrix algae can beveaed into hydrophilic gel. This material providasmoist
wound environment which promotes healing and epidéregeneration. When using chitosan with algintitey

compose polyelectrolyte complexes (PEC) of opplysitkarged polymers which have advantages wherieappb
coating materials and controlled release deliveryiers [13].

Subsequently, the current investigation was cawigdn order to impart the cotton fabric multiftional properties
such as UV protection, antibacterial and woundihgdly using chitosan, alginate, titanium dioxidel @inc oxide.
The modified cotton fabrics can be used in differapparel applications such as medical and othiéereit
applications where there is a mast need for UVamtain, antibacterial properties with wound healing

EXPERIMENTAL SECTION

2.1. Fabric material
Half bleached, (2/2) plain weave 100% cotton fab(i40g/m) was purchased from SHATEX, Egypt.

2.2. Chemicals

Chitosan (low molecular weight), sodium alginatec@l acetic acid, citric acid, sodium hypophos$phiiO,, ZnO,
peptone, beef extract, and agar, were of laborajmge chemicals, a non ionic detergent HoStEMIL-EL, Miner
binder SME2, and non ionic dispersing agent of cenuml grade.

2.3. Microorganisms
Escherichia coli (E. coli) (Gram negative bacterium) arflaphylococcus aureus (S. aureus) (Gram positive
bacterium), were used for estimation of antibaatexttivities.

2.4. Media
Nutrient broth/ agar medium: containsbeef extract (3 g/l), peptone (5 g/l). For soliddiven (15 g/l) agar was
added. This medium was sterilized for 20 min at®Ca@nder pressure.

2.5. Phar macological studies

25.1. Animals

Wiser male rats, weighing ranged from 125-150g,ewesed throughout the experiment for the studyhefanti-
inflammatory activity. The rats were obtained frtme animal house colony of the National researctiree Dokki,
Giza, Egypt. The animals were housed in standar@incages in an air conditioned room at 22 + 3°&+55%
humidity and provided with standard laboratory diet waterad libitum. Experiments were performed between
9:00 and 15:00 h. Animal procedures were perforimedccordance with the Ethics Committee of the Ol
Research Centre and followed the recommendatiotizeoNational Institutes of Health Guide for Carel &Jse of
Laboratory Animals (Publication No. 85-23, reviskiB5).

2.5.2. Drugs and Chemicals
Indomethacin cream (1%) was obtained from Ramidarmhceutical Industries Co, Egypt. Carrageenan was
obtained from Sigma, USA.

2.6. Methods

2.6.1. The preparation of different mixtures

Different mixtures of the treatment solutions wprepared as follow:

- 2% (w/v) Sodium alginate solution.

- (2% wiv) chitosan was dissolved in 10% citricdcaciodium hypophosphite 10 g/l, and 0.5% glaciatia@acid.
- Mixture of chitosan and alginate solution of tatio.

- 5% (w/v) Zn and Ti ions separately added to 1%)won ionic dispersing agent.
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- Mixture of the previously prepared chitosialginate was mixed with the prepared solutions n©:and TiG
individually.
- Mixture of 18 g/IMiner binder added the prepared ZnO and Ti®olutions.

2.6.2. Thefabric treatment

The cotton fabric samples were impregnated in tlepared mixtures individually at 60 °C f20 min. and were
padded two (dips and nips) at a wet pickup (100 Bhg treated samples were ched at room temperature fa
hours then dried aBQ °C for 5 minute) followed by curing at (140C for 3 minutes). Final, the samples were
washed with norienic detergent (2 g/L) at 40 °C for 20 minu

3. Testing and analysis

3.1. Scanning Electron Microscope (SEM) and Electron Dispersion Emission X-ray (EDX)

Scanning electron microscope (SEM) was used toimptaotomicrographs of fibers surfamorphology by using
JEOL-Model JSM¥20 operating at 30 kV. Electron Dispersion EmissK-ray (EDX) mode was applied for tl
elemental composition analysis. Gold layer was di@d on the samples before anal

3.2. Antibacterial properties

The antibacterial propertiegere quantitatively evaluated against gram negddaateric Escherichia coli and gram
positive bacterigtaphylococcus aureus, according to AATCC test method 100993. The reduction in numbers
bacteria was calculated using the following equmf

Reduction rate (%) = (A-B)/A* 100

Where:
A = the numbers of bacterial colonies recoveredthfumtreated fabrics a
B = thenumbers of bacterial colonies recovered from tibédbrics

3.3. Ultraviolet protection factor (UPF)

In vitro testing measures ultraviolet (UVR) transgidon and the ultraviolet protection factor (UPFsvealculate:
according to the Australian/NewZeland Standard (AS/N-439941996) using U-Shimadzu 3101-PC-
Spectrophotometer. The following equation whicheghsn the percent ultraviolet radiation transmit&athrougt
the specimen used to calculate the |

Where:
Si=  Solar spectral irradiancéW/cnf/nm)
" (Is a function of the amount of solar energy that reaches the surface of the earth of each

wavelength).
Z EAd-51-AA
[[PF = —
DEA-SA-TA-AA

Ei= Relative erythemal spectral effectiven”

" (Isa weighting spectrum of the action of UVR on the skin for each wavelength).
Ti=  Spectral transmittance of the specimen (meas
42 = Measured wavelength interval or band width (i

3.4. Fabric wettability properties
The wettability propertiesf untreate and coated fabrics were evaluated according to ABT€-2007 test method.

3.5. Carageenan-induced paw oedema for healing and anti-inflammatory properties evaluation

Paw swelling was elicited by syidantar injection of 10l of 1% sterile carrageenan suspension in saliteethre
right hind paw [14] Contralateral paw received an equal volume dhsallThe oedema component of inflammai
was quantified by measuring hind footpad immedjatetfore carrageenan injection al-4h after carrageenan
injection with amicrometer caliberl5]. Oedema was expressed as a percentage of changedntrol (pr-drug)
values. Rats were divided into fifteen groups eafchix. Blank and treated clothes were applieduadothe hinc
paw immediately after the injection of the carrageenapension. We use indomethacin cream (1%) as eenefe
antiinflammatory drug which applied to blank tiss
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RESULTSAND DISCUSSION

4.1. Characterization of treated cotton fabricsby SEM and EDX

The possible changes of the surface morphology #fie treatment have been evaluated by scannirgrete
microscope (SEM). In addition to electron dispansamission X-ray (EDX) mode was applied for thenedatal
composition analysis was shown in Figure (4). Caimgathe SEM images; there are morphological chamgearly
obvious between blank cotton fabric and the coddbdics; shown in Figures (1a, 1b, 1c, 1d). Thesatinents
created a type of a smooth film of chitosan, alginand chitosan+alginate mixture layers coatedahsc surface
due to the polyelectrolyte complex (PEC) polymeclotosan and alginate mixture.

—
20um 2000 7oum 750

(© (d)

Figure (1): SEM micrographs of chitosan, alginate, and their mixture coated fabrics

(a) Blank cotton fabric; (b) Chitosan coated fabric; (c) Alginate coated fabric; (d) Chitosan+alginate coated fabric

Figures (2a) and (3a) clearly showed that ZnO aif@, Particles are distributed on the fabric surfacaficmed
with EDX analysis; Figure (4a, 4b); are still presafter washing producing Zn element concentratias 26.37
wt.% and Ti element concentration was 14.74 wtl®o case of coating fabric with ZnO+binder mixture,
TiOy+binder mixture, pre-coated with chitosan+alginapmst-loaded with ZnO, and pre-coated with
chitosan+alginate post-loaded with Bi€hown in Figures (2b, 2d) and (3b, 3d), thereaalarger bonding layers
between fibers with presence of little agglomeratad metal oxides particles. Whereas, there arerdifit SEM
images obtained shown in Figures (2c) and (3clasef pre-loading cotton fabric with ZnO postedtoty with
chitosan+alginate, and pre-loading cotton fabrithwiiO, posted-coating with chitosan+alginate. This maydbe
to PEC polymer of chitosan+alginate may be creatéghbe of second layer of coating that covered hwtales
particles, which confirmed with EDX images; Figy#e, 4d); producing Zn element concentration w& Qvt.%
and Ti element concentration was 10.7 wt.%.
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Figure (2): SEM micrographsof ZnO, ZnO+binder, Pre-loaded with ZnO posted-coated with chitosan+alginate,
Pre-coated with chitosan+alginate post-loaded with ZnO, chitosan+alginate+ZnO coated fabrics
(a) ZnO loaded fabric; (b) ZnO+binder coated fabric; (c) Pre-loaded with ZnO posted-coated with
chitosan+alginate fabric; (d) Pre-coated with chitosan+alginate post-loaded with ZnO fabric; (€)
chitosan+alginate+ZnO mixtur e coated fabric
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Figure (3): SEM micrographsof TiO,, TiOz+binder, Pre-loaded with TiO, posted-coated with chitosan+, Pre-
coated with chitosan+alginate post-loaded with TiO,, chitosan+alginate+TiO, mixture coated fabrics.
(a) TiO; loaded fabric; (b) TiOz+binder coated fabric; (c) Pre-loaded with TiO, posted-coated with
chitosan+alginate fabric; (d) Pre-coated with chitosan+alginate post-loaded with TiO, fabric; (€)
chitosan+alginate+TiO, mixture coated fabric
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Figure (4): EDX micrographsof ZnO, TiO,, Pre-loaded with ZnO posted-coated with chitosan-alginate, Pre-loaded with TiO, posted-
coated with chitosan-alginate fabrics

(a) ZnO loaded fabric (Zn weight=26.37 %), (b) TiO, loaded fabric (Ti weight= 14.74 %), (c) Pre-loaded with ZnO posted-coated with

chitosan-alginate fabric (Zn weight= 0.65 %), (d) Pre-loaded with TiO, posted-coated with chitosan-alginate fabric (Ti weight=10.7 %)

In case of chitosan+alginate+ZnO and chitosan+atgifiTiG, mixtures coated fabrics, the metal oxides pasicle
may be imbedded into the PEC polymer system whicy mrevent metal oxide particles from showing
independently on the fabric surface. It should bted that ZnO and Tifxontentdetermined by EDX is always
different from the actual amounts on the matentéch may be attributed to EDX technique analydishe fiber
surface otherwise metal particles may be penetatddbhysically trapped between the fibers.

4.2. Antibacterial properties

The blank, chitosan+alginate polymer; in presemzkabsence of ZnO, TiObinder coated samples were subjected
to assessment the antibacterial efficiency agajirssh negative bacterka coli and gram positive bacter&aureus.
The antibacterial activities of coated samples vmeationed in Table (1) and discussed as follow:

I. Generally, there are differences in reductiorcest (%) between the two types of assessed bactgardless the
treatment type. The reason for these variationzabably due to the differences in the cell walts k. coli has
thinner and slack cell walls, and the sensitivityte finishing agents and/or types [5,16].

[I.The antibacterial activity results of samplesatsal with chitosan showed very good bacterial redaefficiency,
68% forE. coli and 64% forS. aureus. These results may be due to the antibacterialitgcbf chitosan that is
assigned to the amino groups, which in acidic mddimm ammonium salts [17]. There are two mechanisms
proposed for chitosan antibacterial activity. Thistf its polycationic nature interferes with bac@emetabolism by
stacking the cells’ surface. The second mecharsdnnding between chitosan and DNA to inhibit mRBlAthesis
[18].

[11.0n the other hand it was obvious from the réstiat samples coated with alginate only achida@dantibacterial
efficiency; 38% forE. coli and 32% forS. aureus bacteria. This may be attributed to that alginads mild
antiseptic, hemostatic, and antibacterial proped®well as the ability to promote wound healiti@ 20].

IV. There is an increase in antibacterial activity samples treated with chitosan+alginate mixtuhe reduction
achieved 75% and 73% fd&. coli and S. aureus respectively. When mixing chitosan with alginatecieates a
polyelectrolyte complex (PEC) of oppositely chargedymers which have the advantages when applienbatsng
material for textile fabrics [13]. Consequently,hancement of antibacterial efficiency of the polyroeated
samples.

V.The samples coated with ZnO only achieved 79%h Wit coli and 78% reduction witls. aureus bacteria. In
addition, in case of coating samples with TiBe results were 79% and 71% reductionEacoli andS. aureus
respectively. These results may be attributed ¢oathtibacterial activity of Zn and Ti metal ionsl]2Metals and
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metal ions are toxic to microbes at very low cotiion either in free state or in compounds. Tkilymicrobes
by binding to intracellular proteins, DNA, and liisi damaging them [8]. Whereas, the antibacterifitiefcy
slightly increased in case of mixing ZnO and Ti@th the binder, ZnO and TiCare supported by the reaction with
functional groups of the binder which cross-linkthg whole system on fabric surface [22].

VI.The chitosan+alginate+ZnO and chitosan+algin@t®s mixtures improved the antibacterial efficiency tbie
coated samples for both types of bacteria. The maxi antibacterial reduction % was achieved withlpegled
with metal oxides post-coated with chitosan+algnatixture giving 90% and 87% in case of fabrics-Ipezled
with ZnO post-coated with chitosan+alginate mixtl@2% and 89% in case of fabrics pre-loaded wit®,Tiost-
coated with chitosan+alginate mixture rcoli andS. aureus respectively. These results may be attributedhéo t
dual action of Zn and Ti metal ions which loaded ahysically trapped firstly to the fabric, in atidh to applying
chitosan+alginate (PEC) polymer creating anothgerleof protective coating film which in turn incses the
antibacterial efficiency [23].

Table (1): Bacterial reduction % of chitosan, alginate, ZnO, and TiO, coated fabrics

Bacterial Reduction %
Escherichia | Staphylococcus
Treatment Type coli (g.n.b.) | Aureus(g.p.b)

Blank 0% 0%
Chitosan 68% 64%
Alginate 38% 32%
Chitosan+alginate mixture 75% 73%
ZnO 79% 78%
ZnO + binder 82% 81%
ZnO+chitosan+alginate mixture 85% 82%
Pre-loaded with ZnO post-coated with chitosan+alginate mixture 90% 87%
Pre-coated with chitosan+alginate mixtur e post-loaded with ZnO 86% 84%
TiO; 79% 71%
TiO, + binder 81% 73%
TiO,+chitosan+alginate mixture 87% 84%
Pre-loade with TiO; post-coated with chitosan+alginate mixture 92% 89%
Pre-coated with chitosan+alginate mixtur e post-loaded with TiO, 84% 83 %

g.p.b.: Gram-positive bacteria; g.n.b.: Gram-negative bacteria.

4.3. Ultraviolet Protection Factor (UPF)

UV protection is mainly determined by fiber typedamence chemical composition; fabric constructiaddlitives;

textile processing aids; fabric finish and colo#][2According to AS/NZS 4399:1996 the protectionecgtries are;
non ratable protection UPF <15, good protection /¥ very good protection UPF>30, and excellentgaiion

UPF>40, 50, 50+. The rate of UV protection of cotfabrics was quantified and expressed via UPFegathat are
given in Table (2). It is suggested that UPF ofappand garment application should be at leaso £D+.

Chitosan+alginate mixture (PEC) polymer increageWPF value but didn’t improve the protection catgg This
may be due to they created a transparent film bridavhich allowed UV rays to transmit through theiirface, in
addition to treatment cotton fabrics with chitoskresn’t have great effect on UV-blocking functi@s].

Generally, inorganic UV blockers such Ti@nd ZnO have unique features such as; non-toxaity chemical
stability under high temperature and UV-rays expesurhere provide good protection by reflecting /and
scattering most of the UV-rays, additionally thdysarb UV radiation because of their semi conductireperties
[26]. So after cotton fabrics treated with Ei@nd ZnO either alone or in mixtures, the UV-blaxkiproperties of
treated fabrics improved greatly. The UPF valuasalib coated fabric in this study achieved goodetaellent
protection categories as shown in Table (2). Th& M&ues in these figures clearly showed that themum UPF
values were >30 (very good protection) achievedh wie-loading cotton fabric with metal oxides posating with
chitosan+alginate (PEC) polymer for both Fi@nd ZnO. This may be due to chitosan+alginatempetycreated a
layer covered the metal oxide particles from bainghe fabric surface as well as reflect and/ottecand absorb
UV radiation which agree and explained in the cosely case achieving excellent protection cated@ry (88 for
ZnO and 325 for Tig). On the other hand the UPF values were decrdasestill achieved excellent protection >40
(45 for ZnO and 65 for Tig) in case of coating fabric with metal oxides+ch#n+alginate mixtures in one bath for
both types of metals (Tixand ZnO).

The excellent UV protection achieved with metald®d (TiQ and ZnO) treatment either alone or in mixtures.
These results may be attributed to metal oxidetiohes were physically trapped and covered thererftibric
surface, results more area for diffuse reflectematting, and absorption of UV radiation [26,27le&hwhile, UPF
values insignificantly decreased while maintainkee éxcellent protection category 50+ (123 for Znd 241 for

907



Rehab M. Kotb et al J. Chem. Pharm. Res,, 2014, 6(11): 900-912

TiO,) in case of coating fabric with metal oxides+bindeixtures for both metal types. These results rhay
attributed to the prepared mixtures would induce dlggregation of metal oxides particles which apzkén the
SEM images, thus producing a lower scattering iefficy [28].

Table (2): Ultraviolet protection factor (UPF) of chitosan, alginate, ZnO, and TiO, coated fabrics

Treatment Type Ultraviolet Protection Factor (UPF)
Blank 5
Chitosan 12
Alginate 7
Chitosan+alginate mixture 15
Zn0O 50+ (185)
ZnO + binder 50+ (123)
ZnO+chitosan+alginate mixture 45
Pre-loaded with ZnO post-coated with chitosan+alginate mixture 32
Pre-coated with chitosan+alginate mixtur e post-loaded with ZnO 88
TiO; 50+ (390)
TiO; + binder 50+ (241)
TiOy+chitosan+alginate mixture 50+ (65)
Pre-loade with TiO, post-coated with chitosan+alginate mixture 44
Pre-coated with chitosan+alginate mixtur e post-loaded with TiO, 50+ (325)

4.4. Wettability properties

The results of water absorption measurements aemgn Table (3). The results showed that the walbsorbency
of coated cotton fabrics irrespective to the treattrtype, enhanced significantly according to ttendard test
method (zero) after treatment. This may be duéeditydrophilic nature of alginate itself as wellths presence of
zinc and titanium ions which accelerated high mwestabsorption as well as diffusion into fiberggdger swelling

and absorbed within fibers [23]. The differencedated fabrics absorption may be explained withptienomenon
that all prepared treatment solutions diffuse ifibers, trigger swelling and absorbed by withinefib specially
alginate. Whereas, in case of treatment cottoridafith chitosan alone, water absorbency didn'eetéd; taking
more than 60 seconds (60+s); which could be discussterms of its ability to encapsulate the aofibers as well

as to coat the surface with a thin film, hencedtiusion of water molecules into fabric surfaceddibers require
longer time [29,30].

Table (3): Wettability for different treated samplesaccording to AATCC Absorbency of Textilestest method
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4.5. Healing and anti-inflammatory properties
The subplanter injection of 100 of 1% sterile carrageenan into the rat hind padisited an inflammation
(swelling and erythema) and a time-dependent iseréapaw oedema by 44.49, 52.42 and 53.30%%, &'4and &
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hours respectively, and the paw thickness was nmalxoyp 59.91% at 4h post-carrageenan injection aspaoed
with pre-carrageenan control values.

II. The results ofabricscoated with alginate or chitosan individually showeon-significant inhibition of oedema
formation at I and 2“ hours respectively, while induced a significandlema inhibition by 3.62 and 4.13 % after
3% hour and 28.97 and 29.97 % aftét Mour respectively. Meanwhile fabric®ated with chitosan+alginate
mixture induced a significant oedema inhibition 24.93, 45.72, 46.95 and 78.97% & 2 3“ and 4" hours
respectively, as compared with carrageenan cognalp at the same time post carrageenan injecslooywn in
Figure (5). Where, data represent the mean val8ee+ of six rats and % increase in oedema pawrkgk Data
were analyzed using one way ANOVA and LSD comparigst.* Significantly different from carrageenasntrol

value at respective time point at P<0.05.
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Figure (5): Time course of the effects of cotton fabrics coated with alginate and/or chitosan on rat paw oedema thicknessinduced by sub-

plantar injection of 1% carrageenan
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Figure (6): Time course of the effects of ZnO+chitosan+alginate mixture, pre-loaded with ZnO post-coated with chitosan+alginate, pre-
coated with chitosan+alginate post-loaded with ZnO, ZnO+binder or ZnO coated fabricson rat paw oedema thickness induced by sub-

plantar injection of 1% carrageenan
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lll.  Fabrics coated with ZnO+chitosan+alginate mixtur@re-loaded with ZnO post-treated with chitosagirate
mixture showed non-significant inhibition of oedefeamation at 1st hour while ZnO+chitosan+alginatixture
induced significant oedema inhibition by 19.07,500and 30.50 % at 2nd, 3rd and 4th hours respégtisienilarly
pre-loaded with ZnO post-treated with chitosan+sdtg mixture induced significant oedema inhibition 9.16,
9.32 and 4.64 % at 2nd, 3rd and 4th hours resmdgtiMeanwhile pre-coated fabric with chitosan-+atge mixture
post-loaded with ZnO; coated fabric with ZnO+binddixture; or ZnO individually; showed a significaoédema
inhibition by 8.66, 10.84 and 12.48% at 1st ho@08, 29.52 and 26.37% at 2nd hour, 29.75, 32.@2én118% at
3rd hour as well as and 50.03, 60.47 and 34.34%hahour respectively, as compared with carrage&oatrol
group at the same time post carrageenan injecttomwn in Figure (6). Where, Data represent the mahre + S.E.
of six rats and % increase in oedema paw thicknBssa were analyzed using one way ANOVA and LSD
comparison test.* Significantly different from cageenan control value at respective time poinkat@s.

These results could be explained according toabethat ZnO helps to restore the disturbed skmidrafunction in

eczematous diseases and enhances wound heatingsitlered safe to use, since it does not pend¢bh@tskin, even
with disturbed barrier function. Moreover, ZnO hescellent anti-inflammatory, drying, mild astringeand

antiseptic properties, it plays a major role in wdihealing by enhancing the wound healing procgsielivering

zinc ions to the wound and allowing them to renthere for an extended period of time [31].

IV. Coated fabric with Ti@rchitosan+alginate mixture showed non-significafiibition of oedema formation af'1
2" and & hour while induced significant oedema inhibition 18.65 % at % hours. Meanwhile pre-loaded fabrics
with TiO, post-coated with chitosan+alginate mixture or guated with chitosan+alginate mixture post-loadét w
TiO, showed a significant oedema inhibition by 7.59 artbd% at 1 hour, 28.45and 21.16% at*hour,30.60 and
25.43% at § hour as well as 55.41 and 44.60% H%théur respectively, also coated fabrics with FiBinder
mixture or TiQ individally showed a significant oedema inhibition by 7.84 &&6% at 1 hour, 16.59 and 6.35%
at 2% hour,17.52 and 7.65 at3hour as well as 26.25 and 20.28% %théur respectively, as compared with
carrageenan control group at the same time posdgegnan injection; clearly showed in Figure (7hené, Data
represent the mean value + S.E. of six rats andd¥ease in oedema paw thickness. Data were analysied one
way ANOVA and LSD comparison test.* Significantliffdrent from carrageenan control value at respectime
point at P<0.05.
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Figure (7): Time course of the effectsof TiO,+chitosan+alginate mixture, pre-loaded with TiO, post-coated with chitosan+alginate, pre-
coated with chitosan+alginate post-loaded with TiO,, TiOx+binder or TiO, coated fabricson rat paw oedema thickness induced by sub-
plantar injection of 1% carrageenan

V. Treated fabrics with indomethacin (1%) showed digat inhibition of oedema formation by 14.51, 28. 39.96
and 60.08% at®} 2" 39 and 4" hours respectively, as compared with carrageenatral group at the same time
post carrageenan injection; shown in Figure (5).
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By comparing the results of all coated fabrics witidomethacin, results revealed that coated faluiiit
chitosan+alginate mixture achieved the most afiiinmatory activity exceeding the fabrics treatedthw
indomethacin. It has also been stated that dres$mogn alginates have haemostatic properties andacaelerate
wound healing. Meanwhile, the biological activitiyahitosan has its basis in its ability of enzyroategradation in
the presence of lisozyme, the enzyme included idyhituids, thanks to which the bio-active oligomeafs N-
acetylo-D-glucosoamine and D-glucosoamine are ededt was stated that hexamines, to which grougcétylo-
D-glucosoamine also belongs, facilitate the wourmgtanulation, and at the same time accelerate imdlates the
process of wound healing without irritation or &dfieation. Such composite structures have appdinatiin
management of burns, bedsores, skin ulcer, hargab-wounds as well as wounds requiring frequeassing
change [19,32].

CONCLUSION

In the present research woven cotton fabric wad tsdevelop multipurpose textiles. Biopolymer sashchitosan,
sodium alginate, as well as TA&ZnO and their mixtures were prepared and useddating by pad-dry technique.
The results obtained from SEM and EDX analysis sftbshanging in surface morphology of coated fabridsch
indicated that good amount of polymer and metallesiwere coated and loaded on the falsischerichia coli and
Staphylococcus aureus were used to investigate the antibacterial agtivihe results showed that all coated fabrics
in this study posses good to excellent bacteri@icgon % regardless of the mixture type and th&imam values
were found in case of coating with mixtures of ckétn+alginate+Tig(92%) reduction and chitosan+alginate+ZnO
(90%) reduction. Additionally, UV-blocking propest of coated fabrics showed good to excellent ptiote
category (40-50+), which achieved when incorporafliO, and ZnO with chitosan and alginate. The wettability
properties of all coated fabrics showed an enhapoémxcept chitosan coating which unchanged cordpaith
blank fabric. Furthermore, healing ability of cahtiabrics was estimated using the carrageenan-awtats paw
oedema test and showed enhancement in healingrdainthflammatory activity for all coating mixturegnd the
strongest healing activity was achieved in chitesdginate mixture. Hence, these coated fabricsimatta
multifunctional properties for concurrent medicatlandustrial applications.
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