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ABSTRACT

In the last few decades, there is a rising interest in personal health and hygiene textiles with protective properties
are becoming an increasingly desirable aim of textile researchers, manufactures, and consumers. In this research
modified cotton fabric surface using chitosan and/or alginate biopolymers, as well as titanium dioxide, zinc oxide,
and their mixtures to impart vital and protective characteristics. The coated cotton fabrics were undergoing
durability evaluation to repeated washing of antibacterial properties against Escherichia coli (E. coli) (Gram
negative bacterium) and Staphylococcus aureus (S. aureus) (Gram positive bacterium) and the results revealed that
excellent reduction% sustained up 30 washes. As well as very good and excellent UV protection category were
maintained even after 30 washes. Healing and anti-inflammatory properties showed sustainability up to 10 washes
but decreased after 30 washes. Furthermore, application of post-dyeing with reactive dye on the coated fabrics was
done and the pre-treatment step to assess their dye-ability; showed a significant effect on the color strength (K/S)
values. Hence, it could be proposed that the coated cotton fabrics maintained their protective properties as well as
suitable for color coloration, which in turn make these finished and dyed cotton fabrics available for different textile
and apparel applications.

Keywords: Antibacterial, UV-blocking, anti-inflammatory, cbgan, alginate, metal oxides, dyeing, textile
applications.

INTRODUCTION

In recent years, considerable attention has beient@#unctional finishing for textile materialsjch as antibacterial
activity, ultraviolet (UV) protection, self-cleargnand wrinkle-free properties. Among these propsrtthe interest
for antibacterial activity has been rapidly inciegs because all kinds of textile products, esgicthose made of
natural fibers are sensitive to contamination anowth of pathogenic microorganisms [1]. The consigrere
demanding textile products with higher performanesen in the traditional clothing and home texstideeas as the
world market of textiles is becoming highly comgieé [2].

Antibacterial finishing of textiles protects usdrem pathogenic or odor-generating microorganiswmisich can
cause medical and hygienic problems, and protegtsds from undesirable aesthetic changes or darnagsed by
rotting, which can result in reduced functionali8]. Textiles have long been recognized as medisufgport the
growth of microorganisms such as bacteria and fuhlgese microorganisms are found almost everywhetbe
environment and can multiply quickly when basicuiegments, such as moisture, nutrients and temyrerate met
.Consumers’ demand for hygienic clothing and actiear has created a substantial market for antiriat textile
products. Several antimicrobial agents have been us the textile industry, chitosan, is the mosh4toxic,
biodegradable and biocompatible one [4]. Chitosanaideacetylated derivate of chitin, which is aurat
polysaccharide mainly derived from the shells ofimps and other sea crustaceans. Chemically, it lm&an
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designated as polg{1—4)-D-glucosamine or poly-(1,4)2-amido-deofyP-glucoses [3]. Chitosan is a
polycationic biopolymer, which has a wide spectrofibiological activity against bacteria, fungi; asll as it has
haemostatic properties and can help in procesoaohd healing [5].

Alginate has been used in wound dressing, ashigis absorbent material; therefore it is very appiate for highly
exuding wounds [6]. The alginate as acidic linealypaccharide composed of cell wall and intercalwementing
matrix algae can be converted into hydrophilic getis material provides a moist wound environmemmiciv
promotes healing and epidermal regeneration. Wisimguchitosan with alginate, they compose polyetdyte
complexes (PEC) of oppositely charged polymers kitiave advantages when applied as coating matewas
controlled release delivery carriers [7].

In addition, the harmful effects of ultraviolet (J\fadiation led to a considerable need for a plpotdection
[8].The most popular choices for protection from WAdiation are UV blocking textiles and sun blogkicreams
.There are two types of UV blockers, the organiackérs or UV absorber since they absorb the UV ey
inorganic blockers which are usually certain semétetor oxides such as Ti(ZnO, SiQ, and ALOs. Inorganic
blockers are the preferred according to their esteufeatures, non-toxicity, and chemical stabilityder both high
temperature and UV -ray exposure [9] .Consequertyeral studies have been carried out to blockigktle

fabrics against UV radiation [10,11].

Over the past few decades, modification of natdita¢rs and functional finishing of textiles havetratted
tremendous attention because of increasing awaseoesfiuman beings toward environmental protectiod a
healthy, safe, and comfortable life [12]. Cottobefis are the most important fibers in the appanglistry, since
they can readily absorb moisture and cotton-maathes are the most comfortable garments [13]. Mecently, an
awareness of general sanitation, contact diseamsrission, and personal protection have led talévelopment
of antibacterial fibers to protect wearers agaihetspread of bacteria and diseases rather tharotect the quality
and durability of the textile material [14]. Foligheason, consumer demand for hygienic produgsdramatically
increased the use of antimicrobial substances xiitete such as socks, underwear, medical textitessportswear
[1] .Also For old people who are permanently stgyiimbed or spend most of the time in bed, the cohgiroperties
are crucial, as the risk for bedsores is high [15].

Reactive dyes are popular dyestuff for celluloseidy, which is the most worldwide acceptable dye tfee
coloration of cotton goods due to their ease ofiegbility, cost, brilliancy of color, and high wéstness properties
[16,17]. Introduction of cationic sites within tteellulose is an effective way to increase the dgisogption.
Cationic sites can be introduced either by amiimabr cationization. Treatment of cotton with cisian is an
aminization technique to introduce cationic sitehini the fiber polymer structure and increase theroixyl group
in the fiber for dye absorption [18, 19].

As much as is needed to protect textile fabricenfgurrounding environmental hazardous such as tacédtack,
UV radiation, injuring and inflammation, they sti#quire durability of applied protective coatingsell as dyeing
treatment to give the fabric or garment the fun@icand attractive value. In the present studygteempt was made
to evaluate durability of antibacterial, UV-blocgirhealing and anti-inflammatory properties of entfabric coated
with different mixtures. Additionally, investigattyeing properties and its effect on cotton fabmédobe and after
dyeing on the aforementioned protective propertitence, application of these protective dyed textibrics for
numerous end uses such as protective garmentscathéelktiles, sportswear, children apparels, unifarand even
daily use oultfits.

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 and Dyes

Chitosan (low molecular weight), sodium alginatec@l acetic acid, citric acid, sodium hypophos$phiiO,, ZnO,
peptone, beef extract, and agar, were of laborajmgte chemicals, a non ionic detergent HoStEML-EL, Miner
binder SME2, non ionic dispersing agent of comnargiade, and Cibacr8rRed LS-B (C.I. Reactive Red 270)
dye was kindly supplied by Ciba-Geigy

2.3. Microorganisms

Escherichia coli (E. coli) (Gram negative bacterium) arflaphylococcus aureus (S. aureus) (Gram positive
bacterium), were used for estimation of antibaatexttivities.
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2.4. Media
Nutrient broth/ agar medium: contains beef extract (3 g/l), peptone (5 g/l)r Bolid medium (15 g/l) agar was
added. This medium was sterilized for 20 min at®Ca@nder pressure.

2.5. Pharmacological studies

2.5.1. Animals

Wiser male rats, weighing ranged from 125-150g,ewesed throughout the experiment for the studyhefanti-
inflammatory activity. The rats were obtained frahe animal house colony of the National Researchtr€e
Dokki, Giza, Egypt. The animals were housed in daad metal cages in an air conditioned room at 22G; 55 +
5% humidity and provided with standard laboratoigt dnd wateadlibitum. 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 recommendatiottseoNational 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 for febric treatment
Different mixtures of the treatment solutions wprepared as described in our previously reseattieaEment [5].

2.6.2. Fabric treatment

The cotton fabric samples were impregnated in tlepared mixtures individually at 60 °C for 20 mand were
padded two (dips and nips) at a wet pickup (100 Bhg treated samples were batched at room temperttu?2
hours then dried at (80 °C for 5 minutes) follovmdcuring at (140 °C for 3 minutes).

2.6.3. Durability evaluation procedure

The treated cotton samples were washed repetitfeely0 and 30 washing cycles according to AATCS taethod
(124-2006). Then the treated and washed sampldsated for antibacterial activity, UV-blocking aityl, healing
and anti-inflammatory properties after 10 and 38hiigg cycles respectively.

2.6.4. Dyeing with reactive dyes

The blank and treated cotton fabrics were dyed tpacorf Red LS-B (C.l. Reactive Red 270) reactive dye as
follow: [Cibacror® Red LS-B dye: (1%) dye, (15) g/l sodium sulph#i®)g/l sodium carbonate, M:LR 1:50]. The
dyeing process was carried out according to Fiflire
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Figure (1): Dyeing process with Cibacrofi Red LS-B dye

3. Testing and analysis

3.1. Antibacterial properties

The antibacterial properties were quantitativelgleated against gram negative bacteggtherichia coli and gram
positive bacteriggtaphylococcus aureus, according to AATCC test method 100-1993. The redacih numbers of
bacteria was calculated using the following equmatio

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

Where: A =the numbers of bacterial colonies veced from untreated fabrics and
B = the numbers of bacterial colsmecovered from treated fabrics.
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3.2. Ultraviolet protection factor (UPF)

In vitro testing measures ultraviolet (UVR) transaidn and the ultraviolet protection factor (UPRsvealculated
according to the Australian/NewZealand Standard /¥$-4399-1996) using UV-Shimadzu 3101-PC-
Spectrophotometer. The following equation whichelgaen the percent ultraviolet radiation transmiteathrough
the specimen used to calculate the UPF.

Y EL-S)-A

UPF =
Y E1-51-T2-AA

Where; WhereE/ is the relative erythemal spectral effectiven&ss solar spectral irradiance in W/gimm, 74 is
the spectral transmittance of the fabric (measureid)the wavelength in nm anti is the bandwidth in nm.

3.3. Carrageenan-induced paw oedema for healing arahti-inflammatory properties evaluation

Paw swelling was elicited by sub-plantar injectafriL00 ul of 1% sterile carrageenan suspension in saliteethre
right hind paw [20]. Contra-lateral paw receivedegiual volume of saline. The oedema componentflaiimmation
was quantified by measuring hind footpad immedyateéfore carrageenan injection and 1-4h after gagaan
injection with a micrometer caliber [21]. Oedemasvexpressed as a percentage of change from c@ptestirug)
values. Rats were divided into fifteen groups eafchix. Blank and treated clothes were applieduadothe hind
paw immediately after the injection of the carragaesuspension. We use indomethacin cream (1%J)efsr@nce
anti-inflammatory drug which applied to blank tissu

3.4. Color strength (K/S)
Color strength (K/S) of the dyed samples; in presemnd/or absence of treatment; was assessed Kisbedka —
Munk equation:K/S= (1-R) %2R

Where: K, S, and R are the absorption coefficiscdittering coefficient, and reflectance, respebtif#2].
RESULTS AND DISCUSSION

4.1. Effect of treatment durability to repeated waking cycles on antibacterial properties of cottondbrics

The durability and sustainability of coated sampléth chitosan-alginate polymer; in presence andimsence of
ZnO, TiO,, binder were subjected to assess the antibactffielency against gram negative bactdfiacoli and
gram positive bacteri& aureus. The antibacterial activities results of coated i@ after 10 and 30 washing are
shown in Table (1) and could be discussed as faligw

It can be stated that there are differences tuecdon percent(%) between the two types of asdebseteria

regardless the treatment type after 10 and 30 wgshycles. Science, there are differences in thieaadls i.e E.
coli has thinner and slack cell walls, and the sensitiid the finishing agents and/or types after régpdavashing
process[5,11,23]. As general observation from thiioed results, the antibacterial efficiency dftedated cotton
fabrics did not affected by repeated washing cydbkerwise, they showed enhancement in bactexthiation %
regardless of the coating type for b&hcoli andS. aureus.

.The antibacterial efficiency of samples coatetthwchitosan showed enhancement in antibacteridiaton %,

increased after 10 < 30 washing cycles from 85%0& forE.coli and 83 to 92% foB.aureus respectively. First, it
has proposed that chitosan antibacterial activétyarded to its polycationic nature that interfength bacterial
metabolism by stacking the cells’ surface in additio the binding between chitosan and DNA to iitmtRNA
synthesis [5,24]. The improvement and durabilityanfibacterial efficiency of chitosan coated samptay be due
to that chitosan has been cross-linked to cottbridaby citric acid. In the presence of citric gcas a cross linking
agent; as shown in Scheme (1)[18]; hydroxyl groopshitosan and cellulose can form covalent bondh w
carboxyl groups of polycarboxylic acid in an edteation reaction, thus leading to formation a stk between
chitosan and cellulose, which greatly improves Hilitg and wash resistance [3,25].
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Scheme (1): Cross-linking of chitosan with cottonitber polymer

iii.On the other hand, samples coated with algimetly enhanced from fair to good antibacterialcéincy; i.e., from
40% to 50 forE.coli and from 37% to 43% fdB.aureus bacteria after 10 and 30 washes respectively. iflaig be
attributed to the nature of alginate polymer, whitgs fair antiseptic, haemostatic, and antibadteriaperties as
well as the superior ability to promote wound hegl[5]. Meanwhile, mixing chitosan with alginateciteates a
polyelectrolyte complex (PEC) of oppositely chargedymers which have the a dual effectiveness amdhility of
chitosan when used as antibacterial coating fotiléexabrics [5,7]. Consequently, sustained theibauterial
efficiency of the chitosan+alginate mixture coasedples from 93% to 96% f&: coli and from 88% to 90% fd®.
aureus respectively after 10 < 30 washes.

iv. It could be observed from Table (1) that, iqmmnating metal oxides i.e., ZnO and }iWithin treatment regime has
a significant impact on the durability of the cahtsamples regardless the bacteria type. This magttdbuted to
the metal ions behavior, which is toxic to microbésery low concentration. Since they kill micrab®y binding to
intracellular proteins, DNA, and lipids damaging [4]. The sustained and durability of antibacieeifficiency
in case of mixing ZnO and Tiwith the binder, may be due to that metal oxidessapported by the reaction with
functional groups of the binder which cross-linkitige whole system on fabric surface [26]. In additio the
removal of metal agglomeration from coated fabsodace by repeated washing, such agglomeratiopbsitive
impact on antibacterial efficiency [5].

v.The maximum antibacterial reduction % that manged up to 30 washing cycles was achieved withigaeed with
metal oxides post-coated with chitosan+alginatetuné Rising to 96% foE. coli and 94% forS. aureusin case of
fabrics pre-loaded with ZnO post-coated with chatosalginate mixture; and 97% and94% in case ofidalpre-
loaded with TiQ post-coated with chitosan+alginate mixture Eorcoli andS. aureus respectively. The excellent
durability of those coated samples may be regatal@th and Ti metal ions are loaded and physicafipped firstly
to the fabric subsequent coating with durable claitg-alginate (PEC) polymer created another laygratective
and sustained coating film which promote durabkibawterial efficiency [5,27].

Table (1): Bacterial reduction% of chitosan, alginae, ZnO, and TiO,and their mixtures coated fabrics after 10 and 30 ashing cycles

Bacterial Reduction %
Treatment Type After :L_Owashing cycles | After 3_0washing cycles
E. cali S. aureus E. cali S. aureus

Untreated 0% 0% 0% 0%

Chitosan 85% 83% 91% 92%
Alginate 40% 37% 50% 43%
Chitosan+alginate mixture 93% 88% 96% 90%
ZnO 86% 82% 91% 88%
ZnO + binder 89% 86% 95% 92%
ZnO+chitosan+alginate mixture 90% 87% 96% 93%
Pre-loaded with ZnO post-coated with chitosan+algiate mixture 90% 89% 96% 94%
Pre-coated with chitosan+alginate mixture post-loaed with ZnO 84% 82% 88% 85%
TiO» 89% 88% 92% 90%
TiO, + binder 86% 81% 90% 88%
TiO ;+chitosan+alginate mixture 89% 84% 90% 87%
Pre-loaded with TiO, post-coated with chitosan+alginate mixture| 93% 91% 97% 94%
Pre-coated with chitosan+alginate mixture post-loaeld with TiO, 85% 84 % 89% 87%

4.2. Effect of treatment durability to repeated waking cycles on Ultraviolet Protection Factor (UPF)pf cotton
fabrics

Textile clothing has the ability to protect therskiom harmful UV radiation, which depending onditchemistry,
fabric weave, porosity, wetting, shrinkage, stretghchemical treatments, and color[28].To quantify protective
ability of textiles, the UPF was determined. UPHcelated by measuring both UVA and UVB radiation
transmittance, translating these results into nma#ttical expression. According to AS/NZS 4399:19%9& t
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protection categories are; non-ratable protecti® &15, good protection UPF>15, very good protecti®®F>30,
and excellent protection UPF>40, 50, 50+. [9]. TH&F results of all treated fabrics after 10 andv@8hing cycles
were calculated in order to evaluate the durabidftyreated fabrics to repeated washing were pteden Table (2).
The rate of UV protection of cotton fabrics was wmjified and it is suggested that UPF of apparel gadnent
application should be at least 40 to 50+[10].

The results in Table (2) showed that UPF valuesh@bsan, alginate, and chitosan+alginate mixterdsanced after
repeated washing cycles i.e., 30>10 respectivsiggithere protection category from non-ratablgdod protection
in the order chitosan+alginate mixture (PEC) polymehitosan >alginate. The UPF results enhanced edpeated
washing because of laundering process, which redineefabric porosity, associated with shrinkagg.[However,
treatment of cotton fabrics with chitosan doeshwote great effect on UV-blocking function [5,11,29]

It can be noted that, inorganic UV absorbers suih, Bnd ZnOhave unique properties such as; non-taxic a
chemical stable for UV-rays exposure. There proygded protection by reflecting and/or scatteringstof the
UV-rays, additionally they absorb UV radiation besa of their semi conductive properties [5]. Ibisvious from
Table (2) that, the UPF values of all treated fabichanged after repeated washing cycles. Althotigh,UPF
values were decreased in the order 10 < 30 wadglyiclgs regardless the mixture and metal oxide tyigich may
be attributed to that the coating layer slightlgddheir efficiency of UV-blocking power i.e., Zrddd TiG particles
are partially removed from the fabric [9]; theyllsichieving UPF rating of 40, 50, and 50+, whiabsigns the
maximum UV protection [10]. Consequently, thesaiitssshowed that treatment durability un affectgddpeated
washing, Furthermore, the UPF values of; Pre-coaitigll chitosan+alginate (PEC) polymer mixture plostded
with ZnO; TiO,+binder; and Pre-loaded with TiQost-coated with chitosan+alginate (PEC) polymixtumes. The
UPF values for all coated fabrics in this studyreaéter 30 washing cycles achieved good to exdepestection
categories as shown in Table (2). The UPF valugbése figures clearly showed that the minimum Wakes
were >30 (very good protection) achieved with mrading cotton fabric with metal oxides post-coatinigh
chitosan+alginate (PEC) polymer for ZnO. Those ifigd indicated that, excellent UV protection ackigwvith
metal oxides (Ti@Qand ZnO) treatments, either alone or in mixtufidgs obtained result may be attributed to that
metal oxides particles were physically trapped aondered the entire fabric surface as well as goditesion
between coating films and fabrics surface, whicuittng more area for diffuse reflection, scattingd absorption
of UV radiation [9,30,31]. Additionally, the reaséor enhancements of UPF values after 30 washiotesymay be
attributed to that prepared mixtures would indleedggregation of metal oxides particles; whichdpoing a lower
scattering efficiency; were eliminated by repeateghing cycles [32,33].

Table (2): Ultraviolet protection factor (UPF) of chitosan, alginate, ZnO, and TiQand their mixtures coated fabrics after 10 and 30
washing cycles

Ultraviolet Protection Factor (UPF)
Treatment Type After 10 washing | After 30 washing
cycles cycles

Untreated 5

Chitosan 13 15
Alginate 9 13
Chitosan+alginate mixture 18 22

ZnO 50+ (170) 50+ (140)
ZnO + binder 50+ (100) 50+ (85)
ZnO+chitosan+alginate mixture 47 40
Pre-loaded with ZnO post-coated with chitosan+algiate mixture 31 30
Pre-coated with chitosan+alginate mixture post-loaeld with ZnO 50+ (93) 50+ (116)
TiO, 50+ (333) 50+ (240)
TiO; + binder 50+ (249) 50+ (255)
TiO y+chitosan+alginate mixture 50+ (59) 50
Pre-loaded with TiO, post-coated with chitosan+alginate mixture 50+ (61) 50+ (85)
Pre-coated with chitosan+alginate mixture post-loaeld with TiO, 50+ (284) 50+ (230)

4.3. Effect of treatment durability to repeated waking cycles on healing and anti-inflammatory propeties of
cotton fabrics

I. The sub planter injection of 100 of 1% sterile carrageenan into the rat hind pdsited an inflammation
(swelling and erythema) and a time-dependent iseréa paw oedema by 41, 53 and 54%°atl* and 3 hours
respectively, and the paw thickness was maximabt at 4h post-carrageenan injection as compartd pre-
carrageenan control values. The results obtainedllfooated fabrics after 30 repeated washingasyare compared
with results previously reported achievement [fduld be noticed that, healing and anti-inflamomatproperties
were affected by repeated washing although thélyssistain good and adequate healing and antismfiatory
effectiveness.
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Il. Coated samples with alginate or chitosan indivigusihowed non-significant inhibition of oedema fation at
1%, 2" and & hours respectively, while induced a significant@®a inhibition by 6.56 and 11.48 % after 4th hour,
respectively. Also, fabricscoated with chitosaghzte mixture induced a significant oedema inkohitonly
after4"hours by 13.11% as compared with carrageenan d¢arbop at the same time post carrageenan injecii®n
shown in Figure (2).Data represent the mean val8eEt of six rats and % increase in oedema pawrbis. Data
were analyzed using one-way ANOVA and LSD comparitst* significantly different from carrageenamtol
value at respective time point at P<0.05.
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Figures (2): Time course of the effects of cottorabrics coated with alginate and/or chitosan after @ and 30 washing cycles respectively,
on rat paw oedema thickness induced by sub-plantanjection of 1% carrageenan. (a) after 10 and (b) f&er 30 washing cycles

Ill.  The results of all coated fabrics were obtainedrafd and 30 washing cycles with indomethacin, ltesli could
be concluded that coated fabric with chitosan+alg@nmixture has anti-inflammatory activity more riheated
clothes with indomethacin after 10 washes as vgelichieving the maximum healing and anti-inflammatomong
the other coated mixtures. Since, chitosan+algihéEC) polymer mixture has haemostatic propedied can
accelerate wound healing [5].Such polymer mixtuae Specific biological properties like haemostagignulation,
and epithelization, which form ideal material shitafor application on wounds during the variouslimg phases.
Both polymers are biodegradable and obtained fleennatural origin and having a good bio-adhesidmichvis
necessary for the more retention over the skin. digmate as acidic linear polysaccharide compasdeckll wall
and intercellular cementing matrix algae can beveded into hydrophilic gel. This hydrophilic gelixture
provides a moist wound and isolates it from envinent, which promotes healing and epidermal regéioerfb,7].
While the decrease in healing and anti-inflammatprgperties of coated samples containing algindter 80
washes may be regarded to the alkali used in regeedshing bath, where alginate nature has ingifficesistance
and stability to alkali [34].

IV. After 30 washes, fabrics coated with ZnO/chitosdgifiate mixture or pre-loaded with ZnO post-treateith
chitosan-alginate mixture showed non-significanthiliition of oedema formation at 1st hour, while
ZnO+chitosan+alginate mixture induced significaatiema inhibition by 7.55, 7.41 and 6.56 % %t 2% and 4"
hours respectively. Similarly, samples pre-loaddth WnO post-treated with chitosan-alginate mixtimduced
significant oedema inhibition by 8.93, 9.56 and49%8 at 2%, 3° and 4" hours respectively. In addition, pre-coated
fabrics with chitosan+alginate mixture post-loadedh ZnO; coated fabric with ZnO+binder mixture; @ZnO
individually; showed non-significant inhibition afedema formation at®1hour. While showing a significant
oedema inhibition by 15.09, 9.43 and 7.55%"dt®ur, 14.81, 11.11 and 9.26% &tt®ur as well as 21.31, 14.75
and 13.11% at "hour, respectively, as compared with carrageepatra group at the same time post carrageenan
injection; as shown in Figure (3). Data represéptmean value + S.E. of six rats and % increasedema paw
thickness. Data were analyzed using one way ANOWA &BSD comparison test* significantly different ifino
carrageenan control value at respective time @tift<0.05.

187



Abeer A. A.

Salamaet al

J. Chem. Pharm.

Res., 2015, 7(10):181-193

% Increase In oedema paw thickness

Basaltime 1h 2h

Time (h)

3h

== In0

60 4 . —=Caragenan control 60 4 = Caragenan control
_/ —=—Indomethacin | —~Indomethacin
50 4 : 5 &~ Zn0sChiteAlg 50 { = Zn0+ChiteAlg
——Zn0(ChiteAlg ~—Zn0/ChiteAlg
401 - ChiteAlgZn0 401 & ChiteAlgZn0
—4— 200 + Binder ~4— 200 + Binder

% Increase In oedema paw thickness

——Zn0

Time (h)

@)

(b)

Figure (3): Time course of the effects of cotton faics coated with ZnO+chitosan+alginate mixture, pe-loaded with ZnO post-coated
with chitosan+alginate, pre-coated with chitosan+ajinate post-loaded with ZnO, ZnO+binder or ZnO on @t paw oedema thickness

induced by sub-plantar injection of 1% carrageenan(a) after 10 and (b) after 30 washing cycles

V.Coated fabric with Ti@+chitosan+alginate mixture showed non-significanttitition of oedema formation af'1
2" and 3' hour while induced significant oedema inhibition18.11 % 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 non-significant inhibition of oedema fotima at £ hour while showing a significant oedema
inhibition by 15.09 and 20.97% af®2 hour,16.67and 18.52% at ®iour as well as 19.67 and 21.31% %héur
respectively. In addition, coated fabrics with J#®inder mixture or Ti@ individuallyshowed non-significant
inhibition of oedema formation af‘hour while showed a significant oedema inhibitmn11.32and 6.12% at'?
hour,12.96 and 7.89 athour as well as 19.67 and 9.84% %théur respectively. As compared with carrageenan
control group at the same time; post carrageerjantion; as clearly showed in Figure (4). Data espnt the mean
value = S.E. of six rats and % increase in oedeava thickness. Data were analyzed using one way AN@xd
LSD comparison test.* significantly different frorarrageenan control value at respective time aiR<0.05.
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Figure (4): Time course of the effects of fabricsaated with TiO,+chitosan+alginate mixture, pre-loaded with TiQ post-coated with
chitosan+alginate, pre-coated with chitosan+algin&t post-loaded with TiQ, TiOz+binder or TiO ;on rat paw oedema thickness induced
by sub-plantar injection of 1% carrageenan. (a) afr 10 and (b) after 30 washing cycles.

VI. The healing and anti-inflammatory effectivenessraftal oxides may be regarded to the fact that Zalpshto
restore the disturbed skin-barrier function in esatus diseases and enhances wound healing, itleoed safe to
use, since it does not penetrate the skin, evelm avitturbed barrier function. Moreover, ZnO hasedent anti-
inflammatory; drying; mild astringent; and antiSegiroperties hence, help in wound healing pro&ss|

4.4. Effect of dyeing process on antibacterial pragrties of coated samples

The effect and possibility of coloration processhwCibacroff Red LS-B (C.I. Reactive Red 270) reactive dye on
untreated cotton fabric as well as those coateth different mixtures on the antibacterial efficignagainst
Escherichia coli (E. coli) (Gram negative bacterium) arfdaphylococcus aureus (S. aureus) (Gram positive
bacterium) was evaluated. Based on the data oreT@&pJ it can be concluded that even the samplesl dyith
reactive dye alone without any treatment applicatiforded antibacterial activity (17% and 12%giagtE. coli
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and S. aureus respectively. In addition, it could be noticedrfrdhe obtained data that post dyeing process had a
significant positive impact on the bacterial reduct% regardless the used treatment type. Conséguéne
optimum bacterial reduction % was afforded by;mwaded with TiQ post-coated with chitosan+alginate mixture
(98%) againstE. coli and chitosan polymer coating (95%) agaifisaureus. This behavior may be due to the
inherent antibacterial characteristics of this €la$ bi-functional reactive dye, which is anionigedand has
sulfonate groups (-SO as water-solubiizing groups), bromine, fluorimed chlorine groups in their structures.
Halogen biocides such as,CBr, and } are powerful oxidizing agents which having bacidal and fungicidal
activity. Halogen compounds affect microorganismpsatiacking the cell membrane to get into the cigem and
affect the enzymes of the microorganisms, hencarmehantibacterial properties of dyed and predcepbst-dyed
cotton fabrics [17].

Table (3): Bacterial reduction percentage before amafter dyeing with Cibacron® Red LS-B (C.I. Reactive Red 270) reactive dye

Bacterial Reduction %
Treated Only Pretreated Post-dyed

Treatment Type E.coli | S.aureus | E.coli S. aureus
Untreated 0% 0% 17% 12%
Chitosan 87% 84% 97% 95%
Alginate 44% 41% 60% 58%
Chitosan+alginate mixture 93% 88% 96% 93%
Zn0O 87% 83% 91% 87%
ZnO + binder 89% 86% 90% 88%
ZnO+chitosan+alginate mixture 91% 87% 95% 93%
Pre-loaded with ZnO post-coated with chitosan+algiate mixture | 90% 88% 94% 91%
Pre-coated with chitosan+alginate mixture post-loaed with ZnO | 91% 89% 93% 92%
TiO, 89% 88% 92% 88%
TiO, + binder 92% 89% 94% 92%
TiO ,+chitosan+alginate mixture 92% 88% 93% 90%
Pre-loaded with TiO, post-coated with chitosan+alginate mixture| 94% 91% 98% 95%
Pre-coated with chitosan+alginate mixture post-loaed with TiO, | 95% 88 % 92% 90%

Table (4): Ultraviolet protection factor (UPF) befae and after dyeing with Cibacror® Red LS-B (C.I. Reactive Red 270) reactive dye

Treatment Type Ultraviolet Protection Factor (UPF)
Treated Only | Pretreated Post-dyed

Untreated 5 50+ (57)
Chitosan 12 50+ (70)
Alginate 7 26
Chitosan+alginate mixture 15 50+ (55)
ZnO 50+ (185) 50+ (240)
ZnO + bhinder 50+ (123) 50+ (150)
ZnO+chitosan+alginate mixture 45 50+ (100)
Pre-loaded with ZnO post-coated with chitosan+algiate mixture 32 50+ (75)
Pre-coated with chitosan+alginate mixture post-loaeld with ZnO 50+ (88) 50+ (125)
TiO, 50+ (390) 50+ (418)
TiO, + binder 50+ (241) 50+ (261)
TiO+chitosan+alginate mixture 50+ (65) 50+ (120)
Pre-loaded with TiO, post-coated with chitosan+alginate mixture 44 50+ (135)
Pre-coated with chitosan+alginate mixture post-loaed with TiO; 50+ (325) 50+ (400)

4.5, Effect of dyeing process on Ultraviolet Protdémn Factor (UPF) of coated samples

In order to assess the effect of dyeing proces&Jd¥rblocking ability, all the pre-treated and untweg fabric
samples were dyed with CibacfoRed LS-B (C.I. Reactive Red 270) reactive dyessabently their UPF values
were calculated. The results of UPF calculated eslare presented in Table (4). It is obvious tiviite fabric
sample dose not posses any UV protection and ritatéi to protect against UV radiation. On the othend, the
UPF value of the untreated fabric sample was sarfly enhanced after dyeing process, achievirglient UV
protection category 50+ (57). The obtained resuwy e attributed to the fact that color has a gedfaict on UV
protection. The dyes used to color textile materigdn have a considerable influence on their pdoitityato
ultraviolet radiation. Depending on not only thgirecific chemical structural attributes, absorpgweups present in
the dyestuff, but also dye molecular geometry, esithe absorption band of many dyes extends ingailtnaviolet
spectral region [25]. As a result, such dyes astaul&raviolet absorbers and increases the UPF effabric.
Meanwhile, dyes disrupt ultraviolet light becausey include "conjugated" molecules that disruptaviblet
radiation, hence enhancing UPF of textiles[25].eDtfise, dyes itself are susceptible for fadingedetation and
loss their fastness because of the degradatioonacfi UV. Hence, such UV-blocking treatments areessary to
protect the dyed textile fabrics. It is expectedtthoating films contain metal oxides (Li@nd ZnO) would
significantly prolong the lifetime of outdoor teletiproducts by effectively blocking UV rays on tfilger surfaces
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[35]. Itis also worth mentioning that the UPFues of the pretreated post-dyed fabric samples imereased and
have excellent UV protection category (50+) regesdlthe treatment type, except the pretreatedalgihate only
fabric sample. The increasing of UPF values ofrpeted post-dyed fabric samples is reasonablecanttl be
discussed in terms of the dual action of protectiwating layer, as well as the dyeing processtasilio block and
protect these fabric samples against UV radiation.

4.6. Effect of dyeing process on healing and antifiammatory properties of coated samples
I. The sub planter injection of 1A0 of 1% sterile carrageenan into the rat hind pdisited an inflammation

(swelling and erythema) and a time-dependent iseré@a paw oedema by 46, 57 and 58 %°at?l’ and 3 hours

respectively, and the paw thickness was maxima®po at 4h post-carrageenan injection as compargdpne-

carrageenan control values.
II. The results of fabrics coated with alginate andfotosan induced a significant oedema inhibition8b§0, 13.04
and 8.70 % aftefLhour 31.58, 40.35and 33.33 % afté? tiour 34.48, 43.10 and 36.21 % aftét¥our and 55.88,
63.24 and 57.35 % aftéfsour respectively, as compared with carrageenatralogroup at the same time post
carrageenan injection; as shown in Figure (5).Depaesent the mean value + S.E. of six rats anaidease in
oedema paw thickness. Data were analyzed usingwaye ANOVA and LSD comparison test *significantly
different from carrageenan control value at regpec¢ime point at P<0.05.

Fabrics coated with indomethacin induced a sigaiftmedema inhibition by 13.04, 42.40, 44.24an8%% after
1%, 2" 3%nd4" hour, respectively, as compared with carrageepatr@ group at the same time post carrageenan
injection.

IV. Blank dyed fabrics showed non-significant inhihitiof oedema formation at'1hours respectively, while induced
a significant oedema inhibition by 5.26,6.90 and0B2% after . 3%nd4" hour, respectively, as compared with
carrageenan control group at the same time postgeenan injection.

——Caragenan control
——Indomethacin
—— Alginate

—— Chitosan

—=— Chit+Alg
—+—Dyed only

0 L T T T T
Basaltime 1h 2h 3h 4h

Time (h)

% Increase In oedema paw thickness

Figure (5): Time course of the effects of pre-coatkfabrics with alginate and/or chitosan post-dyeavith Cibacron® Red LS-B (C.I.
Reactive Red 270) reactive dye on rat paw oedemai¢kness induced by sub-plantar injection of 1% carageenan

V. Fabrics coated with ZnO+chitosan+alginate mixtmeuced significant oedema inhibition by 13.04, 2931.72
and 70.59% at 8§ 2 39 and 4" hours respectively, similarly preloaded with ZnMsptreated with
chitosan+alginate mixture induced significant oedénhibition by 8.70, 47.37, 50.00 and 69.12 % %t 2% 3¢
and 4" hours respectively. Meanwhile, pre-coated fabviith chitosan+alginate mixture post-loaded with ZnO
showed a significant oedema inhibition by 6.5238043.10 and 64.71% at,12"* 3 and 4" hours. Also, coated
fabrics with ZnO+binder mixture; or ZnO individualshowed a significant oedema inhibition by 10.8%,12,
51.72 and 69.12% as well as 8.70, 31.58, 34.48aB% at 1, 2" 3 and 4" hours respectively, as compared
with carrageenan control group at the same timé garsageenan injection; as shown in Figure (6YaDapresent
the mean value + S.E. of six rats and % increaseegtema paw thickness. Data were analyzed usingvawe
ANOVA and LSD comparison test* significantly diffamt from carrageenan control value at respective point at
P<0.05.

Fabrics coated with Ti@chitosan+alginate mixture induced significant aedenhibition by 6.52, 10.53, 10.34
and 30.88% at®] 2" 3% and 4" hours respectively, similarly pre-loaded with FiPost-treated with chitosan-
alginate mixture induced significant oedema infiitby 10.87, 40.35, 43.10 and 64.71 % %2, 39 and &'
hours respectively. Meanwhile, pre-coated fabrithwihitosan+alginate mixture post-loaded with Fi€howed a
significant oedema inhibition by 13.04, 45.61, 88ahd 69.12% at®] 2" 39 and 4" hours. Also, coated fabric
with TiO,+binder mixture; or Ti@individually showed a significant oedema inhihbitiby 10.87, 38.60, 41.38 and
64.71% as well as 10.87, 15.79, 18.97 and 45.59%" &™ 3% and 4" hours respectively, when compared with
carrageenan control group at the same time posagegnan injection; as shown in Figure (7).Dataesmt the
mean value * S.E. of six rats and % increase irmedpaw thickness. Data were analyzed using oneAMGVA
and LSD comparison test * significantly differermih carrageenan control value at respective tiniet pd P<0.05.

VI.
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Figure (6): Time course of the effects of pre-coatiewith ZnO+chit+alg, ZnO/chit+alg, ZnO+chit+alg, chit+alg/ZnO, ZnO + binder or
ZnO post-dyed withCibacron® Red LS-B (C.I. Reactive Red 270) reactive dye a@at paw oedema thickness induced by sub-plantar
injection of 1% carrageenan
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Figure (7): Time course of the effects of pre-coatifabrics with TiO p+chit+alg, TiOJ/chit+alg, chit+alg/ TiO,, TiO, + binder or TiO ;post-
dyed withCibacron® Red LS-B (C.I. Reactive Red 270) reactive dye omtr paw oedema thickness induced by sub-plantar ingion of 1%
carrageenan

VII. By comparing the results of all pre-coated fabdost-dyed; using Cibacr8rRed LS-B (C.I. Reactive Red 270)
reactive dye; with carrageenan control indomethacid, results revealed that dyed only fabric sample®wed a
little improvement in healing and anti-inflammatopyoperties. Moreover, pre-coated post-dyed fabamples
showed significant and sustained enhancement ilingeand anti-inflammatory properties regardless tivating
mixture type. These obtained results may be thatdéhis behavior may the inherent antibacteriarabteristics of
this class of bi-functional reactive dyes. Whictarsonic dyes, has sulfonate groups (-SO3-, asrwsatabiizing
groups),Most suitable of this type of dye is CiloafrLS range. Where, two hetro-bifunctional groupseti to
form multifunctional reactive dye, having severaffetent types of reactive groups. Monoflourotrizei and
monochlorotriazine in combination with sulphone t@nused [16]. Halogen biocides are powerful oxidjzagents
which having bactericidal and fungicidal activitfalogen compounds affect microorganisms by attackie cell
membrane to get into the cytoplasm and affect theymes of the microorganisms [17]. These excellent
antibacterial activities in turn, accelerate thegass of wound healing and promote anti-inflamnmapicoperties.

4.7. Effect of different treatment types on K/S vales

There is a point of view, that dye-ability of fihisd fabrics are quite crucial. In a complex scenarsing different
finishing and dyeing substances and treatmentsntalke a considerable difference in end productsreTgeno
experienced evidence to shed light on dye-abilftfabrics after treatments, and any possible chahiiteraction
with structural properties (especially under exhiaagfinishing and dyeing process) of the cottobries [36]. The
results in Table (5) represented the effect ofedéht pre-treatment mixtures on the dyeing affirdtyd color
strength (K/S) of cotton fabric. It is obvious fratime data obtained that cotton samples pretreatddchitosan
biopolymer achieved the maximum K/S values over uh&reated post-dyed and the all treatment type5j10
Moreover, the K/S values of pre-treated and/or #emeously treated with chitosan showed significant
enhancement and were higher than the dyed onlycfalocording to the following order; ZnO+chitosalgtaate
mixture (8.4) > pre-coated with chitosan+alginatéxtore post-loaded with ZnO (7.8) >pre-coated with
chitosan+alginate mixture post-loaded with Ti(7.5) > TiOs+chitosan+alginate mixture (7.3) > dyed only
(6.7).These enhancements may be attributed tontesdtof cotton fiber with chitosan, which is an aination
technique to introduce cationic site within theefitpolymer structure and increase the hydroxyl griouthe fiber
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for dye absorption. Cotton fiber forms a crosslimith chitosan, resulting positive dye sites on fiber surface.
Chitosan can easily adsorb anionic dyes such ativealyes by electrostatic attraction due to @tianic nature.
Hence, offering the possibility of increasing thalfoxyl group for the formation of covalent bondlwieactive dye
and develop desired level of exhaustion [17,18,08]. the other hand, the pre-treatment with chitbadginate
mixture; and pre-loaded with ZnO post-coated willitasan+alginate mixture; insignificantly affectéide K/S
values after dyeing process.

Otherwise, it can be conclude also from Table I§a} K/S values of dyed fabrics after alginate; ZZ@Q+binder;
TiO,; TiO, + binder; pre-loaded with Tipost-coated with chitosan+alginate; mixtures fimg were lower than
the dyed only fabric. The decrease in K/S valugslmEexplained on the basis that some hydroxylggai cotton
fibers were consumed or blocked by treatments[37].

Table (5): Effect of different treatment mixtures m K/S values of coated cotton fabric samples

Treatment Type Color Strength Value (K/S)

Dyed only 6.7
Chitosan 10.5
Alginate 3

Chitosan+alginate mixture 6.7
Zn0O 6.1
ZnO + binder 5.1
ZnO+chitosan+alginate mixture 8.4
Pre-loaded with ZnO post-coated with chitosan+algiate mixture 6.4
Pre-coated with chitosan+alginate mixture post-loaed with ZnO 7.8
TiO» 5

TiO; + binder 4.2
TiO ;+chitosan+alginate mixture 7.3
Pre-loaded with TiO, post-coated with chitosan+alginate mixture 5.6
Pre-coated with chitosan+alginate mixture post-loaeld with TiO, 7.5

CONCLUSION

In present research coated cotton fabrics were puatied to obtain multifunctional, durable, andazetl textiles
and apparel products. The fabrics coated with shitoand/or alginate, T¥OZnO, and their mixtures were
investigated to evaluate their durability to repeatvashing.Escherichia coli (E. coli) and Staphylococcus aureus

(S aureus) were used to investigate the antibacterial agtitat repeated washing cycles and the obtainedtsesul
showed excellent reserved bacterial reduction %oug0 washes regardless the coating mixtures amdndximum
values were found in case of coating with pre-lahdéh TiO, post-coated with chitosan+alginate mixture (97%)
and (94%) againdt. coli andS. aureus respectively after 30 washes. Moreover, UV-blogkpmoperties of coated
fabrics after 30 washes maintained their excelpgotection category (40-50+), in case of incorpaaflio, and
ZnO with chitosan and alginate mixtures. Althougdaling and anti-inflammatory properties of all aahfabrics
using the carrageenan-induced rats paw oedemant@stained excellent up to 10 washes then decressed30
washes, they still achieve adequate requiremergsvéll as dyeing of untreated as well as all codadics with
Cibacroff Red LS-B (C.I. Reactive Red 270) reactive dye da@se and the results showed that there were pesitiv
effects of this class of dye on the aforementiopeatective properties, specially healing and afieinmatory
properties which significantly increased after aigeachieving better oedema inhibition more thadomethacin
and the optimum healing activity was achieved asecof chitosan pre-coated and post-dyed fabri@anMaile,
there wear enhancement in color strength (K/S)esbf pre-treated post-dyed cotton fabrics esggdialcase of
chitosan pre-coated and post-dyed fabric. Othervtisse was a little decrease in K/S values spgdiadluced in
case ofpre-coated post-dyed Alginate fabric samfbeordingly, it can be concluded from all the dbgal results

in this investigation that, durability of coatedttom fabrics in addition to their excellent behavio post-dyeing
with reactive dye make the final fabric suitable different applications and endues such as mediuddistrial, and
apparel.
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