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Abstract

The article highlights some significant trends in use of textile materials in medicine. The kinetics of swelling and drug release of composite
wound dressing material in various pH buffer solutions has been studied by simulating the pH range of wounds. Composite dressing material is
prepared by grafting polyacrylic acid-co-acrylamide hydrogel on the cotton fabric using polyethylene glycol as cross-linking agent. Natural dyes have
been extracted from camphor plant (Cinnamomum camphora) dry leaves in alkaline medium and are then applied onto silk fabric by exhaust dyeing
process. Properties such as ultraviolet protection, antimicrobial property, colour strength values, and colour fastness of the silk dyed using plant
extract have been investigated.
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Introduction
Over the past few decades, a number of research groups loading of the drug into the gel matrix and subsequent release at

have been working on strategies to promote the wound healing the deic,lred site. All pH sensitive polymers contain perlldent acidic
or basic groups that either accept or donate protons in response

process and the development of wound dressing materials. An ]
to the environmental pH. The water content of hydrogels at

ideal wound dressing should meet the following criteria such T ) o ) :
equilibrium swelling condition is one of the basic properties that

as debridement, retention of moist wound environment, low € ] )
make them useful in drug delivery at wound site. The network

adherence, prevention of infection and absorption of blood and ) ) ) )
exudates, etc. Different types of materdals, such as hydrogel, porosity of these hydrogels changes with electrostatic repulsion.
Swelling of a hydrogel increases as the external pH increases in the
case of weakly acidic (anionic) groups but decreases if the polymer
contains weakly basic (cationic) groups. Hydrogels based on poly
(AAm) and poly (AAc) have the capacity to absorb a substantial
amount of water, so these hydrogels may be considred a potential

candidate for drug delivery systems at wound site [4-6,11-13].

hydrocolloid, alginate and silicone gel have been used to produce
the modern dressings [1,2]. The dyes/colorants obtained from
natural sources like plants, animals and minerals are termed as
natural dyes [3]. Synthetic dyes are more toxic, non-biodegradable,
allergic, and not environmentally friendly as compared to natural
dyes [4]. Natural dyes are consumed 10,000 tone’s per year which

is equal to 1% of the total world synthetic dyes consumption [5,6]. Many formulations have been developed for various drug release

using MEPBA, ascorbic acid, Gentamicin sulphate, Theophylline,
BSA, as therapeutic agents [7-10,14-17] (Figure 1).
e N

Petrochemical source is the origin of synthetic dyes and some of
these dyes contain harmful carcinogenic amines [7]. Germany has

banned the production of azo dyes because of their severe harmful
effects on living organisms [8]. Natural dyes of some plants not only
dye with unique and elegant colours, but can impart antibacterial,
deodourising and ultraviolet protective properties to fabrics [9].

Mechanism of Swelling and Drug Release of Composite
Wound Dressin

Hydrogels possess most of the desirable characteristics of

an ideal dressing, such as moist healing, non-adherence and . i i )
absorption of excess exudate. They also facilitate the autolysis of ]ljl%ure 1: SIIIEM 1ma§e(sb)of( C)ompc(l)s(l(;e)z V}rtound dﬁ'gssmf (2

o . . efore swelling, an , (), an after swelling at p
necrotic tissue and do not support bacterial growth [3,10]. Highly 5.5, 7.0 and 8.5 respectively [29].

porous structure and aqueous swelling of hydrogel permit the \_ J
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Solute diffusion, polymeric matrix swelling, and material
degradation are the main driving forces for solute transport from
drug containing polymeric matrices. When a drug is incorporated
into a swellable polymer, diffusivity of encapsulated molecules
of drug is strongly affected by the degree of swelling and cross-
linking density of the gel [11-18]. Many mathematical models such
as Peppa’s model, Higuchi model, first order kinetics and second
order kinetics model have been developed to interpret the swelling
and drug release profile of a polymer network. The quantitative
interpretation of the results obtained in swelling or drug release
assays is easier using these mathematical models which describe
the swelling or release or profile as a function of kinetic parameters
[12-19]. The most widely used kinetic model for swelling and
drug release profile is Korsermeyer- Peppa’s model. This model
is generally used to analyses the release of drug, when the release
mechanism is not well known or when more than one type of
release phenomena could be involved [13-20].

Korsermeyer- Peppa’s model uses semi-empirical equation
to analyze the kinetic data of the drug released at initial stages
(approximately 60% release) [14-21]. To use this equation, it is also
considered that release occurs in one dimensional way and that the
system width-thickness or length-thickness relation should be at
least 10. To obtain a better model beyond 60%, models other than
Peppa’s model should be considered. Zero order kinetic model
shows that the hydrogels do not aggregate and release drug slowly.
Hydrogels, which contain water soluble drug in porous matrices,
release the drug in a way that is proportional to the amount of
drug remaining in the dressing material, it is shown by first order
kinetics. If the drug particles dispersed in a uniform matrix behave
as a dispersing media, it can be best described by Higuchi model
[13,20]. Swelling can also be described by second order kinetic
model [15,16,22,23]. This equation indicates that the swelling rate
is a function of the treatment time. So, mathematical modelling,
whose development requires the comprehension of all the
phenomena affecting drug release kinetics, has a great importance
in the process optimization of controlled release formulation.
Hydrogels can be used as medicated dressing to incorporate drug
or antibiotics which have therapeutic value. But their application
as medicated dressing is hindered by its low mechanical strength
which can be improved by using hydrogels as composites, hybrids
or copolymers. Radical precipitation copolymerization, RAFT
controlled synthesis and composite dressings (where hydrogel
is coated on the fabric material) have also been used to improve
its low mechanical strength [17-19,24-26]. A composite wound
dressing has been synthesized by grafting hydrogel layer on the
cotton fabric for drug release application. Composite dressing
showed good tensile strength in wet conditions and drug release
at different pH.

Protein nano carriers such as gelatin, collagen, albumin, and
zein are used as drug delivery devices due to their exceptional
characteristics such as biodegradability, no antigenicity, high
nutritional value, abundant renewable sources and extraordinary
binding capacity for various drugs. Over the past few decades,
albumin has emerged as a versatile macromolecular carrier for

therapeutic and diagnostic agents. Albumin has been shown to
be nontoxic, non-immunogenic, biocompatible, biodegradable,
and metabolizable into nontoxic degradation end products. Hence
Bovine serum albumin has been used as a model drug in the
experiment [20,21,27,28]. Kinetics of swelling and drug release
have been studied for different hydrogels. In case of composite
dressing, no study has been reported on kinetics of swelling and
drug release. In view of above, study has been aimed at evaluating
the swelling and drug release kinetics, so as to ascertain the
mechanism involved in drug release from composite wound
dressing. The wound dressing is prepared by grafting poly (acrylic
acid-co-acrylamide) hydrogel onto cotton fabric using PEG as
crosslinker and BSA as a model drug.

Cotton fabric is grafted with polyacrylic acid-co-acrylamide
hydrogel, cross linked with polyethylene glycol to prepare the
composite dressing material. Composite dressing is loaded with
drug BSA. The swelling and drug release tests are conducted on
these materials. Based on the experimental results a number of
findings have been deduced. Results show maximum equilibrium
swelling at pH 7 which causes maximum drug release [29]. At pH
5.5 and 8.5, the swelling is less, leading to slow drug release in
these pH solutions. It is also shown that swelling kinetics at pH 5.5
and 7 solutions follows first order kinetics model while that at pH
8.5 follows second order kinetics model. So, the swelling process,
for long time period, is not governed by the diffusion but by the
relaxation of the polymer chains. All these factors contribute in the
controlled drug release, as it is directly influenced by swelling and
pore size. Drug release kinetics follows Peppas model and value of
release exponent is less than 0.5 at all pH, so drug release follows
diffusion control mechanism. This system is modulated release
system which shows pH dependent swelling behavior and it is also
a matrix system which shows diffusion-controlled drug release.
So, these new wound dressing materials have a great potential as
delivery hosts for wound healing process in the pharmaceutical
field.

Silk Fabric Dyed with Natural Dye For UV and Bacterial
Protection

Camphor can be extracted from the wood of camphor laurel
(Cinnamon camphora) and other plants belonging to laurel family.
It is a white crystalline substance possessing pungent taste and
strong odor. Camphor tree is native to china, India, Mongolia,
japan, Taiwan and a specie of this class is also grown in southern
part of united states [30]. Camphor is a magic plant having
many applications in pharmaceutical field, for example natural
decongestant, cough suppressant, topical analgesic, antiseptic,
antispasmodic, antipruritic, anti-inflammatory,
rubefacient, contraceptive, mild expectorant, etc [31]. The camphor
is the main component found in leaves of cinnamon camphora and
minute quantities of cineol, linalool, eugenol, limonene, safrole,
a-pinene, B-pinene, f-myrcene, a- humulene, p-cymene, nerolidol,
borneol, and camphene are also obtained [32].

anti-infective,

Awhite crystallineketoneisknownas camphor found commonly
in all parts of the cinnamomum camphora tree. Traditionally,
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camphor has been used for the treatment of chest congestion and
inflammatory diseases, like rheumatism, sprains, bronchitis, asthma
and muscle pain [33]. Camphor is used for activation of some of
TRP (transient receptor potential) producing warm sensation, the
sensory nerves are excited and desensitized, relieving the pain, itch
and irritation in applied area. In radiotherapy, camphor can be used
as potential sensitizing agent [34]. A drug based on camphor is used
for the treatment of some breast and prostate cancer patients [35].
A herbal preparation based on camphor is effective in treatment of
chronicinflamatory diseases. Atrazine, a commonly used herbicides
causes DNA damage and biochemical changes in mice which can
be encountered by using cinnamon camphora, namely, cinnamon
and camphorin have shown their inhibitory effect against cultured
carcinoma cells [36,37]. Camphor containing plants are expected to
play a vital role in nutraceutical and pharmaceutical applications in
future [38,39].

The major environmental cause for skin damage is due to
its exposure to ultraviolet radiation. Ultraviolet B radiations are
more harmful as compared to ultraviolet A radiations. Long term
ultraviolet B exposure to human skin creates wrinkles, and an
increased risk of epithelial skin cancer [40]. Ultraviolet protection
factor is the protection provided by a material against ultraviolet
radiation [41]. Ultraviolet radiations can be blocked by using
adequate clothing materials and the level of protection offered
by them depends on various factors such as fiber chemistry and
physics, yarn properties, fabric construction, weight, thickness
and cover factor, its colour and finishing treatments [42]. Beside
UV protection many natural dyes obtained from various plants are
known to have antimicrobial properties [43-45]. Studies have been
carried out on ultraviolet protection and antimicrobial properties
of silk fabric dyed with camphor plant leaf extract. Application of
dye extract on silk fabric shows excellent ultraviolet protection
factor, UVA and UVB blocking.

Camphor plant extract gives excellent results in UV protection
properties due to the presence of camphor, cineol, linalool, eugenol,
limonene, safrole, a-pinene, 3-myrecene, a-humulene, p-cymene,
nerolidol, borneol, and camphene in its leaves [46]. The extract
imparts excellent antibacterial activity, against all three test
organisms used, namely, E.Coli, S.Aureus, and C.Albican. Colour
strength values and overall colorfastness values are found very
good. Itis concluded from the results that utilizing extracted natural
colourants as dyeing materials significantly facilitates production
of quality textiles having good dyeability, ultraviolet protection and
antibacterial properties.

Conclusion

Investigations on the swelling and drug release kinetics of
composite wound dressing material in various pH buffer solutions
reveal maximum equilibrium swelling at pH 7.0. Swelling kinetics
at pH 5.5 and pH 7.0 solutions follow first order kinetics model,
while that at pH 8.5 solution follow second order kinetics model.
The drug release kinetics of composite dressing is investigated at
different pH using model drug Bovine serum albumin. Drug release
kinetics follows Peppa’s model and drug is released by Fickian
diffusion mechanism. The surface morphology of the composite

dressing is analyzed by scanning electron microscopy. The pores of
different sizes are observed at different pH. The drug release from
composite dressing is directly is directly influenced by swelling and
pore size.

These composite wound dressing materials have a great
potential to be used as a medicated dressing in wound healing
process for non-chronic wounds. Studies on the application of
natural dyes extracted from camphor plant, on silk fabric by means
of exhaust dyeing process reveal excellent UV protection properties
and are very effective in blocking UVA and UVB radiations. The
fabric dyed with natural extract shows antimicrobial properties,
which is proved by bacterial reduction in quantitative tests. The
colour fastness to washing and rubbing is found very good to
excellent and colour fastness to light is poor. Silk fabric dyed for
less time shows golden colour, while the increased dyeing time
shows reddish brown colour. The UV protection and antimicrobial
performance of camphor plant leaf extract are found excellent.
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