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Abstract The aim of the present study was to develop

PVA/PEO/CMC/aloe vera (PPCAV) and PVA/PEO/CMC/

curcumin (PPCCu) dressings with nonwoven polyester

fabric as the support layer via freeze-drying (FD) approach.

Tetracycline hydrochloride drug (TC) was loaded along

with curcumin and aloe vera on these dressings. The

morphology of the dressings was characterized by scanning

electron microscopy. The swelling behavior, water vapor

transmission rate (WVTR), in vitro drug release and anti-

microbial nature were analyzed to assess the applicability

of these freeze-dried membranes as wound dressing

materials. The results show that these dressings made from

PPCAVTC and PPCCuTC were highly porous with three-

dimensional interconnected porous morphology. The

cumulative release of drug from the dressings increases

with increasing immersion time and continued up to 24 h,

after that it gets leveled off. These dressings evidenced

wonderful antimicrobial nature in vitro. These dressings

were found to have more than 900 % PBS uptake, WVTR

was found to be in the range 2,000–2,500 gm-2 day-1.

These dressings possess many characteristics desirable in

an ideal wound dressing material.

1 Introduction

A dressing is an adjunct used for application to a wound

in order to promote healing and prevent more harm [1].

Polymeric wound dressings have been observed to

enhance wound healing and tissue regeneration as these

are capable of maintaining moist environment at the

wound site [2]. In order to accelerate wound healing,

several bioactive compounds and materials have been

added to these wound dressings. These dressings can

deliver the therapeutic agents such as antibiotics, growth

factors, vitamins and mineral supplements to the wound

site and help in improving wound healing. The polymers

that are employed for drug delivery include poly(vinyl

pyrrolidone) [3], poly(vinyl alcohol) [4], collagen [5, 6]

and chitosan [7, 8]. In modern wound care practice, drugs

such as gentamicin [9], minocycline [10], tetracycline

[11], streptomycin [12] are generally used to treat wounds.

It has been reported that tetracycline hydrochloride (TC)

shows broad antimicrobial spectrum as compared to any

other antibiotic and showed extraordinary chemothera-

peutic efficacy against both gram-positive and gram-neg-

ative bacteria [13].

Interpenetrating polymer networks (IPNs) of TC loaded

CMC and crosslinked poly(acrylic acid) (PAA) were

prepared and it has been observed that these IPNs showed

ideal water absorption and blood clot formation [14].

Zahedi et al. [15] prepared TC loaded nanofibrous mats of

poly(lactic acid) (PLA), poly(e-caprolactone) (PCL), and

their blends via electrospinning process, these mats have

better water permeability, rate of drug release and anti-

microbial activity as compared to commercial dressing.

Gupta et al. [16] prepared thermosensitive membranes by

radiation-induced graft copolymerization of N-isopropyl

acrylamide (NIPAAm) and acrylic acid (AA) on PET
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fabric and then immobilized TC onto it and studied the

drug release rate. It was found that TC is released within

initial 6–8 h and helps in thermo-regulated drug delivery.

TC immobilized on acrylonitrile grafted PP sutures also

impart excellent antimicrobial property, continuous drug

release for a period of 4–5 days and the modified suture

showed no infection in albino rats even after fourth day of

implantation [17]. Saxena et al. [18] developed TC

immobilized grafted PP suture and it has been observed

that these sutures inhibit bacterial proliferation even after

30 days of implantation. Kenawy et al. [19] used TC on

nanofibres of poly(ethylene-co-vinyl acetate), PLA, and

their polyblend and showed highest drug-release rate.

Freeze-dried membranes could serve as powerful candi-

dates for antibiotic delivery. Drug delivery matrix was

prepared by lyophilization of a fibrin clot loaded with

tetracycline. These discs maintained steady drug release

rate from day 1 to 12 on implantation in mice thus

retaining sufficient concentration to inhibit microbial

growth [20]. Semi IPNs of chitosan and PVP were pre-

pared via air-drying (AD) and FD approach and the

release of amoxicillin was investigated. The FD mem-

branes released 73 % of the amoxicillin in 3 h as com-

pared to AD hydrogels showing superior release

properties [21].

PVA, PEO and CMC are well known for their applica-

tion in pharmaceutical and biomedical areas such as wound

dressings, drug delivery, because of their biocompatibility

and non-toxicity. It has been reported in our previous work

that CMC acts as a compatibilizer between PVA and PEO

and helps in the formation of a stable matrix [22]. Many

medicinal plants are widely used for treating wounds from

ancient times. In one of the studies, PVA, CMC, gelatin and

crosslinked polyacrylamide hydrogels loaded with povi-

done iodine displayed good swelling and fair level of blood

compatibility [23]. Aloe vera is one of the medicinal plants

that have antibacterial, antifungal, antiviral, and anti-

inflammatory action [24, 25]. Curcumin, a polyphenolic

compound derived from the herb Curcuma longa possesses

several biological actions including antiviral, antimicrobial,

antifungal, wound healing, antioxidant and anti-inflamma-

tory properties [26–31]. Both these medicinal extracts were

incorporated in PVA/PEO/CMC (PPC) membranes in

varying ratios and found to exhibit excellent antimicrobial

activity against both gram-positive and gram-negative

bacteria and it was observed that 10 % curcumin and 10 %

aloe vera showed excellent antimicrobial activity [32, 33].

Thus, in this study, an antibiotic, TC will be incorporated in

the PPCAV and PPCCu dressings and drug release and

enhanced antimicrobial nature will be discussed.

2 Materials and methods

2.1 Materials

PVA (DP *1,700–1,800 and molecular weight 1,15,000)

and CMC sodium salt of high viscosity were procured from

Loba Chemie Pvt. Ltd., Mumbai, India. PEO of molecular

weight 3,00,000 and curcumin from Curcuma longa crys-

talline were procured from Sigma-Aldrich Chemicals Pvt

Ltd., India. Aloe vera powder was purchased from Agya

Enterprises, Bhopal. Tetracycline hydrochloride (TC) was

purchased from Central drug house (P) Ltd., New Delhi.

Deionised water was used for all experiments. Nonwoven

Polyester (PET) fabric (39.52 GSM) supplied by Uni-

products (India) Ltd., New Delhi, was used as supporting

base for FD samples. Deep freezer and freeze-drier sup-

plied by Ilshin, South Korea (-80 �C) were used for the

cryogenic experiments.

2.2 Preparation of drug loaded membranes

PVA/PEO/CMC (PPC) solution in the ratio 80/20/20 was

prepared by dissolving PVA, PEO and CMC in deionised

water for 8 h at 70 �C under continuous stirring [34]. The

total polymer concentration was maintained to be 5 % by

weight. After complete dissolution, FD approach was used

to prepare blend membrane. In this, the blend solution was

poured onto PET nonwoven fabric and the whole system

was placed in deep freezer at -80 �C for 24 h followed by

FD at -80 �C for 12 h, followed by drying in vacuum oven

at 80 �C for 4 h. Aloe vera containing membranes were

also prepared by the same approach by dissolving aloe vera

(10 % of polymer weight) in PPC solution under stirring.

After that, drug and aloe vera containing samples were

prepared by dissolving aloe vera (10 % of polymer weight)

and TC (0.5, 1 and 2 % of polymer weight) in blend

solution of PPC and freeze-dried by the above given pro-

cedure. Similar procedure has been repeated for the prep-

aration of curcumin and curcumin and drug containing

membranes. The membranes and their composition are

described in Table 1.

2.3 Morphology study

The surface morphology of FD membranes was studied

using STEREOSCAN 360 (Cambridge Scientific Industries

Ltd.), scanning electron microscope (SEM), after coating

them with silver. All the samples were pre-dried under

vacuum prior to the SEM.
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2.4 Swelling measurements

The PBS absorption capacity of the drug loaded dressings was

determined by immersing the known weight of samples in

PBS solution (pH 7.4) at 37 �C. The samples were removed

after required period of time and their wet weight was deter-

mined by first blotting the swollen sample with filter paper to

remove extra surface water and then weighed immediately.

The percentage swelling was calculated as follows [31].

% Swelling ¼Ws �Wd

Wd

� 100 ð1Þ

where Ws denotes the weight of the hydrated dressing after

required period of time, and Wd is the initial dry weight of the

dressing. Each experiment was repeated 3 times, and the

average value was taken as the percentage PBS absorption.

2.5 Water vapor transmission rate (WVTR)

WVTR across the dressings was determined according to

the ASTM method E398-03. WVTR tests were carried out

using an automatic water vapor permeability testing

machine Lyssy L80-5000 (PBI Dansensor, Denmark) at

38 �C and 10/15 % RH. WVTR was measured using alu-

minium sample cards.

2.6 In vitro drug release studies

The release of TC from TC loaded dressings was studied

by UV–Vis spectrophotometer. The dressings having

varying amount of drug were immersed in 20 ml PBS (pH

7.4), and put in a water bath maintained at 37 �C. At

appropriate time intervals, 5 ml aliquots were withdrawn

and replaced with fresh PBS. The optical density of the

aliquots was measured by UV–Vis spectrophotometer at

the wavelength of 274 nm. The actual amount of drug

released from the dressings was back calculated from the

data obtained against a predetermined calibration curve for

TC. The experiment was performed in triplicate for each

sample.

2.7 Antimicrobial studies

Antimicrobial nature of dressings having different amounts

of drug was examined by zone of inhibition and colony

count method, according to test method AATCC 100-1998.

The antibacterial activity was determined against gram-

positive bacteria, S. aureus and gram-negative bacteria,

E. coli. In zone of inhibition method, colonies of S. aureus

(ATCC 25923) and E. coli (ATCC 35218) obtained from

an overnight culture were suspended in Muller Hinton

Broth (MHB) and the turbidity was adjusted to 0.5

McFarland standards. Of this suspension, 200 lL was

spread on Muller Hinton Agar (MHA) plates to obtain a

semi-confluent growth. Dressings were then placed on the

inoculated medium and the plates were kept for incubation

for 24 h at 37 �C and the zones of inhibition were observed

the next day [18].

In colony count method, E. coli and S. aureus was the

testing bacterium. Mother culture used is 105 CFU/ml. In

this procedure, Luria/Nutrient broth solution was prepared

for bacteria inoculation with test and control samples in it

in separate containers. Sterilization was done in an auto-

clave for 20 min at 121 �C at 15 lb pressure. Containers

with nutrient broth, samples & bacteria culture were shaken

at 200 rpm at 37 �C for 24 h. Agar plates were prepared by

pouring required quantity of sterilized mixture of nutrient/

luria agar and agar agar in the Petri dishes and allowing

them to get solidified. After serial dilution, growth liquid

was spread on the surface of solidified agar. All the Petri

dishes were incubated thereafter at 37 �C for 24 h [18].

The antimicrobial activity of the dressings was calculated

using the following expression.

R % ¼ A� B

A
� 100 ð2Þ

Table 1 Composition of the samples and influence of content of TC on WVTR of aloe vera and curcumin loaded dressings

Sample Composition WVTR

(gm-2 day-1)

PVA/PEO/CMC (PPC) 80/20/20 2,319

PVA/PEO/CMC/Aloe vera (PPCAV) 80/20/20/10 2,080

PVA/PEO/CMC/Aloe vera/TC (PPCAVTC0.5) 80/20/20/10/0.5 2,408

PVA/PEO/CMC/Aloe vera/TC (PPCAVTC1) 80/20/20/10/1 2,365

PVA/PEO/CMC/Aloe vera/TC (PPCAVTC2) 80/20/20/10/2 2,542

PVA/PEO/CMC/Curcumin (PPCCu) 80/20/20/10 2,621

PVA/PEO/CMC/Curcumin/TC (PPCCuTC0.5) 80/20/20/10/0.5 2,453

PVA/PEO/CMC/Curcumin/TC (PPCCuTC1) 80/20/20/10/1 2,045

PVA/PEO/CMC/Curcumin/TC (PPCCuTC2) 80/20/20/10/2 2,220
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where R is antimicrobial activity, A is the number of

bacterial colonies in control sample, and B is the number of

bacterial colonies in treated samples. All experiments were

carried out under sterile conditions.

3 Results and discussion

Figure 1 shows the schematic representation of the wound

dressing formed. It represents that the dressing formed is

ideal in nature as it is porous, can absorb lot of exudates,

oxygen and water vapor permeable and antimicrobial.

3.1 Morphology study

The surface as well as bulk of all dressings prepared by FD

approach, revealed a highly irregular porous structure

across the matrix (Figs. 2, 3, 4, 5, 6, 7). It is observed that

the top surface (Figs. 2, 3) did not show any appreciable

porous structure while the bottom surface showed well-

defined pores. The cross-sectional view of dressings

(Fig. 6, 7) exhibited large, open, channel-like structures

which are three-dimensionally interconnected. As shown in

Figs. 4, 5, 6, and 7, the addition of drug has a reflective

influence over the porous structure of the membranes. But

the increase in drug content of the dressings does not fol-

low a trend both for aloe vera and curcumin loaded

membranes. The SEM analysis suggests that these FD

membranes showed a well-defined porous morphology.

3.2 Swelling study

The variation of swelling of PPCAVTC1 and PPCCuTC1

dressings with time is presented in Figs. 8 and 9, respec-

tively. Figure 8 shows that as the time increases, swelling

of aloe vera and drug loaded dressings increases with time

and after 12 h it gets leveled off. Figure 9 shows that the

swelling of curcumin and drug loaded dressings increases

initially with increase in time, but after 180 min, swelling

decreases. The steady increase in swelling may be attrib-

uted to the release of curcumin and drug present in the

dressings into the medium with time which increases the

solute concentration of the medium and as a result of which

less number of water molecules are available for absorption

by the polymer. The swelling of these dressings has high

and enough swelling, i.e., more than 900 % and could

possibly be used as wound dressing matrix as this hydration

capacity of dressings improves the wound healing capacity

of the base matrix. The higher swelling capacity of these

dressings is attributed to the hydrophilic nature of the

polymers.

3.3 WVTR

The effect of varying amount of drug on the WVTR of the

dressings was given in Table 1. Queen et al. [35] reported

that the WVTR rate of 2,000–2,500 gm-2 day-1 would

maintain a suitable moisture content at the wound surface.

As a low WVTR would lead to the accumulation of exu-

date at the wound surface which may cause the decrease inFig. 1 Schematic representation of wound dressing

Fig. 2 SEM micrographs of the top side of dressing having PPCAVTC in ratio a 80/20/20/0/0 at 91800, b 80/20/20/10/0 at 91800, c 80/20/20/

10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000

1616 J Mater Sci: Mater Med (2014) 25:1613–1622

123



Fig. 3 SEM micrographs of the top side of dressing having PPCCuTC in ratio a 80/20/20/0/0 at 91800, b 80/20/20/10/0 at 91000,

(c) 80/2020/10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000

Fig. 4 SEM micrographs of the bottom side of dressing having PPCAVTC in ratio a 80/20/20/0/0 at 91000, b 80/20/20/10/0 at 91000,

c 80/20/20/10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000

Fig. 5 SEM micrographs of the bottom side of dressing having PPCCuTC in ratio a 80/20/20/0/0 at 91000, b 80/20/20/10/0 at 91000,

c 80/2020/10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000

Fig. 6 SEM micrographs of the cross-section of dressing having PPCAVTC in ratio a 80/20/20/0/0 at 91000, b 80/20/20/10/0 at 91000,

c 80/20/20/10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000
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healing process and opens up the risk of bacterial growth.

On the other hand, a high value of WVTR leads to dehy-

dration of the wound site that will also decelerate the

healing process. WVTR values of the drug loaded dress-

ings were similar to the ideal value for wound dressing

(Table 1).

Fig. 7 SEM micrographs of the cross-section of dressing having PPCCuTC in ratio a 80/20/20/0/0 at 91000, b 80/20/20/10/0 at 91000,

c 80/2020/10/0.5 at 91000, d 80/20/20/10/1 at 91000, and e 80/20/20/10/2 at 91000

Fig. 8 Variation of swelling of dressing having PPCAVTC in ratio

80/20/20/10/1 with time in PBS (pH 7.4) at 37 �C

Fig. 9 Variation of swelling of dressing having PPCCuTC in ratio

80/20/20/10/1 with time in PBS (pH 7.4) at 37 �C

Fig. 10 Drug release profile from the dressing having PPCAVTC in

varying ratios in PBS (pH 7.4) at 37 �C

Fig. 11 Drug release profile from the dressing having PPCCuTC in

varying ratios in PBS (pH 7.4) at 37 �C
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3.4 Drug release

The drug release from the dressings was monitored in pH 7.4

PBS. The calibration plot for concentration vs. optical

density was constructed by preparing solutions of different

concentrations and measuring their optical density at

274 nm for TC. A straight line relationship is observed. The

release profile of the drug, TC from the drug loaded PPCAV

and PPCCu dressings has been shown in Figs. 10 and 11,

respectively. The drug releases effectively up to 2 days

where the drug release is very fast initially. However, most

of the drug is released in 24 h. This release behavior

indicates that the drug availability will be on the wound site

for 2 days, which is the prime requirement for dressing

application. The dressings with higher concentration of drug

showed release of higher amount of drug in the system. The

amount of drug released in PBS (pH 7.4) was higher in 2 %

drug loaded membranes as compared to 1 % drug loaded

membranes, which in turn, is higher than 0.5 % drug loaded

membranes. The drug release from these membranes will

occur only when water penetrates the polymeric framework

and resulting in swelling of the polymer and diffusion of

drug, thus the drug release behavior of these dressings is

interrelated with the swelling nature of the polymers.

Fig. 12 Antimicrobial activity of wound dressings a 10 % AV,

b 15 % AV, c 10 % AV 0.5 % TC, d 10 % AV 1 % TC, e 10 % AV

2 % TC against E. coli, f 10 % AV, g 15 % AV, h 10 % AV 0.5 %

TC, i 10 % AV 1 % TC, and j 10 % AV 2 % TC against S. aureus by

zone of inhibition method

Fig. 13 Antimicrobial activity of wound dressings a 10 % curcumin,

b 15 % curcumin, c 10 % curcumin 0.5 % TC, d 10 % curcumin 1 %

TC, e 10 % curcumin 2 % TC against E. coli, f 10 % curcumin,

g 15 % curcumin, h 10 % curcumin 0.5 % TC, i 10 % curcumin 1 %

TC, and j 10 % curcumin 2 % TC against S. aureus by zone of

inhibition method

J Mater Sci: Mater Med (2014) 25:1613–1622 1619

123



3.5 Antimicrobial study

TC loaded PPCAV and PPCCu wound dressings demon-

strated excellent antimicrobial properties by both methods,

zone of inhibition and colony count. It can be observed in

Figs. 12 and 13, that the inhibition zones extending well

beyond the boundary of the drug loaded dressings against both

gram-positive and gram-negative bacteria. However, no zone

of inhibition was observed around control samples, i.e.,

samples without drug, for both E. coli and S. aureus and was

completely surrounded by bacterial colonies. In aloe vera

containing dressings, aloe vera is known for its antimicrobial

nature and we did not see any microbial growth on the dressing

surface indicating that aloe vera acts as contact killer for the

microbes. There is nothing that could leach out of the dressings

to the surrounding medium and may destroy the microbes.

However, in case of curcumin loaded dressings, a thin zone of

inhibition can be observed around the dressings indicating that

Fig. 14 Antimicrobial activity of wound dressings a PPC (control), b PPCAV, c PPCAVTC, d PPCCu and e PPCCuTC against E. coli. (ATCC

11105)

Fig. 15 Antimicrobial activity of wound dressings a PPC (control), b PPCAV, c PPCAVTC, d PPC (control), e PPCCu, f PPCCuTC and

g Bactigras dressing against S. aureus
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curcumin releases out in the surrounding medium from the

dressings and kill the microbes. This method noticeably

showed that as the concentration of drug increases in the drug

loaded dressings, the size of zone of inhibition increases thus

representing that the drug loaded dressings allows the drug to

diffuse effectively into the medium. This data is also sup-

ported by the drug release data of TC loaded membranes. It

can be said here that on applying these dressings on the wound

surface will result in the diffusion of drug on the wound bed

and preventing the wound from getting infected.

In the colony count method, it is evident that the drug

loaded samples showed 100 % antimicrobial activity as

compared to the control samples without any antimicrobial

agent, i.e., drug, aloe vera and curcumin. As discussed

earlier, the aloe vera and curcumin loaded PPC membranes

have 79.8 and 74.7 % antimicrobial activity against E. coli,

respectively [32, 33], and 77.1 and 96 % against S. aureus,

respectively [32, 33], which get enhanced to 100 % on

adding drug to these dressings (Figs. 14, 15; Tables 2, 3).

These results clearly show that these dressings possess

good antibacterial activity. The results also depict that

antibacterial potential increases with increasing amount of

drug. Figure 15 also exhibited that drug loaded dressings of

PPCAV and PPCCu showed 100 % antibacterial activity as

compared to 99.8 % of a commercial dressing ‘Bactigras’.

It can be concluded here that drug loaded samples are good

enough as wound dressings. Figure 16 shows the photo-

graph of drug loaded dressings formed.

4 Conclusion

The outcome of this study is the development of drug

incorporated PVA/PEO/CMC freeze-dried membranes

possessing many beneficial features. The surface as well as

bulk of all dressings prepared by FD approach, revealed a

highly irregular, three-dimensionally interconnected por-

ous structure across the matrix. WVTR values of the drug

loaded dressings were similar to the ideal value, i.e.,

2,000–2,500 gm-2 day-1 for wound dressing thus main-

tain suitable moisture content at the wound surface. These

dressings have high and enough swelling, i.e., more than

900 % and could possibly be used as wound dressing

matrix as this hydration capacity of dressings improves the

wound healing capacity of the base matrix.

The present work also includes the enhancement of

antimicrobial activity of aloe vera and curcumin loaded

dressings by treating these with drug, tetracycline hydro-

chloride in varying ratios. These dressings exhibit effective

Table 2 Antimicrobial efficiency of different wound dressings

against E. coli

Samples CFU/mL Percentage reduction

(E. coli)

A (PPC) 178 9 106 0

B (PPCAV) 36 9 106 79.8

C (PPCAVTC) 0 9 106 100

D (PPCCu) 45 9 106 74.7

E (PPCCuTC) 0 9 106 100

Table 3 Antimicrobial efficiency of different wound dressings

against S. aureus

Samples Percentage reduction

(S.aureus)

A (PPC) 0

B (PPCAV) 77.1

C (PPCAVTC) 100

D (PPC) 0

E (PPCCu) 96

F (PPCCuTC) 100

G (Bactigras dressing) 99.8

Fig. 16 Photograph of

a PPCAVTC and b PPCCuTC
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drug release, i.e., up to 2 days. The release behavior indicates

that the drug availability will be on the wound site for 2 days,

which is the prime requirement for dressing application. The

drug loaded membranes show 100 % antimicrobial activity

with clear zone of inhibition. These results clearly show that

on applying these dressings on the wound surface will result

in the diffusion of drug on the wound bed and preventing the

wound from getting infected.

References

1. Gupta B, Agarwal R, Alam MS. Textile-based smart wound

dressings. Ind J Fibre Text Res. 2010;35:174–87.

2. Winter GD. Formation of the scab and the rate of epithelization

of superficial wounds in the skin of the young domestic pig.

Nature. 1962;193:293–4.

3. Hoffman AS. Hydrogels for biomedical applications. Adv Drug

Deliv Rev. 2002;43:3–12.

4. Kietzmann M, Braun M. Effects of the zinc oxide and cod liver

oil containing ointment Zincojecol in an animal model of wound

healing. Dtsch Tierarztl Wochenschr. 2006;113:331–4.

5. Defail AJ, Edington HD, Matthews S, Lee WC, Marra KG.

Controlled release of bioactive doxorubicin from microspheres

embedded within gelatin scaffolds. J Biomed Mater Res A.

2006;79:954–62.

6. Maeda M, Kadota K, Kajihara M, Sano A, Fujioka K. Sustained

release of human growth hormone (HGH) from collagen film and

evaluation of effect on wound healing in db/db mice. J Control

Release. 2001;77:261–72.

7. Aoyagi S, Onishi H, Machida Y. Novel chitosan wound dressing

loaded with minocycline for the treatment of severe burn wounds.

Int J Pharm. 2007;330:138–45.

8. Mi FL, Wu YB, Shyu SS, Schoung JY, Huang YB, Tsai YH, Hao

JY. Control of wound infections using a bilayer chitosan wound

dressing with sustainable antibiotic delivery. J Biomed Mater

Res. 2002;59:438–49.

9. Hwang MR, Kim JO, Lee JH, Kim YI, Kim JH, Chang SW, Jin

SG, Kim JA, Lyoo WS, Han SS, Ku SK, Yong CS, Choi HG.

Gentamicin-loaded wound dressing with polyvinyl alcohol/dex-

tran hydrogel: gel characterization and in vivo healing evaluation.

AAPS PharmSciTech. 2010;11:1092–103.

10. Sung JH, Hwang MR, Kim JO, Lee JH, Kim YI, Kim JH, Chang

SW, Jin SG, Kim JA, Lyoo WS, Han SS, Ku SK, Yong CS, Choi

HG. Gel characterisation and in vivo evaluation of minocycline-

loaded wound dressing with enhanced wound healing using

polyvinyl alcohol and chitosan. Int J Pharm. 2010;392:232–40.

11. Singh B, Pal L. Development of sterculia gum based wound

dressings for use in drug delivery. Eur Polym J. 2008;44:3222–30.

12. Boateng JS, Pawar HV, Tetteh J. Polyox and carrageenan based

composite film dressing containing anti-microbial and anti-

inflammatory drugs for effective wound healing. Int J Pharm.

2013;441:181–91.

13. Chopra I, Roberts M. Tetracycline antibiotics: mode of action,

applications, molecular biology, and epidemiology of bacterial

resistance. Microbiol Mol Biol Rev. 2001;65:232–60.

14. Bajpai AK, Mishra A. Preparation and characterization of tetra-

cycline-loaded interpenetrating polymer networks of carboxy-

methyl cellulose and poly(acrylic acid): water sorption and drug

release study. Polym Int. 2005;54:1347–56.

15. Zahedi P, Karami Z, Rezaeian I, Jafari SH, Mahdaviani P, Ab-

dolghaffari AH, Abdollahi M. Preparation and performance

evaluation of tetracycline hydrochloride loaded wound dressing

mats based on electrospun nanofibrous poly(lactic acid)/poly

(e-caprolactone) blends. J Appl Polym Sci. 2012;124:4174–83.

16. Gupta B, Mishra S, Saxena S. Preparation of thermosensitive

membranes by radiation grafting of acrylic acid/N-isopropyl

acrylamide binary mixture on PET fabric. Radiat Phys Chem.

2008;77:553–60.

17. Gupta B, Jain R, Singh H. Preparation of antimicrobial sutures by

preirradiation grafting onto polypropylene monofilament. Polym

Adv Technol. 2008;19:1698–703.

18. Saxena S, Ray AR, Kapil A, Pavon-Djavid G, Letourneur D,
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