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a b s t r a c t

The present investigation deals with designing of savlon loaded blend hydrogels (termed cryogels) of
polyvinyl alcohol (PVA) and alginate by repeated freeze–thaw method and their characterization by
SEM and FTIR techniques. The FTIR spectra clearly reveal that savlon loaded alginate and PVA blends
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eywords:
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ntibacterial activity
reeze–thaw

are bonded together through hydrogen bonding. The SEM analysis suggests that cryogels show a well
defined porous morphology. The prepared cryogels were also investigated for swelling and deswelling
behaviors. The results reveal that both the swelling and deswelling processes greatly depend on the
chemical composition of the cryogels, number of freeze–thaw cycles and pH and temperature of the
swelling bath. The savlon loaded blends were also investigated for their in vitro blood compatibility and
antibacterial activity.
eswelling

. Introduction

Wound healing is a dynamic process and performance require-
ent of a dressing can change as healing progresses. However, it

s widely accepted that a warm and moist environment encourage
apid healing and most modern wound care products are designed
o consider these conditions (Barnett & Irving, 1991; Fwu-Long et
l., 2001; Vanessa, Grey & Harding, 2006; Winter, 1962). It is known
hat the body’s natural processes also regenerate dermal and epi-
ermal tissues and the healing cascade is activated when platelets
ome into contact with exposed collagen leading to platelet aggre-
ation and the clearer of clotting factors resulting in the deposition
f a fibrin clot at the site of injury (Nayak, Raju & Ramsubhag
008). Factors such as nutrition, infection associated illness, dia-
etes, mellitus, malignancy and vascular insufficiency, cytotoxicity
reatments also affect wound healing (Kavanagh & Alette de Jong,
004).

An ideal wound dressing is designed to provide the following
apabilities: control of water-loss through evaporation, inhibition
f drainage and prevention of exudates, build-up protection from

xternal contamination and sufficient bactericidal effect to inhibit
nfection (Lee et al., 2001). Various biological, biosynthetic and syn-
hetic wound dressings are used in burn care and selection and use
f which depend on the condition of the wound (Carrougher, 1998).

∗ Corresponding author. Fax: +91 761 2625514.
E-mail addresses: akbmrl@yahoo.co.in, akbajpailab@yahoo.co.in (A.K. Bajpai).

144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2010.08.077
© 2010 Elsevier Ltd. All rights reserved.

A hydrogel dressing prevents the wound from microbial con-
tamination, inhibits the loss of body fluids and provides free flow
of oxygen to the healing process (Pal, Banthia, & Majumdar, 2006;
Sen & Avc, 2005). The hydrogel dressing removal is almost painless
because it does not stick to the wound but remains intact in the
wound site due to the presence of hydrophilic groups, which form
secondary bonds with those at the wound surface (Pal, Banthia, &
Majumdar, 2006).

Alginate is a natural biopolymer derived from brown seaweed
(Mohan & Nair, 2005). It acts via an ion exchange mechanism
absorbing exudates and forming a non-adherent gel (Somers et al.,
1992). It contains calcium and sodium. It is well established that
calcium plays an important role in wound healing (Valerie, Herlick
& Kidd, 2005) and sodium has the ability to kill bacteria. (Gilchrist &
Martin, 1983; Ichioka, Harii, Nakahara, & Sato, 1998; Motta, 1989).

PVA is a well known biologically friendly synthetic poly-
mer and has been developed for biomedical applications such
as artificial pancreas (Giusti, Lazzeri, & Barbani, 1993; Young,
Chuang, Yao, & Chen, 1998), synthetic vitreous body (Inoue et al.,
1992), wound dressings, artificial skin and cardiovascular devices
(Burczak, Gamian, & Kochman, 1996; Hassan & Peppas, 2000;
Hoffman, 2002; Lee & Mooney, 2001; Razzak, Zainuddin, Dewi, Lely,
& Taty, 1999; Rosiak & Ulanski, 1999; Wan, Campell, Zhang, Hui, &

Boughner, 2002).

Thus, the present study aims to design a savlon loaded wound
dressing patches of PVA and alginate by repeated freeze–thaw
method and study their water sorption and antibacterial behav-
iors.

dx.doi.org/10.1016/j.carbpol.2010.08.077
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:akbmrl@yahoo.co.in
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. Experimental

.1. Materials

Polyvinyl alcohol (PVA) 98.6% hydrolyzed, Mol. Wt. 1 × 105 Da
as purchased from Merck, India and used without any pretreat-
ent. Alginate was purchased from Central Drug House (CDH, New
elhi, India) while Savlon from Johnson & Johnson (Mumbai, India).
ll chemicals were of analytical grade and doubly distilled water
as used throughout the experiments.

Sources of bacteria: 5 bacterial cultures namely Staphylococcus
ureus, Vibrio cholerae, Gram positive Bacilli, Bacillus subtilis and
seudomonas sp. were provided by Fungal Biotechnology and Inver-
ebrate Pathology Lab, Department of Biosciences, R.D. University,
abalpur (M.P.), India.

.2. Preparation of savlon loaded cryogels

The repeated freeze–thaw method was adopted for preparing
lend hydrogels of PVA and alginate containing savlon as an anti-
eptic liquid. In a typical experiment, 2 g of PVA was dissolved in
5 mL of water under hot condition (80 ◦C) and 1 g alginate was
issolved in cold water. Solutions of PVA and alginate, and 10 mL
avlon were homogenized and kept in a petridish at −20 ◦C for
4 h. The frozen gels were then thawed for 2 h at room temper-
ture (25 ◦C) and again kept at −20 ◦C for freezing. Such freezing
hawing cycles were repeated at least thrice so that the whole mass
as converted into a soft spongy yellowish orange coloured cryo-

el. It is worth mentioning here that the time of 24 h was found to
e sufficient for freezing of the gel while that of 2 h was enough for
omplete melting. In this way, a complete cycle required about 24 h
nd by repetition of these cycles the cryogels were prepared. The
els so prepared were purified by equilibrating them in distilled
ater for 24 h, so that all unreacted chemicals were leached out.

he swollen gel was cut into small discs and dried at room temper-
ture for a week. The dried cryogel pieces were stored in air tight
olyethylene bags.

.3. Reswelling study in PBS

The dry gel was allowed to swell in phosphate buffer saline (PBS,
H 7.4) and taken out after 72 h. It was noticed that after swelling,
he gel again becomes slightly spongy. The swollen gel was gently
ressed in between the filter papers to remove excess water and
hen weighed. The swelling ratio was calculated by the following
quation:

welling ratio = Ws

Wd
(1)

here Ws and Wd are the swollen and dry weights of the gels,
espectively.

.4. Deswelling study

The kinetics of deswelling behavior of the hydrogel was moni-
ored at room temperature. Prior to study the deswelling kinetics,
he hydrogels were allowed to swell till equilibrium in the PBS.
fter wiping off excess water with filter papers present on the sur-

ace the weight of the deswelling gel was recorded at desired time
ntervals and percent deswelling was calculated by the following
quation:
Deswelling = (Wi − Wt) × 100
Wi

(2)

here Wi and Wt are the weights of swollen gels at time zero time
start) and time t, respectively.
lymers 83 (2011) 876–882 877

3. Characterization

3.1. FTIR spectral analysis

The spectral analysis of the prepared cryogels were performed
on an IR spectrophotometer (Perkin Elmer, 1000 Paragon) by
recording the IR spectra of a dry thin film of the blend.

3.2. SEM analysis

For scanning electron microscopy, samples were coated with
100 Å thick layer of gold by using a Denton II (Denton Vacuum,
Moorestown, NJ) vacuum sputter coater to minimize charging of
the sample and then mounted onto aluminum stubs using conduc-
tive carbon tape and conductive paint to ensure efficient charge
dissipation. Scanning electron microscopy images were obtained
using a STEREO SCAN, 430, Leina, SEM (USA) set at 20 keV acceler-
ating voltage at 1 × 10−9 Torr vacuum.

3.3. In vitro blood compatibility

The in vitro blood compatibility of the prepared cryogels was
determined by methods described as below

3.3.1. Clot formation test
The antithrombogenic potential of the cryogel surface was

judged by the blood clot formation test, as described elsewhere
(Maitz, Tsyganoy, & Pham, 2003). In brief, the specimens were equi-
librated with saline water (0.9% (w/v) NaCl) at 37 ◦C for 24 h and
to these swollen samples were added 0.5 mL of ACD blood and
0.03 mL of CaCl2 solution (4 mol L−1) to start the thrombus forma-
tion. 4.0 mL of deionized water was added to stop the reaction and
the thrombus formed was separated by soaking in water for 10 min
at room temperature and then fixed in 36% formaldehyde solution
(2.0 mL) for another 10 min. The fixed clot was placed in water for
10 min and after drying, its weight was recorded. The same proce-
dure was repeated for glass surface, blood bags and for the gels of
varying compositions and respective weights of thrombus formed
was recorded.

3.3.2. 2% haemolysis tests
Haemolysis experiments were performed on the surfaces of the

prepared PVA/alginate cryogels following a method described else-
where (Singh & Ray, 1994). In a typical experiment, a dry gel piece
(4 cm2) was equilibrated in normal saline water (0.9% (w/v) NaCl)
at 37 ◦C for 24 h and human ACD blood (0.25 mL) was added into the
gels. After 20 min 2.0 mL of saline water was added into the speci-
mens to stop haemolysis and the sample was incubated for 60 min
at 37 ◦C. Positive and negative controls were obtained by adding
0.25 mL of human ACD blood and 9% NaCl solution, respectively to
2.0 mL of bidistilled water. Incubated samples were centrifuged for
45 min, the supernatant was taken and its absorbance was recorded
at 545 nm. The percentage haemolysis was calculated using the
following relationship:

Haemolysis (%) = Atest-sample − A(−)Control

A(+)Control − A(−)Control
(3)

where A is absorbance. The absorbance of positive and negative
controls was found to be 1.73 and 0.048, respectively.

3.4. Antibacterial assay
The study was carried out using zone of inhibition method
(Awodele, Agbamuche, & Akintonwa, 2007) as described by WHO
(2003). Nutrient agar plates (5 g peptone, 5 g NaCl, 3 g Beef extract,
1000 mL, Agar 2%) were prepared and seeded with 200 �L of test
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Table 1
Data showing the influence of composition of the cryogels on its swelling behavior.

PVA/alginate
% (W/W)

Savlon(mL) Freeze–thaw cycles Eq. swelling ratio

40/60 10 3 2.7 ± 0 .1
50/50 10 3 3.2 ± 0.1
66/34 10 3 4.1 ± 0.2
75/25 10 3 3.5 ± 0.2
80/20 10 3 3.4 ± 0.2
66/34 7 3 4.5 ± 0.2
66/34 10 3 4.3 ± 0.2
Fig. 1. FTIR spectra of savlon loaded cryogel.

acteria. Discs of cryogel of different concentrations were prepared
ith the help of sterile cork borer (4 mm) and transferred on to the

noculated plates. They were incubated at 37 ◦C for 24 h. The zone
f inhibition was determined by measuring the diameter in mil-
imeters of zone to which the disinfectant inhibited the growth of
he organism. Three replicates of each test were conducted (Azoro,
000).

.5. Statistical analysis

All experiments were done at least thrice and figures and data
ave been expressed along with the respective error bars and stan-
ard deviations, respectively.

. Results and discussion

.1. Characterization of savlon-containing PVA-alginate cryogel
The FTIR spectra of native PVA, savlon and savlon loaded cryo-
els are presented in Fig. 1(a)–(c), respectively. It is clear from
he spectra (a) and (b) that hydroxyl groups of polyvinyl alcohol

Fig. 2. SEM images of savlon loaded cryogel.
66/34 13 3 3.2 ± 0.1
66/34 10 2 3.0 ± 0.09
66/34 10 3 2.9 ± 0.09
66/34 10 5 2.7 ± 0.08

and savlon appear at 3449 and 3404 cm−1 respectively. Whereas
in the savlon loaded cryogels, –OH groups (hydroxyl) appear at
3452 cm−1 (Bajpai & Saini, 2006) which clearly indicates a shifting
of hydroxyl frequency because of the interaction of hydroxyls of
native PVA and savlon. Likewise, the –OH bending of native PVA
appears at 1107 cm−1 (spectra a) whereas in the savlon loaded
cryogels the –OH bending is seen at 1147 cm−1 thus suggesting
an interaction between the components of savlon loaded cryogels.
The IR spectra also shows sharp peaks at 1741 cm−1 (C O stretch-
ing) due to the presence of alginate (Roy, Bajpai, & Bajpai, 2009)
and at 1589 cm−1 (N–H bending) due to chlorohexidiene (CHX) of
savlon group (Young et al., 2008), which is also confirmed by the
spectra (b) of pure savlon. Thus, on comparing all the three spectra,
the spectra (c) of prepared cryogels suggest the presence of PVA,
alginate and savlon in the prepared cryogels.

The SEM image of the cryogel is shown in Fig. 2 which reveals
that the cryogels is macroporous in nature and the size of the pores
varies in the range 35–100 �m.

4.2. Water sorption measurements

4.2.1. Effect of PVA/alginate
In the present work the two hydrophilic components of cryo-

gels, i.e. PVA and alginate, are nonionic and ionic respectively and
the influence of wt. fraction of PVA and alginate varying from 40/60
to 80/20 has been investigated on the water sorption capacity of
the cryogel. The results are summarized in Table 1 which reveals
that the swelling ratio increases when the PVA/alginate wt. fraction
increases from 40/60 to 66/34, while beyond this wt. fraction the
equilibrium swelling constantly decreases up to 75/25 and there-
after becomes almost constant. The results may be explained as
below

When the PVA/alginate wt. fraction increases from 40/60 to
66/34, the overall hydrophilicity of the cryogel increases due to
increasing amount of PVA and, therefore, the equilibrium swelling
also increases. Here it is worth mentioning that in the lower wt.
fraction range the nonionic PVA is dominating over the ionic poly-
mer (alginate) while in the higher wt. fraction range the ionic
polymer (alginate) dominates over the PVA. The reason behind this
supposition is that at the experimental pH (7.4) the nonionic poly-
mer PVA is present as fully expanded conformation and, therefore,
results in a porous cryogel with large pores. On the other hand,
at high wt. fractions of alginate (ionic polymer), its chains will be
present as fully extended conformation due to the existing repul-
sion forces between the anionic –COO– groups present along the
alginate chains.
4.2.2. Effect of savlon
The effect of increasing amount of savlon in the cryogel has been

investigated on the water sorption characteristics of the cryogel by
adding its increasing volume in the range from 7 to 13 mL to the feed
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Fig. 3. Influence of FTC on pore size of

ixture. The results are presented in Table 1 which reveals that the
quilibrium swelling ratio decreases with increasing savlon content
n the cryogel. The results are quite obvious and may be explained
y the fact that increasing amount of savlon may block the pores of
he cryogel and results in less water sorption.

.2.3. Effect of number of freeze–thaw cycles (FTC)
The effect of number of freeze–thaw cycles on the swelling ratio

f cryogel has been studied and shown in Table 1. The results
learly reveal that the swelling ratio decreases with increasing
umber of FTC. The observed results may be attributed to the fact
hat at 3rd cycle, the cryogel does not possess large crystalline
egions and, therefore, the chains of disinfectant loaded PVA and
lginate cryogels keep on relaxing with increasing swelling time.
owever, with increasing number of FTC, the gel acquires increas-

ng crystallinity which restricts the mobility of disinfectant loaded
VA and alginate chains, thus resulting in a suppressed equilib-
ium swelling ratio. Peppas and co-workers (Hassan & Peppas,
000b) also noticed that the swelling ratio of cryogel decreases
ith increasing number of FTC due to an increase in crystallinity

nd crosslinking density within the cryogel. An alternate explana-
ion may be that with increasing number of FTC, the pore sizes of
he cryogel decreases which also results in lower water sorption.
n order to provide evidence for this logic, SEM images of cryo-
els were recorded with increasing number of FTC. The results are
hown in Fig. 3 which clearly indicates that the pore sizes of the
ryogel networks decrease with increasing number of FTC. This
bviously explains the reduced swelling with increasing number
f freeze–thaw cycles.

.2.4. Effect of pH
In order to examine the role of pH in influencing water sorp-

ion capacity of the cryogels, the experiments were performed in
hree pH solutions viz. 4.0, 7.4 and 9.2, respectively. The results
re shown in Table 2 which reveals that the equilibrium swelling
ecreases with increasing pH of the swelling bath. The results may
e explained as below
In acidic medium, i.e. at pH 4.0, the cryogel shows larger swelling
hich may be explained by the fact that chlorohexadiene, an

ssential component of savlon, is positively charged and produces
epulsion with H+ ions which have diffused into the porous cryogel
rom the acidic swelling bath. Now due to these repulsion forces the

able 2
ffect of experimental parameters on the swelling behavior of the cryogels.

Composition Equilibrium swelling ratio

pH Temperature (◦C)

4.0 7.4 9.2 5 ◦C 10 ◦C
66/34 5.4 ± 0.2 3.6 ± 0.2 3.2 ± 0.1 2.9 ± 0.1 3.4 ± 0.2
yogel (a) 2 FTC, (b) 3 FTC and (c) 5 FTC.

polymer chains of the cryogel get expanded and allow more water
molecules to enter the gel. This obviously results in an optimum
swelling of the cryogel (Bajpai & Kankane, 2007).

With increase in pH of the swelling bath, the relaxation of poly-
mer chains decreases which consequently results in a reduction
in pore sizes of the cryogels. Thus bringing about a fall in the
equilibrium swelling. It is important to mention here that algi-
nate is anionic in nature and, therefore, may be expected to show
repulsions among the cryogels chains at alkaline pH and should
clearly result in larger swelling. However, the results obtained
are just opposite and this is due to the reason that positively
charged chlorohexadiene molecules might have bound to the
anionic groups of alginate thus neutralizing their charge. This is
the reason why the alginate chains of the network do not show
relaxation at high pH.

4.2.5. Effect of temperature
The influence of temperature on the swelling of the cryogel is

of much significance because it directly controls diffusion of water
molecules into the gel, segmental mobility of the network chains
and water-polymer interactions.

In the present work the effect of temperature on the degree of
water sorption has been investigated by carrying out water sorp-
tion experiments in the range 5–25 ◦C. The results are presented in
Table 2 which clearly indicate that the swelling ratio constantly
increases with increasing temperature of the swelling medium.
The results may be explained by the fact that when the temper-
ature is increased the segmental mobility of cryogel chains also
increases which causes widening of the pores of the cryogel net-
work. This eventually results in greater swelling of the cryogels
(Bajpai & Mishra, 2005).

4.2.6. Effect of biological fluids
It is well established that the equilibrium swelling behavior of

a polymer network in a solvent is a result of a balance between
osmotic and restoring elastic pressure. The presence of salts in
the surrounding aqueous medium is capable of tilting this balance,

which may result in either an increase or decrease in the swelling
ratio. The effect of biological fluids on swelling has been exam-
ined by performing swelling experiments in the presence of urea,
d-glucose (5% w/v), potassium iodide (15% w/v) and in physiolog-
ical fluids such as saline water (0.9% w/v) and artificial urine. The

Biological fluids

25 ◦C Syn. urine NaCl Urea d Glucose KI
4.2 ± 0.2 3.3 ± 0.1 5.6± 0.2 4.2 ± 0.2 4.3 ± 0.2 5 ± 0.2
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with the living body for the intended period. In order to be biocom-
patible, materials used in medical applications must meet certain
criteria and regulatory requirements. The surface of biomaterials
is believed to play an important role in determining biocompati-
bility. For materials that come into contact with flowing blood, the
Fig. 4. Effect of wt. fraction of PVA/alginate on deswelling of the cryogel.

esults are depicted in Table 2, which clearly show that the pres-
nce of solutes in swelling medium suppresses the swelling ratio
ue to a decrease in osmotic pressure of external solution (Bajpai
Saini, 2005).

.3. Deswelling of cryogels

The capacity to imbibe water and retaining it for longer time
eriods are important parameters to determine performance of a
ydrogel dressing. The percent deswelling equilibrium of a hydro-
el is related to the chemical composition of the hydrogel as
iscussed below

.3.1. Effect of PVA/alginate
When the composition of cryogel is varied by varying

VA/alginate wt. fraction in the range 40/60–80/20, the equilibrium
eswelling initially increases up to 50/50 wt. fraction of the cryo-
el and then decreases as depicted in Fig. 4. The increase observed
n deswelling of cryogels indicates that up to 50/50 wt. fraction of
VA/alginate, the water loosing capacity of cryogel increases while
eyond this wt. fraction, the equilibrium deswelling decreases.
hus a cryogel containing greater PVA and lesser alginate shows
reater water retention capacity and this may be explained by
he fact that due to greater hydrophilic nature of PVA, water

olecules are tightly bound to PVA chains and, therefore, equi-
ibrium deswelling is less. The results also reveal that for 50/50 wt.
raction of PVA/alginate an optimum deswelling is noticed which
ould be attributed to the reason that water molecules bound
o both the PVA and alginate chains get detached thus causing
eswelling of the cryogel.

.3.2. Effect of savlon
The influence of the amount of savlon present in the cryogel on

quilibrium deswelling has been studied by monitoring extent of
eswelling of the cryogel loaded with varying amounts of savlon,

.e. 7, 10, and 13 mL. The results are shown in Fig. 5, which indicates
hat an optimum deswelling is obtained when the cryogels was
oaded with 10 mL savlon while minimum equilibrium deswelling
s seen with cryogel loaded with 13 mL savlon. The results may be
xplained as below

When the savlon content increases in the cryogel from 7 to

0 mL, the extent of deswelling also increases which may be due to
he reason that the decreasing hydrophilicity of the cryogel matrix
ends to loose water rather rapidly. However, beyond 10 mL of
avlon content the equilibrium deswelling drops suddenly and this
ay be explained by the fact that the added savlon fills up the pores
Fig. 5. Influence of amount of savlon (mL) on the deswelling of cryogel.

of the cryogel and thus restrains the evaporation of water molecules
through the pores. This clearly lowers the equilibrium deswelling
of the cryogel. An alternate explanation may be that since chloro-
hexadiene molecules in savlon are positively charged, they can get
attached to anionic centers of alginate chains and thus reduce the
mesh size of the cryogel network which lowers the evaporation
rate of water molecules.

4.3.3. Effect of freeze–thaw cycle (FTC)
When the number of FTC varies from 2 to 5 the equilibrium

deswelling initially increases up to 3rd cycle and then decreases as
shown in Fig. 6. The results may be explained on the basis of fact that
with increasing FTC the cryogel develops increasing porosity, which
facilitates water evaporation and causes an increase in equilib-
rium deswelling. However, after 3rd cycle the cryogels are greatly
crosslinked and the network becomes so compact that water evap-
oration rate is suppressed due to much narrow size of the cryogel
pores. This obviously lowers the equilibrium deswelling.

4.4. Evaluation of biocompatibility

A biomaterial is a substance used in medical devices to contact
Fig. 6. Effect of number of FTC on deswelling of the cryogel.
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Table 3
Data showing the biocompatibility parameters with varying composition of cryogel.

PVA/alginate% (W/W) Savlon (mL) Freeze–thaw cycles % Haemolysis Blood clot (g)

40/60 10 3 10.1 nil
50/50 10 3 5.2 nil
66/34 10 3 6.6 nil

18.9 nil
20.4 nil
17 nil
17.8 nil
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Table 4
Antimicrobial activities of savlon loaded gel against organisms at different.

Bacteria Zone of inhibition (mm)

7 mL 10 mL 13 mL

1. Staphylococcus aureus (B01) 15 ± 0.09 18 ± 0.04 21
2. Vibrio cholerae (Bo5) 9 ± 0.09 16 ± 0.04 18 ± 0.08
75/25 10 3
80/20 10 3
66/34 7 3
66/34 13 3

ormation of clot is the most undesirable but frequently occurring
ven that restricts clinical acceptance of the material as biomate-
ial. In the present study, the assessment of biocompatibility has
een made on the basis of in vitro tests viz. clot formation and
aemolysis assay. The results are summarized in Table 3 and may
e discussed as below

.4.1. Blood clot formation
It was noticed from the blood clot formation experiments that

lmost no blood clot was formed onto the surfaces of any of the gels
nd this conforms excellent antithrombogenic nature of the cryo-
els. The results can be explained by the fact that both PVA and
lginate are hydrophilic and biocompatible polymers, so the cryo-
els will also be biocompatible. Moreover, as no chemical crosslinks
re present in the blend mixture, the cryogels showed excellent
ntithrombogenic property.
.4.2. Haemolysis study
Haemolysis studies were performed on the cryogel surfaces of

arying compositions and the results are summarized in Table 3. It
s clear from the % haemolysis data that the haemolysis values vary

ig. 7. Photographs showing anti bacterial activity of savlon loaded cryogel. Staphy-
ococcus aureus (B01), Vibrio cholerae (Bo5). Gram positive Bacilli (B07), Bacillus
ubtillus (B09). Pseudomonas aerugenosa (B012).

ig. 8. Bar diagram showing the antibacterial effect of savlon on various bacteria’s.
3. Gram positive Bacilli (B07) 5 ± 0.04 12 ± 0.08 14 ± 0.04
4. Bacillus subtillus (B09) 13 13 ± 0.12 16 ± .09
5. Pseudomonas aerugenosa (B012) 14 16 ± 0.09 18 ± 0.04

in the range 5.2–20.4%, which suggest for a good blood compati-
bility of the cryogels. As no systematic correlation is seen between
the chemical composition of the cryogel and percent haemolysis,
the results have not been discussed in detail.

4.5. In vitro antibacterial activity

Antibiotics are molecules that stop microbes (bacteria and fungi)
from growing or killing them outright. However, antibiotics are
sometimes associated with adverse effects on host, which include
hypersensitivly, depletion of beneficial gut and mucosal microor-
ganism, immunosupressoin and allergic reaction (Ali & Jabri, 2005).
Antimicrobial drugs, antiseptic and disinfectant have played an
important role in the control of infectious diseases and they are
essential parts of infection control practices (Awodele et al., 2007).
However, the antimicrobial activity of these agents may be influ-
enced by their formulation effects, level of organic load synergy,
temperature, dilution rate and test method (Rutala, 1996; Larson,
1996).

In the present investigation, the bactericidal effect of disinfec-
tant loaded cryogel was evaluated using Disc Diffusion method.
The antibacterial activity of disinfectant loaded cryogel has been
demonstrated in Figs. 7 and 8 and the repetitive data have been
summarized in Table 4. The results obtained in this study indicate
that disinfectants have broad activity against pathogenic organ-
ism like S. aureus (B01), V. cholerae (B05), Gram positive Bacilli
(B07), B. subtilis (B09) and Pseudomonas sp. (B012). These results
clearly show that the prepared gels possess fair antibacterial activ-
ity. The results also depict that antibacterial potential increases
with increasing amount of savlon.

5. Conclusions

Cyclic freeze–thaw method, also coined as cryogenic, has
emerged as a promising approach to fabricate well-designed
macroporous architectures which may find novel applications in
biomedical fields. In the present study, the cryogenic route has been
adopted to prepare antibacterial wound dressing type of materials
from savlon, PVA and alginate.
The FTIR spectra of the cryogel clearly mark the presence of
constituent components like PVA, alginate and savlon. The SEM
studies reveal that the cryogel has porous morphology with pore
sizes varying in the range 35–100 �m



8 ate Po

a
a
t
e
f
w
d
w
T
o

i
t
m
d

a
u
t
c

c
t
T
f

e
t
c

R

A

A

A

B

B

B

B

B

B

C

F

G

G

82 A. Chhatri et al. / Carbohydr

The savlon loaded cryogels to show clear inhibition zones
round the loaded gels, which suggest for their fair antimicrobial
ctivity. The cryogels also show adequate water intake capacity
hat varies with chemical composition of the gel and external
xperimental conditions. It is found that when PVA/alginate wt.
raction increases from 40/60 to 66/34, the swelling ratio increases,
hile from 66/34 to 75/25 wt. fraction, the water sorption capacity
ecreases. The swelling ratio of prepared cryogels also decreases
ith increasing savlon content and number of freeze–thaw cycles.

he pore sizes of the cryogel also decrease with increasing number
f freeze–thaw cycles.

The cryogels show decreasing water sorption capacity with
ncreasing pH of the swelling bath whereas the swelling ratio of
he cryogel increases with increasing temperature of the swelling

edium. The cryogels also imbibe simulated biofluids and do not
isintegrate upon swelling.

For wound healing applications the water retention capacity is
n equally important parameter and this property has been eval-
ated in terms of deswelling of gel when kept standing at room
emperature. The extent of deswelling depends upon the chemical
omposition of the gel.

The cryogels show lower deswelling when both the polymer
omponents, i.e. PVA and alginate are either in low or in high con-
ent. The amount of savlon also affects the extent of deswelling.
he degree of deswelling also increases with increasing number of
reeze–thaw cycles.

The cryogel blends offer extremely fair blood compatibility as
vident from in vitro blood clot formation and haemolysis tests. In
he former test no blood clots are observed on the surfaces of the
ryogel of different compositions.
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