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Abstract CS/PVP blend membranes at different weight ratios were fabricated using
a solution casting method and were characterized by measuring thickness,
mechanical properties, water vapour transmission rate (WVTR), and water solu-
bility. Membrane morphology and other characteristics were analysed using scan-
ning electron microscopy, X-ray analysis, DSC, TGA, and ATR-FTIR spectroscopy.
SEM and XRD showed that the CS/PVP was homogeneously dispersed in the
membrane and the crystallinity decreased with increasing PVP content. The pre-
pared membranes also showed good thermal properties. The strong interaction
between the Chitosan and PVP contributed to improvement in the properties of the
blend membranes. Membranes with CS/PVP = 1/1 blend ratio of chitosan/PVP
showed the most satisfactory Hemolysis, TS, Elongation at break of all tested ratios.
The antibacterial activity of the blend membranes was then investigated against
Gram-negative Pseudomonas aeruginosa and Gram-positive Staphylococcus aur-
eus. The PVP concentration contributes to antibacterial effect of the membranes and
lower water vapour transmission rate. The in vitro hemolysis test of the membranes
showed blood compatibility. These findings suggest that the CS/PVP as a promising
material for biomedical application.
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Introduction

The structure and properties of transparent polymeric membranes fabricated from
biodegradable polymers have been widely used as wound dressing material,
bioadhesive material and drug delivery applications [1-3]. The prepared scaffolds
for these applications should be biocompatible, biodegradable, and have good
swelling properties to prevent a secondary infection of bacteria [4] as well as good
thermal stability. The biopolymers frequently used in the preparation of biomate-
rials for biomedical applications are gelatin [5], alginate [6], chitosan [7], pectin [8],
heparin [9], and cellulose [10]. Among the natural polymers, chitosan occupies a
special position due to its abundance, versatility, facile modification and unique
properties including biodegradability, biocompatibility, non-toxicity, and antibac-
terial properties as well ashydrophilicity. This has made chitosan a very useful
compound in a wide range of applications in the medical [11], pharmaceutical [12],
chemical [13], and agricultural fields [14].

Polyvinyl pyrrolidone (PVP) is a synthetic polymer with excellent water
solubility, absorbency, and biocompatibility. The PVP molecule contains a strong
hydrophilic component. PVP is also known as povidone or polyvidone consisting of
linear 1-vinyl-2-pyrrolidone groups [15]. Biocompatible biopolymers combined
with synthetic polymers are of great significance, since it enhances their mechanical,
physical, biological and chemical properties, and makes them suitable for complex
biological system [16, 17]. Combining chitosan with other polymers has opened a
new window of research for altering or tailoring the property of materials [18-20].
To improve chitosan’s properties and further diversify its applications, various
strategies, such as crosslinking, graft copolymerisation, complexation, chemical
modifications, and blending, have been employed. In particular, modification of
chitosan by means of blending is an attractive method that has been extensively
used for imparting new desirable characteristics to chitosan. This is mainly due to its
simplicity, availability of a wide range of synthetic and natural polymers for
blending and effectiveness for practical utilisation [21-23].

Blends of CS and PVP are non-toxic, biodegradable, and hydrogels composed of
such blends are expected to have high biocompatibility. The CS/PVP systems
incorporating varied amounts of these polymers networks were formed and proved
advantageous to providing better mechanical, thermal, permeation, biocompatibil-
ity, more rigid network structure, cell attachment, and cell viability properties.
These properties are very encouraging to these materials in the field of biomedical
applications [24].

Our current paper describes a convenient and efficient blending method of CS
and PVP to combine the excellent properties of PVP with those of chitosan, and CS/
PVP membranes have been developed for biological studies. To study the
possibility of use of CS/PVP membrane as biomaterial, a thorough and systematic
study of CS/PVP membrane is needed. So in this work, the chemical structure,
thermal properties, crystalline, mechanical properties, and morphological studies of
CS/PVP membranes were studied by FTIR, TGA, DSC, Tensile studies, and SEM,
respectively. The antibacterial activity of CS/PVP membrane was also evaluated.
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Experimental
Materials

Chitosan (My = 190,000-300,000 g/mol with 80 % deacetylation) extra pure was
purchased from Sisco Research Laboratories Pvt. Ltd., Mumbai, India. PVP
(Mw = 40,000 g/mol) was purchased from Spectrochemicals Pvt Ltd., Mumbai,
India. All other chemicals used were of analytical grade.

Preparation of chitosan/PVP membrane

Chitosan, PVP, and chitosan/PVP blended membranes were individually prepared by
solution casting method. One percent of chitosan (w/v) was prepared in one percent
aqueous acetic acid, stirred, and filtered to remove the undissolved particles. One percent
(w/v) of PVP was prepared by continuous stirring in water. Blend solution to different
compositions (i.e., the weight ratios of chitosan and PVP of 1:0, 3:1, 1:1, 1:3, 0:1 (w/w),
respectively) were prepared by casting a mixture of the solutions in a respective weight
ratio and the membranes were defined as CS/PVP = 1/0, CS/PVP = 3/1,CS/PVP = 1/
1, CS/PVP = 1/3, CS/PVP = 0/1, respectively, on a Teflon dish in a dust free
environment and left to complete dried in air at room temperature for 48 h. Then, it was
kept in a vacuum desiccator till the membrane characterization.

Membrane thickness

Thickness of the membranes was measured using a hand-held Digimatic Microm-
eter Mitutoyo Corporation, Japan, Model-MDC-1"SB. The average values of five
random measurements were taken for each membrane thickness.

Water solubility

The dried membranes were immersed in methanol as a non-solvent for 8 h to
remove any residual acetic acid. Then, the samples were taken out and dried in the
vacuum oven for 24 h at room temperature. The dried membranes were weighed
(W), then immersed in distilled water for 8 h, were dried in a vacuum oven for 24 h
at room temperature, and then weighed again (W,). Water solubility was calculated
using equation:

Wl — W2

Ws = 100 _— 1
s X Wi (1)

Water vapour transmission rate
The moisture permeability of the membrane was carried out by measuring the water

vapour transmission rate (WVTR) according to the ASTM standard method E 96-
95. To measure WVTR, the membranes were mounted at the top of the vial (19 mm
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diameter) containing 10 mLs of water. Then, the vials were placed in a desiccator
with a saturated solution to ammonium sulfate at 37 °C. The assembly was weighed
at regular intervals of time and a weight loss vs. Time plot was constructed. From
the slope of the plot, WVTR was calculated as follows:

WVTR = slope x 24/, {% /day} (2)

where ‘A’ represents the permeation area of the sample (m?). Experiments were
done in triplicate.

Swelling property

The water sorption capacity of the membranes was determined by immersing the
membranes in phosphate buffered solution to pH 7.4 for 8 h at 37 °C. The swollen
membranes were removed from predetermined time intervals (1, 2, 3, 4, 5, 6, 7, and
8 h) and immediately weighted with an analytical balance after the removal of
excess of water by laying the membranes on a filter paper. The swelling ratio (SR)
was calculated using the following equation:

Swelling ratio (%) = 100 x (W, — Wy)/Wy (3)

where W, and W, are the weights of the membranes at time ¢ (swelling state) and at
time O (dry state), respectively.

Attenuated total reflectance-Fourier transform infrared spectroscopy
(ATR-FTIR) spectra

The chemical structure of the prepared membranes was characterized using an
attenuated total reflectance Fourier transform (ATR-FTIR) spectrophotometer
(Shimadzu IR affinity-1S). Each spectrum was acquired of transmittance mode on
a Quest ATR ZnSe crystal cell by accumulation of 250 scans with a resolution of

4 cm™" and a wave number range of 4000400 cm ™.

Mechanical properties

Each membrane was cut into rectangular strips (4 mm x 10 mm) and the tensile
strength (Mpa) and percentage of elongation at break (Mpa) of the membrane samples
were measured using MTS Criterion 5 Kn tensile testing system in accordance with
standard method ASTM D638-2010 at an extension rate of 50 mm/min. All specimens
were drawn at ambient temperature and ultimate tensile strength and were calculated
in triplicate using elongation and instantaneously recorded using a computer.

Thermogravimetric analysis (TGA)
The thermal behaviour of the sample was performed with an NETZSCH STA 449F3

thermal gravimetric analyser under a nitrogen atmosphere and at a heating rate of
10 °C/min in the temperature range of 25-600 °C.
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Differential scanning calorimetry (DSC)

Differential scanning calorimetry (NETZSCH STA 449F3) was used to analyse the
glass transition temperature (7), under a nitrogen atmosphere at a heating rate of
10 °C/min.

X-ray diffraction (XRD)

X-ray diffraction patterns of membranes were analysed using an X-ray diffrac-
tometer (XRD-Schimadzu XD-D1) with Nickel-filtered Cu—Ka radiation at voltage
30 kV and current of 45 mA.

Scanning electron microscopy (SEM)

The surface morphology of the blends is examined under SEM. This was performed
using a scanning electron microscope (SEM), model JEOL 5410LV (Tokyo, Japan),
equipped with a system INCA dispersive X-ray detector (Oxford Instruments,
Austin, TX, USA), operated at a voltage of 20 kV, and membranes were coated with
gold in a sputter coater.

Antibacterial activity

The disc inhibition zone assay was used to qualitatively evaluate the
antibacterial activity of the membranes. The antimicrobial testing was carried
out with Staphylococcus aureus MTCC 1688 and Pseudomonas aeruginosa
MTCC 3615 purchased from Microbial Type Culture Collection (MTCC),
Chandigarh, India.

The bacteria were cultured overnight in the tryptic soybroth (Himedia) and
200 pL of the culture was spread on the Tryptic soy agar plates, followed by placing
sample disc of 0.5 cm diameter. The plate was incubated for overnight in the
incubator at 37 °C. The plates were observed for the zone of inhibition around the
sample disc, and it was measured.

Hemolysis
The haemoglobin released by hemolysis was measured by the optical densities (OD)
of the supernatant at 540 nm using an UV-visible Spectrophotometer (Shimadzu

UV Visible Spectrophotometer, UVmini-1240). The percentage of hemolysis was
calculated according to the following formula:

Hemolysis (%) = (ODs —OD(_))/(OD(;) — OD(_)) x 100 4)

where ODyg is the optical density of the sample, OD__, is the optical density of
negative control, and OD, is the optical density of positive control.
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Statistical analysis

All the experiments were performed in triplicate, and Student’s 7 test was performed
to determine that the statistical significance p < 0.05 was considered statistically
significance.

Results and discussion
Membrane appearance and thickness

All the prepared membranes were transparent. As shown in Fig. 1, CS/PVP = 1/0
and CS/PVP = 3/1 membranes were slightly yellowish colour, but as the fraction of
PVP increased, the CS/PVP = 1/1 and CS/PVP = 1/3 membranes became colour-
less. Thickness of the membranes is shown in Table 1 and had ranges from
26.42 + 1.3 to 43.63 £ 1.8 um. The thickness of the CS/PVP = 3/1 was signif-
icantly higher than the normal thickness of chitosan membrane. CS/PVP = 0/1 has
the minimum value of 26.42 + 1.3 and CS/PVP = 1/3 has thickness of
38.17 £ 0.8.

Water solubility

PVP is a water soluble polymer, while chitosan is soluble in dilute acidic solution
(pH < 6.5) but insoluble in pure water. Owing to the semi crystalline structure of

CS/PVP=1/3 CS/Pve=0/1

Fig. 1 Images of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/PVP = 0/1

membranes

Table 1 Thickness of CS/

PVP = 1/0, CS/PVP = 3/1, s/  Membrane Thickness (jum)

E\SIE,VPIQ ’0(/:15/; Zn[:branle/ S’ and - opvp = 100 40.94 £ 2.7
CS/PVP = 3/1 43.63 + 1.8
CS/PVP = 1/1 32.82 + 2.4
CS/PVP = 1/3 38.17 + 0.8
CS/PVP = 0/1 2642 + 13
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Fig. 2 Solubility of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, and CS/PVP = 1/3 membranes

chitosan with extensive hydrogen bonding, it will be insoluble in water. The results
with water solubility of CS/PVP blend membranes are shown in Fig. 2. The
solubility of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, and CS/PVP = 1/3
were 2.07 & 0.8, 17.57 £ 0.7, 36.92 £ 1.0, and 54.63 £+ 1.0 %, respectively.
According to the results, water solubility of the membranes increased with
increasing PVP content. Although the membranes maintained the original shape
after being immersed in water for 8 h at room temperature, but the weight loss of the
blended membranes was increased by decrement of the blend ratio, (e.g., CS/
PVP = 1/3 membrane highly dissolved in water, i.e., 54.63 & 1.0 %). Thus, the
blend ratios have a significant effect on solubility in water.

Water vapour transmission rate

Water vapour transmission rate is the most significant factor in determining the
suitability of the biomedical membrane for a particular wound. An ideal wound
dressing should control water loss from the wound at an optimal rate. As shown in
Fig. 3, WVTR was significantly affected by the ratio of the polymers from
1986 + 22 g/m?*/day for CS/PVP = 1/0 membrane to 2412 + 66 g/m*/day for CS/
PVP = 0/1 membrane. The water vapour transmission rate of the CS/PVP
membranes was 19862412 g/m*/day which is very close to the ideal value for
wound dressing. Compared to water vapour transmission rate of different ratios of
CS/PVP blend membranes, CS/PVP = 1/1(2128 + 44 g/m*/day) could control
water evaporation loss at an appropriate rate to maintain a moisture environment.

As suggested by Hashemi and Hualin Wang [25, 26], WVTR through a
hydrophilic membrane depends on solubility and diffusivity of water molecules in
the membrane. Water vapour transmission rate of membrane was significantly
increased with added PVP into chitosan.
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Fig. 3 Water vapour transmission rate of CS/PVP = 1/0,CS/PVP = 3/1,CS/PVP = 1/1, CS/PVP = 1/3,
and CS/PVP = 0/1 membranes

Swelling property

Water uptake ability of a biomaterial is an important factor of cell seeding which
affects distribution of cell suspension throughout the material and transfer efficiency
of oxygen and nutrient. Figure 4 shows that the sample of the highest degree of
swelling will have the highest surface area/volume ratio. The CS/PVP = 1/1
membrane shows the highest swelling ratio when compared with other ratios. In
Fig. 4, apparent swelling in CS/PVP = 1/3 decreases with time, certainly because
part of PVP is solubilized. This can be explained, because PVP reduces the
crystallinity of the blend. In addition, PVP has a higher affinity of water, and it
makes that the membrane with chitosan swell with greater extent. It can be easily
seen from Fig. 4 that the membrane attains equilibrium state after certain period of
time. The water absorption behaviour of chitosan was expected due to the amino
and hydroxyl groups [27]. This high swelling property of the membrane could be
due to hydrophilic nature of materials.

Attenuated total reflectance-Fourier transform infrared spectroscopy
(ATR-FTIR) spectra

ATR-FTIR is a technique to probe the extent of chemical interactions between two
polymers. Figure 5 shows the ATR-FTIR spectra of CS/PVP = 1/0, CS/PVP = 3/1,
CS/PVP = 1/1, CS/PVP = 1/3, and CS/PVP = 0/1 membranes. The spectrum of
CS/PVP = 1/0 (chitosan membrane) shows peaks at wavenumber 1639 and
1554 cm™" which indicates the presence of amide I and amide II bands. The clear
absorption spectra present at 1026 cm ™' shows the presence of -C—N group. The
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Fig. 4 Swelling studies of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, and CS/PVP = 1/3
membranes

broad peak obtained at 3300 cm ™' reveal that the presence of both —OH and -NH,
groups in chitosan membrane.

The absorption peak at 1643 cm™" for pure PVP corresponding to amide and also
corresponding to the -C=0 and —C-N group. PVP shows an amide carbonyl band of
1643 cm ™', which is higher than that observed in pure chitosan. The three CS/PVP
blends of different weight ratio (CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3)
showed distinct —C=0 group absorption spectra at 1646, 1647, 1649 cm ',
respectively, and —OH absorption for chitosan in the blend shifted downwards in
frequency from about 3433 cm™' to about 3251, 3084, and 2954 cm™'. The shifting
of the characteristic peaks of chitosan to higher frequencies of —-C=0 and lower
frequencies of —OH suggesting an interaction between chitosan and PVP through
hydrogen bonds as the PVP weight ratio increased. This suggests the formation of
intermolecular hydrogen bonding with the molecules in the blended membranes.

Mechanical properties

The membranes suitable for wound dressing should preferably strong but flexible.
The influence of chitosan and PVP on the mechanical properties of prepared
membrane was evaluated. Figure 6a, b shows the results of tensile strength and
elongation at break of CS/PVP membrane with different ratios. For CS/PVP = 1/0
membrane, although it had a high value of tensile strength (38 + 1.0 MPa), it only
had a very low elongation at break value (23.0 MPa). When adding PVP into CS/
PVP = 1/0 membrane, its elongation at break could be increased greatly and tensile
strength values decreased compared with that CS/PVP = 1/0 membrane. The
tensile strength for CS/PVP = 3/1, CSPVP = 1/1, and CS/PVP = 1/3 membranes
was 37 £ 1.0; 27 & 1.0; and 16 + 1.0 MPa, respectively. Correspondingly, the
elongation at break for these membranes was 38 + 1.0, 52 £ 1.0, 46 + 1.0 MPa,
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Fig. 5 ATR-FTIR of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/PVP = 0/
1 membranes

respectively. Generally, increasing the quantity of PVP decreased the strength of the
membrane, but the flexibility of the blended membrane increases. This could be due
to rigid and fragile nature of PVP. Even though the strong hydrogen bonding formed
between the CS and PVP has been proved from ATR-FTIR, the strength of
membrane was decreased and elongation at break increased. Overall, the results of
tensile test and elongation at break suggested that adding PVP into CS membrane
could greatly modify CS membrane’s flexibility.

Thermogravimetric analysis (TGA)

The thermal stability and thermal decomposition of prepared blended membranes
were investigated by TGA and given in Fig. 7. The TGA curves of CS/PVP = 1/0
and CS/PVP = 0/1 show a single weight loss stage ranging from 250° to 310° and
410° to 470 °C due to water absorption followed by a final decomposition at 550 °C
[28]. The TGA curve of blended membranes CS/PVP = 3/1, CS/PVP = 1/1, and
CS/PVP = 1/3, Fig. 7 shows two weight losses stages at 220 °C and 230°-250 °C.
The first weight loss stage may have corresponded to the degradation of the side
chain followed by the main chain degradation of the polymer. Hence, from the
thermal stability studies, it can be said that CS/PVP = 1/1 is having more
decomposition rate.
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Fig. 6 a Tensile property of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/
PVP = 0/1 membranes. b Elongation at break of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/
PVP = 1/3, and CS/PVP = 0/1 membranes

Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) was used to assess the miscibility of
Chitosan and PVP blended membranes. DSC thermogram of chitosan, PVP, and CS/
PVP blended membranes are shown in Fig. 8. The DSC curves of the CS/PVP
membrane reveal that the CS and PVP in the membrane mixed uniformly and their
compatibility was good.

@ Springer



2196 Polym. Bull. (2017) 74:2185-2201

100 - \
80 i \\\
~_—CSIPVP=1/0
CS/PVP=3/1
X 60 —CS/IPVP=1/1
- ~CSIPVP=1/3
<
=) CSIPVP=0M
(]
2 404
20 -
0

L) ) ) ) ) ]
100 200 300 400 500 600
Temperature ‘c

Fig. 7 TGA of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/PVP = 0/1

membranes
l‘ endo CS/PVP=0/1

CS/IPVP=1/1

CS/PVP=3/1

\/ CS/PVP=1/0
0 '\/

) L] L) L] L} 1
100 200 300 400 500 600
Temperature(°C)

Heat flow(W)
(=]
Il

Fig. 8 DSC thermogram of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/
PVP = 0/1 membranes

The glass transition temperature for chitosan could be estimated to be 120 °C
depends on deacetylation degree of chitin. The Tg value of PVP also depends on its
molecular weight [29] which may vary from 154 to 174 °C. In Fig. 8, it shows the
Tg value of PVP will be about 170 °C. It can be seen that with the content of PVP
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Fig. 9 XRD of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, and CS/PVP = 0/1
membranes

increasing to the CS/PVP membranes, the curve became larger and sharper. There
was a peak at around 105 °C in DSC thermogram of CS/PVP = 1/0, CS/PVP = 3/
1, CS/PVP = 1/1, and CS/PVP = 1/3 membranes. These may be attributed to the
large influence of sorbed moisture due to the hydrophilic nature of the material.

X-ray diffraction (XRD)

The XRD pattern of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/
3, and CS/PVP = 0/1 blend membranes are shown in Fig. 9. The X-ray
diffractogram of chitosan shows two crystalline peaks at 20 equals to 29.4° and
19.8°, while CS/PVP = 0/1 shows two broad peaks equals to 14°0 and 24°0 which
shows amorphous nature of PVP. Whereas the X-ray diffraction of blended
membranes CS/PVP = 3/1, CS/PVP = 1/1, and CS/PVP = 1/3 shows peak at
29.2°, 29.0°, and 28.8°, which can be attributed to the crystalline nature of the
membrane. Chitosan shows two crystalline peaks because of presence of —OH and
—NH, groups in the chitosan structure, which could form stronger hydrogen bonds,
so that the molecules easily form crystalline regions [30]. XRD crystallization
intensity of blended membranes decreased after the addition of PVP to chitosan.
The intensity of the peak decreased as PVP concentration increased, and due to
enhancing complexation between chitosan and the PVP blended membranes. The
significant shift in the diffraction peaks indicated that there was a molecular
miscibility and interaction between the components [31]. The XRD results, thus,
provided supporting evidence of the FTIR result that some specific chemical
interaction between CS and PVP existed in the blend membranes.

@ Springer



2198 Polym. Bull. (2017) 74:2185-2201

Fig. 10 SEM images of a CS/PVP = 1/1, b CS/PVP = 3/1, and ¢ CS/PVP = 1/3 membranes
Scanning electron microscopy (SEM)

The membranes of CS/PVP blend were examined by scanning electron microscopy
to verify the compatibility between chitosan and PVP molecules. In Fig. 10a, the
membrane of CS/PVP = 1/1 showed a smooth and homogeneous morphology,
suggesting high miscibility and blend homogeneity between chitosan and PVP. The
smooth morphology is closely related to the semicrystalline nature of the polymer.

Figure 10b, ¢ shows an irregular particle appearance owing to the polymer
membrane formation, indicating the partial compatibility between the two polymers
at certain weight ratios. When the quantity of chitosan and PVP exceeded, 75 %
incompatibility occurred in the prepared membranes.

Antibacterial activity

The antibacterial activity of the CS/PVP membranes was examined by measuring
the inhibition zones of S. aureus and P. aeruginosa cells, as shown in Table 2.
Membranes of CS/PVP = 1/1 and CS/PVP = 3/1 showed better antibacterial
activity than CS/PVP = 1/0 and CS/PVP = 3/1 membranes. The effect of exposure
to the Gram-positive S. aureus and the Gram-negative P. aeruginosa to CS/
PVP = 1/1 and CS/PVP = 3/1, which caused a decrease in viable cell counts of

Table 2 Antibacterial activity of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, and CS/PVP = 1/3
membranes

Samples Zone of inhibition (mm)
S. aureus (MTCC 1688) P. aeruginosa (MTCC 3615)
CS/PVP = 1/0 574+ 0.9 52408
CS/PVP = 3/1 83403 7.8+£0.2
CS/PVP = 1/1 109 £ 0.7 114 £ 0.3
CS/PVP = 1/3 2.8 + 0.6 43+04

Data are presented as the mean £ SD (n = 4, P < 0.05)
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both Gram-positive and Gram-negative bacteria. It was observed that chitosan was
effective against decreasing the viable cell count of S. aureus (inhibition zone
diameter 5.7 &+ 0.9 mm for CS/PVP = 1/0), and P. aeruginosa (inhibition zone
diameter 5.2 & 0.8 mm for CS/PVP = 1/0). In addition, CS/PVP = 1/1 had
inhibitory activity on S. aureus (inhibition zone diameter = 10.9 £ 0.7 mm), and
P. aeruginosa (inhibition zone diameter = 11.4 £ 0.3 mm) than CS/PVP = 1/3
with an inhibition zone diameter 2.8 £+ 0.6 and 4.3 + 0.4 mm of S. aureus and P.
aeruginosa, respectively. It was obvious that increasing the percentage of PVP
caused lower inhibition of viable cell counts of both S. aureus and P. aeruginosa,
i.e., CS/PVP = 1/3 has very low antibacterial activity. Generally, the antibacterial
activities of the tested membranes were stronger against S. aereus and P.
aeruginosa. This inhibition zone against different bacterial cultures proves that
CS/PVP = 1/1 material had an excellent antibacterial activity. This may be
attributed that the interaction between positively charged chitosan and negatively
charged microbial cell membrane. The intermediate was mediated by the
electrostatic forces between the protonated —-NH;" groups of chitosan and the
electronegative charges on microbial cell surface. This electrostatic interaction
results in dual interferences by promoting changes in the membrane wall
permeability properties, thus provoking internal osmotic imbalances, which inhibit
the growth of the microorganisms, by the peptidoglycans hydrolysis in the
microorganism wall leading to the leakage of intracellular electrolytes, such as
potassium ions, and other low molecular weight proteinaceous constituents (e.g.,
protein, nucleic acid, glucose, and lactate hydrogenase). In our study, there is less
but growth of bacteria is observed in blended membranes, it depends on the PVP
content. This shows the bacteriostatic not bactericidal properties of the blended
scaffolds.

Hemolysis

Hemolysis assay was carried out to study the blood compatibility of membrane. The
in vitro blood compatibility of the prepared CS/PVP membranes was investigated
using a haemolytic test, as shown in Fig. 11. Generally, smaller the hemolysis ratio
value, better the blood compatibility of the biomaterial.

According to the classification of haemolytic tendency towards polymeric
materials, [32] it is clear about the figure the hemolysis (%) values vary from the
range 0.6-1.92 %, which indicate for a good compatibility of the membranes, and
non-hemolysis materials were found. These results can be explained by the fact that
both PVP and CS are highly hydrophilic and was in acceptable range of
hemocompatibility.

Conclusion
Novel polymer membranes of CS/PVP of different ratios were prepared by solution

casting method. CS/PVP membranes physical, chemical, crystalline, thermal
properties, and morphologies were studied by thickness, solubility, water vapour
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Fig. 11 Hemolysis of CS/PVP = 1/0, CS/PVP = 3/1, CS/PVP = 1/1, CS/PVP = 1/3, CS/PVP = 0/1,
and control membranes

transmission rate, ATR-FTIR, XRD, TGA DSC, and SEM. CS and PVP had strong
interactions with each other by forming hydrogen bonds between them confirmed by
ATR-FTIR. Addition of PVP increases the tensile strength and degree of swelling of
CS/PVP blend membranes. The mechanical properties of CS/PVP composite blend
membranes were found to be higher with 1:1 CS/PVP. TGA and DSC analysis
confirmed the good thermal properties of blend membranes. The antibacterial
experiment indicated that CS/PVP blends had good activity against the Gram-
negative (P. aeruginosa) and Gram-positive (S. aureus) bacteria. Hemolysis test
showed that the prepared CS/PVP = 1/1 ratio is having optimal hemocompatible
nature. These properties can make CS/PVP blend membranes a potential material
for the synthesis of a new class of bio-composites and might be used as wound
dressing purpose.
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