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Chitosan is a well sought-after polysaccharide in biomedical applications and has been blended with various
macromolecules to mitigate undesirable properties. However, the effects of blending on the unique antibacterial
activity of chitosan as well as changes in fatigue and degradation properties are not well understood. The aim of
this work was to evaluate the anti-bacterial properties and changes in physicochemical properties of chitosan
upon blending with synthetic polyester paly§aprolactone) (PCL). Chitosan and PCL were homogeneously
dissolved in varying mass ratios in a unigque 77% acetic acid in water mixture and processed into uniform
membranes. When subjected to uniaxial cyclical loading in wet conditions, these membranes sustained 10 cycles
of predetermined loads up to 1 MPa without break. Chitosan was anti-adhesive to Gram-&iséptecoccus
mutansand Gram-negativActinobacillus actinomycetemcomitabacteria. Presence of PCL compromised the
antibacterial property of chitosan. Four-week degradation studies in PBS/lysozym&CGasBadwed initial weight

loss due to chitosan after which no significant changes were observed. Molecular interactions between chitosan
and PCL were investigated using Fourier transform infrared spectroscopy (FTIR) which showed no chemical
bond formations in the prepared blends. Investigation by wide-angle X-ray diffraction (WAXD) indicated that
the crystal structure of individual polymers was unchanged in the blends. Dynamic mechanical and thermal analysis
(DMTA) indicated that the crystallinity of PCL was suppressed and its storage modulus increased with the addition
of chitosan. Analysis of surface topography by atomic force microscopy (AFM) showed a significant increase in
roughness of all blends relative to chitosan. Observed differences in biological and anti-bacterial properties of
blends could be primarily attributed to surface topographical changes.

1. Introduction biological, mechanical or degradation properties in comparison
to the individual components. Blending with pohy€apro-
Owing to its biocompatibility, biodegradability into nontoxic  lactone) (PCL) is an attractive option due to its flexibility in
products, and antimicrobial properties, chitosan has been a muclcombining with other polymers facilitated by its low melting
sought after material in a variety of applications including point (60°C) and glass transition temperaturegQ °C). It is a
biomedical devices, wound healing, controlled drug deliery, biodegradable and biocompatible polyester with excellent tensile
and food packagirfgin the past 20 years. It has also sparked properties! However, PCL usage in biomedical applications
interest in the field of tissue engineering as a scaffold material has been restricted to controlled rate drug deli¥amd medical
due to added advantages such as processability into desiredlevices such as sutures and catheters.tissue engineering,
porous configuration$positive charge and reactive functional PCL suffers the disadvantages of (1) poor bioregulatory activity
groups that help interact with other molecules, low cost and primarily due to its highly hydrophobic nature, (2) slow rate of
easy availability. Chitosan has already been investigated in thebiodegradation, and (3) susceptibility to microbial action.

regeneration of skif, cartilage nerve® bone’ liver,® and Nevertheless, the versatility of PCL in blending with other
periodontal tissue%:' Utilizing bactericidal properties of  polymers allows the modification of its properties to overcome
chitosan against numerous pathogenic microorganidms, its drawbackg4-26

coating prosthetic grafts with chitosan has also been attempted | gur previous study, chitosan and PCL were blended using
to combat post-operative infectiéh Despite these advances, 5 unique solvent, unlike other complex technigéieBespite
current use in tissue engineering is limited mainly by the low gifferences in their affinity to water, chitosan and PCL were
strength and incomplete understanding of the cellular interaction homogeneously dissolved in 77% aqueous acetic acid in

with chitosan. ~ different mass ratios and processed into uniform membranes.
~ Several approaches have been taken to overcome the limita-Tensile testing of membranes showed alterable mechanical
tions of chitosan, including graft polymerizatidri” and properties based on processing conditions and blend composi-

blending®2°with other natural or synthetic polymers. Polymer  tion. Importantly, mouse embryonic fibroblasts showed better
blends have shown favorable results in terms of the targetedcell spreading and viability on blend membranes relative to pure
chitosan or pure PCL membranes.
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of periodontitig®). Further, molecular interactions between  To analyze the adherence of bacteria, membranes were retrieved
chitosan and PCL and changes in their physicochemical from cultures after 24 h and fixed in 3.7% paraformaldehyde for 30
properties were evaluated. In particular, changes in crystal min followed by washing with PBS. Membranes were air-dried in a
structure, dynamic thermomechanical behavior, and surfacevacuum desiccator for 24 h prior to sputter coating with gold for 1min
topographies were analyzed by WAXD, DMTA, and AFM, and then observed under a JEOL 6360 scanning electron microscope
respectively. These polymers degrade by different mechanisms;(JEO_'- USA Inc., Peabody, MA). Images were obtained at representative
chitosan degrades into oligosaccharides by enzymatic action oflocations.

lysozyme (maximum at pH 4:55.5) 223 whereas PCL under- 2.5. Analysis of Lysozyme-Mediated Degradation KineticsThese
goes nonenzymatic bulk hydrolysis of its ester linkage, followed Studies were conducted as reported previdésiy a period of four

by fragmentation into oligomer. The degradation rate of weeks. Chitosan, 50% PCL, and pure PCL membranes were cut into
synthetic polymers could increase with the addition of a natural 20 MM 20 mm size strips, and their initial weights were measured.
component due to reduced crystallinity and hydrophob?éi#. The_s_trlps_were neutralized L N NaOH, Washed with deionized water,_
Since altered degradation rate could also play a role in observed®c"2€d in absolute alcohol for 30 min, and washed thoroughly in
biological activity, lysozyme-mediated degradation rates were sterile PBS prior to incubating in 10 mL PBS with and without (control)

! ; . . -~ 100 mg/L HEW lysozyme. Incubations were carried out in 20 mL vials
alscéleva(lj:uatedidRssucljts suggest that (ljncre?sed blolorg]]lcal ath'V':]ywith a~15 mm diameter hole drilled in the caps and covered on the
on gn S cou e due to increased surface roughness of t 8nside with 0.22um filters. Media was replaced every 2 days.
membranes. At two day intervals, three samples per group were sacrificed for

degradation analysis and incubation media was collected for pH
2. Experimental Methods analysis. Sacrificed samples were washed with deionized water,
dehydrated using absolute alcohol, and dried to constant weight in a
2.1. Materials. Chitosan £85% degree of deacetylation (DD)) of ~ V&cuum desiccator at ambient conditions prior to final weight deter-
high molecular weight (MW>310 kD) and low MW (46-190 kD) mination. Digital images were also obtained to characterize dimensional
polycaprolactone (PCL) of MW 80 kD, and hen egg white Iysoz’yme changes. Samples sacrificed after thirty minutes of incubation were
(46400 U/mg) were purchased from Sigma Aldrich (St. Louis, MO). considered as day zero samples. _
Streptococcus mutaidTCC 25175, NCTC 10449) ankictinobacillus 26 Analysis of_MoIecuIar Interactions.Membranes were probed
actinomycetemcomitan@TCC 43719, NRRL 2501) bacteria were ~ Using a Thermo Nicolet IR300 FT-IR Spectrometer (Thermo Electron
purchased from ATCC and grown for 48 h in brain heart infusion (BHI) Corporation, Madison, WI). Samples were mounted on a film holder,
broth at 37°C in aerobic conditions. Cultures in their early growth —and spectral scans of films were obtained at ambient conditions at a

phase were used for antibacterial experiments. All other chemicals usedresolution of 4 cm® with an accumulation of 8 scans, using the

were of reagent grade. associated EZ-OMNIC software. Peaks were analyzed by plotting the
2.2. Formation of Chitosan-PCL Blend MembranesChitosan and data in SigmaPlot 9 software (SPSS Science, Chicago, IL).

PCL were blended in three different mass ratios and processed into  2.7. Analysis of Crystal Structure.Changes in crystal structure of

membranes as described previoldlhin brief, 3 mL of chitosan chitosan and PCL in the blends were analyzed using a Rigaku-MSC

solutions (2% wi/v) dissolved in 0.5 M acetic acid were slowly added Wwide-angle X-ray diffractometer (Rigaku/MSC, The Woodlands, TX)

to 10 mL of 0.2%, 0.6%, and 1.8% PCL solutions dissolved in glacial in D-MAX-A mode with an MDI databox. X-rays were generated using

acetic acid to obtain blends of 25%, 50%, and 75% PCL composition @ 12KV rotating anode generator and the goniometer was rotated from

by mass, respectively. The mixtures were slightly warmed and stirred 2° to 40" at a speed of Zmin.

to form homogeneous solutions. These solutions were dried in Teflon  2.8. Analysis of Dynamic Mechanical Properties.Thermome-

dishes for 24 h in an oven at 5% to form uniform membranes of  chanical analysis was performed on dry membranes of 20>mf

approximately 86-120 um thickness. mm size using a Seiko DMS 200 DMTA. Samples were heated from
2.3. Analysis of Fatigue PropertiesMembranes were tested under —100 to+160°C at a rate of 2C/min and measurements were made

wet 37°C conditiond! using an Instron 5542 testing machine under at0.1, 1.0, and 10 Hz frequencies simultaneously in tension mode under

uniaxial cyclical loading as described previou&l@riefly, membranes ~ nitrogen atmosphere. Changes in storage mod&)saqd loss factor

were cut into 50 mnx 10 mm size strips, neutralized Wif. N NaOH, (tano) were recorded. The peak heights of taourve were calculated

washed with water, and hydrated with phosphate buffer saline (PBS). using SigmaPlot 9 software.

A custom built chamber surrounding the grips with constant circulation ~ 2.9. Analysis of Surface TopographySurface analysis of mem-

of PBS maintained at 37C provided constant hydrating conditions.  branes was done by atomic force microscopy (AFM) using a DI

Under cyclical loading, the crosshead speed was kept constant at 10Nanoscope lIIA Multimode Scanning Probe Microscope (Digital

mm/min and samples were strained repeatedly between two presetinstruments, Veeco Metrology Group, Santa Barbara, CA) at ambient

fluctuating loads for 10 cycles. The load limits were predetermined by conditions. Sample films were attached onto iron AFM substrate disks

the linear portion of the load-extension curves obtained previously under using double-sided tape. Topographic images were obtained in tapping

monotonic loading* These limits were 0.22 N for chitosan (MW> mode using commercial silicon microcantilever probes (MikroMasch,

310 kD), 0.2-1 N for blends, and 028 N for PCL membranes. Portland, OR) with a tip radius of-510 nm and spring constant-5

Additionally, the influence of MW was also studied by testing a low N/m. The probe oscillation resonance frequency wd0 kHz and

MW (50—190 kD) chitosan between loads 6.2 N. scan rate was 1 Hz. Images were captured at different locations, and
2.4. Analysis of Antibacterial Properties.Membranes were cutinto  the roughness factors were calculated using associated software

20 mm x 20 mm size strips, neutralized and sterilized by immersion (Nanoscope, version 5). The roughness faR{ds the root-mean-square

in 90% ethanol for 15 min, and washed thoroughly in sterile PBS. To average of i" number of height deviationsZ() taken from the mean

test the bactericidal properties, membranes were suspended in 5 mLdata plane

of bacterial broths of known optical density (OD) taken in small glass

vials with rubber caps and incubated at 37 with constant gentle . F

shaking. Transient changes in turbidity of the broths were measured in Rq =yZn

triplicate samples at 3, 6, 12, and 24 h by withdrawing 0.5 mL of broth,

diluting to 1 mL with deionized water, and measuring the OD using a 2.10. Statistical Analysis.All experiments were repeated three or

spectrophotometer at 600 nm wavelength. Suspension cultures withoutmore times with triplicate samples for each group. Significant differ-

any membranes were used as control. ences between two groups were evaluated using a one way analye'B\(}f
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Figure 1. Effects of MW and blending with PCL on fatigue properties
of chitosan membranes in simulated physiological conditions. Mem-
branes were strained for 10 cycles between fixed load limits in a
custom built chamber with PBS circulation at 37 °C. Numbers in
brackets correspond to total polymer concentration in each blend.

variance (ANOVA) with 95% confidence interval. Whéh < 0.05,
the differences were considered to be statistically significant.

3. Results

3.1. Effect of Blending on Fatigue PropertiesFirst, when
high MW chitosan membranes were subjected to fluctuating
loads 0.2-2 N for 10 cycles, they did not break (Figure 1).
Maximum deformation occurred in the first cycle and there was
minimal deformation in subsequent cycles indicating no ad-
ditional strain storage in the samples after the first cycle.
Similarly, blend membranes and low MW chitosan membranes
which were subjected to 10 cycles of loads 012N, also
withstood the stresses without breaking. PCL did not yield or
elongate significantly within the specified load limits. However,
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When the adhesion of. mutansto the membranes was
observed under SEM, results (Figure 2) indicated that there was
negligible adhesion on chitosan membranes. Presence of PCL
increased bacterial adhesion significantly on the membranes.
Similar results were observed with actinomycetemcomitans
(Figure 2). On the 75% PCL membrane, chains of rod-shaped
A. actinomycetemcomitamgere fragmented due to cracking of
underlying substrate during sample preparation for SEM,
indicating that probably bacteria adhered strongly to the
membranes.

3.3. Lysozyme-Mediated Degradation in Vitro.There was
negligible weight loss in PCL membranes over the study period
(Figure 3A), irrespective of the presence of lysozyme. Chitosan
membranes showed maximum weight loss (20%) within the first
30 min which did not change much over the remaining study
period. Similar to chitosan, 50% PCL showed significant weight
loss (15%) within the first 30 min itself, indicating that the
weight loss could be due to loss of chitosan. The effect of
lysozyme on degradation was not significant in any group.
Interestingly, dimensional changes in all membranes were
negligible (data not shown), irrespective of composition or
presence of lysozyme.

When pH of incubation media was analyzed, a decrease from
the initial value of 7.4 was observed in all groups (Figure 3B).
At any measured time point, pH of media containing PCL was
the lowest, followed by 50% PCL and chitosan, although not
statistically significant. On day zero, there was a marginal
increase in the pH of chitosan and 50% PCL sample media,
despite thorough washing of NaOH neutralized membranes. This
could be due to a semistable binding of NaOH selectively to
chitosan.

3.4. Molecular Interactions. Interferograms are presented
in three frequency ranges in Figure 4A showing the typical
absorption peaks of the functional groups present in chitosan
and PCL3435These peaks were also observed in all of the blend
interferograms although with varying intensities based on their
composition. Characteristic peaks of chitosan were more

blend membranes exhibited at least 10% higher strain thandistinguishable in 25% PCL, whereas those of PCL were better
chitosan despite lower load limits and the strain values increasedexpressed in 50% and 75% PCL blends. The amine group of

with increased PCL content. Among the blends, 50% PCL
membrane showed maximum strain.

3.2. Effect of Blending on Antibacterial Properties. The
bactericidal properties of chitosan against Gram-posive

chitosan could potentially form an amide bond with the carbonyl
group of ester groups in the chain or carboxylic acid groups at
the end of chains of PCL (Figure 4B). In such a case, the
absorption peak of carbonyl stretch would shift from 1725&m

mutanswere tested by suspending the membrane in bacterial t0 @ lower value (approximately 1630680 cnt*) and the two

broth and incubating at appropriate conditions. Transient changesP€aks corresponding to amine group of chitosan would convert
in optical density (Figure 2) of the broth indicated that, except 0 one weak band as the primary amine changes to secondary
for 50% PCL, all of the biomaterials showed a decreased growth form. These changes were not observed in the blend inter-
of bacteria in suspension when compared to the control. Thereferograms ruling out the possibility of the amide bond formation.
were no significant differences in the optical densities of 25% The C-N bond stretch in the possible amide bond could not
and 75% PCL suspensions. At any given time, suspensionsbe distinguished from the existing—MN bonds in chitosan at
containing chitosan membranes showed the least growth of1000-1350 cn.3¢ These results implied that there was no
bacteria. Nevertheless, the growth of bacteria in the presencedetectable chemical bonding between chitosan and PCL in the
of these membranes indicated that chitosan, PCL, or their blendsformed blends, but they only coexisted.

are not bactericidal. When the experiments were repeated with  3.5. Changes in Crystal Structure.The WAXD pattern of
Gram-negativeA. actinomycetemcomitar{§igure 2), growth chitosan showed characteristic peaks (Figure 5A) &t

was observed in suspensions of all membranes, including20.5.37 Both the peaks appeared only in the 25% PCL blend
chitosan indicating that they were not bactericidal to this and were broad and weak. The diffraction pattern of PCL (Figure
pathogen either. Nevertheless, in comparison to other groups,5B) showed sharp and well-defined characteristic peaks at,21.5
chitosan showed lower growth ratesAfactinomycetemcomi-  22°, and 23.5.38 These peaks were present in the 75% PCL
tans similar to S. mutansinterestingly, unlikeS. mutansthe pattern at the same angles with slightly reduced intensity. Fifty
growth rates in the presence of these membranes were highepercent PCL blend (Figure 5A) showed all peaks of PCL as
than in the control. This indicated that the antibacterial activity well as the chitosan peak at 2 @&lthough with much reduced

of chitosan was more effective agair&t mutanghan against intensity. An absence of any additional peaks or shift in the
A. actinomycetemcomitams suspensions. diffraction angles indicated that the crystal structure of ChitOéBr{/
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Figure 2. Effect of blending on anti-bacterial properties of Chitosan. Chitosan, PCL, and blend membranes were suspended in bacterial broths
of S. mutans and A. actinomycetemcomitans and incubated aerobically at 37 °C. Transient changes in optical density of broth were measured

and membranes were analyzed by SEM for bacterial adhesion.

and PCL is unchanged in the blends. The crystal structure of the crystal structure of PCL may not be affected by the current
blends was influenced by the dominant component; that is, 25% method of blending with chitosan. However, the damping loss
PCL was similar to chitosan, whereas 50% and 75% PCL had (tan d) associated with glass transition of PCL decreased with

similar structure to PCL.

3.6. Dynamic Mechanical and Thermal Properties.Chi-
tosan undergoes thermal decomposition at 2Z0prior to
melting and its glass transition temperatufg) (s unclear. On
the other hand, PCL has a sharp melting point of6GandT
near —60 °C. DMTA analysis showed the glass transition
(a-relaxation) of PCL dissolved in acetic acid-a85 °C when
it was heated from-100 to+50 °C (Figure 6A). There was no
significant shift in theTg of PCL in the blends indicating that

PCL content as evident from reduced height of the peaks. This
suggests that the crystallinity of PCL is suppressed in the blends.
Storage modulusH) of chitosan (Figure 6B) was 10 times
higher than PCL due to its glassy/amorphous nature. The
hardnessH') of ductile PCL which has flexible chains increased
by the addition of brittle chitosan.
3.7. Surface TopographyWhen the surface morphology of

membranes was probed with AFM, three-dimensional surface
plots of height (Figure 7) showed that the chitosan surfaceé\B%
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in roughness factors was observed in all of the membranes
containing PCL (Figure 7). Maximum roughness was observed
in 75% PCL blends which was significantly higher than 25%
or 50% PCL blends.
o 06 4. Discussion
E —— Chi-Lysozyme
< 04- —o— Chi-PBS Blending hydrophilic chitosan with hydrophobic PCL rep-
—=— 50%PCL- Lysozyme resents a good model for understanding blends of two semi-
0.2 i g%ﬁ%&;?nse crystalline polymers. Previously, we reported the possibility of
—o— PCL-PBS bIengjlng'chltosa}n anq PCL in a single phase using a unique
acetic acid solution without complex chemical modificatiéhs.
00 ' ' ; i i A — Formed blends showed that the solvents used did not cause
(B) 755 pH of initial media toxicity to fibroblasts under in vitro testing conditions. Further,
50% and 75% PCL blends showed better support for mouse
70 ‘by\\g\ \\\ embryonic fibroblast spreading and survival relative to indi-
B vidual polymers. Measured tensile testing under monotonic
6.5 1 loading showed that the tensile properties of blend membranes
T were dependent on the composition and processing conditions
a 6.0 such as drying temperature, humidity, and chloroform annealing,
thus demonstrating the possibility of altering the mechanical
55 1 properties of chitosan.
In this study, the analyses were extended to include fatigue
5.0 1 properties and the effect on the antibacterial properties of
chitosan. Unlike monotonic loading, the effect of MW of
4.5 ; ' ' ; ; I chitosan was not significant under cyclical loading in the tested
0 2 4 6 8 10 12 28 load range. All materials showed maximum deformation in the
Days first cycle, suggesting that they could endure many more cycles.
Figure 3. Effect of blending on degradation kinetics of chitosan and However, the tested membranes had Changes In mass raths of
PCL. Membranes were incubated in PBS containing hen egg white two polymers as well as the total concentration. As the packing
lysozyme (100 mg/L) under sterile conditions at 37 °C. Transient density of polymers varies with total concentration, it may have
changes in (A) weight loss and (B) pH. significant influence on mechanical properties. Therefore, blend

membranes of varying PCL composition were made with fixed
smooth with uniformly distributed short spikes. Addition of PCL  total polymer concentration (0.62%) and tested (data not shown).
increased the height of these spikes. Seventy five percent PCLResults indicated that varying total polymer concentration altered
showed the tallest spikes over a large area, whereas pure PClonly the monotonic tensile properties and did not significantly
was smoother than 75% PCL. Interestingly, preferential orienta- influence the fatigue properties (hysteresis behavior). Hence, it
tion of fibers was visible in 25% and 50% PCL, which was may be concluded that at any total polymer concentration, the
absent on pure membranes, suggesting that the presence of twmass ratios of polymer components have a major influence on
components influences each other’'s vertical and horizontal mechanical properties. Further analysis is necessary to under-
alignment. When roughness was analyzed, a significant increasestand the influence of total polymer concentration on other
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Figure 4. Molecular interactions between chitosan and PCL. (A) FTIR spectra of membranes at various frequencies obtained at ambient conditions
at a resolution of 4 cm~! and (B) Molecular structures of chitosan and PCL and scheme of possible bond formation between them.
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Figure 5. Effects of blending on crystal structure of Chitosan and
PCL. Wide-angle X-ray diffraction patterns of membranes obtained
with goniometer rotation from 2° to 40° at a speed of 2°/min. (A)
Chitosan, 25% PCL, 50% PCL and (B) PCL, 75% PCL.
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Figure 6. Dynamic thermomechanical properties of chitosan/PCL
blend membranes by DMTA. Membranes were heated from —100 to
+160 °C at a rate of 2 °C/min and an oscillating frequency of 10 Hz.
(A) Loss factor and (B) storage modulus.
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extended to determine the fatigue life (number of cycles of
fluctuating stress and strain endured before permanent structural
change) and fatigue limit (the maximum fluctuating stress
endured for infinite cycles) of these polymers. Such information
would help streamline these polymers for different biomedical
applications.

When antibacterial properties were tested, chitosan was more
potent against Gram-positiv8. mutansthan against Gram-
negative A. actinomycetemcomitansimilar to literature re-
ports3? Although the mechanism is not completely understood,
it is believed that the positive charge on chitosan attracts and
binds the negatively charged cell wall and causes cell Ksis.
Bacterial studies also showed that the antibacterial property of
chitosan may be contact dependent as it allows proliferation of
bacteria away from it in suspension while inhibiting bacterial
adhesion on its surface, similar to literature repdtt3he
antiadhesive properties of chitosan were compromised upon
blending with PCL. A number of studies with other macromol-
ecules have shown that chemical and mechanical properties of
matrixes such as edges, grooves, hydrophilicity, presence of
adhesion domains, roughness/nanotopographies, and stiffness
influence cellular processes in two-dimensional (2D) mati%es.

Since chitosan and PCL lack cell binding domains, the
observed cellular response could be attributed to altered
physicochemical properties. Thus, to understand the improved
biological support of blends toward fibrobla&tand decreased
antibacterial activity, first the degradation characteristics of the
blends were tested. These results showed no significant differ-
ence between the blends and pure polymers. The degradation
rate of chitosan was low despite a very high concentration of
lysozyme, relative to physiological levels. This is attributed to
the 85% DD chitosan used in this study as previous research
has shown that highly deacetylated chitosan is less susceptible
to lysozyme** In addition, high MW PCL degrades slowly until
the first stage of random hydrolytic chain scission which reduces
the MW to 15 kD or les$® Hence, the observed alterations
may not be due to degradation of these membranes. To
understand the effect of degradation, forming blends with low
MW PCL and chitosan with low degree of deacetylation is
necessary®

Chitosan is a poly(1,4-glucosamine) molecule with amine
functional group which protonates in weak acids and provides
chitosan its unique cationic nature. Analysis by FTIR indicated
no new chemical bonds in the blends, suggesting that there was
no chemical reaction between the two polymers, which is
consistent with literature reports of PCL blends with other
polysaccharide® Other possible interactions include inter-
molecular hydrogen bonding between the oxygen atom of the
carbonyl group of PCL and the hydrogen of the hydroxyl group
or ammonium ion of chitosan, but they are not detectable by
FTIR. Further studies are required to understand such inter-
actions. Nevertheless, when the crystal structures were evaluated
using WAXD, no changes were observed in the two polymers,
suggesting that chitosan and PCL coexist as separate phases in
the blends.

Previously, differential scanning calorimetry (DSC) studies
showed a decrease in the melting temperaflig ¢f PCL with
a decrease in PCL content in the bleAti€alculation of Flory-
Huggins interaction parameters using the Nishi Wang ap-
proximation showed a concentration dependency and partial
miscibility of the crystalline phase with the amorphous phase.
Since the depression in melting point of PCL could be due to

aspects of fatigue properties such as energy loss per hysteresithe noncrystalline phase acting as a diluent rather than altered

loop and strain per cycle. In addition, the analysis should be crystal structure, this study evaluated the variationg jrof

Ccbv
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Figure 7. Effect of blending on surface morphology of membranes by AFM. Bar graphs showing roughness factors (*P < 0.05 between the
indicated groups) and representative AFM height images obtained in tapping mode at a scan rate of 1 Hz.

PCL. First, no shift in thely of PCL in the blends reinforced  as alginic acid or glycosaminoglycans would provide a better
that the PCL crystal structure did not change. Second, peak areainderstanding of the charge-mediated anti-bacterial properties
under theTg of PCL reduced with increasing diluent composition ~ of chitosan.

confirming that PCL crystallinity was suppressed by chitosan,  In this study, blends were formed with nearly 4:1 chain length
similar to other polyesterpolysaccharide blend84”However, ratio of chitosan and PCL. Inverting this ratio would result in
these transitions were independent of each other without overlapan altered packing assembly of chitosan and PCL fibers with
in the relaxations confirming the findings from FTIR analysis the PCL chains forming the backbone. Such an orientation might
that there was no chemical bonding between chitosan and PCLmake the chitosan molecu_les_shorter and more acce_SS|bIe to
in the prepared blends. Thus, the observed alteration in adhesiorly S0ZYMe molecules resulting in accelerated degradation. The

of prokaryotic and eukaryotic cells may not be due to the altered most significant impact would b_e felt on the s_urfacg topogr_aphl-
cal features of membranes with altered orientation of fibers.
crystal structures of the two polymers.

. ) Thus, inverting the polymer chain lengths would provide a better
Analysis of surface topographies and roughness factors ynderstanding of the impact of alignment of chitosan and PCL
indicated that the blend surfaces were significantly rougher at molecules on blend properties.

the nanoscale than chitosan. Thus, the observed difference in
cell adhesion could be partially attributed to the altered surface
texture. However, altered hydrophilicities could also affect cell
spreading as hydrophilicity influences the adsorption of proteins  In summary, chitosan was antibacterial on its surface to both
and prevents the adhesion of platelets and fibrinogen onto Gram-positive and Gram-negative bacteria. Blending chitosan
chitosan surfac49 The presence of hydrophobic PCL could with PCL minimized the antibacterial property despite no
alter the hydrophilicity of chitosan resulting in the adsorption chemical reaction between chitosan and PCL in the prepared
and binding of adhesive proteins in the extracellular matrix blends. However, the degree of crystallinity of PCL was reduced
(ECM) of cells onto the biomaterial surface thus influencing and the surface roughness was significantly increased at the
the adherence and colonization of cells on blends. In other N@noscale. In light of the results obtained previously with
reports, we have also shown that the presence of poly(lactic-8ukaryotes, it maybe concluded that rougher surfaces may be
co-glycolic acid) hills on chitosan membranes decreased the cell More conducive to cellular and bacterial colonization.

spreading of fibroblasts and endothelial céfisdowever, the Acknowledgment. Financial support for this research was
observed changes in cellular activity could also be due to the provided by the Oklahoma Center for Advancement of Science
decreased surface charge attributed to the shielding effect byand Technology (#HR05-075R). Guidance from Dr. Susheng
PCL. Thus, one has to explore the changes in the surface chargeran and Ms. Rangarani Karnati of the Chemistry Department
density, hydrophilicity, and PCL distribution on the chitosan of OSU in AFM and FTIR analyses respectively, is deeply
membrane. Blending with negatively charged molecules such appreciated. CDV
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