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ABSTRACT: Chitosan was deacetylated and carboxymethylated to prepare O-carboxymethyl chitosan (CMC) for further electrospin-
ning. CMC was characterized using FTIR, NMR, and chemical titration, indicating a degree of carboxymethylation of 51.4%. CMC
was electrospun together with poly(vinyl alcohol) (PVA) to prepare membranes composed of nanofibers. The electrospinning condi-
tions were optimized. The CMC/PVA membrane obtained at the conditions of 15.2 g/mL CMC 50 mL, 8 g/mL PVA 5 mL, 25 kV,
and a distance of 23 c¢m, had nanofibers without beads, with diameters of 70-200 nm. The mats were crosslinked by glutaraldehyde
before platelet adhesion measurement. The nanofibrous structure remained after crosslinking while the wettability decreased. CMC/
PVA mats with higher CMC amount and fewer beads, had fewer adherent platelets and less platelets aggregation showing better

hemocompatibility. © 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43565.

KEYWORDS: biocompatibility; biopolymers & renewable polymers; electrospinning; nanostructured polymers; polysaccharides

Received 11 October 2015; accepted 18 February 2016
DOI: 10.1002/app.43565

INTRODUCTION

Nonwoven fabric composed of nanofibers is getting increasing
attention in the field of biomaterials owing to its structural similar-
ity to the native extracellular matrix."* Diameters of nanofibers are
defined as less than 100 nm, sometime extended to 1000 nm. The
nanostructure and resulting unique properties make the nonwoven
fabric popular in biomaterials, such as tissue engineering scaffolds,
drug delivery, wound dressings, antibacterial coatings, biosensors,
artificial organs, implant materials, medical textiles etc.’™

Electrospinning is an attractive method for preparing nonwoven
fabrics composed of nanofibers. The fibers from electrospinning
usually have diameters in the range of 40 nm to 2 pum.*’ Dur-
ing the process of electrospinning, a high voltage is applied to
the solution droplet and the droplet undergoes an electrostatic
repulsion force. When the electrical force at the interface of
droplet overcomes the surface tension, a stream of liquid erupts
from the droplet surface. Very fine fibers are formed from the
erupted liquid after the solvent evaporating during flying. Elec-
trospinning membrane usually has high surface area, high
porosity, and ultrafine fibers. The special morphology makes
electrospun membrane a potential material in the fields of fil-
tration, enzyme immobilization, sensors, electroconductor, and
especially biomaterials.*'® The morphology of electrospinning
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membrane is affected by many factors, such as chemical constit-
uents, material structure (molecular weight, solution viscosity
and conductivity), solvent, voltage, distance, etc.”””'' An
expected nanostructure may be achieved through adjusting the
above factors.

Chitin (poly-f-1,4-D-N-acetylglucosamine) is the second most
abundant natural polysaccharide on earth whose total annual
production is about 1 to 100 billion ton and 1.5 million tons
available for commercial application.'"> Chitosan is the N-
deacetylated derivative of chitin, having good physicochemical
and biochemical properties, such as good biocompatibility, bio-
degradability, antibacterial and antifungal activities, moisture
absorption etc.'”” Carboxymethyl chitosan is the most popular
derivative of chitosan, also widely investigated in the field of
biomaterials. Electrospinning of chitosan and carboxymethyl
chitosan has been investigated in recent years.'*'> Owing to the
strong molecular interaction between the high charge density
and high viscosity of chitosan and CMC solutions, it is very dif-
ficult to electrospin chitosan or CMC solely.'®!” Other polymers
having flexible polymer chain can be electrospun easily, such as
poly(vinyl alcohol) (PVA), polyethylene oxide (PEO). Those
polymers have been used to support the electrospinning of chi-
tosan to prepare nanofibers from chitosan.'®™!
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Hemocompatibility (blood compatibility) is a key property
determining the potential of using blood-contacting biomaterial.
A good blood compatible material should not lead to the acti-
vation of the blood coagulation cascade. The process of blood
coagulation is induced by a foreign material characterized by
plasma proteins first non-specifically adsorbing onto the foreign
material surface, causing platelet activation, adhesion and aggre-
gation, and then resulting in blood coagulation.”* Therefore,
protein adsorption and platelet adhesion are two critical proc-
esses.”” The surface structure characteristics of foreign material
(chemical component, morphology, surface charge, surface wett-
ability, etc.) play key roles for the whole coagulation process.**
Negatively charged material surfaces have good hemocompati-
bility owing to electrostatic repulsion between the platelet and
the material surface.

The hemocompatibility of chitosan is controversial because chi-
tosan can elicit many different bioresponses, such as electro-
static attraction between its net positive charge and negatively
charged fibrinogen resulting in protein adsorption.”® Therefore,
in this work, chitosan was modified to prepare hemocompatible
derivatives. Chitosan derivatives with negative —SOs;H or
—COOH group have been shown to express good hemocompat-
ibility.”**” The electrostatic repulsion between the negatively
charged groups and fibrinogen retards fibrinogen adsorption
which is responsible for the formation of a fibrin network, pla-
telet adsorption, blood cell trapping, and coagulation. The ori-
gin, degree of N-deacetylation (DD), molecular weight (MW),
distribution and substitution degree of the derivative all have
affects on the bioactivity of chitosan derivatives.*® Measurement
of the hemocompatibility of chitosan and CMC is usually car-
ried out with solution, while that of their nanofibers has not
been reported until now.?®

In this work, chitosan was completely deacetylated to reduce the
influence of DD on chitosan modification and the hemocom-
patibility of the derivative. Deacetylated chitosan was carboxy-
methylated with chloroacetic acid at lower temperature to
prepare O-carboxymethyl chitosan (CMC). The obtained CMC
was electrospun with PVA to prepare nanofibrous membranes
(CMC/PVA), followed by crosslinking with glutaraldehyde. The
structure of the electrospun membrane was characterized with
SEM, FTIR, and water contact angle measurement. The hemo-
compatibility of the membrane was measured through platelet
adhesion. This is the first report focused on hemocompatibility
of nanofiber CMC. The CMC/PVA membrane has the potential
to be applied in blood-contact biomaterials, such as wound
dressings and drug delivery.

EXPERIMENTAL

Materials

Chitosan was purchased from Zhejiang Golden Shell Biological
Chemical Co., Ltd. (M,, 5 X 10° g/mol, DD 78%). Dimethyl
sulfoxide (DMSO), hexadecyl trimethyl ammonium bromide
(HTAB), sodium hydroxide (NaOH), monochloroacetic acid,
NaH,PO,, NaH(PO,),, and 25% glutaraldehyde solution were
purchased from Sinopharm Group Company Limited (China)
and used as received. PVA (99% hydrolyzed, Mw 120,000 g/
mol) was purchased from Sigma-Aldrich.
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Preparation of Completely Deacetylated Chitosan (DCT)
Chitosan was completely deacetylated as described previously.”
10 g chitosan was added into a 500 mL three-neck flask con-
taining a pre-dissolved mixture of 200 mL DMSO, 20 g NaOH,
and 0.4 g HTAB. The reaction was allowed for 3 h at 130 °C
under the protection of nitrogen. Then the reaction mixture
was cooled to room temperature, filtered, washed with distilled
water until neutral, and then lyophilized. White DCT was
obtained and used for carboxymethylation.

Preparation of O-Carboxymethyl Chitosan (CMC)

CMC was produced as described in reference.®® 20 mL 40%
NaOH solution was dropped into a 2 g DCT in a 100 mL
beaker to alkalize DCT. The chitosan NaOH mixture was frozen
at —18 °C overnight, and then thawed. 20 mL isopropanol was
added to the thawed chitosan mixture and then 9.6 g mono-
chloroacetic acid in 20 mL isopropanol was dropped into chito-
san under stirring at 30 °C. The reaction was allowed for 4 h,
followed by neutralization with diluted hydrochloric acid. The
mixture was precipitated in ethanol. White powder CMC was
obtained after filtration, washed alternatively with 80% metha-
nol and ethanol, and finally vacuum dried at 50 °C for 6 h.
The degree of carboxymethylation was determined through
titration.>!

Electrospinning of CMC/PVA

CMC solutions with different concentration were prepared by
dissolving CMC in water with stirring. PVA solution (8 wt %)
was prepared in distilled water at 80 °C with constant stirring
for at least 2 h. The polymer solutions were mixed in different
proportions (the mass ratio of CMC to PVA varied from 10: 1
to 18.75:1) with 0.1 g NaCl by intense stirring, resulting in a
homogeneous CMC/PVA blend. The electrospinning experiment
was carried out on an electrostatic spinning instrument (DT-
200, Dalian Dingtong technology development Co., Ltd.). In a
typical procedure, the polymer blend solution was put into a
25 mL syringe and delivered to the tip of the syringe needles by
the syringe pump at a constant feed rate (0.7 mL/h). A positive
voltage of 20 kV was applied to the polymer solution via the
stainless steel syringe needle. The distance between the tip of
the needle and the collector was maintained at 20 cm. The elec-
trospun polymer fibers were collected on a collector covered
with aluminum foil. Electrospun mats of CMC/PVA were cut
into a square shape with dimensions of 10 cm X 10 cm for
crosslinking. The electrospun membranes were further cross-
linked using a vapor of glutaraldehyde from a 25% glutaralde-
hyde aqueous solution at room temperature for 2 days. After
crosslinking, the membranes were treated with a 0.1 M glycine
aqueous solution to block unreacted aldehyde groups.

Characterization of CMC/PVA Membrane

The surface morphology of the CMC/PVA mats was observed
with a S-3000 N scanning electron microscope after gold coat-
ing, at a voltage of 10 kV. 30 fibers in the SEM images were
randomly selected to measure the diameter with the software e-
Ruler and the average diameter was calculated accordingly. Fou-
rier transform infrared spectroscopy (FTIR) spectra were
obtained on a TENSOR 27 spectrometer in the range of 500—
4000 cm™'. The nuclear magnetic resonance spectrum (NMR)
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Figure 1. FTIR spectra of chitosan (a), deacetylated chitosan (b), and car-
boxymethyl chitosan (c). [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

was recorded on a Bruker AV 400 nuclear magnetic resonance
spectrometer at 27 °C, using TMS as the internal standard. The
water contact angles of the membranes were measured using a
SL200K contact angle measurement instrument at 20 °C. A drop
of deionized water was dropped onto the sample membranes.
The contact angles were calculated using an image processing
software CAST™2.0. The measurement was reproduced 10
times and the average value was used.

Platelet Adhesion Experiments

For the platelet adhesion experiments,”> platelet-rich plasma
(PRP) obtained from centrifuged human whole blood contain-
ing sodium citrate was used. 250 pL PRP was poured onto the
CTS/PVA mats (0.5cm X 0.5cm) and allowed to maintain at
37°C for 2 h. Then the samples were carefully washed with
saline to remove the nonadhered blood cells. The adhered blood
cells were fixed by immersing the mats into 20 mL 2.5 wt %
solution of glutaraldehyde in PBS for 1 h at room temperature
to fix the platelet. The film was washed with PBS and then sub-
sequently dehydrated by immersing in a series of ethanol-water
solutions [50, 60, 70, 80, 90, 95 and 100% (v/v)] for 30 min
each and allowed to evaporate at room temperature. The sample
was dried for further operation. The surface of the film was
observed with a S-3000N scanning electron microscope after
gold coating.

RESULTS AND DISCUSSION

Preparation and Characterization of O-Carboxymethyl
Chitosan

Chitosan is deacetylated chitin with a degree of deacetylation
(DD) more than 60%. The presence and random distribution of
the acetyl group on the backbone of chitosan make the struc-
ture of chitosan complicated. Completely removing acetyl group
can improve the biological activity of chitosan and eliminate
the uncertain effect of the structure on the properties. There-
fore, chitosan was first completely deacetylated with the assis-
tance of surfactants®® and then carboxymethylated to prepare
CMC. The degree of carboxymethylation was 51.4% according
to what was obtained from acid-base titration. The FTIR spectra
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of chitosan, deacetylated chitosan, and CMC are shown in Fig-
ure 1.

For chitosan (a), the peak at 1653 cm ™' was the characteristic

absorbance of the amide-1 band, and 1578 cm ™' was the bend-
ing vibration band of —NH,. After deacetylation (b), the
absorbance of the amide-I band around 1653 cm ™' disappeared,
which indicated that chitosan had been deacetylated. The peak
at 1070 cm™' was due to the —C—O asymmetric stretching
vibration. Compared with the spectrum of deacetylated chitosan
(b), CMC (c) had an obvious peak around 1650 cm™', which
was the overlapped peak from the asymmetric stretching of
—C=0 (—COONa) and the bending vibration band of
—NH, > The new absorption peaks at 1468 cm ™' was assigned
to the symmetry stretch vibration of COO™.** The FTIR spectra
indicated that chitosan was deacetylated and then carboxyme-
thylated successfully.

Figure 2 shows the NMR spectra of deacetylated chitosan (a)
and CMC (b) at room temperature. There was no signal around
175 ppm corresponding to the carbonyl carbon and that of
methyl around 20 ppm in the spectrum of deacetylated chito-
san, which indicated that chitosan had been completely deacety-
lated.” The characteristic signals of C-1, C-4, C-5, C-3, C-6,
and C-2 appeared at 95.9, 74.8, 73.1, 68.4, 58.4, and 54.2
ppm.** Only one new peak at 167.0 ppm due to the C=0 of
carboxymethyl group and one at 45.6 ppm due to the methyl-
ene groups (—CH,) of CH,COO  appeared in CMC spectrum,
indicating that carboxymethylation only occurred at OH-6.
These features demonstrated that chitosan had been completely
deacetylated allowing tailored O-carboxymethylated chitosan to
be obtained.

Electrospinning and Characterization of CMC and PVA

CMC was first dissolved in water to prepare CMC solutions of
different concentrations. Owing to the high viscosity and elec-
trostatic repulsion of CMC, it was hard to reach the necessary
polymer entanglement for electrospinning while electrospinning
CMC solely. Therefore, PVA having a flexible polymer chain
and the facility to crosslink to CMC was used to enhance the
electrospinning of CMC.> The samples were electrospun at 20
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Figure 2. NMR spectra of deacetylated chitosan (a) and CMC (b).
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Table I. Electrospinning Conditions of CMC/PVA
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Samples CMC? con (wt %) PVA®P (mL) CMC:PVA (g:9) Polymer con (wt %)° Distance (cm) Voltage (kV)
PVA 0 5 0:1 8.0 20 20
CMC1 7.3 5 10:1 8.9 20 20
CMC2 8.2 5 11.25:1 9.8 20 20
CMC3 9.1 5 12.5:1 10.7 20 20
CMC4 10.0 5 13.75:1 11.6 20 20
CMC5 11.0 5 15:1 13.5 20 20
CMC6 12.7 5 17.5:1 14.4 20 25
CMC7 13.6 5 18.75:1 14.7 20 25
CMC8 13.0 10 10:1 14.7 22 25
CMC9 152 10 11.25:1 16.3 23 25

2Volume of all the CMC samples was 50 mL.
>8 wt % PVA was used.
©The concentration includes both CMC and PVA.

kV in the presence of 0.1 g NaCl. The electrospinning condi-
tions are shown in Table I. The SEM images of CMC/PVA are
shown in Figures 3 and 4.

PVA aqueous solution with a concentration of 8 wt % was elec-
trospun alone. As shown in Figure 3, the nonwoven PVA mat
contains randomly arranged and even distributed nanofibers
with diameters of ~120 nm. When different amounts CMC
were added to PVA, the morphology of the nonwoven mats var-
ied with increasing CMC. When the concentration of CMC was
7.3 wt % (CMCI1), there were few fibers—mostly beads in the
mats. With an increase in the CMC amount, the fiber content
increased and the fiber diameter decreased.’® When the CMC
concentration reached 9.1 wt % (CMC3), there were only a few
beads in the mat and the diameter of fibers decreased to

CcMC3

CMC4

~70 nm. However, further increasing the CMC amount resulted
in thinner fibers and more beads (CMC4 and CMC5). When
CMC concentration was low, there were not enough CMC mol-
ecules to entangle PVA, which resulted in less electrospinning
efficiency. Furthermore, high CMC concentration can cause
strong electrostatic repulsions and extended polymer chains,
resulting in inefficient chain entanglement and low electrospin-
ning efficiency. Therefore, when using higher CMC concentra-
tions, a higher voltage and more PVA are required.

As shown in Table I (CMC6-CMC9), the voltage of CMC elec-
trospinning was increased to 25 kV. The SEM images of CMC6-
CMC9 are shown in Figure 4. The electrospinning efficiency of
CMC/PVA increased with an increase in the CMC concentra-
tion. A CMC/PVA mat with 12.7 wt % CMC had bead

CMC5

Figure 3. SEM images of PVA and CMC/PVA with different CMC concentration prepared at a voltage of 20 kV (the length of the scale bar is 1 pum).
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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CMC8

CMCo

Figure 4. SEM images of CMC/PVA mats prepared at a voltage of 25 kV (the length of the scale bar is 1 pm). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

morphology, while that with 13.6 wt % CMC in the mats
showed a reduced bead morphology. Increasing PVA concentra-
tion can decrease the surface tension of PVA/CMC solution.’
Therefore, the amount of PVA was increased to 10 mL for
CMC8 and CMC9. CMCS8 had a fibrous structure with very few
beads. Increasing the CMC concentration to 15.2 wt %, CMC9
prepared at 25 kV at a distance of 23 cm showed pure nanofib-
ers with a diameter of 100-200 nm. The results expressed for
CMC/PVA mats, proper PVA amount and polymer concentra-
tion were necessary to guarantee CMC electrospinning.

Crosslinking and Platelet Adhesion of CMC/PVA Mats

Owing to the solubility of CMC in water, CMC/PVA mats were
crosslinked with glutaraldehyde vapors to stabilize CMC for fur-
ther hemocompatability. While crosslinking of CMC with glutar-
aldehyde, there are many possibilities. Firstly, one aldehyde group
of glutaraldehyde undergoes a Schiff reaction with the —NH,
group of CMC. Then, the second aldehyde group can undergo a
second Schiff reaction with the —NH, group from the same CMC
chain or another chain. Moreover, the second aldehyde group can
also condense with another glutaraldehyde to form —C=C—."’
—C=C— is conjugated with C=N, which make the crosslinked
polymer more stable. The existence of aliphatic chains, —C=C—,
the reduction of the hydrogen bonding —NH, groups, and the
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flexibility of chitosan chain increase the hydrophobicity of the
membrane.

Figure 5 is the FTIR spectra of PVA (a), CMC (b), CMC/PVA
(CMCY, c), and crosslinked CMC/PVA (CMC9, d). The blend
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Figure 5. FTIR spectra of PVA (a), CMC (b), CMC/PVA (CMC9, ¢), and

crosslinked CMC/PVA (CMC9, d). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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CMC6
Figure 6. SEM images of crosslinked PVA, CMC1, CMC3, CMC6, CMC8 and CMC9 (CMCthe length of the scale bar is 1 um). [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

membrane of CMC/PVA had characteristic absorbances of both
PVA and CMC. The peak ~3400 cm ' was due to the
unbonded and hydrogen bonded —OH stretching band. The
absorbance around 2900 ¢cm ™' can be ascribed to the C—H
stretching band. C=0 of PVA located ~1720 cm™'. The over-
lapped peak from the asymmetric stretching of —C=O
(—COONa) and the bending vibration band of —NH, are
located ~1560-1650 cm™".*” Adsorption of C—O—C stretching
was at 1060 cm™'. After crosslinking, the peak of —NH,
decreased somewhat owing to the Schiff reaction between
—NH, and C=O0. The other peaks had no obvious change. The
peaks of newly formed C=N from the Schiff base and C=C of
the polymerized glutaraldehyde overlapped with those of the
original C=0 from PVA and CMC.'®*®

The SEM images of the crosslinked mats are shown in Figure 6.
There were no obvious changes to the morphology of the mem-
branes. This was more apparent for CMC9 which still had only
fibers after crosslinking. The surface wettability(hydrophobicity/
hydrophilicity)plays an important role on hemocompatibility of
biomaterials owing to its effects on protein adsorption, platelet
adhesion/activation, and blood coagulation.’® The wettability of
CMC/PVA was measured through water contact angles. As
shown in Table II, before crosslinking, all the samples were
highly hydrophilic showing a water contact angle of 28.1-56.5°.

Table II. Water Contact Angle of the CMC/PVA Mats (°)

cMC8

cMCo

With the increase of CMC amount, the water contact angle
decreased owing to the good hydrophilicity of —COOH, NH,,
and OH. After crosslinking, the water contact angle of all the
samples increased. The wettability change was due to the heter-
ogeneity of the reaction between the membrane and glutaralde-
hyde. The reaction happened on the surface of membrane;
therefore, the amino group on the surface was blocked by the
hydrophobic aliphatic group in which the long aliphatic chain
prevented contact between water and the polymer chain, result-
ing in less interaction between the membrane and water, there-
fore inducing more hydrophobicity.*’ It is worthy to mention
that CMC9 had the highest water contact angles 93.5° after
crosslinking, while it had the lowest one (28.1°) before cross-
linking. Water contact angle images of CMC9 and crosslinked
CMC9 were shown in Figure 7. This confirmed that a dominant
fraction of NH, group took part in the crosslinking, resulted in
the higher degree of crosslinking, higher content of aliphatic
groups, and higher hydrophobicity.””

Platelet adhesion experiment was carried out on CMC/PVA
mats to measure the hemocompatibility of the electrospun
mats. The SEM images of the mats after contacting with PRP
for 2 h are shown in Figure 8. It was shown that there were pla-
telet adhesion and aggregation on the mats of CMCl, CMC3,
and CMC 6. For CMC9, there was much less platelet adhered

PVA CMC1 CMC3 CMC5 CMC6 CMC9
Before crosslinking 477 +1.2 56.5+22 51.3+2.0 488+1.4 334+15 281 +09
After crosslinking 71.8=x22 759=+23 756+26 825+19 93.5=+0.2
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Thetas: [L] = 27.3" , [R] = 29.0" , [M] = 28.1 + 0.9"
'

Thetas: [L] = 93.3° , [R] = 93.6° , [M] = 93.5 + 0.2*

{CD = 5.23 [mm] }

{CD =2.73 [mm] }

Figure 7. Water contact angle images of CMC9 (A) and crosslinked
CMC9 (B). [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

and no platelet aggregation occurred. The results indicated that
CMC9 had best hemocompatibility.

When platelets contact a foreign artificial surface, they are acti-
vated by the foreign material. Platelet activation induces a series
of complex reactions that result in platelet adhesion and aggre-
gation, leading to thrombus. Therefore, lower platelet adhesion
on the material surface is a measure of better hemocompatibil-
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ity. Physical and chemical characteristics of the foreign surface,
such as chemical functionalities, surface charge, morphology,
surface wettability, etc., can be correlated with platelet attach-
ment and adhesion. Negatively charged surface are considered
better, owing to the electrostatic repulsion between the surface
and platelets that decreases platelet adhesion.*' It is also
accepted that materials with hydrophilic and hydrophobic
microdomains, or graft compolymers having hydrophilic-
hydrophobic chains with a degree of surface mobility, have
good hemocompatibility.*> The hydrophilic —OH, —COOH,
—NH give rise to hydrophilic microdomain, while aliphatic
—C=C—, —C=N, —CH,CH,CH,— form hydrophobic domains
and chains to block the contact of proteins and platelets with
the material surface. Moreover, the morphology, especially on
the micron and nanometer scale, influences protein adsorption,
platelet adhesion, and blood coagulation.* The surfaces thus
mimic the natural vessel inner surface and native extracellular
matrix and possess good biocompatibility.** The highest nega-
tive charge of CMC9 would result in the highest repulsion
between the mats and platelets. There are no beads on CMC9
in which nanofibers diameter of CMC9 of 100-200 nm are
found, similar with that of extracellular matrix (50-500 nm).
The negative charged surface and morphology similarity to the
extracellular matrix might be the basis for the optimized hemo-
compatibility for CMC9.

CMC6

Figure 8. SEM images of the CMC/PVA electrospun mats (CMC1, CMC3, CMC6, and CMC9) after platelet adhesion (the length of the scale bar is 1
um). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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CONCLUSIONS

Chitosan was completely deacetylated and carboxymethylated to
prepare O-carboxymethylchitosan. CMC/PVA mats with nanofib-
ers were then successfully prepared through electrospinning blend
solutions of CMC and PVA. The diameters of the fibers were in the
range of 70-200 nm which after crosslinking with gluturaldehyde,
provided a fibrous mat structure that remained although several
samples expressed beading. Crosslinked CMC/PVA mats expressed
good hemocompatibility according to the platelet adhesion results.
The negatively charged chemical surface and the morphology simi-
larity to the extracellular matrix are the main factors promoting
the good hemocompatibility witnessed in this study. To fully assess
the blood compatibility of CMC/PVA nanofibers and the corre-
sponding mechanism, other tests, such as blood coagulation, pro-
tein adsorption, will be the subject of future studies.
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