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Abstract: Chitosan/PAA sponges (potential
applied in wound healing) were produce and
loaded with serum and Dersani®. Thin Plate
Spline interpolation method (TPSIM) was
used to evaluate the effect of composition
and the time in the sponges capability of
fluid incorporation. A surface composed
of experimental and interpolated data were
obtained. polynomial regression with multiple
independent variables was used to evaluate
the contribution of each variable. Scanning
electron microscopy (MEV), x-Ray diffraction
(XRD) and Differential Scanning Calorimetry
(DSC) were done. The composition affects the
sponge’smorphology. Materialsamorphization
occurred due chitosan/PAA interaction as
stated by DSC and XRD. TPSIM showed that
the composition has a significantly greater
individual contribution in fluid absorption.
The time individually contribution is small.
However, the interaction between time and
composition are responsible for the non-
linear shape of the curve and have relevant
impact in fluid incorporation.

Keywords: wound dressing, modelling,
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INTRODUCTION

Chitosan (Chi) sponges has been

considered in the treatment of wound dressing.
Poly (acrylic acid) (PAA), is a synthetic and
hydrophilic polymer. [1] It has been used as a
gelling agent in drugs and for the synthesis of
hydrogels. [2] Mixtures of chitosan and PAA
have been used in the controlled release of
drugs. [3]

Dersani® oil is composed of triglycerides of
capric and caprylic acids, clarified sunflower
oil, lecithin, retinol palmitate, tocopherol
acetate, and alpha-tocopherol. This oil has
been used in the treatment of wounds. [4], [5]

Thin plate spline interpolation method
(TPSIM) is used to approximate a smooth,
continuous surface from a set of scattered data
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points. The TPSIM basis function is given by
the Equation 1. [6]

¢y = 1% xlog(r) (1)

where r is the Euclidean distance between a
data point and a control point. The interpolant

is then defined as Equation 2 shows [7]

f(x_y)zan-&-al><x+a2xy+z¢;(,,)><w[ (2)

where a, a, and a, are constants and w, are
weights assigned to each control point.

One advantage of the TPSIM is that it
provides a smooth interpolation surface that
passes through all the data points, while
avoiding overfitting or oscillations. [8],
[9] This method was used to calculate and
estimate the torque values through rheometric
tests and to evaluate the effect of parameters
layer thickness, [10] deposition speed and
printing direction on tensile properties and
dimensional accuracy of PLA 3D printed
parts. [11]

The aim of this work was studied the mass
variation (MV) of chitosan/ PAA in Dersani®
oil and physiological saline solution using the
TPSIM was used to evaluate the effect of time
and composition in the fluid absorption.

EXPERIMENTAL

PRODUCTION OF CHITOSAN/PAA
SPONGES

PAA (Sigma-Aldrich Mv ~4,000,000)
solution (2 wt % in water) and Chi (Sigma-
Aldrich - low molecular weight, degree of
deacetylation: 75%) solution (2 wt % in acetic
acid solution 0.5% v/v) were mixed in the
proportions (Chi: PAA (% v/v)) 10:90; 25:75;
50:50; 75:25 and 100:0). The mixtures were
lyophilized using the equipment LIOTOP,
model L 101. The samples were named as
S. where i refers to the amount (v/v %) of
chitosan in the samples: S, (100 v/v % PAA),

S,, (10 v/v % chitosan - 90 v/v % PAA), S,
(25 v/v % chitosan - 75 v/v % PAA), S, (50
v/v % chitosan - 50 v/v % PAA), S__ (75 v/v

% chitosan — 25 v/v % PAA) e S, (100 v/v %
chitosan).

CHARACTERIZATION

The samples were analyzed by Scanning
electron microscopy (SEM) wusing a

microscope (HITACHI, TM3000 model,
Tokyo, Japan); by X-Ray Diffraction (XRD)
using a diffractometer (Mini Flex II, Rigaku,
Tokyo, Japan) operating with a CuKa source
(A =1.542 A), the scans range were 20 = 6-60°,
with a scan speed of 2°. 57, and by Differential
scanning calorimetry (DSC) using a Perkin-
Elmer Simultaneous Thermal Analyzer 6000.
Samples were heated from room temperature
to 700°C at 10°C.min"" under N, at a flow rate
of 20 mL.min™".

TPSIM AND POLYNOMIAL FITTING
- FLUID INCORPORATION STUDY

The samples were immersed, separately, in
serum and oil (Dersani®) for 140 minutes. The
MV values were calculated using Equation
(3), where M, is the mass of the samples at
time £, and M, is the mass of the dry samples.

My = (M) x 100 (3)

TPSIM was performed, based in the MV
values obtained by Equation (3), using the
software MATLAB'. Polynomial fit p55,
Equation (4), was applied simultaneously to
the experimental and the interpolated data
to obtain a 3D surface that correlates MV,
composition, and time, Equation (3). [10],
[11]

(n,m)e N2, n+ms=s5

Z Pmn XY™, (4)

n,m

where [p] ~ is the matrix with the

T —— o -



summation coeflicients.

In this work, flx, y) is the MV, x is the
composition of the sponges (represented by
the mass percentage of chitosan in the sample),
and y is the time. According to Equation (4), it
is important to note that:

1. If n = 0 and m > 0, the term of the
polynomial (p, ) only depends on the variable
x (composition);

2.If m =0 and n > 0, the term of the
polynomial (p ) only depends on the variable
y (time);

3.If n > 0 and m > 0, the polynomial term
(p,,) shows the interaction between the x and
.

Polynomial coefficients can be represented
according to the matrix [p] _, highlighting the
coefficients that depend only on time (blue)
and on concentration (red).

Poo Po1 Poz Po3z Pos DPos
Pio P11 P12z P13 Pia Pis
Pzo P21 P22 P23 P24 P25
Pzo0 P31 P32z P33 P3as P3s
Pio P41 Paz P43 Paa Pas
(Psp Ps1 Ps2z Ps3 Psa DPss |

RESULTS AND DISCUSSION

The sponges were characterized by XRD
(Figure 1). S, S, and S, patterns were similar
to pure PAA diffractogram. The samples
S,, and S did not present characteristic
peaks of PAA and / or chitosan. This result
indicates a strong interaction between these
polymers. DSC results (Figure 2) indicate the
amorphization of the sample since PAA’s and
Chitosan’s peaks were not observed in S._..
The only thermal event observed (around 100
°C) is related to water loss. Composition also
affects sponges’ morphology and pore size
(Figure 3). As the chitosan content increases,
fibrillar structures can be observed.

TPSIM was applied to obtain a surface
(Figure 3) composed for the real data
(Equation 1) and the interpolated data.

When performing polynomial regression
with multiple independent variables, the
regression coeflicients can be used to indicate
the contribution of each variable. Analyzing
the coeflicients associated with the individual
contributions (indicated in the matrix pSO
[nm] and pS [nm]), we observed that the
composition has a significantly greater
individual contribution to the behavior of the
curve. Although time individuall contribute
is of little significance, the mixed coefficients
(interaction between time and composition),
p, when p#n, are responsible for the non-
linear shape of the curve and have relevant
magnitudes.

A minimum point between 40 and 60 min
was observed (Figure3). The compression
between the polymer chains and increase
in the MV value can be related to polymer
chain relaxation and fluid absorption. The
slow reorientation of polymer molecules can
lead to a wide variety of anomalous effects for
both permeation and absorption [12]-[14]
These results agree with SEM, XRD and DSC
analyses which can explain the behavior of
samples with chitosan amount greater than
50%. Samples, with a higher proportion of
PAA presents negative MV values, probably
due the mechanical strength of the material.

To corroborate the information obtained
by TPSIM analysis (Figure 3 and related
matrices) the MV data were statistically
analyzed. The analysis of ANOVA-2-way
variance was performed, with 2 factors,
composition (5 levels, S , S, S, ,S .and S )
and time (5 levels, 30 min, 50 min, 110 min,
24 h and 7 days). It was possible to observe
that the composition affects the amount of oil
and serum absorbed (p <0.05). The Tukey’s
test verified that the difference was significant
(p <0.05). Furthermore, this study exhibited
better absorption performance then the
wound dressings reviewed in Fulton’s et al.
[15]
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Figure 1. DSC curves of Chitosan, PAA and S, sample
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Figure 3. SEM images of (A) S (B) S, (C) S, (D) S.. (E) S
solution (up right) and mass variation of S samples in sunflower oil (down right)

100 (eft), mass variation S, samples in physiological
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CONCLUSIONS

PAA/Chi  sponges, with different
proportions, were produced by lyophilization.
XRD and DSC analysis indicates a stronger
interaction between PAA and chitosan.
According to TPSIM the composition has a

The time individual
contribution is of little significance
significantly, =~ the  mixed coefficients
(interaction between time and composition
are responsible for the non-linear shape of
the curve and have relevant impact in fluid

to fluid absorption.

significantly greater individual contribution incorporation as corroborate by ANOVA.
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