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ABSTRACT
3D porous composites based on blends of chitosan, collagen and
hyaluronic acidwereobtained. L-ascorbic acidwas incorporated into the
composites. The structure of compositeswas studiedby IR spectroscopy
and SEM. Moreover, mechanical properties, porosity and density of the
blends were studied. The release of L-ascorbic acid from biopolymeric
matrixes was studied by UV-Vis spectroscopy.

The results showed that biopolymeric matrixes based on the blends
of chitosan, collagen and hyaluronic acid can be used as 3D systems
for L-ascorbic acid delivery. The addition of hyaluronic acid to chi-
tosan/collagen blends leads to the decrease of amount of released
agent.

1. Introduction

Natural polymers are widely used in biomedical sciences for preparation of several biomate-
rials. They can be shaped into films, 3D scaffolds and gels. Nowadays biopolymeric materials
can be also applied as drug delivery systems [1-3]. The drug can be incorporated into the poly-
mer solution, and during mixing for some time, the homogenous mixture can be obtained.
Hydrophilic as well as hydrophobic active compounds can be used to be released from poly-
meric matrixes. The release of several active compounds from polymeric matrixes was stud-
ied, for example: theophylline [1,4,5], acetaminophen [4], p-nitroaniline [6,7] propranolol
[1], diclofenac sodium, salicylic acid, sulfasalazine [8], acyclovir, chlorhexidine diacetate [9],
ibuprofen, antipyrine [6], ofloxacin [1,5], raparnycin, emodin, curcumin, heparin [10], lido-
caine [11], indomethacin [12], caffeine, dyphylline [13], saligenin [14]. L-asorbic acid, known
as vitamin C, is widely used as pharmaceutical compound and active agent in cosmetic prepa-
rations. It is used for treatment of depression, dementia, Alzheimer’s disease or to decrease the
absorption of iron from food. The use of L-ascorbic acid includes also the positive effect in
the heart, blood vessels or medical treatments of collagen disorders. One of the essential role
of L-ascorbic acid in tissue engineering science is its role as cofactor for the hydroxylation of
proline and lysine residues in collagen [15].

Biopolymeric matrixes as drug delivery systems are beneficial compared to conventional
dosage forms. They improve efficacy and patient compliance as well as reduces the toxicity of
drug in other places [16-18]. There are two cases in which controlled release is beneficial. First
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one is a distribution of drug molecules to encounter tissues and cause the side effects which
can prohibit the treatment for example during the chemotherapy. The second one is when the
natural distribution of the drug does not allow molecules to reach the place of action.

The aim of the study was to prepare the composite based on the blend of chitosan, colla-
gen and hyaluronic acid with the addition of L-ascorbic acid. Vitamin C enhances the resis-
tance of human body to viral and bacterial infections, what improves the efficiency of medical
treatment. Such materials could be beneficial for the tissue regeneration due to the biological
properties of vitaminC, where the systemwould be better protected against virus and bacteria
after the implementation.

2. Materials andmethods

2.1. Materials

Collagen (Coll) was isolated from rats tail tendons [19,20]. Chitosan (CTS) and hyaluronic
acid (HA) were purchased from the Sigma Aldrich company (Poland). Collagen and chi-
tosan (Mv = 5.4 × 105 g/mol; DD = 77%) solutions were prepared in 0.1M acetic acid,
both in 1% wt concentration [19]. Chitosan and collagen mixtures were prepared by mix-
ing two solutions in the weight ratio 50/50. Hyaluronic acid as 1% solution in 0.1M acetic
acid was added in the weight ratios 1% to chitosan/collagen blend (CTS/Coll/1HA), 2%
(CTS/Coll/2HA), and 5% (CTS/Coll/1HA). To the 15 ml mixture of biopolymers 10 mg of
L-asorbic acid (vitamin C) (Sigma Aldrich, Poland) was added. Solutions were mixed and put
into the polystyrene container and then placed in a freezer at −80°C. Frozen mixtures were
lyophilized at −55°C and 5Pa for 48h (ALPHA 1-2LD plus, CHRIST, Germany). 3D porous
scaffolds of chitosan/collagen in ratio 50/50 as well as a pure chitosan and collagen scaffolds
were left as a control.

2.2. Scaffolds characterization

... Mechanical tests
Mechanical properties were measured by mechanical testing machine (Z.05, Zwick/Roell,
Germany) for each kind of sample. Cylindrical samples with a diameter of 20mmand a height
of 13mmwere prepared formechanical testing. Sampleswere put between two discs and com-
pressed by the 0.1N force with the cross-head speed 5 mm/min. Measurements were carried
out in room temperature and humidity. Analysis were made for five samples of each kind of
composite. The average and standard deviation were calculated.

... Scanning electronmicroscope
The morphology of the samples was studied using Scanning Electron Microscope (SEM)
(LEOElectronMicroscopy Ltd, England). Scaffoldswere frozen in liquid nitrogen for 3min.A
freezing of sample allows a gentle cutting it with a razor scalpel to observe the interior struc-
ture. Samples were then covered by gold and SEM pictures were made with the resolution
500 μm.

... Infrared spectroscopy
Spectra of the attenuated total reflected infrared spectroscopy were obtained. For 3D speci-
mens IR spectra were obtained using aNicolet iS10 spectrophotometer equippedwith anATR
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device with diamond crystal [21]. All spectra were recorded in absorption mode at a 4 cm−1

interval and 64 scans.

... Porosity and density
The porosity and density of obtained scaffolds weremeasured by the liquid displacement [21].
In this study the isopropanol was used in known volume (V1) in which the scaffold of known
weight (W) was immersed for 5 min. The total volume of isopropanol with impregnated scaf-
fold was V2. After the scaffold remove the volume of isopropanol was measured (V3). The
density (d) and porosity (Є) were calculated by using the equations:

d = W
V2 − V3

ε = V1 − V3

V2 − V3

2.3. L-ascorbic acid release

Scaffolds with the addition of L-ascorbic acid were immersed in PBS solution. The released
rate depends of solution conditions. PBS has pH = 7.4 and it is relevant to the pH of blood.
The use of such system is proper to examine the released rate of vitamin C after application
in human body. After 5 min, 30min, 1h, 4h and 24h the amount of 2.5 ml of PBS solution
with released L-ascorbic acid was taken out and it was replaced by the fresh portion of PBS.
Released L-ascorbic acid was detected by UV-Vis spectroscopy with measurement of absorp-
tion at 302 nm. The concentration of L-ascorbic acid was calculated by the use of standard
curve method.

3. Results and discussion

3.1. Structure of composites

SEM images show (examples of images are presented in Figure 1) that porous material with
interconnected pores was obtained. The shape of pores is irregular with size between 10-
100 μm. After addition of L-ascorbic acid the structure of scaffolds is only slightly altered.

3.2. Infrared spectroscopy

In IR spectra of composites based on the blends of chitosan, collagen and hyaluronic acid the
characteristic peaks for all components of the blend were found. They are listed in Table 1.
There is no additional peak from L-ascorbic acid in IR spectra after incorporation of this
agent into the polymeric matrix and the significant shifts of existing bands are not observed.
It suggests that strong bonds between polymers and vitamin C are not formed, however, it can
be attached to the polymers by the weaker bonds, for example Van der Waals interactions.

3.3. Porosity and density

The porosity (ε) and density (d) for 3D composites were calculated and the results are shown
in Table 2. The highest porosity was observed for pure collagen and pure chitosan scaffolds.
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Figure . SEM images of a) chitosan b) chitosan/collagen in ratio / c) chitosan/collagen with % of
hyaluronic acid d) chitosan/collagen with % of hyaluronic acid and vitamin C.

Table . Characteristic peaks for chitosan (CTS), collagen (Coll), their mixture (CTS/Coll) with % of
hyaluronic acid (CTS/Coll/HA) with and without addition of vitamin C.

Wavenumber [cm−]

Specimen without with vit. C Characteristic group

CTS   O–H
  C=O
  N–H
  C–O–C

Coll   Amide A
  Amide I
  Amide II
  Amide III

CTS/Coll   Amide A
  Amide I
  Amide II
  Amide III
  C–O–C

CTS/Coll/HA   Amide A
  Amide I
  Amide II
  Amide III
  C–O–C
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Table . The porosity (ε) and density (d) of chitosan (CTS), collagen (Coll), their mixture (CTS/Coll) and with
% addition of hyaluronic acid (CTS/Coll/HA) etc. with and without addition of vitamin C.

without with vit. C

Specimen ε [%] d [mg/cm] ε [%] d [mg/cm]

CTS    
Coll    
CTS/Coll    
CTS/Coll/HA    
CTS/Coll/HA    
CTS/Coll/HA    

For the composite of chitosan and collagen in ratio 50/50 the decrease of porosity and density
is observed. The addition of hyaluronic acid increases the porosity of scaffold as well as its
density. The addition of L-ascorbic acid to the composite does not influence its porosity and
density.

3.4. Mechanical tests

Mechanical properties are very important for any biomaterials to be applied in human body.
For this reason the mechanical test was done in our experiment. Mechanical parameters as
Youngmodulus (Figure 2) andmaximum compressive force (Figure 3) were determinated for
all kinds of samples with and without addition of vitamin C.

Figure . Youngmodulus (Emod) for chitosan (CTS), collagen (Coll) and theirmixture (CTS/Coll) with addition
of % hyaluronic acid (CTS/Coll/HA) etc. with and without addition of vitamin C.

Figure . Maximum compressive force (Fmax) for chitosan (CTS), collagen (Coll) and their mixture (CTS/Coll)
with addition of % hyaluronic acid (CTS/Coll/HA) etc.
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Figure . The standard curve of absorbance at  nm versus the concentration of L-ascorbic acid.

The results showed that the addition of hyaluronic acid improves the Young modulus.
Composites based on the mixture of polymers have higher the mechanical parameter. The
addition of vitamin C to the material improves its stiffness. The highest Young modulus was
found for chitosan/collagen composite with 2% addition of hyaluronic acid in both case, with
and without vitamin C addition.

The addition of hyaluronic acid improves the maximum compressive force for collagen
and CTS/Coll composites, it increases with increasing amount of HA. The lowest maximum
of compressive force was found for collagen and the addition of chitosan slightly improves it.
The addition of L-ascorbic acid improves the maximum compressive force for each kind of
sample.

3.5. L-ascorbic acid release

The standard curve showing absorbance of the L-ascorbic acid in PBS solution at 302 nm
versus its concentration is presented in Figure 4.

The above standard curvewas used to calculate the concentration of the released L-ascorbic
acid from polymeric matrixes. The results are shown in Table 3 and Table 4.

Table . The concentration of the released L-ascorbic acid from chitosan (CTS), collagen (Coll) and their
mixture (CTS/Coll) calculated by the use of standard curve method.

Specimen Time of immersion [min] Concentration [mg/ml]

CTS  .
 .
 .
 .
 .
 .

Coll  .
 .
 .
 .
 .
 .

CTS/Coll  .
 .
 .
 .
 .
 .
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Table . The concentration of the released L-ascorbic acid from chitosan and collagen mixture with %
(CTS/Coll/HA), % (CTS/Coll/HA) and % (CTS/Coll/HA) addition of hyaluronic acid calculated by the use
of standard curve method.

Specimen Time of immersion [min] Concentration [mg/ml]

CTS/Coll/HA  .
 .
 .
 .
 .
 .

CTS/Coll/HA  .
 .
 .
 .
 .
 .

CTS/Coll/HA  .
 .
 .
 .
 .
 .

The amount of L- ascorbic acid released from the scaffold depends on the composition
of 3D scaffolds where the active agent was incorporated. The highest concentration of active
compound for composites based on chitosan and collagen blend (however without hyaluronic
acid) was released after 4h of immersion in PBS. The highest release of L-ascorbic acid from
scaffolds with hyaluronic acid was observed after 24h. The addition of hyaluronic acid to chi-
tosan/collagen blends leads to the decrease of amount of released agent. Nevertheless from
each kind of matrix L-ascorbic acid was released.

4. Conclusion

In 3D porous composites based on the blends of chitosan, collagen and hyaluronic acid the
active agent, L-ascorbic acid can be incorporated. The amount of L- ascorbic acid released
from the scaffold depends on the composition of 3D scaffolds. The highest concentration of
active compound for composites based on chitosan and collagen blend was observed after
4h of immersion in PBS. The highest release of L-ascorbic acid from chitosan/collagen scaf-
folds with hyaluronic acid was observed after 24h. The addition of hyaluronic acid to chi-
tosan/collagen blends leads to the decrease of amount of released agent. One can conclude
that the composites of chitosan, collagen and hyaluronic acid can be used as matrixes for L-
ascorbic acid release.
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