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Scaffolds are devices with interconnected pores that favor cell interaction and proliferation. They play a significant role in tissue
engineering, as they mimic the conditions of tissue production in vivo. The aim of this study was to synthesize scaffolds of chitosan,
collagen, and Jatropha mollissima by lyophilization and characterize their chemical/biodegradability and morphological properties.
For that, techniques of optical microscopy, infrared spectrometry, biodegradation test, and degree of swelling were performed. A
2% (m/v) chitosan/collagen (1:9) in lactic acid solution was produced. Then, Jatropha mollissima crude extract was added to this

solution in different proportions of mass (5, 10, and 15%). Optical microscope images indicated the three-dimensional network

formation with interconnected pores and predominantly lamellar shape. Through infrared spectrometry, characteristic bands indicated
a physical mixture. Also, the swelling degree of all samples was proportional to the amount of Jatropha mollissima extract with the
highest percentage of 1852%. Biodegradation test also revealed a proportional ratio between the amount of sap used and the degraded
percentage with the lowest value of around 35% in 28 days. In conclusion, it can be inferred that the scaffolds produced show potential

to be used in tissue engineering as dressings.

Keywords: scaffolds; chitosan; collagen; Jatropha mollissima.

INTRODUCTION

Wound healing is a complex biological process for skin tissue
regeneration that requires quick and non-scarring treatments, which
makes a big obstacle for healthcare systems globally.'* The skin (and
its appendages: nails, hair, and glands) forms the largest organ in
the human body and can reach more than 2 m? of surface area. This
structure acts as a barrier between the external environment and the
body’s interior and protects against mechanical, chemical, osmotic,
thermal, and microbial damage. In addition, the skin participates in the
synthesis of vitamin D, regulation of body temperature, psychosexual
communication, and sensory stimuli recognition.?

The body automatically activates a biological phenomenon called
epithelial repair — or external skin repair — when the epidermis is
injured, this process starts in a cascade mechanism: (7) the detection of
the injuries by cells occurs; (i) recruitment and migration of immune
cells; (7ii) blood stagnation; (iv) wound protection; (v) cleaning
and (vi) closure.** Repairing a skin lesion may occur by complete
replacement of the affected layer, or by scarring: when the injured
tissues are not able to rebuild completely.® Extensive trauma (such
as second and third-degree burns) in deep tissues may expose the
individual to complex medical treatments and regenerating them
may be hard to achieve.”®

In the last half-century, the advance of technology provided the
development of therapies and products for repair, replacement, and
systemic integration of damaged tissue.” Among all technologies,
tissue engineering surged as an alternative in the regeneration of
organs/tissues through basically three strategical tools: cells, growth
factors, and scaffolds. Scaffolds are 3D biostructures formed mainly
by polymeric materials that present biological properties, they may

*e-mail: albaniza.alves @certbio.ufcg.edu.br

have a variety of architectures and must be capable of mimicking
natural tissue, also they must have interconnected pores that favor
cell interaction.'-!3

Scaffolds may be formed by biomolecules such as chitosan — a
semisynthetic biopolymer derived from chitin with excellent properties
as biocompatibility (when the formulated material biologically
co-exists with the tissue without damaging), antimicrobial and
hemostatic. Chitosan is used in the fabrication of scaffolds and covers
several applications including epithelial, neural, and cartilaginous
tissue culture; however, chitosan scaffolds exhibit degradation by
hydrolysis. So, chitosan scaffolds with collagen are quite observed.'*"”

Collagen is the most abundant protein in the human body, it is also
dominant in the extracellular matrix of almost all tissues. This protein
has great biodegradability and participates in the formation of cells’
structural support, playing a significant role in the cellular behavior
direction, and chymosin — an enzyme with strong clotting activity
— aids in storage and release. Collagen scaffolds have been used
for the cultivation of dermal, ophthalmic, vascular, and orthopedic
tissues,'®!” and the combination of chitosan/collagen may promote
better cell proliferation.?

Another alternative to construct a great scaffold is through plant
extracts such as Jatropha molissima — popularly known as ‘“Pinhdo-
bravo” and predominantly has flavonoids, and tannin compounds
able to act in the regulation of cellular signaling.?! Chitosan/gelatin/
Jatropha molissima latex scaffolds presented no cytotoxicity and were
indicated for dressing applications.?> Nonetheless, the use of collagen
in this composition is not seen yet. In this sense, this work aimed to
synthesize scaffolds of chitosan, collagen, and Jatropha mollissima
for the manufacture of dressings. The scaffolds were obtained by
lyophilization (we froze the biomaterial, reduced pressure, and added
heat to remove water) and characterized according to their chemical
and morphological properties.
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EXPERIMENTAL
Materials

Medium molecular weight chitosan (260 kDa) with a deacetylation
degree of ~ 90% and powdered Jatropha mollissima sap were provided
by the Laboratory of Evaluation and Development of Biomaterials in
the Northeast — CERTBIO (Campina Grande, PB, Brazil). Collagen
from bovine flexor tendon, phosphate-buffered saline (PBS) and
lysozyme were purchased from Sigma-Aldrich®, Merck Group
(Darmstadt, Germany). Lactic acid and sodium hydroxide (P.A.) were
obtained from Dindmica® (Indaiatuba, SP, Brazil).

Methods

This work was challenging due to the limited information on the
development of Jatropha mollisima extract scaffolds with chitosan
and collagen. It was observed a lack of standardization of natural
extracts such as Jatropha mollisima, which can vary in composition
depending on factors: geographic location, harvest time, and
extraction methods.

Initially, an aqueous lactic acid solution was prepared at a
1% (v/v) concentration. Then, chitosan (Q) and collagen (C) powder
were added, in the mass proportions chitosan:collagen of 9:1,
totalizing a 2% solution (w/v) of these biopolymers. This solution
was mechanically stirred at room temperature (25 °C) for 4 h, and a
homogeneous gel was obtained and divided into two aliquots.

The incorporation of Jatropha mollissima sap in the chitosan/
collagen solution was performed by adding the lyophilized powder of
the plant at concentrations of 5, 10 and 15% (w/w), under the same
conditions described above. The solutions prepared to produce scatfolds
are illustrated in Figure 1. Lyophilization is a method quite common
in the construction of these membranes for dressing applications.?
Furthermore, the samples developed are demonstrated in Table 1.

After obtaining the gels without and with the sap, the materials
were poured into Petri plates, frozen in an ultra-freezer for 24 h, and
lyophilized. Then, they were neutralized in 0.5 mol L' of sodium
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hydroxide (NaOH) for 1 h, and thoroughly washed in distilled
water to remove the excess NaOH salts. Finally, the scaffolds were
again lyophilized and characterized by optical microscopy, infrared
spectroscopy, degree of swelling, and biodegradation. Optical
microscopy characterization was used to evaluate the surface
morphology of the samples.

Table 1. Samples coding in the function of the concentrations of Jatropha
mollissima sap

Jatropha mollisima sap

Sample % (wiw)
QC 0
QCS5 5
QCS10 10
QCS15 15

The analysis was performed by using the Advanced 3D Digital
KH7700 (Hirox) reflection and transmission microscope with
extended depth of field with 2D and 3D measurements, docked to a
station image analysis which has magnification of up to 3500x, the
images were obtained at magnifications of 20, 50 and 100x. Also,
the chemical evaluation of the scaffolds produced was performed
by Fourier transform infrared spectroscopy, and the spectra were
collected from Spectrum 400 model equipment by Perkin Elmer, in
the wavelength range of 4000 to 650 cm''.

The degree of swelling was measured by weighing the
samples twice: after immersing the samples in a phosphate-buffer
solution (PBS) saline for 24 h, and after placing the samples on filter
paper to remove the excess solution. In this way, all samples were
weighed (before and after swelling) to verify the system variation,
and the swelling degree (SD) was calculated according to Equation 1.

SD = (Wt - W0)/W0 x 100 (1)

where: Wt: weight of the sample after 24 h of immersion and

Figure 1. Chitosan and collagen solution (a); chitosan, collagen, and the Jatropha mollissima sap, in the mass proportions of 5% (b); 10% (c), and 15% (d).

Before and after lyophilization of Jatropha mollissima, and dried solution of chitosan/collagen and Jatropha mollissima scaffolds
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'WO: initial weight of the sample. Finally, the scaffolds’ biodegradation
was analyzed according to ASTM F1635-11 - Standard Test Method
for In Vitro Degradation Testing of Hydrolytically Degradable
Polymer Resins and Fabricated Forms for Surgical Implants (2011).%*
The materials obtained were weighed on a digital scale before and
after being submitted to the biodegradation test to verify their mass
loss. The samples were divided into two groups, with and without
phosphate buffer solution (PBS) in a concentration of 1 mg mL™".

RESULTS AND DISCUSSION

The images obtained from the scaffolds’ production for all
compositions (QC, QCSS5, QCS10, and QCS15) are shown in
Figure 2. All samples demonstrated a homogeneous, smooth external
surface with few stretch marks. Furthermore, the cross-sections of the
scaffolds were analyzed, and a spongy internal structure was observed
with predominantly lamellar interconnected pores and varied sizes.
It was also verified a less regular pore intrinsically correlated to the
sap concentration. These results were promising as pores of varied
dimensions could facilitate the formation of complex tissues during
scarring, akin to those found naturally in the human body.?

Infrared spectra are illustrated in Figure 3 and obtained from
samples containing only chitosan/collagen (QC) and chitosan/
collagen/sap (QCS5, QCS10, and QCS15). The infrared spectra
obtained showed similar characteristic bands for all studied
compositions. No new absorption bands were observed for samples
containing sap extract (when compared to chitosan and collagen),
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indicating that the addition of Jatropha mollissima to the medium
was by physical interaction.

For chitosan, there is a peak in 2881 cm™ characterized by
symmetrical and asymmetrical stretching of —CH-.2° Another peak is
in 1375 cm! characterized by —CH, symmetrical deformation,” and
in 1076 cm™ is located the peak of axial deformation and C-O-C of
glycosidic acid.” For collagen, there are peaks in 1628 characterized by
amide I (C=O0 stretching), and 1545 cm! for amide IT (N-H bending).”

The powdered extract proportion seems to increase in the regions
of 1604 and 1522 cm™ (—-C=C-C-) peaks of aromatic compounds,
indicating a correlation between the quantity of sap in the samples
and the intensity of previous collagen peaks.*® Some other main
characteristic bands of chitosan, collagen, Jatropha mollissima, and
their associated vibrations are presented in Table 2.

Swelling is an essential property for scaffolds in tissue
engineering because of their impact on cell migration and nutrient
diffusion. A wound dressing material must absorb the exudates from
the wound surface and supply a wet wound environment for skin cell
growth.?>333 From the swelling values obtained from the samples in
Table 3, it was possible to observe a proportional increase in water
absorption capacity characterized by the amount (mass ratio) of the
Jatropha mollissima extract used.

However, all the compositions presented higher values
than pure collagen/chitosan scaffolds, indicating
Jatropha mollissimal/collagen/chitosan scaffolds may be a potential
candidate for skin wound dressing. These results corroborate with
the microscopy images, and a possible interaction of water (through
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Figure 2. Scaffolds of chitosan/collagen (QC), and chitosan/collagen/Jatropha mollisima sap (QCSS5, QCS10 and QCS15)

QCSS - 50x

QCS10 - 50x

QCS10 - 100x

>
W
-

v~ 5 i L™ 4
y SI15-100x
5 % T

-



4 Gomes et al.

"
\

QCs15
—— QCS10 _—
Qcss . 137513231235
— QcC P oaiagd
Mo
3412 - 2881 [\
RE
J ' 1
’,—' "‘|
gl b S

e -

'
'
'
'
:n
W5
)
o |
'
'
'
'
'
'
1

(

S
\

4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm™)

Figure 3. Infrared spectra of chitosan/collagen (QC) and chitosan/collagen/
Jatropha mollissima sap scaffolds (QCS5, QCS10 and QCS15)

Table 2. Main absorption bands of QC, QCS5, QCS10 and QCS15 samples

AbSOl‘P[lOH Findings Reference
(cm™)
3412 Axial stretching of O-H, 31

and N-H groups - Chitosan
3330 Amide A (N-H stretching) - Collagen 29
Hydroxyl groups of polyphenol

3250 compounds - Extract 2
1613 Stretching of amide I - Chitosan 33
1370 C-O bonds - Extract 34
1238 Axial stretching of amide IIT 29

(C-N stretching) - Collagen

hydrogen bonds) with the material’s reactive points (-NH;*, -NH,,
and —~OH) may cause the penetration of the liquid into the scaffolds.”

Table 3. Swelling degree of chitosan/collagen (QC) and chitosan/collagen/
Jatropha mollissima sap scaffolds (QCSS5, QCS10 and QCS15)

Sample Degree of swelling (%)
QC 1475

QCS5 1522

QCS10 1689

QCS15 1852

A limiting factor is the rate of biodegradation, as scaffolds are
designed to degrade over time as new tissues form, their rate of
degradation must match the rate of tissue regeneration, making it a
challenge to achieve a desired degradation profile when combining
various materials of natural origin. For tissue engineering, scatfolds
that gradually degrade may be the key to enhance dressing quality
as a good structural integrity and physical stimuli.®® The results
of the biodegradation test obtained in this study are shown in
Figure 4, and it was possible to verify that a gradual increase in the
percentage degraded overall, being proportional to the amount of
Jatropha mollissima extract, and all the scaffolds with sap presented
degradation values lower than chitosan/collagen.
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Similar behaviors were found by Gomes,* who produced chitosan
and gelatin scaffolds for the release of fenticonazole. Also, Jatropha
mollissima extract/gelatin/chitosan presented similar proportional
results.” These results corroborate with the potential dressing
application of the QCS materials.
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Figure 4. Biodegradation of QC, QCS5, QCS10 and QCS15 samples

The introduction of new materials, especially those derived
from natural sources, may require extensive testing and regulatory
approval before they can be used in clinical applications. Therefore,
it is necessary to carry out biocompatibility and cytotoxicity tests,
for example, to assess their safety and efficacy. Before using any
natural extract in medical applications, it is essential to assess its
biocompatibility and potential cytotoxic effects on human cells.
Some natural extracts may cause adverse reactions, inflammation,
or toxicity, which may limit their use in tissue engineering and
regenerative medicine. As well as the evaluation of the mechanical
properties, since the combination of natural extracts with chitosan
and collagen can alter the mechanical strength and stability of the
scaffold, potentially affecting its suitability for specific applications.*’

CONCLUSION

Scaffolds constructed by biopolymers are highly scientifically
used because of their properties such as biocompatibility, swelling
capacity, and biodegradation. In this work, hybrid scaffolds
constituted by collagen/chitosan/Jatropha mollissima extract were
obtained by lyophilization and analyzed. Through the images obtained
by the optical microscope, the formation of a three-dimensional
network of interconnected pores was attested with predominantly
lamellar shapes and different sizes.

Moreover, the scaffolds’ chemical analyses were observed by
spectrophotometers, and it was possible to identify the characteristic
bands of the materials and indicate a physical mixture. The swelling
degree and biodegradation of all samples were proportional to the
amount of Jatropha mollissima extract, QSC15 with the highest
swelling degree value, and QSC5 with the lowest percentage of
degradation. Based on the results achieved, we obtained porous
structures (scaffolds) of chitosan/collagen/Jatropha mollissima
sap extract scaffolds with possible potential in tissue engineering,
particularly as dressings.
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