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ARTICLE INFO ABSTRACT

Keywords: Introduction: Crocin (Cro) is a bioactive biomaterial with properties that promote osteoconduction, osteoinduc-
Crocin tion, and osteogenic differentiation, making it an ideal candidate for developing mechanically enhanced scaf-
3D printing ) folds for bone tissue engineering (BTE). Present study focused on a 3D printing matrix loaded with Cro and fea-
?c};cgsgapante turing a composite structure consisting of Chitosan (CH), collagen (Col), and hydroxyapatite (HA).

Method: The scaffolds' structural properties were analyzed using FESEM, and FTIR DSC, while the degradation
rate, swelling ratio, cell viability were examined to determine their in vitro performance. Additionally, the
scaffolds' mechanical properties were calculated by examining their force, stress, elongation, and Young's
modulus.

Results: The CH/Col/nHA scaffolds demonstrated interconnected porous structures. The cell study results in-
dicated that the Cro-loaded in scaffolds cause to reduce the toxicity of Cro. Biocompatibility was confirmed
through degradation rate, swelling ratio parameters, and contact angle measurements for all structures. The
addition of Cro showed a significant impact on the strength of the fabricated scaffolds. By loading 25 and
50 pl of Cro, the Young's modulus improved by 71 % and 74 %, respectively, compared to the free drug
scaffold.

Conclusion: The obtained results indicated that the 3D printing crocin-loaded scaffolds based chitosan/collagen/
hydroxyapatite structure can be introduced as a promising candidate for BTE applications.

Bone tissue engineering

1. Introduction without causing any morbidity or immunogenicity. BTE relies five cru-

cial factors: 1) generating osteoblasts or other osteogenic cells; 2) mim-

Autografts or allografts have been introduced as main bone recon-
struction procedures to regenerate defective bone tissue [1]. However,
the use of these bone grafts is limited in cases of large or critical-sized
bone defects due to various limitations [2]. To address this limitation,
researchers have been encouraged to develop bone Tissue Engineering
(BTE) as an attractive alternative [3,4]. BTE has demonstrated promis-
ing outcomes in enhancing bone regeneration at the defect host site,

icking the extracellular matrix (ECM) of the bone using an osteoconduc-
tive scaffold; 3) promoting vascularization for nutrient and waste trans-
port, as well as osteoinductive molecule delivery; and 4) utilizing mor-
phogenesis signals to guide cell activation [5].

Several studies have confirmed that Crocin (Cro) plays a crucial role
as a bioactive biomaterial in promoting bone regeneration. It possesses
osteoconductive, osteoinductive properties, and has been found to facil-
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itate the process of osteogenic differentiation of pre-osteocytes and
stem cells in BTE [6]. Also, the Cro-loading structure has the potential
to create mechanically enhanced scaffolds for bone regeneration appli-
cations [7]. It is hypothesized that Cro-loaded scaffolds can be intro-
duced as suitable structures with excellent mechanical and biological
properties for BTE.

Chitosan (CH) is a natural biopolymer derived from the deacetyla-
tion of polysaccharides found in the shells of marine crustaceans [8].
CH-based bone reconstructions are a potential candidate in regenera-
tive BTE due to their low immunogenicity, biocompatibility, biodegrad-
ability, bioresorbable nature and economic feasibility [9]. However,
the use of CH scaffolds in BTE is limited by their reduced bioactivity
and mechanical properties [10]. To address the aforementioned disad-
vantage of CH, researchers have explored fabricating CH-based scaf-
folds in the form of composite structures with other natural or synthetic
polymers. They have also investigated incorporating bioactive pharma-
cological molecules that promote osteogenic differentiation to enhance
mechanical properties. These approaches have gained significant atten-
tion in this field. [11].

Accordingly, many studies have focused on fabricating composite
scaffolds that consist of chitosan, collagen (Col), and nanohydroxyap-
atite (HA) as these components are considered highly appealing for BTE
[12-14]. It is confirmed these scaffolds have the ability to mimic the
natural microenvironment of bone tissue [15].

CH, with the hydrophilic surface, is an excellent option in BTE due
to its ability to support the attachment and proliferation of bone-
forming osteoblast cells [16]. In addition, CH promotes the formation
of mineralized bone matrix under in vitro conditions [17]. In this re-
gard, increased knowledge about the organization, structure, and prop-
erties of fabricated 3D scaffolds by CH has inspired scientists to design
and create innovative biomaterials based on CH and develop novel BTE
products.

Col type I is the primary organic constituent of the bone extracellu-
lar matrix (ECM) [18,19]. However, Col has some limitations such as
simulation of the immune system, high biodegradability, low mechani-
cal strength, and a lack of osteoinductive activity [20]. Therefore, uti-
lizing other biomaterials as morphogenesis signals to guide cell activa-
tion and incorporating stronger materials to improve mechanical prop-
erties is necessary (Y. [21,22]).

Crocin (Cro) is the main biologically active carotenoid present in
saffron, and known for its beneficial properties such as anti-oxidant,
anti-apoptotic, and anti-inflammatory effects. Cro has demonstrated
the therapeutic potential in arthritis, osteoarthritis, rheumatoid arthri-
tis, and articular pain and treats osteoporosis. Additionally, it has been
found to be useful in treating osteoporosis and degenerative diseases
[23]. The wide range of activities attributed to crocin is believed to be a
result of its ability to bind to multiple proteins, triggering some cellular
pathways responsible for mesenchymal stem cell proliferation and dif-
ferentiation (B. [24]).

Hydroxyapatite (HA), is the primery main component of bone and is
a bioceramic with several key advantages including high bioactivity,
biocompatibility, biodegradability in physiological conditions, and ex-
cellent osteoconductive and osteoinductive capabilities [25-27]. Based
on the best of the author's knowledge, fabricated composite scaffolds of
CH, Cro, Col, hydroxyapatite (HA) are an osteoconductive matrix can
be introduced as improved mechanical and biological structure for BTE.

The 3D-printing method has shown potential applications in the
field of bone tissue engineering (BTE) through the use of appropriate
bone substitute scaffolds. This technique providing the opportunity to
finely control the mechanical and chemical properties and allows for
optimal customization to meet specific needs high biodegradabilitys-
tructure loaded with Cro that has the potential for bone reconstruction.
We focused on optimizing the structure's mechanical, structural, and bi-
ological properties while ensuring controlled release of Cro, making it
suitable for applications in (BTE).
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2. Experimental section
2.1. Materials

Chitosan with low molecular weight (DD = 50,000-190,000) and
collagen (type I) was all purchased from Sigma-Aldrich, Germany.
Sodium chloride (NaCl), Potassium dihydrogen phosphate (KH2PO 4),
Potassium chloride (KCl), Sodium phosphate monobasic dihydrate
(NaH2P04~2H20), and Glacial Acetic acid (99.7 %) were purchased
from Merck (Germany). For in vitro study fetal bovine serum (FBS), ala-
mar blue, and Dulbecco's modified Eagle's medium (DMEM) were pur-
chased from Gibco (USA). Cor powder was obtained from Sami Labs
Limited, Bengaluru, India. All chemicals were used as received without
further purification.

2.2. Preparation of the polymeric bioink

A CH/nHA bioink was prepared by dissolving 1.7 g of CH (17%w/v)
and 0.68 g of nHA powder in acetic acid (80 %) for 24 h at room tem-
perature using the magnetic stirrer (600 rpm). Subsequently, 0.625 g of
Col (7 % wt.) was prepared in acetic acid (80 %) for 2 h at 4 °C. At the
final stage, the Col solution was slowly added to the Cho/nHA bioink,
and mixed for 2 h at 4 °C.

2.3. Fabrication and stabilization of 3D printing CH/ Col/nHA scaffolds

The scaffolds were fabricated by 3D printing process from 56 % of
CH solution (17%w/v) containing 24 % of nHA and 20 % of Col (7 %
wt.) solution. Square scaffolds (20 * 20 * 5 mm3) were printed with
0°-90° orientation of the filaments and 3 % fill density in alternate lay-
ers. The schematic in Fig. 1 shows the printing set-up and depicts the
printing process. The structures were fabricated using a custom-
modified 3D printer (Pishgaman Sazeh Nano-zist Comp- IRAN, Tabriz)
with two controlled extruders. The G-code with a 0°-90° pattern was
utilized for nozzle movement to print and obtain rectangular pores. To
establish chemical bonds between CH and Col, the scaffolds were im-
mersed in a 5%wt. NaOH solution for 30 min. In this condition, most of
the single-bond NH 5+ groups on CH chains were deprotonated into sin-
gle-bond NH, groups upon contact with NaOH, through the action of
single-bond OH ions [28]. To eliminate residual NaOH, the cross-linked
scaffolds were rinsed three times with deionized water. Finally, the fab-
ricated scaffolds were frozen in a dryer for up to 24 h under —80 °C
temperature and 5 bar pressure conditions.

2.4. Cro loading in scaffolds

The scaffolds were subjected to a water uptake capacity test, and
based on the obtained results; all scaffolds were soaked in 25 and 50 pM
of Cro solution and incubated in a shaker incubator at 40 rpm and 37 °C
for approximately 6 h. Next, the scaffolds were freeze-dried and stored
in a dark place at room temperature.

2.5. Characterization of 3D printing scaffolds

2.5.1. Scanning Electron Microscope Imaging (FE-SEM) and porosity
measurement

At the first, all scaffolds were coated by gold and platinum thne
structure of the fabricated scaffolds was examined using scanning elec-
tron microscopy imaging (FE-SEM). The samples were cut using a
punch and fixed to an adhesive carbon stub before being imaged with a
TableTop SEM (Hitachi High-Technologies Corp., Japan) operated at
15 kV. To obtain vertical section imaging, the samples were fraction-
ated along the vertical direction by immersing them in liquid nitrogen.
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Fig. 1. A schematic diagram of 3D printing set up.

The porosity of the 3D printing scaffolds was measured using the
gravimetric method. Egs. (1) and (2) were used to determine apparent
density and porosity, respectively:

Apparent density of the scaffold
_ mat mass (gr) [6))
mat thickness (cm) X mat area (cmz)

Porosity (%)
apparent density of the scaffold (%)

=1- 100 @

bulk density of solution (%)

2.6. Infrared Fourier Transfer Analysis (FTIR)

To confirm the functional groups and identify the types of bonds
present between CH, Col, nHA, and Cro in the fabricated scaffolds,
Fourier transform infrared (FTIR) analysis was conducted. All of the ex-
periments were performed by Thermo Nicolet spectrometer AVATAR
370 FTIR (Waltham, MA) within the wavelength range of
400-4000 cm-1.

2.7. Mechanical properties

The H50KS universal testing machine (Hounsfield, UK) was applied
to examine of the mechanical properties of 3D printing scaffolds. For
this purpose, fabricated structures were cut into strips
(10 mm X 10 mm X 4 mm) and immersed in PBS (pH 7.4) for 30 min.
The scaffolds were placed into the grips of the machine and subjected to
a 100 N load cell while the crosshead speed was set at 5 mm/min, until
they reached their breaking point.

2.8. In vitro studies

2.8.1. Drug encapsulation efficiency

For encapsulation efficiency measurement certain amount of the
Cho/nHA/Col/Cro 25 and Cho/nHA/Col/Cro 50 scaffolds dissolved in
acetic acid at room temperature and was stirred and sonicated for 1 day
to release Cro into acetic acid. The amount of free Cro was evaluated by
UV spectrophotometer at 298 nm. Calibration a curve of drug was per-
formed by diluting the difference concentrations of Cro in phosphate
buffered saline (pH 7.4). Finally the drug encapsulation efficiency

(EE%) and drug loading capacity (DL%) were evaluated by following
equations:

Drug encapsulation efficiency (EE%)
amount of Crosin loading in scaffold

" total amount of used Crosin for encapsulation
% 100

2.9. Drug release assay

The Cro release profile from Cho/Nha/Col/Cro 25 and 50 scaffolds
was determined by floating the certain amount of fabricated scaffolds in
2 ml of PBS (pH 7.5). The immersed samples incubated in a shaker in-
cubator at 37 °C and in difference time step (1, 2, 3, 4, 24, 48, and 72 h)
100 pl of the solution was transferred from each sample to the test tube
and replaced with 100 pl of fresh PBS solution. The concentration of re-
leased Cro was assessed by a UV spectrophotometer (Shimadzu UV-
1700 PharmaSpec, Kyoto, Japan) at 440 nm. Finally, the concentration
of Cro at each time point was evaluated by the standard calibration
curve and expressed as the percent of cumulative drug released.

2.10. Degradation Test

The degradation rate of 3D printing scaffolds (n = 5) was deter-
mined by immersing the scaffolds in phosphate buffer saline (PBS) with
pH 7.4 and placed in a shaker incubator at 37 °C. The weight loss per-
centage of the samples was measured at regular intervals of 1, 3, 5, 7,
12, 21, and 24 days using Eq. (3):

Degredation rate% = [(W, — W,) /W] X 100 3
W, = First Weight
w, = Second Weight at specific time of study

2.11. Swelling ratio

To evaluate the swelling ratio of fabricated 3D printing scaffolds
(CH/Col/nHA, Cho/Col/nHA/Cro 25, CH/Col/nHA/Cro 50) pre-
weighed dry scaffolds (W) were immersed in a PBS buffer at 37 °C and
incubated for 6, 12, 18, and 24 h. After the incubation, the swollen scaf-
folds were weighed (W1) and the water uptake capacity was calculated
by the following equation (Eq. (4)):
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x 100 (©)]

W, - W
WC (%) = 1W

2.12. Contact angle

Water contact angle measurement was used to evaluate the hy-
drophilicity of both free and drug-loaded 3D printing scaffold. Accord-
ingly, distilled water (5 pl) was dropped on the surface of scaffolds
(n = 5) and the contact angle was recorded after using images were
taken with a digital camera at 3 s at room temperature.

2.13. Cell study

2.13.1. Toxicity study

The cytotoxicity of fabricated scaffolds (n = 4) on L929 cells was
evaluated by Alamar Blue assay. The punched scaffolds were placed in
the plate (96 well), and sterilized with UV. The L1929 (density of
5 X 103 cells/well) were seeded on the scaffolds containing DMEM,
10 % FBS and 1 % penicillin-streptomycin and incubated in a humidi-
fied incubator at 37 °C with 5 % Co,,. The free cells with the complete
medium were set as a control sample. At 1, 3, 5, and 7 days the alamar
blue (10 pl) was added to each well and incubated for 4 h for 3 h at
37 °Cand 5 % CO,. The alamar blue absorption was detected at 605 nm
by an ELISA reader (BioTek, Bad Friedrichshall, Germany). Finally, the
percentage of cell growth was calculated through the following for-
mula:

%The growth rate compared to control sampl
Test sample absorbance

()

100

= Control sample absorbance (cell alone) x
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2.13.2. Cell proliferation and morphology examination against 3Dprinting
scaffolds

Cell attachment and proliferation against fabricated scaffolds (free
drug and drug-loaded) was examined by L929 cells. For this purpose,
cells (density of 5 x 103 cells/well) were seeded on the scaffolds in a
48-well plate containing completed medium (DMEM, 10 % (v/v) FBS,
and 1 % (v/v) penicillin-streptomycin), and incubated in a humidified
incubator at 37 °C with 5 % CO2 for 1, 3, 5, and 7 days. All samples
were fixed by adding 4 % (w/v) formaldehyde solution to each well (for
30 min). In the following, dehydration of scaffolds was done with dif-
ferent concentrations of alcohol (100, 90, 80, 70, and 60), respectively,
for 15 min.

The cell morphology on fixed scaffolds were evaluated using an in-
verted light microscope (Olympus IX50; Olympus, Tokyo, Japan), at
10 x magnification by the obtained images (surface and cross) were
taken by a digital camera.

2.14. Statistical calculations

All of the results were stated in mean * SD (standard deviation).
The data were analyzed by SPSS software (21.0). ANOVA followed by
Tuckey's Post Hoc test were used to compare the outcomes of different
groups. In this study, a P-value <0.05 was considered as significant.
3. Results
3.1. Morphological examination using FE-SEM images

The Field Emission Scanning Electron Microscopes (FE-SEM) images

of the 3D printing scaffolds are shown in Fig. 2. All scaffolds resulted in
a uniformed structure. The large pore size and good porosity observed

Fig. 2. Field Emission Scanning Electron Microscopes (FE-SEM) images of the 3D printing CH/Col/nHA scaffolds are taken at, A) 200 x,B), 500 x, C) 200 x, D)

200 X% ,E) 200 %, and F) 50 .
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can be attributed to the lyophilization process, evidenced by the pores
on the printed filaments. Additionally, all structures displayed a homo-
geneous surface characteristic.

3.2. Porosity measurement

The 3D printing process was employed to fabricate the CH/Col/nHA
scaffolds, which demonstrated well-controlled and interconnected
porous structures. The mean porosity was measured for the CH/Col/
nHA, CH/Col/ nHA/Cro 25, and Cho/Col/nHA/Cro 50 scaffolds at
58.0 + 2.8 %, 89.4 = 0.87 %, and 90.0 + 0.97 %, respectively (Table
1). The significant difference was observed between free drug to drug-
loaded scaffolds.

3.3. Fourier transform infrared (FTIR) spectroscopy

The FTIR spectra of CH, Col, nHA, CH/Col/nHA, CH/Col/nHA/Cro
25 and CH/Col/nHA/Cro 50 were obtained in the range of
400-4000 cm-1 (with KBr). Details regarding the characteristic board
of different functional groups of transmission bands and the relative in-
tensities (AT %) are presented in Fig. 3 and Table 2.

The asymmetric stretching vibration of phosphate (P—0) present
in HA appeared at 1030 cm-1, while the band at 605 and 565 cm-1 con-
firms the presence of symmetric stretching vibration of phosphate
(P—0). The peak observed at 3358 cm-! was due to the hydrogen
bond stretching in OH ions present in CH. The symmetric stretching vi-
bration of CH,, present in CH appeared at 2883 cm-1. The peaks ap-
peared at 1656, 1540 cm-! were attributed to amide I(C=0), amide II
(-NH) groups in Col, which is very similar to CH respectively. The
C—0, -C=0, O—H bands with vibrational modes, were detected at
1103-1112 cm-1, 1622-1637 cm-1, and 3418-3445 cm-1, respec-
tively.

Table 1
Porosity of CH, Col, CH/Col, nHA, CH/Col/nHA, and CH/Col/nHA /Cro 25
and 50 structures.

Sample Porosity (%)
CH/COL/HA 58.0 = 2.8

CH/COL/HA/Cro 25 89.4 + 0.87
CH/COL/HA/Cro 50 90.0 = 0.97

CH/Col/nHA/Cro 50

CH/Col/nHA/Cro 25

CH/Col/nHA
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3.4. Evaluation of mechanical properties of 3D printing scaffolds

Fig. 4 and Table 3 displays the mechanical properties, including
force, stress, elongation, and Young's modulus, of CH/Col/nHA, CH/
Col/nHA/Cro 25, and CH/Col/nHA/Cro 50. The stress and module
young of fabricated scaffolds in 25 % and 50 % of Cro-laoded scaf-
fold show 19 % and 29 % (stress), and 79 % and 74 % (young mod-
ule) increases compared to CH/Col/nHA as a control sample. These
results suggest that adding Cro to the CH/Col/nHA scaffold can in-
crease force, stress, and Young's modulus. The extension of the drug-
loaded scaffold was reported 51.95 + 14.5 % which is lower than
the free drug scaffold (125.031 = 56.4 %). However, there was no
significant difference between obtained results of force, stress, and ex-
tension. Meanwhile, the strength of free drug and drug-loaded was
determined, and adding Cro caused a significant difference in strength
compared to CH/Col/nHA as a control sample.

3.5. Invitro analysis

3.5.1. Drug encapsulation efficiency

Based on the experimental data, the EE% was determined to be
76.7 = 1.5 % for CH/COL/HA/Cro 25 and 79.2 * 3.5 % for CH/COL/
HA/Cro 50 scaffolds.

3.5.2. Drug release assay

The Cro release profile of CH/COL/HA/Cro 25 and CH/COL/HA/
Cro 50 is shown in Fig. 5. The release profile showed that the burst re-
lease of the drug was occurred after 5 h of incubation for both struc-
tures. Mean-while, Cro released from CH/COL/HA/Cro 25 showed
slower release kinetics compared to CH/COL/HA/Cro 50. For CH/COL/
HA/ Cro 25 scaffold there exists an initial burst phase within the five
hour of incubation, in which up to ca. 46 % of the drug was released
and then, it progressively leveled off to reach ca. 38 % of total drug af-
ter 48 h of incubation. For CH/COL/HA/ Cro 50 a similar profile is ob-
served, but up to ca. 56 % of the bioactive cargo was released during
the burst phase within the first hour and reaching ca. 44 % after 144 h,
respectively.

e —

% Transmittance

Cho/Caol

C=0 NH2 N-H

3600 3150 2700

1150 1800 1350 B0 450

Wavenumber (cm )

Fig. 3. The FT-IR spectrum of CH, Col, CH/Col, nHA, CH/Col/nHA, and CH/Col/nHA /Cro 25 and 50 structures.
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Table 2

Characteristic board of different functional groups of transmission bands and
the relative intensities (AT %) of CH, Col, CH/Col, nHA, CH/Col/nHA, and
CH/Col/nHA /Cro 25 and 50 structures.

Vibration Type of Wave AT (%)
group vibration number
(ecm™1) CH Col Cro HA CH/ CH/ CH/
Col/ Col/ Col/
HA  ha/ ha/
Cro25  Cro25
—OH; N-  Stretching 3418- 59 55 54 - 42 47 52
H 3445
—CHZ;— Stretching 2918- 36 59 60 - 70 81 82
C-H in an acid 2923
—CHS, Stretching 2852- 45 - 61 - 72 83 83
CH2 2880
-C=0 Stretching 1722- 95 75 62 - 89 94 96
1724
-C=0 Stretching 1622- 81 53 63 - 73 81 84
1637
—CH2 Bending 1452- 74 63 65 - 73 81 84
1466
-C-H; - Bending in  1409- 77 76 65 - 76 83 88
c-C plane 1411
—-C-N Stretching 1384 77 81 64 - 73 81 84
-C-OH Stretching 1244- 81 70 62 83 80 86 91
1275
—-C-0-C  Vibrating 1103- 32 41 56 23 45 58 63
1112
—CHZ;— Rocking; 713-729 17 5 74 96 93 95 96
C-H bend out
plane

3.5.3. Degradation

The degradation rate of CH/Col/nHA, CH/Col/nHA/Cro 25, CH/
Col/nHA/Cro 50 scaffolds are presented in Fig. 6. The results indicate
that the drug-loaded scaffolds exhibited a lower rate of degradation
compared to the Cho/nHA/Col scaffold, which was used as the control

sample.

'y
6
5
4]
5
1
i
o

CH/CalinHA CHACllmHACre 25 CHCnHACrs S0

1.5
14
0.5 i

CHCal nllA CHColmHAN s 22 CIUCol/mblACro 20

Force (MPa)

Module Young (MPa)
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Over the course of the study (1 to 24 days), the degradation rate in-
creased for all three types of scaffolds. Specifically, for the Cho/nHA/
Col scaffold, the degradation rate increased from 13 % to 26.03 %,
while for the Cho/nHA/Col/Cro 25 and Cho/nHA/Col/Cro 50 scaf-
folds, the degradation rate increased from 3.5 % to 15.18 % and from
3.67 % to 13.47 %, respectively.

Notably, the highest and lowest degradation rates were observed in
the CH/Col/nHA scaffold (26.03 + 1.46 %) and the CH/Col/nHA/Cro
50 scaffold (13.47 + 0.46 MPa), respectively, with a significant differ-
ence between free drug and drug-loaded scaffolds (p < 0.05).

3.5.4. Swelling ratio

The swelling ratio of the fabricated 3D printing scaffolds at 6, 12,
18, and 24 h are shown in Table 4. All structures showed higher capac-
ity compare to free drug structure as a control sample. In other words,
by increasing the Cro in the structure the swelling ratio decreased from
168.73 + 8.95 to 178.35 + 3.31 (for Cho/nHA/Col/Cro 25) and to
198.5 = 2.31 (for Cho/nHA/Col/Cro 50) after 6 h. A significant differ-
ence was observed between the swelling ratio after 6 h and 18 h
(p < 0.05).

3.5.5. Contact angle

The results of the contact angle of the 3D printed scaffolds (CH/Col/
nHA, CH/Col/nHA/Cro 25, CH/Col/nHA/Cro 50) was presented in the
Fig. 7. The contact angle of free drug and drug-loaded scaffolds was re-
ported 35 = 0.3, 30 = 1.5, and 27 * 1.4 respectively, without any
significant difference between all scaffolds. Fig. 7 confirms that loading
Cro into the scaffolds resulted in a decrease in the contact angle.

3.6. Cell study

3.6.1. Toxicity assay

The cell viability of all components in composite structures of 3D
printing and fabricated scaffolds (with and without Cro) were reported
in Fig. 8. The cell toxicity was not observed in fabricated scaffolds. Free

0,7 9
0.6
0.5 4
04 1

0 i I I

0.3 1
0.l
1 1
CHCslimH A CHCslaHAM re 252 CHAColaHAN re 50

CHCslinHA CHCslimHAN ro 25 CHCol'mHA ro S0

Siress (MPa)

langation {%a)
S

E

Fig. 4. Mechanical properties (Force, Stress, Young Module, and Elongation) of CH/Col/nHA, CH/Col/nHA/Cro 25, and CH/Col/nHA/Cro 50 scaffolds, P-value is
defined as*,#, $ means P < 0.05 comparison with control sample. P-value is defined as* P < 0.05 compared with control sample (CH/Col/nHA).
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Table 3
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Mechanical properties (Force, Stress, Module Young, and Elongation) of CH/Col/nHA, CH/Col/nHA/Cro 25, and CH/Col/nHA/Cro 50 scaffolds.

Sample Force (N) Extension (mm) Stress (Mpa) Elongation (%) Elongation at break (%) Young's modulus (Mpa)
CH/COL/HA 3.313 + 1.96 2.89 = 0.88 0.468 *+ 0.24 125.031 = 56 46.619 *+ 24.63 0.39 = 0.06
CH/COL/HA/Cro 25 6.25 * 0.77 2.29 * 0.51 0.58 + 0.05 51.78 = 13 11.86 + 9.4 1.38 + 0.48
CH/COL/HA/Cro 50 7.21 + 0.94 2.09 = 0.22 0.641 + 0.05 51.95 = 14 29.56 *+ 28.66 1.55 + 0.23
60
== CH/COL/HA/Cro 25 == CH/COL/HA/Cro 50

Cumulative release (%)

80 100 120 140

Time (h)

Fig. 5. Release profiles of of CH/COL/HA/Cro 25 and CH/COL/HA/Cro 50 in PBS (pH: 7.4) at 37 °C for 144 h.

40

35 1 == CH/COL/HA == CH/Col/nHA/Cro 25 =s=CH/Col/nHA/Cro 50
= 30 4
= b
= 5 1
=2 b
E 20 4
c ;
g 15 1
= i

w4

5 4

0+ r : :

0 5 10 15 20 15

Time (Day)

Fig. 6. Degradation rate of CH/Col/nHA, CH/Col/nHA/Cro 25, and CH/Col/nHA/Cro 50 scaffolds in phosphate buffer saline (PBS) with pH 7.4 in a shaker incubator

at37°Cat1,3,5,7, 12, 21, and 24 days.

Table 4
Swelling ratio of CH/Col/nHA, CH/Col/nHA/Cro 25, and CH/Col/nHA/Cro
50 scaffolds in phosphate buffer saline (PBS) with pH 7.4 at 6, 12, and 18 h.

Sample 6h 12h 18h

Cho/nHA/Col 283.53 = 22.01 257.01 * 15.21 168.73 * 18.95

Cho/nHA/Col/ 298.23 + 11.03 274.35 + 9.21 174.35 += 13.31
Cro 25

Cho/nHA/Col/Cro 50 328.01 = 9.30 311.24 = 9.01 198.5 * 21.31

drug (Cro) showed lower cell viability (40.59 = 9.9 %) and CH/Col/
nHA/Cro 25 (110.2 + 11.25 %) scaffold indicated higher cell viability
compare to all scaffold, after 7 days. The different concentrations (5,
20, and 50 wt%) of pure nHA, in the time study, indicated higher cell
viability compared to the free cells with the complete medium as a con-
trol sample. Control sample, especially at 3 and 7 days of toxicity assay.
In cell viability examinations of the drug-loaded scaffolds, there is not
any significant difference at 1, 3, 5, and 7 day between different con-
centrations of Cro. All drug-loaded scaffolds showed higher cell viabil-
ity (96.5 %= 15.2 % for CH/Col/nHA/Cro 25 and 77.2 + 3.1 % for CH/
Col/nHA/Cro 25) compared to free-drug scaffold (79.3 = 3.4 % for
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Fig. 7. Contact angle measurement of CH/Col/nHA, CH/Col/nHA/Cro 25, CH/Col/nHA/Cro 50 scaffolds by dropping water on the surface of the all 3D-printing scaf-

folds.
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Fig. 8. Evaluation of cell viability of fibroblast (L929) cell cultured on CH/Col/nHA, CH/Col/nHA/Cro 25, CH/Col/nHA/Cro 50, Cro 25 and Cro 50, nHA5%,
nHA25%, and nHA50%. Cells cultured in medium only were assumed as control samples. P-value is defined as *, #, $ P < 0.05 in compared with control sample.
All results are expressed as means + SD (Tuckey's Post Hoc test, n = 4). P-value is defined as*,#, $ means P < 0.05 compared to the free cells with the complete

medium as a control sample..

CH/Col/nHA) as the control sample. The Fig. 8 shows a clear represen-
tation of all significant differences.

3.6.2. Cell morphology examination

Cell attachment and proliferation of 3Dprinting scaffolds (CH/Col/
nHA, CH/Col/nHA/Cro 25, and CH/ Col/nHA/Cro 50) were presented
in Fig. 9.

Based on the obtained images all scaffolds indicated the good cell at-
tachment and normal cell morphology. According to the morphological
features of cells, any undergo late-stage apoptosis and cell death in cell
morphology was not observed.

4. Discussion

Chitosan and collagen are two widely used natural polymers with
unique properties that make them ideal for bone repair and BTE [29]. It
is reported that Cro can enhance cell proliferation and differentiation of
mesenchymal stem cells by anchoring to proteins [30]. Moreover, Cro
with anti-inflammatory properties shows effective therapeutic potential
in treating osteoporosis and degenerative bone diseases [31]. It is con-
firmed, that using the 3D printing technique to fabricate degradable,
biocompatible, porous scaffolds with the ability to assemble by cell and
growth factors can achieve BTE [32]. In this regard, the main objective
of the present study was to fabricate 3D printing scaffolds with osteo-
conductivity properties suitable for BTE. To achieve this, CH/Col/HA
scaffolds were initially fabricated using 3D printing techniques. Subse-
quently, different concentrations (25 and 50 macro-molar) of Cro were
loaded into the fabricated scaffolds.

The obtained FESEM images confirmed the homogeneity of the inks,
distribution of the printed material, and suitable phase separation. The
smooth surface structure of the fabricated composite is attributed to the
use of Col, which is in agreement with previous findings reported by
Nagaraj et al. [33]. The FTIR spectra of both the free drug and drug-
loaded structures confirmed the presence of functional groups from all
components in the 3D fabricated scaffold, without any undesirable re-
actions. In addition, characteristic bands were shifted to higher
wavenumber in Cro-loaded scaffold. Also In tissue engineering, it is cru-
cial to consider various parameters such as swelling ratio, degradation
rate, and the ability to load drugs and specific growth factors when de-
signing ideal scaffolds. Additionally, porosity plays a vital role in creat-
ing scaffolds with optimal water capacity, degradation profile, and high
drug encapsulation capacity [34]. The 3D printing process leads to fab-
ricating of porous scaffolds with interconnected porosity [35]. The CH/
Col/nHA scaffold exhibited satisfactory porosity and the addition of Cro
was found to increase the porosity in drug-loaded scaffolds due to high
topological polar surface area and molecular volume of Cro [36,37].
According to the obtained results, fabricated scaffold with more poros-
ity showed higher drug loading. It is hypothesized that the speed, qual-
ity, and quantity of tissue regeneration will be improved by controlling
drug delivery in structure [38]. In this article, drug-loaded scaffolds
showed slow and controllable release rates. This is a crucial objective
for enhancing drug efficacy while minimizing the risks of potential side
effects [39]. In simpler terms, using 3D-printed scaffolds as drug deliv-
ery system allows for optimal conditions for drug delivery. Mechanical
strength is a critical parameter that defines a scaffold's performance in
BTE. Moreover, studies have reported that Cro can enhance the longitu-
dinal and perpendicular forces of bone [7]. Our study has shown that
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Fig. 9. Optical microscopy images CH/Col/nHA, CH/Col/nHACro 25, and CH/ Col/nHA/Cro 50 in L929 cells after 5 and 7 Day. (Magnification: 20 X ).

incorporating Cro into 3D-printed scaffolds leads to an increase in
force, stress, and Young's modulus. Furthermore, the presence of HA in
the scaffolds contributes to their overall strength. The reconstruction of
damaged bones using artificial scaffolds that bear the closest resem-
blance to bones has garnered significant attention in BTE, as per re-
ported results. Bone regeneration is achieved through the degradation
and absorption of these artificial scaffolds. The swelling ratio is influ-
enced by factors such as the degree of crosslinking, components used,
porosity, and architecture of the printed meshes. The evaluation of
degradation rate is crucial for determining the replacement rate of scaf-
folds with new tissue, without any residual material remaining [40].
The degradation rate of drug-loaded scaffolds decreased compared to
free-drug scaffolds. Also, it is observed which Cro-loading scaffold
showed higher strength compared to CH/Col/nHA scaffold. The degra-
dation behavior of CH/Col/nHA/Cro can be attributed to the enzymatic
breakdown of CH and Col, but the incorporation of Cro, which en-

hances mechanical properties, has been shown to reduce the rate of
degradation in structures fabricated using 3D printing. The cytotoxicity
examination indicated lower toxicity of drug-loaded scaffolds com-
pared to free drugs. In other words, more cell viability in Cro-loaded
scaffolds confirmed the reduction of the toxicity of natural drugs by
their encapsulation which is in agreement with the reported results by
Rahnama et al. [41]. The cell morphology analysis did not show any un-
desirable changes suggestive of apoptosis or cell death in the 1L.929 cells.
This indicates that the three-dimensional (3D) printed CH/Col/HA/Cro
50 scaffolds have great potential as a viable alternative for BTE when
autografts or allografts are not feasible.

5. Conclusion

In this study, a 3D printing process was used to prepare chitosan/
collagen/nano-hydroxyapatite scaffolds loaded with Cro. All scaffolds
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confirmed suitable structure properties without undesirable functional
group in drug loading scaffolds. Loading of Cro into CH/Col/nHA struc-
ture increased the swelling ratio and strength while decreasing the
degradation rate of the scaffold. Moreover, the drug-Loaded structure
showed improved biocompatibility by decreasing the contact angle.
Furthermore, the drug-loaded scaffolds displayed the lower toxicity
compared to the free Cro and all scaffolds displayed normal cell mor-
phology of and all scaffolds displayed a normal cell morphology on
L1929 cell lines. Considering to the obtained results, the CH/Col/HA/
Cro 50 structure can introduce as a practical topical drug delivery sys-
tem for BTE applications.
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