
 
Abstract—The main purpose of this research was to design a 

biomimetic system by freeze-drying method for evaluating the effect 
of adding 5 and 10 mol. % of zinc (Zn) in 58S bioactive glass and 
gelatin (5ZnBG/G and 10ZnBG/G) in terms of structural and 
biological changes. The structural analyses of samples were performed 
by X-Ray Diffraction (XRD), scanning electron microscopy (SEM) 
and Fourier-transform infrared (FTIR) spectroscopy. Also, 3-
(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
and alkaline phosphatase (ALP) activity tests were carried out for 
investigation of MC3T3-E1 cell behaviors. The SEM results 
demonstrated the spherical shape of the formed hydroxyapatite (HA) 
phases and also HA characteristic peaks were detected by XRD 
spectroscopy after 3 days of immersion in the simulated body fluid 
(SBF) solution. Meanwhile, FTIR spectra proved that the intensity of 
P–O peaks for 5ZnBG/G was more than 10ZnBG/G and control 
samples. Moreover, the results of ALP activity test illustrated that the 
optimal amount of Zn (5ZnBG/G) caused a considerable enhancement 
in bone cell growth. Taken together, the scaffold with 5 mol.% Zn was 
introduced as an optimal sample because of its higher biocompatibility, 
in vitro bioactivity and growth of MC3T3-E1 cells in comparison with 
other samples in bone tissue engineering. 

 
Keywords—Scaffold, gelatin, modified bioactive glass, ALP, 

bone tissue engineering. 

I.INTRODUCTION 

ONE is a rigid organ that constitutes part of the skeleton in 
most vertebrate animals. Additionally, bone is a connective 

tissues that contains about 90% collagen [1]. Fortunately, bone 
is one type of tissues in the human body that can repair itself if 
damaged [2] but unfortunately if the bone is severely damaged, 
it cannot repair itself [3] though thanks to tissue engineering 
(TE) bone can return to its pre-injury state [1]. Methods like 
autografts [4], [5] or allografts [6] are limited due to problems 
such as tissue donation restrictions, the possibility of 
transmitting viruses [7] and stimulating immune system 
responses [8]. Therefore TE [9]-[11] was created as a solution 
to replace injured tissue with living tissue. One of its advantages 
is possibility of designing this tissue based on the requirements 
of each patient [12].  

Scaffolds are a suitable selection in TE and for meeting the 
needs well they should have special characteristics such as 
biocompatibility [13], suitable chemical and physical 
properties, optimal degradability rate [14], appropriate porosity 
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and appropriate mechanical property based on the target tissue 
[15], [16]. Among various kinds of materials, ceramics and 
polymers are not individually ideal candidate as scaffold in 
bone tissue engineering due to their brittleness and insufficient 
strength, respectively [17]. Therefore, composites which are 
mostly polymeric/ceramic [18] were introduced as the novel 
generation of these alternatives because of their special 
properties like appropriate strength [19]. These scaffolds 
contain a mineral phase like HA [20] or tricalcium phosphate 
(TCP) [21] along with collagen [22], chitosan [17], [23] and 
gelatin [24]. Gelatin is recognized as a biodegradable and 
biocompatible material [24] and causes an increase in the 
mechanical property of bioactive glass (BG) phase [25] that is 
derived from collagen with lower cost and easier process [25], 
[26].  In addition to biocompatibility, BGs have a successful 
bond with the body tissue when they are placed in body 
conditions by performing chemical reactions. After performing 
reactions in biological conditions, these glasses form a rich 
layer of HA, which is due to a strong connection at the interface 
between the glass and the tissue that is resistant and strong 
against the incoming stresses. BGs have a special place in TE 
due to their unique properties such as a homogeneous structure 
due to the use of special chemical compounds, the property of 
guiding bone growth along with the induction of bioactivity, 
and the quick connection of the possibility of controlling the 
range of chemical properties gained. Also, with the 
advancement of nanotechnology, nano-composites have been a 
suitable alternative for composites in recent years [27]. In fact, 
because of having freer surface, they have more mechanical 
conflict with the base material and will be stronger if chemical 
bonds form [28]. 

The gelatin-bio ceramics scaffolds are made by process that 
works with the penetration of calcium (Ca) ions and phosphate 
(P) ions into gel [29] and because of the presence of the middle 
gel like the primary cartilaginous structure in the body, they are 
more similar to bone formation in the body [30]. Finally, for 
preparing the porous scaffolds, because of cleanliness, 
simplicity and controllability for creating scaffolds with 
interconnected pores, freeze-drying method has been suggested 
[31], [32]. Creating this type of porosity is considered as an 
influential structure on the activity of cells and transferring 
them into the site of bone formation [33]. 
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In addition, providing biomimetic conditions, modifying the 
scaffolds by modifiers such as zinc (Zn) [34], magnesium (Mg) 
[35] and strontium (Sr) [32] have been suggested. Meanwhile, 
Zn, because of its main role in the synthesis of proteins in the 
body and growth of the skeletal system, is more significant 
compared to others [21]. Also, Zn has been known for many 
years as an effective element in bone formation [36]. Previous 
report has shown that Zn has two roles in bone formation, firstly 
encouraging osteoblast cell differentiation and secondly 
inhibiting osteoclast differentiation [36] in contrast, reducing 
bone density, delaying bone growth in animals and increasing 
the risk of osteoporosis in humans are effects of Zn deficiency 
[37]. Furthermore, it was found that Zn has an anti-
inflammatory effect [38]. Thian et al. have shown that HA 
containing Zn had a more bioactivity property and led to an 
increase in the mesenchymal cells derived from human adipose 
tissue and production of the markers of bone cell [36] and 
presence of Zn prevented the growth of HA crystals [39]. 
Additionally, 1.04 mol.% of Zn in HA caused an increased 
differentiation and ALP activity of osteoblast cells [40]. 

Based on the above and previous studies about composites 
scaffolds by biomimetic method, it seems that the study of 
effect of different ions on the properties of scaffolds through 
penetration has great importance [41], [42]. Despite the recent 
researches about the effect of Zn in scaffolds properties, the 
optimal molar percentage of Zn in BG and gelatin phase has not 
been reported. The aim of this study is comprehensive 
investigation on the formation of BG phase inside the hydrogel 
structure by the biomimetic method and analyzing structural 
and in vitro biological properties of produced scaffolds in order 
to introduce an optimal composite scaffold. These analyses 
were performed by applying XRD, FTIR and SEM for 
structural evaluation and ALP activity and 3 MTT for biological 
investigation. In this study, a SBF solution was used for 
providing a similar condition to the human body and freeze-
drying method for the production of porous scaffolds. 

II.MATERIALS AND METHODS 

A. Required Materials and Synthesis of Specimens 

In order to create specimens by biomimetic process, the 
amount of 10 wt. % gelatin solution was made. It was used 
powder of gelatin, and by adding it into distilled water at a 
considered temperature range from 47 °C to 57 °C, the solution 
was prepared. It should be noted that a stirrer was applied when 
gelatin powder was added. The amount of solution was 
considered according to the size of mold. After the preparation 
solution, at first, it was poured inside of mold in the middle 
section, and after that, it was kept in refrigerate for a duration 
of 1 day in order to hydrogel preparation. After hardening and 
removing the temporary section, other solutions were prepared. 
In this step, preparation of zinc nitrate (Zn(NO3)2), calcium 
chloride (CaCl2), and phosphate salt with buffering properties 
(Na2HPO4) solutions was done. Also, the pH of solution was 
constant at 7.4 by using Tris (hyroxymethyl)aminomethane and 
hydraulic acid [20]. In the next step, CaCl2 and Zn ions were 
poured on the same side of hydrogel, and Na2HPO4 solution 

was poured on the other side of mold. In the final step, the 
solution was put in refrigerate for 7 days. After this time, the 
solutions precipitated inside the gel, and composites were 
formed. The gelatin hydrogel was removed from the mold, and 
the composite part was cut. It should be noted that the 
incorporation of Zn in BG phase was selected in range of 0-10 
mol.%. Additionally, the designed chemical compositions and 
schematic of procedure are shown in Table I and Fig. 1, 
respectively. 

 
TABLE I 

THE CHEMICAL COMPOSITE SCAFFOLDS (MOLARITY) 

Specimen Calcium Molarity Phosphor Molarity Zinc Molarity 

BG/G 0.1 0.06 - 

5ZnBG/G 0.095 0.06 0.005 

10ZnBG/G 0.09 0.06 0.01 

 

For making a porous scaffold, freeze-drying method was 
applied. In this process, all specimens were put in the freezer 
for a duration of 24 h and then were placed in the freezer dryer 
(with specification VirTis Genesis-SP) for a duration of 24 h. 
Moreover, in the next step, all specimens were immersed in 1% 
glutaraldehyde solution in order to create crosslinking between 
chains of gelatin and enhanced the mechanical property. The 
immersion time was considered about 24 h. Finally, specimens 
were washed with water and alcohol, and the process of their 
drying was done by a freezer dryer. For evaluation of in vitro 
bioactivity of specimens, SBF was prepared. All the primary 
chemicals used were of analytical grade and were purchased 
from Merck Company. 

B. Characterization of Specimens 

1. Fourier-Transform Infrared (FTIR) 

The aim of FTIR (USA 670, NEXUS) was: (i) To identify 
created groups in composites scaffolds, which were synthesized 
and produced by a biomimetic process; (ii) To evaluate effect 
of immersion time in SBF solution on bonds formation and their 
intensity. The FTIR spectra was recorded in the range of 400-
4000 cm -1 wavenumber. 

2. Scanning Electron Microscopy (SEM) 

SEM (TESCAN) was implemented to monitor the 
morphology, structure of formed porosity, and size of pores in 
all scaffolds. It should be noted that for increasing the resolution 
of SEM's results, it was coated the surface of specimens with a 
layer of gold.  

C. Investigation of Cell Behaviors of ZnBG/G Specimens  

1. Culture of Osteoblast Cells (G292) 

The culture process was done by using human osteosarcoma 
cells. For culturing, all cells, after finishing their defrosting, 
were put in a culture medium. This culture medium contained 
FBS (10%) RPMI. After that, the process of incubating was 
performed at temperature 37 °C. Finally, all cells were put in 
the culture medium, which contained scaffolds, and their 
culture process was done for a duration of 7 days. After the 
mentioned steps, cell morphology was analyzed. 
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2. 3-(4, 5dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium 
Bromide (MTT) 

Cells should be incubed for 24 h before starting the MTT test. 
This step was done due to measuring the cell's adhesion. The 
volume and quantity of cells were considered 100 µl and 104 
per well. In the next step, the extract, which was taken from 
scaffolds, was added to the medium and all system was 
incubated for a duration of 24 h. After removing the culture 
medium, the MTT solution (100 µl) was added. Also, removing 
the MTT solution was performed after 4h, and 100 µl of 
isopropanol was poured into the medium. Finally, the 
concentration of material, which was dissolved in isopropanol, 
was measured. 

3. Evaluation of ALP Activity 

For measuring the ALP activity, at first, 10,000 cells were 
put on the scaffolds, and then culture medium (100 μl) was 
added. In the next step, 1 ml of culture medium was added and 
after 3 h, a substance was ready for ALP activity investigation. 
Again after 24 h the culture medium was added (1 ml), and 
finally, the ALP activity was analyzed after 3 h, after collecting 
the culture medium from specimens. 

4. Statistical Analysis 

All experiments were performed at least three times. The 
obtained results were evaluated by Graph Pad Prism software 
(V.8.0, Graph Pad Software, and USA). It should be noted that 
all results were reported by mean ± standard deviation (SD), 
and probability value (*p) (*p < 0.05) was considered as 
statistically considerable. 

III.RESULTS AND DISCUSSION 

A. FTIR 

Fig. 1 shows the obtained results after immersion in the SBF 
solution. It was seen that the peaks of phosphate were formed 
in all specimens in the wavenumber 500 (between 500 and 600), 
and 1030 cm-1. Also, the intensity of peaks increased by 
enhancing the time of immersion. To be more precise, it was a 
sign of increasing formed phosphate in the structure, and it 
could be found that all specimens showed good bioactivity 
property after placement in the SBF solution. In addition, 
another new peak was observed in the region of 860 and 3450 
cm-1, which was for O-H groups. It was because of the 
replacement of CO3

2- groups instead of OH- in the HA structure 
[46].  

Also, the presence of CO3
2- groups might be due to the 

absorption of carbonate from the environment, which in both 
cases can be a reason for the formation of carbonate apatite in 
the scaffolds after immersion in the SBF solution [43]-[45]. It 
should be noted that the presence of Zn ion led to increasing the 
intensity of peaks in comparison with the control specimens 
while the 5ZnBG/G was more influential. The intensity of PO 
peaks for 5ZnBG/G was more than 10ZnBG/G. Moreover, 
previous studies reported that substituted Zn in calcium 
phosphate bioceramic led to decreasing the intensity of OH and 
other peaks in FTRI spectra results [469, [47]. In fact, because 
of the ability of 5ZnBG/G in the formation of HA and also 

according to the XRD results, this specimen exhibited better in 
vitro bioactivity in comparison with 10ZnBG/G specimen and 
was chosen for SEM evaluations. 

 

 

Fig. 1 The FTIR spectra of all specimens after 14 days of immersion 
in SBF solution 

B. SEM Analyses  

The SEM images for 5ZnBG/G before and after immersion 
in SBF are presented in Fig. 2. According to SEM images for 
this specimen, before soaking in SBF solution, sediment 
particles were scattered on the surface and inside the pores of 
scaffolds. The shape of these particles was almost spherical, and 
their size was about 100 nm, which is shown in Fig. 2 (A). 
Moreover, as defined in composites, spherical reinforcing 
particles have a significant effect on increasing the toughness 
of the composite [48].  

In the SEM images related to 5ZnBG/G specimen, which was 
immersed in the SBF solution. In Fig. 2 (B), the crystals of 
sediment particles were observed. Morphologically, these 
particles had a smooth surface and were needle-shaped. As 
could be seen from the obtained results, the formed crystals had 
a more specific surface area. Therefore, it leads to creating a 
higher contact surface to react with ions in the extracellular 
matrix and bone cells [49]. It should be noted that by comparing 
the results of the optimal specimen before and after soaking in 
the SBF solution, it could be concluded that the amount of 
sediments formed has increased significantly because of high 
bioactivity of synthesized specimen. In other words, high 
bioactivity of this scaffold led to more formation of HA on the 
surface. As it was reported previously, substituted Zn in 
collagen scaffolds led to form needle-shape precipitates [34]. 
Moreover, the morphology and size of porosity are shown in 
Fig. 3. It was observed that the shape of the holes was a 
honeycomb structure, and the holes were interconnected, which 
can transfer oxygen and food. In fact, these properties create 
better conditions for the growth of cells. Also, the size of 
porosities was in the range between 200 and 500 microns; as 
previously reported, this range is the optimal size for bone cell 
growth [6], [12]. It should be noted that 5ZnBG/G specimen 
had the optimal size between 200 and 500 microns. 
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Fig. 2 The SEM images results 5ZnBG/G before (A) and after (B) 
immersion in SBF solution 

C. In vitro Bioactivity of Composite Scaffolds  

1. MTT 

Fig. 4 presents the results for MTT assay by measuring the 
amount of OD. The results were analyzed for 1 and 7 days after 
culturing process. As it was clear, 5ZnBG/G was the only 
specimen that caused stimulate cell proliferation. The obtained 
amount of OD for this specimen was 9% more in comparison 
with the control specimen (**p < 0.01). Moreover, 10ZnBG/G 
showed a toxicity effect compared to the control specimen (*p 
< 0.001). In fact, for this specimen, OD decreased after 1 and 7 
days at the rate of 8% and 18%, respectively. It can be found 
that the kind of composition and also the time of culturing have 
affected the MTT results. Because, on the one hand, substituted 
5 mol. % Zn was influential about the function of calls, 
however, 10 mol. % had a toxicity effect. On the other hand, as 

it was observed for 10ZnBG/G specimen, this toxicity effect 
increased after 7 days immersion (**p < 0.01). Additionally, it 
has been reported that substituted Zn in HA caused an increase 
in the human cells (adipose-derived MSCs) growth. It should 
be noted that a low amount of Zn (1.6 wt. %) was used [50]. 
Another investigation revealed that Zn has a dose-dependent 
manner, and scaffolds containing Zn did not show a detrimental 
effect on cell activity. Also, it was reported that the high amount 
of Zn did not have a considerably metabolic effect with the 
increasing time of in vitro experimental [34]. As a result, based 
on the obtained data, 5ZnBG/G specimens were considered 
more effective specimen for cell growth. 

 

 

Fig. 3 The morphology result 5ZnBG/G specimen 
 

 

Fig. 4 The MTT results of all specimens after 1 and 7 days culturing 
period 

2. ALP  

Fig. 5 illustrates the results of ALP activity of specimens 
after co-culturing with the human osteosarcoma cells (G292). 
The results showed the enhancing effect of 5ZnBG/G on ALP 
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activity compared to other specimens. ALP activity increased 
in 5ZnBG/G specimen at the rate of 0.56 after 3 days. 
Moreover, adding 5 mol. % Zn in scaffolds compositions 
caused to create significant ALP activity compared to the 
control specimen (*p < 0.01). While, 10ZnBG/G had a reverse 
effect, and the ALP activity decreased considerably in 
comparison with the control specimen (**p < 0.001). As it is 
clearly shown, significant differences between 10ZnBG/G and 
5ZnBG/G were observed. Because, with the decreasing amount 
of Zn from 10 to 5 mol. % the amount of ALP activity increased 
about 29% (**p < 0.001). Additionally, a previous study 
investigated that Zn can increase the ALP activity in a low 
amount in the culture medium of SaOS-2 human osteoblastlike 
cells [51]. Moreover, it has been presented that the presence of 
the low amount of Zn (2 mol. %) in the structure of HA 
increased the ALP activity of osteosarcoma cells compared to 
pure apatite [52]. Therefore, the 5ZnBG/G was considered as 
an optimal composite scaffold in terms of ALP activity.  

 

 

Fig. 5 The ALP activity results of all specimens after 3 days culturing 
period 

IV.CONCLUSION 

In this study, a biomimetic system was designed by using a 
mechanism inside gelatin hydrogel and similar temperature and 
pH conditions of the body. Additionally, the aim was to analyze 
the effect of Zn ion on its structure and properties. Because of 
the used mechanism, the calcium phosphate phase was formed 
in the base phase, and it created a chemical bond with the base 
phase. Moreover, sediment particles were completely 
distributed in the base phase, and their dimensions were about 
100 nm and had an almost spherical shape. It should be noted 
that the degree of cell viability and ALP activity in the presence 
of 5 mol. % Zn ions (5ZnBG/G) increased. However, with the 
increase in the amount of Zn up to 10 mol. % in the composite 
scaffold, cytotoxicity effect, and ALP activity have increased 
and decreased, respectively. Therefore, the results indicated 
better bone cell activity and bone conduction of 5ZnBG/G 
compared to other specimens. In fact, it confirmed the high 

capacity of this scaffold for use in bone tissue engineering 
(BTE). 

REFERENCES 
[1] J.A. Gasser, M. Kneissel, Bone physiology and biology, 2 (2017) 27–94.  
[2] A. Moghanian, M. Zohourfazeli, M.H.M. Tajer, The effect of zirconium 

content on in vitro bioactivity, biological behavior and antibacterial 
activity of sol-gel derived 58S bioactive glass, J. Non. Cryst. Solids. 546 
(2020) 120262-120272.  

[3] A. Moghanian, M.H. Mahdi Tajer, M. Zohourfazeli, Z. Miri, M. Saghafi 
Yazdi, Sol-gel derived silicate-based bioactive glass: Studies of 
synergetic effect of zirconium and magnesium on structural and biological 
characteristics, J. Non-Cryst. Solids. 554 (2020) 120613, 
https://doi.org/10.1016/j.jnoncrysol.2020.120613 

[4] M. Rahmani, A. Moghanian, M. Saghafi Yazdi, The effect of Ag 
substitution on physicochemical and biological properties of sol-gel 
derived 60%SiO2–31%CaO–4%P2O5–5%Li2O (mol%) quaternary 
bioactive glass, Ceram. Int. 47 (2021) 15985-15994  

[5] J.R. Jones, D.S. Brauer, L. Hupa, D.C. Greenspan, Bioglass and Bioactive 
Glasses and Their Impact on Healthcare, Int. J. Appl. Glas. Sci. 7 (2016) 
423–434.  

[6] (6) L. Roseti, V. Parisi, M. Petretta, C. Cavallo, G. Desando, I. 
Bartolotti, B. Grigolo, Scaffolds for Bone Tissue Engineering: State of the 
art and new perspectives, J. Mater. Sci. Eng. C. 78 (2017) 1246–1262.  

[7] M. Zohourfazeli, M. Haji, M. Tajer, A. Moghanian, Comprehensive 
investigation on multifunctional properties of zirconium and silver co-
substituted 58S bioactive glass, J. Ceram. Int. 47 (2020) 2499-2507.  

[8] M. Haji, A. Moghanian, M. Zohourfazeli, An investigation on structural 
and in vitro biological properties of silicate-based bioactive glass powder 
in SiO2–CaO–P2O5–ZrO2–Li2O quintuplet system, Materials Chemistry 
and Physics 285, 126010, 
https://doi.org/10.1016/j.matchemphys.2022.126010 

[9] A. Moghanian, M Raz, Z. Miri, S. Nasiripour, L. Dehghan, M. 
Mohaghegh. M. Elsa, Synthesis and characterization of Mg and Sr-
modified calcium phosphate/gelatin biomimetic scaffolds for bone tissue 
engineering, Ceram. Int. (2023), 
(https://doi.org/10.1016/j.ceramint.2023.02.197) 

[10] A. Moghanian, A. Sedghi, A. Ghorbanoghli, E. Salari, The effect of 
magnesium content on in vitro bioactivity, biological behavior and 
antibacterial activity of sol–gel derived 58S bioactive glass, J. Ceram. Int. 
44 (2018) 9422–9432.  

[11] A. Moghanian, A. Ghorbanoghli, M. Kazem-Rostami, A. Pazhouheshgar, 
E. Salari, M. Saghafi Yazdi, T. Alimardani, H. Jahani, F. Sharifian Jazi, 
M. Tahriri, Novel antibacterial Cu/Mg-substituted 58S-bioglass: 
Synthesis, characterization and investigation of in vitro bioactivity, Int. J. 
Appl. Glas. Sci. 11 (2020) 685–698.  

[12] B. Thavornyutikarn, N. Chantarapanich, K. Sitthiseripratip, G.A. Thouas, 
Q. Chen, Bone tissue engineering scaffolding: computer-aided 
scaffolding techniques, J. Springer. 3 (2014) 61–102.  

[13] D. Khorsandi, A. Moghanian, R. Nazari, G. Arabzadeh, S. Borhani, 
Personalized medicine: regulation of genes in human skin ageing, Allergy 
Ther. 7 (2016) 2-11. 

[14]  I.I. Bone, Optimization of Bone Scaffold Engineering for Load Bearing 
Applications, (n.d.) J. Ceram. Int. 46 (2020) 3443-3455. 

[15] A. Arab, M. Elsa, A. Moghanian, Comparative Study on the Effect of 
Substitution of Li and Mg Instead of Ca on Structural and Biological 
Behaviors of Silicate Bioactive Glass, Int. J. Mater. Eng., 15 (2021) 92-
102. 

[16] R. Langer, J. Vacanti, Advances in tissue engineering, J. Pediatr. Surg. 51 
(2016) 8–12.  

[17] A. Pazhouheshgar, A. Moghanian, S.A. Sadough Vanini, The extended 
finite element method numerical and experimental analysis of mechanical 
behavior of polysulfone/58s bioactive glass synthesized through solvent 
casting method, Modares Mech. Eng. 20 (2020) 2061–2073, 
https://mme.modares.ac.ir/article -15-37532-en.html.  

[18] A. Moghanian, M. Zohourfazeli, M.H. Mahdi Tajer, Z. Miri, S.M. 
Hosseini, A. Rashvand, Preparation, characterization and in vitro 
biological response of simultaneous co-substitution of Zr+4/Sr+2 58S 
bioactive glass powder, J. Ceram. Int. 47 (2020) 23762-23769.  

[19] A. Moghanian, A. Pazhouheshgar, A. Ghorbanoghli, Nonlinear 
Viscoelastic Modeling of Synthesized Silicate-Based Bioactive 
Glass/Polysulfone Composite: Theory and Medical Applications, Silicon, 
(2020). https://doi.org/10.1007/s12633-020-00900-9 

World Academy of Science, Engineering and Technology
International Journal of Biotechnology and Bioengineering

 Vol:17, No:3, 2023 

9International Scholarly and Scientific Research & Innovation 17(3) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

te
ch

no
lo

gy
 a

nd
 B

io
en

gi
ne

er
in

g 
V

ol
:1

7,
 N

o:
3,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
03

9.
pd

f



[20] M. Azami, M.J. Moosavifar, N. Baheiraei, F. Moztarzadeh, J. Ai, 
Preparation of a biomimetic nanocomposite scaffold for bone tissue 
engineering via mineralization of gelatin hydrogel and study of mineral 
transformation in simulated body fluid, J. Biomed. Mater. Res. - Part A. 
100 A (2012) 1347–1355.  

[21] X. Luo, D. Barbieri, N. Davison, Y. Yan, J.D. De Bruijn, H. Yuan, Acta 
Biomaterialia Zinc in calcium phosphate mediates bone induction: In vitro 
and in vivo model, J. Acta Biomater. 10 (2014) 477–485.  

[22] S. Kuttappan, D. Mathew, M.B. Nair, International Journal of Biological 
Macromolecules Biomimetic composite scaffolds containing bioceramics 
and collagen / gelatin for bone tissue engineering - A mini review, Int. J. 
Biol. Macromol. 93 (2016) 1390–1401.  

[23] A. Saatchi, A.R. Arani, A. Moghanian, M. Mozafari, Synthesis and 
characterization of electrospun cerium-doped bioactive 
glass/chitosan/polyethylene oxide composite scaffolds for tissue 
engineering applications, J. Ceram. Int. 47 (2021) 260–271.  

[24] G. Huang, L. Xu, J. Wu, S. Wang, Y. Dong, Gelatin/bioactive glass 
composite scaffold for promoting the migration and odontogenic 
differentiation of bone marrow mesenchymal stem cells, J. Polym. Test. 
93 (2021) 106915.  

[25] S. Panzavolta, P. Torricelli, L. Sturba, B. Bracci, R. Giardino, A. Bigi, 
Setting properties and in vitro bioactivity of strontium-enriched gelatin – 
calcium phosphate bone cements, J. Polym. Test. 29 (2007) 407-416.  

[26] K.Y. Chen, C.H. Yao, Repair of bone defects with gelatin-based 
composites: A review, J. Biomed. 1 (2011) 29–32.  

[27] L. Keller, A. Regiel-Futyra, M. Gimeno, S. Eap, G. Mendoza, V. Andreu, 
Q. Wagner, A. Kyzioł, V. Sebastian, G. Stochel, M. Arruebo, N. 
Benkirane-Jessel, Chitosan-based nanocomposites for the repair of bone 
defects, Nanomedicine Nanotechnology, J. Biol. Med. 13 (2017) 2231–
2240.  

[28] A. Pazhouheshgar, S.A.S. Vanini, A. Moghanian, The experimental and 
numerical study of fracture behavior of 58s bioactive glass/polysulfone 
composite using the extended finite elements method, Mater. Res. 
Express. 6 (2019), 095208. 
https://iopscience.iop.org/article/10.1088/2053-1591/ab3495/meta. 

[29] Y. Honda, T. Anada, S. Morimoto, O. Suzuki, Labile Zn ions on 
octacalcium phosphate-derived Zn-containing hydroxyapatite surfaces, J. 
Appl. Surf. Sci. 273 (2013) 343–348.  

[30] J. Kolmas, F. Velard, A. Jaguszewska, F. Lemaire, H. Kerdjoudj, S.C. 
Gangloff, A. Kaflak, Substitution of strontium and boron into 
hydroxyapatite crystals: Effect on physicochemical properties and 
biocompatibility with human Wharton-Jelly stem cells, J. Mater. Sci. Eng. 
C. 79 (2017) 638–646.  

[31] M. Madaghiele, A. Sannino, I. V. Yannas, M. Spector, Collagen-based 
matrices with axially oriented pores, J. Biomed. Mater. Res. - Part A. 85 
(2008) 757–767.  

[32] Y.C. Wu, W.Y. Lin, C.Y. Yang, T.M. Lee, Fabrication of gelatin–
strontium substituted calcium phosphate scaffolds with unidirectional 
pores for bone tissue engineering, J. Mater. Sci. Mater. Med. 26 (2015) 
1–12.  

[33] F.J. O’Brien, B.A. Harley, I. V. Yannas, L. Gibson, Influence of freezing 
rate on pore structure in freeze-dried collagen-GAG scaffolds, J. 
Biomaterials. 25 (2004) 1077–1086.  

[34] A.S. Tiffany, D.L. Gray, T.J. Woods, K. Subedi, B.A.C. Harley, The 
inclusion of zinc into mineralized collagen scaffolds for craniofacial bone 
repair applications, J. Acta Biomater. 93 (2019) 86–96.  

[35] Z. Hajifathali, M. Amirhosseinian, The effect of substitution of CaO/MgO 
and CaO/ SrO on in vitro bioactivity of sol-gel derived bioactive glass, 
Int. J. Biomed. Biol. Eng. 13 (2019) 279–287. 

[36] E.S. Thian, T. Konishi, Y. Kawanobe, P.N. Lim, C. Choong, B. Ho, M. 
Aizawa, Zinc-substituted hydroxyapatite: A biomaterial with enhanced 
bioactivity and antibacterial properties, J. Mater. Sci. Mater. Med. 24 
(2013) 437–445.  

[37] G. Sun, J. Ma, S. Zhang, Electrophoretic deposition of zinc-substituted 
hydroxyapatite coatings, J. Mater. Sci. Eng. C. 39 (2014) 67–72.  

[38] M. Yamaguchi, Role of zinc in bone formation and bone resorption, J. 
Trace Elem. Exp. Med. 11 (1998) 119–135.  

[39] A. Bigi, E. Foresti, M. Gandolfi, M. Gazzano, N. Roveri, Inhibiting effect 
of zinc on hydroxylapatite crystallization, J. Inorg. Biochem. 58 (1995) 
49–58.  

[40] F. Yang, F. He, Osteoblast response to porous titanium surfaces coated 
with zinc-substituted hydroxyapatite, J. Oral Surgery, Oral Medicine, 
Oral Pathology and Oral Radiology. 113 (2012) 313–318.  

[41] O. Kaygili, S. Keser, M. Kom, Y. Eroksuz, S. V. Dorozhkin, T. Ates, I.H. 
Ozercan, C. Tatar, F. Yakuphanoglu, Strontium substituted 

hydroxyapatites: Synthesis and determination of their structural 
properties, in vitro and in vivo performance, J. Mater. Sci. Eng. C. 55 
(2015) 538–546. 

[42] M.J. Olszta, X. Cheng, S.S. Jee, R. Kumar, Y.Y. Kim, M.J. Kaufman, E.P. 
Douglas, L.B. Gower, Bone structure and formation: A new perspective, 
J. Mater. Sci. Eng. R Reports. 58 (2007) 77–116.  

[43] A. Moghanian, M. Zohourfazeli, Investigation the in vitro and bactericidal 
properties of magnesium and copper containing bioactive glasses, J. Adv. 
Mater. Technol. 9 (2020) 19–33, 
https://doi.org/10.30501/JAMT.2020.195763.1041. 

[44] Z. Huang, F. Cui, Q. Feng, X. Guo, Incorporation of strontium into 
hydroxyapatite via biomineralization of collagen fibrils, J. Ceram. Int. 41 
(2015) 8773–8778.  

[45] M.C. Chang, C.C. Ko, W.H. Douglas, Preparation of hydroxyapatite-
gelatin nanocomposite, J. Biomaterials. 24 (2003) 2853–2862.  

[46] Yanovska, V. Kuznetsov, A. Stanislavov, Husak, Pogorielov, V. Starikov, 
S. Bolshanina, S. Danilchenko, Synthesis and characterization of 
hydroxyapatite-gelatine composite materials for orthopaedic application, 
J. Mater. Chem. Phys. 183 (2016) 93–100.  

[47] M. Aminitabar, M. Amirhosseinian, M.J. Elsa, Synthesis and in vitro 
characterization of a gel-derived SiO2-CaO-P2O5-SrO-Li2O bioactive 
glass, Int. J. Civ. Mech. Eng. 13 (2019) 296–307. 
Doi.org/10.5281/zenodo.3299731. 

[48] A. Moghanian, S. Nasiripour, A. Koohfar, M. Sajjadnejad, S. M. 
Hosseini, M. Taherkhani, Z. Miri, S. H. Hosseini, M. Aminitabar, A. 
Rashvand, Characterization, in vitro bioactivity and biological studies of 
sol‐gel‐derived TiO2 substituted 58S bioactive glass, International Journal 
of Applied Ceramic Technology, 18 (2021) 1430-1441, 
(https://doi.org/10.1111/ijac.13782). 

[49] M. Elsa, A. Moghanian, Comparative study of calcium content on in vitro 
biological and antibacterial properties of silicon-based bioglass, Int. J. 
Civ. Mech. Eng. 13 (2019) 288–295. 

[50] P.N. Lim, C. Choong, M. Aizawa, Zinc-substituted hydroxyapatite: A 
biomaterial with enhanced bioactivity and antibacterial properties, J. 
Springer. 24 (2013) 437–445.  

[51] A. Cerovic, I. Miletic, S. Sobajic, D. Blagojevic, M. Radusinovic, A. El-
Sohemy, Effects of zinc on the mineralization of bone nodules from 
human osteoblast-like cells, J. Biol. Trace Elem. Res. 116 (2007) 61–71.  

[52] I. Uysal, F. Severcan, A. Tezcaner, Z. Evis, Co-doping of hydroxyapatite 
with zinc and fl uoride improves mechanical and biological properties of 
hydroxyapatite, J. Prog. Nat. Sci. Mater. Int. 24 (2014) 340–349.  

 

World Academy of Science, Engineering and Technology
International Journal of Biotechnology and Bioengineering

 Vol:17, No:3, 2023 

10International Scholarly and Scientific Research & Innovation 17(3) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

te
ch

no
lo

gy
 a

nd
 B

io
en

gi
ne

er
in

g 
V

ol
:1

7,
 N

o:
3,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
03

9.
pd

f


