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Abstract 

Due to their vast potential for repair and regeneration, different types of bioactive glasses (BGs) have been widely studied for bone tissue engineering. In this study, different groups of melt-derived bioactive glasses containing strontium (Sr) and cobalt (Co) elements have been designed to investigate their potential effect on increasing cell osteogenic activity. After fully characterization of the synthesized bioactive glasses, they were evaluated for apatite forming ability in simulated body fluid (SBF) after different time intervals. The glasses have been examined for cell attachment and cell cytotoxicitcytotoxicity plus y. In addition, their influence effects of the samples on osteogenic activity of the cells was analyzed by alkaline phosphatase assay (ALP) and alizarin red staining. The obtained results showed that the samples are in glassy state before immersion in SBF and an apatite-like layer has been formed on the surface of SBF-immersed samples after 3, 7 and 14 days. Moreover, Iin vitro experiments demonstrated that the incorporation of Sr and Co in the glass composition bioactive glasses significantly promote osteogenic activity of human osteosarcoma cells without any cytotoxicity effect.
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1. Introduction 

Based on the worldwide spread of bone injuries and disorders, bone regeneration  has become increasingly importanthas founded an important role in clinical setting. It is predictedhas expected that prevalence of bone defects requiring treatment will is doubleed by 2020, due to an the increase in aging population, accidents, congenital genetic abnormalities and obesity [1]. Traditional approaches including autograft, allograft and xenograft are coupled with many restrictions such as donor site morbidity, rejection and disease transmission [2, 3]. Therefore, many types of natural and synthetic biomaterials have been proposed as bone recently used as alternative substitutes stitutes in defected bone tissues to reconstruct and restore the native function [4-6].  Among the different biomaterials, bioactive glasses have gained much attention for bone tissue engineering applications due to their superior advantages, such as great biocompatibility, osteoinductivity and osteoconductivity over conventional bioceramics [7-11]. Today bioactive glasses are used in various applications as a bone blocks, cements and bone void fillers for treatment of disorders such as fractures, bone cysts and tumors [12]. 
In recent years vVarious inorganic ionic species are added to the initial composition of bioactive glasses (SiO2, CaO, Na2O, P2O5) to further improve promote their  biological properties, such as better angiogenesis (blood vessel formation) and or even accelerating wound healing. Among ionic species, strontium (Sr2+) is one of the most attractive ions used to improve osteogenic activity of BGs. This metal ion has been used for many years for treatment of osteoporosis, in the form of known as Strontium Ranelate (SrR) [13-16]. In several prior studies, it has been shown that Sr has a significant role in increasing bone density and reducing fracture risk in humans and other mammalalians [17-20]. Sr ions also accelerates bone regeneration through a binary approach in which deposition of new bone increased by osteoblasts and simultaneously resorption of bone is reduced by osteoclasts [21]. Furthermore, angiogenesis playsed a key role in expediting new bone formation, which is regulated by several growth factors (such as vascular endothelial growth factor) and especially conditions (such as Hypoxia) [22]. To induce angiogenesis through hypoxia, several studies have been conducted in vitro and in vivo [23-26]. In another point of view, Ccobalt (Co2+) as a metal ion is frequently considered for induction hypoxia condition. It has been previously documented that Co induces hypoxia through up-regulation of HIF-1α and vascular endothelial growth factor (VEGF) genes in primary osteoblasts and osteoblastic cell lines [27-31]. Meanwhile, it has been shown that the HIF-1 pathways accelerate bone regeneration by increasing angiogenesis, stem cell differentiation, and fracture repair [16, 31]. As a result, it has been suggested that Co-releasing bioactive glasses can simulate a make hypoxic condition which is then used for activation angiogenesis-related genes and thereby promoting bone tissue regeneration [24, 25, 32, 33]. Previously, Azevedo, et al [26] synthesized Co-containing bioactive glass particles with focus on angiogenesis. Although recent studies provide new information about the effect of Sr and Co in vitro and in vivo, the influence of the simultaneous use of these two elements on structural, physico-chemical and biological activity of glasses is still not still well understood. Therefore, the main goal of this study was to synthesize bioactive glasses using these two elements in the composition structure for the improvement of biological and osteogenesis activities. In addition more multicomponent BGs may inhibit the crystallization of the glasses and facilitate the fabrication of these glasses into porous scaffolds by viscous flow sintering.. 


2. Materials and methods

2.1. Glass synthesis
The BGs Different groups of samples were synthesized based on a multi-component SiO2–P2O5–CaO–SrO–Na2O-MgO-ZnO-K2O system using a melt–quench approach. All of the components, SiO2, P2O5, CaCO3, SrCO3 and Na2CO3 were purchased as analytical grade (Sigma-Aldrich, UK). The components were melted in a platinum–rhodium crucible for 1.5 h at 1400°C in an electric furnace (Lenton, Hope Valley, UK). After melting, the glasses were immediately quenched rapidly poured into water to prevent crystallization. The dried glasses were ground using a vibratory puck mill (Gyro Mill, Glen Creston, London, UK) for 15 min and sieved to a particle size below 38 µm. The different groups were named as Ca, Sr, Ca-Co and Sr-Co and their compositions components are given were listed in Table I.  

2.2. Glass characterization
2.2.1 Differential scanning calorimetry (DSC)
Differential scanning calorimetry (DSC) was used to evaluate glass transition temperature of the samples. For this purpose, the glass powder samples (50 mg) were placed in an inert platinum crucible. An analytical grade alumina powder was used as a reference material. The experiments were carried out in air, using a Stanton-Redcroft DSC 1500 (PL Thermal Sciences, Epsom, UK) at a constant heating rate of 20 K min−1 up to a maximum temperature of 1050 °C.

2.2.2 X-ray diffraction (XRD)
The crystal structure of the samples was determined by X-ray diffraction (XRD) (Philips PW1700 series Automated Powder Diffractometer). The samples were evaluated before and after immersion in simulated body fluid (SBF) fusing an X-ray powder diffractometer equipped with a monochromatized Cu-Kα radiation (Ɵ = 1.54056 Å) in the 2Ɵ range [10°-80°] with a step size of 0.04°.

2.2.3 FTIR analysis
To analyze the samples before and after soaking in SBF, the dried powders were analyzed using Fourier-transform infrared spectroscopy (FTIR) (NICOLET IS10 FT-IR SPEC, Thermofisher, USA). The FTIR spectra were recorded from 400 to 4400 cm−1 with athe resolution of 4 cm−1.

2.2.4 Microscopic observations The shape and surface morphology of the glasses and also the formation of hydroxyapatite layer on the surface of the samples after soaking in SBF solution was evaluated using scanning electron microscope (SEM) (Ttescan, Vvega ts5136MM, CZ). The samples were coated before microscopy by a gold layer. 
 
2.2.5 Particle size analysis 
The particle size distribution of the powders was determined using a laser particle size analyzer device (Mastersizer 2000, Malvern Instruments, UK).

2.3 Bioactivity assessment 
For bioactivity assessment of the samples, a simulated body fluid (SBF) was prepared  according to the method described by Kokubo and Takadama [34]. Briefly, 75 mg of each sample was immersed in 50 ml of the SBF solution and incubated at 37ºC on an orbital shaker (KS 4000i control, IKA, Germany) at a constant agitation of 60 R.P.M for 8 h, 3, 7 and 14 days. At the end of each time period, pH was measured and the solutions filtered through medium porosity filter paper (5 µm particle retention, whatman, USA). Finally, the glass powders treated in SBF were rinsed with acetone (Merck, Germany) to stop any further reaction. Any precipitation or changes in the content was observed during the preparation and preservation of this solution. Table II shows the amount of various chemicals used to SBF preparation. 


2.4 pH measurement
To study the dissolution process of the glass samples, pH changes were recorded at the end of each incubation time. After 8 h, 3, 7 and 14 days, the pH value of the samples were measured using a universal electronic pH meter (Hanna, Italy) that was calibrated according to internal standard operating procedures. 

2.5 Cytotoxicity assay
Human osteosarcoma cell line (SaOS-2) (National Cell Bank, Pasteur Institute) was used to study of biocompatibility of the samples. To do this, we used the standard colorimetric 3-(4,5-dimethyl-2thiazolyl)-2,5-diphenyl- 2H-tetrazolium bromide (MTT) assay. In this study, cells were incubated with the conditioned medium at 37°C for 3, 5 and 7 days. At the end of each time period, the grown cells in 24 well plates were incubated with the MTT solution (5mg/ml) (Sigma-Aldrich, UK) for 4 h at 37°C in a humidified atmosphere of 5% CO2. The yellow tetrazolium salt was metabolized by viable cells to purple crystals of formazan. The crystals were solubilized in dimethyl sulfoxide solution (DMSO) (Sigma-Aldrich, UK). Finally, optical density (OD) was measured using a spectrophotometer (Synergy HT, BioTek, USA) at 570 nm wavelength.

2.6 Cell attachment study
The morphology of the grown cells on the surface of the samples were observed using SEM. Prior to observation, the cell-seeded BGs were washed with PBS three times and fixed in a solution containing 2.5% (v/v) glutaraldehyde (Merck, Germany) in 0.1 M PBS for 2 h. Then, the samples were soaked in 0.1% (v/v) osmium tetroxide (OsO4) (Sigma-Aldrich, UK) in 0.1 M PBS for 30 min, and washed again with PBS. The next step was dehydration of the samples in graded acetone series (30, 50, 75 and 100%) and maintained in 100% acetone before freeze-drying (BOC Edwards, Crawley, UK) for 6 h. Finally, the BGs containing cells were sputter coated with gold and viewed SEM (tescan, vega ts5136MM, CZ) at accelerating voltage of 15 keV. 

2.7 Alkaline phosphates (ALP) activity assay
The osteogenic potential of the synthesized BGs was evaluated using ALP activity assay. ALP is a byproduct of osteoblast activity that identified as  a marker for differentiation and mineralization of osteoblast cells. For this purpose, Saos-2 cells grown in 6 wells plates incubated with a conditioned medium containing 4mg/ml of each sample (RPMI-1640, Gibco, USA) at three time periods 7, 14 and 21 days. At the defined time periods, the supernatants were removed and the cells were lysed using Tris-Triton buffer (20mM Tris, 0.5% Triton X100). The cell lysates were incubated with ALP solution (para-Nitrophenylphosphate (pNPP) Liquid Substrate System, sigma, USA) at 37 ºC for 30 min. After incubation, optical density of the samples was read at 450 nm using a microplate spectrophotometer (Synergy HT, BioTek, USA). Finally, a standard curve was plotted using p-nitrophenol (pNP) to determine ALP concentrations. ALP concentration was normalized to the cell densities obtained using the WST-8 assay.

2.8 Bone-like mineralization ability 
Formation of mineralized calcium in the cultures was detected using alizarin red S staining. Calcium mineralization is mostly considered as a marker for late differentiation of osteoblast cells. SaOS-2 cells were cultured in the conditioned medium supplemented with 10 % FBS and 1% penicillin/streptomycin (RPMI-1640, Gibco, USA) for 14 days at 37 ºC in humidified air with 5% CO2. After incubation, the cells were washed using PBS and then fixed in 4% Paraformaldehyde for 30 min. Next, the cells were stained using 40mM alizarin red S solution (pH= 4.2-4.4) for 45 min at room temperature in the dark. Finally, the cells were extremely washed using distillated water and viewed using an inverted microscope (Olympus, Japan). 

2.9 Statistical Analysis
The quantitative results from the MTT tests and ALP assay were analyzed using one-way ANOVA test (SPSS, version 17) to determine whether there are any differences (P ≤ 0.05). 


3. Results and discussion

During the last few decades, different types of bioactive glasses have been widely studied due to their therapeutic potential in bone repair and regeneration. The use of these biomaterials has become a common practice in the clinical setting and some compositions types of them are commercially available in the market [9]. Current studies have focused on development of BGs glasses with improved the ability to induce osteogenesis and angiogenesis activity in vitro and in vivo. For this purpose, several approaches have studied and in most recently some elements such as Sr and Co are added to the basic structure of glasses [21, 25]. In recent years, an increasing number of studies have focused on using Sr and Co in the fabrication of ed porous bone tissue engineering constructs [26]. Although these studies provide new information about the effect of Sr and Co in vitro and in vivo, the influence of the simultaneous use of these two elements on osteogenesis is not still well understood. Therefore, the main goal of this study was synthesis of bioactive glasses using these two elements in the composition structure for the improvement of osteogenesis activity. Using the melt-derived method, four different glasses having different composition (Shown in Table.1) were successfully synthesized, in which Sr and Co replaced with Ca in different percentages. 
The oXRD btained results indicated that the structure of all the glasses were amorphous before soaking in SBF solution. To study the formation of an apatite-like layer on the glasses' surfaces, the samples were incubated in SBF solution for 8 h, 3, 7 and 14 days. As described in details by Hench[10], bioactive glasses have the ability to bond to native bone tissue through the formation of a hydroxycarbonate apatite (HCA) layer on the glass surfaces, thereby stimulating osteogenesis activity. In our study, the presence of the HCA layer is obviously visible on the samples' surfaces that is consistent with the results of XRD, FTIR analysis. 
The results of bioactivity test (SBF) revealed that the HCA layer was formed on all the samples after three3 days of incubation. In addition to examining the structural features such as glass-transition temperature, we investigated the biological properties of the samples on the proliferation and activity of human osteosarcoma cells using MTT test, ALP assay and Alizarin red staining, in which no cytotoxic effects were observed. Alkaline phosphatase (ALP) assay was used to evaluate of effect the glasses on osteoblast cell activity and Alizarin red staining was performed to detect bone like nodules. The obtained results revealed that the incorporation of Sr ion to the glass structure promotes the activity of osteoblast cells and incorporation of Co (0.5 mol%) does not have any toxic effect on cells.
The results of differential scanning calorimetry (DSC) exhibited that there are two apparent glass transition temperatures (Tg) for each sample, which could be related to separate phosphate rich and silica rich phases as a result of amorphous phase separation groups (see Fig.1). However the second apparent Tg was not so marked and changed temperature on going to a larger particle size. This suggests that Tg2 is not a second Tg but is associated with the sintering of the fine glass particles during heating in the DSC. By substituting Sr with Ca, the glass transition temperature (Tg) shifted towards lower temperatures, (Tg) which is consistent with previous studies [21] and Fredholm et al. [ref?] has associated this effect with the larger size of Sr2+ cation compared to Ca2+ and the resulting expansion of the glass network. In agreement with previous data . the As previously shown, incorporation of Co in the glass structure has no significant effect on the Tg of the glasses [26].
???? COULD EXPAND THIS PART TO DISCUSS THE DSC TRACES Tc values Processing Window Etc AND THE POTENTIAL OF THESE GLASSES FOR FORMING POROUS SCAFFOLDS. WOULD NEED TO ADD TO TABLE III AND POSSIBLY INCLUDE A DSC TRACE.

X-ray diffraction (XRD) patterns of the glasses before and after immersion in SBF are have been shown in Fig.2 (a-d). The XRD results of the samples before immersion in SBF confirmed that the samples are amorphous. There is a slight shift in the amorphous scattering maxima to lower two theta values on substituting Sr for Ca which is expected as a result of the larger size of the Sr2+ cation compared to Ca2+ which was also found by Fredholm et al{?]. Whereas, XRD patterns of the samples immersed in SBF solution showed that an apatite-like layer formed on the surfaces. Several studies have shown that HCA layer formation results in causes a peak at 2θ = 30-3332° in XRD pattern of materials [10, 35]. In addition the hkl = 002 diffraction line for apatite at approximately 25.8o is alo present. Accordingly, all the glasses have formed an apatite-like phase between 8h to 3 days and a broad peak centred observed at 2θ = 32° corresponding to hydroxyapatite formation (hkl = 211, JCDPS card 9-0432). There was no significant shift in the diffraction main lines to lower two theta values on inclusion od strontium in the BG. This may reflect that the level of strontium substitution for calcium in the apatite lattice is low due to the relative low strontium content in the BG and the fact that a lot of calciumpeaks at 32 and 54º angles.to form the apatite comes from the SBF. A new The amorphous peak corresponding to silica gel formed as a result of condensation repolymerisation of the silica occurs at approximately 2θ = 26° after immersion observed for all the samples. This peak grows in intensity with increasing immersion time for all the BGs.

Fourier transform infrared spectroscopy (FTIR) was performed on the samples before and after the SBF biomineralization study.  Fig. 3 shows the spectra of is related to the glasses before soaking in SBF and Figure 4 shows the spectra after in which different time periods  after immersionhave been monitored. As shown in Fig. 4 a, b, split bands appear after immersion at about 560 and 600 cm-1 consistent with apatite formation at 7 and 14 days of incubation. The results arewere in agreement with XRD data showing formation an apatite-like layer on the surfaces [35, 36] .The presence of Sr and Co ions in the glass composition structures causes a delay in the formation of HCA layer, which was also reported in some previous studies [26]. 
Fig. 5 shows SEM micrographs of the glass powders and give information on the shape and surface morphology of the glass samples before incubation in SBF solution.  The results of soaking of the BGs in SBF further supportedclarified that an apatite-like layer was well formed on the surfaces. SEM images of the SBF-immersed BGs are shown in Fig. 6, where HCA layer formation shows a hierarchical progress with regard to apatite layer formation. After 8h immersion in SBF, only the beginning of the process of the apatite layer formation was seen, while in other time periods (days 3, 7 and 14) the layer has fully developed (Fig 6). These results are in accordance with ISO 23317 (Implants for surgery) that states the glass must be bioactive in less than 4 weeks [37].

The results of static light scattering (SLS) analysis exhibited that mean diameter of the synthesized BG powders was 9.2 μm and 90% particle size distribution was around 23.2 μm, which is in agreement with the observations with the SEM (see Fig. 5). There was no significant variation with glass composition.

The results of pH changes are shown in Fig.7. As can be seen, there was no significant difference between the glasses at the end of different incubation times of 8 h and day 3. While, in day 7, the highest pH value was related to the samples containing Sr ion (Sr and Sr-Co). In day 14, although the highest pH values were observed in glasses containing Sr and Sr-Co, the values of all samples had been closer to each other at earlier times. It is known that the increasing pH values during the first three days is related to partial dissolution at the glasses' surfaces as a result of  the high reactivity of these biomaterials[10]. These events concur with the process of HCA layer formation on bioactive glasses and glass ceramics in which an ion interchange takes place between Ca2+ and H3O+ from the solution in early stages. These interchanges cause an increase in the pH value that favors the formation of apatite nuclei on the silanol groups on the surface. This is an approved procedure about HCA formation on bioactive glass which has been already documented [38]. 
The results of MTT assay, shown in Fig.8, demonstrate that there is no significant cytotoxicity effect on the cells. The best results were related to Sr-containing glasses (SR, Sr-Co) which is in agreement with previous studies indicating SrR promotes osteoblast proliferation [14, 20]. Along with increasing the incubation time, better cell proliferation rate is visible in Sr-containing samples compared with the other groups. This suggests that Sr ions released from the Sr-containing samples enhances metabolic activity within Saos-2 cells more than that caused by the presence of standard glass ions [39]. Our results indicated that the incorporation of Co2+ ion at 0.5 mole % mol is not cytotoxic, but this ion element at higher concentrations may cause cell toxicity [25].
SEM images showed that the SaOS-2 cells have well attached well to the surface of the samples (see Fig. 9). The alkaline phosphatase (ALP) activity of the SaOS-2 cells cultured in the presence of the conditioned media showed that all the samples increased the ALP level. The findings are consistent with the results of other studies indicating bioactive glasses enhance the osteogenic activity through the induction of osteoblast markers like as ALP [40]. ItThis has been previously shown that the main components of bioactive glasses such as phosphate, silicon and calcium are able to up-regulate genes related to bone formation [8]. As shown in Fig.10, ALP activity of the Sr-containing glasses (Sr and Sr-Co) was higher than the other groups. A similar trend was observed in all the groups after 7, 14 and 21 days of incubation. 
	The results of Alizarin Red S staining (Fig.11) showed that calcium deposition was visible in Ca-containing samples (Ca and Ca-Co glasses). This was predictable that Ca-containing glasses increase calcium deposition in the cultures through increasing the release of calcium ions into the cell culture medium which is in line with previousior studies [41]. 


4. Conclusion
In the present study, a series of bioactive glasses containing different amounts of strontium and cobalt elements were successfully synthesized using a melt-derived route. The XRD results showed that all the glasses produced were  amorphousin their glassy state. The in vitro studies showed the bone-like apatite formation capability of the glasses and cellular studies revealed that the glasses do not have any cytotoxicity with on human osteosarcoma cells (SaOS-2). However, the number of cells reduced in some samples when dissolution rate of calcium, strontium, cobalt ions were higher, as a result of a quick increase in the pH of the medium The osteogenic properties of the glasses were confirmed by Alkaline phosphatase (ALP) assay and Alizarin Red S staining. It was shown that the Sr-containing samples increased ALP enzyme, while the Ca-containing samples promote bone nodule formation in vitro. This study also confirmed that the BGs are capable to promote osteogenesis in vitro. To verify potential of the BGs in improvement of bone regeneration and angiogenesis, an in vivo study is currently under investigation and the results will be published as a follow up report to this article.
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[image: E:\مقاله\ph.d\Paper 1\bio glass synthesis\RESULT\paper pic\DSC.jpg]Fig.1. Glass transition temperature (Tg) of the BGs determined by DSC analysis. A slight delay is visible in the Sr-containing glasses (Sr and Sr-Co).
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Fig. 2. XRD spectra of the BGs before and after incubation in simulated body fluid (SBF) for 8h, 3, 7 and 14 days; (a) Ca glass, (b) Sr glass, (c) Ca-Co glass and (d) Sr-Co glass. The formation of hydroxyapatite like layer is visible in all the glasses after 3 days of incubation in SBF solution which can be seen as a sharp peak at 2θ = 32° (**). Another peak is seen at 2θ = 26° that related to silica gel (*).
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Fig. 4. FTIR spectra of the BGs after incubation in simulated body fluid (SBF) for 7 (left side) and 14 days (right side). FTIR spectra of the Ca glass (a); FTIR spectra of the Sr glass (b); FTIR spectra of the Ca-Co glass; (c); FTIR spectra of Sr-Co glass (d). A split band around 586 to 603 is related to Hydroxyapatite like layer formation on the glass’s surface.
Fig.3. FTIR spectra of the BGs before incubation in simulated body fluid (SBF). FTIR spectra of the Ca glass (a); FTIR spectra of the Sr glass (b); FTIR spectra of the Ca-Co glass (c); FTIR spectra of  Sr-Co glass (d)

[image: E:\مقاله\ph.d\Paper 1\bio glass synthesis\RESULT\paper pic\SEM\Powder Shape.jpg]Fig.5. Scanning electron micrographs of the different BGs powders. Morphology and shape of the particles is visible. (Scale bar: 20μm)
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Fig.6. Scanning electron micrographs of the melt-derived BGs surface after immersion in SBF at 8h, 3, 7 and 14 days. Formation of Hydroxyapatite like layer on the glasses surface is visible and along with increasing incubation time, a greater amount was formed.  
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Fig.8. MTT activity of human osteosarcoma cells, Saos-2, treated with dissolution ions from the glasses particles (4mg/ml). Data represent mean + standard deviation and indicate higher MTT activity in control group compared to the experimental groups. There was no significant difference among the experimental groups and control group over the time periods.
Fig.7. Variations of pH value of SBF solution after incubation with the BGs particles for 8h, 3, 7 and 14 days. A similar trend can be seen in all the samples.

[image: E:\مقاله\ph.d\Paper 1\bio glass synthesis\RESULT\paper pic\SEM\cell attachment (2).jpg]Fig.9. Scanning electron micrographs of SaOS-2 cells cultured on the BGs surface after 5 days of incubation. Arrows show the cells expanded on the glass’s surface.

[image: E:\مقاله\ph.d\Paper 1\bio glass synthesis\RESULT\paper pic\alp.jpg]
Fig.10. ALP activity analysis for human osteosarcoma cells (Saos-2) cultured in the conditioned medium (4mg/ml of each glass) after incubation for 7, 14 and 21 days. Compared with control group, ALP value has been increased in the experimental groups which was significantly different to control group (one-way ANOVA with Tukey–Kramer post-test) with P=<0.001 (*) where n = 3±SD.


[image: E:\مقاله\ph.d\Paper 1\bio glass synthesis\RESULT\alizarin red\Alizarin red (2).jpg]Fig.11. Light micrograph of SaOS-2 cells cultured in the conditioned media (4mg/ml of each glass). After 14 days, the cells were stained with alizarin red S solution for observation of presence of calcium deposits i.e. mineralization. Compared with other groups, bone like nodules have been obviously formed in Ca- containing glasses. (Scale bar: 50μm)




19

image1.jpeg
Heat Flow/mcals

S o & bhNoOoN B

-12+
500

550

600 650 700 750 800 850 900 950 1000 1050 1100
Temperature (°C)




image2.jpeg
(d)

After 14 days

%M After 7 days

bt e st Al it

After8h
Before SBF

Intensity (a.u)

20 25 30 35 40 45 50 55 60

Degree (20)




image3.jpeg
()

Intensity (a.u)

0 45

Degree (20)

After 14 days

Alter 7 days
Afier 3 days
After8h

Before SBF




image4.jpeg
(b)

Intensity (a.u)

2 25 3 35 W a5 50

Degree (20)

0

After 14 days

At 7days

After 3days
Afier s

Before SBF




image5.jpeg
(a)

Intensity (a.u)

After 14 days

After 7 days

Afer 3 days

[ AN et A 81

Before SBF

20 2 30 35 4 45 50

“
Degree (20)




image6.jpeg
()

440 103
wvv.—_—\ww(‘l,

S N

= o ke

o

2 ©)

g W

- 40 A

g (b

g 7 L3 %

=] 1656 Y sm

—v—————w\.,\/-—vw

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm)




image7.jpeg
3440 1039

P | | (@

S W

z o3 e

H

g ©

£ ~—— X MASANR A Y

= 2540 o

g

§ (b)

s PN
‘N-\/.v—\,.m

4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumber (cm-1)




image8.jpeg
Transmittance (%)

1000,
~a)
920
3
4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500

‘Wavenumber (cm-1)

(@

(©)

(b)

(@)




image9.jpeg




image10.jpeg
8h 3 days 7 days 14 days

Sr

Ca-Co

Sr-Co





image11.jpeg
Optical density (OD)

%!
18780

Sr-Co

Day 7




image12.jpeg
pH

7.8

7.74

7.6 -+ Sr-Co

7.54 -+ Sr

7.4 =+ Ca-Co
- Ca

7.3

7.24

7.14

7.0 T T T T

8h Day 3 Day 7 Day 14

Time





image13.jpeg




image14.jpeg
(51192 ,01/3w) 4TV

Time




image15.jpeg
Control

Ca-Co Sr-Co





