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Abstract  

      Akermanite-based glass ceramics were prepared with /without   Ag2O. Different techniques (DTA, XRD, SEM, and FTIR) 

are used for the characterization of the synthesized samples. For all prepared glass-ceramic samples, bioactivity, degradation, 

and ion release were tested in simulated body fluid (SBF). Also, the antibacterial effect was tested with Staphylococcus aureus, 

Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa. Moreover, the cytotoxicity against the normal fibroblast 

(Wi-38) cell line was studied. DTA shows the addition of Ag2O lowered the glass transition temperatures to a little extent. the 

XRD results show that raising the sintering temperature from 900 ˚C to 1000 ˚C led to more crystallinity of Akermanite, 

cuspidine, and monticellite phases.  The microstructure shows submicron crystals in a glassy matrix.  After immersion in SBF, 

nano- and submicron particles of hydroxyapatite were detected in all samples. The integration of silver in the samples enhanced 

their ability to form hydroxyapatite and increased their antibacterial activity. Cytotoxicity test indicated that all samples up to 

concentration 125 um/ml had no toxic effect on cells and could be safely used as biocompatible materials. 

 

Keywords:  Akermanite based glass ceramic; Ag2O; bioactivity; antibacterial; cytotoxicity  

1. INTRODUCTION 

The regeneration of bone defects results from several 

reasons including necrosis, chronic inflammatory injury, 

osteoporosis, accidents, trauma, and infections in bone 

tissue engineering, which is a biomedical challenge 

worldwide due to the aging population [1]. Some specific 

compositions of glass ceramics and bioactive glasses 

have been shown to develop contact with both hard and 

soft tissues [2]. Dr. Larry L. Hench was the first to 

discover the bioactive glass. Hench offered the idea that 

a synthetic material that can produce hydroxyapatite 

(HA) structure on its surface would be more 

biocompatible than metals or polymers that the body 

rejects [3]. Later, this particular glass was known as 

Bioglass.  Silicate-based ceramics and bioactive glass 

ceramics are widely investigated in the biomedical field 

[4]. These materials have higher degradation rates and 

mechanical strengths when compared to phosphate-

based bioactive glass ceramics such as hydroxyapatite 

(HA) [5]. Elements, such as Ca, Mg, and Si, in the glass-

ceramics play an important role in the formation of bones 

in the body [6]. Calcium is the main constituent 

formation element of the bones and teeth, magnesium is 

important for regulating bone development, 

maintenance, and repair, and silicon is also a necessary 

component that plays an important role in the 

development of the skeleton [7,8]. 

       Akermanite (Ca2MgSi2O7), a silicate-based 

bioceramic, exhibits good in vitro bioactivity, 

mechanical characteristics, and biocompatibility [9]. 

Akermanite is a type of silicate with the formula 

Ca2MgSi2O7 that is more commonly used in the field of 

biomaterials due to its excellent ability to form 

hydroxyapatite, osteogenesis, and angiogenesis in vivo 

and in vitro [10,11]. Akermanite (Ca2MgSi2O7) were 

employed by certain researchers and their findings that 

after soaking the akermanite in (SBF) for 10 days, 

hydroxyapatite (HAP) was created. This study showed 

that akermanite had the ability to generate apatite and 

might be used to create novel biomaterials which 

stimulated osteoblasts [12]. Additionally, according to in 

vivo experiments, akermanite bioceramics significantly 
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boosted osteogenesis and angiogenesis in a rat model 

with a serious calvaria deficiency. where akermanite 

bioceramics act as prospective biomaterials for 

osteoporotic bone regeneration due to the effects of Mg 

and Si ions on osteogenesis, angiogenesis, and osteoclast 

genesis [11]. 

Akermanite can be prepared either by dry or wet 

methods. However, in the current work, akermanite-

containing glass was prepared via a melt quenching route 

[13] due to its ease of milling and low cost for akermanite 

synthesis, which has greater homogeneity when 

compared to wet-chemical processes such as sol-gel, 

precipitation, and hydrothermal [14,15]. 

     Implantation in the human body may be accompanied 

by the risk of bacterial adherence and colonization on the 

implant's surface, which may result in implant failure and 

bacterial infections [16]. Many researchers have studied 

bioactive glasses doped with silver as an antibacterial to 

prevent bacterial infections that can lead to implant-

associated diseases [17,18]. In this consequence, the use 

of silver-doped bioactive glass has proven beneficial in 

preventing bacterial action [19]. However, glasses 

containing 2 wt % Ag were toxic to cells, whereas those 

containing 0.75 and 1 wt % are not [20]. Silver's 

antibacterial activity is well established, and its 

mechanisms as antimicrobial activities have been 

proposed in the following points: (1) electron transport 

interference; (2) binding with the components of the cell; 

(3) interaction with DNA and causing damage [21]. It has 

been suggested that incorporating silver ions into the 

structure of bioactive glass ceramics has improved their 

bioactivity [17]. 

      The goal of the current study was to create and 

characterize akermanite using the low-cost raw materials 

limestone and silica sand. Because akermanite contains 

more calcium, magnesium, and silicon, it can release 

more ions, speed up the precipitation of apatite, and thus 

have higher bioactivity. Calcium fluoride was added to 

the system as a catalyst, in addition to its antibacterial 

activity. Furthermore, the silver oxide was added to 

glass–ceramic in different quantities (0.5 and 1.0) to 

study the effect of silver doping on morphology, 

degradation, and SBF bioactivity. Finally, the 

antibacterial and cytotoxic properties of the prepared 

samples were also evaluated. 

 

2. Materials and methods  

 

2.1. Materials and preparation of glass-ceramic  
The parent glass batch was designed to give an 

akermanite (Ca2MgSi2O7) phase, however, 5% Na2O was 

added to lower the melting temperature. The starting 

materials were limestone (its chemical constituents in wt. 

% are   CaO: 55.70, SiO2: 0.15, Al2O3: 0.22, Fe2O3: 

0.02. TiO2: 0.01, MgO: 0.02, Na2O: 0.01, K2O: 0.16 and 

loss ignition 44.02) silica sand SiO2 (99.4 SiO2, 0.04 

CaO, 0.01 K2O, 0.12 Fe2O3, 0.03 SO3), MgCO3 (Fluka 

Chemika, 98%-Switzerland), CaF2 was added as catalyst 

(Laboratory Supplies Poole, BHI15ITD, Germany) and 

Na2CO3 (Fluka Analytical, Sigma-Aldrich, Germany ). 

Silver oxide Ag2O (Spectrum, USA) was added to the 

base composition, over 100 g glass oxide, in two ratios 

(0.5 % and 1%). Table 1 shows the chemical 

compositions of glass samples in terms of oxide weight 

percentage. Each batch was mixed in an agate ball mill 

for 5 hours.  

Table 1 Glass batch compositions with and without 

Ag2O. 
Sample code Chemical Composition 

Wt % 

Additions over 100g 

glass oxide 

CaO MgO SiO2 CaF2 Na2O Ag2O 

Ak0 19.04 13.67 40.94 26.50 4.28 ----- 

AK0.5Ag 19.04 13.67 40.94 26.50 4.28 0.5 

AK1.0Ag 19.04 13.67 40.94 26.50 4.28 1.0 

The well-admixed homogenized batches were 

melted in a platinum crucible in the 1350 -1400 oC range 
range for 2h in a globar furnace. The bubble-free melted 

glass was poured and quenched in normal distilled 

(containing little ethyl alcohol) water. The glass frits 

were dried and then powdered using a ball mill to get 

glass in the form of powder in grain size < 0.083 mm. 

The later glass powder was shaped in discs (diameter 

1cm) using a stainless mold with uniaxial pressure at 20 

KN and a polyvinyl alcohol powder (PVA) 7 % was 

added as a binder. The shaped discs were separated into 

two groups, one sintered at 900 ˚C and the other at 1000 

˚C for 2 hours with a heating rate of 10 ˚C /min.  

 

2.2. Characterization  

       Micro Differential Thermal Analysis (DTA, 

Shimadzu DTG-60H-Japan) was employed to track the 

transformation and crystallization temperatures of glass 

powder (size < 0.35 mm) at a rate of heating (10 ˚C/min). 

For identification of the formed crystalline phases, x-ray 

diffraction analysis (XRD, x-ray diffractometer model 

BRUKER Axs, D8 ADVANCE, Germany) was used. 

The morphology of the sintered glasses and their 

elemental microanalysis were investigated with scanning 

electron microscope coupled with energy-dispersive x-

ray microanalysis (SEM/EDX SEM Model Quanta Fei, 

250, Holland). Fourier transform infrared spectroscopy 

(FTIR, JASCO Asia Portal-FT/IR-4600 FTIR 

Spectrometer) was used to get the functional groups that 

existed in the samples. The infrared reflection spectra of 

sintered samples were measured at room temperature (20 

˚C) between 400 and 4000 cm-1 wavenumbers with a 

resolution of 2 cm-1. A gas Pycnometer was used to 

determine the real density of the sintered samples. The 

samples' weight was first determined using a digital 

balance (4 digits). The gas pycnometer method 

determines the real density by measuring the sample's 

real volume. (Upyc 1200e V5.03 Quantachrome 

Instruments) 
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2.3. Biodegradation and bioactivity evaluations 

            The biodegradation and the ability of synthesized 

glass ceramic to form hydroxyapatite were carried out for 

the samples that sintered at 1000 ̊ C in the simulated body 

fluid (SBF), prepared according to Kokubo and 

Takadama [22] and adjusted at pH 7.4 (37°C). For the 

bioactivity test, the sintered samples were soaked in SBF 

for 14 and 28 days. Moreover, the degradation process 

was monitored by the measurement of weight loss 

according to equation (1) and the pH variation of the SBF 

solution. The measurement of the variation of calcium, 

magnesium, and phosphorous ions released from the 

samples into SBF after different periods was also carried 

out and analyzed using an inductively coupled plasma 

optical emission spectrometer (ICP-OES). The formation 

of the hydroxyapatite layer on the surface of the sintered 

samples was verified by using SEM, EDX, and FTIR. 

Weight loss %= (W0-Wt/W0) X100             (1) 

Where W0 is the mass of the sample before immersion 

on SBF, and Wt is the mass at the immersion time (t).  

2.4. Antimicrobial activity 

Antimicrobial activity of the prepared sintered 

akermanite based glass ceramic samples was performed 

on Gram-positive bacteria (Staphylococcus aureus) and 

also Gram-negative bacteria (Escherichia coli, Klebsiella 

pneumoniae, and Pseudomonas aeruginosa) using the 

agar diffusion method [23]. Several human pathogenic 

bacteria were employed as the test specimens, according 

to (Perez et al. (1990). A pure culture of the test 

specimens was subcultured in nutrient broth, and the 

strain was then uniformly layered with Muller-Hinton 

agar on sterile petri plates. Using a sterile cork-borer, a 6 

mm diameter circular well was created in plates. There 

were (100 µl) in the well. The plates were incubated at 

37 ºC overnight to test the antibacterial activity, and the 

zones of inhibition were quantified (positive control was 

an antibiotic, while the negative control was distilled and 

sterilised water), [24,25].The tested microorganisms 

were isolated and identified at the microbiology unit et 

al.-Azhar University, Cairo, Egypt.  

2.5. Cytotoxicity assessment 

The cytotoxicity of the prepared samples was 

determined using normal human lung fibroblasts (Wi 

38), by using (MTT protocol) To create a fully formed 

monolayer sheet, 1×105 cells/ml (100 ul/well) of cells 

were added to the 96-well tissue culture plate. This was 

then incubated at 37 °C for 24 hours. Confluent sheets of 

cells were generated, growth medium was decanted from 

96-well microtiter plates, and the cell monolayer was 

twice washed with wash media (two-fold dilution) 

prepared in medium with 2% serum (maintenance 

medium) Three wells served as the control and received 

only maintenance medium while 0.1 ml of each dilution 

was tested in the remaining wells. The plate was tested 

after an incubation period of 37 °C. Cells were examined 

for any physical toxicity indicators, such as (partial or 

complete loss of monolayer, rounding, Shrinkage, or cell 

granulation). Each well received 20ul of MTT solution, 

which was then well mixed into the medium for 5 

minutes on a shaking table at 150 rpm. The media was 

then incubated (at 37 °C and 5% CO2) for 1–5 hours to 

allow the MTT to be metabolised. then removed the 

media, dried the plate if necessary, to get rid of residue, 

and redissolved the formazan (MTT metabolic product) 

in 200ul DMSO. The formazan and DMSO were then 

properly mixed by being shaken table at 150 rpm for five 

minutes to completely blend the solvent and the 

formazan. Finally, optical density values were recorded 

at wavelength 560 nm and  subtract background at 620 

nm, whose optical density should be directly correlated 

with cell quantity[26]. 

2.6. Statistical analyses 

All data were presented as means of standard deviation 

(SD) for n = 3 and analyzed using standard Student's t-

test and two-way ANOVA, with Tukey's test for post hoc 

pairwise comparisons, using the Instant and Prism 

software package (GraphPadSoftware, Inc., San Diego, 

CA, USA). The significance level is chosen at p< 0.05. 
 

3. Results and discussion 

3.1.  Characterization of the glass samples 

The DTA curves of the prepared glass AK0, and 

AK1.0Ag (Figure 1), show that the addition of 1%of 

Ag2O to the composition of the glass leads to a minor 

change in each of the softening (endothermic) Ts ◦C and 

exothermic Tc ◦C temperatures to a lower temperature. 

The TS temperature was reduced from 600 ◦C in AK0 to 

578 ◦C in AK1.0Ag. In the same manner, the TC 

temperature decreased from 830◦C to 817 ◦C [27]. 'This 

might be owed to the relative melting point of Ag2O, 

wich is about 300oC. This in turn   decreases the metling 

temperature of the Ag2O containing samples. 

  

 

Figure 1: DTA curves of the AK0 and AK1.0Ag 

glasses. 
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Figure 2 shows the XRD patterns of the prepared glass 

samples that sintered at 900 ◦C / 2 hr (Figure 2a) and 

which sintered at 1000 ◦C /2 hr (Figure 2b). At 900 ◦C 

/2h, the XRD pattern reveals a clear amorphous glassy 

matrix containing little phases of akermanite 

[Ca2Mg(Si2O7), tetragonal,  ICDD 87-0052]  and 

cuspidine [Ca4Si2O7(F, OH), ICDD 85-1334]. Raising 

the sintering temperature to 1000 ˚C/2h led to more 

crystalline phases of akermanite [Ca2Mg(Si2O7), 

tetragonal,  ICDD 87-0052]  and cuspidine [Ca4Si2O7(F, 

OH),   ICDD 85-1334], in addition to the minor 

appearance of monticellite [ CaMgSiO4, orthorhombic, 

ICDD 84-1325 ]. As clear from the XRD pattern the 

incorporation of Ag2O in the prepared samples either at 

0.5 or 1% did not cause the development of any 

additional phases.  

The samples that sintered at 1000 ◦C have been approved 

for later characterization, and their bioactivity, 

antibacterial effect, and cytotoxicity were evaluated.  

 
 

Figure 2(a): X-ray diffraction patterns of the 

prepared glass heat-treated at 900 ˚C/2h.

 

Figure 2(b): X-ray diffraction patterns of the 

prepared glass heat-treated at 1000 ˚C/2h. 

The SEM micrographs and EDX analysis of the 

prepared Akermanite-based glass ceramic with and 

without Ag2O (AK0, AK0.5Ag, and AK1.0Ag) are 

shown in (Figure 3) The microstructure of the AK0 

sample shows irregular particles with clear edges that are 

shown as either connected or unconnected ridges, and, 

nano-size wormy-like particles (100-200 nm) between 

these particles. The micrographs of AK0.5Ag show 

connected clusters of short interlocked radiated particles 

with some euhedral crystals in between. On the other 

hand, clear clusters containing interlocked euhedral 

crystals and some of which have octahedral marking in 

AK1.0Ag. Additionally, EDX analysis (Figure 3) shows 

that all samples displayed the primary peaks of 

akermanite, which are calcium, magnesium, and silica. 

Additionally, there is a little appearance of silver peaks 

in AK0.5Ag and AK1.0Ag. 

The FTIR spectrum of the glass ceramic prepared 

samples (Figure 4), shows O-Ca-O bending mode at 418- 

423 cm−1 [28] and bending O-Mg-O at 469-475 cm−1. 

The band at 579 cm−1 shows the presence of the Ca=O 

group. The O-Si-O peak was noticed at 683 cm−1 which 

is attributed to normal vibration modes of Si-O in the 

SiO4
-4 group. Other bands at 893 cm-1 and 989 cm−1 

show the Si-O stretching phases [29]. Also, a broad 

moisture absorption band was noticed at 3422 cm-1. The 

incorporation of Ag2O into the akermanite-based glass-

ceramic structure did not alter any functional groups. 

 
Figure 4: FTIR spectrum for AK0, AK0.5Ag, and 

AK1.0Ag samples before immersion in SBF 

3.2. In vitro, biocompatibility and antibacterial of 

sintered glasses. 

The bioactivity of sintered glasses heat-treated at 1000°C 

was tested by immersing them in SBF for 2 and 4 weeks. 

The surface of the produced samples was examined using 

thin film XRD, SEM/EDX, and FTIR. Studies of 

degradation and change in densities were also done. 

3.2.1. SEM/EDX analysis 

SEM micrographs of the surface of the synthesized 

samples sintered at 1000 °C/2h after soaking in SBF for 

14 and 28 days are shown in Figures 5 and 6.   

From the figures, it is obvious that all prepared samples 

have the ability to form hydroxyapatite on their surfaces, 

and by increasing the immersion time in SBF the surfaces 

of all examined samples are mostly covered by spherical 

particles of nanosized or submicron hydroxyapatite. 

Also, it can be noticed that the incorporation of Ag2O in 

the samples enhanced their bioactivity either after 2 

weeks or 4 weeks in SBF [30,31] 
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Figure 3: SEM micrographs and EDX microanalysis of AK0, AK0.5Ag and Ak1.0Ag samples. 

 

 
 

Figure 5: SEM micrographs of AK0, AK0.50 Ag and AK1.00Ag samples soaked in SBF for 2 weeks. 

 
Figure 6: SEM micrographs and EDX microanalysis of AK0, AK0.50 Ag and AK1.00Ag samples soaked in SBF 

for 4 weeks. 
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The EDX microanalysis of the sample surface after 

immersion in SBF shows formation of a phosphate-

containing layer [Fig. 6]. The ratios between Ca/P after 

4weeks of immersion were 2.91(AK0), 

1.99(AK0.50Ag), and 1.88(AK1.00Ag). It is clear that 

the incorporation of Ag in the parent glass increases the 

phosphate ratio on the sample surface and enhanced the 

precipitation of hydroxyapatite on the surface of them. 

So, the Ca/P ratios are lower for samples containing 

silver by comparison to that do not. The decrease in this 

Ca/P ratios makes it closer to the stoichiometric ratio of 

HAP (1.67). 

When the sample is submerged in SBF, the surface starts 

to produce silanol groups (Si-OH) as a result of the action 

of Si exchange with H+ from the SBF solution. This 

group acts as a nucleation location for the calcium 

phosphate layer that will eventually form hydroxyapatite 

[32],the incorporation of Ag in the parent glass increases 

the phosphate ratio on the sample surface which reflects 

the formation of the hydroxyapatite layer because silver 

improves their biological activities, silver ions have been 

known to have strong inhibitory and bactericidal effects. 

Silver-doped glass and ceramics are expected to be 

candidates for antibacterial since they show high 

chemical durability and bioactivity improvement. 

2.2. FTIR of the samples after soaking in SBF 

Figure 7 shows the FTIR spectrums of AK, 

AK0.5Ag, and AK1.0Ag glass-ceramic samples after 

being immersed in SBF for 2 and 4 weeks. The FTIR 

spectra reflect the production of the HA phase on the 

surface of all samples post-immersion in SBF. Because 

hydrolysis of calcium and magnesium occurs in the early 

stages of bioactivity research, both O-Ca-O and O-Mg-

O bands have entirely disappeared in AK0 and have been 

replaced by the phosphate group. In addition, the relative 

positions of various functional groups, such as Ca-O, O-

Si-O, and Si-O, gradually reduced. The bioactivity after 

2 weeks shows bending vibration of phosphate groups 

that was noticed at 450 - 520 cm-1    and 600-610 cm-1   

while stretching vibration of a phosphate group at 1028 

-1089 cm-1 is observed on spectra of the samples 

immersed for 2 weeks and increased at 4 weeks, which 

indicates the formation of HA layer on the surface of the 

immersed samples [33]. In the case of Ag- containing 

akermanite samples, a gradual decline in substrate bands 

and a progressive increment of phosphate band intensity 

of HA were observed after 2 weeks and completed at the 

end of four weeks in AK0.50Ag and AK1.0Ag samples 

[15].  

Bending vibration of absorbed H2O was found at 

1644 - 1679 cm-1   for all samples in all periods of 

immersion in SBF and abroad stretching vibration of 

hydrated OH absorbance peak was found to correspond 

to 3385 - 34883 cm-1 [34,35] (Fig. 7). The substantial 

growth of more crystalline hydroxyapatite occurred after 

14days and continued until the end of four weeks, 

identifying the soaking duration-dependent behaviour of 

akermanite. 

 

Figure 7: FTIR spectrum for AK0, AK0.5Ag, and 

AK1.0Ag samples after immersion in SBF for 2 and 

4 weeks. 

3.2.3. Density measurements  

The actual densities of the formed samples 

using a gas pycnometer are shown in table 2. The actual 

density of the AK0 before immersion in SBF was 2.511 

g /cm3. The incorporation of Ag2O to the samples by 

different concentrations (0.5 % and 1%) possessed slight 

variation in actual density (2.519 and 2.524g/cm3) 

respectively. The actual densities for akermanite-based 

glass ceramics that were recently measured were more 

similar to those predicted by earlier studies [36]. 

Furthermore, the incubation of the prepared samples in 

SBF for 28 days causes changes to a little extent (2.55, 

2.57, and 2.59 g/cm3) in the values of their actual 

densities. It is easily noticed that the real densities and 

their percentage of changes after immersion in SBF for 

28 days were increased according to the increase of Ag2O 

content in the samples which emphasizes the more 

precipitation of the hydroxyapatite. 

 

Table.2. Actual densities of the Ak0, AK0.5Ag, and 

AK1.0Ag samples before and after SBF soaking, 

along with their percentage of change. 

3.2.4. Degradation studies 

   The average percentage weight loss observed 

for AK0, AK0.5Ag and AK1.0Ag samples versus their 

incubation times in SBF (Figure 8 -a), reveals that all 

samples had demonstrated a very minor controlled 

degradation rate (up to 3.8%) in SBF. Recent 

investigations have developed Ca, Mg, Si-containing 

Sample 

No 

Density 

 g/cm3 

 actual density 

before soaking in 

SBF 

actual density 

after soaking in 

SBF for 28 days 

Percentage of actual 

density change by the time 

of soaking% 

AK0 2.511 2.55 1.55 

AK0.5Ag 2.519 2.57 2.024  

AK1.0Ag 2.524 2.59 2.614 



Basma Yousef El adawy et.al. 

________________________________________________ 

Egypt. J. Chem. 66, No. SI 13 (2023) 

 

akermanite bioceramics (Ca2MgSi2O7), which showed 

controllable mass loss (%) and accordingly it results in 

advantageous mechanical properties [14,37]. The same 

behavior was maintained for all samples during the 

whole degradation period, but the weight loss % of 

AK1.0Ag was somewhat higher than those of other two 

samples. Finally, the weight loss recorded for AK0, 

AK0.5Ag and AK1.0Ag samples were around 

3.59±0.013, 3.77±0.09 and 3.82±0.11 respectively. It is 

clear that in all samples immediately after immersion in 

SBF there is a very minor controlled degradation rate. 

Also, it is obvious that the incorporation of silver in the 

samples increases to little extent their degradation rate. 

In all samples, the weight loss increases by time of 

soaking in SBF, but there is stability at the end of 

immersion period due to the formation of hydroxyapatite 

on the surface of all samples. 

Furthermore, all of the samples showed the same trend in 

pH values over the course of the incubation period 

(Figure 8-b). The pH values of all samples were elevated 

from 7.44 to around 7.76 on the first day(24hr) of 

incubation, and then continued to rise to 8.001, 8.050, 

and 8.09 at the end of the period for AK, AK0.5Ag, and 

AK1.0Ag, respectively. As a result, the pH values 

matched the weight loss results (%). 

 

 
Figure 8: Both a) weight loss (%) and b) pH 

recorded values of AK, AK0.5Ag and AK1.0Ag 

samples in SBF at different soaking times. 

 

         The released calcium, magnesium, and 

phosphorous ions were also assessed as indicators of 

hydroxyapatite production, as shown in Figure 9. The 

mean calcium ions concentrations released from the 

samples AK, AK0.5Ag, and AK1.0Ag into SBF solution 

at various time intervals were observed (Figure 9-a). In 

which it can be seen that the concentration of Ca2+ ions 

increase fast throughout the first 7 days (168 hr), peaking 

at 18.19 ±0.05, 17.96 ±0.02, and 17.37 ±0.01 mg/dl for 

AK, AK0.5Ag, and AK1.0Ag, respectively. Thereafter 

gradually increases until 21 days (504 hr). After 28 days 

(672 hr) of immersion, calcium ions concentration 

decreased to 16.61±0.01, 16.25±.03 and 15.92±.002 

mg/dl for AK, AK0.5Ag and AK1.0Ag, respectively, 

which is an indirect indication for the calcium 

precipitations onto the surfaces of the materials. 

The elevation in ions released in the first 7 days 

(168 hr), was due to calcium ions exchange with H+ or 

H3O+ ions into the solution [29]. The following decrease 

in calcium ion concentration may be attributed to the 

precipitation of Ca+2 ions onto the surface of the 

bioactive materials due to the attraction of the negative 

charge of Si-OH groups [38]. On the other hand, the 

addition of sliver had decreased Ca+2 ions release from 

akermanite samples compared with the behavior of 

calcium ions release of the pure akermanite. The increase 

in calcium ions concentration is related to the dissolution 

of the Ca+2 ions from the sintered sample. Therefore, the 

rapid increase in the calcium content may increase the 

degree of the apatite layer. Considering the HA 

formation, the SBF was already supersaturated even 

before immersion. Therefore, it can be said that the 

dissolution of the Ca+2 ions from the sintered body 

facilitates the formation of HA  [27]. 

Figure 9-b shows the average value of 

magnesium ions released from the samples AK, 

AK0.5Ag and AK1.0Ag into SBF solution at different 

time periods. It is obvious, that there is a rapid increase 

in magnesium ions concentration during the first 7 days 

(168 hr) reaching the highest values of 10.17± 0.03, 

10.42±0.06, and 10.37±0.005 mg/dl for AK, AK0.5Ag 

and AK1.0Ag, respectively. Thereafter, gradually a 

steady-state was observed for the magnesium release 

from all the samples for up to 28 days (672 hr) , figure 

with values of (10.89±0.18), (10.1±0.21) and 

(10.5±0.13) mg/dl for AK0, AK0.5Ag and AK1.0Ag, 

this was consistent with early reported work indicating 

that appetite had covered the surface[39]. 

Figure 9-c demonstrates how the concentration of SBF 

phosphorus ions changes over time in different samples. 

It indicates a quick decrease in the phosphorous ions 

concentration initially after soaking of all samples, and 

this decrease reaches its higher degrees by time. This 

could be due to the utilization of phosphorus in the 

precipitation of HA layers on the surface of samples [25]. 

It was well noticed that the decrease in P ions after 21 

days (504 hr), and 28 days (672 hr) of incubation was 

higher in the samples containing silver than the pure 

akermanite since the P ions were needed for the HA 

formation. The pH, degradation and ions released in SBF 

are in agreement with the results obtained by FTIR and 

SEM imaging after soaking in SBF. 
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3.2.5. Antibacterial effect of prepared samples 

During this assessment sintered samples were 

tested for their antibacterial activities. Table 3 and Figure 

10(a, b and c) for AK0, AK0.5Ag, and AK1.0Ag 

respectively illustrate the diameters of inhibition zones 

formed by synthesized tested samples against examined 

gram-negative (Escherichia coli, Klebsiellapneumoniae, 

and Pseudomonas aeruginosa) and gram-positive 

bacteria (Staphylococcus aureus). As it is obvious, all 

prepared samples have an inhibitory effect on the activity 

of all tested species, furthermore, the dopping with silver 

increased this inhibitory effect.  So, the AK1.0Ag sample 

has almost the biggest inhibition zones for all tested 

germs [15]. 

The antibacterial effect of the sintered samples 

is owed to the liberation of alkaline ions, particularly 

calcium, and magnesium, that cause an increase in pH of 

the medium and osmolarity, as a result, cell 

depolarization occurs, which leads to the death of cells 

[40]. On the other hand, both gram-positive and -negative 

bacteria are coated with molecules that have a negative 

charge, so they have a strong attraction for positive ions 

released from the sample, leading to intracellular damage 

[41]. Moreover, glass-ceramic containing silver 

demonstrated excellent antibacterial properties may be a 

result of the interaction of the released silver ions with 

the bacterial membrane that results in membrane 

disruption and cell death [42]. It is well known that Ag 

can yield reactive oxygen species (ROS) that interact 

with the intracellular active components of the cell and 

cause DNA fragmentation, and damage, and lead to 

bacterial cell death [43,44]. 

Table.3. Samples inhibition zone diameter (in millimetres) 

 Diameter of inhibition zone (mm) 

Sample No. Gram-negative bacteria         Gram-positive bacteria 

 Escherichia coli Klebsiellapneumoniae Pseudomonas aeruginosa Staphylococcus aureus 

AK0 11±0.27 11±0 .3 6  10±0 .6 1  11±0.55 

AK0.5Ag 16±0.53 15±0.41 18±0.56 17±0.36 

AK1.0Ag 18±0.51 17±0.72 22±0.26 16±0.47 

 
Figure 10:  antibacterial tests of a) AK0, b) AK0.5Ag and c) AK1.0Ag against Escherichia coli, 

Klebsiellapneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus

.  

Figure 9: ions released in SBF of a) Ca, b) Mg and P from AK, AK0.5Ag and AK1.0Ag samples 

at different soaking time. 
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3.2.6. Cytotoxicity effect of prepared samples 

To assess the biocompatibility of the prepared sintered 

samples and the effect of sliver dopping, their cytotoxicity 

against human lung fibroblast (Wi-38) cells was evaluated 

by MTT assay.  The results of cytotoxicity of samples AK0 

and Ak1.0Ag are shown in figure 11 (a, and b). According 

to the findings (Fig.11, a). At concentrations 31.25, 62.5, 

and 125 ug/ml, there was no cytotoxic effect for all 

samples and cell viability was nearly close to 100%. 

     The viability of the samples drops to 96.87± 0.51 and 

91.9±2.12 for AK0 and Ak1Ag samples, respectively, at 

250 ug/ml. When the sample concentration is increased to 

500 ug/ml, the viability of the samples decreases slightly 

to 54.09 ±2.63 and, 41.27±3.23, respectively, for AK0 and 

Ak1Ag samples. As seen in (Fig. 11-a) the highest dosage 

given to cells (1000 ug/ml) caused significant morbidity in 

the cells. Finally, the samples' estimated IC50s for AK0 

and Ak1Ag were 617.19±4.23 ug/ml and 547.49 ug/ml, 

respectively. The viability of cells was decreased in a 

concentration-dependent way.  

On the other hand, optical microscope 

investigations of cell morphology with sample 

concentrations of 125, 250, 500, and 1000 ug/ml (Fig. 11-

b). After 24 hours of incubation, the results revealed that 

all samples had a low toxicity. The untreated Wi 38 cells 

were composed of a monolayer of elongated cells in a 

union monolayer. Wi 38 cells treated with prepared 

samples showed minimal morphological differences as 

compared to control cells. After 24 hours of incubation, the 

number of floating cells in the medium increased, 

especially at higher concentrations (500 and 1000 ug/ml), 

and the cells were capable of growing in a monolayer sheet 

as control cells. As a result, both samples AK0 and AK1Ag 

were biocompatible and had no harmful effect on cells at 

concentrations up to 250 ug/ml, and could be safely 

employed as biocompatible materials for tissue 

regeneration. 

 

 
       

 
Figure 11: (a)Cell viability % and (b) Morphological 

features obtained by optical microscope after 24 hours 

for WI-38 cells treated with samples concentrations 

(125, 250, 500, and 1000 ug /ml). 

 

 

4. Conclusions 

Akermanite-based glass-ceramics (Ca2MgSi2O7) ± 

Ag2O were prepared and characterized using DTA, XRD, 

and SEM/EDX techniques. Akermanite, cuspidine, and 

little monticellite were developed in the sintered glass 

samples. The microstructures show submicron and 

nanoscale grains in addition to clear subhedral crystals.  

The sintered glasses at 1000 C show good bioactivity and 

antimicrobial effect and cytocompatibility.   The 

integration of silver in these glass ceramics improved their 

antibacterial and bioactivity behaviours. Their 

cytocompatibility test showed equivalent and reasonable 

cell viability compared to the normal cells. 
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