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In this work we developed Ti doped hydroxyapatite with were synthesized by using a sol-
gel technique with exposed to DC glow discharge plasma with different times treated. The 
pure and Ti/HAp were characterised by using different characterizations like XRD, FTIR, 
SEM, EDAX, UV-visible, PL, TG-DTA, antibacterial activity, 3T3 fibroblast cells and 
MCF-7 breast cancer cell line with cytotoxity efficiency analysis. The pure HAp and 
Ti/HAp materials had a nanocube and nanoflakee shape in the SEM results. In the 
ultraviolet-visible light (UV-vis) spectrum, the band edge absorption of bare HAp and 
Ti/HAp samples is discovered at wavelengths of 295 nm and 328 nm, respectively. The 
antibacterial activity of untreated and plasma-treated pure HAP and Ti/HAp samples are 
tested against two gram-positive bacteria, Bacillus cereus and Staphylococcus aureus, as 
well as two gram-negative bacteria, E. coli and Pseudomonas aeruginosa, using the agar 
well diffusion technique. The MTT assay was used to investigate the mean per cent (% 
percent) cell survival of Ti/HAp at various concentrations (6 mg/mL; 85 mg/mL) against 
3T3 fibroblast cells and human MCF-7 Breast cancer cell lines. The synthesised Ti/HAp 
biocompatibility makes it a viable contender for future biological uses. 
 
(Received June 13, 2022; Accepted October 12, 2022) 
 
Keywords: Ti doped hydroxyapatite, Plasma exposed HAp, Antibacterial activity,  
                   3T3 fibroblast cells , MCF-7 breast cancer cell 
 
 
1. Introduction 
 
Bacterial resistance is a major public health concern that has yet to be addressed globally. 

This syndrome is caused by the indiscriminate and unreasonable use of antibacterial medicines [1, 
2]. Because of the lack of efficacy of required antibiotics, the World Health Organization (WHO) 
has observed an increase in bacterial illnesses requiring sophisticated treatments. While bacterial 
resistance is a natural process, it is increased by ineffective antibacterial drug use, which leads to 
not only longer hospital stays, but also greater costs, treatment failures (e.g., hip prosthesis 
infection), and mortality [3]. As a result, antibiotics are taken before surgery-both orally and in 
implants-do not give adequate protection; additionally, the administration of the incorrect 
antibiotic or low doses of essential medicines might result in the development of resistant bacteria, 
complicating therapy [4-6]. As a response, numerous healthcare industries are working on 
alternatives to slow the spread of bacterial resistance (such as preventative programmes or novel 
antibacterial compounds) [7]. Pharmaceutical manipulation is more sensitive than manipulating 
synthetic materials doped with metal ions, which can only harm human cells in large numbers [8]. 
Bacterial resistance is a prevalent issue in the field of biomaterials, particularly for materials used 
as internal prostheses (e.g., hip prosthesis). The recipient's inability to cope with the infection 
process and biological incompatibility is the most common reasons for prosthesis failure [9, 10].  

Hydroxyapatite (HAp, Ca10 (PO4)6(OH)2 ) is a form of bio-ceramic that is chemically 
comparable to the mineralized phase of real bone and teeth. It belongs to the calcium 
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orthophosphate class. HAp has grown in popularity for dental and orthopaedic applications 
because of its unique biological features such as bioactivity, biocompatibility, non-toxicity, 
osteoconductivity, and ability to enable direct chemical bonding with genuine bone tissue [11-14]. 
HAp has been widely employed in dentistry as bone grafts or implant materials to restore bone 
defects caused by periodontitis, as scaffolds for periodontal regeneration, and as a covering 
material for dental implants [15-17]. Antibacterial characteristics are added to hydroxyapatite by 
its ability to hold multiple metal cations in its chemical structure at the calcium position. Metal 
oxides, such as copper oxide (CuO) [18], zinc oxide (ZnO) [19], and titanium oxide (TiO2) [20] 
are used in a wide range of materials. Due to its low cost, chemical stability, and nontoxicity to 
humans, TiO2 nanoparticles are one of the most often employed materials for photocatalytic 
antibacterial applications [21]. For anatase, TiO2 is a broad semiconductor with a bandgap of 3.26 
eV [22]. In recently, Yanni Zhang et al developed a TiO2 nanotube used to increase antibacterial 
activity and cytocompatibility [23]. Jing Han et al. created a Ti-doped hydroxyapatite material as a 
potential nanocomposite for joint wound healing [24].   

In this work, we used the sol-gel approach to make pure HAp and Ti-doped HAp 
(Ti/HAp) nanocomposite and exposed them to low-temperature DC glow plasma for 5, 10, and 15 
minutes with a discharge potential of roughly 400V. The identification of functional groups, 
crystalline of the surface, and thermal stability of the synthesised untreated and plasma-treated 
bare and Ti-doped HAp samples was analysed by sample were determined using Fourier 
Transform Infrared spectroscopy (FTIR), X-ray diffraction analysis, and thermogravimetric 
(TG/DTA) technique. UV-Visible spectroscopy and PL photoluminescence studies were also used 
to investigate the optical properties of the synthesised nanopowder. The surface morphology and 
elemental composition of the untreated and plasma-treated Ti-doped HAp were determined using 
scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDAX). Vickers 
Hardness Test is used to determine mechanical strength.  

 
 
2. Experimental procedure 
 
2.1. Chemicals 
All chemicals employed in the synthesis technique were of standard purity and analytical 

grade. The bare HAp and Ti-doped HAp samples are made with the chemicals listed below. 
Calcium nitrate tetrahydrate Ca (NO3)2.4 H2O (95% EMPLURA), diammonium hydrogen 
phosphate (NH4)2 HPO4 (99% SIGMA ALDRICH), Titanium nitrate Ti(NO3)4 (99% SIGMA 
ALDRICH). 

 
2.2. Synthesis of Ti doped hydroxyapatite (HAp) 
The HAP nanomaterials are made utilising the easy sol-gel process. In 500 ml of D.I 

water, 1 mmol of Ca (NO3)2.4 H2O and 0.6 mmol of (NH4)2HPO4 materials are dissolved. The 
ammonium hydroxide solution was then added to the above solution with the pH set to 10 and 
agitated continuously for one hour. The precipitate was then aged for 24 hours at room 
temperature before being washed four times with de-ionized water and dried for 10 hours in a hot 
air oven at 373 degrees Fahrenheit [25]. The dried powder was then crushed with a mortar and 
pestle before being calcined in a muffle furnace at 523 K for 2 hours using a silica crucible. 

 
2.3. Synthesis of Ti doped hydroxyapatite (Ti/HAp) 
In the synthesis of Ti/HAp samples followed by two steps: (i) 1 mmol of Ca (NO3)2.4 H2O 

and 0.6 mmol of (NH4)2HPO4 materials are dissolved in 50 ml of D.I water and continually stirred 
on 15 min. (ii) 0.1 M of Ti(NO3)4 of was dissolved in the above phosphoric solution and stirred for 
15 min. After the process, NH4OH solution was added drop by drop in above solution and pH set 
10 and continually stirred in 1 hour. The precipitate was rinsed four times with de-ionized water 
and dried for ten hours in a hot air oven at 373 K after ageing for 24 hours at room temperature. 
The dried powder was then pulverised with a mortar and pestle before being calcined in a muffle 
furnace at 523 K for two hours in a silica crucible. In DC glow discharge air plasma, the 
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synthesised samples are exposed to different exposure times and schematic representation is 
shown in figure 1 a. 

2.4. Agar Well Diffusion Assay 
The pure HAp and ti doped HAp samples were dissolved in DMSO and evaluated for 

antibacterial activity using the good diffusion method before and after plasma treatment. The 
liquid Mueller Hinton agar media and Petri plates were autoclaved for 30 minutes at 15 pounds of 
pressure at 121o C. Under aseptic circumstances, around 20ml of agar media was dispensed onto 
each Petri plate in the laminar airflow chamber, resulting in a consistent depth of 4mm. After the 
media had set, Bacillus cereus (MTCC 430), Staphylococcus aureus (MTCC 3160), E. coli 
(MTCC 1698), and Pseudomonas aeruginosa (MTCC424) cultures were swabbed on the surface of 
the agar plates. A cork borer was used to create wells, and 50 µl and 100 µl of each sample were 
placed in separate wells, with DMSO serving as a negative control and Vancomycin (30mcg/disc) 
serving as a positive control [26]. The sample-loaded plates were incubated at 37°C for 24 hours to 
observe the zone of inhibition. 

 

 

 
 

Fig. 1. (a) shows the schematic representation of pure HAP and Ti doped HAP synthesis procedure;  
(b) depicts the schematic representation of agar well diffusion method. 

 
 
3. Result and discussions 
 
3.1. X-ray diffraction pattern (XRD) 
Fig 2 (a) shows the XRD result of pure HAp and various time plasma treated (5, 10, 15 

min) Ti-doped HAp samples at 400 volts DC voltage. The diffraction peaks of all the samples 
show reflections with strong intensity peaks at (211), (300), (002), and (004) miller planes, 
revealing the hexagonal structure, according to JCPDS card no. # 09-0432 for hydroxyapatite [27, 
28]. Before and after plasma treatment, the XRD pattern of TiO2 doped HAp showed almost 
similar peaks with no obvious phase shift. Debye Scherrer's formula was used to compute the 
average crystallite size of pure HAP and Ti-doped HAp nanopowders [29]. According to the XRD 
pattern, treating the sample with air plasma for various exposure times resulted in only slight 
variations in intensity values. Variations in air plasma treatment time do not affect the results [30, 
31]. Table 1 shows the different kinetic parameters of untreated pure HAp and treated Ti-doped 
HAp samples. 
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Fig. 2. (a) shows XRD images of pure HAp and Ti doped HAp samples with different plasma exposed 
like 5 min, 10 min and 15 min; (b) shows the TG-DTA analysis of pure HAp samples; (c) shows TG-

DTA analysis of untreated Ti/HAp sample; (d) shows TG-DTA analysis of 15 min plasma treated  
Ti/HAp sample. 

 
 

Table 1. Shows the different kinetic parameters of untreated pure HAp and  
treated Ti-doped HAp samples. 

 
S. 

No. 
Samples Average 

Crystallite 
size D 
(nm) 

Lattice 
Parameters (Å) 

Unit cell 
Volume 
V (Å)3 

Microstrain 
(ε) x 10-3m 

Dislocation 
density (δ)x 

1015 / m2 a = b c 

1. Pure HAp 35.66 9.5076 6.81 523.01 8.6154 26.313 
2. Untreated 

Ti/HAp 
35.33 9.3733 6.9047 525.36 3.782 1.0946 

3. 5 minutes 
Treated 
Ti/HAp 

28.668 9.3562 6.9121 524.01 4.0425 1.3245 

4. 10 minutes 
Treated 
Ti/HAp 

33.58 9.3117 6.9504 521.9 3.3011 1.638 

5. 15 minutes 
Treated 
Ti/HAp 

39.45 9.2996 6.8247 511.14 2.8731 1.5591 

 
 
 



1227 
 

3.2. Differential Thermal and Thermo Gravimetric (DT-TG) Analysis 
In fig 2 shows the TG-DTA analysis of pure HAp, untreated Ti/HAp and 15 min plasma 

treated Ti/HAp samples. Fig 2 (b) shows the TG-DTA analysis of the pure HAp sample. The 
presence of OH groups causes a sharp weight loss of (4.4 %) at 100.4°C for untreated pure HAp, 
and it decomposes progressively above this temperature. For untreated pure HAp, a progressive 
decomposition was seen between 107.4°C and 625.1°C. Figures 2 (c) and 2 (d) show the plots of 
thermogravimetric analysis of untreated and 15 min plasma-treated Ti-doped HAp (b). At 95.8 ° 
C, the weight loss is (2.1%), and temperatures higher than this disintegrate gradually. For 
untreated Ti-doped HAp, a breakdown was reported between 108.6° C and 402.1° C. The weight 
loss (1.3 %) for plasma-treated Ti/ HAp occurs at 95.1 °C, and it decomposes above this 
temperature. For plasma-treated samples, the breakdown was recorded between 120.3° C and 
493.1° C. The removal of moisture from the surface of HAp NPs causes the initial mass loss, 
which happens between 95.8 o C and 124.2 o C. Due to the evaporation of several volatile 
chemicals present in the sample; continued heating resulted in steady mass loss. Ti/HAp is 
thermally stable up to 800 o C, according to the TG study. 

 
3.3. Scanning electron microscopy (SEM) and Energy Dispersive X-Ray (EDAX)  
        analysis 
Surface morphology and elemental identification of pure HAp, untreated Ti/HAp, and 

plasma-treated Ti/HAp samples are shown in fig 3. Fig 3 (a) shows the nano-flake like 
morphology of a pure HAp sample with 0.5 µm. In fig 3 (b-e) shows SEM images of Ti-doped 
HAp samples with different times plasma treated.  

 

 
 

Fig. 3. Shows the SEM and EDAX images of pure HAP and Ti doped HAp samples with different 
plasma exposed like 5 min, 10 min and 15 min with different magnifications; (a) shows the SEM 
image of pure HAp sample; (b-e) shows the SEW image of untreated Ti/HAp and 5, 10, 15 min 

plasma treated Ti/HAp sample; (f-i) shows the EDAX results of pure HAp, untreated Ti/HAp and 
.different plasma exposed Ti/HAp samples. 
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The particles were found to have a virtually platelet shape and agglomerated due to the 
Vander Waals force of attraction [32]. Because of the surface etching of air plasma, the 
morphology has improved. Figure 3 (f - i) shows the EDAX patterns of untreated HAp and 
plasma-treated Ti/HAp. The presence of Ti, O, P, and Ca in the elemental composition validates 
the components present in Ti/HAp [33]. There are no other impurity peaks or components evident 
save for a small change in oxygen content. 

 
3.4. Fourier transform infrared spectral analysis (FTIR) 
The pure Hap, Ti/Hap and various time plasma treated Ti/HAp samples FTIR results were 

shown in fig 4 (a). The presence of the hydroxyl group was given to the band at 3429.94 cm-1. The 
existence of PO4

3-(4) is shown by the peak at 566.59 cm-1. Phosphate stretching vibration was 
confirmed by the band at 1031.92 cm-1[34]. The HAp crystallite surface has a wide range of 
absorption bands at 3569 cm-1 and 3429.94 cm-1 (OH) stretching and vibration modes [35]. Along 
with HAp, broadband around 3400–3600 cm-1 can be linked to water or hydrated layer. The 
presence of (CO3

-2) at PO4
3- sites are most likely the result of sample processing in air plasma. 

Variation in the plasma exposure period resulted in a rise in CO3
-2 vibration intensity over time. At 

3569.79 cm-1 (stretched) and 632.17 cm-1, the OH vibrations are well-defined (bending). The 
functional group remains the same in the band measured before and after plasma treatment, but the 
peak narrows as the plasma exposure period increases [36-38]. 

 

    
 

    
 

Fig. 4. (a) shows the FTIR images of pure HAp and Ti doped HAp samples with different plasma 
exposed like 5 min, 10 min and 15 min. (b) shows the UV result of pure HAp, untreated Ti/HAp and 

15 min plasma treatedTi/ HAp;(c) shows the K-M model band gap determination of pure HAp, 
untreated Ti/HAp and 15 min plasma treated Ti/ HAp; (d) shows room temperature of 

photoluminescence spectra of  pure HAp, untreated Ti/HAp and 15 min plasma treatedTi/ Hap. 
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3.5. UV-vis spectral analysis 
The optical absorption properties of pure untreated Hap, Ti/HAp, and 15 minutes plasma 

treated Ti/HAp materials were investigated using UV – vis absorption spectral analysis, as shown 
in Fig 4 (b). The spectra are in ultraviolet-visible light (UV-vis), and the band edge absorption in 
pure and Ti/HAp materials is observed at 295 nm and 330 nm of wavelength, respectively. The 
spectrum gives information on the electronic transitions that occur in the substance. Because 
spectra are normally given in wavelength units, the De Broglie relationship [39] is used to convert 
band gap energy (eV) units.  

 
                                         ∆E = hc/λ   (eV)                                                                    (1) 

 
where, h- Planck's constant, c- velocity of light, and λ -maximum wavelength. In fig 4 (c) shows 
the tauc plot of pure HAp, Ti/HAp and 15 minutes plasma treated Ti/HAp samples. Table 2 shows 
the computed bandgap in the absorption spectrum that corresponds to the point where absorption 
occurs, as well as the minimal amount of energy required for a photon to excite an electron across 
the bandgap from a lower to a higher energy level. As a result, the magnitude of the peak in the 
absorption spectra is slightly reduced by plasma treatment, but the bandgap energy does not 
change significantly. 
 
 

Table 2. Shows UV Absorption Spectra and Peak Intensity for pure HAp , untreated Ti/HAp  
and 15 minutes plasma treated Ti/HAp.  

 
Absorption peak position (nm) Intensity (a.u) Band gap energy (eV) 
Pure 
HAp 

Untreate
d 

Ti/HAp 

 15 min 
Plasma 
treated  
Ti/ HAp 

Pure 
HAp 

Untreated 
 Ti/HAp 

15 min 
Plasma 
treated  
Ti/ HAp  

Pure 
HAp 

Untreated 
Ti/HAp 

 15 min 
Plasma 
treated  
Ti/ HAp 

295 328 328 0.0682 0.891 0.864 3.7 3.19 3.15 

 
 
3.6. Photoluminescence spectroscopy (PL) 
Figure 4 (d) displays the photoluminescence spectra of untreated pure Hap, Ti/HAp, and 

15-minute plasma-treated Ti/HAp samples. The luminescence peak of untreated pure HAp, 
Ti/HAp, and 15 minutes plasma treated Ti/HAp samples showed a broad visible emission band at 
311, 310.5, and 310 nm, respectively. The spin-orbit coupling of six electrons in the f-subshell is 
demonstrated by these luminescence changes, which are attributable to the mixing of odd terms 
due to the crystal field. The presence of Ti in the HAp host is indicated by the non-degenerate 
transition. The recombination of excited electron-hole pairs causes PL emission, and low emission 
intensity suggests a low recombination rate [40].  

3.7. Mechanical properties of Vickers hardness studies 
Figure 5 shows the mechanical property using Vicker's hardness test with Hv as the 

Vicker's hardness number in kg/mm2. Hv and MPa values for HAp before and after 15 minutes of 
plasma treatment are tabulated in table 4.5. In table 3 shows the HV and MPa values of untreated 
pure HAp, Ti/HAp and 15 minutes plasma treated Ti/HAp samples. As the applied stress rises 
from 25 to 100 grammes, grain boundary strengthening causes the microhardness rating to rise. 
Crack initiation occurs when the applied force exceeds 100 gm, which could be related to internal 
tension [41].  The plasma exposed Ti/HAp has high mechanical strength than untreated pure HAp 
and Ti/HAp samples.  
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Fig. 5. Shows Vickers hardness analysis of pure HAp, untreated Ti/HAp and 15 min  
plasma treated Ti/HAp samples. 

 
 

Table 3. Shows Vicker’s Hardness results of pure HAp pure HAp , untreated Ti/HAp and  
15 minutes plasma treated Ti/HAp. 

  
Pure HAp  and Ti/HAp 

Load 
(Grams) 

HV (kgf/mm2) MPa 

Pure HAp Untreated 
Ti/HAp 

15 min treated 
Ti/HAp Pure HAp Untreated 

Ti/HAp 
15 min treated 

Ti/HAp 
25 19.65 27.8 42.2 192.7 272.6 413.9 

50 29.15 41.05 66.3 285.9 402.6 650.2 

100 40.35 61.25 86 395.7 600.7 843.4 
 
 
3.8. Antibacterial analysis 
3.8.1. Bacterial Strains 
Gram-positive bacteria including Bacillus cereus (MTCC 430), Staphylococcus aureus 

(MTCC 3160), and Gram-negative bacteria like E.coli (MTCC 1698) and Pseudomonas 
aeruginosa (MTCC424) were obtained from IMTECH in Chandigarh, India. For additional 
research, these strains were kept on nutrient agar.  

 
3.8.2. Antibacterial activity of prepared samples 
The antibacterial result of pure HAp against Bacillus cereus, Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa bacteria is shown in Fig 6. The antibacterial 
activity of untreated Ti/HAp and plasma-treated Ti/HAp samples is shown in Fig 7.  Fig 7 (a-d) 
shows the antibacterial activity of untreated Ti/HAp against Bacillus cereus, Staphylococcus 
aureus, Escherichia coli, and Pseudomonas aeruginosa bacteria. Antibacterial activity of 5, 10, and 
15 minutes Ti/HAp against Bacillus cereus, Staphylococcus aureus, Escherichia coli, and 
Pseudomonas aeruginosa bacteria is shown in fig 7 (e-p). The antibacterial inhibition of the pure 
HAp and titanium substituted HAp before and after plasma treatment studied by agar well 
diffusion technique against the bacteria are listed the Table (3&4). Bacterial reduces after 15 
minutes Plasma therapy is a treatment that involves the administration of According to Ti/HAp 
samples, exposing the material to air plasma improved its antibacterial activity. All 15-minute 
plasma-treated Ti/HAp samples indicate viable cell reduction of all bacteria, according to the 
results of the quantitative antimicrobial tests. The interaction of titanium particles with the release 
of titanium ions penetrate in the cellular envelope of bacteria may account for the antibacterial 
effect of the Ti/HAp sample following plasma treatment. This results in structural alterations, 
mostly in the cytoplasmic membrane, and may result in cell death [42].  
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8.9. In Vitro Cytotoxicity Studies 
8.9.1. Cell Lines 
The National Centre for Cell Science (NCCS) in Pune provided the human MCF-7 breast 

cancer cells and 3T3 fibroblast cells, which were cultured in Eagles Minimum Essential Medium 
containing 10% foetal bovine serum (FBS). The cells were kept at 370 º C, 5% CO2, 95% air, and 
100% relative humidity. The culture media was changed twice a week and the cultures were 
passed once a week. 

 
8.9.2. MTT Assay and Protocol 
MTT Cell is an in vitro proliferation and viability assay for determining cell growth or 

metabolic processes that contribute to apoptosis or necrosis. The suspension of untreated pure 
HAp and 15 minutes plasma treated Ti/HAp were added separately at concentrations (6, 12, 25, 
55, and 85 g/L respectively) including 60 g/ µL, 120 g/ µL, 250 g/ µL, 550 g/  µL, 850 g/  µL for 
all the samples with the reference medication. The cells are treated according to the experimental 
design, and the incubation periods for each cell type and system are tuned. MTT (3-[4, 5-
dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide) is a tetrazolium chemical that is added to 
the wells and incubated with the cells [43]. MTT is converted to insoluble purple formazan dye 
crystals by metabolically active cells. The wells are then treated with detergent, which dissolves 
the crystals and allows the absorbance to be measured with a spectrophotometer [44]. The samples 
are directly read in the wells. The best wavelength for absorbance is 570 nm, and the data is 
examined by plotting extract concentration versus absorbance, which allows quantification of cell 
proliferation variations. The pace at which tetrazolium is depleted is linked to the rate at which 
cells proliferate. 

 

 

 
 

Fig. 6. Shows pure HAp samples antibacterial activity against gram positive and  
gram negative bacteria’s. 
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Fig. 7. Shows antibacterial activity of untreated Ti/HAp and various time plasma treated Ti/HAp 
samples; (a-d) shows the untreated Ti/HAp sample antibacterial activity against gram positive and 

gram negative bacteria’s; (e-h) shows the 5 min plasma treated Ti/HAp sample antibacterial activity 
against gram positive and gram negative bacteria’s;(i-l) shows the 10  min plasma treated Ti/HAp 

sample antibacterial activity against gram positive and gram negative bacteria’s; (m-p) shows the 15 
min plasma treated Ti/HAp sample antibacterial activity against gram positive and gram negative 

bacteria’s. 
 
 

Table 4. Shows Zone inhibition values of pure Hap, Ti/HAp and plasma treated Ti/HAp samples against 
gram positive bacteria. 

 
 

S. No 
 

Samples 
Zone inhibition of gram positive bacteria in mm 

Bacillus cereus Staphylococcus aureus 
50 µl 100 µl 50 µl 100 µl 

Standard vancomycin 14 21.5 
1. Pure HAp Nil Nil Nil Nil 

Standard vancomycin 15 16 
2. Ti/HAp Nil Nil Nil Nil 
3. 5 min treated Ti/HAp 9 12 Nil Nil 
4. 10 min treated 

Ti/HAp 
Nil Nil Nil Nil 

5. 15 min treated 
Ti/HAp 

8 13 9 11 
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Table 5. Shows Zone inhibition values of pure Hap, Ti/HAp and plasma treated Ti/HAp samples against 

gram negative bacteria. 
 

 
S. No 

 
Samples 

Zone inhibition of gram negative bacteria in mm 
E.coli Pseudomonas aeruginosa 

50 µl 100 µl 50 µl 100 µl 
Standard vancomycin 15 12 

1. Pure HAp Nil Nil Nil Nil 
Standard vancomycin 15 15 

2. Ti/HAp Nil Nil Nil Nil 
3. 5 min treated Ti/HAp Nil Nil Nil Nil 
4. 10 min treated 

Ti/HAp 
Nil Nil Nil Nil 

5. 15 min treated 
Ti/HAp 

10 13 8 12 

 
 
8.9.3. In Vitro Cytotoxic Effect for 3T3 Cell Line 
The MTT test was used to measure the mean per cent cell viability of synthesised 

untreated Ti/HAp and 15 minutes plasma treated Ti/HAp samples against 3T3 Fibroblast cell lines 
at varying doses (6 g/µL - 85 g/µL). Figure 8 shows an image of the MTT assay as well as a bar 
graph for control on the 3T3 fibroblast cell line. Cell proliferation was investigated using a dose-
dependent percentage of cell viability for the samples. Under a phase-contrast microscope, 
morphological changes in the 3T3 cell line were identified after exposure to the synthesised 
materials. The Trypan blue exclusion method was used to estimate the percentage of viable cells 
[45]. The bar graph of untreated Ti/HAp and 15 minutes plasma treated Ti/HAp samples are 
shown in Fig 9. The fibroblast cell line is nontoxic to the synthesised untreated Ti/HAp and 15 
minutes plasma treated Ti/HAp, according to the percentage of cell viability and OD values 
calculated in the figure. These in vitro results showed that the synthesized Ti/HAp before and after 
plasma treatment were nontoxic for 3T3 fibroblast cells [46].  

 
8.9.4. In Vitro Cytotoxic Effect for MCF - 7 Cell Line 
The synthesized  HAp and Ti/HAp before and after 15 Min. air plasma exposure was 

screened for their cytotoxicity against human MCF-7 Breast cancer cell lines at different 
concentrations (6 µg/µL - 85 µg/µL), to determine the mean per cent (%) cell viability by MTT 
assay. On cell proliferation, a dose-dependent percentage of cell viability of hydroxyapatite 
samples was investigated. All cytotoxic activity was measured over 24 hours. The antiproliferative 
actions of synthesised untreated Ti/HAp and 15 minutes plasma treated Ti/HAp on the growth of 
MCF-7 Breast cancer cell lines were discovered before and after plasma exposure. Figure (10 
&11) represents the image of MTT assay and bar graph for control on MCF-7 Breast cancer cells 
line. MCF-7 cell line morphological changes after exposure to untreated Ti/HAp and plasma-
treated Ti/HAp for 15 minutes. The Trypan blue exclusion method was utilized to predict the 
percentage of cell viability on cytostatic effects. The untreated Ti/HAp and 15 minutes plasma 
treated Ti/HAp at 85 μg/µL showed the better antiproliferative effect. The prepared samples show 
a superior effect on treated MCF-7 cells as compared to untreated cells, according to microscopic 
examinations. In terms of observation, the number of dead cells rose in lockstep with the sample 
treatment concentration increase. The cells became noticeably larger when the extract 
concentration was high. Membrane blebbing, apoptotic bodies and ballooning were visible in 
about 40 per cent to 50 per cent of the cells. Cells also showed extensive vacuolation in the cell 
cytoplasm, indicating autophagy like a mechanism of cell death [47]. The cells grew rounder, 
smaller, and showed evidence of separation from the well surface at the maximum concentration 
(85 μg/L), indicating cell death. 



1234 
 

 
 

Fig. 8. Shows images of MTT assay on 3T3 Cell line; (a) Control on 3T3 Cell line; (b, c) Low dose 
and high dose of  Pure HAp samples; (d, e) Low dose and high dose of  untreated Ti/HAp sample; (f, 
g) Low dose and high dose of  5 min plasma treated Ti/HAp sample; (h, i) Low dose and high dose of  

15 min plasma treated  Ti/HAp sample. 
 

 

 
 

Fig. 9. Shows Bar graph for Titanium di oxide doped HAp on 3T3 - Fibroblast cell line. 
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Fig. 10. Shows Images of MTT assay on MCF- 7 Cell line; (a-c) Low, medium and high dose of untreated 
Ti/HAp samples; (d-f) Low, medium and high dose of 15 min plasma treated Ti/HAp samples. 
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Fig. 11. Shows Bar graph for Titanium doped HAp on MCF-7 - Cancer cell line. 
 
 
9. Conclusion 
 
The Pure HAP and Ti/HAp nanoparticles were successfully generated in this study 

utilising a simple sol-gel enhanced with DC light discharge plasma approach HAp by varying the 
plasma exposure times. The XRD, SEM, EDAX, TG-DTA, FTIR, antibacterial activity and 
cytotoxicity of pure HAp and zinc doped HAp samples are characterised using various analytical 
techniques for bone graft substitute. Untreated pure HAp, Ti/HAp and 5, 10, 15 minutes plasma 
treated Ti/HAp samples have good antibacterial activity against two Gram-positive bacteria, 
Bacillus cereus and Staphylococcus aureus, as well as two Gram-negative bacteria, E. coli and 
Pseudomonas aeruginosa. The pure HAp the Ti/HAp possesses substantial cytotoxicity activity, as 
evidenced by the above experiment. This makes it a precise material for bone replacement in 
biomedical applications. Different concentrations of Ti/HAp were investigated for cytotoxicity 
against 3T3 Fibroblast cell lines and human MCF-7 Breast cancer cell lines, according to the 
findings. These in vitro results showed that the synthesized Ti/HAp before and after plasma 
treatment were nontoxic for 3T3 fibroblast cells. On MCF-7 breast cancer cell lines, both the 
untreated and plasma-treated samples had antiproliferative effects. 
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