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The main objective of the present study is to evaluate the mechanical properties, biocompatibility, and 
bioactivity behavior of scaffolds made of hydroxyapatite (HA)-modified by MnO2 and Palladium (Pd) for 

biomedical applications. Throughout the research, HA, MnO2, and Pd were developed using sol-gel and 

precipitation methods, respectively. The properties of the scaffolds were determined using Scanning 
Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDX), atomic absorption, and 

Brunauer−EmmeS−Teller (BET) method. To investigate the in vitro cell proliferation and alkaline 

phosphatase (ALP) assays, cell culture was done. Furthermore, the mechanical properties of the scaffolds 
were investigated before and after immersion in Simulated Body Fluid (SBF), and the interaction of Dental 

Pulp Stem Cells (DPSCs) with the nanocomposite scaffolds was assessed. The obtained results showed 

that the HA/MnO2/Pd scaffolds were characterized by higher compressive strength (35.72%), toughness 
(35.68%), microhardness (80%), and density (0.44%) than HA/MnO2/Pd filled by chitosan (CS) binder 

scaffolds. The biocompatibility properties indicated higher cell proliferation and ALP assay on the 
HA/MnO2/Pd filled by CS scaffolds than those of HA/MnO2/Pd scaffolds.  
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1. INTRODUCTION 
 

Bone tissue engineering uses both body's natural 

biological responses to tissue damage and engineering 

principles as a secondary regeneration strategy for 

repairing serious bone damages caused by different 

factors [1,2]. Among the mineral tissues that are 

extremely efficient in the field of biomedicine are 

enamel, dentin, and bone [3]. Bone has a high density 

with a variety of biological, mechanical, and chemical 

functions [4-6]. Natural bone is a composite of mineral 

hydroxyapatite (HA) particles reinforced by organic 

collagen fibers. In addition, HA is the most common 

bioactive synthetic calcium phosphate ceramic used for 

bone replacement mainly due to the chemical similarity 

of its crystal structure with the mineral components of 

bones and teeth [7,8]. 

However, due to low fracture toughness and 

inflexibility, application of HA is mechanically difficult. 

The inherent fragility of bioceramics overtime limits 

their clinical applications in biomedicine because their 

performance is relatively strong when exposed to high 
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pressure, yet quite weak under tensile and shear forces. 

High compressive strength of ceramics can improve the 

mechanical properties of the obtained ceramic 

composites under pressure [9]. Consequently, the 

reinforced phase in small amounts is a good strategy for 

enhancing the mechanical and biological properties of 

HA. So far, HA-based composites have been fabricated 

by materials such as aluminum oxide, titanium dioxide, 

carbon, graphene nanotubes, metal fibers, zirconia, and 

silicon nitride [7]. 

The molar ratio of Ca/P of apatite is less or more than 

1.67 (stoichiometric value for pure HA) depending on the 

age and type of bone in natural apatite as well as the 

synthesis method and sintering temperature in artificial 

apatite. In case the Ca/P ratio is less than 1.67, beta-

tricalcium phosphate (β-TCP) and other phases such as 

tetra-tricalcium phosphate (TTCP) are present in the HA 

phase. Abnormal phases may adversely affect the 

biological responses of implants. Moreover, TCP is a 

biodegradable bioceramic with the chemical formula of 

Ca3(PO4)2. Dissolved in a humid environment, this phase 

can be replaced by bone during implantation. TCP has 

four polymorphs, the most common of which are alpha 

and beta forms [8,10]. 

Biphasic Calcium Phosphate (BCP) ceramics are a 

mixture of two phases of HA and β-TCP commonly used 

in bone repair. It enjoys an advantage, i.e., its chemical 

properties will alter by changing the HA-to-β-TCP ratio. 

Higher levels of TCP in BCP cause a higher dissolution 

rate [11]. 

Although synthetic HA binds well to the osteoblast 

cells in body, the rate of differentiation of bone cells is 

low. HA is excellently bound to the living bone that can 

stimulate the differentiation of bone cells, and it must be 

produced with a structure close to that of the mineral 

phase of a living bone. The mineral phase of a living bone 

tissue is composed of many ions including fluorine, 

carbonate, magnesium, manganese, sodium, etc. [12]. 

The mineral part of the bone with the stoichiometric 

formula of Y2(XO4)6Me10 is known as HA. Bivalent 

metal cations (Me), anionic trivalent groups (XOn), and 

monovalent anion (Y) can easily replace the 

stoichiometric crystal structure of apatite. Bivalent 

cations such as Mn+2 play an important role in bone 

metabolism by proliferating osteoblasts and osteoclasts 

during tissue regeneration. Therefore, as the beneficial 

effects of Mn+2 on HA devices resulting from the applied 

constraints, the instability of the doped HA structure at 

high temperatures should be significantly reduced 

[13,14].  

According to the biological studies, manganese is 

essential for normal bone formation, enzyme function, 

and amino acid metabolism [15]. Any body without 

manganese will suffer from several problems such as 

joint wear, osteoporosis, skeletal deformity, weakness of 

tendons, and so on. In laboratory animals, the 

consequences of manganese deficiency are bone 

deformity, poor growth, impaired reproduction, and 

blood clotting. Exposure to manganese has been reported 

to have adverse effects on Central Nervous System 

(CNS) function and mood. Manganese absorption is 

inhibited in the presence of excessive amounts of calcium 

and phosphorus in the diet [16]. 

Manganese is not found in pure form in nature, and it is 

mostly present in the form of oxides, carbonates, and 

silicates. Manganese dioxide (MnO2), an important 

adsorbent with a relatively high level, is a microporous 

structure [17]. 

In this study, oxidized manganese (MnO2) was utilized 

to make a composite and achieve a structure similar to 

that of the bone mineral phase. One of the reasons for 

choosing MnO2 is its effect on fastening the bone growth 

as well as its biocompatibility and bioactivity [18]. 

Metal nanoparticles in ceramic scaffolds have several 

intrinsic properties including antimicrobial activity, 

mechanical strength, and ability to stimulate osteogenic 

activity, and angiogenesis in some cases. In addition, 

metal nanoparticles enjoy the advantage of being safer, 

more stable, and more likely to stimulate a strong 

immune response than other materials. Among metal 

nanoparticles, palladium nanoparticles have recently 

received considerable attention owing to their prominent 

catalytic, electronic, magnetic, and optical properties and 

their particle size and shape [18,19]. 

Palladium (Pd) has good biocompatibility, which is 

considered a reasonable choice to maintain the non-toxic 

properties of nanomaterial; it also has a great potential in 

biomedicine. For instance, is it commonly used in dental 

materials and surgical instruments [20,21]. 

Noble Pd nanoparticles with excellent 

physicochemical properties such as high thermal stability 

and good chemical stability can be synthesized in a wide 

range of sizes and shapes. The overlap of palladium 

nanoparticles with other biopolymers or molecules 

results in biocompatible nanoparticles with desirable 

properties. However, very few studies have employed the 

unique properties of palladium nanoparticles for textile 

engineering applications compared to other metals such 

as gold, silver, or iron. In this regard, this study aims to 

highlight the potential applications of palladium-based 

scaffolds in the field of biomedicine [22]. 

Using reinforced phases such as metal, ceramic, and 

polymer particles is one of the studied strategies for 

improving the mechanical properties of apatite implants. 

Among them, manganese dioxide can improve the 

mechanical properties of hydroxyapatite due to its 

desirable properties such as the ability to grow bone, 

reduce the sintering temperature, and increase the density 

of HA [23,24]. 

In our previous research, only the effect of MnO2 on 

HA [18] was investigated. The effect of Pd and ZnO on 

HA [25] was also investigated. In the present study, the 

simultaneous effect of two MnO2 and Pd modifiers on 

HA and the effect of porosity on biocompatibility 
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behavior and mechanical properties were evaluated. The 

novelty of this study lies in the fact that the subjects under 

study have not been published in any other paper.  

To be specific, the characterization, microstructure, 

mechanical and porosity properties, and bioactivity of 

scaffolds were then investigated. There were two types 

of scaffolds: HA/MnO2/Pd and HA/MnO2/Pd filled by 

natural chitosan (CS) binder scaffolds (porpos scaffolds) 

which were compared to each other. To evaluate the 

biocompatibility scaffold, cell culture was performed 

with Dental Pulp Stem Cells (DPSCs). 

 

 

2. MATERIALS AND METHODS 
 
2.1. Praparation of Nano Hydroxyapatite (HA)  

Nano-HA was synthesized by the sol-gel method, as 

previously described [26]. In this way, Ca(NO3)2.4H2O 

(0.1 M, Sigma-Aldrich, UK), and (NH 4)2HPO4 (0.06 M, 

Sigma-Aldrich, UK) were dissolved in deionized water 

separately, and the pH of both solutions increased up to 

11.0 upon the addition of ammonia solution. The solution 

of Ca(NO3)2.4H2O was added dropwise into the 

(NH4)2HPO4 solution for one h, and the white suspension 

and gelatinous precipitate were produced. After aging for 

24 h at room temperature, the sediments were filtered, 

washed several times by distilled water, dried at 80 °C, 

and calcined at 800 °C for one h. 

 

2.2. Preparation of HA/MnO2/Pd and 
HA/MnO2/Pd Filled by Chitosan (CS) Scaffolds  

Palladium nitrate (Sigma-Aldrich, UK) and KMnO4 

(Sigma-Aldrich, UK) solutions were mixed at room 

temperature. Nano-HA was then added to this solution. 

The mixture was stirred for three hours at 70 °C. The 

precipitate was then centrifuged, filtered, and washed 

with water several times; then, it was dried at 80 °C. The 

precipitates were calcined at 450 °C for two hours. The 

prepared powder was added to the 2% (v/v) acetic acid 

solution. The suspension was stirred for one h at 50 °C. 

Then, 0.15 g chitosan (CS) (Sigma-Aldrich, UK) was 

added into the solution and stirred for 1 h to prepare a 

gelous suspension. This gel was dried at 60 °C for 24 h 

and then, it was milled. 

The prepared powders, coated by CS and non-coated 

by CS, were pressed using the Cold Isostatic Pressing 

(CIP) technique at 250 MPa to prepare circular discs. 

Samples of 10 mm in diameter and 4mm in height were 

prepared for microhardness test, density measurement, 

and cell culture, respectively. To perform the 

compression test, the samples were made in the shape of 

a cylinder with the diameter and height of 10 mm. The 

sintering temperature was at 1450 °C for two hours with 

the heating rate of 5 °C/min. In this study, HA/MnO2/Pd 

and HA/MnO2/Pd filled by CS (0.15 g) were prepared, 

respectively [25].  

 

2.3. Material Characterization 
To determine HA, MnO2, and Pd contents within the 

HA/MnO2/Pd and HA/MnO2/Pd filled by CS scaffolds, 

an AA680 atomic absorption/flame mission 

spectrophotometer (Shimadzu, Japan) was utilized. A 

SEM equipped with Energy Dispersive Spectroscopy 

(EDS) was employed to examine the morphology of 

scaffolds. The porosity of scaffolds was also investigated 

using SEM. A transmission electron microscope (TEM; 

JEOL JEM-2100, Japan) was employed to investigate the 

morphology and determine the size of the nanoparticles 

in the composites powder. 

The porosity properties of samples were estimated by 

Brunauer−EmmeS−Teller (BET) method to determine 

the specific surface area. 

 

2.4. Evaluation of Mechanical Properties 
Compressive and hardness tests were carried out to 

evaluate the mechanical properties. The compressive 

strength test was performed using a universal testing 

machine (Zwick, Material Prufung, 1446e60) with a load 

cell of 10 kN. The crosshead speed of compressive 

mechine was 0.5 mm/min [27]. The toughness of the 

samples was calculated by surface area calculation of 

stress-strain curve. The microhardness (Hv) of the 

polished sintered disc shape samples was determined by 

the Vickers indentation (MHV1000Z) and an applied 

load of 200 g with a dwell time of 10 s. The density was 

measured by the Archimedes method. 

 

2.5. Bioactivity, Cell Culture, and ALP Assay 
The sintered HA samples were immersed in 20 mL of 

Simulated Body Fluid (SBF) [28]. The samples were kept 

in Ben Marie bath at 37 °C for 28 days and were dried at 

room temperature. Changes in the surface morphologies 

of samples before and after soaking in the SBF were 

investigated using SEM and EDX. 

To sterilize the samples for cell culture, they were 

washed in 70% ethanol three times and then, they washed 

with Phosphate Buffer Saline (PBS) for 15 min/cycle. 

Culture medium was prepared from Dulbecco&#39;s 

Modified Eagle Medium (DMEM, Sigma, USA) 

supplemented with 10% fetal bovine serum (FBS, Sigma, 

USA) and 1% Penicillin-Streptomycin (Invitrogen, 

USA). Human osteoblast cells (HOB, Cell Applications, 

USA) with the dimentions of 5×105 were cultured on the 

samples immersed in a culture medium. The medium was 

refreshed every two days. 

Dental pulp stem cells were also used for cell culture. 

After defrosting the cells, they were transformed to a 

flask containing RPMI culture medium containing 10% 

FBS and then, the flask was placed in an incubator at 

37 °C. The cells were then cultured in a culture medium 

containing scaffolds for seven days and finally, the 

microstructure of the cells was examined using the 

fluorescence microscope. 
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In order to measure the activity of alkaline phosphate, 

first, 10 thousand HOB cells were poured on each of the 

scaffolds and 100 μl of culture medium was added to 

each scaddold; after three hours, one ml of culture 

medium was added to facilitate the addition of the cells 

to the scaffold. After 24 hours, one ml of culture medium 

was added to the samples and after 14 days, the culture 

medium was collected on the samples and cell lysates 

were recognized for protein content using a micro-BCA 

assay kit (Pierce) and ALP was normalized to the total 

protein content, measured using Pierce BCA protein 

assay kit. Triplicate samples were used for this ALP 

experiment. All data were shown as the mean ± standard 

deviation (Mean ± SD). The significant difference was 

analyzed by ANOVA complemented by Tukey's multiple 

comparisons test. P-values < 0.05 were considered as 

statistically significant. 

 

 

3. RESULTS AND DISCUSSION 
 
3.1. Atomic Absorption Analysis and 
Microstructure of HA/MnO2/Pd Powder 

Atomic absorption analysis was conducted on 

HA/MnO2/Pd composite powder. Here, 0.02 g of this 

composite powder was used and dissolved in 28 cc 

solvent (chloridric acid) and the concentrations of Mn2+, 

Ca2+, and Pd2+ ions were to be 0.46, 211, and 0.67 mg/l, 

respectively. 

The ion contents in nanocomposite include 5.86, 0.015, 

and 0.021 mg of calcium, manganese, and palladium 

ions, respectlively, in a liter of solvent. Given that the 

selection of 0.02 g of powder for atomic absorption was 

used, the total amount of Mn2+, Ca2+, and Pd2+ ions in the 

total powder was 0.07, 29.17, and 0.098%, respectively. 

The molecular weights of Mn, Ca, and Pd were 54.94, 40, 

and 106.42 g/mol, resepctively, and the molecular weight 

of oxygen was 16 g/mol. Therefore, MnO2 deposited on 

HA is equal to 70.94 ×0.07%, which is approximately 

0.05%; however, Pd deposited on HA/MnO2 is equal to 

106.42×0.098%, which is approximately 0.104%. Due to 

the molecular weight of KMnO4 solution and Pd(NO3)2, 

2H2O and an initial amount of palladium salt, potassium 

permanganate salt, and HA were utilized in this study. 

Mn2+ and Pd2+ contributions are 11.8% and 2.13%, 

which, in proportion to the initial HA weight used (2 g), 

should be in the composite 4.6% and 0.82%. This is the 

reason why X-ray diffraction could not show MnO2 and 

Pd peaks; therefore, these two phases were characterized 

by atomic absorption and EDS. 

Figure 1 indicates TEM image of HA/MnO2/Pd 

powder. All of the particles shown in this figure are less 

than 100 nm. Therefore, HA, MnO2 and Pd are measured 

on a nano-scale scale. 

 
 
Figure 1. TEM image of HA/MnO2/Pd powders 

 

 

 

3.2. Scanning Electron Microscope Images Before 
and After Immersion in SBF and Porosity 
Properties 

Figures. 2(a) and (b) illustrate the cross-section of 

HA/MnO2/Pd scaffolds before immersion in SBF. Figure 

2a shows the cross-sectional area of HA/MnO2/Pd 

sintered scaffold at 1400 °C and the effect of Pd on the 

HA/MnO2 composite. As shown in Figure. 2(a), addition 

of Pd leads to a dense structure, and the porosity in these 

scaffolds is lower than that in Figure 2(c) which shows 

HA/MnO2/Pd filled by CS scaffold. Figure 2(c) shows 

the spherical porosity in the scaffold matrix after coating 

HA/MnO2 with CS. Increasing porosity can affect the 

mechanical properties and biocompatiblities of the 

scaffolds. In this respect, these properties are fully 

discussed in the following sections. Figure 2(d) shows 

the EDX analysis of the HA/MnO2/Pd filled by CS 

scaffold which confirms the presence of Mn and Pd in the 

composite. 

SEM images (Figure 3a and b) show the sediments on 

the surface of the HA/MnO2/Pd and HA/MnO2/Pd filled 

by CS. Both of sedimentations are perfectly uniform. The 

EDS pattern of the apatite formed on the surface of the 

HA/MnO2/Pd sample after immersion in the SBF is 

illustrated in Figure 3c. In this pattern (Figure 3c), the 

characteristic peak of the apatite containing Ca, P, and O 

has high intensity. In fact, upon immersing in the SBF, 

the ions in the SBF solution were sedimented on the 

scaffold surface. Table 1 presents the quantitative results 

of EDX analysis from apatite precipitation on samples 

after 28 days of immersion in SBF. The ratio of Ca/P is 

1.66, confirming the formation of apatite on the surface. 
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Figure 2. SEM images of (a,b) the cross-sectional area at the fracture of the HA/MnO2/Pd at two magnifications before immersion in 

SBF, (c) the cross-sectional area at the fracture of the HA/MnO2/Pd filled by CS before immersion in SBF, and (d) EDX analysis from 

HA/MnO2/Pd filled by CS 

 

 
 

Figure 3. The morphology of apatite crystals formed on the surface of samples after 28 days of immersion in SBF: (a) HA/MnO2/Pd, 

(b) HA/MnO2/Pd filled by CS, and (c) EDX analysis of the apatite formed on the surface of the HA/MnO2/Pd sample after immersion 

in the SBF
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TABLE 1. Quantitative results of EDX analysis from apatite 

precipitation on samples after 28 days of immersion in SBF 
 

Elem. Line Int. Err. K Kr wt% at.% ZAF 

O Ka 269.9 238.1921 0.366 0.159 61.44 77.47 0.2537 

Na Ka 84.4 27.0804 0.037 0.016 5.36 4.61 0.3056 

P Ka 278.4 100.0868 0.119 0.052 6.33 4.32 0.7675 

Cl Ka 601.7 4.2802 0.305 0.133 16.34 9.12 0.8134 

Ca Ka 268.2 2.2779 0.169 0.073 10.53 4.48 0.8516 

    1.000 0.434 100.0 100.0  

 

The reasons behind the formation of porosities in 

scaffolds were the incorporation of the CS binder and its 

removal. Table 2 shows the the porosity in these 

scaffolds, the porosity parameters of HA/MnO2/Pd, and 

HA/MnO2/Pd filled by CS scaffolds. The HA/MnO2/Pd 

filled by the CS sample has a higher specific surface area 

than the HA/MnO2/Pd samples. The specific surface area 

of the HA/MnO2/Pd filled by CS sample is 2.5 units 

higher than that of HA/MnO2/Pd samples, respectively. 

Further, the total pore volume and mean pore diameter 

parameters of the HA/MnO2/Pd filled by CS sample are 

more than those of the HA/MnO2/Pd samples. 

 
TABLE 2. Porosity parameters of HA/MnO2/Pd and 

HA/MnO2/Pd filled by CS samples 
 

Parameter HA/MnO2/Pd 
HA/MnO2/Pd 

filled by CS 

BET specific surface area 

(m2 g-1) 
3.3963 8.6547 

Total pore volume 

(cm3 g-1) 
0.0101 0.01912 

Mean pore diameter 

(nm) 
1.0102 12.654 

 

 

3.3. Density and Mechanical Testing 
According to Table 3, the bulk density of the 

HA/MnO2/Pd is more than HA/MnO2/Pd filled by CS 

scaffolds. This difference depends on the number of 

porosities in the scaffolds. The amount of porosities also 

depends on the amount of CS filled on the surface of the 

HA/MnO2/Pd powder.  

The hardness of the samples is given in Table 2. The 

results revealed that the hardness of the HA/MnO2/Pd 

sample was more than that of HA/MnO2/Pd filled by CS 

scaffolds. Given that the density of this sample is lower, 

it has more porosity and, hence, less hardness. 

 
TABLE 3. Bulk density and hardness of HA/MnO2/Pd and 

HA/MnO2/Pd filled by CS 
 

Composition 
Density 

(g/cm3) 

Hardness 

(GPa) 

HA-MnO2-Pd 2/4119 1.05 

HA-MnO2-Pd-filled by Cs 2/4012 0.21 

Figure 4 and Table 4 indicate the compressive strength 

of the samples. Sample HA/MnO2/Pd has higher 

compressive strength than that of sample HA/MnO2/Pd 

filled by CS. This increase in the compressive strength 

can be attributed to the higher density of this sample 

(Table 3). There is also this process after immersion. 

However, the difference in the compressive strength 

before and after immersion in HA/MnO2/Pd sample is 

greater than that in HA/MnO2/Pd filled by CS, indicating 

that the compressive strength would decreased 

significantly due to the presence of porosities in the 

sample and absorption of solution into the open 

porositeis. Moreover, a comparison of this study with that 

conducted by Azizi et al. revealed that after immersion in 

SBF solution, the mechanical properties of both of 

HA/MnO2/Pd and HA/MnO2/Pd filled by CS scaffolds 

were higher than those of pure HA before immersion, 

mainly due to the cohesiveness of the ceramic matrix 

(HA/MnO2) in the presence of Pd metal nanoparticles. 

Thereofore, it can be concluded that incorporation of 

palladium to HA and HA/MnO2 would increase the 

hardness, toughness, and compressive strength [18]. 

 

 
TABLE 4. Compressive strength and toughness of 

HA/MnO2/Pd and HA/MnO2/Pd filled by CS before and after 

immersion in SBF for 28 days 
 

 HA/MnO2/Pd 
HA/MnO2/Pd 

filled by CS 

Compressive 

Strength 

(MPa) 

Before 

immersion 
167.45 107.64 

After 
immersion 

76.38 54.52 

Toughness 

(MPa) 

Before 
immersion 

1.803 1.159 

After 

immersion 
0.823 0.587 

 

 

 
 

Figure 4. Compressive stress-strain curves of HA/MnO2/Pd 

and HA/MnO2/Pd filled by CS befpre and after immersion in 

SBF solution 
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Incorporation of metal nanoparticles improves the 

mechanical properties of ceramic composites. In general, 

porosity can reduce the mechanical properties of the 

HA/MnO2/Pd filled by CS scaffolds compared to the 

samples without porosity (HA/MnO2/Pd); however, 

compared to the study of Azizi et al., even after 28 days 

of immersion, the porous scaffolds (HA/MnO2/Pd filled 

by CS) outperformed the HA/MnO2 samples [18]. 

Chowhury indicated that the compressive strength, 

hardness, and Young’s modulus of ceramic composites 

decreased upin increasing the porosity [29]. 

 

3.4. In Vitro Evaluation 
Deposition of Pd and MnO2 on HA increased its 

biocompatibility. Azizi et al. previously cultured the 

same cell on HA produced by sol-gel method and 

HA/MnO2 nanocomposite, and they found that MnO2 

caused a slight decrease in the biocompatibility of HA 

[18]. According to the result of this study, Pd was added 

to HA/MnO2 nanocomposites, and the biocompatibility 

of HA/MnO2/Pd nanocomposite scaffolds was much 

higher than that of pure HA and HA/MnO2 scaffolds. 

Moreover, increasing the porosity of HA/MnO2/Pd by CS 

binder would increase the biocompatibility of this nano-

composite even more. Therefore, it can be concluded that 

Pd and porosity together are factors that can play a key in 

increasing cell proliferation.  

It is predicted that nano-scale ceramic scaffolds in this 

study, in addition to the desired mechanical properties, 

due to the high specific surface area of the particles, also 

have higher bioactivity than conventional composites 

based on hydroxyapatite and thus, they can be used as the 

tissue increases under load. The density, sinterability, and 

mechanical properties of ceramics made from nanoscale 

powders can be enhanced using hydroxyapatite 

nanocrystals, which are acknowledged to be better 

biocompatible with larger crystals [30]. 

Previous research has shown that scaffolds with high 

porosity could exhibit higher surface area, hence higher 

biodegradability [31]. At the surface roughness more 

than 50 nm, van der Waals forces are the main factor; 

however, at less distances between 10–20 nm, a 

combination of both van der Waals forces and 

electrostatic interactions affect the cell adhesion [32]. In 

medical implants made by metals, the desired surface 

roughness is usually less than 10 nm [33]. Rough surface 

promotes friction, thus decreaseing the mobility of the 

bacteria; this sessile environment improves the biofilm 

growth [34]. Hence, HA/MnO2/Pd filled by CS scaffolds 

have a significant surface roughness that can be a good 

place for cell proliferation. Figure 5(b) shows ALP assay 

of the HA/MnO2/Pd and HA/MnO2/Pd filled by CS 

scaffolds. The observed trend for the cell proliferation 

diagram (Figure 5(a)) was also observed in this diagram 

(Figure 5(b)). A comparison between this study and that 

of Heidari et al., who assessed the HA/ZnO/Pd 

nanocomposites, revealed that the sedimentation of Pd 

and ZnO on HA reduced its biocompatibility. According 

to the obtained results, it can be concluded that the 

decrease in the biocompatibility of HA/ZnO/Pd nano-

composite compared to pure HA resulted from Zn ions 

leakage, and Pd did not play any role in this reduction 

[25,35-36]. 

The small particle size of the nanocomposite facilitates 

its penetration into the bacterial cell membrane and 

destructs the cell cytoplasm and nucleic acids leading to 

cell death. The cellular response of toxicant is determined 

by viability assays. The toxic effect of nanocomposites 

on biological cells is known as cytotoxicity that depends 

on different characteristics. In order to prepare the non-

toxic composites, more emphsis should be put on the 

selection of metal to be incorporated. In this respect, 

optimum incorporation of Pd nano particles to the 

nanocomposite is essential for better cell viability. 

Lateral dimensions, amount of oxygen groups, large 

surface area, and selection of the material for 

incorporation provide better cell viability of Pd/ZnO that 

makes the nanocomposite a promising biocompatible and 

nontoxic nanomaterial used as an apoptosis agent for the 

appropriate drug delivery system in various biomedical 

applications [37]. 

 

 

 
 

Figure 5. Cell proliferation diagrams on (a) HA/MnO2/Pd and 

HA/MnO2/Pd filled by CS scaffolds, (b) ALP assessment on 

HA/MnO2/Pd and HA/MnO2/Pd filled by CS scaffold after 7 

days 

https://doi.org/10.30501/ACP.2021.290650.1067
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4. CONCLUSION 
 

Two types of scaffolds containing HA, MnO2, and Pd 

were prepared and characterized in this study. 

HA/MnO2/Pd filled by CS had lower mechanical 

properties than those of HA/MnO2/Pd scaffolds before 

and after immersion in SBF solution. The results 

indicated that HA/MnO2/Pd nanocomposite scaffold was 

characterized by better cell viability and biocompatibility 

than those of HA/MnO2/Pd scaffolds. 
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