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Abstract  

Nowadays, dentists are facing many bisphosphonate-related osteonecrosis of the jaw (BRONJ) patients as the 

number of patients receiving nitrogen-containing bisphosphonates (N-BPs) is dramatically increasing around the world. 

One possible cause of BRONJ may involve an increased accumulation of N-BPs to cytotoxic levels in the jawbone. 

Thus, to reduce the risk of BRONJ, adsorption of unbound N-BP molecules by calcium phosphate adsorbents may help 

decrease N-BP uptake into the target cells, thus preventing the cytotoxicity of N-BP. The present study aimed to 

compare the zoledronic acid (ZA) adsorption efficacies of hydroxyapatite (HA) and β-tricalcium phosphate (β-TCP) 

and to determine the factors influencing their adsorption abilities. Two calcium phosphate adsorbents, i.e., HA and β-

TCP, were characterized by scanning electron microscopy (SEM), attenuated total reflection-Fourier transform infrared 

(ATR-FTIR) and laser light scattering particle size analysis. HA and β-TCP adsorbents, used in various quantities, were 

individually immersed in the ZA solution as a function of incubation time, to study the ZA adsorption efficacy. The 

remaining ZA concentration after a given adsorption time was determined using high-performance liquid 

chromatography (HPLC). The cytoprotection was assessed using an in vitro periodontal ligament (PDL) cells 

cytotoxicity test. The chemical interaction between each adsorbent and ZA was examined by scanning electron 

microscopy/energy-dispersive X-ray spectroscopy (SEM/EDX) and ATR-FTIR. The results showed that the particle 

size distributions of HA and β-TCP were not remarkably different. In terms of ZA adsorption efficacy, 0.02 g of HA 

possessed the highest adsorption efficiency, approximately 96%, regardless of the adsorption time, whereas 0.005 g of 

β-TCP showed the lowest efficacy, in the range of approximately 31-41% after 1 h and 24 h of adsorption. The amount 

of each adsorbent used, but not the adsorption time, seemed to significantly affect the adsorption efficacy. Moreover, a 

chemical interaction between ZA and HA, but not β-TCP, was likely to occur. It was also found that HA, but not β-

TCP, appeared to rescue the number of viable PDL cells, with the 0.02 g HA groups showing the most cytoprotective 

effects, against ZA regardless of the incubation time. In conclusion, despite the similar shape and size of the particles of 

the calcium phosphates used, HA provided a much higher ZA adsorption efficiency than β-TCP did, possibly through a 

higher chemical bonding to ZA. Besides, HA also markedly rescued the cytotoxicity of ZA to PDL cells. It is suggested 

that HA is a promising bone substitute material candidate for patients with a high risk to develop BRONJ. 

 

Keywords: Cytoprotection, Hydroxyapatite, β-tricalcium phosphate, Zoledronic acid, Adsorption, Periodontal ligament 

cells 

 

1.  Introduction 

Nitrogen-containing bisphosphonates (N-BPs) are antiresorptive drugs used to reduce the risk of 

skeletal complications in patients suffering from osteoporosis, hypercalcemia, Paget’s disease, multiple 

myeloma, and bone metastasis of cancer (Nicolatou-Galitis et al., 2019; Qayoom et al., 2018; Rasmusson & 

Abtahi, 2014). N-BPs (both oral and intravenous (IV) forms) are the first-line drugs to treat patients with 

either osteoporosis or osteopenia as they prevent pathologic fracture of bone (Byun et al., 2017). Nowadays, 

the number of patients receiving N-BPs has increased, reaching approximately 200 million osteoporosis 

patients worldwide (Miksad et al., 2011). Therefore, dentists are now facing a challenge in the dental 

management of patients receiving N-BPs (Nicolatou-Galitis et al., 2019), which may encounter a serious 
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complication called medication-related osteonecrosis of the jaw (MRONJ or specifically bisphosphonate-

related osteonecrosis of the jaw; BRONJ) following routine dental practice involving tooth removal or 

periodontal surgery. BRONJ is a condition of jawbone necrosis found in patients using N-BPs either oral or 

IV forms (Salvatore L. Ruggiero et al., 2022). In osteoporosis patients, the risk of developing spontaneous 

BRONJ is very low but will increase when patients are undergoing osseous surgery or receiving a long 

course of oral N-BPs for more than 4 years (Salvatore L Ruggiero et al., 2014). In cancer patients receiving 

N-BP, the incidence of BRONJ is 100 times greater than that in osteoporosis patients due to the higher dose 

and frequency of IV N-BPs administration (Coleman et al., 2011; Mauri et al., 2009).  

The pathogenesis of BRONJ remains unclear. It is widely accepted that this involves the drug 

cytotoxicity on osteoclast viability and function from high dose N-BPs, thus leading to impairment of bone 

remodeling and bone healing (Russell, Watts, Ebetino, & Rogers, 2008). To treat BRONJ, supportive 

treatment is the first choice of treatment with debridement of necrotic bone and antibiotic prescription to 

prevent further infection. Currently, there are no consensus clinical guidelines or protocols for the 

management and treatment of BRONJ. The estimated cost for treating BRONJ is about $1,667 per person, 

and, in the case of surgical intervention, the estimated cost increases to $20,000 per person with a total follow 

up time of approximately 12 months, and a quarter of BRONJ patients do not improve after receiving the 

treatment (Najm, Solomon, Woo, & Treister, 2014). It is suggested that a successful preventive measure is 

necessary.  

Several attempts have been made to reduce the risk of BRONJ. Prevention of N-BPs uptake into 

the target cells could be a promising approach that may reduce the development of BRONJ. It is known that 

N-BPs bind strongly to hydroxyapatite (HA) in bone and can be released from HA molecules in response to 

the acidic microenvironment by fully functional osteoclasts during bone repair. The presence of 

biocompatible adsorbents that have a high affinity to these free (unbound) N-BPs, such as calcium 

phosphates, is likely to reduce or inactivate free N-BPs up taken by bone cells and soft tissue cells. Previous 

studies reported the beneficial use of local implantation of synthetic and commercial calcium phosphates 

such as HA, β-tricalcium phosphate (β-TCP), and biphasic calcium phosphate, to reduce BRONJ in animal 

models (de Almeida et al., 2018; Paulo et al., 2019; Paulo et al., 2020). As a range of HA to β-TCP ratios in 

commercial calcium phosphate grafting materials are now available in the market, different forms of 

calcium phosphates may possess different capacities to adsorb and thus prevent cytotoxicity of zoledronic 

acid (ZA), the most potent N-BPs widely used in patients. Strong evidence about the efficacies of HA and 

β-TCP in adsorbing ZA and the regulation of their adsorption is, however, very limited.  

 

2.  Objectives 

The present study, therefore, aimed to compare the ZA adsorption and cytoprotection efficacies 

between HA and β-TCP. Factors influencing their adsorption abilities, i.e., amount of adsorbent and 

incubation time, were also determined. 

 

3.  Materials and Methods 

 Two different calcium phosphate (CaP) adsorbents, i.e., hydroxyapatite (HA) and β-tricalcium 

phosphate (β-TCP), were used in the present study. HA was purchased from Taihei Chemical Industrial 

Co., Ltd., (CAS.No. 1306-06-5), and β-TCP was obtained from Merck German (CAS. No. 7758-87-4). 

Characterization of adsorbents, determination of ZA adsorption efficiency, analysis of ZA-adsorbent 

interaction, and cytotoxicity testing are described below. 

 

3.1 Scanning electron microscopy (SEM) 

SEM was used to examine the morphological features of HA and β-TCP particles. The samples 

were prepared by dispersing each sample powder in 100% ethanol, after which aliquots of 5 µL of each 

slurry were dropped on coverslips. The samples were dried at room temperature for 30 min. The conductive 

coating was done by gold coating, and SEM was carried out using a scanning electron microscope (JCM-

6000, JEOL Ltd., Tokyo, Japan). The accelerating voltage was set at 15 kV. The contrast and brightness of 
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the images were adjusted to optimal values so that the particles could be easily distinguished from the 

background. Images (a magnification at 2000X) were used for image acquisition and analysis.  

 

3.2 Analysis of particle size distribution 

 The particle size distributions and the mean particle sizes of HA and β-TCP powders were 

measured by using a laser light scattering particle size analyzer (Mastersizer-2000, Malvern Instruments, 

Great Malvern, UK). Briefly, 0.5 mg of each of the dried samples was suspended in 20 mL of deionized 

(DI) water and then stirred for 4 min with high-speed spinning. The mean diameters of the individual 

analyzed adsorbents were reported along with the corresponding percentile values, i.e., D10, D50, and D90, 

read from the corresponding cumulative particle size distributions.  

 

3.3 ZA adsorption assay 

 Zoledronic acid monohydrate powder (Tokyo Chemical Industry Co., Ltd., CAS.No. 165800-06-6) 

was reconstituted in deionized (DI) water to obtain a 100 µM ZA solution. The solution was filtered through a 

0.22 µm nylon filter. 0.005 g and 0.02 g of both HA and β-TCP powders were sterilized with 70% ethanol and 

then extensively washed in DI water 3 times. The powders were separately incubated in 1 mL of 100 µM ZA 

at 37
◦
C to allow the adsorption for 1 h and 24 h under an orbital rotator at a constant speed of 5 rpm. 0.02 g of 

HA and β-TCP individually incubated in DI water for 24 h were also used as controls. After each time point, 

the samples were centrifuged (Eppendorf
®
 Centrifuge 5415R, Eppendorf AG, Hamburg, Germany) at 10000 

rpm for 10 min, and the supernatant in each sample was collected for cytotoxicity testing. The pelleted powder 

samples were dried at 60
◦
C for 24 h, and half of each sample was further washed extensively in DI water 3 

times to eliminate any ZA physically adsorbed on the sample before drying at 60
◦
C for 24 h. All powder 

samples collected both before and after extensive washing were stored in a desiccator before being analyzed. 

 

3.4 High-performance liquid chromatography (HPLC) 

 HPLC was used to examine the amount of ZA remaining in each supernatant after each adsorption 

was performed. The collected supernatants were individually filtered through 0.22 µm nylon filters, and the 

amounts of ZA were subsequently measured using HPLC (WATERS HPLC 2965 SYSTEM) with FRC-

10A Fraction Collector (Shimadzu) under the following conditions; Column 250 x 3.0 mm
2
, Temperature 

30
◦
C, Time 10 min, Flow rate: 1.0 mL·min

-1
, Detection: 210 nm using a UV detector, Injection volume 50 

µL, Diluent: mobile phase (phosphate buffer: methanol 90:10 v/v). The amount of ZA found in each sample 

was calculated based on a standard calibration curve constructed using six known ZA concentrations (10, 

20, 40, 60, 80, and 100 µM). The initial amount of ZA used and the remaining amount of ZA determined 

was promptly employed for the assessment of the adsorption efficiency of the tested adsorbent under a 

given adsorption condition studied. 

 

3.5 Scanning electron microscopy/energy-dispersive X-ray spectroscopy (SEM/EDX)  

The mass level of nitrogen, indicative of the presence of adsorbed N-BPs, found on the adsorbent 

surface directly corresponds to the amount of ZA adsorbed. HA and β-TCP that showed the highest 

adsorption efficacy were used as candidate representatives for SEM/EDX analysis, which was investigated 

using SEM (HITACHI S3400N, Hitachi, Ltd., Chiyoda, Japan) equipped with an EDX attachment 

operating at 20 kV, a working distance of 10 mm, and an image magnification of 2000X. The elemental 

analysis using TEAM
TM

 Analysis System (EDEN Instruments SAS, Valence, France) was performed on 5-7 

sample spots per field in each sample, and the average weight percent of nitrogen was later calculated.  

 

3.6 Attenuated total reflection - Fourier transform infrared (ATR-FTIR) 

 ATR-FTIR was used to observe any newly formed chemical bonds between the molecules of ZA 

and each adsorbent as well as any changes in the chemical bonds of the adsorbent molecules after the 

adsorption process. Briefly, 5 mg of HA and β-TCP powders were individually incubated with 100 µL of 1 

mM ZA at room temperature for 1 h (the relatively high concentration of ZA was used to obtain sufficiently 
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high IR signals for detection). Subsequently, the samples were dried at 60
◦
C overnight and then subjected to 

ATR-FTIR measurement. FTIR spectra were recorded over a 400-4000 cm
-1

 range using a Nicolet™ iS™ 5 

FTIR Spectrometer (Thermo Fisher Scientific, Massachusetts, USA). The spectral resolution was 4 cm
-1

 

and 32 scans per spectrum. The data was analyzed using OriginPro 8.5.0 software (Originlab corporation, 

Massachusetts, USA). Pure ZA, HA, and β-TCP powders and combinations of dried powders between each 

adsorbent and ZA were also analyzed as references. 

 

3.7 In vitro cytotoxicity test 

To investigate the cytoprotective effects of HA and β-TCP against the cytotoxicity of ZA, the 

effect of remaining ZA in each solution after adsorption by HA or β-TCP on the number of viable human 

periodontal ligament (PDL) cells was determined. The use of PDL cells was approved by the Human 

Research Ethics Committee of Thammasat University (Science) (COA NO. 068/2564) and the Thammasat 

University Biosafety Committee (NO. 057/2564). Briefly, 200 µL of each of the supernatants obtained in 

section 3.4 was mixed (1:1) with 2X Dulbecco’s Modified Eagle Medium (DMEM) containing 20% fetal 

bovine serum (FBS), penicillin-streptomycin (10,000 U/mL) (all from Gibco Life Technologies Ltd, 

Paisley, UK). Each diluted ZA supernatant was used to treat PDL cells (which were previously seeded at a 

density of 5x10
4
 cell/well in a 96-well plate at 37

◦
C) for 96 h at 100% relative humidity and 5% CO2. After 

96 h, all samples were fixed with 4% paraformaldehyde (PFA), and 4’,6-diamidino-2-phenylindole (DAPI) 

staining was carried out to measure the number of viable adherent PDL cells using ImageJ software (NIH, 

USA). 

 

3.8 Statistical analysis 

Adsorption efficacy, percent weight of nitrogen component, and viable cells in DAPI staining of each 

sample were presented as the mean ± S.D. obtained from at least 5 replicates. The distribution of data was 

evaluated by the Kolmogorov-Smirnov test. Levene’s test for equality of variances was shown non-

homogeneity of variance. Welch’s ANOVA and Games-Howell post-hoc analysis were used to analyze the 

data. Pearson correlation was used to study the correlation between the adsorbent amount and adsorption time 

on the number of viable cells. Statistical analysis was performed using IBM SPSS Software Version 22 

(International Business Machines Corporation, New York, USA), with p < 0.05 considered statistically 

significant. 

 

4.  Results and Discussion  

4.1 Results 

4.1.1 Characterization of HA and β-TCP adsorbents 

SEM images in Figures 1a and 1b reveal the particle agglomeration of HA and β-TCP, 

respectively. Both HA and β-TCP particles apparently possessed irregular shapes and various sizes. The 

ATR-FTIR spectra of HA and β-TCP adsorbents are shown in Figure 1c. The characteristic absorption 

peaks of HA were found at the following wavenumbers: 472, 560, 600, 632, 874, 960,1015, 1085, 1415, 

1453, 2338, and 2360 cm
-1

 (Ozhukil Kollath et al., 2015). The peaks at 874 and around 1415 to 1453 cm
-1 

represent ʋ2 and ʋ3 bands of carbonate ions, respectively, due to the carbonate substitution for hydroxyl and 

phosphate groups in HA that may occur during the manufacturing process (LeGeros, Trautz, Klein, & 

LeGeros, 1969). The phosphate groups were detected at the ranges of 472-632 cm
-1

,
 
representing a ʋ4 

vibration mode of PO4
3-

,
 
and 960-1085 cm

-1
, representing ʋ1 and ʋ3 vibration modes of PO4

3-
. On the other 

hand, the characteristic absorption peaks of β-TCP were found at the following wavenumbers: 495, 540, 

588, 602, 668, 725, 942, 968, 1001, 1100, 1115, 1187, 1121 cm
-1

 (Tavares Ddos, Castro Lde, Soares, Alves, 

& Granjeiro, 2013). The peaks around 495-725 cm
-1 

represent a ʋ4 vibration mode of PO4
3-

, whereas those 

around 942-1121 cm
-1

 represent a ʋ3 vibration mode of PO4
3
. 

From the particle size analysis results shown in Table 1, the sizes below 10%, 50%, and 90% of all 

HA particles found were 2.36, 6.81, and 14.98 µm, respectively, while those of β-TCP particles were 1.15, 
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4.34, and 14.20 µm, respectively. The particle size distributions of these two adsorbents were not remarkably 

different. 

 

4.1.2 Adsorption efficacies of HA and β-TCP adsorbents 

The amount of ZA remaining in each supernatant after certain adsorption was analyzed using 

HPLC in order to determine the adsorption efficacy of a given adsorbent (Table 2). When HA was used at 

0.005 g and 0.02 g HA to adsorb 100 µM ZA for 1 and 24 h, the adsorption efficacy of HA was slightly 

raised with an increase in the quantity of the adsorbent used. Moreover, it could instantly absorb ZA; a 

prolonged adsorption time barely increased the amount of ZA adsorbed. Overall, HA could adsorb ZA quite 

efficiently; its adsorption efficacy was in the range of 80-96%. In contrast, β-TCP demonstrated a 

considerably lower adsorption efficacy, especially when a small quantity of the adsorbent was in use. When 

a higher amount, i.e., 0.02 g of β-TCP was employed, its adsorption efficacy was raised approximately two 

folds, with respect to that of β-TCP used at 0.005 g. Although the adsorption rate seemed to escalate 

slightly as a function of adsorption time, the adsorption efficacy of β-TCP was, overall, only in the range of 

31-85%.  
 

 

Table 1 The particle size distributions of HA and β-TCP powders analyzed by a laser light scattering technique 

 

4.1.3 Binding of ZA to HA or β-TCP adsorbents 

ATR-FTIR was used to investigate the chemical binding of ZA to each of the adsorbents exploited. 

In Figures 2a and 2b, the spectrum of ZA-adsorbed HA (denoted as HA + ZA solution (HA bonded) in 

Figures 2a and 2b) clearly demonstrates the shifted wavenumbers of the absorption bands from 560 to 565 

cm
-1

 (ʋ4 vibration mode of PO4
3-

 in HA molecule), 1024 to 1021 cm
-1

 (ʋ3 vibration mode of PO4
3-

 in HA 

molecule), 624 to 629 cm
-1

 (ʋ4 vibration mode of PO4
3-

 in ZA) and 1091 to 1086 cm
-1

 (C-O stretching in 

 
Figure 1 The characterization results of HA and β-TCP adsorbents.  

SEM images of (a) HA and (b) β-TCP. (c) FTIR spectra of HA and β-TCP. 

Percentile value  
Particle size (µm) 

HA β-TCP 

D10 

D50 

D90 

2.36 

6.81 

14.98 

1.15 

4.34 

14.20 
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ZA), with respect to the wavenumbers of those absorption bands of a mixture of HA and ZA powders 

(denoted as HA + ZA powder (HA unbonded) in Figures 2a and 2b), suggesting a possible chemical 

interaction between ZA and HA upon adsorption. In contrast, no spectral shifts were observed in the ZA-

adsorbed β-TCP (Figure 2c and 2d); the absorption bands of both β-TCP + ZA solution (β-TCP bonded) 

and β-TCP + ZA powder (β-TCP unbounded) were observed at similar wavenumbers.  
 

Table 2 The adsorption efficacies of HA and β-TCP adsorbents incubated with 100 µM ZA at varied 

amounts of adsorbents and incubation times used  

Adsorbent Amount (g) 
Time 

(h) 

Remaining ZA concentration 

(mean ± S.D.; µM) 
Adsorption efficacy (% mean ± S.D.) 

HA 

0.005 g 
1 h 17.69 ± 3.35 82.33 ± 2.31 

24 h 19.71 ± 4.16 80.74 ± 2.46 

0.02 g 
1 h 3.20 ± 0.06 96.78 ± 0.17 

24 h 3.11 ± 0.02 96.87 ± 0.23 

β-TCP 

0.005 g 
1 h 68.25 ± 0.58 31.26 ± 5.18 

24 h 58.34 ± 2.00 41.35 ± 2.24 

0.02 g 
1 h 25.77 ± 6.55 74.83 ± 4.27 

24 h 14.63 ± 3.71 85.43 ± 2.83 

 

 
Figure 2 The overlaid ATR-FTIR spectra of HA incubated with a ZA solution, HA mixed with a ZA powder, pure ZA, 

and pure HA at the different wavenumber ranges: (a) 400-800 cm-1 and (b) 800-1200 cm-1. The overlaid spectra of β-

TCP incubated with a ZA solution, β-TCP mixed with a ZA powder, pure ZA, and pure β-TCP at the wavenumber 

ranges: (c) 400-800 cm-1 and (d) 800-1200 cm-1. 
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In Figure 3, the SEM-EDX elemental analysis results from the HA and β-TCP groups that showed 

the highest adsorption efficacy from data shown in Table 2 (0.02 g HA 24 hours and 0.02 g β-TCP 24 

hours) vividly confirmed the chemical adsorption of ZA onto the HA particles; after extensive rinsing with 

DI water, the presence of ZA, identified by the detection of nitrogen element by EDX, in the ZA-adsorbed 

HA particles was positively verified. The mean weight percentages of nitrogen found in the ZA-adsorbed 

HA samples before and after purification were 0.23 ± 0.19 and 0.18 ± 0.15, respectively (Figures 3a and 

3b). The results acquired from EDX analysis also indicated no chemical interaction between β-TCP and ZA 

dissolved in the solution; a trace of nitrogen detected in the ZA-adsorbed β-TCP sample prior to successive 

washing with DI water entirely disappeared after washing (Figures 3c and 3d). 
 

 
Figure 3 The EDX spectra of ZA-adsorbed HA (0.02 g HA, 24 h group) (a and b) and ZA-adsorbed β-TCP (0.02 g β-

TCP, 24 h group) (c and d) before and after extensive washing with DI water, respectively.  The mean nitrogen content 

(% weight) ± S.D. determined from each sample is reported on the top of the corresponding SEM image. 

 

4.1.4 Cell viability  

The results in Figure 4a reveal that the supernatants from HA and β-TCP slurries had no 

cytotoxicity, whereas pure ZA solution, without any adsorbents, was highly cytotoxic. Apparently, HA, but 

not β-TCP, particularly when used at 0.02 g, was able to significantly rescue the number of viable cells. 

Interestingly, the cytoprotective effect of HA against ZA was explicitly noticed, regardless of the ZA/HA 

adsorption time. Besides, HA prevented ZA-induced apoptosis of PDL cells, whereas a number of apoptotic 

DNA fragmentation (white arrows) were observed in the β-TCP group (Figure 4b). A summary of the 

cytotoxicity results is shown in Figure 4c. Pearson correlation analysis showed no relation between the 

number of viable cells count and adsorption time (p = 0.307). In contrast, the amount of HA adsorbent 

demonstrated a positive strong correlation with the number of viable cells (p = 0.000, r = 0.882). 

 

4.2 Discussion 

Effective prevention of BRONJ is currently required. Calcium phosphate bone substitutes have 

been suggested to adsorb N-BPs and reduce the risk to develop BRONJ (de Almeida et al., 2018; Paulo et 

al., 2019; Paulo et al., 2020). The present study compared the ZA adsorption abilities of HA and β-TCP, the 
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two most commonly used synthetic bone substitutes, and, thus, their cytoprotection against ZA. The results 

showed that although both HA and β-TCP could adsorb ZA, HA possessed a higher ZA adsorption ability 

and, thus, greater cytoprotection.  

 

 
Figure 4 DAPI staining of viable PDL cells treated with various ZA solutions previously incubated with different 

amounts of HA or β-TCP adsorbents for 1 h and 24 h. (a) Untreated cells and cells treated with ZA-free solutions 

previously incubated with HA or β-TCP were used as controls. (b) The apoptotic cells are indicated by the white 

arrows in each condition. Scale bar = 100 µm. (c) The number of viable PDL cells treated with various ZA solutions 

previously incubated with different amounts of HA or β-TCP adsorbents for 1 h and 24 h. The results show the mean 

cells number/field (± S.D.) from 9 fields. *p < 0.05. 



RSU International Research Conference 2022 

https://rsucon.rsu.ac.th/proceedings                                29 APRIL 2022 

 

[252] 
 

Proceedings of RSU International Research Conference (2022) 

Published online: Copyright © 2016-2022 Rangsit University 

Previous studies on the chemical bonding of ZA to HA have established that the P-C-P structure of 

N-BPs plays an important role in the chemical bonding (Boanini, Gazzano, & Bigi, 2012; Lawson et al., 

2010; Nancollas et al., 2006; Qiu et al., 2013). Calcium is a bone mineral that interacts with the phosphate 

groups of N-BPs. Both HA and β-TCP have calcium in their molecules. However, the chemical bonding 

between ZA and each of the calcium phosphate adsorbents used in the present study was only observed in 

HA, but not in β-TCP. Some FTIR absorption peaks of the ZA-adsorbed HA specimen shifted, with respect 

to those of the mixture of HA and ZA powders as evidently seen in Figure 2. These shifts were likely 

attributed to the chemical interaction between HA and ZA via ionic bond forming between calcium ions in 

HA molecule (blue boxes in Figure 5) and hydroxyl (-OH) groups, i.e., both in phosphate groups (red box) 

and a free -OH group (green box) adjacent to the P-C-P ligand, in ZA, as reported previously (Li et al., 

2017). Although calcium is also presented in β-TCP, the present study could not observe any chemical 

interaction between β-TCP and ZA since there were no spectral shifts in the FTIR spectrum of the ZA-

adsorbed β-TCP specimen. Moreover, the EDX result indicated the absence of ZA in the ZA-adsorbed β-

TCP specimen after washing with DI water successively. It is possible that under an acidic solution of ZA, 

β-TCP likely underwent degradation more rapidly than HA did (Kameda, Aizawa, Sato, & Honda, 2021; 

LeGeros, 2002), and the adsorbed ZA/calcium complex was in turn dissolved back into the solution, 

resulting in cytotoxicity to PDL cells (Cao, Chen, & Schreyer, 2012; Kameda et al., 2021; Kass & Orrenius, 

1999). It is noteworthy that in the control β-TCP incubated with ZA-free solutions, the number of viable 

cells appeared unaffected, which can be due to a neutral pH of the ZA-free solutions that did not cause rapid 

degradation of β-TCP as observed in the acidic ZA solution (Kameda et al., 2021). Furthermore, the particle 

size distributions of HA and β-TCP used in the present study were not much different, as determined by the 

laser light scattering analysis. A superior ZA adsorption efficacy of HA was, therefore, unlikely due to a 

difference in the physical adsorption. The explanation why HA was more effective in adsorption of ZA than 

β-TCP would only be described by the chemical binding between ZA and HA as well as the less 

susceptibility to degradation of HA in the acidic solution of ZA. Further studies are undoubtedly suggested 

to thoroughly investigate the actual causes of a lower ZA adsorption efficacy of β-TCP when compared 

with that of HA. 

 

 

  

 
Figure 5 The chemical interaction between ZA and HA via ionic bond forming  

between calcium ions in HA and hydroxyl groups in ZA 



RSU International Research Conference 2022 

https://rsucon.rsu.ac.th/proceedings                                29 APRIL 2022 

 

[253] 
 

Proceedings of RSU International Research Conference (2022) 

Published online: Copyright © 2016-2022 Rangsit University 

Cytoprotective effects of the tested adsorbents against ZA were determined using an in vitro 

human PDL cells model. PDL tissue components have been shown to remain in the human extraction 

socket for 2 weeks post-extraction  (Devlin & Sloan, 2002), and PDL cells have also been suggested to play 

a role in the healing of the extraction socket (Lin, McCulloch, & Cho, 1994; Loo-Kirana, Gilijamse, 

Hogervorst, Schoenmaker, & de Vries, 2021; Pei et al., 2017). In the present study, complete cytoprotection 

against ZA was only observed in the 0.02 g HA groups (Table 2). The remaining ZA concentrations in these 

groups, at 1 and 24 h, were approximately 3 μM, which is lower than the previously reported toxic dose (5 

μM) (Patntirapong, Singhatanadgit, Chanruangvanit, Lavanrattanakul, & Satravaha, 2012). Moreover, HA 

was also able to inhibit cells apoptosis, as indicated by the presence of DNA fragmentation shown in Figure 

4b in the present study. Cells apoptosis has been shown to play an important role in ZA cytotoxicity to 

hMSCs (Singhatanadgit, Hankamolsiri, & Janvikul, 2021), which strongly supports a cytoprotective role of 

HA adsorbent against ZA.  

The concentration of ZA used in this study was based on the physiological range detected in 

resorption lacunae in vivo (10-100 μM) (Sato et al., 1991; Vaisman, McCarthy, & Cortizo, 2005), and bone 

from patients with existing osteonecrosis of the jaw (ONJ) showed estimated levels of ZA ranging from 0.4 

to 4.6 μM (Scheper et al., 2009). A volume of an extraction socket ranges between 0.5 and 1 mL in a single-

root tooth and a multi-root tooth (Thousand, Datar, Font, & Powell, 2017). The amounts of HA and β-TCP 

in the present study, which are equivalent to 0.5-1 mL are approximately 0.16-0.32 g and 0.33-0.66 g, 

respectively. Based on the present results, 0.16-0.32 g HA in a single-root tooth and a multi-root tooth can 

adsorb ZA 1.9 mM, which is much higher than the highest previously reported accumulated ZA 

concentration in the BRONJ extraction socket (Wen, Qing, Harrison, Golub, & Akintoye, 2011).  

The main limitations of the present study are the limited variation of each variable studied. We 

determined the effect of two quantities of the adsorbents, two adsorption times, and one concentration of 

ZA on the adsorption efficacies and cytoprotective potentials of the calcium phosphates. The lower ZA 

adsorption efficacy of β-TCP, when compared with that of HA, could not be unequivocally claimed. The 

adsorption of ZA to β-TCP has possibly not reached its maximum capacity with the adsorption time used in 

the study. To better understand the adsorption kinetic, equilibrium information, and maximum adsorption 

capacity of the adsorbents, more experiments considering a range of variations of each variable are needed. 

Varying the adsorption times, the amounts of adsorbent, and the initial concentrations of ZA should be 

considered in future studies, which will also provide detailed information regarding the mechanisms 

mediating the ZA adsorption roles of the calcium phosphate adsorbents and significant factors controlling 

this process. Besides, commonly used characterization techniques were applied in the present study. The 

limited sensitivity of such techniques may not be sufficient to thoroughly characterize subtle changes in the 

chemical properties of the ZA-adsorbed calcium phosphates. For example, highly sensitive methods or 

additional techniques, such as CHN elemental analysis, may be used to evaluate the chemical adsorption of 

the adsorbent to support SEM/EDX results. It is also possible that a small amount of ZA chemically 

adsorbed on the surface of β-TCP could not be detected by ATR-FTIR in the present study. The proof of β-

TCP degradation is not provided in the present study whilst it should be carried out to support possible 

different ZA adsorption kinetics of HA and β-TCP. Further studies are warranted. 

 

5.  Conclusions 

In conclusion, despite similar shapes and sizes of the particles of the calcium phosphates studied, 

HA was proven to provide a quite higher ZA adsorption efficiency than β-TCP did, possibly through a 

higher (chemical) interaction between ZA and HA. Besides, HA markedly rescued the cytotoxicity of ZA to 

PDL cells. It is suggested that HA is a promising bone substitute material candidate for patients with a high 

risk to develop BRONJ. 
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