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Abstract: The synthesis of new materials with decent luminescent properties signifies a challenging 

but imperative contribution due to their potential applications in biomedical science. In this study we 

evaluate the potential combinations of nanohydroxyapatite and brucine for various biomedical 

applications. The main objective of this study was to revel the influence of brucine ions on the design 

and structure of hydroxyapatite. Different concentrations of brucine (0.5%, 1%, 2%) has been 

incorporated with nanohydroxyapatite. The morphology and structure, as well as the optical 

properties, of the obtained nanomaterials were characterized using X-ray powder diffraction analysis 

(XRD), Fourier Transform Infrared spectrometry (FTIR), SEM microscopy, UV-Vis spectroscopy. 

The measurements revealed that brucine ions were integrated into the structure of hydroxyapatite in 

all the composition. The biocompatibility and cytotoxicity of the obtained powders evaluated using 

MTT assay and fluorescent spectroscopy reveals the ability of the synthesized nanomaterials to be 

used for biological system imaging.  

Keywords: Nanoparticles; Biomaterials; Fluorescence studies; optical studies; X-ray diffraction  

1. Introduction 

 Multifunctional nanoparticles are of great interest for new applications such as 

cellular imaging, drug delivery and tumor therapy. An increasing number of surface 

chemistry strategies have been used to transform these nanosystems through surface 

modifications such as establishing polymer surface coatings and surface grafting with small 
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molecules. Among them, small-molecule surface modification is one of the most widely used 

methods, with advantages such as rapid and gentle manufacturing process, good 

biocompatibility and dominating fluorescence properties. In recent years, efforts have been 

made to develop nanocrystalline calcium phosphate to improve its biological, functional and 

mechanical properties for their use in biomedical applications. Calcium phosphate is the 

major component of bone and teeth. Calcium phosphate was classified into different types 

based on their stoichiometry Ca/Po ratio. The Stoichiometry Ca/Po ratio as 1:67 is known as 

hydroxyapatite (HAP) with the chemical formula (Ca10(Po4)6 (OH)2) [1-5]. HAP is a 

synthetic ceramic biomaterial which is considered to be the most firm (Calcium Phosphate) 

biomaterial in the biological environment [6-8].  HAP shows exceptional biocompatibility, 

non-toxic, non-immunogenic, bioactive and high osteoinductive [9,10]. HAP can directly 

bond with the human tissues and it has high constancy and flexibility [10]. First HAP was 

proposed for the hard tissue engineering applications. Then the current study initiates that, 

HAP nanoparticles offers good opportunity especially in cancer therapy among other 

biomaterials [6,11]. HAP is used for biomedical application such as drug delivery, dental 

implants, augmentation, orthopedics [12-19]. 

The biological response of HAP depends on their physicochemical properties such as 

particle size, degree of crystallinity, surface area, morphology and surface charge. HAP with 

various properties and solubility could improve the bone formation, prevents the growth of 

cells and tissues. The cancer treatment includes chemotherapy, radiotherapy and surgery. 

Chemotherapy lags with the toxicity towards the normal cell and for this reason, drug 

delivery seeks the attention for the active targeting of cancer cells with an anticancer drug [6]. 

HAP can synthesis by numerous methods such as precipitation method [9,20], Sol-gel 

[20-23], hydrothermal, Solid state reaction, RF plasma spray, mechano chemical, micro 

emulsion[12,20]. Hydrothermal method was frequently used to obtain good morphology of 

nanosized materials [23-27]. 

The anticancer agent which is used was about 60% of natural medicine. Natural drug 

offers safe, cost-effective and diverse biological- medical activities. Only few natural drugs 

are in clinical purpose because of their limitations such as poor water stability, low 

bioavailability, short half-life and non-specific targeting. Nano sized medicine has the 

potential to solve these limitations [28-31]. 

Modern research shows the alkaloid as a main active ingredient for the content of 

about 5% of crude drugs, particularly brucine, strychnine and its nitrogen oxide, of which 

brucine grabs 1%.  Brucine is a natural, weakly basic indole alkaloid from mature seeds of 

Strychnos nux-vomica Linn. from East India, Burma, Thailand, China and Australia [32]. It 

has been used as a traditional Chinese medicine for treating various disease such as diabetes, 

anaemia, gonorrhoea, liver cancer. It helps to improve the blood circulation and rheumatic 

pain relief [33]. Brucine with the molecular formula of (C23H26N2O4), which is white 

crystalline powder, tastes bitter, slightly soluble in water and its soluble in ether, chloroform, 

ethanol, methanol and other organic solvents. Brucine is a good analgesic, anti-inflammatory, 

anti-tumor. Brucine is mainly engrossed for reducing the toxicity by transdermal 

administration and refining the efficiency through a novel drug carrier. As brucine has 
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exceptional antitumor activity, it plays an effective therapeutic agent for colon cancer for 

decreasing the tumour weight and volume [28, 32]. The objective of the work is to synthesis 

the Brucinium hydroxyapatite (BHAP) nanoparticles for theranostic and bio imaging 

applications. 

2. Materials and Methods 

2.1. Synthesis of BHAP 

Brucine (C23H26N2O4) (Loba- 99%), calcium nitrate tetrahydrate 

(Ca(NO3)2.4H2O) (Merck >98.0%) ,0.6M di-ammonium hydrogen phosphate ((NH4)2 

HPO4 (Sisco >99%)and Liquid ammonia for pH adjustment. 

BHAP nanoparticles was synthesized by hydrothermal method. The dopant (Br- 

0.5%, 1%, 2%) were added to the calcium solution then mixed with the phosphate solution to 

obtain brucine hydroxyapatite (BHAP) with various concentrations. pH was adjusted to 9 by 

adding liquid ammonia, then the solution was kept at 180°C for 24hrs. Then it was 

centrifuged and dried at 100°C.  

2.2. Characterization Methods 

The X-ray powder diffraction (XRD) measurements were done using a BRUKER 

USA D8 Advance, Davinci X-ray diffractometer with Cu Kα ((k = 1.540 Å) to determine the 

phase and structure of the particles. The morphology of the BHAP nanoparticles was 

characterized by using a Scanning electron microscope (SEM) using CAREL ZEISS, Model: 

EVO 18. Dynamic Light Scattering (DLS) measurements were done using a Micromeritics 

Model: Nano Plus with a 70 mW diode laser (660 nm). All data were obtained at 160° and 

15° measurement angles and averaged over 12 scans. The vibrational analysis of the 

synthesized BHAP was done by using FTIR spectra. The FTIR spectrum was recorded by 

Perkin Elmer spectrum Two Fourier Transform infrared spectrometer in the wavenumber 

range 400 - 4000 cm-1. The assignment of bands observed in the vibration spectra is essential 

step for solving structural and chemical problems. The UV–vis–NIR optical absorption 

spectrum was collected using a spectrophotometer (Perkin Elmer Lambda 950, U.S.). 

Fluorescence characterization of the synthesized particles were done by exciting the sample 

with a 300 nm power tunable 14-Pin butterfly module laser diode (Perkin Elmer Model: LS 

45 Range: 200nm to 900nm) that was controlled by a laser diode driver (Thorlabs LM74S2 

Driver, Thorlabs Laser Diode Control LDC2000-2A). Fluorescence characterization of the 

synthesized nanocrystals was done using a Perkin Elmer Model: LS 45 in the Range of 200 to 

900 nm. The cytotoxicity of BHAP was tested using dose dependent MTT assays in Mice 

fibroblast cell to study the toxicity and biocompatibility of the synthesized material. 

3. Results and Discussion 

3.1. X-ray diffraction analysis 
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The XRD patterns (Figure.1) of pure HAP and HAP synthesized using 0.5%, 1% and 

2% of brucine show evidence of diffraction peaks of the standard hydroxyapatite (JCPDS 

No.9-0432) [34]. The main phase in all samples was identified as hydroxyapatite (JCDPS 

No.01-074-0566). HAP showing space group P63 /m with a hexagonal structure. It can be 

seen that, the lattice parameters of the prepared samples are in excellent agreement with 

standard data a=b=9.4240 Å, c=6.8790 Å. The broad peak observed in the region 30–40° can 

be predicted to (211), (112), (300) and (202) reflections of HAP. The results of XRD pattern 

elucidate that the crystalline size slightly increased with increasing the concentration of 

brucine. The changes in the size, shape and dimension of the nanorods are perceived when 

2% of brucine was used. The increases in the width of a particular peak indicate the changes 

in respective crystal phase. The XRD pattern shows that some changes happened in the 

crystal plane by the addition of brucine. Gaussian fit was used to calculate the full width at 

half maxima for the determination of crystallite size (D) by using Scherrer equation: 

 

  
    

      
 

Where, D is the crystallite size, λ is the wavelength of Cu-Kα radiations (λ=1.5405 

Å), θ is the corresponding Braggs diffraction angle and β is full width at half maxima of the 

peaks. The average crystallite sizes of HAP and BHAP were found to be around 82 nm to 90 

nm, respectively. About pure HAP similar result and phase purity were observed in our 

previous researcher [35]. The reflection peaks are quite broad, signifying their Nano-

crystallinity. 
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Figure 1. XRD pattern of BHAP particles in comparison with standard reference  

3.2. Analysis of Particle Size Distribution by DLS Technique 

Dynamic light scattering (DLS) is a recognized measurement technique for the 

characterization of particle sizes in suspension, based on the Brownian motion of particles. 

The smaller the particles, the faster they will move in a solution. The hydrodynamic diameter 

indicates the particle size plus the dielectric layer, which adheres to its surface during 

movement through the liquid medium. The movement of the particles causes intensity 

variations in the scattered light. From these fluctuations, the diffusion coefficient can be 

resolute, and thus the hydrodynamic diameter of the particle is attained from the Stokes–

Einstein equation: 

 ( )  
  

    
 

where: d(H) = hydrodynamic diameter, k = Boltzmann’s constant (1.38 × 10−23 NmK−1), T 

= absolute temperature (K), η = solvent viscosity (N·s·m−2), and D = diffusion coefficient 

(m2·s−1). The DLS measurement of the BHAP is shown in Figure.2. The average particle 

size (hydrodynamic diameter in aqueous solutions) varies between 76 nm and 97 nm, with a 

monomodal size distribution. The low values of the polydispersity index suggest that the 

investigated samples are homogenous in size. The PdI is situated in the range of 0.009–0.087. 
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Figure 2. Dynamic Light Scattering (DLS) measurement of BHAP(2%) nanoparticles. 

   3.3. Scanning Electron Microscope 

SEM was used to study about the morphology of nanoparticles. Figure.3a & 3b shows 

the morphology of hydroxyapatite and brucinium hydroxyapatite. The morphology was found 

to be highly agglomerated; this happens due the Oswarld’s ripping [36]. By incorporating 

brucine ions with hydroxyapatite, the morphology was modified. Thus, the nanoparticles 

become spherical, the agglomerates denser. The shape of the hydroxyapatite was observed as 

rod shape, whereas brucinium hydroxyapatite as a clamped spherical shape. The size of the 

brucinium HAP is about 70nm to 120nm. 

                                Figure 3(a). SEM micrograph of HAP nanoparticles. 
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                           Figure 3(b). SEM micrograph of BHAP (2%) nanoparticles 

3.4. FT- IR spectral analysis 

The FTIR spectrum of synthesized HAP and BHAP is shown in the Figure.4. The 

characterized peak shown at 551cm
-1

, 605cm
-1

 corresponds to Asymmetric bending vibration 

of P-O and 632cm-1, 2393cm-1 corresponds to O-H vibration. The prominent peak at 1032 

cm
-1

 is due to the asymmetric bending of P-O bond of phosphate group. The peak at 1392 cm
-

1
 and 1712 cm

-1
 describes the C=C stretch and the aromatic stretch of C=O bending due to 

H2O molecules [37]. The peaks at 826 cm
-1

, 1385cm
-1

, 1637 cm
-1

, 3130 cm
-1

 shows 

prominent effect of brucine with hydroxyapatite [37,38]. The Strong peak shown at 1381 cm
-

1
 evident the hydrogen formation of the brucine [38]. The absorption at 3130 cm

-1
 and 1381 

cm
-1

 plays the role of BHAP due to stretching of N-H and N-O bonding. The peak at the IR 

region of 2393 cm
-1

 of brucine supports the hydrogen bonding [38]. Thus, peak at 2393 cm
-1

 

contribute to the hydrogen bonding of brucine. The other observed IR bands with their 

tentative assignments of various functional groups are presented in Table. 1. 
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Figure 4. IR vibrational spectrum of HAP and BHAP (2%) nanoparticles 

Table 1. FTIR peak assignment of HAP and BHAP (2%) nanoparticles 

3.5. ICP-OES Analysis 

Element analysis was done using the ICP-OES (Inductively Coupled Plasma—Optical 

Emission Spectrometers, Agilent 720 apparatus,) technique (Table.2) in order to confirm the 

composition and homogenous distribution of the Ca and P. All of the constituting elements 

were in a proper molar ratio confirming right stoichiometry of the final material. The ratio of 

the Ca2+ cation to the P5+ was about 1.67 for all samples, well matching with the theoretical 

ratio of Ca/P in calcium hydroxyapatite. 

Table 2. Results of the ICP-OES analysis of the BHAP nanoparticles. 

Sample Mass (g) Sample Ca (mg/ml) P (mg/ml) Ca (mol) P (mol) Ca/P 

0.1 HAP 382.5 176.5 0.9544 0.5698 1.675 

o.1 BHAP 378.8 174.8 0.9452 0.5643 1.674 

IR Peak (cm-1) Assignment IR Peak (cm-1) Assignment 

551, 605 P-O, Asymmetric bending vibration 1637 C=C, stretch 

632,2393 O-H, Vibration 1712 C=O, stretch 

826 =C-H, bending 3130 N-H, stretch 

1032, 1381 C-O, stretch 3416, 3580 O-H, stretch 
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3.6. UV-Vis- Spectral analysis 

The optical absorption spectrum of the prepared nano powders shows the presence of 

an extensive transparency window lying between 300-1100 nm for the 2% BHAP sample. It 

was also clear that the percentage of transmittance increases with increase in brucine 

concentration. The obtained transmission spectrum of the pure and brucine functionalised 

hydroxyapatite samples is shown in Figure 5. The band gap energy was calculated using 

Tauc’s plot and the estimated values was 5.21 eV for the 2% brucine substitute HAP. The 

plot of variation of (αhν)2 vs. hν (eV) is shown in Fig.6. The linear portion of the plot at the 

absorption edge confirms that the crystal has a direct optical band gap. The direct optical 

band gap of the crystal can be evaluated by the extrapolated line with the photon energy axis 

(at D= 0) of the linear part which is found to be 5.21 eV. As a consequence of a wide band 

gap, the synthesized material has a large transmittance in the visible region. 

3.7. Fluorescence Spectroscopy 

In common, HAP is not a fluorescent material, though, in this study all the BHAP 

nanoparticles synthesized by Hydrothermal method at room temperature using water/ DMSO 

as solvents exhibited yellow, green and red fluorescence. The mechanism of the fluorescence 

of the newly synthesized BHAP nanoparticles is not very clear at this stage, because neither 

Ca2+ nor PO4 3− or brucine is known to show any fluorescing property; hence, this 

comportment could be attributed to self-propelling fluorescence of these particles. Previously, 

limited researchers have reported the synthesis of self-activated fluorescence in HAP wherein 

fluorescence has been accredited to the existence of the CO•• radical in the crystal lattice, 

introduced through the precursor materials [39-43]. All of these studies have shown blue 

emission with maxima between 400 and 460 nm. In the present work, all BHAP prepared by 

the hydrothermal method exhibit a small emission at 750 nm to 820 nm around the red region 

(shown as inset in Fig.7). This may be attributed to the combination of brucine and 

hydroxyapatite ions. This observation further underlines the reputation of asymmetry for 

optical activity. Further experiments are underway to explicate the complete mechanism of 

fluorescence in BHAP and will be reported elsewhere. 
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Figure 5. Optical absorption spectrum of BHAP (2%) nanoparticles 
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Figure 6. Bandgap measurement using Tauc’s plot for BHAP (2%) nanoparticles 

 

3.8. Cytotoxicity-MTT Assay 

Cytotoxicity was measured by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) method [44]. Exponentially growing mice cells werze 

inoculated with 5 × 104 cells/well supplemented with complete media. The cells were 

exposed to various concentrations (25, 50,100, and 200 μg/ mL) of the BHAP dispersed in 

DMEM, and incubated for 24 h. MTT (20 μL of 5 mg/mL) was added to the test samples, and 

the plates were incubated at 37 °C for 4 h. The medium was pipetted out carefully without 

disturbing the cells after 4 h. For dissolving the formazan crystals, 150 μL of DMSO was 

added, and the absorbance was measured at 570 nm using a UV−vis spectrophotometeter 

(UV2450). All measurements were done in triplicate. The relative cell viability (%) was 

calculated as 

  

  
      

[At] is the absorbance of the test sample, and [Ac] is the absorbance of the cells 

without treatment. Biolabeling and bioimaging are imperative techniques for detection and 

diagnosis of diseases. To use any material for such purposes, its cytotoxicity/biocompatibility 

needs to be calculated. In recent era, use of lanthanide doped HAP and other plant-based 

materials incorporated HAP nanoparticles has successfully resulted in a series of 

multifunctional materials for bioimaging and biolabeling [45, 46]. However, rare earth 
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elements are toxic and have adverse effects due to their accumulation in the body [46]. Many 

of the plant extracts also doesn’t show a considerable compatibility. The compatible nature of 

the brucine and their applications in the theranostic field has been already reported [19,31]. In 

the current study, we have synthesized a new-fangled BHAP with self-activated fluorescence 

properties. Since these BHAP do not contain any toxic dopants, they may be used as safe 

alternatives for bioimaging. The cytotoxicity of BHAP was tested using dose dependent MTT 

assays in Mice fibroblast cell. MTT assay is mainly based on enzymatic reduction of MTT 

dye. After 24 hours, an MTT assay was used to assess the toxicity of nanoparticles at these 

concentrations. From the Figure.8, for the BHAP nanoparticle concentrations, the cell 

viability was above 80% which shows that the synthesized particles do not exhibit high 

toxicity and are biocompatible for use in bioimaging applications. 

 

Figure 8. Invitro toxicity study of BHAP nanoparticles 

4. Conclusions 

A new class of Brucine functionalized hydroxyapatite nanoparticles was synthesized 

through hydrothermal method. In the present study, we attempted to understand the various 

properties BHAP nanoparticles. The effects of brucine on HAP were examined through 

morphology, UV absorption, and fluorescence spectroscopy. The XRD and FTIR studies 

confirm the structure of the synthesized nanoparticle.  The results of our MTT assay show no 

significant cellular toxicity for concentrations up to 200 μg ml-1. Considering the improved 

biocompatibility of HAP, the present BHAP could offer plentiful exciting applications in the 

field of biomedical area such as bio-imaging, targeted drug delivery and other image guided 

therapeutic application.  
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