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ABSTRACT 

 

In the last years, some nanostructured systems has proposed as new drugs and radioisotopes 

delivery systems, aiming the diagnosis and treatment of many diseases, including the cancer. 

Among these systems, the Boron Nitride Nanotubes (BNNTs) showed adequate 

characteristics to be applied in biomedical area, due to its high stability and considerable 

biocompatibility. However, due to its hydrophobic characteristics, these applications are 

limited and its behavior in vivo (guinea pigs) is unexplored yet. Seeking to overcome this 

problems, in the present work, we functionalized the BNNTs (noncovalent wrapped) with 

glycol chitosan (GC), a biocompatible and stable polymer, in order to disperse it in water. The 

results showed that BNNTs were well dispersed in water with mean size and polydispersity 

index suitable to conduct biodistribution studies in mice. The nanostructures were 

physicochemical and morphologically characterized by Scanning Electron Microscopy 

(SEM), X-ray diffraction (XRD) and Raman Spectroscopy.  The results revealed that the 

functionalization process with glycol chitosan was obtained with successfully on BNNTs 

surface. Furthermore, we developed a radiolabeling protocol with 
99m

Tc radioisotope in 

functionalized BNNTs, aiming in future, to conduct image biodistribution studies in mice. 

The results revealed that the nanotubes were radiolabeled with radiochemical purity above of 

90%, being considered suitable to scintigraphic image acquisition. 

 

1. INTRODUCTION 

 

 

In the last years, several nanostructured systems has been proposed as new drugs and 

radioisotopes delivery systems, aiming the diagnosis and treatment of many diseases, 

including the cancer. These systems have the ability to permeate the interstitial space by 

passing through leaky capillaries, thus allowing for radiotracer delivery at different locations 
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outside the mononuclear phagocyte system (mps) 
1
. Among these systems, the Boron Nitride 

Nanotubes (BNNTs) has been shown adequate characteristics to be applied in biomedical 

area due to its high stability and considerable biocompatibility 
2
. BNNTs is a structural 

analog of carbon nanotubes, alternating boron and nitrogen atoms entirely substitute for 

carbon atoms in a graphitic like sheet with almost no change in atomic spacing 
3
. Although 

this structural similarity with carbon nanotubes (CNTs), BNNTs own superior mechanical, 

chemical, and electrical properties 
4,5

.  

 

Aiming biological applications, some nanostructures like as carbon nanotubes and BNNTS 

were submitted to a functionalization process (coating) with organic molecules, peptides, 

DNA fragments, antibodies or hydrophilic polymers 
6-8

. In this context, the functionalization 

process plays an important role on these nanostructures, improving the dispersibility in 

aqueous medium and changing in vivo the biodistribution profile 
9,10

. Several works 

published in past decade showed that the functionalization or coating process in these 

nanostructures with high hydrophilic molecules like Poly-Ethylene-Glycol (PEG) can 

increase significantly the circulation time on blood stream, minimizing aggregation of serum 

proteins and consequent identification by cells of mononuclear phagocyte system 
11,12

. In the 

present work, Boron Nitride Nanotubes (BNNTs) were synthesized and functionalized with 

glycol chitosan, a high hydrophilic polymer like PEG aiming to evaluate its potentiality as 

drug or radioisotope nanocarrier to be applied in therapeutics procedures. 

 

2. EXPERIMENTAL 

 

2.1 – Materials 

 

Amorphous boron powder, ammonium nitrate, hematite and glycol-chitosan (MW=2.5×10
5
 

Da, degree of deacetylation = 88%) were obtained from Sigma–Aldrich (São-Paulo-Brazil). 

All solvents used in this study were of analytical grade. All other chemicals used in this study 

were available commercially at a reagent grade and were used without further purification. 

MilliQ
®
 water (simplicity 185, Millipore, Bedford, USA) was used throughout the study.  

 

 

2.2 – Methods 

2.2.1 – BNNTs preparation and functionalization 

 

BNNTs samples were prepared based in methods described by Tang et al., 2001 
13

 with some 

modifications. The powders of NH4NO3 (95% w/w), amorphous boron (97% w/w), and 

hematite (95% w/w and particle size less than 50 nm) were mixed in a molar ratio of 15:15:1 

respectively and placed in tubular furnace and heated up to 550°C using an alumina boat as 

support. This temperature was kept constant for one hour. After that, the temperature was 

raised until 1300°C under nitrogen gas flow. These conditions were maintained during 1 hour. 

In sequence, the gas nitrogen flow was interrupted and a flow ammonia gas (50 cm
3
.s

-1
) was 

added, being samples treated for one more hour. Elapsed these steps, after cooling, the 

BNNTs were successfully obtained with high yield. 

 

The BNNTs were functionalized (noncovalent coated) with glycol chitosan polymer, based in 

methods described by Ciofani et al., 2010 
14

. In a round-bottom flask, 5 mg of BNNTs and 10 

mg of glycol chitosan were solubilized in 10 mL of ethanol (99% w/w) and stirred at 80 °C, 

under reflux over 12 h. The nanostructures were dispersed in water after centrifugation 
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process (10,000 rpm for 5 minutes), were an aqueous dispersion with concentration equal 

0.01 mg/mL was obtained. The samples were sonicated during 15 minutes (Cole Parmer 

sonicator 750) using an output energy of 1 KJ, resulting in a stable dispersion of BNNTs 

functionalized with glycol chitosan.  

 

2.2.2 – BNNTs physicochemical characterization 

2.2.2.1 – Scanning Electron Microscopy - SEM 

 

The procedure was performed in a scanning electron microscope (JEOL JSM, 840A) 

operating at 15kV.  Samples (5µL) were deposited and spread on silicon substrate and dried 

with an argon stream. The images were obtained in electron secondary mode were a 

minimum of 5 images from each sample was analyzed to assure reproducible results.  

 

2.2.2.2 – X-ray diffraction - XRD 

 

The samples were analyzed by XRD for identification and quantitative evaluation of 

crystalline phases present. We used an X-ray diffractometer, manufactured by Rigaku, model 

Geigerflex. The identification of crystalline phases was obtained by comparing the X-ray 

diffractogram of the samples with the database of ICDD - International Center for Diffraction 

Data / Joint Committee on Powder Diffraction Standards - JCPDS (Sets 01 to 50, 2000). 

 

2.2.2.3 – Raman Spectroscopy  

 

Raman spectroscopy was used for preliminary evidence of the presence of nanotubes in the 

sample. The analysis of Raman scattering were carried out in an equipment brand Horiba 

Jobin Yvon model IHR 550. This equipment is equipped with monochromator, confocal 

microscope (Olympus BH-2) and CCD detector. The scattering was excited using laser 2.4 

eV (λ = 514.25 nm). The objective lens used was 50x. The accumulation time was 5 x 7 

seconds, with power of 2.67 mW. Spectrum was collected with a wavelength from 1000 to 

1700 cm-1. 

 

2.2.2.4 – Photon correlation spectroscopy and Zeta Potential analysis 

 

This analytical procedure allows one to determine the mean lengh of  BNNTs and the 

Polydispersity Index (P.D.I). The analytical procedure was conducted in a Zetasizer 

Nanoseries Zs (Malvern Instruments, Malvern, UK) apparatus after its adequate dilution in 

ultra-pure MilliQ
®
 water. The results are expressed as mean ± standard deviation for at least 

three different batches of each nanotubes preparation. The zeta potential was determined by 

Laser Doppler Anemometry (LDA) in same Zetasizer equipment. The samples of nanotubes 

were analyzed following a dilution of 1/1000 in 1mM of NaCl at a conductivity of 

approximately 120 ± 20 S/cm
2
. The results are reported as the mean ± standard deviation of at 

least three different batches of each liposome formulation.  

 

2.2.2 – BNNTs labeling procedure. 

 

The BNNTs were radiolabeled according to the following procedure: In penicillin flask was 

added BNNTs aqueous solution (1mg/mL), SnCl2 in HCl solution. The pH was adjusted to  6, 

7 and 8 using NaOH (0.1N) or HCl (0.1N) according to the experiment. Afterwards, a 

solution of Na
99m

TcO4 (37MBq) were added to the mixture. The final solution was stirred in 
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boiling water for a suitable time. The radiolabeling yield of 
99m

Tc-BNTTs was determined by 

Instant Thin Layer Chromatography (ITLC) to determine TcO2.  

 

3. STATISTICAL ANALYSIS 

 

All experiments were performed in triplicate and expressed as mean ± standard deviation, 

unless otherwise stated. Mean size and zeta potential data within each time period were 

compared by means of the ANOVA test, using the software prism 5.0 and considering a 

probability of 5% as significant. 

  

4. RESULTS AND DISCUSSION 

 

4.1 – BNNTs physicochemical characterization 

 

The Figure 1 shows two different cuvettes where BNNTs samples were added to a volume of 

500μL of water.  On the left cuvette, is presented the non-functionalized BNNTs in a gross 

dispersion. It’s possible to verify the lower dispersivity of nanostructures in aqueous solution, 

forming aggregates of particles visible to the naked eye and with a strong tendency to deposit 

on the bottom of flask. The cuvette on the right is presented samples BNNTs functionalized 

with glycol chitosan polymer. The coating with the polymer improved significantly the 

dispersity of the nanostructures, thus enabling in vivo applications. 

 

 

 

 
 

Figure 1 – Samples of BNNTs added in aqueous solution. On left cuvette is 

presented the BNNTs non-functionalized. On the right cuvette, sample with 

functionalized BNNTs. 
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4.1.1 – Scanning Electron Microscopy - SEM 

 

The Figure 2a shows an image of non-functionalized BNNTs, obtained in our laboratory, 

which dimensions are about 10 µm in length and diameter of about 70 nm. Notably, they are 

usually entangled together. Figure 2b shows that obtained glycol chitosan coating BNNT 

dispersions resulted in remarkably stable and well dispersed pieces of approximately 450 nm 

in length and diameter of about 100 nm. This considerable increase in the BNNT diameter 

indicates the efficiency of the functionalization process. 

 

 

 

 
 

Figure 2- SEM images of BNNTs before (a) and after the functionalization 

process (b). 

 

 

 

4.1.2 – X-ray diffraction - XRD 

 

Figure 2 shows the diffractogram of the sample containing boron nitride before and after 

purification. In the two samples it is possible to clearly identify the presence of peaks typical 

of hexagonal phase of boron nitride in 2θ = 26.75 °, 2θ = 41.58 °, 2θ = 50.16 ° and 2θ = 75.86 

°, which are perfectly aligned with the pattern of h-BN JCPDS database, card no. 9-12. 

However, only in the purified sample (black curve) it’s possible to verify the peaks of lower 

intensity relative to metallic iron at 2θ = 44.67 ° and 2θ = 65.02 ° (JCPDS, NO. 12-62), and 

boron oxide B2O3 at 2θ = 14.55 ° and 2θ = 27.76 ° (JCPDS, NO. 41-624) remaining in the 

final product. This result indicates that the boron nitride is being formed in a satisfactory 

manner and that the purification process used was able to remove much of the impurities in 

the sample. 

  

a b 
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Figure 3 - XRD diffraction patterns of samples before and after purification. 

 

 

 

4.1.3 Raman Spectroscopy  

 

From the analysis of Figure 4 it is possible to observe the presence of a single peak at 1370 

cm
-1

 which is characteristic of the tangential vibration mode BNNT as described in the 

literature
15

. The peaks frequency of could be seen more clearly in the image detail. From this 

technique it was possible to confirm that the boron nitride is structured in the form of 

nanotubes. 

 

 
 

Figure 4 - Raman Spectroscopy of the BNNTs sample. 
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4.1.4 – Photon Correlation Spectroscopy and Zeta Potential analysis 

 

The photon correlation spectroscopy (PCS) was conducted on 3 samples at different times. 

The results were calculated from three independent samples by software provided by the 

manufacturer, which revealed the length of nanotubes nearly constant at 450 nm (Table 1). 

The polydispersity index (P.D.I.) found in this study is presented in Table 1. All samples 

presented a P.D.I. of above 0.3. These results indicate that the process used in nanotubes 

preparation and functionalization allows one to obtain a monodispersed system (<0.3) 
16-18

. 

The Zeta potential of nanotubes cans predicting its fate of in vivo, given that the presence of 

electrical charges minimizes agglomeration and fusion phenomenon 
19

. In Table 1 the Zeta 

potential from the formulation exhibited a negative charge, with values of -12 ± 3.7 mV  

 

 

Table 1- Physicochemical characteristics of the functionalized BNTTs 

 

Mean Size ± S.D. 

(nm) (PCS)
a
 

Polydispersity 

Index
b
 

ζ potential ± S.D. 

(mV)
c
 

450 ± 15 0.28 ± 0.04 - 8.4 ± 2.06 
 

a. Standard deviation (n = 3) of the population that was reported by the 

instrument. 

b. Monodispersed samples (≤0.3). 

c. Measurement after 1:1000 dilution in 1mM NaCl (conductivity, 120 ± 20 

µS/cm). 

 

Nanostructures containing significantly positive or negative Zeta Potential suffer fewer 

aggregations, due to the appearance of electrostatic repulsion. Thus, particles with 

significantly Zeta potential are more stable. Furthermore, the superficial charge of 

nanostructures is shown to be an important pharmacokinetics regulatory property. For 

example, studies show that cationic or anionic liposomes activate the complement system 

through classic or alternative pathway respectively, leading to a blood serum protein 

opsonization and subsequent phagocytosis by SMF cells. 
20

 

 

4.2 – BNNTs labeling procedure. 

 

Following the described procedure, the BNNTs were radiolabeled in different pHs (6, 7 and 

8). The results show that in acid or alkaline medium the radiolabeled yield decreases 

significantly when compared to that obtained in neutral pH in which yield value was greater 

than 90%, as described in Table 2. 

 

 

 

Table 2: radiolabeling yield of 
99m

Tc-BNNTs in different pHs. 

 

pH Yield (%) 

6 8,42  

7 90,2 

8 12,4 
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The nanotubes were functionalized with chitosan-glycol polymer that providing solubility to 

the system. This polymer has a primary amino group whose pKa is around 6. In solution 

whose pH is low, these groups will be protonated, making it unavailable to donate electrons 

during radiolabeling process. This behavior may explain the low radiolabeled yield of in acid 

conditions. Moreover, in solutions whose pH is high, the stannous chloride solution becomes 

insoluble, culminating in a low efficiency of radiolabelling. At neutral pH, we obtained an 

efficiency of good labeling (> 90%). 

 

 

3. CONCLUSIONS  

 

From the described procedures it was possible to synthesize, with successfully, Boron Nitride 

Nanotubes functionalized with glycol chitosan polymer. The characterization techniques 

employed revealed that dispersibility in water, average size, polydispersity index and zeta 

potential of the BNNTs are suitable for employment in biological systems in vivo (guinea 

pigs). The radiolabeling process with 
99m

Tc was obtained with high radiochemical yield, 

allowing future scintigraphic imaging.  These images may reveal the in vivo fate of these 

nanostructures that can be used as potential carriers of drugs or radioisotopes in the therapy 

of diseases such as cancer. 
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