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Boron nitride effect on erythrocytes

Conclusions

In this study, BNQDs via a simple hydrothermal treatment method using boric acid and
urea. Synthesized BNQDs have been characterized using TEM, UV-Vis, fluorescence emission
spectra, and Raman measurements. These studies confirmed the formation of stable BNQDs with
an average size of 3 nm and strong blue fluorescence under UV light.

BNQDs affected the concentration of erythrocytes by destroying some of the cells. From the
absorption spectra of hemoglobin, the absorption intensity slightly increases after incubation with
quantum dots. The shape of the peaks remains those of oxidated hemoglobin which indicates that
the formation of methemoglobin did not occur.
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There is a great interest in the search for the drug nanocarrier that would accelerate the
delivery of anticancer drugs to the target. Quantum dots (QDs) exhibit extraordinary optical and
physical properties, and, thus, have proven themselves in various fields of research including bio-
imaging, biological labeling, drug delivery, photocatalyst, electrical devices, and sensors [1]. One
of the most promising types of QDs is boron nitride quantum dots (BNQDs), as they exhibit unique
physical and chemical properties [2], including excellent mechanical strength, high thermal
stability, luminescent properties, large surface area, superb oxidation resistance, which provide
extremely high drug- loading capacity, making them good candidates for various biomedical
applications. Therefore, significant attention has been paid recently towards the synthesis and
fabrication of stable non-toxic BNQDs with controllable and scalable properties.

The purpose of this study was to evaluate the cytotoxicity of boron nitride quantum dots on
erythrocytes.

Fig. 5. SEM images of erythrocytes in the control (a) and treated with BNQDs samples (b) after the incubation at
4oС.

The FT-IR spectra of synthesized BNQDs in different time ranges showed absorption bands
at 1300-1337, 1410-1420, 1634 cm−1 due to the B-N stretching modes (Fig. 4). The stretching
mode of the O-H and N-H groups was also observed at the region of 3000-3500 cm−1 with a
broad absorption peak.

Considering all the obtained spectra, a few- or even single-layered BNQDs, strongly O-
doped, with OH groups on the edges particles were obtained. Unfortunately, according to some
bands in FT-IR, there are still some solvent residues left.

In the absorption spectra, there are no
visible methemoglobin peaks in the
wavelength region of 480 - 510 nm and 630 -
635 nm. There are two visible maximums at
540 and 575 nm that belong to the oxidated
hemoglobin form. After hemoglobin
interactions with BN particles, hemoglobin
stayed in the oxidated form. Absorption
maximums slightly increased after the
incubation, which that the amount of oxidated
hemoglobin increased and the formation of
methemoglobin did not occur.

Optical and structural properties of BNQDs

Samples

Fig. 1. Schematic representation of synthesis of BNQDs.

Sample preparation and characterization methods

In this work, BNQDs were synthesized via the hydrothermal treatment of the mixture of
boric acid and ammonia solution at 200°C for 12 hours. UV-Vis, fluorescence spectroscopy, Raman
spectroscopy, and TEM were used to characterize synthesized nanoparticles.

Erythrocytes were isolated from preserved donor blood by washing three times in PBS buffer
using centrifugation at 3500 rpm for 5 minutes. Structural parameters of the cells were determined
by analysis of scanning electron microscopy (SEM) images. The amount of released hemoglobin and
its transformations were analyzed by UV-Vis absorption spectroscopy. The experiments were
carried out at two values of the ambient temperature of 4oС (typical storage conditions for
erythrocytes) and 20oС. BNQDs were added to the erythrocyte suspension to a final concentration
of 50 μg/ml. After the end of the incubation, the cells were pelleted by centrifugation and
resuspended in a fresh medium, and the supernatant was collected to determine the release of
hemoglobin from the cells.

Fig. 2. Absorption and fluorescence spectra of the BNQDs water solutions. Excitation wavelength λex = 375
nm, emission range λem = 390-650 nm.

Fig. 3. (a) TEM image
of synthesized BNQDs
(12 hour synthesis). (b)
TEM image of
synthesized BNQDs (24
hour synthesis).

The sample of synthesis was evaporated, dissolved in water, and absorption and emission
spectra were registered. From the UV-Vis spectrum, the maximum absorption wavelength of
BNQDs was found to be 265 nm as shown in Fig. 2. The wide emission peak is located at 430 nm
under 375-nm excitation. Further, absorption and emission intensity was found to be stable in
about two week period.

Structural and geometrical parameters of the cells were determined by analysis of SEM
images (Fig. 5) and released hemoglobin absorption spectra (Fig. 6). BNQDs affected the
concentration of erythrocytes by destroying some of the cells.

Fig. 4. FT-IR spectra of synthesized BNQDs with according vibration assignments.
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Fig. 6. Absorption spectra of hemoglobin solutions in PBS after incubation for 20 h at 20°C in the absence 
or presence of BNQDs at different concentrations.
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The fluorescence quantum yield of
BNQDs was calculated using Stilbene 420
as a reference and is about 6%.

From TEM images, it was
understood that the circular/spherical
particles represented the quantum dots
of BN. 12h synthesis BNQDs appeared as
spherical particles in the average size of
3.0 nm (Fig. 3a) and 24h synthesis BNQDs
in the average of 3.2 nm (Fig. 3b). The
time of synthesis almost did not affect
the quantum dot size.
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