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Abstract—In model experiments in vitro, the applicability of the EPR spectrometry method for the detection
of modified nanodiamonds (MNDs) in blood and homogenates of mouse organs has been established.
A characteristic signal (g = 2.003, ΔH ≈ 10 G) is observed in the samples of biomaterials containing MNDs,
the intensity of which increases linearly with the concentration of nanoparticles in the range of 1.6–200 μg
MNDs per 1 mL of the sample. The EPR method in biomaterials reveals the presence of intrinsic paramag-
netic centers, signals from which are superimposed on the signal from the MNDs. However, the intensity of
these signals is small, which makes it possible to register the MNDs using EPR spectrometry with the neces-
sary accuracy. The data obtained open up the prospects of using the EPR method for studies of the inter-
organ distribution, accumulation, and elimination of MNDs during their intravenous injection into experi-
mental animals.
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In recent years, the world has witnessed a marked
activity in studying the applicability of nanoparticles
of various physical and chemical nature for creating
systems for targeted drug delivery [1, 2]. In particular,
researchers show a great interest in using detonation
nanodiamonds for these purposes [3–7]. It is pre-
dicted that the creation of tools for selective drug
delivery to pathological foci will help to reduce the
dose of therapeutics, improve their efficacy, and min-
imize the risks of side effects.

For researchers who study the applicability of det-
onation nanodiamonds in designing tools for targeted
drug delivery, modified nanodiamonds (MNDs),
which exhibit a high colloidal stability in various dis-

persion media (water and organic solvents) may be of
interest [8, 9]. MND particles are obtained by treating
commercially available detonation nanodiamonds
produced in Russia and foreign countries with chemi-
cals (in particular, with NaCl and EDTA) [8–10]. This
reduces the amount of chemical impurities on the sur-
face of nanodiamonds (primarily metal ions and
organic compounds), which cause the agglomeration
of nanoparticles. The MNDs obtained as a result of
this treatment acquire a high sedimentation stability in
aqueous and organic suspensions and can be used in a
wide range of biomedical studies [11], for example, in
designing targeted delivery systems for bioactive sub-
stances [3].

However, it should be emphasized that there is a
number of issues in this field of   research that are of
fundamental importance and require a comprehensive
study. One important aspect is the biodegradation of
the carrier or its elimination from the body after the
implementation of the targeted therapeutic function
by the nanosystems in vivo. This necessitates the study
of the pharmacokinetics and pharmacodynamics of
nanoparticles introduced into the body as part of tar-
geted delivery systems. The importance of studying
these problems is determined by the possibility of
adverse consequences at the accumulation of the car-
rier in organs and tissues. For these studies the EPR
spectrometry method can be used, which allows the
detection of nanoparticles with paramagnetic centers.
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It is known that detonation nanodiamonds, including
the MNDs, contain paramagnetic centers [12, 13].

In this work we studied the applicability of the EPR
method for the determination of detonation nanodia-
monds in biological materials in model experiments in
vitro.

The study was performed with MNDs with an aver-
age size of nanoparticle clusters in hydrosols d50 =
70.6 nm (Zetasizer Nano ZS, Malvern Instruments
Ltd., United Kingdom), which were obtained from the
explosive nanodiamonds manufactured in Russian
(OOO Real-Dzerzhinsk) by the previously developed
method [8, 9]. These MNDs exhibit a high colloidal
stability in aqueous suspensions and can be, therefore,
used in biomedical studies [8, 11]. To perform the
main experiments we first prepared the source MNDs
hydrosol with a nanoparticles concentration of
1 mg/mL by adding deionized (DI) water (Milli-Q
System, Millipore, United States) to an aliquot of
MNDs powder. The source MNDs hydrosol was then
used to prepare hydrosols with a nanoparticles con-
centration of 200, 40, and 8 μg/mL by serial dilutions
with DI water.

Specimens of biomaterials were obtained from
male ICR mice weighing 26–28 g. Before experiments
the animals were euthanized under ether anesthesia
and their blood was collected from the subclavian
artery. Thereafter, the animals were sacrificed by cer-
vical dislocation and their organs were removed using
plastic and ceramic instruments to prevent contami-
nation of biomaterials with metal particles. In the
study we used the liver, spleen, kidneys, heart, brain,
lungs, and hindleg muscles. The extracted organs were
placed on ice, cleaned from connective and adipose
tissues, and disintegrated in distilled water in a glass–
glass homogenizer. MND hydrosols with different
concentrations of nanoparticles were added to the

obtained homogenates and blood samples in a ratio of
1 : 4 (200 μL of hydrosol per 800 μL of biomaterial
sample). Thus, the final MNDs concentration in the
samples was 200, 40, 8, and 1.6 μg/mL, respectively.
The control samples (organ homogenates and blood)
were supplemented with distilled water instead of
MNDs suspension. All samples were thoroughly
mixed, placed in plastic containers, and frozen in liq-
uid nitrogen. Thereafter, the frozen samples were
removed from the containers and placed at a liquid
nitrogen temperature into a special holder, which was
transferred into the cavity of an Elexsys E580 EPR
spectrometer (Bruker Corp., United States), and the
EPR spectra were recorded at a temperature of 85–
90 K.

In preliminary experiments we have found that an
important condition for effective use of the EPR
method for detecting MNDs in biomaterial samples is
their deep freezing at low temperatures and an increase
in the test sample volume. For this purpose we have
developed original plastic containers, which allowed
us to freeze samples in liquid nitrogen, and a special
holder, which was used to transfer the frozen samples
from the containers at a liquid nitrogen temperature.
In turn, the use of such a holder allowed us to fix test
samples in the EPR spectrometer cavity without using
ampoules and to increase the volume of test samples of
biomaterials.

At the initial stage of the study we detected the
characteristic signal (g = 2.003, ΔH ≈ 10 G) in the
EPR spectra of MNDs hydrosol samples (Fig. 1).
These results are consistent with the results of our pre-
vious studies [13], in which a symmetrical EPR signal
at g = 2.003, associated with the presence of paramag-
netic centers, was recorded in MND samples with dif-
ferent cluster sizes. The magnitude of the EPR signal
detected in MND hydrosols almost linearly depended

Fig. 1. Typical EPR signal recorded in samples of frozen
MND hydrosols.
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Fig. 2. Dependence of the EPR signal intensity on the
MNDs concentration in hydrosol.
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on the concentration of nanoparticles in the range of
1.6–200 μg/mL (Fig. 2).

In the frozen samples of all studied biomaterials
(blood and homogenates of animal organs) containing
MNDs we also detected a symmetrical EPR signal
(g = 2.003; ΔH ≈ 10 G). In all cases, the intensity of
the EPR signals in the samples was directly propor-
tional to the concentration of MNDs: greater signals
were detected at higher concentrations of nanoparti-
cles. An example of EPR signals detected in the blood
samples of mice at different concentrations of MNDs
is shown in Fig. 3.

EPR studies of the control samples of biological
materials (containing no MNDs) showed the presence
of intrinsic paramagnetic centers (radicals, heme-
containing proteins, etc., Fig. 3) in them, the signals
from which were superimposed on the signal from

MNDs. However, at the sample volumes used in our
study the values of EPR signals recorded from their
intrinsic paramagnetic centers were usually small
(Fig. 3). Nonetheless, for a greater accuracy of deter-
mination of MNDs in biomaterials we subtracted the
EPR signal of the control sample (without MND)
from the EPR signal of the experimental sample. This
allowed us to detect MNDs in biomaterials with a
greater accuracy.

The results of model experiments showed (Fig. 4)
that in all test biomaterial samples the EPR signal
value linearly increased with the concentration of
MNDs (Fig. 4). At equal concentrations of nanoparti-
cles higher EPR signals were detected in the test sam-
ples of blood and liver homogenates compared to
other biomaterials studied. The causes of these differ-
ences remain unclear. We assume that they may be
associated with an additional formation of intrinsic

Fig. 3. EPR spectra in mouse blood samples: (1) control sample (without MNDs) and experimental samples with MNDs con-
centration of (2) 10 and and (3) 80 μg/mL, respectively. CP—part of the ceruloplasmin spectrum.
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paramagnetic centers in these biomaterials under the
influence of MNDs. In particular, this can be
observed when blood cells are destroyed. Earlier, in
in vitro experiments we showed that nanodiamonds
cause the destruction of red and white blood cells and
activate the generation of reactive oxygen species
(ROS) at the destruction of the white cells [14].
Therefore, the additional paramagnetic centers in the
samples of blood and liver homogenates may form due
to an increase in the free hemoglobin pool as a result
of destruction of red blood cells and in the ROS pool
as a result of destruction of the white-cell lineages. We
believe that this version is true in both cases consid-
ered. It is commonly known that the liver is well sup-
plied with blood and homogenates of this organ may
contain a large number of blood corpuscles. Further
studies are required to verify the above assumptions.

In general, our results suggest that the EPR spec-
trometry method can be used in studies in vivo for
identification and quantitation of detonation nanodi-
amonds in organs and tissues of experimental animals
after intravenous injection of nanoparticles.
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