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Radiation protection ability of the ultra-disperse nanodiamonds (UDD) is studied based on the measurements of dielectric per-
mittivity of red blood cells (RBC) affected by cancer. Wistar rats with Guerin's carcinoma were treated by X-ray 5.8 Gy. Some rats 
received UDD with food during 5 days prior to the X-ray. The groups with UDD, X-ray, and both UDD and X-ray treatments were com-
pared to the control group. The complex dielectric permittivity of the RBC was measured by microwave dielectrometry. It was shown, 
tumor development leads to the increase in the dielectric permittivity and relaxation frequency. The irradiation promotes further 
growth of the parameters, while UDD uptake leads to insignificant changes in comparison to the control group. Therefore, UDD occur 
the radioprotective effect promoting repair, compensation and restoration of body tissues that is demonstrated by normalization of 
the dielectric parameters of RBC.

Modern therapy of tumors is based on knowledge of the bio-
logical effect of ionizing radiation, the nature of tumor growth and 
the need for modern prevention of the cascade of adaptation re-
actions, in which all systems of the body participate, and primar-
ily the blood system [1,2]. The established convenient model for 
studying tumor exposure and radiotherapy in vivo/in vitro are red 
blood cells (RBC) [3,4], which, in addition to the main function of 
the oxygen carrier, carry out transport functions by sorption both 
low-molecular and high-molecular compounds at their surfaces, 
amino acids and lipids, performing a protective function, adsorb-
ing toxins and antibodies. In addition to the convenient model of 
cells for research purposes, RBC can be used as natural containers, 
loaded with certain way of drugs, which allows prolonging the ef-
fect of drugs in therapeutic doses for radiation therapy [5,6]. Struc-
tural rearrangements in the erythrocyte membrane under the in-
fluence of malignant disease and radiation lead to quantitative and 
qualitative changes in the composition of erythrocyte membranes 
[7,8]. Currently, UDD like nanodiamonds with d~4 - 8 nm are used 
in biological research, and for medical diagnosis and treatment [9]. 

It was established the introduction of UDD increases the in-
duction period before the onset of the tumor node and prolongs 
the life of tumor-bearing animals. Anomalously high adsorption 
capacity, large specific surface area, abundance of free electrons 
on the surface (multiple radical-donor), a large number of oxygen-
containing functional groups on the surface of crystals, chemical 
inertness of grain UDD makes it possible to use them as a possible 
therapeutic facilities in oncology [10,11]. 

In this work the dielectric permittivity of the RBC membranes 
has been studied on the experimental model of Guerin’s carcinoma.

Materials and Methods
Modern therapy of tumors is based on knowledge of the bio-

logical effect of ionizing radiation, the nature of tumor growth and 
the need for modern prevention of the cascade of adaptation re-
actions, in which all systems of the body participate, and primar-
ily the blood system [1,2]. The established convenient model for 
studying tumor exposure and radiotherapy in vivo/in vitro are red 
blood cells (RBC) [3,4], which, in addition to the main function of 
the oxygen carrier, carry out transport functions by sorption both 
low-molecular and high-molecular compounds at their surfaces, 
amino acids and lipids, performing a protective function, adsorb-
ing toxins and antibodies. In addition to the convenient model of 
cells for research purposes, RBC can be used as natural containers, 
loaded with certain way of drugs, which allows prolonging the ef-
fect of drugs in therapeutic doses for radiation therapy [5,6]. Struc-
tural rearrangements in the erythrocyte membrane under the in-
fluence of malignant disease and radiation lead to quantitative and 
qualitative changes in the composition of erythrocyte membranes 
[7,8]. Currently, UDD like nanodiamonds with d~4 - 8 nm are used 
in biological research, and for medical diagnosis and treatment [9]. 

It was established the introduction of UDD increases the induc-
tion period before the onset of the tumor node and prolongs the life 
of tumor-bearing animals. Anomalously high adsorption capacity, 
large specific surface area, abundance of free electrons on the sur-
face (multiple radical-donor), a large number of oxygen-containing 
functional groups on the surface of crystals, chemical inertness of 
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Materials and Methods 
Forty mature Wistar rats, weighing 160 - 180 g with subcuta-

neously transferred 20% suspension of Guerin's carcinoma cells 
were used for the studies. Rats were kept in vivarium on a stan-
dard diet fully accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC) [12]. The ex-
perimental group with Guerin's carcinoma of 20 rats received 1.0 
ml of a diluted suspension of UDD once per day with food during 
5 days prior to the radiation treatment. The suspension has C = 
0.01% of dry weight of UDD in saline. The control group of 20 rats 
has not received UDD with food. Therefore, four groups of 10 rats 
have been studied: with both UDD and X-ray (I); with UDD without 
X-ray (II); without UDD with X-ray (III); with neither UDD nor X-
ray (IV). In that way, 20 rats from the groups I and III were treated 
by X-ray with a dose of 5.8 Gy. Biological control included 10 rats. 
Blood samples were collected in 25 days after the irradiation.

The irradiation of rats was carried out in the device RUM-3М, 
the voltage on the tube of 190 kV, the current of 12 mA, filters 0,5 
Cu + 1,0 Аl, tubes - 40 cm, the dose rate of 0,52 Gy/min, doses of 
5.8 Gy [6]. 

The study of changes in dielectric properties of RBC has been 
carried out by the microwave dielectrometry at a frequency f = 
9.2 GHz, based on the relative measurements of the real (ε' ) and 
imaginary (ε'' ) parts of the complex permittivity ε*, and the static 
dielectric permittivity εs, the dielectric relaxation frequency of wa-
ter molecules   and electric conductivity  have been then computed 
according to [13].

Comparison of the electric conductivity of RBC suspensions 
from table 2 in Group II with Group III and Group IV shows a ten-
dency to decrease in this index over the entire temperature range. 
This trend is most pronounced for group II, that finds confirmation 
in the changes in the dielectric permittivity index (Figure 1 A-C) and 
the index of the dielectric relaxation frequency of water molecules   
in the erythrocyte suspension (Figure 2 a-c). Probably, destruction 
of the boundary layers of water in the erythrocyte membranes is 
observed, and the destruction is even amplified by the temperature 
growth that are accompanied by an increase in the electrophoretic 
mobility of UDD. UDD are a cation exchange system with a wide 
range of functional groups, forming an ion-permeable structure. 
The observed nature of changes is probably connected with the 
presence near the UDD surface thin water layers with a changed 
structure, and with the immobilization of the dispersion medium 
inside the UDD, which contributes to the change in the free/bound 
water ratio. in the RBC. The water immobilized inside the second-
ary aggregate of UDD may not participate in the movement, and the 
mobility of the ion exchange is preserved. 

The temperature dependences of  σ, ε' and  fd in the RBC sus-
pensions for different groups of rats are presented in Tables 1-3 
and Figures 1 - 2. Table 1 shows that for the RBC suspension the 
temperature dependence of the specific conductivity of the RBC 
suspensions for different groups of animals is not linear and char-
acterized by a step-like change of σ values. In the rats with Guerin's 
tumor (group IV) the values of  are bigger than those in the control 
group. The observed changes are associated with the presence of 
tumor toxins in the blood and changes in the viscosity and perme-
ability of the erythrocyte plasma membranes in the presence of 
Guerin’s carcinoma and, as a consequence, indicate a change in the 
amount of the free/bound water ratio in the erythrocytes mem-
branes. The change in the free/bound water ratio is an integral fea-
ture that reflects, among other things, the characteristics of lipid 
and carbohydrate metabolism, since membrane fluidity (the value 
inverse to viscosity) depends on the membrane structure and in-
teractions of protein-lipid and lipid-lipid complexes in it. 

Results and Discussion

grain UDD makes it possible to use them as a possible therapeutic 
facilities in oncology [10,11]. 

In this work the dielectric permittivity of the RBC membranes 
has been studied on the experimental model of Guerin’s carcinoma.

T,°C Control group 
11, −− ⋅mOhmσ Group IV 

11, −− ⋅mOhmσ

5 0.88 ± 0.06 1.22 ± 0.09*
10 1.02 ± 0.01 1.30 ± 0.03*
20 1.147  ± 0.03 1.47 ± 0.04*
30 1.17 ± 0.03 1.49 ± 0.03*
40 1.27 ± 0.04 1.55 ± 0.01*

Table 1: The temperature dependence of values of the electrical 
conductivity of samples of RBC suspensions for rats of group of 

biological control and rats of group IV.

Note: * – reliability of differences in comparison with the  
biological control, р≤0.05.

T, °C Group II 
11, −− ⋅mOhmσ Group III 

11, −− ⋅mOhmσ

5 0,98 ± 0.03** 1.12 ± 0.03**
10 1,20 ± 0.03** 1.20 ± 0.03**
20 1.31 ± 0.04** 1.36 ± 0.05**
30 1.34 ± 0.03** 1.39 ± 0.03**
40 1.4 ± 0.08** 1.45 ± 0.04**

Table 2: The temperature dependence of values of the  
electrical conductivity of samples of RBC suspensions for  

rats of group IIand group III.

Note: ** – reliability of differences in comparison with 
 the Group IV,  р ≤ 0.05

On the other hand, for Group III the ionizing radiation initiates 
peroxidative chain reactions in unsaturated lipids and can upset 
the balance between peroxidizing agents (O2, H202) and products 
of their reaction (hydroxyl radical HO- and singlet oxygen) and en-
zymatic protective systems (catalase and glutathione peroxidase, 
superoxide dismutase). This process leads to a metabolic amplifi-
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The high oxygen content in UDD and the number of possible 
functional oxygen-containing groups on the surface of particles 
of nano scale sizes may lead to the fact that X-ray radiation could 
generate secondary electrons in UDD which can ionize water mol-
ecules to produce reactive oxygen species radical, resulting in DNA 
damage in cancer cells and lead to stabilization of RBC membranes. 
Possible, UDD caused more cancer cells damage in the presence of 
X-ray radiation by generating more reactive oxygen species. UDD 
had long blood circulation time that enhanced their accumulation 
in cells.

 The temperature dependence of dielectric permittivity and di-
electric frequency of water molecules of samples of RBC suspen-
sions for groups of animals with Guerin carcinoma, X-ray exposure 
and UDD Increased dielectric permittivity of the RBC suspension in 
the group IV that has been revealed by our study can be explained 
by a change in the absorption capacity of the RBC membranes in-
volved in the neutralization of different endogenous toxins of tu-
mours in blood. The given fact indicates the toxic load increase and 
the correspondent increase in the extent of the RBC membrane 
damage during tumour progression and toxins production. The 
sorption capacity of the RBC increases on the background of the 
growth malignant tumours which leads to an increase in the elec-
trical conductivity of the cell (Table 1). This indicates the increase 
in the levels of tumour toxins circulating in the blood of rats and 
correspondingly the increase of the RBC membrane damage. In-
creased sorption capacity of RBC may lead to saturation of the cell 
membranes with toxic products, later resulting in increases in toxic 
substances in the blood plasma as well.67 The effects of circulating 
toxins during the tumour development may lead to conformational 

cation of the initial physicochemical radiation damage. As it was 
shown in, the whole-body  -irradiation of rats (8 Gy) produced 
increased lipid peroxidation in several tissues and body fluids, 
including erythrocytes and blood plasma. Therefore all effects 
connected with the exposure dose could be related with oxidative 
stress of cells and result in more severe damage to lipids and pro-
teins, especially sulphydryl (SH) groups in RBC membranes.

In the group I (Table 3), this indicator is levelled up to the bio-
logical control indicator. UDD exhibited radioprotection properties 
in respect of RBS membranes. 

T,°C Control group 
11, −− ⋅mOhmσ Group I 

11, −− ⋅mOhmσ

5 0.88 ± 0.06 0.82 ± 0.03*
10 1.02 ± 0.01 1.05 ± 0.03*
20 1.147  ± 0.03 1.145 ± 0.08*
30 1.17 ± 0.03 1.2 ± 0.05*
40 1.27 ± 0.04 1.306 ± 0.05*

Table 3: The temperature dependence of values of the electrical 
conductivity of samples of RBC suspensions for rats of group of 

biological control and rats of group I.

Note: * – reliability of differences in comparison with the  
biological control, р≤0.05.

changes in the membrane proteins and phospholipids, increase in 
the membrane viscosity, changes in the RBC membrane structure, 
and as a result formation of more rigid membranes.

 As it can be seen from Figure 1 that the values   of the RBC sus-
pensions in group IV and group III are bigger in comparison with 
the same values in the control group. The nature of changes in the   
values of RBC suspensions in the groups under study is most like-
ly due to the non-monotonicity in the dependence of the amount 
of water bound by the cells influenced by the tumours, UDD, and 
X-ray. However, since the values of the frequency of the dielectric 
relaxation of water molecules   in the cell suspensions increase 
(Figure 2a), one can speak about an increase in the amount of free 
(bulk) water in the sample. At the present time, a lot of facts have 
accumulated, indicating the destructive effect of the ionizing ra-
diation on various functional systems of the organism. At the same 
time, subtle mechanisms of pathological changes occurring at the 
cellular level require additional studies. The biological membranes 
of erythrocytes are assigned the role of a critical superstructure, 
any of its main functions being vital for the cell, and the damage to 
these functions can lead the cell to death. It is known that the bio-
logical feature of the action of the ionizing radiation is manifested, 
first of all, in the property of a “total stimulus”. It is believed that 
at a dose of 5.8 Gy the leading role in determining the radiation 
responses of the cells is played not by irreversible damage to the 
genetic apparatus, but by reversible violations of the membrane 
structures that support the vital activity of the cell and its regula-
tion. It is known that the physical processes underlying radiation 
damage to membranes can be either a direct effect of radiation, 
which leads to the absorption of the energy of ionizing radiation 
by membrane components or the effect of an indirect action associ-
ated with damage to protein and lipid cell molecules by free radical 
radiolysis products of the medium [13]. As is known, the perme-
ability of biological membranes lays in the ability of various me-
tabolites (amino acids, sugars, ions, etc.) to pass into/out the cell 
through the membrane. It is of great importance for osmoregula-
tion and maintaining the constancy of the cell composition. Water 
is considered as an organizing factor, by means of which a spatial 
bilayer membrane structure is formed. 

In the group I, after irradiating the animals received UDD with 
food, the values of the frequency of the dielectric relaxation of wa-
ter molecules  of RBC suspensions are significantly decreased in 
comparison with the control group (Figure 2C). Comparing the   
values  in group I and in the control group, it can be assumed that 
radiotherapy, together with UDD, promotes the transition of wa-
ter from the bound state to free, which leads to an increase in its 
mobility. The results observed in group I, when taking UDD before 
irradiation show approximation of the values of dielectric permit-
tivity in the RBC suspensions to the values of dielectric permittiv-
ity in the control group (Figure 1C). This could be due to the fact 
that parallel to the processes of tissue damage under the influence 
of X-ray irradiation occur repair, compensation and restoration 
of body tissues after radiation damage, i.e. it becomes possible to 
implement protective adaptive reactions in the irradiated organ-
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Based on the dielectrometry measurement data on the tem-
perature dependencies of The indirect radiation influence attack 
on the cell membranes may induce the membrane failure. Among 
the membrane disturbances are increase in rigidity (viscosity) of 
the lipid bilayer and aggregation of the membrane proteins. Based 
on the experimental data presented, one can conclude that the ef-
fect of a small dose of ionizing radiation under the conditions of 
Guerin's carcinoma model caused nonmonotonic changes in the 
erythrocyte permittivity indices, which indirectly indicates deeper 
structural and functional changes in RBC membranes under X-ray 
irradiation of rats. The multidirectional nature of the changes in 
the real and imaginary parts of the complex dielectric permittivity 
of RBC is probably due to the influence of intermolecular interac-
tions, namely, a destruction of the grid of hydrogen bonds created 
by water molecules or UDD particles, that may be a consequence of 
the X-ray exposure in the conditions of Guerin's carcinoma model.

Figure 1: Temperature dependence of   for the RBC  
suspensions of rats: ∉ – group I ; "  – group II; – group III; 

 γ– group IV

ism, which is reflected in the normalized indices of permittivity 
of the RBC. The radioprotective effect of UDD at the cellular level, 
apparently, is not due to the inhibition of lipid peroxidation (LPO) 
in the membranes, but to the interception of OH- radicals formed 
during radiolysis of water. The involvement of LPO processes in 
the violation of the barrier properties of the RBC membranes un-
der the influence of accelerated electrons seems unlikely for two 
reasons. First, the presence of a number of antioxidant systems is 
typical for erythrocytes,75 which complicates the course of LPO 
reactions. Secondly, numerous studies have shown that the in-
tensity of radiation-induced LPO is inversely proportional to the 
radiation dose rate. At the irradiation mode used in the present 
work, the average dose rate reached 0.52 Gy/min, so one should 
expect that the level of oxidative processes in the lipid phase of 
the membranes will be low. The radioprotective effect of UDD may 
be due to repair of lesions affecting SH- groups of proteins, or in-
terception of free radicals arising from radiolysis of the medium. 
UDD having high chemically active fringe of functional groups on 
its surface (oxy, carboxy, carbonyl, etc.), increase the resistance of 
protein molecules to the effects of radiation, thus contributing to 
the restoration of radiation damage.

Figure 2: Experimental dependencies ε′(T) and ε′′(T) for the 
RBC suspensions of healthy donors (█), patients with breast  

cancer (") and lung cancer (∉).

Conclusions
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