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ABSTRACT 

Objective: The aim of this work was focused on the obtaining a DNA-based hybrid nano liquid crystalline organometallic composites for targeted 

drug delivery in neutron capture therapy.  

Methods: The formation of a cholesteric liquid crystalline DNA (CLCD-DNA) dispersion has performed using ultrasonic depolymerized calf thymus 

DNA(MW-0.6-0.8×106Da)2×10-7M, mixing with polyethylene glycol 8.5×10-5M, dissolved in the 0.3 M NaCl solution and incubated over 1,0 h at 20 

°C. CLCD-DNA formation process was determined and controlled by measuring absorption value of circular dichroism (CD) spectrum in the range of 

350-600 nm. The organometallic DNA-Gd compound was formed by processing the obtained CLCD-DNA with 2.49 × 10-4M, 4.97 × 10-4M, 9.8 × 10-4 

M, 1.48× 10-3M, 2.92 × 10-3M GdCl3 aqueous solutions. CLCD-DNA-gadolinium complex formation process was registered over the appearance of 2nd 

amplitude in the CD spectrum. DNA-Gd complex dispersion toxicity was evaluated over 40 min, 24h and 72h incubation with 1×106cells in the 

RPMI-40 medium supplemented with 3×10-4 M Gd3+. 

Results: The obtained CLCD-DNA-Gd (d~500 nm) particles was shown less toxicity and higher viability percentage of macrophages after 40 min 

incubation with CLCD-DNA-Gd contains Gd3+ions concentration 3×10-4 M showed 100% viability and after 72 h ours approximately 89%. The cells 

immobilized with CLCD-DNA-Gd particles contains 3×10-4M Gd3+, neutron irritation was caused a 100% cell deaths. 

Conclusion: Obtained relatively stable, non-cytotoxic drug forms with a maximum local concentration of gadolinium (400 µg/ml). The effectiveness 

of these nanosystems for targeted drug delivery has markedly superior efficacy than 10B and other products were based on gadolinium. 
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INTRODUCTION 

Nanotechnology and Nanoengineering emerged from the latest 

achievements and discoveries in the field of visualization, analysis, 

and manipulation of nanoscale size structures and the controlled 

synthesis of new materials [1, 2]. One of the novels fields of 

nanotechnology and nanoengineering was called “nanomedicine,” 

which was conscript to make the treatment of many diseases more 

directed and purposeful (nanotechnological drug delivery system), 

which was corresponded to the interests of both practitioners and 

their patients. Nano engineering systems in nanomedicine were 

allowed to changing the distribution of medications in the body with 

the possibility of targeted delivery into the affected organ. This 

objective was achieved by using the nanoparticles those were 

capable of targeted delivery of drugs taking into account the 

biochemical characteristics of the organism of the patient. 

Nanoparticles were enabled to overcome the poor solubility, 

improve absorption properties (absorbability), and develop the new 

generations of drugs [3]. The combination of reactivity and tendency 

to create hierarchical biopolymers nanostructures, as well as the 

possibility of industrial preparation macromolecule biopolymers 

were made them a suitable object for use in nanotechnology [1-6]. 

Neutron capture therapy (NCT) is a modern method of treatment of 

malignant tumors. It was based on the reaction of thermal neutron 

capture by the nuclei of some non-radioactive nuclides of some 

chemical elements. As a result of the nuclear reaction was produced 

an isotope, the further conversion was accompanied, in particular, 

the appearance of γ-radiations, which were caused damage to cells, 

including transformed [7]. The element, commonly used for the 

treatment of malignancies, serves as boron, was introduced into the 

tumor in the form of the chemical compounds as 10B nuclide. 

However, the effectiveness of 10B was poor. Recently, researchers, 

attention were attracted to special remark of the more promising 

element gadolinium, having the best biophysical characteristics [8, 9]. 

Interaction 157Gd with the thermal neutrons follows the scheme:  

157Gd+nо→158Gd*+γ-Rays+conversion electrons → 

→158Gd+Auger electrons+characteristic radiation, 

Where, n °-neutron, 158Gd*-nuclear isomers (an excited state of the 

nucleus nuclide-158) [9]. 

157Gd has the largest stable nuclides neutron capture cross-section 

(2.55×105 Barn), 66 times greater than 10B, during radiation process 

γ-quanta have mileage more than 100 µm. They can disrupt 

biochemical processes, influence the tumor cells, even if 157Gd was in 

the intracellular space [9]. 

The efficiency of neutron capture therapy depends on the content of 

gadolinium in the diseased tissue [10]. However, the highly toxic 

properties of Gd3+ ions even at the very low concentrations was 

caused complexities in use [11]. At the same time, having a well-

developed capillary network and, an intense circulation, as a 

consequence, tumor tissues create obvious difficulties in retaining 

the therapeutic doses of gadolinium and minimizing its transport 

throughout the body [12]. 

The solution to this problem was creating a new generation of 

biocompatible nanomaterials contains highly stable Gd3+ion 

complexes, which can be adhered to the cells effectively. Because of, 

only the form of the bound (complex) and in the insoluble state of 

the gadolinium can be administered to patients safely [13]. 

Consequently, the success of neutron-capture therapy was based on 

the use of medicinal products containing, a high concentration of the 

neutron-capture element, and also capable of transferring and 

maintenance concentration in the affected tissues until exposed to 

the thermal neutrons irradiation [14]. Highly efficient and nontoxic 
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nanoengineering system (nanotechnological drug delivery system), 

which can maintenance concentration and also effectively delivered 

gadolinium into the tumor tissues at the necessary times the 

promising way to solves some problems in NCT using gadolinium [3, 

4, 7, 11, 13]. 

MATERIALS AND METHODS 

Apparatus 

In this experiment were used: ultrasonic Disintegrator USDN-2T 

(Ukrrospribor, Ukraine), atomic emission spectrometer JY-38P (HORIBA 

Jobin Yvon Ltd., France), fluorescent nanoscope (LLC "Stereonik," 

Russia), coaxial germanium detector IGC-45 (ORTEC Inc., Oak Ridge, 

USA), neutron complex NG-400 (Moscow meson factory, INR). 

Materials and reagents 

The mice were used in this experiments belong to «Wistar» lines, 

provided by Shemyakin-Ovchinnikov Institute of Bioorganic 

Chemistry, RAS (IBCh RAS) in Russia. The experiments carried out 

with laboratory animals was conducted according to the 

recommendations of “laboratory manual and alternative models in 

biomedical technology” in Russia, GLP and under surveillance of the 

ethical committee of VSU. All chemicals and reagents were of 

analytical grade and used without further purification. 

Polymerizeddouble-stranded Calf thymus DNA (Calf Thymus DNA 

«Sigma » USA) purified from impurities was used in the experiment, 

polyethylene glycol (Fluka, Switzerland), gadolinium chloride in 

high-grade purity was produced by “NPF Nevsky Himik” Russia, 

pure gadolinium foil with 0.11 mm thickness (ORTEC Inc., Oak 

Ridge, USA). For the macrophages, isolation procedure was used 

macrophages medium-RPMI-1640 (Sigma, USA) 

General procedures 

The preparation of CLCD DNA-Gd complex 

Depolymerization of DNA was carried out using an ultrasonic 

Disintegrator USDN-2T. After the depolymerization, the molecular 

weight of the DNA was measured in a 1% agarose gel (0,5-0,8) ×106 

Da using the electrophoretic method. The formation of a cholesteric 

liquid crystalline dispersion of DNA (CLCD-DNA) in polyethylene 

glycol has performed the procedure described by Y. M. Yevdokimov 

et al. [15, 16]. The formation of CLCD DNA was assessed by the 

presence of an intense negative band in the circular dichroism 

spectrum at λ-270 nm. The Organometallic hybrid complex of the 

DNA-Gd was formed by processing the obtained liquid crystal 

dispersion with an aqueous solution of GdCl3 (fig. 1.). 

The method of macrophages separation and viability 

determination 

Macrophages were isolated from the mice peritoneal cavity. Mice 

were decapitated, bled, laid on the prepared table in the back stab, 

the ventral surface was treated with alcohol and cut the skin along 

the midline of the body. 5.0 ml of Hank's solutions was injected into 

the peritoneal cavity using a syringe with a fine needle. The mouse 

abdomen was gently massaged mixing the solution with the viscera 

over 3 min. After that, using a syringe with a thick needle injected 

fluid was aspirated and was centrifuged for 5 min at 1000 rpm. The 

supernatant was removed with a Pasteur pipette, and the remaining 

cells pellet was diluted with 1.0 ml Hanks solution. The concentration 

of cells was counted using the Goryaeva chamber. After the cells count, 

the solution was diluted by adding Hanks solution until the final cell 

concentration of the solution was reached to 1×106cells/ml. The 

viability determination of isolated native macrophages cells was 

carried out by suspending macrophages in the plastic tubes with 

medium-RPMI-1640 (Sigma, USA) and was incubated in a 5% CO2 

atmosphere at 37 °C for 25 h. Macrophage lysates were carried out by 

three consecutively freezing and thawing cycle [18]. 

The DNA-Gd dispersed particles adhesion of the cells was determined by 

1.0 ml cell suspension incubated in the nutrient medium contain the 

3×10-4 M of Gd3+over 40 min. After the incubation process, the cell was 

washed out with physiological solution three times and was carried out 

freezing-thawing process, and subsequent separation of cell membranes 

from the supernatant was done by centrifugation at 1000 rpm over 20 

min [20]. The visual registration of the adhesion process was done by 

incubation fixed cells on a glass slide over 60 min and followed by 

washing with saline [20]. To the DNA-Gd immobilized cells dispersion 

was added a calculated concentration of europium chloride (EuCl3)5×10-

[14] M in a solution of CLCD-Gd. After 60 min of the incubation period, 

the cells were once again washed with saline to remove unbounded 

CLCD-Gd particles. Fluorescent microphotograph of CLCD and cells with 

immobilized particles were registered using the fluorescent Nano scope 

(LLC "Stereonik," Russia) at the wavelength λ-340 nm (fig. 3.) [21]. 

Neutron-activated analysis of CLCD-DNA-Gd complex 

The samples containing DNA CLCD-Gd complex were activated using 

the neutron complex NG-400 (Moscow meson factory, INR) with fast 

neutrons containing 14.8 MeV energy. The density of the neutron 

flux at the sample was 2×109 cm-2s-1, and the proportion of other 

neutron energy was less than 1%. Each one of a test sample of the 

DNA-Gd was placed between the two normalized samples. For the 

normalization used pure gadolinium foil with 0.11 mm thickness 

(ORTEC Inc., Oak Ridge, USA). This configuration was made its 

possible to eliminate the distortion of the neutron flux activation 

patterns. The intensity of the γ-radiation was measured by coaxial 

germanium detector IGC-45 (ORTEC Inc., Oak Ridge, USA). [22] 

Statistical analyses were performed using experimental data 

samples; n-10. Student factor (t-test) for automatic calculation used 

a computer program “Origin 98”. The relative error of the measured 

value was±5% with a confidence level at 0.95. 

RESULTS AND DISCUSSION 

In the fig. 1, was a demonstrated formation process of CLCD-DNA-Gd 

complex. The different GDCl3concentration was used carried out 

complex formation process, and the formation process was 

determined using the appearance of 2nd amplification in the circular 

dichroism spectrum (CD) of the CLCD-DNA-Gd complex. The 1st 

curve in the diagram was demonstrated the absence of GdCl3. 

 

 

Fig. 1: Circular dichroism specter of CLCD-DNA, 1. in the absence 

of GdCl3,2-6–in the presence of GdCl3, ΔA–(A max–Ai), A max =∑ (A+-

A-), where, A+-amplitude of absorption peak of dextrorotatory 

plane-polarized light, GdCl3 concentration: 2-2.49 × 10-4, 3-4.97 

× 10-4, 4-9.8 × 10-4, 5–1.48× 10-3,6–2.92 × 10-3 

 

This data coincided with experiment data obtained Yevdokimov et al. In 

the experiment, was established, that the adding 2.49 × 10-4 M GdCl3 was 

not affected to the circular dichroism spectrum (2nd curve). Increasing 

amplitude of negative line of absorption spectra was monitored when 

the thevGdCl3 concentration was 4.97 ×10-4 M (3rd curve). The maximum 

amplification was noticed in the concentration range 1~3 ×10-3M GdCl3 

(4-6 curves). The experiments results were demonstrating the well-

organized structure of CLCD-DNA-Gd. 

Study of interaction of double-stranded linear DNA with ions Gd3+ 

The formation mechanism of CLCD-DNA-Gd complexes was 

identified by investigating the interactions of the gadolinium ions 

with a double-stranded DNA at various concentrations. Native DNAs 

were an incubated in water-salt solution (3×10-7M NaCl) contains 
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different concentrations of GDCl3 for one minute at room 

temperature. Fig. 2. was shown the variation of CD spectrum of 

linear DNA solutions, which were incubated with various 

concentrations of GdCl3. 

 

 

Fig. 2: Circular dichroism specter of CLCD-dsDNA, In the 

absence of GdCl3, 2-6–in the presence of GdCl3,ΔA–(A max–Ai), A 

max =∑ (A+-A-), where, A+-amplitude of absorption peak of 

dexter-rotatory plane-polarized light,, A--amplitude of 

absorption peak of sinister-rotatory plane-polarized light, 

Concentration GdCl3, 2 curve-1×10-5M, 3 curve-2×10-5M, 4 

curve-3×10-5 M, 5 curve-4×10-5 M, 6 curve-5×10-5 M 

 

The characteristic peak of the original B-form DNA (curve 7) was 

distorted at the higher concentration of gadolinium ions. The 

positive band at λ-280 nm was changed its sign when the chloride 

concentration was reachedto3 ×10-5 M and amplitude of the negative 

band was increased, and its maximum was shifted to length wave of 

the red region. The experimental results were demonstrated, that 

the CD spectrum changes of linear double-stranded DNA molecules 

when the Gd3+ions presence may be caused by breach of a secondary 

DNA structure parameters. As a result of the very high affinity of 

DNA to the salts of rare earth metals at its nature, it was caused by 

the formation of ionic bonds between gadolinium and phosphate 

groups of the nucleic acid. These results (see fig. 3) were 

demonstrated, there was a transition of DNA structure from the B-

form to Z-form when the interaction double-stranded linear DNA 

with the GdCl3. Sugar-phosphate backbone of the molecule was 

taken the zig-zag conformation, and these processes may be 

happened due to the appearance of clusters of positive charges on 

the external backbone of DNA with gadolinium, it was accompanied 

by the change of the DNA solubility.  

 

 

Fig. 3: Relative band amplitude (λ-280 nm) in the CD spectra of 

linear double-stranded DNA molecules on the value of r(total): 

ΔA(ratio)-[Amax-ΔAi]/[Amax ], wherein Amax = ∑[�+-ΔA-), A-

amplitude of absorption peak of dextra-rotatory plane-

polarized light, A--amplitude of absorption peak of sinistra-

rotatory plane-polarized light. r(total)c-ratio of 

GdCl3concentration (mol/ml) to the basis DNA concentration 

(mol/ml) in the solution 

Study of formation of liquid crystalline dsDNA with ions Gd3+ 

To study the processes of formation of liquid crystals of double-

stranded DNA (ds-DNA) was treated with GdCl3, ds-DNA was mixed 

with 0.9 ml of DNA and 0.1 ml GdCl3 in the presence of PEG. The final 

concentration of gadolinium ions in the 1.0 ml solution was related 

to 1×10-5 M,2 ×10-5M, 3×10-5 M,4 ×10-5 M, 5 ×10-5 M and 6×10-5 M. 

Then added 1.0 ml of PEG solution (9.5×10-5 M) and intensively 

stirred using a mixer over 3 min. The mixture was incubated for one 

hour to form CLCD. CD spectrum was recorded every 5 min. Fig. 4. 

was shown the formed CD spectrum of CLCD-DNA pretreated with 

GdCl3. The spectrum was demonstrating that the formation of CLCD 

from linear ds-DNA treated with GdCl3was accompanied by the 

disappearance of minus sign the abnormality peaks at λ max–270 

nm in the CD spectrum, which was characterized for the CLCD-DNA 

without pretreated by GdCl3. 

 

 

Fig. 4: CD spectra of formed CLCD, from DNA molecules, 

pretreated with aGdCl3 solution; A = (AL-AR). Curve 1-CLCD in 

the absence ofGdCl3; Curves-2 and 3, in the presence of GdCl3, 

0.6 ×10-5M, and 1×10-5 M respectively 

 

Identification impurities in the CLCD-DNA-Gd solution 

It was known that the core properties of CLCD-DNA-Lanthanide 

nanoparticles were identical for all the Lanthanide (L) [24]. Europium 

(Eu3+) was early employed as a fluorescent label at the emits range 340 

nm to 618 nm. In this wavelength range, DNA or polyethyleneglycol 

(PEG) do not absorb photon energy, and trace impurities of Eu3+in the 

liquid crystal dispersion were made it intensely fluorescent in the 

medium (fig. 3.). It was possible not only for visualizing the dispersion of 

saturated complexes of DNA-Gd and detects the "transitional" forms of 

the cholesterin particles into the amorphous. 

 

 

Fig. 3: CLCD-DNA-Gd medium intensely fluorescent, when 

presence Eu3+as impurities 
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Visualization of CLCD-DNA-Gd nanoparticles 

As shown in [16], optical properties of CLCD-DNA were 

demonstrated about it’s a liquid crystal structure. Cholesteric liquid 

crystal dispersion of DNA was formed at the phase deletion of DNA 

with PEG in the hyperosmotic solution. CLCD-DNA was a liquid 

particle with a diameter of about 500 nm, was excluded from the 

phase of PEG-water. They were available in a concentration range of 

PEG 100 to 600 mg/ml. Since double-stranded DNA molecules were 

polyphosphates, in sufficiently high concentration conditions of 

Gd3+ion particles CLCD-DNA-Gd complexes were losing their 

solubility and acquired a surface charge, which prevented their 

aggregation. Previously, it was found, the gadolinium ions were 

binding with phosphate groups on the CLCD-DNA [25]. Therefore, as 

a result of the low solubility of the complex particles (solubility limit 

GdPO4~10-[12]), were possible to study in the experiments by 

multiple washes and not in the initial solution with a high osmotic 

pressure. Indeed, tenfold dilution solution with water, after dilution 

this complex did not change its optical properties of dispersion [25].  

It was important that the reaction of the hybrid organometallic CLCD-

Gd nanoparticle with dsDNA-Gd liquid crystals were disappeared 

characteristic of the packing DNA molecules, and the properties of the 

particles became to a solid state. In support of this conclusion, can 

proved the existence of previously established Bragg peak at the X-ray 

reflex of CLCD-Gd [24]. The cause of reflexes obviously a rigid spatial 

structure of the matter. The liquid crystal dispersion without 

gadolinium did not possess Bragg peak. Interaction of DNA and Gd3+ 

ions have increased the attraction between the particles which were 

contained in the CLCD, caused by the effect of ionic cross-links [25]. 

This process can be seen in fig. 4, where the visible portion with 

stripes (like a fingerprint) typical for CLCD and an amorphous area 

characteristic to the solid precipitate of DNA-Gd.  

 

 

Fig. 4: Image of CLCD with the addition of Gd3+ions in the field of 

view of a polarization microscope, a. The section with strips 

(such as "fingerprints"), b. Amorphous section (dark) 

Immobilization of CLCD-DNA-Gd with macrophages membrane 

Results of incubation of cells in the culture medium additive 

particles CLCD-DNA-Gd followed by washing were shown in fig. 5. 

There were shown slide fixed with immobilized cells associated 

dispersion particles. The average size of the macrophages was 

related to 10-20 µm, and particles only 0.5 µm (fig.5), the and it was 

the clearly visible proportion of the particles ratio to the 

macrophage size. The phenomenon of CLCD-DNA-Gd particles 

adhesion in cell membranes, presumably, can provide the basis for 

the development of a technique for the retention gadolinium in 

tumor tissue, until the neutrons irradiate it. 

 

 

Fig. 5: The view of macrophages with attached CLCD (DNA-Gd) 

particles, a. Nanoparticles CLCD (DNA-Gd), b. Mice macrophages 

 

Determination of gadolinium concentration in CLCD-DNA-Gd by 

the different analytical method 

During the interaction of Gd3+ions with molecules of double-stranded 

DNA fixed to the spatial structure of the liquid crystal dispersion with 

Gd3+ions, the cholesteric dispersion structure was retained [16]. 

Quantitative determination of the concentrations of Gd3+ in obtained 

CLCD-DNA-Gd complexes was performed using atomic emission 

spectral analysis. Determination gadolinium concentration in samples 

of CLCD-DNA-Gd was performed by destructive chemical analysis 

method. In the analysis procedure, the test sample was subjected to 

ashing at ~ 400 °C temperature and followed by dissolving in 5.0 M 

HCl solution; the admired solution was analyzed for Gd by atomic 

emission spectral analysis using spectrometer JY-38P (France). [18] 

The results were shown in table 1. 

 

Table 1: Determination of concentration gadolinium in CLCD-DNA-Gd by different analytical method 

Sample № 

weight of 

DNA (mg) 

Weights of gadolinium (mg) Average weight of 

gadolinium 

(mg) 

Conc. 

gadolinium  

% 

the relative concentration of 

GdCl3  

(mol/ml) 
Activated 

analysis 

Atomic-emission-

analysis 

1 0.943 0.79±0.07 0.70±0.07 0.745±0.06 44.1 1.63 

2 0.995 0.77±0.10 0.77±0.10 0.77±0.10 43.6 1.59 

3 0.590 0.47±0.06 0.47±0.06 0.47±0.06 44.3 1.64 

4 0.295 0.17±0.03 0.19±0.02 0.19±0.02 39.0 1.32 

n-10 samples, all values represent mean±SD 

 

The assessment of cytotoxicity of CLCD-DNA-Gd nanoparticles 

Toxicity of DNA-Gd dispersion was evaluated by a 40-minute, 24 h and 

72 h incubation periods. Cells (1×106)were placed in culture medium 

RPMI-40 supplemented with 3×10-4 M Gd3+. Gd3+ions are introduced as 

GdCl3 or as a component of CLCD-Gd complex. The proportion of dead 

cells was calculated by a supravital staining method with 0.1% trepan 

blue solution [20]. The results were shown in table 2. 
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Table 2: Macrophages viability percentage over general count 

Added to culture medium RPMI-40, when incubation Incubation period of macrophages 

40 min 24 h 72 h 

Commercial culture medium RPIM-40 100±5 98±5 93±5 

GdCl3 40±2 6.0±0.3  0 

CLCD-DNA 100±5 84±4  72±3 

CLCD-DNA-Gd 100±5  93±5 89±5 

n-10 samples, all values represent mean±SD 

 

Atomic emission spectral analysis of the resulting supernatant and 

the cell membranes of treated cells and CLCD-DNA-Gd complex was 

showed that over 97% of the gadolinium was associated with cell 

membranes. This result implies that the CLCD-Gd particles were not 

only firmly fixed on the membrane, and penetrated little inwards. 

The particles have not express toxic effect. The remaining 3% of 

gadolinium in a cell can be attributed to partial leaching cell sap by 

freeze-thaw, as well as the phagocytosis by the macrophages. 

Indeed, the particles were built with foreign DNA may be itself to a 

target for phagocytes. Adding CLCD-DNA-Gd dispersion into a cell 

culture and subsequent incubation did not lead to a marked 

reduction in cell viability. However, the same concentration of 

GdCl3was reduced viability to 40%. This fact apparently was due to 

the fact, that gadolinium was securely held within the particles 

without eluted intercellular environment and did not penetrate into 

the cells via the ion channels. 

  

Table 3: Macrophages viability after neutron irradiation 

Samples Percentage of cell viability after irradiation 

40 min 24 h 72 h 

Control sample 95±5 91±4 86±4 

Cells+CLCD DNA 95±5 84±4  72±3 

Cell+nanoparticles 0 00  

nanoparticles - - - 

Macrophages were incubated in thermostat 100±5 98±5  93±5 

n-10 samples, all values represent mean±SD 

 

The immediate impact of thermal neutrons on cells, confirms that 
the neutron flux interacts weakly with living tissues and can be 
considered a relatively safe [26]. Thus, in a single irradiation in 
control samples were appeared:  

95% of viable cells after 40 min of irradiation;  

91% of viable cells after 24 h exposure;  

86% of viable cells after 72 h exposures. 

Cells with CLCD-DNA-Gd particles, with the standard concentration 

of Gd3+,was related to 3×10-4M; there was a 100% of cell deaths after 

irritation. Only a decrease in the concentration of particles in the 

dispersion 5 times was allowed to achieve 15% of cell survival after 

40 min, but further incubation led to cell death entirely. 

 

Table 4: Cells viability with decreasing Gd 3+ concentration 

Gd 3+ conc. (mol/l) Viability (%) after incubation period of  

40 min 24 h 72 h 

3 × 10-4 0 0 0 

6 × 10-5 15±2 0 0 

3 × 10-5 20±2 0 0 

n-10 samples, all values represent mean±SD 

 

It was known, that the cell death caused not only conversion 
electrons, Auger electrons, the characteristic radiation, and gamma 
radiation, but also the simultaneous free-radical interaction caused 
by the reaction of photolysis of water and Cascade peroxidation [25-
27]. Therefore, the effectiveness of any drug, including CLCD-Gd 
particles, the radiation therapy was depended on a combination of 
many factors from local gadolinium concentration in the particles, 
the degree of absorption of secondary electrons and γ-rays within 
the particles themselves, on the biological effectiveness of radiation 
exposure on surrounding cancer cells, and others. [7-14, 27, 28]. 

The results were demonstrated that the particles with gadolinium 

could be fixed on the cells. Consequently, can expect that the 

phenomenon was described cell death would occur only in the 

radiation sites, and also locally. Moreover, the adhesion of particles 

on the cell surface allows retaining the drug inside the tumor until 

required irradiation time, which will allow reducing the dose of 

administering a gadolinium and the intensity of the neutron flux. In 

this experiment was obtained sufficiently chemically inert and stable 

preparation with a high local concentration of gadolinium was 

capable stored at room temperature for a year without losing their 

physicochemical properties [23]. The low solubility of the complex 

(SL ~ 10-12), and the cells ability to survive at the simple incubation 

(without irradiation) in a medium with CLCD-Gd particles within 72-

hours was demonstrated the low cytotoxicity of the complex and 

also the drug safety. Due to cholesteric properties of the drug 

particles, the concentration of gadolinium was easily monitored by 

circular optical dichroism [1, 3, 15, 16, 22-24]. All these evidence 

provide a base to make a conclusion, the problem of the efficiency of 

neutron capture therapy when using 157Gd can be successfully solved 

using the described method. 

CONCLUSION 

DNA-Gd nanoparticles were trapped effectively using described 

method in this experiment and successfully can be employed for the 

neutron flux irritation. Neutron capture was occurring in the 

particles with a high local concentration of 157Gd. The particles 

themselves were significantly chemically inert, and incubating the 

cells with precipitated particles thereon did not cause a significant 
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toxic effect. Perhaps this fact will allow to reduce the time and dose 

of neutron radiation, as well as to reduce gadolinium concentration 

by several times. 

The affinity of the particles for cell membranes (adhesion) allows on 

the cell point wise with greater intensity than individual atoms of 

gadolinium was one of the significant benefits of the drug compared to 

the other carriers of gadolinium. Radiation acts not only directly, 

"burning" of the membrane, DNA and the contents of the cytoplasm, 

but also switch on the free radical interaction. Continues extended 

period direct exposure in aggregate, there was a cumulative effect. 

Based on this experiment can make a conclusion, obtained CLCD-DNA-

Gd nanoparticles can be recommended for using as agent for NCT. 
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