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Abstract 

The article deals the results of studies of in vitro cytotoxicity of boron containing compounds normal cell 

culture. It show the minimal toxic concentrations for each agent for using cell lines. 
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Modern approaches in the treatment of oncologi-

cal diseases necessitate the creation of methods that 

would ensure the directed destruction of transformed 

cells without damage to neighboring tissues and the 

body as a whole. Such an effect is achieved by boron 

neutron capture therapy (BNCT), which is already used 

in medical centers in Sweden, the Czech Republic and 

the United States, research continues in Japan, Argen-

tina, England, Italy, Israel and begins in Russia. The 

uniqueness of the technique lies in the selective death 

of tumor cells, while normal cells in the immediate vi-

cinity remain intact. 

As a result of neutron irradiation, stable B-10 cap-

tures thermal neutrons, forming an excited B-11 nu-

cleus. Removal of the excitation of the formed nucleus 

occurs almost immediately by its disintegration into 

particles with a short linear path, which leads to an ex-

plosive destruction of cells. 

BNCT preparations should have low toxicity, se-

lective penetration and accumulation in tumor cells. 

Since the selection of such substances requires the anal-

ysis of a large number of boron-containing molecules, 

it is necessary to use the fastest methods to determine 

both the amount of a substance that accumulates in nor-

mal and transformed cells and the concentration that 

has a minimal toxic effect. In this regard, studies on cul-

tured human cells are considered the most effective. 

The aim of the study is to develop an algorithm for 

determining the minimum toxic dose of potential drugs 

for BNCT. 

Materials and research methods 
We used a culture of human dermal fibroblasts (7-

12 passages). A dermal fibroblast culture was obtained 
from a skin explant of a healthy 58-year-old male donor 
after he signed a voluntary informed consent. Disaggre-
gation of tissue was carried out by an enzymatic method 
according to the original method [1]. 

The cells were cultured at 37 ° C, 5% CO2, 95% 
in a humidity incubator (Sanyo, Japan) with daily 
macro- and microscopic control using an Olympus 

CX41 inverted microscope at x40, x200. The medium 
was changed every 3 days for 60% of the total volume. 

To determine the cytotoxic effect, the cultured 
cells of the fibroblastic diferon were planted in Petri 
dishes with an adhesive coating (Sarstedt). Determina-
tion of the minimum toxic dose was carried out in 3 
stages with a wide range of concentrations and a grad-
ual identification of the border between toxic and pre-
toxic doses. To obtain reliable data, 3 replicates were 
used in each group. The control group was represented 
by intact fibroblasts. In accordance with the recommen-
dations of the International Nomenclature Committee 
for the Classification of Cell Death [3], the assessment 
of the cytotoxic effect was based on morphological cri-
teria. After 24 and 48 hours, the cultured cells were 
stained according to the Romanovsky method. Objects 
were visualized using an Olympus CX41 microscope at 
x100, x400, x1000. 

The GL-63 and GL-57 samples provided for eval-
uation were handed over by the Department of Organic 
and Biomolecular Chemistry of the Chemical-Techno-
logical Institute of the Ural Federal University. To in-
troduce substances into the culture, they were prelimi-
narily dissolved in the culture medium used when 
working with the investigated cell line. 

Research results and their discussion 
The cytograms of the cultures of the control group 

are represented by fibroblasts of varying degrees of dif-
ferentiation. There is a predominance of process cells 
with pronounced cell contacts and a well-contoured nu-
cleus. 

Sample GL-63 had a pronounced toxic effect on 
human fibroblast culture when using concentrations 
above 1 μg / ml. There was a deterioration in cell adhe-
sion, an increase in the number of cells with signs of 
cell death: vacuolization of the cytoplasm, disturbances 
in the structure of the cell membrane, pycnosis of the 
nucleus. The increase in the concentration of the sub-
stance was accompanied by the predominance of ma-
ture cells of the fibroblastic differon. Thus, the test sub-
stance can be used at a maximum concentration of 1 μg 
/ ml with an exposure time of no more than 48 h. The 
results are shown in Figure 1. 
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Figure. 1. Culture of human fibroblasts 24 hours after injection of the GL-63 sample. A - concentration 1 μg / 

ml, B - concentration 10 μg / ml. Uv. 100.  

 

When the GL-57 sample was introduced into the 

fibroblast culture, a pronounced cytotoxic effect was 

observed when using concentrations of the substance 

above 15 μg / ml, which was expressed in the deterio-

ration of cell adhesion, the predominance of mature fi-

broblasts, elongation of cell pseudopodia, pycnosis of 

the nuclear apparatus, which is shown in Figure 2. 

 
Figure. 2. Culture of human fibroblasts 24 hours after injection of the GL-57 sample. A - concentration 15 μg / 

ml, B - concentration 20 μg / ml. Uv. 100. 

 

The study made it possible to work out an algo-

rithm for the primary assessment of the cytotoxicity of 

the incoming substances, including the morphological 

analysis of the samples, the establishment of a barrier 

between the pre-toxic and toxic concentrations and the 

permissible time range for each concentration. 

The results obtained indicate a low toxic effect of 

the GL-57 sample in comparison with the GL-63 sam-

ple, which may be due to the different structure of the 

studied molecules, including the spatial arrangement of 

chemical groups relative to each other. Probably, the 

relatively high toxicity of substances is associated with 

the use of cesium in the synthesis of samples in order 

to increase the aqueous solubility of substances. 

Conclusions 

1. The algorithm determined in the course of the 

work allows obtaining reliable data in a relatively short 

time, revealing the degree of toxicity of the substances 

under study and identifying the directions for further 

research. 

2. The use of the GL-63 sample at a concentration 

of 1 μg / ml and the GL-57 sample at a concentration of 

15 μg / ml with an exposure of no more than 48 hours 

is permissible on human cell lines. The data obtained 

will make it possible to reduce the duration of the LD50 

detection in a series of experiments on animals, as well 

as to establish the accumulation of the investigated sub-

stances in normal and tumor cells. 
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