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Annotation. The work is devoted to the study of the processes that
determine the possibilities of the method of increasing the effectiveness
of the antitumor action of atready known antitumaor dregs without the use
of foreign nano dipurities using high-energy electron irradiation. The
electron energy was 2 MeV. The method i based on the use of the
ariginal technique, which uses irradiation of the solvent (water or saline)
before the introduction of a drug (doxorubicin. Conformational changes
in doxorubicin molecules in irradiated saline were analysed by changes
in their vibrational spectra, which were recorded using an IR-Fourier
spectrometer. Quantum chemical caleulations were performed using the
Caussian program, the method of density functional (BALYP). The
geometry of the doxorubicin molecule was optimized and its oscillation
spectrum was calculated. To study the pharmacological activity of the
antitumor drug doxorubicin used Lewis lung carcinoma. Cells were
maintained in REMI 1640 medium with the addition of 10% ETS, 2 mm
L-glotamine and 40 pe / ml gentamicin at 37 ® C. Studies have shown
that the use of pre-irradiated saline {0.9% NaCl) for the antitumor drog
doxorubicin significantly alters the conformational properties of its
molecules. The minimum dose of high-energy electron irradiation (2




MeV) absorbed by the solvent, at which changes in the conformation
states of the drugs dissolved in them are recorded, is equal to 4 kGy.

Key words: irradiation. conformation, electrons, molecule, koniwm,
doxorubicin.

Introduction. Experience with antitumor chemotherapy has
shown its limited capabilities and low efficacy in the treatment of
locally advanced and disseminated forms of malignant neoplasms.
In this regard, the definition of new biologically active materials,
the study of their physical, chemical and therapeutic properties and
the creation on their basis of effective and low - toxic antitumaor
drugs is one of the most pressing tasks of modern pharmacology
and practical oncology [1. 2, 3] an important ssue is the choice of
the optimal modifier of therapeutic drugs, which is usually in a
nanostructured state. Note that the modification of drug molecules
by nanosized particles has important theoretical and practical
significance, as i provides the opportunity (o obtain
biocompatibility with cells of the body, specific interaction with
living tissues. Preliminary studies have shown the prospects of a
new pon-destructive method of modifying both the physical and
therapeutic properties of some antitumor drugs without changing
their chemical composition.

The aim of the work is to study the regularity of the method
of increasing the effectiveness of antitumor action of already
known antitumor drugs without the use of foreign nanodipurities
using high-energy electron feeadiation, o reduce the dose of
antitumor drugs and minimize side effects when used in oncology.

Experemental procedure. The studies used saline 0.9%
MaCl {Novopharm-Biosynihesis, Ukraine). Saline, collected in
sterile medical syringes of 200 ml, was irradiated with electrons with
an energy of 2.0 MeV using a linear accelerator ILTU-6. The dose
of absorbed radiation ranged from 4 to 80 kGy. Under such electron
irradiation, the solvent temperature changed by no more than 3 C.
Characteristics of the electron frradiation process of doxorubicin
solutions are given in Table 1.

210



Table. 1.
Position of points of local maxima of ahsorption spectra

Fluence of the Irradiation time s | Absorbed dose of
electrom flux, sm irradiation, kGy
4’LI'I:I'?"‘L 45 ¢ 5
& 10" 60 ¢ 10
=10 Tae 20
=10 270 35
4s10H 520 0
410" 580 80

Solutions of doxorubicin (adriblastine) were prepared using
Actavik Traly powder, SpA amd saline. bringing the concentration
of the active drug to 5 mg / ml and and Conium (Weleda, Germany).
Drug Conium, contains a number of alkaloids, the main of which
are Coniin (CyHiaN), N-Methyleondin (CaHisN), y- Konitsiin
(CaIl1sN),  Conlvdrin  (CalsWNO)  and  Psewdoconhydrin
(Cat N ).

Conformational changes in doxorubicin molecules  in
irradiated saline were analysed for changes in their vibrational
spectra, which were recorded using an IR-Fourier spectrometer
(Bruker IF5 66, Germany) and a Shimadoo UV-260 diffuse
knockout spectrophotometer. The accuracy of determining the
wave number was 0.2 cm-1. and the accuracy of determining the
transmission - 0.1%. Processing of IR spectra was performed using
the program OPUS 5.5, Measurements were performed no later
than 10 days after irradiation of saline. The terperatire of the
sample was in the ranpe of 20-25 C°,

Quantum chemical studies used the GAUSSIAN program,
which was used to calculate the vibrational frequencies of the
doxorubicin molecule in vacuum and water.

Resulis and discution. The results of measurements in the
visible and IR regions of the spectra are illustrated by the graphs
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presented in Figs. 1 and Fig.2, respectively. The time between
irradiation of the samples and registration of their vibrational
spectra did not exceed 14-23 days. The measurements showed that
the absorption of the samples in this case was constant. The resulis
of the measurements in the visible region of the spectrum are
ilhustrated in Fig. 1, which shows the spectral dependences of the
absorption of doxorubicin molecules in unirradiated and ireadiated
(70 kGy) saline.
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Fig. 1. Absorption spectra in the visible region of a doxorubicin
solution dissolved In saline solution nod iradisted (curve 1) and pre-
irradiated {curve 2)

The absorption spectrum of the solution obtained without
prior irradiation was analysed using its representation as a
composition of Gaussian functions. The graph of the sum of these
Gaussian functions conveys all the characteristic features of the
experimentally  established  spectrum  (Pearson's  pairwise
correlation coefficient berween them is 0.98). The absorption of
radiation in these regions is associated with the excitation of
electrons of the s-, p-and n-orbitals of the ground state and the
transitions of molecules into the excited state. Therefore, studving
the shift of the positions of the maxima and the change in intensity
in this area, we can draw conclusions about the change in the
aptical properties of the doxorubicin molecule. The dependence of
the positions of the local maxima of the sectors on the value of the
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absorbed dose in the optical absorption spectra taken immediately
after irradiation of the solvent and the preparation of solutions with
doxorubicin ane shown in Table 2.
Table 2.
Dependence of the position of the shsorption maxima on the dose in the ogtical
absorpiion specira taken immediately afier Irradlation of the solvent and
preparation of selutkons with doxeeubicin

O 193,23 (225,86 [256.95 RAOGA [30333 [M86.37 (530,18 |545.21
+MaCl,
0 kiGy,
L {nm)

DX 192 50 23511 [255,24 29169 (01,87 (48976 (52081 |535.42
+MalCl
T kGy,
L {nm)

Significant dependence on the amount of absorbed dose is
also shown by the absorption spectra in the IR range, illustrating
the data shown in Fig. 2.
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Fig.2. The dependence of the normallzed absorpiion of doxorubicin on
the wavelength in the unirradiated and irradiated solutkon of 0.9% MNaCl at
different doses of ahsorbed electron iradiation

Curve 1 presented in Fig. 2 describes the absorption spectrum
of doxorubicin in non-irradiated saline, curve 2 was obtained about
the absorbed dose of 10 KGy, curve 3 - 35 kGy, and 4 - 70 kGy. As
can be seen from Fig.2 for the above spectra is characterized by a
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sipnificant non-monotonic dependence of the configuration of the
spectra (the ratio of the amplitudes of high-frequency and low-
frequency maxima) from the absorbed dose. This behavior may be
due to coagulation (clustering) of babstones [5), which can be
realized at high values of the concentration of babstones (at high
levels of radiation).

Studies have shown that the mininum dose of high-energy
electron irradiation absorbed by the solvent, at which changes in
the conformation states of the drugs dissolved in them are recorded,
is 4 KGy. In this case, the radiation-induced changes in the
absorption specira of the samples exceed the noise effects of
physiological solutions.

Studies of the ability of high-encrgy electron irradiation of
saline as a drug solvent to modify the pharmacological activity of
the antitumor drug dosxorubicin were investigated in vitro using the
Lewis lung cancer cell line (LLC). Studies have confirmed our
previous conclusion [6] that the use of doxorubicin dissolved in
irradiated saline leads (o increased cytoloxic / cytostatic effects.
This potentiating effect s most significant at low concentrations of
doxorubicin.

Conclusions.

L. Preliminary irradiation of physiological solution causes a change
in the absorption spectra of doxorubicin dissolved in it in the visible
and IR region of the spectrum. Changes in the spectra of these
spectra are  characterized by a  significant  non-monotonic
dependence of the configuration of the spectra (the ratio of the
amplitudes of high-frequency and low-frequency maxima)l on the
absorbed dose.

2. The use of pre-irradiated solvent (0.9% NaCl) antitumor drug
doxorubicin significantly changes their conformational properties.
The minimum dose of high-energy electron irradiation (2 MeV)
absorbed by the solvent, at which changes in the conformation
states of the drugs dissolved in them are recorded, 8 equal to 4 kGy.
In this case, the radiation-induced changes in the absorption spectra
of the samples exceed the noise effects of physiological solutions.
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3. The modifying effect of high-energy electron irradiation of the
doxorubicin solvent persists for 2-3 weeks.
4. The structural forms were determined, the values of the dipole
moments and the encrgy of the ground state of alkaloids included
in the konjum were calculated: koniyina, N-methyleonime, -
konitsiina, conhydrin and pseedoconhydrin. It has been established
that the conformations of the molecules of alkaloids with the lowest
energy have the maximum possible linear dimensions and the
smallest values (for stable states) of the dipole moment [6].
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