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Using infrared spectroscopy, we studied the character of intermolecular interactions in the samples blood plasma of

oncological patients with bone metastases in the treatment of their modern β-emitter 153Sm-oxabifor. The therapeutic

dose of the 153Sm-oxabifor was 1.0 mCi/kg of the patient's body weight. Analysis of the IR-spectra showed that

already after the �rst course of palliative radionuclide therapy there is a tendency to balance the products of free

radical nature and antioxidants, which indicates the e�ectiveness of the treatment. Molecular changes in the blood

plasma of cancer patients with bone metastases registered using infrared spectroscopy are speci�c during palliative

therapy.

PACS: 87.53.Jw

1. INTRODUCTION

Currently, osteotropic isotopes of 153Sm, 186−188Rn,
177Lu, and others are used in the treatment of bone
metastatic disease [1]. All radioisotopes di�er in their
physical properties, but it has similar clinical e�cacy
[1,2].

The 153Sm radionuclide has a half-life of
46.2 hours, emits particles with energies of 650, 720,
and 820 keV with outputs of 20, 40, and 60%, respec-
tively, which is su�cient for local exposure of the
local zone.

γ-quanta with energies of 69.7 and 106 keV and
outputs of 5.4 and 28%, respectively, make it pos-
sible to record the accumulation and distribution
of the radionuclide using a gamma camera. The
153Sm-oxabifor radionuclide has the most pronounced
analgesic properties and minimum accompany e�ects.
The advantages of 153Sm-oxabifor are the following
indicators: high selective accumulation in the zone
of metastases; rapid elimination from healthy tissue;
relatively low toxicity of the drug; the possibility of
scintigraphic assessment of the accumulation and dis-
tribution of the drug, etc. [3].

Cancer patients with bone metastases are one of
the most severe categories of patients which require
e�ective and well-planned palliative treatment using
153Sm-oxabifor. Metastases of the skeletal system of-
ten lead to the development of di�erent complications
such as hypercalcemia, bone pain, pathological frac-
tures, deterioration of the general state and quality of
life of patients. Therefore, the use of a multifactor ap-
proach in the treatment of this category of patients

consists in �nding the most appropriate individual
methods of monitoring radiation loads on the blood-
forming organs, taking into control their.

Hematologic complications can interfere with the
continuation of anticancer treatment and lead to a de-
crease in the life duration of these patients. In some
cases, it is necessary to conduct additional hemostim-
ulating therapy.

Among other e�ects of 153Sm, its in�uence on the
hematopoietic system of the bone marrow (granulo-
cytes, platelets) is noted. Therefore, the study of the
phase composition and peculiarities of the molecular
structure of various organic and inorganic compounds
of blood cells �before�, �during treatment� and �after
treatment� of 153Sm-oxabifor represents interest [4].

The purpose of this work was to study the charac-
teristics of the infrared spectra of the blood of onco-
logical patients with bone metastases with di�erent
primary localization of the tumor process, as well as
to estimate of next injections of 153Sm-oxabifor in the
course of palliative therapy.

2. MATERIALS AND METHODS

The object of the study was the blood of oncological
patients with bone metastases with primary tumors
of the mammary gland, prostate, and uterus. As a
control, the blood of oncological patients which did
not have bone metastases and which had not radionu-
clide therapy with 153Sm-oxabifor was used.

Treatment of these patients was carried out with
the help of the drug 153Sm-oxabifor, manufactures
of company "Radio preparation" Institute of nuclear
physics AS of Uzbekistan (the registration certi�cate
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N85, a series 026251114, cleanliness 99.2%, activity
2842.61 MBq, initial activity 8400 MBq). Content of
impurity radionuclides was not more than 3·10−3%.

The recommendations of the European Associa-
tion of Nuclear Medicine (EANM) regarding the use
of 153Sm [5] leave the problem of individual dosing
for particular patients unresolved. Palliative doses of
153Sm for e�ective therapy are up to 37 MBq/kg [6].
The direct therapeutic e�ect of radionuclide therapy
of bone metastases is associated with the use of high
activities up to 1110 MBq/kg [7].

153Sm-oxabifor was injected to patients intra-
venously. The calculation of the therapeutic dose of
the drug was carried out at the rate of 1.0 mCi/kg of
the patient's body weight.

The IR-spectra of plasma were recorded on an
IKS-29 IR-spectrometer (LOMO) in the spectral
range of 4200...400−1 cm−1 (wavelength range from
2 to 25 µm middle infrared region) [7�14]. Calibra-
tion was carried out on the spectrum of polystyrene
with certain frequencies of absorption maxima. The
amendment was 10−5 cm−1.

A drop of the plasma was placed between two
round disks of CaF2 and installed in the measuring
channel of the device. The same plates were installed
in the reference channel but without liquid. The spec-
trum was recorded immediately after the sample was

inserted and lasted 10 minutes. The temperature in
the cell compartment was 25...30◦C.

3. RESULTS AND DISCUSSION

Since the basis of the investigated plasma samples is
water, the most intense and wide bands in the spec-
trum correspond to di�erent types of oscillations of
H2O molecules [15]:

1. Librational (Latin libration-swinging) H2O
modes correspond to strong absorption in the range
of 700...600−1 cm−1.

2. A narrow intense band in the region of
1700 cm−1 is attributed to the deformation oscilla-
tions of H�O-H due to changes in the angles of va-
lence bonds.

3. The composite vibrational mode of the defor-
mation and librational vibrations of H2O molecules
lies in the range of 2150...2200 cm−1.

4. The main band of valence vibrations due to
changes in the bonds in the water molecule covers
the spectral range of 3600...3000 cm−1.

In addition, in the plasma, there are band spectra
which corresponding to vibrations in the molecules of
proteins and other compounds of blood [16�18]. The
identi�cation of these absorption bands is given in
the Table.

Identi�cation of bands in IR-spectra of oncological patient plasma, cm−1

Control,
patient C

Patient O,
8-00

Patient O,
20-00

Patient B,
8-00

Patient B,
20-00

labelling band

770...630 780...620 780...620 700...660 700 librational modes H2O
810 librational modes H2O
1130 1120 �uctuations of C-O and oxyhe-

moglobin
1170 1160

1250 1235 protein ring structure, amide
1260 1280 protein ring structure, amide

1300 protein ring structure, amide
1400 1380 1400 1380 δ(ÑÍ3) in the structure of lipids

and proteins
1425 δ(ÑÍ3) in the structure of lipids

and proteins
1440 1440 δ(ÑÍ3) in the structure of lipids

and proteins
1470 δ(ÑÍ3) in the structure of lipids

and proteins
1570 1550 1550 1550 1550 nitro compound (-NO2)
1650 1630 1630 1630 1630 deformation oscillations H-O-H
1680 deformation oscillations H-O-H

The results of infrared spectroscopy of the plasma
of patients C and B show the principal similarity of
the spectra in the course of radionuclide therapy: the
pro�les of their spectra are almost identical in shape.
In these spectra, wide absorption bands are observed
in the region of 1400, 1550, and 1630 cm−1, which
are associated with COO−, valent vibrations of ν(N-
H)+ν(C-N) amide II and deformation vibrations of
H-O-H and δ(ÑÍ3) in the structure of lipids and pro-

teins, respectively. These groups of substances belong
to the molecules of hydrocarbons, as well as to the
complexes of hydrocarbons with proteins and lipids.
The characteristic changes in plasma lipoproteins are
often observed due to a decrease in α-lipoproteins
and an increase in β-proteids in oncological patients.
When comparing the plasma spectra of patient C and
B, there is a slight shift of these bands to the right
and a slight decrease in their intensity.
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Fig.1.Absorption IR-spectrum: 1. The control, patient Ñ; 2. Patient B, 8-00; 3. Patient B, 20-00

cm
-1

Fig.2.Absorption IR-spectrum: 1. The control, patient Ñ; 2. Patient B, 8-00; 3. Patient B, 20-00

The presence of a pronounced band in the region
of 1400 cm−1 in patients after the �rst injection of
153Sm-oxabifor in 8-00 indicates a higher intensity of
free radical oxidation of fatty acids (COO−). It is
known [19] that, in the blood of patients with malig-

nant neoplasms and metastases, there is an increased
number of products of a bioactioxidant (BAO) na-
ture, which are synthesized in the liver and trans-
ported to the tumor. The accumulation of BAO in
tumor tissue leads to a decrease in the production
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of free radical (FR) products, which provides condi-
tions for accelerated tumor growth. Analysis of the
IR-spectra showed speci�c changes in the composi-
tion of the plasma of patients after the �rst course
of injection of 153Sm-oxabifor. The intensity of the
1400 cm−1 band, which is associated with the appear-
ance of products of free radical nature (COO−), in-
dicates a tendency to balance the products of BAO
and FR and the development of an antitumor ef-
fect. On the basis of the obtained results, it is pos-
sible to evaluate the prospects and e�ectiveness of
radionuclide therapy with 153Sm-oxabifor, determine
the treatment regimen and the optimal dose and in-
tervals between injection of the drug. An increase
of FR in plasma is a kind of response of the body's
regulatory systems that provide homeostasis.

The relationship of physicochemical parameters in
the organism leads to the appearance of FR products
with high reactivity, leads to changes in the strength
of hydrophobic interactions and in�uence to protein-
lipid bonds in the membranes of blood cells. In the
context of this fact, there is a noticeable decrease
in the intensity of the broadband in the region of
1400 cm−1 in patient C and B after the second in-
jection of 153Sm-oxabifor in 20-00 and the appear-
ance of smoother bands in the region of 1380 and
1440 cm−1, which correspond to deformation �uctu-
ations δ(ÑÍ3) in the structure of lipids and proteins.
The basis of many pathological processes is precisely
the change in the physical properties of the lipid layer
of cell membranes and blood plasma lipoproteins.
The lipid layer of the membrane performs the func-
tion of the structural basis, the matrix for protein en-
zyme molecules, ion channels, receptors and the func-
tion of a barrier for ions and hydrophilic molecules.
These functions of the lipid layer of membranes are
disturbed by pathological processes, which causes the
development of some diseases and the complicates
the course of others. The characteristic doublet of
narrow and contiguous frequency intensity of bands
ν1, ν2 (1380 and 1440 cm−1) after repeated injection
of the 153Sm-oxabifor, apparently, may indicate the
molecular mechanism of increasing the ion selective
permeability for ions such as H+ (or OH−), K+, Ca2+

and others. FR processes in cell membranes lead to
serious changes in the physical properties of mem-
branes, which underlie the functioning of membranes
in various pathologies.

In the low-frequency, infrared region (ν ≤
1150 cm−1), 1120, 1130 cm−1 absorption bands char-
acteristic of blood cells are observed, which are asso-
ciated with lattice vibrations of C�O bonds and oxy-
hemoglobin (HbO2). And if in patient C these bands
are present, then in patient B its are completely ab-
sent. In the spectral region of 800...600 cm−1, barely
noticeable bands of 630, 700, 770, and 780 cm−1

are observed, which are associated with vibrations
of Fe�O bonds which may be indirectly responsible
for deformation �uctuations in the molecular struc-
ture of hemoglobin in patients in the course radionu-
clide therapy. Patient C, who did not treatment by

153Sm-oxabifor, had more pronounced small peaks.
The smoothing of small peaks in these areas may in-
dicate a signi�cant weakening of the intra- and inter-
molecular bonds in the structure of blood cells.

In the molecular vibrations of plasma, there are
oxides of impurity metals which are characterized by
the appearance of weakly intense peaks in the range
from 700 to 810 cm−1.

Presence of a band of 1550 cm−1 testi�es there is
dioxide nitrogen (NO2) in plasma of blood of patients
after the �rst course of treatment 153Sm-oxabifor.
According to modern data [20], the nitrogen of con-
taining connections raises reactance lipidic peroxi-
dase in lipoproteins low density, and also they are
active immune troop mediator which takes part in
tumor growth, it metastasis and in inhibition aggre-
gations platelets.

The understanding of role NO and NO2 at the
tumoral process is ambiguous. Production NO often
connects with the intensity of a tumoral progression,
degree malignancy, inactivation of Fe, Cu-enzymes,
and also inclusion of mechanisms apoptosis (the pro-
grammed destruction of cages). The strongly pro-
nounced area of absorption of 1550 cm−1 after the
�rst and second injection 153Sm-oxabifor testi�es to
increase in the maintenance of groups NO2 in plasma
of blood of oncological patients. This fact proves
there is a presence of strips of absorption in the �eld
of 1380 and 1280 cm−1. In spite of the fact that NO
is rather stable radical, but it appears insu�ciently
for oxidation biological targets especially at various
pathological processes and in such cases oxidation
lipoproteins take part. In this process take part diox-
ide nitrogen NO2 - and decomposition products NO:

H2O2 + NO2
− + H → NO2

◦ + HO− + H2O .

It is necessary to notice, that the described cas-
cade of interactions is extremely important, but de-
mands further research and the analysis.

The patient Ñ which did not receive treatment
153Sm-oxabifor, bands of absorption of 1550, 1380,
and 1280 cm−1 are absent (1), but there is a band of
absorption in the �eld of 805 cm−1 which associates
with ν(NO), valency, and bands 1425, 1470, 1570,
1680 cm−1 (ÑÍ2 (lipoproteins), NH+Ñ-N (proteins),
= +NH (amide I), accordingly.

Thus, the analysis of IR-spectra has shown,
that method IR-spectrometry can be used as an
independent method which gives the chance to
watch the e�ciency of treatment of bone metastases
153Sm-oxabifor at level molecular structures of cell
plasma of blood. The received results are the contin-
uation of researches in area radionuclides therapies of
bone metastases with use of 153Sm-oxabifor [21,22].

4. CONCLUSIONS

1. The method of IR spectroscopy was used for
the analysis of the phase composition, molecular
structure and character of lattice vibrations of molec-
ular bonds of plasma of oncological patients with
bone metastases with di�erent primary localization
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of the tumor process �before�, �during treatment� and
�after treatment� by 153Sm-oxabifor.

2. Changes of characteristic of blood plasma spec-
tra of oncological patients with bone metastases have
both similarity and speci�city, which is re�ected in
the appearance of an intense band of 1400 cm−1,
which is associated with the appearance of products
of free radical nature (COO−) after the �rst course
(8-00 ) treatment by 153Sm-oxabifor. This indicates
a trend towards balancing the products of BAO and
FR.

3. After the second course (20-00) of treatment
with 153Sm-oxabifor there is a noticeable decrease
in the intensity of the broadband in the region of
1400 cm−1 and the appearance of smoother bands in
the region of 1380 and 1440 cm−1, which correspond
to the deformation vibrations of δ(CH3) in the struc-
ture of lipids and proteins.

4. Features of IR-spectra of plasma of blood of on-
cological patients by treatment 153Sm-oxabifor, have
shown presence of bands of absorption of 1550 cm−1,
1380 and 1280 cm−1 which associate with group NO2

in plasma of blood and absence of these bands of ab-
sorption at the patient who had not pass a course
radionuclides therapies.

5. In the low-frequency infrared region (ν ≤
1150 cm−1), absorption bands characteristic of blood
cells are observed at 1120, 1130 cm−1, which are as-
sociated with molecular vibrations of C�O bonds and
oxyhemoglobin (HbO2), as well as the presence of a
band 1550 cm−1, which indicates the content of NO2

in the plasma of patients.
6. Analysis of the IR-spectra of blood plasma

showed a speci�c change in the molecular composi-
tion of blood plasma of oncological patients with bone
metastases in the course treatment by 153Sm-oxabifor
relative to an oncological patient who did not undergo
by palliative radionuclide treatment.
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÈÊ-ÑÏÅÊÒÐÎÑÊÎÏÈÈ ÏÐÈ ËÅ×ÅÍÈÈ ÊÎÑÒÍÛÕ
ÌÅÒÀÑÒÀÇÎÂ 153Sm ÎÊÑÀÁÈÔÎÐÎÌ

Í.Ï.Äèêèé, Í.Â.Êðàñíîñåëüñêèé, Å.Ï.Áåðåçíÿê, À.Â. Ãðóøêà, Å.Ï.Ìåäâåäåâà

Ìåòîäîì ÈÊ-ñïåêòðîñêîïèè èçó÷åí õàðàêòåð ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé â îáðàçöàõ ïëàç-
ìû êðîâè îíêîëîãè÷åñêèõ áîëüíûõ ñ êîñòíûìè ìåòàñòàçàìè â ïðîöåññå ëå÷åíèÿ èõ ñîâðåìåííûì β-
èçëó÷àòåëåì 153Sm-îêñàáèôîðîì. Ëå÷åáíàÿ äîçà ïðåïàðàòà 153Sm-îêñàáèôîðà ñîñòàâëÿëà 1,0ìÊè/êã
ìàññû òåëà áîëüíîãî. Àíàëèç ÈÊ-ñïåêòðîâ ïîêàçàë, ÷òî óæå ïîñëå ïåðâîãî êóðñà ïàëëèàòèâíîé ðàäèî-
íóêëèäíîé òåðàïèè îòìå÷àåòñÿ òåíäåíöèÿ ê ñáàëàíñèðîâàíèþ ïðîäóêòîâ ñâîáîäíîðàäèêàëüíîé ïðèðî-
äû è àíòèîêñèäàíòîâ, ÷òî ñâèäåòåëüñòâóåò îá ýôôåêòèâíîñòè ïðîâîäèìîãî ëå÷åíèÿ. Çàðåãèñòðèðîâàí-
íûå ñ ïîìîùüþ ìåòîäà ÈÊ-ñïåêòðîñêîïèè ìîëåêóëÿðíûå èçìåíåíèÿ â ïëàçìå êðîâè îíêîëîãè÷åñêèõ
áîëüíûõ ñ êîñòíûìè ìåòàñòàçàìè ÿâëÿþòñÿ ñïåöèôè÷åñêèìè â õîäå ïðîâåäåíèÿ ïàëëèàòèâíîé òåðàïèè.

ÂÈÊÎÐÈÑÒÀÍÍß I×-ÑÏÅÊÒÐÎÑÊÎÏI� ÄËß ËIÊÓÂÀÍÍß ÊIÑÒÊÎÂÈÕ
ÌÅÒÀÑÒÀÇIÂ 153Sm ÎÊÑÀÁIÔÎÐÎÌ

Ì.Ï.Äèêèé, Ì.Â.Êðàñíîñåëüñüêèé, Î.Ï.Áåðåçíÿê, À.Â. Ãðóøêà, Î.Ï.Ìåäâåä¹âà

Ìåòîäîì I×-ñïåêòðîñêîïi¨ âèâ÷åíî õàðàêòåð ìiæìîëåêóëÿðíèõ âçà¹ìîäié â çðàçêàõ ïëàçìè êðîâi îíêî-
ëîãi÷íèõ õâîðèõ ç êiñòêîâèìè ìåòàñòàçàìè â ïðîöåñi ëiêóâàííÿ ¨õ ñó÷àñíèì β-âèïðîìiíþâà÷åì 153Sm-
îêñàáiôîðîì. Ëiêóâàëüíà äîçà ïðåïàðàòó 153Sm-îêñàáiôîðó ñòàíîâèëà 1,0 ìÊi/êã ìàñè òiëà õâîðîãî.
Àíàëiç I×-ñïåêòðiâ ïîêàçàâ, ùî âæå ïiñëÿ ïåðøîãî êóðñó ïàëiàòèâíî¨ ðàäiîíóêëiäíî¨ òåðàïi¨ âiäçíà-
÷à¹òüñÿ òåíäåíöiÿ äî çáàëàíñóâàííÿ ïðîäóêòiâ âiëüíîðàäèêàëüíî¨ ïðèðîäè i àíòèîêñèäàíòiâ, ùî ñâiä-
÷èòü ïðî åôåêòèâíiñòü ïðîâåäåíîãî ëiêóâàííÿ. Çàðå¹ñòðîâàíi çà äîïîìîãîþ ìåòîäó I×-ñïåêòðîñêîïi¨
ìîëåêóëÿðíi çìiíè â ïëàçìi êðîâi îíêîëîãi÷íèõ õâîðèõ ç êiñòêîâèìè ìåòàñòàçàìè ¹ ñïåöèôi÷íèìè ïiä
÷àñ ïðîâåäåííÿ ïàëiàòèâíî¨ òåðàïi¨.
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