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It is shown that the total albumin concentration in blood serum of healthy people
and cancer patients is within normal range. A statistically significant change in parameters
«effective albumin concentration» and «index of toxicity» that reflects the efficiency of
radiation therapy, involving a process of destruction of tumor cells and an intake products
of catabolism in the bloodstream. These results agree with data obtained by the method of
wedge dehydration, which can be used to visualize the status of biological fluids and the
impairment of their properties during pathological processes.
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Introduction. Most diseases and pathological conditions, including radiation damage of
the body, develop against syndromes of exogenous or endogenous intoxication, accompanied by
the accumulation of toxic compounds in excessive concentrations or forms that are not typical for
normal metabolism. Major systems of the binding and transport of substances of different chemi-
cal nature in the body are immune antibodies, buffer system, blood cells, and plasma proteins.
Dominant among these is the serum albumin.

Serum albumin is the main extracellular transport system, accounting for about 70% of
plasma proteins. Molecule of albumin has a high affinity to many endogenous and exogenous
physiologically active compounds, such as bilirubin, fatty acids, hemin, porphyrin derivatives,
steroid hormones, heavy metals, etc., as well as a variety of xenobiotics — drug compounds and
poisons. It should also be noted that the antioxidant activity of blood plasma to a large extent due
to albumin. As a non-specific component of the antioxidant system serum albumin is highly ef-
fective in neutralizing free radicals. The antioxidant properties of serum albumin predetermine its
properties under stress and pathological processes in the body [1].

Albumin, as a component of body fluid is present in all tissues and is an active member
of the metabolic processes. About a third of its weight (120 g) is in the blood, the rest (300 g) is
outside the bloodstream. Blood and tissue pools of albumin are exchanged and, therefore, blood
albumin is an informative indicator of the metabolic processes of the body. Activity of such pro-
tein is determined by the conformational state of the molecule [4]. Under the influence of various
physical and chemical factors in the complexation process there is a change of the spatial struc-
ture of the molecule, which is reflected in the functional activity of the protein, in the first place,
the availability of binding sites [1, 4].
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Institute of Physico-Chemical Medicine (Russian Federation) proposed fluorescence
method for determining the state of binding sites of serum albumin, allowing to define such pa-
rameters as «total albumin concentration» and «effective albumin concentration» [1]. Based on
published data [2—4, 6-8, 11, 13, 14], the definition of albumin parameters allows to estimate not
only the number of molecules of serum albumin, but also their structural and functional changes
in all phases of the diagnostic and therapeutic process in patients. However, in clinical practice,
analysis of albumin parameters is not widely used.

V. N. Shabalin and S. N. Shatokhina developed a method of wedge dehydration, which
allows to obtain information on the general status of various biological fluids using the morpho-
logical picture of a dried droplet (facies) [15, 16].

Biocolloids — serum of blood, is capable of spatial self-organization. The vast majority of
protein molecules in the serum of blood are in the form of supramolecular complexes. Organized
autowave structure of dehydrated drop reflects the state of these complexes. During the drying
droplet of biological fluids occurs redistribution of organic and inorganic components of the drop
followed by cracking of the surface: formed facies with radial and cellular structure. It has three
clearly differentiated areas: central, peripheral and transitional. Formed static order is optically
detected and gives information about the molecular organization bioliquid at the macroscopic
level [12, 15, 16].

The purpose of this work — using the method of fluorescent probes and the method of
wedge dehydration to study structural and functional state of human serum albumin of patients
with cervical cancer, head and neck cancer during radiation therapy.

Materials and methods

We studied serum albumin of 47 people: 13 healthy (control); 11 patients with cervical
cancer undergoing a split course of radiation therapy (first stage — 30 Gy, with a break of three
weeks the second stage — 20 Gy); 4 patients with the same diagnosis, undergoing an unsplit radio-
therapy (40 Gy); 19 patients with head and neck cancer undergoing an unsplit radiation therapy
(70 Gy).

State of binding sites of serum albumin was estimated by the method of Y.A. Gryzunov
etal. [1]:

»  Total Albumin Concentration (TAC) — the number of albumin molecules;

»  Effective Albumin Concentration (EAC) — the number of unoccupied binding sites

of albumin;

e Reserve Albumin Binding (RAB=EAC/TAC-100%) — reflects the degree of structural

modification of the protein;

e Index of Toxicity (IT=TAC/EAC-1) — characterizes the filling of albumin centers by

toxic ligands.

For optimum accuracy of the analysis temperature of the samples during the measure-
ments was + 23+2°C.

This method is based on the specific binding of the fluorescent probe K-35 and albumin
in serum of blood. Probe was synthesized by B. M. Krasovitskiy, L. I. Kormilovoy and I. G. Er-
molenko (Harkov), contains a carboxyl group, which at pH 7.4 carries a negative charge [1, 7].

D. E. Dobretsov and Y. I. Miller [1, 7] shows that the molecules of probe — organic anion,
has fluorescence maximum at in 515 nm. If serum of blood is divided on fractions, that the probe
in the lipoprotein fraction fluoresces very weakly, as in the buffer solution without protein. Sig-
nificant fluorescence is observed only in the albumin fraction. Adding globulin to albumin frac-
tion does not affect the fluorescence. Thus, virtually all fluorescent signal of K-35 in the serum of
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blood due to the molecules of probe bound to albumin. About 23% the molecules of K-35 in albu-
min associated with the centers, where the water can not access the probe. Centers of type 1 and
2 account for about 50% of the total fluorescence of the probe. Consequently, the fluorescence of
K-35 is equally responsive to the presence in albumin metabolites, which fill both centers.

It should be noted there is a decrease of binding of the probe K-35 with albumin in the
serum of patients, the reasons for this are:

* competition of dye and other low-molecular ligands, mostly hydrophobic, for binding
sites in albumin;

* interaction albumin with high-molecular components of plasma and impairment of «ad-
aptation» of centers of albumin to ligands.

To determine the total albumin concentration the research are carried out at pH=4.2 and in
the presence of nonionic detergent bridge-35. The shift of pH to the acid side induces a confor-
mational transition N-F of the molecule of albumin. In this case, there is a decrease and alignment
(in value) of binding constants of various ligands to albumin, as well as «opening» of the binding
sites of molecule by increasing its ellepticity. Thus, binding of interfering hydrophobic ligands
to albumin is weak. Bridge-35 the following functions: its micelles serve as «buffer capacity» to
probe K-35 and competitively fulfils (in relation to albumin) bind hydrophobic ligands; detergent
solubilizes the high-molecular components of serum of blood, thus, preventing their interaction
with albumin. As a result of these actions of both pH, and detergent the binding sites of albumin
are mostly free, and the conformation of the protein — stabilized.

At physiological pH the fluorescence intensity of the probe K-35, upon interaction with
serum albumin, depends not only on the concentration of the protein, but also on the physical
and chemical state of its globules: the presence of ligands (metabolites, toxins), covalent and
non-covalent modification of amino acid residues, the conformation — that is, factors, which vary
depending on the condition of the body. This fluorescence intensity is expressed in units of con-
centration (g/1) and is called «effective albumin concentration».

Besides investigating using fluorescence method in the blood of examined patients was
analyzed the state of the serum of blood by method of wedge dehydration. Initially, blood samples
were centrifuged (3 min at 3000 vpm), and then 10 pl of serum was applied to a glass slide, skim
alcohol. To verify the identity of paintings of dried droplets (facies) produced 2—3 reps. Drying
was carried out for 24 hours at room temperature. Facies were studied using an optical micro-
scope in transmitted and reflected light [15, 16].

Analysis of the data was performed using GraphPad Prizm 4.0. Statistical processing is
made using t-test at a significance level P<0.05 and P<0.01. Data are presented as the mean =
standard deviation (M£m).

Results and discussion

In the course of the study it was found that TAC in healthy people and patients with head
and neck cancer, cervical cancer at admission to hospital was within the normal range (Table 1-2).

In the analysis of the EAC in healthy this index was 46.68 g/l and was significantly de-
creased to 29.24 g/l in patients with head and neck cancer; in patients with cervical cancer was
35.87 g/l (at admission to a split course of treatment) and 33.40 g/l (at admission to an unsplit
course of treatment). Index of IT was 0.05 in healthy; in patients with head and neck cancer 0.68;
in gynecological cancer patients — 0.48 (at admission to a split treatment) and 0.55 (at admission
to an unsplit treatment).

In healthy people, mainly albumin binding sites are free from toxic ligands, so EAC is
close to TAC. Consequently, IT is close to zero. At pathological processes of various origins EAC
becomes lower TAC owing to filling centers of albumin by toxins and increases in the value of IT.
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Value of RAB in healthy people is 95.06%; in patients — 61.34% in head and neck cancer
and 71.02% in cervical cancer (at admission to a split treatment) and 64.80% (at admission to an
unsplit treatment).

In the middle of a treatment course (40-50 Gy) in patients with head and neck cancer
observed the 2nd stage of the radiation reactions and damage on a scale EORTC/RTOG evalua-
tion of acute radiation reactions, and values of IT decreased on 14.7% as compared to patients at
admission to treatment.

Upon completion of the treatment of patients with cervical cancer undergoing a split
course of radiation therapy the values of parameters were as follows: TAC significantly increased
to 55.48 g/lI; the EAC has remained virtually unchanged and at the end of the 2nd stage was 34.39
g/1; IT=0.72 after the 1st stage of treatment, but after the 2nd increased from 0.56 to 0.66. In pa-
tients who undergoing an unsplit course of therapy: TAC had no significant difference before and
after radiation therapy; EAC=33.25 g/I; IT has increased on 56.3% and become 0.86.

Perhaps change the values of IT (0.66 and 0.86) in patients with cervical cancer undergo-
ing a course of radiotherapy in different modes, due to the fact that during a three-week break
between the two stages of the split course the available toxins eliminated from the body. The latter
follows from the data: IT=0.72 after the 1st stage of the split course and IT=0.56 at admission to
the 2nd stage.

In patients with head and neck cancer at the end of radiation therapy the values of indexes
were as follows: EAC=30.78 g/lI; the values of TAC was not significantly different before and
after treatment; RAB was 68.39%; IT down to 0.52.

Table 1

Indicators TAC, EAC, RAB and IT in the serum of blood of healthy people and patients
with head and neck cancer undergoing the radiation therapy

Ind Healthy people Patients with head and neck cancer (n=19)
naex (n=13) admission | middle course | hospital discharge
TAC, g/l 49.21+1.37 47.84+2.10 45.05+1.82 44.92+1.73
EAC, g/l 46.68+1.19 29.24+1.69%* 29.36+1.75%* 30.78+£1.73%*
RAB, % 95.06+1.27 61.34£2.61%* 64.73+£2.39%* 68.39£3.24%*
IT, rel. units 0.05+0.01 0.68+0.07** 0.58+0.05%** 0.52+0.07**

Comment. The reliability of indices when compared to control: * — P<0.05; ** — P<0.01

Table 2

Indicators TAC, EAC, RAB and IT in the serum of blood of healthy people and patients
with cervical cancer undergoing radiation therapy

Gynecological cancer
Healthy Gynecological cancer patients undergoing a split patients undergoing
course of radiotherapy (n=11) an unsplit course of
Index people :
(n=13) radiotherapy (n=4)
admission to| hospital | admissionto| hospital admission hospital
the 1st stage | discharge |the 2nd stage| discharge discharge

TAC, g/l 49.21£1.37 50.63+2.17  49.11£3.00  50.05+£2.16 ~ 55.48+2.51* 51.80+5.55  55.57+4.59
EAC, g/l 46.68+1.19 35.87+2.77** 30.44+£3.00%* 32.29£1.36** 34.39+1.97** 33.40+£3.28** 33.25+8.14*
RAB, %  95.06+1.27 71.02+4.89%* 60.91+4.03** 65.23+2.88%* 62.84+3.98** 64.80+2.81** 58.10+9.62*
IT, rel. units  0.05+0.01  0.48+0.10** 0.72+0.13**  0.56+0.07**  0.66+0.14*  0.55+0.06** 0.86+0.29**

Comment. The reliability of indices when compared to control: * — P<0.05; ** — P<0.01

Thus, from the obtained data the values of IT at the end of radiation therapy are controver-
sial: an increase IT in patients with cervical cancer and lower IT in patients with head and neck
cancer.
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Perhaps the dynamic changes of IT after radiation therapy in patients with different tumor
localization related to the complex influence of the following factors:

1. Distinctive modes of radiation therapy: 1st group of patients with cervical cancer
undergoing a split course of radiation therapy (1st stage — 30 Gy, with an interval of 3
weeks, 2nd stage — 20 Gy), 2nd group of patients with cervical cancer undergoing an
unsplit radiotherapy (40 Gy), 3rd group of patients with head and neck cancer under-
going unsplit course of radiotherapy (70 Gy).

2. Individual radiosensitivity of patients to the action of the radiation factor (a course
of radiation therapy): patients have different rate of occurrence of the metabolic pro-
cesses and the destruction of tumor cells and their subsequent elimination.

3. Radiotoxins action: the concept of radiotoxins as substances are produced in the body
by radiation, which are biologically active, and causing radiation effects in the irradi-
ated organism, dated back to the early days of radiobiology. As radiotoxins may be:
quinones, unsaturated fatty acids, organic and inorganic peroxides, protein decompo-
sition products, choline, histamine, protein antigens, various metabolites and cytotox-
ic agents unexplored nature. It is known that at radiation therapy observed treatment
effect will be due to cell death, which occurs under the influence of the direct action
of high-energy particles on the unique cellular structure, and as a result of secondary
processes, including the action occurring in the tumor tissue radiotoxins which will
play a significant role in attacking the unique structure, preventing their repair [5, 9].

Primary importance in the transmission of the radiation influence is blood which in the ir-
radiated organism acquires new biological properties: contains various radiotoxins. As mentioned
above, the basic system of binding and transport of substances of different chemical nature, in-
cluding radiotoxins is serum albumin. Thus, dynamic change of values of IT, characterizing the
filling of albumin centers by toxic ligands, illustrates the individual characteristics of the trans-
port system of serum albumin of cancer patients.

Structural and functional changes of albumin in cancer identified by fluorimetry, are con-
sistent with data obtained by the method of wedge dehydration. It is known that facies of healthy
people have a pronounced right radial structure of the cracks and the lack of any additional struc-
tures (Fig. 1) [10].

Figures 2 and 3 show the changes of the morphological picture of serum of blood of pa-
tients with cervical cancer at admission to treatment, and after a course of radiotherapy. In the
initial stages of treatment there is a tendency to wors morphological picture of serum albumin,
resulting in a violation of the radial symmetry of facies and appearance of pathological forma-
tions. By the end of treatment the morphological picture of serum of blood has a broken radial
symmetry. This fact can be explained by the presence in the blood of the decay products of tumor
cells (radiotoxins) formed during the course of radiotherapy. This is confirmed by an increase of
IT at the time of discharge of patients.

Study of the reaction of the organism to radiation during the full course of radiation thera-
py in patients with head and neck cancer revealed distorted morphology of facies from admission
(Fig. 4) to the middle of the course (Fig. 5), which also can be associated with the arrival of the
decay products of tumor cells to blood and the presence of formed radiotoxins. At the moment
of discharge of patients there is an improvement of the morphological picture of facies (Fig. 6),
manifested in the sequence and reconstruction of the radial structure.
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Fig. 1. Facies of serum of Fig. 2. Facies of serum of patient ~Fig. 3. Facies of serum of patient
healthy human. with cervical cancer at with cervical cancer after a
admission to treatment. course of radiotherapy.

Fig. 4. Facies of serum of patient Fig. 5. Facies of serum of Fig. 6. Facies of serum of patient

with cancer of the head patient with cancer of with cancer of the head

and neck at admission to the head and neck in the and neck after a course

treatment. middle of the course of of radiotherapy.
treatment.

Morphological pictures of presented facies of serum of patients with cancer of the head
and neck at the stage of admission and discharge are consistent with data of IT.

Conclusions. The total albumin concentration in healthy and cancer patients is within the
normal range. Statistically significant change in the values of the effective albumin concentration,
the reserve albumin binding and the index of toxicity during radiation therapy reflects the effec-
tiveness of the use of low-cost method of fluorescent probes to quickly obtain information about
the dynamics of the flow of the disease process. Wedge dehydration method can be used as an
additional way to visualize the effect of external factors on the structural state of biological fluids.
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KJITHIYHE 3BHAYUEHHS BUKOPUCTAHHSA METOAIB ®JTYOPECHEHTHHX
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[Toka3aHo, m0 3arajbHa KOHIEHTPALis anbOyMiHYy CHPOBATKH KpPOBi 30POBHX
nrofielt 1 OHKOXBOPHX IepeOyBae B MeKax HOPMAJILHNX 3HAYCHb. BHSBICHO CTaTHCTUYHO
JOCTOBIpHY 3MiHY TIOKa3HUKIB «e(eKTHBHA KOHIIEHTpAIlisl aibOyMiHy» U «iHIEKC
TOKCHYHOCTI», sIKa BimoOpaxkae e(heKTUBHICTH ITPOBEICHOI IIPOMEHEBOI Tepallii, OB’ sI3aHy
3 MIPOLECOM PYHHYBaHHS ITyXJIHHHHUX KIITHH 1 HaJXO/DKCHHSIM HPOAYKTIB KaTabosizMy B
KpoB’siHEe pycio. OTpuMaHi pe3ylsTaTé y3roUKYIOThCS 3 JTaHUMHU, OTPUMAaHHMH METOIOM
KIIMHONOMIOHOT nerimpararii, sikuif Moxke OyTH BHKOPHUCTAHMI IS Bisyaunizamii cramy
010JIOTIYHUX PIJUH 1 HOPYIIEHHS IXHIX BIACTUBOCTEH IPH MATOJIOTIYHUX ITPOLECax.

Kniouosi crosa: anvOyMiH, pak mUika Matky, pak ronosu i mmi, OKA, EKA, PCA,
IT, meTox krHOMOAIOHOT AeTiApaTarii.

KJUMHUYECKOE 3HAYEHUE UCIIOJIb30OBAHUSI METO/IOB
®JTYOPECHEHTHBIX 30H/I0B U KJIMHOBUHOM JETUJPATAIIUN B OLIEHKE
AJbBYMUHOBBIX IOKA3ATEJE OHKOBOJIbHBIX
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T. Mpurosxkas?, C. CracenxoBa?, H. Kpyruauua?, JI. [Tapxomenko?
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IToka3ano, 4rto oOmas KOHIEHTpanusl anbOyMHHAa CBIBOPOTKH KPOBH 3JOPOBBIX
mrofell ¥ OHKOOONBHBIX HAXOAWTCS B TpPEAENax HOPMAbHBIX 3HadeHHH. BrisieHo
CTaTHCTUYECKH JOCTOBEPHOE H3MEHEHHE IoKa3areneld «3(eKTHBHAas KOHIEHTpanus
anbOyMHHA» U «HHAEKC TOKCHYHOCTH», KOTOpas oTpaxaeT 3((HEeKTUBHOCTD MPOBEIEHHOM
JIy4eBOH Tepamuu, CBA3AHHYI0 C IIPOLECCOM pPa3pyIICHUs] OMyXONEBBIX KIETOK M
MOCTYIJIEHHEM IPOAYKTOB Karabomusma B KpoBsHoe pycino. IlomydeHHbIE pe3yabTaTs
COITIACYIOTCSI ¢ AAHHBIMH, TIOTy4€HHBIMH METOAOM KIMHOBHIHON AETUAPATAINN, KOTOPBIi
MOXKET OBITH HCIHONIB30BaH Ul BU3YalH3alldH COCTOSTHUSI OMOIOTHUECKHUX >KHUAKOCTEH U
HapYyIICHUS UX CBOUCTB MPH MAaTOJOTHUECKUX MPOIECcCcax.

Kurouegoie cnosa: anpOyMuH, pak HIEHKH MaTKd, pak rojossl u men, OKA, DKA,
PCA, UT, meTon KIMHOBUIHOH JIeTHApaTalyu.



