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MEDICAL PHYSICS: MOLECULAR ASPECTS

Actual problems in medical physics have been considered. Features in the cell membrane struc-
ture promoting the action of anticancer drugs are studied. The mechanism of an invasive
method for measuring the blood pressure is analyzed. The tension distribution in the left ven-
tricle wall was calculated. Conditions that prevent magnetic particles, nanodiamonds, and
fullerene molecules, which are used to transport drugs in human body, to aggregate in lig-
uid systems are determined. A molecular mechanism of electric welding of biological tissues
has been proposed, as well as a method to study the surface of biological structures, by using
ultrasound. The origin of structural changes in human hair under the influence of chemicals
1s determined.
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1. Introduction

Medical physics is a branch of science dealing with
physical processes running in human body at its var-
ious structural levels — molecular, submolecular, cel-
lular, and subcellular, as well as at the levels of
the whole body and the system of bodies — under
the influence of external factors and the environment
[1]. Medical physics uses almost all modern domains
of fundamental physics. It is aimed at studying the
physical nature of human organism, creating new
physical methods for diagnostics and medical treat-
ment on the basis of this knowledge, implementing
and maintaining physical methods in the practical
clinical work, studying the influence of the environ-
ment (in particular, electromagnetic and ionizing ra-
diation) on human body, and developing methods for
protecting the organism from adverse effects of exter-
nal factors.
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Medical physics researches were started at the Fac-
ulty of Physics of the Taras Shevchenko National
University of Kyiv more than twenty years ago,
when, by the initiative of Academician L.A. Bulavin,
the speciality “medical physics” was created at the
Chair of Molecular Physics. A significant number
of those researches were carried out in cooperation
with specialized medical institutions. The main re-
sults of the performed researches are summarized in
this work together with the results obtained in other
known scientific works dealing with the problems con-
cerned. Certainly, a single paper cannot cover the
whole variety of problems arising at the boundary be-
tween medicine and physics. However, we hope that
the examples presented in this article will be enough
to confirm the validity of the formulated extended
concept of medical physics [1].

2. Structure and Properties of Cell
Membranes: Application in Oncology

It is known (see, e.g., work [2]) that membranes
play a key role in the cellular metabolism. The mem-
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brane structure reflects the physiological state of a
cell and, accordingly, the state of organism as a
whole. Therefore, the study of the membrane struc-
ture is of high importance in medical physics.

2.1. Diffusion of water
molecules in cell membrane suspensions

The matter concerns the action of the antitumor
remedy doxorubicin on the state of a tumor cell. In
the previous researches [3—6], two types of cells were
found: sensitive and resistant to the doxorubicin ac-
tion. A hypothesis was put forward that plasmatic
membranes play an important role in the formation of
cell resistance to doxorubicin. In particular, using the
method of nuclear magnetic resonance spectroscopy,
it was found [4, 5] that, at the level of the plasmatic
membrane in Guerin’s carcinoma cells, which are sen-
sitive and resistant to the cytostatic action, doxoru-
bicin stimulates a considerable growth in the concen-
tration of strongly bound water. In addition, the gen-
eral level of membrane hydration increases against
the background of a further decrease in both the en-
ergy of structured water and the energy change at
the interface biopolymer—water. In [6], the evidences
were obtained, e.g., for a substantial variation of the
free energy of strongly bound water owing to the ad-
sorption interaction with the plasmatic membrane. It
was shown that those modifications in the proper-
ties of structured water affect structure-functional re-
constructions in the plasmatic membranes of tumor
cells, which is one of the origins that give rise to
the formation of the antineoplastic drug resistance
phenotype.

Which is the difference between the membranes of
sensitive and resistant cells? In attempting to answer
this question, the quasielastic scattering of neutrons
in the aqueous suspensions of both cell types was
researched in works [7-9]. The corresponding experi-
mental results are exhibited in Fig. 1.

Using the broadening of the quasielastic peak, the
self-diffusion coefficient for water was calculated. For
the untreated suspensions and the doxorubicin-
treated suspensions with cells sensitive to the action
of this remedy, the self-diffusion coefficient of water
D turned out approximately 1.3 higher than the cor-
responding value for water without additives. For the
treated suspensions with cells resistant to the dox-
orubicin action, the coefficient D grew by a factor
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Fig. 1. Dependence of the quasielastic peak broadening AE

on the squared scattering vector g2 for an aqueous suspension
of membranes

of 1.75 in comparison with that for water without
additives.

What can be said about the membrane structure
on the basis of those data? The appearance of mem-
branes creates an additional channel for the diffusion
of water molecules. One can suppose that, when in a
suspension, the membranes form a network, and it is
along the chains of this network that the diffusion of
water molecules becomes facilitated. Such facilitation
can be a result of a certain number of defects in the
membrane structure. In this case, the additional in-
crease in the mobility of water molecules for resistant
cells can be explained by the growth in the number
of those defects.

2.2. Membrane defects
and membrane fusion

The origin of defects in membranes was analyzed in
works [10-14]. Aqueous solutions of membrane sus-
pensions were studied using the methods of small-
angle neutron and x-ray scattering and the P—V —T
method. The temperature dependence of the large pe-
riod of D was obtained (Fig. 2).

The experiment was interpreted in the framework
of the supervacancy theory [15,16]. Namely, the spe-
cific defects, supervacancies, seem to appear in the
membrane structure at a certain temperature. They
are voids with the volume equal to that of a lipid
molecule. The appearance of supervacancies in the
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Fig. 2. Temperature dependence of the large period for the
aqueous suspension of membranes [11]

membrane structure means the formation of a certain
transient phase.

The temperature, at which the jump of the large
period was observed, was identified with the temper-
ature, at which the formation of supervacancies be-
gan. The further temperature elevation results in a
growth of the supervacancy number and, finally, gives
rise to the membrane fusion.

The obtained results allowed reasonings made ear-
lier on the mechanism of doxorubicin action to be
specified. In particular, the membrane structure in
tumor cells corresponds to a transient phase, and the
increase of the diffusion coefficient of water at the
action of doxorubicin on resistant cells is associated
with the membrane fusion.

2.3. Membrane elasticity

The normal functioning of a cell is possible provided
the certain values of intracellular pressure. The sta-
bility of those values is provided by the membrane
elasticity. In work [17], a method to determine the
elastic modulus of a membrane was proposed, which
is based on the measurement of the torsion stiffness of
biological tissue. It was found that the membranes are
characterized by nonlinear elasticity. Nonlinear elas-
ticity is one of the means used by the cell to counter-
act the dehydration.

3. Mechanisms of Tension
Emergence in Biological Tissues:
Applications in Cardiology

There are numerous literature sources (see, e.g.,
works [18, 19] and others) that study a situation
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where, under the action of various external factors,
there arise mechanical tensions in tissues composing
the organism. One of those factors is the muscle exci-
tation. Muscle tensions considerably affect physiolog-
ical processes in organism, in particular, the processes
studied by cardiology.

3.1. Invasive method
of arterial pressure measurement

The specific feature of this method [20] is known
to consists in that a catheter is introduced into a
vascular channel. The catheter presence in the ves-
sel changes the character of blood flow, resulting in
an error at the pressure measurement. How large is
this error?

The answer to this question was given in work
[21]. The vessel was considered as a cylindrical chan-
nel in an elastic medium, and blood as an ideal in-
compressible fluid. A cylindrical tube (the catheter)
is introduced into the channel. In the framework of
this model, the Euler equations were solved. The so-
lution was sought in the form of a one-dimensional
wave. For the vessel cross-section that coincided with
the catheter end, boundary conditions describing the
continuity of the fluid velocity and pressure were
given. As a result, the following formula was obtained
for the pulse pressure:

302 — a?
/
P=r g (1)

where p is the pressure measured by the invasive
method, p’ the true pressure, b the vessel radius, and
a the catheter radius. The substitution of numerical
values for a and b into formula (1) brings us to a con-
clusion that the relative error of the pulse pressure
measurement by the invasive method exceeds 50%.

3.2. Stressed state of the left heart ventricle

From the medical practice, it is known [22] that the
heart attack damages the inner surface of the left ven-
tricle of heart the most often. A probable origin of
this phenomenon was analyzed in work [23], where the
stresses arising in the ventricular wall at the systole
were calculated. In the literature, similar calculations
were carried out earlier as well (see, e.g., work [24] and
others). In calculations, the left ventricle was simu-
lated as a hollow thin-walled cylinder. The appear-
ance of stresses in the ventricular walls was supposed

ISSN 2071-0194. Ukr. J. Phys. 2015. Vol. 60, No. 9



Medical Physics: Molecular Aspects

to be a consequence of the blood pressure growth in
the ventricle. The results of corresponding calcula-
tions brought about a conclusion that those stresses
are stretching and directed perpendicularly to the ra-
dius, being identical by magnitude across the ventric-
ular wall. The corresponding plot is shown in Fig. 3
by the solid curve.

In work [23], another model of a hollow cylin-
der, with a thick wall, was also used taking into ac-
count that the average values of the outer and in-
ner ventricle sizes amount to 5.1 and 3.7 cm, respec-
tively. One more difference of the calculation model
used in work [23] consisted in the account of addi-
tional stresses emerging owing to the non-uniform
distribution of deformations in the ventricular wall
at the muscle contraction. It was demonstrated that
these additional stresses can be regarded as follow-
ing from the formation of a wedge-like dislocation.
Therefore, while calculating stresses in the ventri-
cle, the methods of disclination theory [25] were ap-
plied. Moreover, since the ventricle dimensions con-
siderably change in the systole phase, the calculation
was carried out in the framework of the finite de-
formation theory [25]. The results obtained are illus-
trated in Fig. 3, where points denote the distribution
of stresses o,, acting along the ventricular wall at
the systole phase.

The main conclusion of calculations performed in
work [23] consists in that there arises a region of com-
pressive stresses in the ventricular wall near the inner
surface, as one can see from Fig. 3. The capillaries
become compressed at that, so that the blood supply
is complicated. As a result, there emerges a danger of
blood stagnation in the indicated region, which favors
the heart attack.

3.3. Indirect action of antiaggregants

The medicamentous therapy of patients with heart
valve prosthesis implies the application of antiag-
gregant preparations. However, in this case, the risk
of disorders in the gastrointestinal tract induced by
the damage of mucosa increases for elderly age pa-
tients. There are a few antiaggregant preparations:
Warfarin, Cardiomagnyl, and Ticlopidine. For which
of them is the probability of mucosal damage the
lowest?

The composition of mucosa includes the basal
membrane. Under the action of stresses that arise at
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Fig. 4. Time dependences of the shear modulus G for the
aqueous solution of collagen with antiaggregant additives [27]

muscular contractions, the membrane structure can
be destroyed. The larger the elastic modulus of mem-
brane tissue, the higher are those stresses. Hence, the
probability of the structure destruction grows with
the elastic modulus. The mechanical properties of a
membrane are governed by a collagenic network en-
tering its composition. Accordingly, the problem con-
cerned is reduced to the question: How do the aggre-
gants indicated above affect the elastic modulus of
the network?

In work [27], following the procedure described in
work [28], the shear modulus G of the aqueous so-
lution of collagen with antiaggregant additives was
measured (see Fig. 4, where t is the time reckoned
from the start of the network formation). It is evi-
dent that the lowest value of the shear modulus is
observed for the solution with Warfarin. This fact al-
lows us to assert that the danger of indirect action
will be the smallest if this preparation is used.
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4. Magnetic Fluids
and Their Applications in Oncology

By definition, magnetic fluid systems (ferrofluids)
are suspensions containing magnetic particles with a
typical dimension of 1-15 nm. A number of promis-
ing methods to treat oncological diseases, which are
based on the application of magnetic fluids, were pro-
posed. Hyperthermia of tumor tissues [29] is one of
them. In the framework of this method, the tem-
perature in a confined region of human body can
be elevated by absorbing the electromagnetic radia-
tion of the corresponding frequency (0.1-0.5 MHz).
Attempts were made to deliver magnetic parti-
cles, which absorb the electromagnetic radiation well
enough, to the damaged zone and hold them there. It
turned out that this hyperthermic procedure can be
successfully applied to the therapy of oncological dis-
eases, especially in combination with chemo- and ra-
diotherapy. In order to suppress the uncontrollable
growth of pathological cells, it is enough that the tem-
perature of a damaged region be raised above 43°C;
to a high probability, healthy cells will remain un-
damaged at such temperatures [30]. In works [31-33],
the application of this method to treat oncological
diseases was reported.

Recently, a new method to treat oncological tu-
mors with the use of magnetic particles has been
considered; this is the neutron capture therapy. Its
essence is as follows. Substances containing the sta-
ble boron isotope B are introduced into pathological
cells. Afterward, the cells are irradiated with a flux of
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Fig. 5. Size distribution function of particles in a ferrofluid
[44]
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thermal neutrons. As a result, the boron atom, hav-
ing captured a neutron, transforms into a radioac-
tive isotope, which will decay to form a lithium nu-
cleus, an a-particle, and a y-quantum. In this case,
the lithium nucleus and the a-particle, the mean free
paths of which are small and comparable with the
size of biological cells, are considered to perform the
major medical action. If those compounds are local-
ized only in pathological cells, one may quite soundly
expect that the neighbor healthy cells will remain al-
most undamaged.

It is of importance that the boron and gadolin-
ium atoms have extremely large values of interaction
cross-section with thermal neutrons. They are several
orders of magnitude larger than the neutron cross-
sections of hydrogen, oxygen, and nitrogen atoms,
which enter the composition of biological molecules
[34,35]. Therefore, the main task of the neutron cap-
ture therapy consists in the search for means for the
targeted delivery of required medical remedies.

One of the ways to provide the accumulation se-
lectivity with respect to substances containing boron
or gadolinium at the cellular level is the application
of magnetically controlled agents in the form of mag-
netic fluid systems. For instance, in work [36], a pos-
sibility for the magnetite ferrofluid stabilized with
sodium oleate to be used as a magnetically controlled
carrier for the preparation of calcium metaborate,
which is an effective neutron capture agent, was con-
sidered. It is evident that the required properties of
magnetic particles can be realized if the latter remain
isolated. To prevent their agglomeration, surfactant
stabilizers are introduced into suspensions.

How does the structure of the magnetic fluid sys-
tems stabilized by surfactants change? This problem
was studied in works [37-46]. Small-angle neutron
scattering in ferrofluids stabilized with dodecylben-
zene sulfonic, oleic, and myristic acids was researched.
On the basis of those measurements, the distribu-
tion of particles over their sizes was calculated. In
Fig. 5, the corresponding distribution function Dy
obtained in the case where the dodecylbenzene sul-
fonic acid was used as a stabilizer is shown. The fig-
ure testifies that there are two groups of particles in
the ferrofluid: with average sizes of 6 and 16 nm. The
former value corresponds to isolated magnetic parti-
cles, and the latter to their clusters. From Fig. 5, one
can also see that the number of clusters is insignifi-
cant in comparison with the number of isolated par-
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ticles. It was found that particles almost do not ag-
gregate in the magnetic fluid systems if the stabilizer
fraction is lower than 25%. Hence, monocarboxylic
acids are more suitable to be used for the ferrofluid
stabilization.

5. Nanodiamonds and Their
Application to Regenerative Medicine

An important role played by diamonds in regenerative
medicine stems from their ability to form substrates
for tissue growing. For example, in work [47], a re-
port was made about nanodiamond monolayers which
were used as substrates for growing neurons. Plat-
forms are created from composite materials, which
are polymeric systems armored with nanodiamonds
(see, e.g., work [48]) .

From this point of view, the biologic compatibility
of nanodiamonds is their important advantage. Non-
modified, surface-functionalized, and conjugate nan-
odiamonds were used to interact with various types
of cell cultures and some tissues [49-53]. Cytotoxicity
tests carried out with crystallites of various dimen-
sions demonstrated that nanodiamonds about 100 nm
in diameter with a well-determined diamond struc-
ture are nontoxic for many kinds of cultivated ani-
mal cells. No substantial influence of nanodiamonds
on the property of blood plasma (the protein struc-
tures and the blood coagulability) was revealed [54].

Bearing in mind the application of nanodiamonds
described above, it is important to know the surface
structure of nanoparticles, as well as the structure
of aggregates formed by nanodiamonds. For this pur-
pose, regularities in the formation of such aggregates
and fluid systems were studied [55] with the use of the
small-angle neutron scattering method. The average
size of nanoparticles was found to equal 3 nm. The
surface of particles was established to be in the
graphene state. The aggregates were demonstrated to
have a fractal structure, which forms a gel phase at
high concentrations.

6. Targeted Transport
of Medical Preparations

The application of magnetic particles to the targeted
transport of drugs in organism has considerable ad-
vantages, which consist in that the drug delivery to
specific regions of the body becomes possible. As a re-
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sult, the total amount of medical substances in other
parts of the body can be reduced.

The internal transport of iron oxide particles sub-
stantially depends on their size [29]. If particles with
a diameter larger than 200 nm are introduced, they
can be easily absorbed in the spleen and, finally, re-
moved by cells of the phagocytic system. At the same
time, fine particles less than 10 nm in diameter are
removed through nephritic ducts. Therefore, parti-
cles with the diameter ranging from 10 to 100 nm
are optimum for the intravenous introduction and
have the longest blood circulation time. The way
of magnetically driven delivery of preparations that
use nanoparticles as carriers is a promising method
of cancer treatment, which allows the by-effects of
traditional chemotherapy to be avoided. Iron oxide
nanoparticles covered by a stabilizer with phosphatic
groups with the attached medical preparation mitox-
antron were used in chemotherapy [36].

Great expectations are associated with the appli-
cation of nanodiamonds for the delivery of medi-
cal remedies [56]. A low cytotoxicity determines the
potential of their medical and biological applica-
tions. Interaction with various cell kinds (and some
tissues) was studied for both nonmodified nanodi-
amonds and nanodiamonds with biomolecular com-
pounds [48, 57-60]. In those researches, the biocom-
patibility of nonmodified nanodiamonds was deter-
mined by the physical and chemical properties of the
surface (for example, surface chemistry, charge, size,
and aggregation degree). At the same time, in the
case of modified nanodiamonds, those properties are
determined by the attached molecules. The low cyto-
toxicity of nanodiamonds makes them promising as
carriers to deliver drugs into certain human organs.

Recently, the influence of nanodiamonds on alive
cells has been studied experimentally [61]. It was
shown that nanodiamonds can really serve as ei-
ther carriers of drugs to healthy cells or poisonous
substances to tumor cells. No negative consequences
are observed in this case for healthy cells, similarly
to what takes place when the traditional ways of
delivery are used. Materials used at present to de-
liver preparations can induce the tissue inflammation,
which is able to block the activity of anticarcinogenic
medicines and even accelerate the tumor growth,
which does not occur if medical preparations are
transferred by nanodiamond crystallites. In order to
enhance the material efficiency, the researchers com-
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bined separate nanodiamond crystallites, each a few
nanometers in diameter, into aggregates 50-100 nm
in length. When arriving at the place, the cluster will
decay into separate particles and slowly release the
preparation adsorbed on the surface. Unlike the mod-
ern means aimed at the local delivery of medicines
by encapsulating them in liposomes and polymer-
soms, nanodiamond clusters do not damage healthy
cells. Their dimensions are one hundredth as large
as those of liposomes. Nevertheless, on their surface,
they can carry the amount of medical preparation
that is several times larger [61]. Nanodiamonds can
freely circulate over the body and much more easily
penetrate through biomembranes into cells.
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The application of fullerenes is also promising for
the transport of remedies. The structure of fullerene
molecule allows a radioactive isotope to be put in-
side. The introduction of such molecules into tissue
makes it possible to selectively affect the damage of
tumor tissue [62].

Fullerene molecules are also used independently as
a medical preparation for the treatment of neurode-
generative disease. In this case, they play the role of
traps for radicals, which results in a reduction of the
number of dead neurons.

The described properties of fullerenes also man-
ifest themselves in fullerene-containing fluid sys-
tems. Those systems were studied in works [63—
65]. The small-angle neutron scattering, P —V — T,
and mass spectroscopy methods were used, as well
as optical methods. Since the useful (in the medical
meaning) properties of fullerenes reveal themselves
in the best way, when fullerene molecules are isolated
from one another, main attention in the cited works
was concentrated on the aggregation issues. The aver-
age size of aggregates in the systems “water—fullerene”
was determined to equal 72 nm. By its shape, the ag-
gregate is an ellipsoid with an elongation coefficient
of 1.65. The coagulation process in those systems was
also studied, and the corresponding half-period of co-
agulation was determined. The structure model of the
system “water—fullerene” was built (Fig. 6).

The mechanisms responsible for the stability and
aging of this system were considered. As was al-
ready mentioned, the biological activity decreases if
fullerene is in the cluster state. The high solubil-
ity of fullerenes in polar liquids stimulated the re-
search of fluid systems “polar liquid—fullerene” and
“polar liquid—fullerene-water”. In Fig. 7, the corre-
sponding distribution of particles over their dimen-
sions is exhibited. According to it, the average parti-
cle size equals 18 nm.

According to the results of mass spectrometry
researches, fullerene clusters include from 2 to 5
monomers. The addition of water favors a reduction
of the monomer number in the cluster.

7. Visualization in Medical Physics
7.1. Contrast media

It is known that images in the nuclear magnetic reso-
nance (NMR) tomography are obtained with the help
of magnetic properties of protons, water molecules,
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and molecules of organic substances located in cells
and body’s tissues. This method is applied to ob-
tain three-dimensional noninvasive images of human
body. In a number of clinical cases, contrast agents
turn out necessary to reveal certain types of dis-
eases. The role of such agents consists in that the
time of magnetic relaxation of water protons becomes
shorter at their presence in some organism regions,
which enhances the contrast between adjacent im-
age sections. In the last years, the aqueous suspen-
sions of magnetite nanoparticles stabilized by a dex-
tran layer have been started to apply for this purpose
[66]. At present, two types of magnetic nanoparticles
are used in medicine as contrast agents in NMR to-
mography. They have an inorganic core from iron ox-
ide (magnetite, maghemite) covered with a polymer
like dextran. These are lumiren, iron oxide particles
covered with silicone to a diameter of 300 nm, and en-
dorem, magnetite nanoparticles 150 nm in diameter
stabilized by dextrin [29, 67].

Magnetic fluid systems are also used as contrast
media in X-ray tomography. In work [68], an X-ray
contrast preparation which includes a magnetite fer-
rofluid on the basis of tetradecane was described.

7.2. Markers

An important property of nanodiamonds is their
extremely intense fluorescence, which can be ob-
served with a naked eye in a suspension contain-
ing only 0.004 wt.% of nanodiamonds. The mecha-
nism of this phenomenon is associated with the pres-
ence of nitrogen-vacancy defects in the crystal lattice
of diamond [69]. Fluorescent nanodiamonds are com-
ing into use in biomedical diagnostic procedures, be-
cause the efficiency of this technique has already been
verified [70]. Hydrophobic fluorescent nanodiamonds
open new ways in the visualization of cell membranes
and other hydrophobic components of biological sys-
tems. Such color centers of the defect origin can be
ideal markers and serve as an alternative to mole-
cular dyes.

Besides fluorescent properties, diamonds have a
unique Raman scattering signal which follows from
the phonon mode of sp3-carbon at a wave num-
ber of 1332 cm™!. This signal is not overlapped by
the majority of Raman signals from biosystems and,
hence, is a perfect marker for the biovisualization
[71]. Examples of the visualization of bacteria (e.g.,
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Escherichia coli) by revealing the signal of diamond
Raman scattering were presented in work [72].

7.3. Visualization of transition
layers in ultrasonic diagnostics

It is known that, in order to visualize images ob-
tained with the help of ultrasonic research, a model
of organism is used, which presents it as an inhomo-
geneous continuum. In the framework of this model,
the organism is considered as a set of regions with dif-
ferent acoustic characteristics. At the boundaries be-
tween those regions, there are transition layers with a
specific structure. However, in the mentioned model,
the existence of those layers is ignored, because their
thickness is often smaller than the acoustic wave-
length.

In work [73], a method was proposed, which allows
the data of ultrasonic research to be used for the de-
termination of dimensions and acoustic parameters
of the transition layer. It is known that information
about the internal structure of organism is transferred
by the sound signal: it is contained in the reflection
coefficient V. In work [73], the following formula was
obtained for this quantity:

"o

- g1 p'd" —ip'wh'

pc ipl el 2R pc
7
V: .y p’lcllf’ip::wh/ bl (2)
W o+ PC
zpc—&-f

where w is the cyclic frequency; p and p” are the
densities of the media separated by the transition
layer; ¢ and ¢” are the sound velocities in them; A’,
p', and ¢ are the thickness, density of the transition
layer, and sound velocity in it, respectively; and 7 is
the imaginary unity. This formula was derived in the
approximation h’ < A, where X is the sound wave-
length. Hence, the application of this method makes
it possible to reveal the existence of thin transition
layers. According to formula (2), for this purpose, it
is necessary to measure the reflection coefficients V'
at different frequencies.

7.4. Influence of a magnetized
coating on the quality of MRT images

The deposition of a magnetized coating onto an ex-
amined object changes the magnetic properties of the
latter. How does this procedure affect the quality of a
magnetic resonance tomography (MRT) image? For
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Fig. 8. MRT images of human hand: in the absence of glyc-
erol (a), with non-magnetized glycerol (b), and with glycerol
subjected to a constant magnetic field of 0.4 mT for 25 min (¢)

Fig. 9. Appearance of damp epidermis after the electric cur-
rent application (at 6x magnification) [81]
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this purpose, glycerol was used, which was prelimi-
narily subjected to the action of a 0.004 T magnetic
field for 30 min. In Fig. 8, an MRT image of human
hand is shown, which was obtained with the help of
a Toshiba Vantage Octave 1.5 T tomograph. The im-
ages were processed using the software package Radi-
AntDICOMViewer (64-bit).

From Fig. 8, one can see that the images corre-
sponding to the glycerol-free state and the states with
magnetized and non-magnetized glycerol differ from
each other by the granularity degree. The influence
of the glycerol magnetization on the image quality is
explained by the orientation of glycerol clusters under
the influence of a magnetic field.

8. Structure and Properties
of Keratin Fibrous Proteins:
Application to Clinical Diagnostics

The structure of keratin fibrous proteins (KFPs), e.g.,
hair, and their properties, as well as the properties of
every component in alive organism, depends on the
general state of organism. Therefore, while studying
the KFP structure, the researcher has an opportunity
to obtain information about changes in other com-
ponents of organism. An obvious advantage of such
researches consists in that the KFPs, e.g., hair, is a
specimen, which is ready to be studied in vitro and
can be obtained in a nontraumatic way. One of the
promising way in this direction is the development
of early diagnostics methods, e.g., for oncologic de-
seases, by studying the variations in the structure and
the physical and chemical properties of KFPs induced
by pathological states.

In works [74-77], the KFP structure was studied
from a purely practical viewpoint. Nevertheless, the
corresponding data can be useful, when analyzing
the relation between the KFP structure and various
pathologies. The wide- and small-angle X-ray diffrac-
tion methods, the acoustic interferometric method,
and calorimetric measurements were applied. Some
experimental results are illustrated in Fig. 9.

On the basis of this experiment, a new model was
proposed for the KFP structure. Its specific feature
is the existence of disordered regions between the fib-
rils. The structure of those regions has the following
peculiarities. First, there are a considerable number
of supervacancies and voids in them, with one of the
dimensions of the latter being equal to the rigid seg-
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Fig. 10. Small-angle X-ray diffraction patterns (a), pressure dependence of the Young modulus (b), and thermograms for hair
before (1) and after (2) the treatment with thioglycolic acid [77] (c)

ment length. Second, the disordered intrafibrillar re-
gion in a keratin fiber (which is hair) consists of two
domains, the dimension of which in the direction per-
pendicular to the fiber axis equals 45 A. Every do-
main contains folded chains, the rigid segments of
which are mainly oriented in the direction perpen-
dicular to the fibril axis and the flexible segments
form folds.

When a keratin fiber contacts with the aqueous
solution of thioglycolic acid, acid molecules diffuse
in hair and accumulate mainly in the intrafibrillar
regions. Therefore, after the dissolved substance is
washed out from the fiber, the structures of crys-
talline and intrafibrillar regions in the treated KFP
remain almost the same as for the untreated one. The
observed structural changes mainly take place in the
disordered regions inside the fibrils. To be more spe-
cific, at the action of thioglycolic acid on the ker-
atin protein, domains that compose the disordered
intrafibrillar regions become destroyed, the number
of supervacancies in those regions increases, and rigid
segments become mainly oriented toward the fibril
axis. There emerge disulfide bonds between the ori-
ented segments, which fix the new positions of KFP
segments.

9. Molecular Mechanism
of Electric Welding of Biological
Tissues: Application to Surgery

The development of methods to join alive biologi-
cal tissues is one of the challenging tasks for mod-
ern surgery. The existing traditional ways, such as us-
ing suture materials, metallic retention bridges, and
adhesives, have definite shortcomings. For instance,
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if retention sutures are used, there appears a dan-
ger of disturbed blood circulation in the joint re-
gion, and microorganisms migrate along the reten-
tion sutures, which gives rise to the development of
suppurative complications. The emergence of allergic
reactions to foreign bodies is also probable. Similar
shortcomings are also typical, when metallic retention
bridges are applied. Methods of biological tissue ad-
hesion did not become widespread, because they did
not ensure the joint reliability. The method of electric
welding of biological tissues 78], which was invented
at the E.O. Paton Institute of Electric Welding of the
NAS of Ukraine, is free from the mentioned short-
comings. Nowadays, this method of joining biological
tissues became widespread in clinical practice (see,
e.g., work [79]).

While studying the molecular mechanism of electric
welding, the main question which is to be answered
first of all consists in explaining how the joint tissues
keep together after the electrodes are removed. The
corresponding explanation was given in work [80]. In
a rough approximation, the tissue structure can be
imagined as cells separated by an intercellular sub-
stance. If a current runs through the tissue, the tem-
perature of the latter grows. As a result, the structure
of the cells and the intercellular substance becomes
destroyed. After the current stops, a new structure is
formed in the connective tissue, which is a network
created by collagen fibers entering the composition of
intercellular substance. The experimental research of
the formation kinetics of this network confirmed the
adequacy of the proposed mechanism.

In work [81], the physical peculiarities of the elec-
tric welding of skin layers were studied. A model was
proposed, which is based on the fact that the elec-
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tric welding processes run in the near-surface skin
layers and depend on the relationship between the
collagen and keratin matrices. If an electric current
runs, a intermediate phase can be formed, which
consists of keratin structures surrounded by a sys-
tem of lipids (in Fig. 10, this region is marked by
an arrow).

10. Afterword

Traditionally, every paper on that or another prob-
lem should end with a conclusion, where new infor-
mation on the nature of a researched phenomenon
obtained in that work is briefly summarized. Ho-
wever, in our opinion, the review character of this
work and a significant number of problems consid-
ered here make this traditional approach inexpedi-
ent, because in so doing, we would repeat again the
issues that were already discussed (in brief!) in the
main body of the paper. For this reason, the final
section of the work is called Afterword rather than
Conclusions.

As was already mentioned above, medical physics
started its first steps in Ukraine about 20 years
ago. Since then, under the supervision and with a
direct participation of Academician of the NAS of
Ukraine L.A. Bulavin, the research workers of the
Chair of Molecular Physics at the Faculty of Physics
of the Taras Shevchenko National University of Kyiv
performed a cycle of works dealing with medical
physics problems. The research workers of the Chair
of Physics of Functional Materials at the same fac-
ulty were also incorporated into this activity under
the supervision of Corresponding Member of the NAS
of Ukraine M.P. Kulish. They started to intensively
develop the radiation medical physics and teach it to
students.

It is evident that since medical physics arose at
the boundary between physics and medicine, the de-
velopment of medical physics without the participa-
tion of physicists is impossible. It is medicine that
puts problem to be solved before medical physics. Ac-
cordingly, a number of works discussed in this pa-
per were carried out in the close cooperation with
the research and development institutes headed by
Academicians of the NAS of Ukraine V.F. Chekhun
and G.V. Knyshov and the Chair of Medical and Bio-
logical Physics at O.0. Bogomolets National Medical
University headed by Corresponding Member of the
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National Academy of Pedagogical Sciences of Ukraine
Prof. O.V. Chalyi.

When writing this paper, the authors, simultane-
ously with the analysis of the researches performed
within the scope of that or another problem, in-
tended to summarize the results of the work carried
out at the Chair of Molecular Physics in coopera-
tion with the mentioned scientific teams for the last
twenty years. Having this aim in view and consider-
ing the number of problems considered in this paper,
as well as the limited length of the latter, we were
forced to concentrate a more attention on the works
published by the members of the mentioned teams,
in no case discarding the results obtained by other
researchers.

Although it is not the practice to discuss the follow-
ing issue in scientific physical papers, we nevertheless
consider it pertinent to recall that medical physics in
Ukraine arose in the 1990s, under the conditions when
Ukraine’s economy was almost totally disintegrated.
Therefore, when developing this branch of science,
the huge difficulties associated with the depreciation
of material resources, the bureaucracy of officials, a
practically complete absence of the financing, the mis-
understanding of the importance of the problems con-
cerned from some physicists, and so forth had to be
overcome. If Ukraine really has certain achievements
in medical physics, which is evidenced by this paper,
this is exclusively due to the energy and persistence
of Academician of the NAS of Ukraine L.A. Bulavin,
the founder of the Ukrainian medical physics.
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Translated from Ukrainian by O.I. Voitenko

B.®. Yexyn, K.O. Yanudi,
1O.D. Babawma, JI.FO. Bepeyn, B.B. Bayax

MEJIVNYHA ®ISUKA: MOJIEKVJIAPHI ACITEKTU
Peszmowme

CrarTa sABjs€ COOOIO OIVIAJ CTAHy AKTYaJbHUX IPOOIEM Me-
nuaHOl disuku. BuBueHO 0COGIMBOCTI CTPYKTYPH KJIITHHHUX
MeMOpaH, IO CIPHUSIOTH il IPOTUIYXJUHHUX 3acobiB. IIpo-
aHaJII30BaHO MeXaHIKy IHBa3WUBHOI'O CIIOCOOY BHMIipIOBaHHSI ap-
TepiasbHOro THCKy. Po3paxoBaHo po3nomin HAPy?KeHb B CTiH-
11i JIIBOTO IIJIyHOYKa ceplisd. BusHadueni yMoBH, 1110 3a1100iratoTh
arperaril B PiJUHHAX CHCTEMaX MArHITHUX YaCTHHOK, HAHOAJI-
Ma3iB Ta (ysIepeHOBUX MOJIEKYJI, 3aBIsKUA KM BiJIOyBaeTbCs
[IepEeHECEHHs JIIKapChKUX 3aC06iB B Opraniami joguHu. 3amnpo-
[IOHOBAHO MOJIEKYJISIDHUN MEXaHi3M eJIeKTPO3BapIOBaHHA 6io-
JIOPiYHUX TKAHUH. 3AIPOIOHOBAHO CIOCIO JOCIIZKEHHS TIOBEP-
XOHB GI1OJIOTIYHHUX CTPYKTYP 3a JOIOMOIOIO YJIBTPas3ByKy. Bu-
3HAYEHO IPUPOJLy CTPYKTYPHHUX IEPEOYIOB, 110 BiAOYBAIOTHCS
Yy BOJIOCI Iij Ji€10 XiMiYHUX PEYOBUH.
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