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1. Introduction

The phenomenon of laser biostimulation (LBS) is extensively used in medical
practice, although its nature and mechanisms are far from being elucidated and
understood (1). The available literature on LBS and laser therapy (1-3) and
degrees of its clarity in explaining the effectiveness of laser treatment for
biosystems resemble magic-astrologic and supersensory publications. Most of
uncertainty relates to the fact that, first, laser radiation has a selective action on
only "ill" cells and biosystems and, second, laser light with different wavelengths
has similar therapeutic effects. Finally, it is not clear why electromagnetic
perturbation of the subtle biochemical mechanism comprising more than 10,000
levels (enzymes and protein molecules) produces beneficial effects rather than
impairment of the functioning of the sophisticated biologic "machinery"” (4-6).

Biologic problems always drew attention of physicists. Definitions of the
field theory that were effectively used in physics began to be actively adopted in
theoretical biology back in the 1930s (8). The theory of incoherence of light fields
as a holographic concept and several notions of quantum mechanics are finding
use in the present-day genetic theory (9). The non-linear dynamic theory of
solitons has been used for describing excited states of biologic molecules like
DNA and RNA (4). Cybernetic and radiophysical approaches have proved fruitful
in the development of the concept of extremely high frequency therapy (10).

Biologic research is specific in that vivid individuality and complexity of
objects as a rule exclude a coincidence of their quantitative characteristics (1).
Organization of experimental studies and interpretation of their results are
interesting from a physical perspective, as they could help the development of new
concepts and methodologies. One of promising approaches is to consider the
biologic tissue as a special coherent state of substance (11, 12). Indeed, living
objects show quantum properties; for instance, their characteristics have been
found to depend on a measurement procedure and the non-linear dynamic
behavior of biosystems (13).

The goal of this work is to formulate the process of interaction of laser
radiation with biologic substance on the basis of physical concepts and to show
that effects of LBS can be explained at least in the framework of present-day
physical concepts.



2. Self-Organization and Non-equilibrium during LBS

Effects of laser biostimulation vary from their occurrence at molecular and
biochemical levels to a systemic response of the organism on the one hand; on the
other, the biosystems show an almost identical response to laser treatment in the
range of wavelengths from the extremely high frequencies (30-300 GHz)) to
infrared (up to 400 THz) and visible (400-800 THz) spectra. This diversity of
effects inevitably warrants developing a single physical concept of interaction of
coherent radiation with biologic objects.

Experimental studies have demonstrated that laser radiation acts on a separate
cell (2) and not only on biologic cellular structures (3). Attempts to correlate
energy levels of atoms or molecules to energy of a light quantum and the search
for a photosensitive agent in the biotissue have been unsuccessful. This appears to
be related to a lack of consideration for the degree of "openness” of biologic
systems in terms of statistical physics. Unlike self-contained (isolated) systems,
the open systems exchange with their environment their substance, energy and,
importantly, information (14). Therefore, thermal degradation may coexist with
self-organization processes during the interaction of the open systems, to which
living systems belong, with coherent radiation emitted by the active laser medium
that has an inverse population of energy levels. As a result, functions of an
affected biosystem are restored. An important feature of LBS is equifinity: despite
a broad variability of characteristics of laser radiation, final therapeutic effects
prove identical.

Apart from being open, biologic systems consist of active small objects
(quasi-particles), whose structure is complex and inadequately studied. Defining
the elements of such active open systems appears to be largely dependent on task-
setting with account for collective interactions in self-organization processes,
which are phenomena examined by a new science - synergetics. The complex and
non-linear dynamic behavior of specific systems in an ensemble makes the use of
statistical description inevitable (14).

Biologic systems probably consist of a large number of "particles"”. However,
the notions of the atom, molecule or macromolecule should not be used in
modeling a biologic system. Adopting the definition of a special type of quasi-
particles, conformers, appears to be appropriate. Examples of such quasi-particles
are conformation states of macromolecules (5), Davydov solitons running in a
DNA strand (4), excitons and biexcitons occurring in a quasi-liquid-crystalline
environment, etc. Impossibility of using macromolecules as elementary units in
the theory of LBS effects is confirmed by the finding that that the molecule's
environment (for instance, hydrate envelopes) may play a significant role; also,
there is the need to take into account the influence of boundary conditions (cell
walls) on the spectrum of conformation states of a biomacromolecule. Thus a
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possibility has been shown in statistical physics of polymers that properties of a
macromolecule can be described when it is placed in a tube or a thin slit, as a
system of blobs (15).

The presence of a hierarchy in the multi-level structural organization of
biologic systems suggests a possibility of mutual transformations of the above-
mentioned and other "quasi-particles”. Such transformations can be described with
account for the scale similarity of biologic structures (structural fractality).

The use of statistical description has shown that the interaction of laser
radiation with biologic substance is non-adiabatic and determined by a narrow-
band (monochromatic) character of the radiation spectrum (16). The laser
radiation wavelength and other initial conditions such as the spatial pattern of the
wave front are of secondary importance. Effects of usual radiation sources on a
biologic system are similar to an adiabatic temperature increase in the entire
system, while the action of monochromatic narrow-band laser radiation is
comparable to the mechanical stirring of a biologic fluid.

Determination of physical parameters describing a system is of principal
Importance. The notion of entropy production, which was introduced in non-
equilibrium thermodynamics on the basis of the Prigozhin principles, appears
usable in evaluation of LBS effects. A major advantage of entropy characteristics
is their relation to information and structural parameters, for instance, in the
system of coherent radiation interacting with a biosystem. Therefore, LBS effects
may be considered as ¢ combination of non-equilibrium phase transitions forming
the self-organization process, in which the coherent light-biologic substance
system acts to decrease entropy production. It should be stated that the description
of the self-organization process, which is formed by a temporal sequence of
stationary states, does not uniformly correspond to real biologic stages (17), which
may be related to reciprocal transformations of "quasi-particles".

Another aspect of LBS effects, which are a self-organization event, is
adjustment of the spatial-temporal pattern of the radiation wave front to the
structure of the biotissue (18). Importantly, the light field formed within the
biotissue actually does not depend on the initial structure of incident laser
radiation. The modal structure of the coherent radiation field spreading in cells
may cause Talbot and Laue effects that result in image self-reproduction and "self-
correction” of cell elements of the structure. The modal theory of images and the
information theory might be a basis for determining differences between single-
site and scanning tissue irradiation in laser therapy.

As its has been stated above, energy levels of atoms and molecules could not
be correlated to energy of the light quantum because these attempts overlooked
the openness of biologic systems. Elucidation of elements of the active open
systems warrants account for collective interaction in the self-organization



process, unlike reliance on the definition of a macromolecule that connotes
primarily chemical properties of substance.

A biologic object is a most complex system in optic and structural terms. All
of the mentioned events and, in addition, dynamic characteristics of the organism
appear to have a significant role in it. Dualism of biosystems presents as
phenomena related only to properties of either separate microsystems or their
internal structure or of macrosystems, with the provision that they act as an entity
and are phenomena independent of the structure of macroscopic particles. The
latter phenomena are determined by integral properties of a characteristic
ensemble with an enormous number of “effaced” and independent participants,
which is described in terms of thermodynamic and statistical physics. An obvious
fundamental problem lies in the evolutionally granted presence of short-term,
medium-term and long-term interactions in native conformations of biologic
macromolecules (19). The situation in biosystems is compounded both by a lack of
a distinct borderline between these phenomena and by openness and non-
equilibrium of such systems.

By now characterization of developments in the cell is mosaic: the primary
act of photon interaction with the macromolecule has to be depicted in a quantum
mechanical way, while change in the conformation state is described in the
framework of quantum chemistry and biochemistry (5). The macromolecular
structure as a whole is described on the basis of the Flori theory, interactions of
macromolecules evaluated in the determinist lock-key and hand-glove models, and
the behavior of the cell as a whole is described using the theory of automates and
systems (20). In addition, theories of phase transitions and self-organization are
recruited if necessary (13, 15).

Effects of LBS are a non-trivial example of interaction between two non-
equilibrium systems: the coherent field and the biologic system. It might seem the
two systems need a wavelength "resonance™ for their interaction to occur, but it
always happens in the presence of monochromatic radiation. This appears to be
related to discreteness of the energy spectrum of the biosystem and to change of its
parameters in time - it "breathes™ and thereby secures the resonance of structures.
Major features of this interaction are the presence of self-organization and
equifinity - independence of the final result of widely varying initial conditions (a
wavelength, an illumination angle, intensity, etc.). This approach shows that the
physical pictures like chaotization through bifurcations and heating by radiation,
which seemingly stand far apart, can be reconciled in a single description (21).



3. Biologic Electrodynamics

A single cell as a study object is characterized by a complex spatial-
geometric architecture (Fig.1), let alone the intricacy of its molecular dynamic
organization (5, 6, 17). The impossibility of direct use of classical electrodynamics
for description of the cell has determined the purely qualitative nature of the
biologic field concept in theoretical biology. This is related to the fact that the
situation occurs just in the cell where tools of the field theory cannot be used.
Namely, a charge (or a system of charges) that is present in the field is exposed to
effects of the field and in turn acts on the field, altering it. Nonetheless, definitions
of classical electrodynamics can be used, with these limitations in mind, for
analysis of biologic systems, at least as a language and not as numerical
characteristics.

The dipole moment of the system of charges is introduced when the field is
considered at distances from the system of charges that are significantly longer as
compared to the system's size, an arrangement the cell actually does not meet.
Nonetheless, there is evidence to indicate (22) that potential at the point R, of the
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On the basis of the latter expression, the notion of the dipole moment of the
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guantum mechanical way. It is more correct mathematically to take into account
all terms of the series during R, degree expansion
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where P =~ RV, (5)

If the system is electrically neutral and has no dipole moment, i.e.
2.4, =0 wu  d=0, (6)

analysis of its field takes into account the third member of expansion into (4) - the
quadrupole potential:
D, d> 1
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where Dj - tensor of the quadrupole moment.

Fig.1. Schematic representation of the cell structure.
1 mem=1,000 nm=10,0004.
The 632.8 nm wavelength of the helium-neon laser=0.6228 mcm
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It can be shown (22) that the I-th member of expansion (4) is determined by
tensor 2' -pole moment of the I-th rank that is symmetrical in all of its indices and
turns into zero during the folding of any pair of indices. The quadrupole moment
of the system does not depend on selection of the beginning of coordinates if all
conditions are met (6). Unlike in classical electrodynamics, analysis of the field in
the cell should take into account both quadrupole and higher moments of
biomacromolecules, which certainly makes numerical calculation of field
characteristics unrealistic.

A main feature of cellular biochemical processes is their electron
conformation or matrix character (5). Changes in the conformation state of
macromolecules, e.g. their "folding" or "unfolding™ demand low energies, but they
result in a significant variability of their catalytic activity. Known models of
enzymatic catalysis, such as lock-key, hand-glove, rack and protein-machine, are
based on the need to ensure complementarity of conformation states of the
substrate and the enzyme. The conformation pattern of interaction between
biochemical reagents determines the entopic type of these reactions, or in other
words, their being designed to change and coordinate secondary, tertiary and other
structures - conformations of biomacromolecules relative to each other. The
limited macromolecular resource within the cell and the need to maintain a
sufficient number of macromolecules in a certain conformation state for their
functioning have led to the emergence in the evolution process of a special
mechanism of selection of the molecules or induction of their necessary
conformation states. In terms of laser physics, this mechanism may be considered
as a "pumping" system that determined non-equilibrium of the whole biosystem.
From the guantum mechanical standpoint, this non-equilibrium can be seen as a
cause of the coherent state of biologic substance or biosystems (12, 14).

The mechanism of "pumping" or selection of macromolecular conformation
states can be described by the electromagnetic field theory, at least at a definition
level, as correct use of traditional mathematical formalism is difficult. The dipole
(see equation 3) and/or multipole moment may be considered as a main physical
characteristic of the biomacromolecule related to its conformation state.
Biomacromolecules interact with the electric field of the light wave, changing
their energetic states by readjusting their orientation and the dipole moment.
Parameter o, which is a measure of potential energy 4 in the electric field with
tension E can depict the effectiveness of such interaction:

a=dE (8)
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It should be stated that the dipole (multipole) moment of biomacromolecules
or of their almost independent sites - blobs and domains - in a general case is
different from zero because of temperature fluctuations (15, 17).

Since any physical system seeks minimization of its potential energy, it may
be presumed that the end product of any biochemical reaction is bound to have a
minimal dipole moment of its own because of the presence on the non-zero
intracellular field alone. Therefore, reagents have different dipole moments during
protein synthesis reactions, the cell's field can control their behavior, and they
mutually compensate each other in a maximal possible degree after the and of the
reaction. The dipole-dipole interaction of the reagents produces complementarity
of the substrate and the enzyme and makes their interaction with the
electromagnetic field of laser radiation more effective as compared to the end
product. This leads to stimulation of different reactions of synthesis, for instance
of DNA and RNA (2). These events may be presented as follows: as a result of
dipole interaction of the macromolecule with its field, its energy increases, with
intensification of different conformation states and the more rapid “finding” of a
conformation state complementary to that of another reagent.

Impairment of cell function appears to cause accumulation of excess products
of biologic reactions. For their faster elimination from the cell, the surface area of
the cell membrane expands by producing prominences or processes and by plating
of the membrane. A globe-like biomacromolecule getting in such "pocket"
inevitably flattens, becoming a two-dimensional structure, which in turn leads to
an increase in its own dipole moment (Fig.2).

A F"%zs e Ay
= =0 - —
H ZH\ }.{ =ZH‘\ # 0

Fig.2. Increase in the dipole moment of the molecule during its planarization.

In a dipole approximation (24), the effectiveness of interaction with the
magnetic field is described by equation 8. Therefore, the increase in the dipole
moment of the molecule results in its higher photosensitivity. In other words,
"illness" sensitizes the cell and makes laser biostimulation selective. This simple
physical consideration, well known in the field of synthesis of organic photo
detecting media (25), explains not only the improved effectiveness of LBS for

12



defective cells, but also some of causes underlying the variability of findings of in
vivo and in vitro laser experiments in biophysics. Ample evidence of simulation of
various enzymes by laser light also appears to be related to the flattening of the
biomacromolecular spatial structure, as the catalytic center of many enzymes is
located in a narrow "pocket” (15). Of note, photoreceptor cells are complete with
flat structures such as discs and lamellae (Fig.3), which confirms the need
for structural planarization of the molecule for enhancement of its
photosensitivity (5).

The maximal amplitude of the electrical vector E, (V/cm) of the light wave
with intensity | (W/sq.cm) is determined by expressions for linearly polarized
radiation (24):

E, =271 (9)
and for radiation with circular polarization
E, =181 (10)

It directly follows from these relations that LBS effects depend on the
character of laser light polarization even without account for the orientation of the
cell structure, but several researchers have questioned this (2).

These relations also suggest that a maximum intensity of laser radiation still
causing LBS must be comparable to tension of the electric field surrounding a
treated object (3). Real biosystems, including the human, function in conditions of
the atmospheric electric field whose mean intensity is about 100 V/m and varies
from +600 V/m to -600 V/m (26), and among fields produced by technogenic
factors. Without dwelling on mechanisms of biologic process control by cellular
electromagnetic fields, it may be presumed that the atmospheric electric field
determines the magnitude of noises for such control systems. Therefore, the
electric field of the light wave producing laser biostimulation should be more
intensive than 10™ W/sg.cm, according to expressions 9-10 (if dielectric
permeability of the biotissue is accepted to be 50), which is a finding of many
medical experimental studies. Whether adoption of this criterion is appropriate
certainly remains to be confirmed by comparative analysis of LBS evidence and
atmospheric electric field tension during laser therapy. Also, the figure of
atmospheric electric field tension and dielectric properties of the biotissue should
be used as a measure of laser light penetration into the tissue.
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Fig.3. (a) schematic anatomy of the retina in vertebrates: EM - external member,
CC - connective cilia, M- mitochondrion, N- nucleus.
(b) scheme of synaptic contacts between retinal cells. 1 - cone, 2 - rod, both consisting of disc
organelles serving for photon entrapment, 3 - external synaptic layer, 4 - horizontal cell,
5 - bipolar cell, 6 - amacrine cell, 7 - internal synaptic layer, 8 - ganglionic cell,
9 - optic nerve axon (5).

It should be stated that the dipole approximation (8) is rough enough for the
complex objects like biologic macromolecules and their associations; the field
induced by them will have as sources so-called fractal currents. Characteristics of
the latter are determined by distribution of spatial and temporal diffusion of

primary photochemical reaction products, and they can be partially described by a
fractal theory (27, 28).
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4. The nature of Photosensitivity Centers

In terms of quantum mechanics, the radiation-substance interaction is a
resonance phenomenon corresponding to the equality of photon energy and
transition energy of a system. Therefore, in the presence of the interaction, it is
always necessary to find a material system with the corresponding difference of
energies. This often proves a non-trivial task. For example, such objects are
simply non-existent (in a chemical sense) in the case of red laser biostimulation.
Most likely this is related to the fact that chemically the molecule is not a minimal
particle of live substance - it certainly retains chemical properties of a given
compound, but it does not live its own life.

Intravenous laser irradiation of blood (ILIB) has proved one of early
effective techniques of laser therapy. Blood cells have a high conformation
liability. They may be able of cooperative interactions, as to move in capillary
vessels, they must deform very much (29). The ability of cooperation appears to
explain the "fine tuning" of blood to monochromatic radiation in a broad range of
wavelengths (3, 29).

There is a long way from an elementary (primary) photochemical reaction
and full characterization of interaction of radiation with an object where it
concerns the development of concrete information or medical devices. Description
of the field in scattering, biologic system-like and other intricately structured
environments is especially difficult. If an environment in which radiation spreads
proves "alive" or photosensitive (as in holography), the situation is almost
hopeless or solvable only experimentally. Description and study of so-called
singular wave fronts (spiral, speckle and dislocation radiation beams) also remains
an elusive problem; attempts of fractal description of such wave structures so far
have not yielded solutions to the problem of obtaining fields with predetermined
parameters. From the standpoint of classical (and quantum) electrodynamics,
radiation-substance interactions are related to the presence of the dipole or a
higher moment of substance and to a sufficient radiation concentration at the same
site. That said, the wave field structure has to be known in the interaction area on
the one hand and causes of the presence of the dipole moment be elucidated on the
other. We shall define local intensities of field concentration as singularities of
radiation and locations of the dipole moment as singularities or photosensitivity
centers (PSC) of substance.

For instance, an equal distribution of the entire volume of substance
singularities or PSC is sought when a medium is designed for photographic or
holographic registration of information. This proves possible if PSC are
macromolecules or their sites, as is characteristic for colloid detecting holographic
media and, in a certain degree, for biologic objects. A kind of PSC can also occur
naturally due to boundary layers of fluid, as it takes place near biologic
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membranes or near the substrate on which a photosensitive polymer emulsion is
placed. It should be noted that it was once proposed to consider the membranes as
a main step in the mechanism of interaction of extremely high frequency radiation
with living organisms (10), but no adequate regard was given to the role of
boundary structures.

The use of terms and approaches from the photographic process theory (74) is
convenient and appropriate for description of radiation interaction with complex
objects. Over more than one 150 years of its development, photography science
has generated empirical but practicable formalism such as sensitometric
description of photosensitive materials and processes that is quite usable not only
in holography but in biologic optics.

Singularities of an Object as Photosensitivity Centers.

Boundary layers and film structures. Physical properties of films
significantly differ from those of volumetric specimens of the same substance
because of influence of both the free surface and the film-substrate border on the
process of film formation (30). Surface and border layers often have a far order of
locations of oriented molecules (31). This results in the formation of oriented
quasi-crystalline macro structures (32). It was experimentally demonstrated back
in the 1930s that the oriented border layers form when there is contact of surface-
active substances with a solid body surface. This circumstance is widely used in
the Langmuir-Blodget technique of forming monomolecular layers of polar
molecules on inorganic substrates for super high performance nanolithography
(33) and for obtaining multimolecular layers (Y -films) (31).

Another example of real use of oriented border layers of organic fluids is
lubrication processes (31). Studies in this area have shown that the first layer of
molecules does not screen the force field of a solid body. However, orientation of
molecules in the polar fluid plays the role of a trigger that organizes the
orientation of further layers. A mechanism of this effect may be interaction of
molecular dipoles, with the formation of neutral "chains" perpendicular to the
surface of the contact. These considerations were the basis for the empirical
polarization theory of de Bur and Zwicker (31). It showed how a local short-term
effect spreads in a fluid by inducing dipole moments in adjacent layers to produce
long-acting forces that cause the ordering of large volumes of the substance.
Therefore, the fluid structure in border layers changes as compared to the
volumetric one, and the higher are polarity and sizes of molecules dissolved in its
the substance the more prominent is the change. However, border layers become a
volumetric fluid at a more remote distance from the solid substrate, a phenomenon
that needs an adequate description.

16



5. The Theory of Boundary Structures

A. A classic approach based on the theory of fluids

The possibility of theoretical evaluation of the heterogeneous fluid structure
near the surface is related to finding a solution to a joint system of equations for
one-particle and two-particle distribution functions; moreover, there are several
initial equivalent precise systems of equations (34). Their use even for simple
systems of spherically symmetrical molecules requires huge efforts (35, 36). The
task can be made simpler if the usual two-particle distribution function is used in
the equation for the density profile instead of anisotropic two-particle function.
Such a procedure is not uniform. Different initial systems of equations and
simplification methods can produce different singlet equations for the density
profile, preciseness of which can be assessed only by final results.

The most common approach is to review a two-component blend in which the
size of one of components becomes as large as it may. In this case the function of
distribution between the two components is considered at zero concentration of
this component as a one-particle function of distribution of the non-zero
component near the surface. Analysis of existing singlet approximations suggests
that all singlet equations are satisfactory at small and medium densities (37).
However, the situation changes at high densities. Physical solutions are available
only for singlet equations obtained from the integral form of precise equations for
one-particle and two-particle distribution functions (38).

Evaluation of the dipole system structure in a volumetric case and especially
near the surface is difficult because of a complex orientation relationship to
potential of interaction between molecules. Use of integral equations in a mean
spherical approximation in studies of the volumetric structure of dipole solid
spheres have yielded a semi-analytical solution in which the angular relationship
of distribution functions is presented as certain combinations of trigonometric
functions. This solution can be improved by using other versions of the Ornstein-
Zernicke equation. Its presentation as a degree series of the dipole-dipole
interaction parameter has been reported to be a convenient solution for analysis
(39). It allows separating angular and radial variables on the one hand and
obtaining a relationship of distribution functions to dipole moments on the other.

The presented approach, which also reviews dipole solid spheres near the
solid surface (36, 40), differs in the following respects:

1. It relies on a singlet equation that follows from the integral form of the
precise equation for one-particle distribution function (38, 39). However,
this equation has a physical solution for dipole-free near-surface solid
spheres at densities higher than p = no® = 0.75. (Here n=N/V is numerical
density and o - diameter of the sphere).
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2. A solution for one-particle distribution function is sought as a series of
dipole-dipole interaction, as it has been done for two-particle spatial
distribution function (14).

3. Calculations were limited to the third-order in the dipole-dipole interaction
parameter.

It should be stated that a major goal of theoretical analysis is obtaining
solutions that are convenient for evaluation and description of peculiarities caused
by effects of the solid surface on a dipole system. Apart from theoretical
Implications, evaluation of the systems with the dipole-dipole interaction is
important for analysis of the structure of real fluids, as the presence of an
orientation part of the interaction potential is characteristic of most of real
molecular fluids. Similarly, evaluation of a heterogeneous system is important for
an understanding of properties of fluids near solid body surfaces, the interaction of
colloid particles and behavior of small volumes of fluids.

The presented approach in fact is one of versions of the thermodynamic
theory of perturbations, and it certainly has all of its limitations, but it allows at
least a qualitative assessment of structural and orientation effects. This approach is
actually precise for weak dipole systems. This approach has a sufficient generality
and is applicable in describing various