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Zusammenfassung 
 
In der Literatur sind viele Beispiele des Einflusses von Laserbestrahlung mit geringer Energie 

(LILI) auf biologische Syteme beschreiben. Allerdings sind die Ergebnisse wiedersprüchlich.  

Ziel dieser Arbeit war es, mit verschiedenen Experimenten den Einfluß von LILI auf 

verschiedene biologische Systeme und Objekte detailliert zu untersuchen.  

 

Es wurden verschiedene Experimente mit folgenden biologischen Systemen und Objekten 

durchgeführt: 

* verschiedene Enzyme des Antioxidations-Systems von Tieren (Catalase, Superoxid- 

   Dismutase, Glutathion-Peroxidase, Glutathion-Reductase) 

* Mg2+- und Ca2+-ATPase aus Membranen von menschlichen Erythrozyten und Erythrozyten 

   von Ratten 

* Lactat- und Succinat-Dehydrogenase von Ratten aus Leber, Nieren, Gehirn, Muskel, Herz 

* alpha-Amylase aus trockenen und gekeimten Gerstekörnern 

* Mangan-Peroxidase aus Lignin-abbauenden Pilzen 

* Dehydrogenasen von Hefe 

* Dehydrogenasen von Bakterien. 

 

Folgende Laser wurden für die Versuche eingesetzt: YAG-Laser (355 nm und 533 nm), 

Argon-Laser (458 nm, 488 nm und 520 nm), Helium-Neon-Laser (632 nm) und CO2-Laser 

(10.6 µm). 

 

Nach Laserbestrahlung wurden bei verschiendenen Systemen sowohl Aktivitätserhöhung als 

auch Aktivitätsminderung beobachtet.  

Abhängigkeiten von der Bestrahlungszeit und Intensität der Bestrahlung wurden ebenfalls 

ermittelt.  

Verschiedene Antworten biologischer Systeme nach Laserbestrahlung hängen von den 

spezifischen Eigenschaften dieser Systeme ab. 

Unterschiedliche Reaktionen verschiedener biologischer Systeme wurden nach Bestrahlung 

mit verschiedenen Lasern detektiert.  
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1 Introduction 
1.1 Background 

Scientific experiments at the theme of the Dissertation were started since 1999. At the 

beginning the theme of Dissertation was formulated as: "Investigations of the influence of low 

intensity laser irradiation (LILI) on the Antioxidant system of animals". Those investigations 

were done with the purposes to find out the effects of LILI of some kinds of lasers on the 

process of lipid peroxidation (LPO) and the activity of antioxidant system in some organs of 

animals and, at the first, in erythrocytes and in blood plasma. In literature sources the effects 

of LILI on antioxidant system (AOS) of organism with the most important components such 

as reduced glutathione (GSH) and the enzymes superoxide dismutase (SOD), catalase and 

glutathione peroxidase (GP) mostly have been described for He-Ne-laser irradiation. Since 

they are contradictory [1], the function investigations of the transport proteins of the 

erythrocytes' membranes which are responsible to keep the native structure of erythrocytes 

and ion balance in these cells had caused especial interest. The contradictory obtained results 

had made a basis to carry out additional researches concerning laser light influence on other 

enzymatic systems of animals, plants, mushrooms, yeast and bacteria. 

 

1.2 Lasers 

1.2.1 General description 

The light from lasers differs from ordinary light in several important aspects. Ordinary light 

from a light bulb travels randomly in all directions (unless the bulb is equipped with an 

integral reflector that directs the light). The light is thus incoherent. Even when incoherent 

light is directed with a reflector, it still spreads rapidly. 

The light from a laser is temporary and spatially coherent. This means that all of the wave-

fronts of light are lined up in time and space. The waves of light go up and down and travel in 

the same direction. Coherent light spreads less than other types of light, for example, the 

beam of a tightly focused flashlight would spread between 2 degrees and 5 degrees over a 3 

meter throw distance. 

The sides of a laser beam are almost parallel but the light still spreads slightly. This spread is 

divergence and is measured in milliradians (mrad). A simplified explanation of the process of 

stimulated emission, for example for He-Ne-laser can be described in following. If a glass 

tube is filled with a mixture of helium and neon gas, and an electrical current is applied to the 

electrodes, the gas would emit light energy. This glowing gas is referred to as a plasma. Under 

normal conditions the electrons in a gas atom orbit are at a fixed distance and pattern around 
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the nucleus; this is the ground state or most stable configuration of the atom. When an 

electrical charge travels through the gas in the tube (energy is pumped into the gas), it excites 

or stimulates the atoms. Some of the electrons absorb this energy by jumping up to the next 

stable orbit. Such configuration is unstable. The electron trys to return to its regular orbit, the 

ground state. As the excited (stimulated) atoms in the gas relax back to the ground state, some 

of the energy that excited the electron(s) is emitted (released) in the form of random photons. 

This is called spontaneous emission. The photons travel rapidly in all directions. They are 

visible along the length of the neon tube or radiate outward from the light source. 

Nevertheless the spontaneous emission is not enough to cause lasing action. 

Lasers are very different from neon tubes in that they amplify the glowing effect via 

stimulated emission. Stimulated emission can only occur when there is a "population 

inversion" in the energy state of the lasing medium (in this case gas). 

Laser tubes are designed in a long narrow configuration with a central bore. There are mirrors 

at every end of the bore. These mirrors must be held in precise alignment for the laser to work 

properly. 

In most He-Ne lasers the mirrors are permanently attached or sealed onto the ends of the tube, 

sometimes referred to as hard seal technology. In higher power lasers the mirrors are usually 

not mounted on the ends of the tube itself, but on an external resonator that forms part of the 

laser frame. It allows to make changing the mirror optics or adding a littrow prism if a 

specific output wavelength (colour) is required. The mirrors must be perfectly aligned so that 

the emissions from the gas in the tube will be amplified. 

Some of the photons of light randomly emitted by the relaxing gas atoms will be travelling 

parallel to the bore (centre) of the laser tube. These photons will strike the mirror at the end of 

the tube and will be reflected back through the excited gas (plasma). When the photons 

travelling parallel to the bore are reflected from the mirrors, they oscillate back and forth 

between the mirrors. 

If a laser has continuously emitting light, then there must be power to replenish that lost 

energy in such a way that the laser action can continue. The power must maintain the 

necessary population inversion to keep the laser process going, and that implies a pumping 

mechanism to elevate electrons to that metastable state. The using of helium to "pump" 

electrons into a metastable state of neon in the He-Ne-laser is an example of such mechanism.  

An air-cooled laser tube with cooling fins, the connections for the cathode/filament are visible 

on the right. 

In their travels through the plasma, some photons strike other atoms that are in the excited 
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state. The excited atoms are stimulated into relaxing to the ground state and releasing their 

duplicate photons. The groups of photons travel back and forth through the lasing medium 

(gas) reflecting from the mirrors at either end. They build up sufficient energy to overcome 

optical losses, then lasing begins. All above-mentioned activities take place almost 

instantaneously (at the speed of light) when the tube is started. The mirrors form an optical 

"amplifier" allowing for the amplification and stimulation of the lasing medium (gas) in the 

cavity (tube) to produce light (photons). If the mirrors were both totally reflective, the light 

would remain trapped inside the tube. In fact the high reflector is coated to 99.9% reflectivity 

so as to reflect the maximum amount of light. At the other end of the tube, the output reflector 

is coated between 90% and 97% reflectivity. This "leaking" light would drain all of the 

energy from the plasma if it were not for the electrical power that is continuously applied to 

the tube. The electrical power keeps the plasma energised (ionised) and allows the laser to 

produce light continuously. Some types of lasers do have a cycle, where energy is pumped 

into the lasing medium, then released in a short burst of laser energy. This type of laser is 

referred to as a pulsed laser and usually produces very high power levels. 

Other most common used kinds of laser are Argon (Ar) laser and yttrium-aluminium-garnet 

(YAG) laser. The argon laser gives a cyan coloured beam that can be broken into blue and 

green beams using a yellow dichotic or a prism [2]. 

 

1.2.2 Quantum Properties of Light  

Quantum processes dominate the fields of atomic and molecular physics. Atomic transitions 

which emit or absorb visible light are generally electronic transitions, which can be pictured 

in terms of electron jumps between quantified atomic energy levels.  

Taking the electron transitions associated with visible and ultraviolet interactions with matter 

as an example, absorption of a photon will occur only when the quantum energy of the photon 

precisely matches the energy gap between the initial and final states. In the interaction of 

radiation with matter, if there is no pair of energy states such that the photon energy can 

elevate the system from the lower to the upper state, then the matter will be transparent to that 

radiation. 

 

1.2.3 Stimulated Emission  

If an electron is already in an excited state (an upper energy level, in contrast to its lowest 

possible level or "ground state"), then an incoming photon for which the quantum energy is 

equal to the energy difference between its present level and a lower level can "stimulate" a 
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transition to that lower level, producing a second photon of the same energy. When a sizeable 

population of electrons resides in upper levels, this condition is a "population inversion", and 

it sets the stage for stimulated emission of multiple photons. This is the precondition for the 

light amplification which occurs in a laser, and since the emitted photons have a definite time 

and phase relation to each other, the light has a high degree of coherence. Like absorption and 

emission, stimulated emission requires that the photon energy given by the Planck 

relationship be equal to the energy separation of the participating pair of quantum energy 

states. 

 

1.2.4 Characteristics of Laser Light  

Coherence 

Coherence is one of the unique properties of laser light. Different parts of the laser beam are 

related to each other in phase. These phase relationships are maintained over long enough 

time so that interference effects may be seen or recorded photographically. It arises from the 

stimulated emission process which provides the amplification. Since a common stimulus 

triggers the emission events which provide the amplified light, the emitted photons are "in 

step" and have a definite phase relation to each other. This coherence is described in terms of 

temporal coherence and spatial coherence, both of which are important in producing the 

interference. Ordinary light is not coherent, coming from independent atoms which emit on 

time scales of about 10-8 seconds. There is a degree of coherence in sources like the mercury 

green line and some other useful spectral sources, but their coherence does not approach that 

of a laser. 

  

Monochromaticy  

Laser light consists of essentially one wavelength, having its origin in stimulated emission 

from one set of atomic energy levels. The light from a laser typically comes from one atomic 

transition with a single precise wavelength. So the laser light has a single spectral colour and 

is almost the purest monochromatic light available. That being said, however, the laser light is 

not exactly monochromatic. The spectral emission line from which it originates does have a 

finite width, if only from the Doppler effect of the moving atoms or molecules from which it 

comes. Since the wavelength of the light is extremely small compared to the size of the laser 

cavities used, then within that tiny spectral band-width of the emission lines are many 

resonant modes of the laser cavity.  
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Collimation 

Because of bouncing back between mirrored ends of a laser cavity, those paths which sustain 

amplification must pass between the mirrors many times and be very nearly perpendicular to 

the mirrors. As a result, laser beams are very narrow and do not spread very much. The light 

from a typical laser emerges in an extremely thin beam with very little divergence. Another 

way of saying this is that the beam is highly "collimated". An ordinary laboratory He-Ne-laser 

can be swept around the room and the red spot on the back wall seems about the same size at 

that on a nearby wall. The high degree of collimating arises from the fact that the cavity of the 

laser has nearly parallel front and back mirrors which constrain the final laser beam to a path 

which is perpendicular to those mirrors. The back mirror is made almost perfectly reflecting 

while the front mirror is about 99% reflecting, letting out about 1% of the beam. This 1% is 

the output beam which is visible. But the light has passed back and forth between the mirrors 

many times in order to gain intensity by the stimulated emission of more photons at the same 

wavelength. If the light is the slightest bit off axis, it will be lost from the beam. The highly 

collimated nature of the laser beam contributes both to its danger and to its usefulness. It 

should never look directly into a laser beam, because the highly parallel beams can focus to an 

almost microscopic dot on the retina of human eye, causing almost instant damage of the 

retina. On the other hand, this capacity for sharp focusing contributes to the both the medical 

application and the industrial applications of the laser. In medicine it is used as a light 

treatment in laser light therapy or as a sharp scalpel and in industry as a fast, powerful and 

computer controllable cutting tool [2, 3].  

 

1.2.5 Kinds of lasers 

Helium-Neon Laser 

The most common and inexpensive gas laser, the He-Ne-laser is usually constructed to 

operate in the red light at 632.8 nm. It can also be constructed to produce laser action in the 

green light at 543.5 nm and in the infrared light at 1523 nm. The collimation of the beam is 

accomplished by mirrors on each end of the evacuated glass tube which contains about 85% 

helium and 15% neon gas at 1/300 atmospheres pressure (meteorological). These mirrors 

could be both flat, but this requires great precision in alignment, so the common laboratory 

He-Ne-lasers are manufactured with the semiconfocal mirror arrangement. 

 

 

 13



Carbon Dioxide Laser 

The carbon dioxide gas laser is capable of continuous output powers above 10 kilowatts. It is 

also capable of extremely high power pulse operating. It exhibits laser action at several 

infrared frequencies but none in the visible. Operating in a manner similar to the He-Ne-laser, 

it employs an electric discharge for pumping, using a percentage of nitrogen gas as a pumping 

gas. Carbon dioxide CO2 laser is the most efficient laser, capable of operating at more than 

30% efficiency. That's a lot more efficient than an ordinary incandescent light bulb at 

producing visible light (about 90% of the output of a light-bulb filament is invisible). The 

carbon dioxide laser finds many applications in industry, particularly for welding and cutting. 

 

Argon Laser 

The argon ion laser can be operated as a continuous gas laser at about 25 different 

wavelengths in the visible spectrum between 408.9 and 686.1nm, but is best known for its 

most efficient transitions in the green spectrum at 488 nm and 514.5 nm. Operating at much 

higher powers than the He-Ne gas laser, it is not uncommon to achieve 30 to 100 watts of 

continuous power using several transitions. This output is produced in a hot plasma and takes 

extremely high power, typically 9 to 12 kW.  

 

Neodymium-YAG Laser 

An example of a solid-state laser, the neodymium-YAG uses the Nd3+ ion to dope the yttrium-

aluminium-garnet (YAG) host crystal to produce the triplet geometry which makes population 

inversion possible. Neodymium-YAG lasers have become very important because they can be 

used to produce high powers. Such lasers have been constructed to produce over a kilowatt of 

continuous laser power at 1065 nm and can achieve extremely high powers in a pulsed mode. 

Neodymium-YAG lasers are used in pulse mode in laser oscillators for the production of a 

series of very short pulses for research with femtosecond time resolution. 

 
1.3 Biological antioxidant system 

1.3.1 General overview 

In spite of a great amount of studies [1, 4-23] effects of laser radiation on the human's and 

animal's tissues, the mechanisms of its influence are unclear and have been discussed as 

hypotheses. The effect of low intensive laser irradiation (LILI) is assessed both by its physical 

characteristics: wavelength, power (intensity), time (exposition) and the optical properties of 

the radiated tissues. The trigger moment of the biological response for LILI is its resonance 
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absorbency by such specific acceptors, as: enzymes, pigments and other biochemical 

structures with chromophore groups. At the same time the absorbed energy is distributed 

among oscillatory-excited or normal state of individual atomic groups in macromolecules. It 

can cause the changing of intensity of lipid peroxidation and probably, conformation of cell's 

membranes and as a consequence to have influence on the activity of membrane-bonding 

enzymes (for example adenylate cyclase, ATPase systems) and ion permeability of 

membranes. 

The effects of LILI on the antioxidant system of organism, whose the most important 

components are reduced glutathione (GSH) and the enzymes superoxide dismutase (SOD), 

catalase and glutathione peroxidase preferably have been described for the He-Ne-laser and 

brought different information. The irradiation of this laser is characterised by the activating 

influence on the above mentioned components of the antioxidant system, as well as on the 

membrane function, in particular in blood cells. It may be related to activation of oxygen by 

red light and, consequently, by enhancement of tissue oxidative processes.  

During the last twenty years there are a lot of results obtained about influence of laser 

radiation on biological tissues and biological responses of different biochemical systems [24-

42]. At the same time other authors have noted an inhibitory effects of low intensity laser 

radiation or the absence of its influence on the antioxidant system [30, 32, 34, 39]. 

 

1.3.2 Biological antioxidant system 

The biological antioxidant system (AOS) includes such inorganic compounds like: Cu, Fe, S, 

Se and organic substances. There are E-group-vitamins, ascorbic acid, calciumpherols, A-

retinol, P-ruthin, B2-ribophlavin, B5-nicotinamid, B6-pyrydoxin and its derivatives, 

carotinoids, phenol-organic compound (ubichinons, naphthachinons), sulfur-organic 

compounds (cystein, methionine, glutathione, proteins etc.), estrogens and enzymes-

antioxidants: superoxide dismutase (SOD), peroxidase (P), catalase (C), glutathione reductase 

(GR). 

One of the main roles in functions of this system have antioxidants-enzymes [43, 44].  

Biooxidants include the substances with active H-atom which is not strong bonded with C-

atom. Marking a biooxidant as "BO(H)" the following reactions can be shown: 

 

BO(H) + R*       BO* + RH 

BO(H) + RO2*  BO* + ROOH 

BO(H) + RO2*  BOO2* + RH , where the radicals BO*, BOO2* are inactive [45, 46].  
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Protective effect of an antioxidant is greater in case that its free radicals react with peroxyde 

compounds and between themselves. So the chemical innertive substances are appeared, for 

example: 

BO* + RO2*  BORO2 

BO* + BO*    BO2 

 

Biological antioxidant system (AOS) has a number of specific features such as: 

1) some compounds of AOS are not synthesed in organism and should be taken from food 

staff (alimentary factor) 

2) the alimentary factors could be vitamins, carotinoids, methyonine and some mineral 

elements 

3) the deficit of these substances causes the reducing of antioxidant status and at the same 

time free radicals lipid peroxidation will be increasing.  

Free radical: One molecule or its part, which does not have twin electron on molecular or 

external atomic orbit. By means of this factor the system is high reactive in chemical 

processes and it has ability to destroy important biological molecules [45, 47]. 

 

 

2 Literature review: Physiological and biochemical effects of laser light 
2.1 Effects of LILI in general 

During the last fifteen years photo- and biological mechanisms of LILI action were researched 

[1, 4, 5, 8, 9, 28, 48-57]. There are a lot of publications and known results concerning therapy 

effects, such as a wounds treatment, stimulation of reparative processes in tissues and micro 

circulation, increasing of organism resistance etc. [1, 4, 49-52, 54, 55]. More over, 

programming certain parameters (wavelength, intensity and time of exposition) LILI is 

considered as a modulator of different effects (including negative ones) [46, 58].  

There are three types of photo-biological effects which depend on kind of interaction between 

laser light and biological tissues: 

1) Photo-destructive influence. In this case the hydrodynamic, thermal and photochemical 

effects of light cause the tissues' destruction.  

2) Photophysical and photochemical influence, when light, absorbed by tissues, initiates 

atoms and molecules in these tissues and as result photochemical and photophysical reactions 

are appeared.  
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3) Zero-influence, that means the biological substance does not change its properties during 

and after light radiation. They are such effects like dispersion and reflection [1, 4, 8]. 

Photobiological processes are quite various and specific. They are based on photochemical 

and photophysical reactions which run in organism after light radiation. Photophysical 

reactions are caused by heating an object to different degrees and spreading the heat in 

biological tissues. Photochemical reactions bring the electrons in atoms of biological 

substance to excited state after light absorbency. At the molecular level it drives to 

photoionisation of substance, its oxidation or photoreduction, photodissociation of molecules 

and photoisomerisation [59].  

Laser irradiation is absorbed by different cell structures not equally. For example, pigment 

melanin and water absorb the light in ultra violet area of spectrum, oxyhemoglobin and 

hemoglobin at 530-540 nm and catalase absorbs it at 630 nm. It changes structure of 

membranes and at the first functions of thermolabile channels [60].  

At the beginning of chemicals reactions some free radicals are appeared, which start oxidative 

processes of biological substrates in cascade. At this level trigger-mechanisms intensify the 

effect of LILI [47].  

 

2.2 Influence of LILI on cell membrane 

LILI stimulates metabolic activity of cell and in particular, forming of ATP in mitochondria. 

Antioxidant effect of LILI is known that intensity of free radical oxidation in lipid phase of 

membranes depends on a ratio from saturated and unsaturated lipids and viscosity of lipid 

component which are changed after laser treatment. As a result the structure of membrane is 

deformed, its functional state and properties are changed too, therefore the activity of 

membrane enzymes is not identically before and after laser radiation [47, 59]. 

The forming of electron-excited states initiates changes in energetic activity of cell 

membrane, conformation reorganising of liquid-crystal structures, structure alteration of 

liquid substances of organism, appearance of photolysis products, changing of pH. Together 

all these factors start changing of the cascade reactions in the large complexes of biophysical 

and biochemical processes [47, 61]. 

Increasing of energetic activity of biological membranes under influence of LILI involves 

later on the changing of bioelectrical processes, activating of substance transferring through a 

membrane, changes in lipid bilayer and the whole membrane potential [62]. 

Membrane damage plays a great role in the photoinactivation of cells, especially in the 

presence of photodynamic sensitizers [63]. Membranes are important targets of 
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photomodification and the role of singlet oxygen as an important intermediate in many 

membranes photosensitization reactions is firmly established [12]. However, the questions 

concerning the importance of singlet oxygen in biological systems have been raised because 

of the extremely short lifetime of 1O2 in water [64]. Effective membrane sensitisation usually 

involves an association of the sensitizer with the membrane. Singlet oxygen quantum yields 

may be either increased or decreased in the membrane phase depending on the sensitizer. 

There is an increase for porphyrins due to aggregation effects but a decrease for halogenated 

fluorescing derivatives [12, 65]. In addition to that, some authors show the illumination of the 

erythrocytes with visible light in the presence of photoporphyrine results in cross-linking of 

membrane protein and deterioration of several membrane functions, e.g. active transport of K+ 

and Na+ [66].  

 

2.3 The mechanisms of photo- and biological LILI activation  

Energy of light is necessary to overcome activating barriers of chemical transformations in all 

photobiological processes. The following steps of these processes are: light absorption by 

photosensibilisator of tissue, formation of electron-exited states, transferring of charge and 

final photobiological effect [59].  

During the process of radiation (it means by laser light on biological object) one part of 

energy is reflected, in accordance with the properties and features of radiated surface. The rest 

of energy should be absorbed. Each and every biological substance has own coefficient of 

reflection and that should be considered for experimental practice [47]. LILI absorption 

depends on properties and specific features of biological tissues. It is known that in gamut 

from 600 to 1400 nm 25-40% of irradiation are absorbed by human skin, 30-80% by muscle 

tissue and to 100% by liver, kidney, heart tissue and spleen [47].  

There are some consistent phases in mechanisms of treatment-effect of physical factors. First 

of all it is absorption of energy of acting factor by organism as a physical substance. In this 

phase all processes are submitted to physical rules. By absorption light energy different 

physical processes appear and the most important of them are external and internal photo-

effects, electrolytic dissociation of molecules and various complexes [67].  

By light quantum absorption one electron migrates from the lower energetic level at bonding 

orbital to upper energetic level. In this way it brings atom or molecule into excited (singlet or 

triplet) state [47]. 

In semiconductors and dielectrics electron remains in substance after photon-absorption; then 

it migrates to the upper energetic levels into singlet ot triplet state. This is internal photo-
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effect which is characterised by changing of electrical conductivity of semiconductor under 

light irradiation (photo-conductivity) and appearance of potentials difference between 

different areas of radiated biological object (it means appearance of photo-electrical energy). 

Photo-dielectric effect appears after migration of atoms or molecules of radiated substance 

into excited state [47].  

A photo-effect can be expressed as:  

a) appearance of photo-electrical energy  

b) appearance of photo-electrical energy diffusion (Dember's effect)  

c) appearance of photo-electrical energy by semiconductor lighting in electromagnetic field 

[57]. 

The last effect has the greatest power, some dozens of Volts, that is logically the basis of 

positive remarkable effects in laser therapy.  

Besides that, probably LILI has influence on some bonds in atoms and molecules of radiated 

substance (ionic-, ion-dipole-, hydrogen- and hydrophobic-bonds, van der Vaals powers). It 

goes on so that free ions are appeared like in electromagnetic field, it means the process of 

electrolytic dissociation with the further migration of ions. Later on the migration and 

transformation of energy initiates a number of chemical and physical processes in organism. 

Realisation of energy of atom or molecule into singlet state are following:  

a) heating-transformation   

b) emission of fluorescence  

c) photochemical reactions 

d) transference of energy to other molecules 

e) transformation of atom or molecule into triplet state [45]. 

 

Energy transfer from triplet state goes like: 

a) non-emission transformation into native state with changing of electron's spin 

b) emission of fluorescence 

c) photochemical reactions 

d) transfer of energy to other molecules. 

 

Energy migration can be expressed in some ways in case of transferring to other molecule. It 

depends on energy of interaction between molecules. 

In the visible region, when a photon is absorbed by a molecule, the electrons of that molecule 

are raised to a higher energy state [59]. This excited molecule must then loose its extra energy 
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and it can do so either by re-emitting a photon of longer wavelength (i.e. less energy), as in 

fluorescence or phosphorescence, or it can loose energy by giving off heat, or it can loose 

energy by undergoing photochemistry. Photobiological responses are the result of 

photochemical and/or photophysical changes produced by the absorption of non-ionising 

electromagnetic radiation [68]. 

The first law of photochemistry states that light must be absorbed before photochemical 

reactions can be occur. The meaning of this law is that if radiation of a particular wavelength 

is not absorbed by a system, then it is safe for that system, since no photochemical or 

photophysical changes can occur. Visible light can be safe for one biological system, and be 

very damaging for another one. An absorption spectrum is a plot of the probability that light 

of a given wavelength will be absorbed by the system. The quantum yield of a photochemical 

reaction is the probability that photochemistry will occur when the energy of light is absorbed 

by the system. Thus, the true photochemical sensitivity of a system is the product of these two 

statements, i.e. the probability that light of a given wavelength will be absorbed and then 

absorbed light will cause a chemical change. Therefore, it follows that, under ideal 

experimental conditions, an action spectrum, i.e., a plot of the relative effectiveness of 

different wavelengths of light in causing a particular biological response, should mimic the 

absorption spectrum of the molecule that is absorbing the light, and whose photochemical 

alteration causes the biological effect [69]. 

 

2.4 Photoactivation of enzymes 

The importance of the light activation of enzymes is that enzymes are catalysts. One photon 

can activate one enzyme molecule, which in turn can process many thousands of substrate 

molecules. It provides a huge amplification factor for initiating a biological response with 

light. This remarkable amplification factor may be the explanation for why low level 

(intensity) laser radiation therapy is effective [70]. If the effect of one photon can be amplified 

biologically, then one does not need a lot of photons to produce an effect. One just needs to 

find the proper wavelength of light to stimulate the beneficial therapeutic effect [29, 71]. 

There are a number of ways (direct and indirect) that light can activate an enzyme. They are:  

a) activate (produce) the substrate; if one irradiates a cell with UV radiation, the 

photochemical damage that is produced in the DNA will be repaired by a set of DNA repair 

enzymes that have become active due to the presence of their substrates. 

b) activate the enzyme-substrate complex; the photoreactivating enzyme recognises one type 

of DNA damage as its substrate and combines with these dimers in the dark.  

 20



c) activate the enzyme directly; it means by stimulating a conformational change in the 

enzyme molecule itself or in an attached photochromic inhibitor of the enzyme molecule, or 

by photochemically splitting an inhibitor from the enzyme.  

d) induce the synthesis of the enzyme; it would occur by gene activation, by means a whole 

group of DNA repair enzymes are induced. 

Thus the light activation of enzyme activity can occur by several diverse mechanisms. The 

first two mechanisms mentioned, i.e., the radiation production of the substrate, and the 

irradiation of the enzyme-substrate complex do not result in amplification; one absorbed 

photon is needed for each photochemical event. Therefore a high level of radiation is required 

for these events.  

The last two mechanisms, the direct activation of an enzyme and the induction of the 

synthesis of an enzyme, result in more chemical changes than the number of photons 

absorbed, and are produced by lower levels of radiation than the two processes above 

mentioned. These last two mechanisms of enzyme activation can be real photobiological basis 

of low level laser radiation therapy from the visible region of the spectrum [69, 72, 73].  

 

2.5 Biostimulation 

To explain the biostimulation effect of low level radiation (especially at 633 nm), Karu 

proposed a chain of molecular events starting with the absorption of light by a photoreceptor, 

which leads to signal transduction and amplification, and finally results in the photo-response 

[74]. In this way light is absorbed by components of the respiratory chain, which causes an 

activation of the respiratory chain and the oxidation of the NAD pool, which leads to changes 

in the redox status of both the mitochondria and the cytoplasm [75]. This in turn has an effect 

on membrane permeability/transport, which changes in the Na+/H+ ratio and increases ATPase 

activity, which in turn has an effect on the Ca2+ flux. The Ca2+ flux affects the levels of cyclic 

nucleotides, which modulates DNA and RNA synthesis and which modulates cell 

proliferation (i.e. biostimulation) [26]. Radiation at 633 nm (and similar to 904 nm) initiates 

by photoactivating enzymes in the mitochondria, a cascade of molecular events leading to the 

photo-response. There is a suggesting [69], that initiating of response starts at the membrane 

level, through photophysical effects on Ca2+ channels [74]. Calcium ions are intracellular 

messengers in many signal-transducing systems. The intracellular level of Ca2+ must be kept 

low because phosphate esters are prevalent and calcium phosphates are very insoluble. The 

cytosolic level of Ca2+ in unexcited cells is several orders of magnitude less than the 

extracellular concentration. Thus, the cytosolic Ca2+ concentration can be raised for signalling 
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purposes by transiently opening calcium channels in the plasma membrane or in an 

intracellular membrane [25, 75]. There is no one common statement in which ways calcium 

functions in signal transduction and the multiple pathways for the control of metabolism [25, 

26, 76]. So Karu postulates that the magnitude of the laser biostimulation effect depends on 

the physiological state of the cell at the moment of irradiation [15]. This explains why the 

effects are not always detectable, as well as the variability of the results reported in the 

literature [4, 7, 68]. 

A major problem, tackled by many researches but with no conclusive results, is the question 

of how LILI affects living tissue. Olson considers that there is a primary absorption of light by 

mitochondria enzymes, resulting in local heating following an immediate change in 

membrane conductivity [28]. Karu suggests that at doses causing biostimulation, visible light 

is absorbed by the respiratory chain components such as flavins and cytochromes, causing an 

acceleration of the electron-transfer in the redox pairs in some sections of the respiratory 

chain [5, 74]. Klima compares laser therapy to oxygen therapies. In oxygen therapies the light 

(for example, 632 nm) is emitted by 1O2 which has a therapeutic effect. Klima assumes that 

He-Ne-laser light (632 nm) plays the same role as singlet oxygen emission in immune 

regulation [14]. However some authors point out in their studies the increased amount of 

singlet oxygen under UV light treatment [77-81]. 

Singlet oxygen has been recently shown to be a significant biochemical intermediate in 

biochemical processes and hence can be important in biostimulation. The production of 1O2 in 

the cell during irradiation was proved E.P.R. (Electron Paramagnetic Resonance) technique 

according to the method of Moan [67, 82]. Lubart shows that LILI used for biostimulation 

actually generates small amounts of singlet oxygen (1O2) in the radiated cells [81]. The singlet 

oxygen is photoproduced by the endogenous porphyrins produced by the cells which are 

photoexcited by the He-Ne-laser light (632 nm). For example, Reddi reports a detailed laser 

flash photolysis study of the triplet states of hematoporphyrin (HP) and coproporphyrin (CP) 

[83]. Porphyrins have an intense absorption in the violet region around 440 nm and four 

additional absorption bands with decreasing intensity between 500 and 630 nm. In low level 

intensity laser therapy (LLLT) only the 630 nm is used because of its good penetration [81]. 

Besides porphyrins Girotti describes mechanisms of photosensitization of other classes of 

photosensitizing dyes and pigments such as furocoumarins, miscellaneous (including, e.g. 

flavins, xanthenes and thiazines) [84]. 

Singlet oxygen (1O2) is a highly reactive intermediate. It has a sufficiently long half-life in the 

biological environment to react chemically. Singlet oxygen at large amounts rapidly oxidises 
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a large variety of biological molecules, damages DNA and is responsible for cell destruction 

[24]. At low concentration, on the other hand, singlet oxygen can modulate biochemical 

processes taking place in a cell and can trigger immune regulation [49]. Recently several 

biochemical systems have been shown to produce singlet oxygen. Independently from each 

other Penning and Brault describe it in photodynamic therapy of cancer, when after light 

activation of the sensitizer, singlet oxygen and oxygen free radicals are formed and 

consequently all kinds of cellular components are affected [33, 85]. There are other statements 

that by radiating damages tissues with laser light small amounts of singlet oxygen are 

produced and are responsible for tissue regeneration [10, 45].  

Having traditionally concentrating on studies positive-resulted to biological effects of LILI, 

over the last few years many authors criticise the articles reviewed about large data of 

biological effects of LILI from the negative part [30, 86]. Belkin considers that data consist 

mostly of disjointed pieces of information, largely not associated and unrelated to one 

another, often conflicting and not always carried out on a exact scientific manner. The most 

notable omission is the lack of control experiments in many instances, especially in the 

experiments involving human subjects [34]. Furthermore, he declares that the testing and 

reporting of the effects are not performed under uniform conditions. In most articles either the 

physical or the biological data supplied are incomplete, precluding in some cases the 

repetition of the experiments by other investigators. To his mind this problem relates mostly 

to the biologists failing to report meaningfully all the relevant physical parameters of the 

experiments, some even neglecting to report the wavelength of the laser used. The biological 

effects of LILI, taking place when the energy flux reaches above a threshold specific to each 

wavelength/tissue combination, consist generally of stimulation or inhibition of biochemical, 

physiological and proliferating activity. At yet higher energies, again specific to each 

wavelength/tissue combination, the irradiation can become damaging. Therefore the term 

"biostimulation" is inaccurate and can be better avoided [34]. The effects are clearly dose 

dependent. Contrary to the relatively simple dose-effect relationship of drugs, the laser effects 

seem to depend on most irradiation parameters, such as wavelength, energy flux, whether the 

laser light is continuous or pulsed, the characteristics of the pulses, the temporal 

characteristics of the irradiation and the treatment regime. Cowled does not agree with this 

statement. In his experimental work concerning comparison of the efficacy of pulsed and 

continuous wave red laser light (He-Ne-laser) to induce photodynamic activity in 

haematoporphyrin derivative no differences were found [27]. It seems to be similar to the 

Belkin's point of view, that all these described multiple parameters were only very 
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rudimentarily investigated [34]. Besides that coherent radiation is not necessary to achieve the 

effects described, some data exist that non-coherent non-ionising narrow band radiation has 

biological effects similar to laser radiation [16]. Nevertheless, Tuner and Hode made 

comparative analysis of a great number of frequently cited studies on the effects of LILI and 

low level laser therapy in particular. They assert that in many of these studies, the analysis 

uncovered one or more reasons for the negative findings reported, the most common being the 

use of extremely low doses. Other reasons included faulty inclusion criteria, inaccurate 

control group definition, ineffective methods of therapy, inadequate attention to systemic 

effects and tissue condition, and low incident power density. A weakness often encountered in 

these studies is their failure to provide sufficient data on laser parameters. Since negatively 

inclined studies such as these are often quoted as "proof" of the ineffectiveness of low level 

laser therapy (LLLT), it is important that they be subjected to a proper critical analysis [32]. 

Certainly, negative reports must be always taken seriously, but there is a fact that LLLT is 

relatively young science and it might be perhaps unfair to criticise the earlier negative studies. 

 

2.6 Biological responses on LILI and their application  

Although the surgical use of lasers is now well established, the healing properties claimed for 

weak laser light are still controversial [6, 11, 13, 31, 35, 36, 87-94]. Researching effect of 

biostimulation of division in Saccharomyces cerevisiae Quickenden and Daniels make a 

statement that no growth enhancement was found in the irradiated cultures, but a mild 

inhibitory effect was observed [87]. Their data should be contrary to the expectations of Karu 

et al. [48]. Gomer and Smith describe a photoinactivation of Chinese hamster cells by 

haematoporphyrin derivative and red light [11], that conflicts to the study reported by Moan 

[82]. Kovacs et al. describe the remarkable effects of He-Ne-laser radiation on the membrane 

of human erythrocytes, and in particular, the effect of inducing changes of the osmotic 

fragility of the red cell membrane [90]. At the same time Breitbart et al. report that by He-Ne-

laser radiation the ATP-dependent Ca2+ uptake by the plasma membrane vesicles was not 

changed but accelerated Ca2+ uptake by the mitochondria [31]. Besides that other disputable 

effects of He-Ne-laser irradiation are described, such as: depressed lipid peroxide 

concentrations by He-Ne-laser treatment, Zhang et al. [35]; increased level of cytokines after 

30 min of radiation and significantly decreased after 60 min of exposition, Funk et al. [92]; 

dosimetry-related wound healing response in the rat model following He-Ne-laser LLLT, Al-

Watban [94]; angular dependence of He-Ne-laser light scattering by human dermis, Jacques et 

al. [36]. 
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Concerning other kind of lasers and their treatments, Pogrel has found no differences in cell 

proliferation, adhesion or migration in either the fibroblast or keratinocyte culture treated with 

the gallium-aluminium-arsenide laser (at 830 nm) at any power density or time compared with 

non-treated controls [6]. But the obtained results from Bolton et al. suggest a relationship 

between fibroblast proliferation and succinic dehydrogenase activity. At the lower energy 

density, succinic dehydrogenase levels rise with fibroblast proliferation [91].  

The effects of LLLT after CO2-laser radiation on enhanced survival of skin flaps in the rat 

model are attributed to an enhanced circulatory response, and as part of the enzymatic 

response, a decrease in LDH activity was found, possibly reducing total lactate content, thus 

helping to control acidosis at a cellular level, Zhang et al. [89]. 

Yova et al. have studied the effects of UVA-laser radiation on cells in vitro. To their 

experimental results the degree of cell damage was related to the fluency and it was concluded 

that increasing fluency of radiation resulted in decrease rate of cell survival [13]. Two groups 

of authors independently from each other describe the similar results of UVA-laser treatment 

about photohaemolysis. In accordance with their data, after irradiation all investigated cells 

were haemolysed [88, 93]. Schindl et al. consider the acting of LILI as acting having various 

immune modulation effects [95]. 

 

2.7 Summary 

1) Lasers are optical quantum generators that produce low intensity laser irradiation 

conveniently using in laser therapy. 

2) By laser radiating photobiological and/or photophysical responses occur in treated 

tissues which have therapeutic effect. 

3) Other alternative to therapeutic effect is damage- or zero-effect depending on way of 

interaction between light and biological system. 

4) Irradiation must be absorbed to produce chemical or physical changes in tissue, which 

are resulted in a biological response of treated system. 

5) The absorption spectrum of a biological system should show that energy of irradiation 

will be absorbed and therefore an effect is appeared. 

6) The true radiation sensitivity of a system at a given wavelength is the product of the 

absorbency, i.e. the probability that irradiation will be absorbed. The quantum yield of 

a photochemical reaction is the probability that the absorbed irradiation will produce 

chemical or physical changes in the system. 

7) Once a photobiological response is observed, the next step determines the optimal and 
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extreme doses of radiation at the chosen wavelength and the necessary number of 

treatments required to produce the desirable effects (modulating of biological effects). 

8) Biological effect of LILI may be due to the photoactivation of enzymes and to the 

photophysical modification of membranes. 

9) LILI has significant influence (biostimulation) on singlet oxygen as an important 

intermediate in biochemical processes.  

10) Low level laser radiation therapy may be not successful if the cells are already 

functioning at the maximum normal rate.  

11) Effects of LILI in different biological systems are contradictory.  

 

 

3 Materials and methods 
3.1 Lactic dehydrogenase activity determination 

Principle of method: 

The oxidised diphosphopyridine nucleotide (DPN) has an absorption maximum at 340 nm; 

the reduced form (DPNH) has no maximum there.  In the absence of interfering reactions the 

reduction from pyruvate to lactate is measured photometricaly at 340 nm. The optical density 

decreases because of equimolar correlation. It means, that 1 mol of restored substrate is equal 

to 1 mol of oxidised substrate [96].  

Pyruvate + DPNH  Lactate + DPN  

 

Chemical: 

Phosphate buffer (KH2PO4 + K2HPO4), 0.1 mol/l, pH 7.4  

Na pyruvate, 0.01 mol/l in water 

DPNH, 0.002 mol/l (kept at slightly alkaline pH) 

NaCl, 0.01 mol/l in water 

Enzyme (diluted in cold NaCl solution) 

 

Detection: 

In a cuvette of 1 cm light path and 3 ml capacity 0.1 ml of pyruvate solution was placed, then 

0.1 ml of DPNH, 1.0 ml of phosphate buffer, enzyme solution and water were added. A 

volume was made for 3.0 ml. The optical density was measured in 30 seconds intervals during 

3 min. Focused beam went straightway and through the whole solution in vial (cuvette). 

Detection was done at 340 nm by photometer SPECOR 40.  
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One unit of enzyme is defined as that amount, which causes an initial rate of oxidation of 1 

µmol of DPNH per min.  

Changing of optical density in exact period of time was counted by proportion.  

The coefficient of optical density was found according to: 1 µmol of DPNH = 6.22 U of 

optical density. The result of oxidised substrate was the same to result of reduced pyruvate.  

Activity of enzyme has expressed in units per mg of protein [96]. Protein was determined by 

the method of Lowry (3.17). 

3.2 Succinate dehydrogenase (succinic dehydrogenase system) activity detection 

Preparation: 

The well-minced tissue was washed with water and then centrifuged. The washed tissue was 

next gently ground in a mortar with sand and diluted by phosphate buffer: 0.02 mol/l, pH 7.2, 

an adequate extracting medium for animal tissues was taken. The ground material was next 

centrifuged for 20 min at 1500 r/min and the resulting cloudy supernatant fluid subjected to 

acid precipitation (to cool to 4°C and brought to pH 5.7 with 1 N acetic acid). The precipitate 

was immediately collected by centrifuging for 15 min in the cold at 1500 r/min and suspended 

in an equal volume of phosphate buffer (0.1 mol/l, pH 7.2).  

 

Principle of method: 

The method is dependent on the rate of reduction of a suitable hydrogen acceptor under 

anaerobic conditions. Observation was done photometricaly at 620 nm, the time required for 

90% reduction of the hydrogen acceptor being the end of the point (the result). Methylene 

blue is commonly used as hydrogen acceptor; the enzyme concentration was adjusted so that 

90% reduction is obtained from 5 to 10 min [97].  

 

Chemical: 

Phosphate buffer, (KH2PO4 + K2HPO4), 0.1 mol/l pH 7.2  

Methylene blue (MB), 2.67 x 10-4 mol/l in water 

Sodium succinate, 0.2 mol/l in water  

Acetic acid, 1 N in water 

 

Detection: 

Into a vial 1 ml of the dye and Na-succinate plus 4 ml of phosphate buffer were placed, the 

total volume was made to 6 ml. The enzyme preparation was put in the side cap and the joint 

of the cap was greased with a grade of high-vacuum grease and firmly placed on the vial. 
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After 10 min of temperature equilibration the contents were mixed and the reduction of the 

dye (Qmb) was observed photometricaly and visually. The Qmb was defined as microlitters  of 

H2 transferred to methylene blue per hour per mg of dry weight.  

The calculation was done in following: 1 ml of 10-3 mol of MB requires 22.4 µl of H2; hence, 

the 1 ml of 2.67 x 10-4 mol of MB used in the assay requires 5.98 µl of H2 or, at 90% 

reduction, 5.44 µl of H2 [97]. 

 

 3.3 Glucose-6-phosphatase activity detection 

Principle of method: 

The method is based on the incubation of the substrate with enzyme and determination of 

inorganic phosphate (3.12), [98, 99]:  

Glucose-6-Phosphate + H2O  Glucose + PO4
3-  

 

Chemical: 

Buffer (116 mg of maleic acid were dissolved in water; NaOH was added making pH 6.5, 

total volume 10 ml)  

Substrate (glucose-6-phosphate, barium salt) as a stock solution, 0.1 mol/l in water  

Enzyme: 5% to 10% of tissue's homogenate (on-ice) 

HCl, 1 N in water 

Na2SO4 anhydrous, 72 mg 

NaOH, 1 N in water 

Trichloracetic acid (TCA), 10% solution in water 

Dest. water 

 

Detection: 

Preparation of the stock solution: 

260 mg of the barium salt of glucose-6-phosphatase were suspended in 2 ml of distilled water, 

1 ml of 1 N HCl was added and then 72 mg of Na2SO4 anhydrous, 0.5 mmol/l too. The 

solution was centrifuged (to remove the precipitated BaSO4), pH of the supernatant solution 

was brought to pH 6.5 with 1 N NaOH. The total volume was 5 ml.  

The experiment included the control and working probes.  

The control: After preparation of control solution 1 ml of 10% TCA was added to stop 

running reactions (keeping on-ice).  

The experiment: Into calibrated centrifuge tube 0.1 ml of substrate solution and 0.3 ml of 
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buffer were out-measured. The solution was brought to 37°C in water bath. 0.1 ml of 

homogenate was added and then prepared probes were incubated in thermostat at 30°C for 15 

min. Then 1 ml of 10% TCA was added to stop running reactions (keeping on-ice). After 5 

min, the solution was diluted to 2.5 ml and centrifuged. After adding the acid the amount of 

inorganic phosphate in probe has been detected.  

The activity of enzyme was determined in following: one U of substrate after reactions for 

one U of time in one U of protein [98, 99]. 

3.4 Biuret - Method 

Principle of method:  

The method is based on the formation violet coloured complex of peptide bonds with Cu2+ 

ions in alkali media [100, 101]. Such complex does not have the same absorption spectrum as 

the protein complexes by reading.  

 

Chemical: 

Solution of protein (standard, 10 mg/ml) 

Biuret-reactive: 

0.15 g CuSO4 x 5 H2O 

0.6 g NaKC4H4O6 x 4 H2O 

50 ml dest. water 

30 ml NaOH, 10% solution in water  

KI, 0.1 g in water 

 

Detection: 

The above mentioned reagents of biuret-reactive were mixed and prepared beforehand. 4 ml 

of biuret-reactive were added to 1 ml of protein solution, containing 2 to10 mg of protein and 

well mixed. After shaking the probes were kept at room temperature for 30 min. The 

photometrical analysis was done at 540 nm in 1 cm cuvette with photometer "SPECOR 40". 

Over the standard solution of protein a calibration chart was done for further calculations 

[100, 101]. 

 

3.5 Alpha-amylase activity detection 

Principle of method: 

The method is based on the ability of alpha-amylase to divide starch to monosaccharides. The 

amount of starch is determined by starch-iodine complex (blue color) [100, 102]. The starch-
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iodine complex is detected photometricaly at 600 nm. 

 

Chemical: 

0.5 g of starch was soluted (by heating up) in 100 ml of phosphate buffer,  

0.05 mol/l, pH 7.2.Lugol solution (stock solution): 0.5 g of iodine and 1g of KI were 

dissolved in 100 ml water.  

The prepared solution had been stored in brown vial in refrigerator. Before starting reactions 

the solution was diluted in water 1:50. 

HCl, 2 N in water  

 

Detection: 

The incubation had run at 30°C, time of incubation included 5-15 min (usual time). For 

detection of changing activity of alpha-amylase the control and experimental probes were 

prepared. 1 ml from each probe (from control and experimental ones) was mixed with 1 ml of 

the starch solution. After 5 min the activity of alpha-amylase in the solutions was blocked by 

adding of 100 µl 2 N HCl (to create acid pH), which had stopped reactions running but did 

not denature a protein. To every solution 1 ml of Lugol solution (diluted 1:50) was added.  

The control solution had had bright blue colour because of presence of undestroyed starch; in 

the experimental probes starch was partly destroyed by alpha-amylase and therefore the 

colour of solutions was faded. 

All probes were registered with spectrophotometer at 600 nm [100, 102].  

The counting was done to following scheme:  

K(control) reading - E(experimental probe) reading = R (result) 

The changing of enzyme activity (it means velocity of catalysis) was expressed as:  

quantity of outworked substrate (mg) in one U of time to 1 U (mg) of protein.  

 

3.6 Determination of superoxide dismutase (SOD) activity  

Principle of method:  

The method of estimation SOD activity is based on determination of inhibition degree of 

quercetin autooxidation reaction [103, 104]. 

 

Chemical:  

Quercetin (3,3,'4,5,6-Pentahydroxyflavone), 1.4 µmol/l in water  

Phosphate buffer, pH 7.8, 0.015 mol/l in water  
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Ethylendiamintetraacetate (EDTA), 0.08 mmol/l in water  

Tetramethylethylendiamine (TMEDA), 0.8 mmol/l in water  

Dimethylsulfoxide (DMSO) 

 

 Detection:  

Biological tissues (homogenates) were diluted with water 1:100 because of high activity of 

SOD. Quercetin autooxidating (1.4 µmol/l) was done at the room temperature in 40 ml of 

0.015 mol/l solution of phosphate buffer (pH 7.8) with 20 ml of 0.08 mmol/l solution of 

ethylendiamintetraacetate and 20 ml of 0.8 mol/l solution of tetramethylethylendiamine. The 

reaction was started by adding 0.1 ml of dimethylsulfoxide to the prepared solution. The 

control probe did not contain any homogenate. To the experimental probes the homogenates 

of liver (0.05 ml) and brain (0.1 ml) were added in 20 min after starting. The absorption 

spectra were registered by spectrophotometer ("Specor M-40") at wavelength 406 nm; for the 

all measures 1 cm cuvette was used.  

Quercetin autooxidating reaction at pH 10.0 with tetramethylethylendiamine is quite specific 

and sensitive indicator of SOD. The degree of inhibiting was calculated in %:  

 

% inhibition: = delta DI(406) - delta DII(406) x 100 

      delta DI(406) 

where: 

delta DII(406): changing of optical density at 406 nm after 20 min in experimental probe;  

delta DI(406): changing of optical density at 406 nm after 20 min in control without SOD 

[103, 104]. 

 

3.7 Electrophoresis of proteins 

Principle of method: 

Gel-electrophoresis method is based on separating macromolecules either nucleic acids or 

proteins on the basis of size, electric charge and other physical properties. Gel-electrophoresis 

refers to the technique in which molecules are forced across a span of gel, motivated by an 

electrical current. A molecule's properties determine how rapidly an electric field can move 

the molecule through a gelatinous medium. Depending on the nature of the net charge, the 

charged particles will migrate either to the cathode or to the anode. A molecular weight of 

protein marker is used to prepare a standard separation curve; various unknown proteins can 

be identified on basis of this chart [105, 106].  
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Chemical:  

Solutions of proteins  

 

Detection:  

Methods for separating proteins took advantage of properties such as charge, size, and 

solubility, which vary from one protein to the other. Since many proteins bind to other 

biomolecules, proteins are separated on the basis of their binding properties. The sources of 

proteins were biological tissues. The cells were broken before and opened, such the protein 

could be released into a solution (a crude extract). Differential centrifugation was used for 

preparation of subcellular fractions (described in 3.1 - 3.3, 3.5). For protein separation two 

kinds of gel-substrate were used in work: polyacrylamide gel and agar gel [105, 106].  

  

3.8 Detection of glutathione peroxidase activity in red cells 

Principle of method: 

Measuring of the enzymatic activity is based on detection of velocity of glutathione oxidation 

in presence of tributyl hydroperoxide. Concentration of glutathione before and after 

incubation was detected photometrically [107]. 

 

Chemical:  

TRIS-HCl-buffer 0.1 mol/l, pH 8.5 (containing 6 mmol/l of ethylenediamine tetraacetic acid 

(EDTA) and 12 mmol/l of sodium azide) 

Tributyl hydroperoxide, 20 mmol/l in water 

Trichloracetic acid, 200 g/l in water 

Reduced glutathione  

Ellman's reagent (0.01 mol/l solution, 3.96 g/l of 5,5'-Dithiobis(2-nitrobenzoic acid) in 

methanol)  

NaCl isotonic solution, pH 7.4 

 

Detection:  

EDTA was used as an anticoagulant, 1 ml to 1 ml of blood. Red cells were two times washed 

with isotonic NaCl solution ph 7.4, centrifuged for 30 min at 4000 r/min and 4°C, then 

hemolysed with equal amount of distillate water by freezing and defreezing. The amount of 

haemoglobin in homolysate was diluted to 10 g/l (in water). 100 µl of homolysate were 
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preincubated with 830 µl of TRIS-HCl-buffer 0.1 mol/l, pH 8.5 during 10 min at 37°C. Then 

70 µl of tributyl hydroperoxide, 20 mmol/l solution in water were added to the prepared 

mixture and incubated during 5 min. The running reaction was stopped by adding of 200 µl of 

trichloracetic acid and then centrifuged. 100 µl of supernatant were added to 10 ml of TRIS-

HCl-buffer 0.1 mol/l. 100 µl of Ellman's reagent were put to that solution. After 5 min the 

probes were analyzed photometricaly at 412 nm in 1 cm cuvette. To the control probe the 

homolysate was added directly before protein precipitating [107].  

The activity of glutathione peroxidase was calculated in following: 

E(control) - E (experimental probe) x 2147 = µmol/ml for 1 g of haemoglobin. 

 

3.9 Detection of catalase activity  

 Principle of method: 

The method is based on the determination of the amount of H2O2 split by the enzyme after 15 

and 30 seconds at room temperature and extrapolating to zero time. The H2O2 was measured 

by titration with potassium permanganate. The rapid titration minimised the effect of catalase 

destruction that took place during the reaction [108].  

 

Chemical: 

NaCl, 0.9% solution in water 

Phosphate buffer, 0.01 mol/l, pH 7.4 

H2O2 solution (0.7 ml of H2O2 in 50 ml of water) 

H2SO4, 2% solution in water  

Potassium permanganate, 0.01 mol/l in water 

96% Ethanol 

Chloroform  

Acetone 

Ammonium sulphate  

Acetate buffer, 1 mol/l, pH 4.0 

Phosphate buffer, pH 6.0 

Enzyme: catalase was diluted with phosphate buffer to 300 µg/ml.  

 

The method of catalase activity detection includes two steps:  

- Purification procedure 

- Estimation of catalase activity 
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Purification procedure:  

The blood corpuscles were washed twice with 0.9% NaCl to remove the plasma. They were 

laked by addition of twice the volume of distilled water. To remove the haemoglobin 100 ml 

of an alcohol-chloroform mixture (1 part of chloroform to 3 parts of ethanol) were added, 

while the solution was stirred vigorously for about 30 min. The denatured haemoglobin was 

removed by centrifugation (15 min at 3000 r/min). The alcohol-chloroform mixture was then 

evaporated in vacuum. This solution had been dialysed overnight against water. To the 

dialysed solution 2 mol/l acetate buffer were added, pH 4.0, until the pH of the solution was 

pH 4.0. The solution stood for several hours. Formed brownish precipitate was centrifuged 

and discarded. To the solution phosphate buffer was added (pH 6.0), until the solution was 0.1 

mol/l with regarding to phosphate. To 100 ml of solution 60 ml of acetone were put at the 

room temperature. The precipitate was centrifuged and discarded. In further addition 50 ml of 

acetone had precipitated the enzyme which was dissolved in 0.01 mol/l of phosphate, pH 7.4. 

It was possible to get crystalline enzyme by repeated ammonium sulphate fractionations. The 

first precipitate was discarded. Several fractions of partly crystalline material were obtained 

by the first fraction. Each of those fractions had got an ability to be re-crystallised getting pure 

enzyme.  

 

Estimation of catalase activity: 

50 ml of buffer were pipetted into a 100 ml Erlenmeyer flask and 2 ml of H2O2 solution were 

added. 2 ml were withdrawn and blown into a 25 ml Erlenmeyer flask containing few drops of 

2% sulfuric acid. The enzyme was added to the buffer solution on a small glass and the time 

was noted. 15 and 30 seconds later other 2 ml were withdrawn and blown into 2% sulfuric 

acid. The amount of H2O2 solution in samples was determined by titration with permanganate.  

The first order reaction constant was used as a measuring of the catalase activity.  

The amount of catalase in the solution was calculated from the optical density at 405 nm.  

The millimolar extinction: the values varied from 380 to 420 mmol-1cm-1 for pure catalase 

[108]. 

 

3.10 Detection of malonate dialdehyde (MDA) in red cells 

Principle of method: 

Malonic dialdehyde (MDA) is one of the end products of lipid peroxidation and gives colored 

reaction with thiobarbituric acid. By measuring the concentration of MDA the degree of lipid 
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peroxidation was determined photometricaly [109].  

 

Chemical: 

Trichloracetic acid,15 g; thiobarbituric acid (TBA), 375 mg; 37% HCl, 2.2 ml; dest. water to 

100 ml 

Erythrocytes homogenate  

 

 

Detection: 

TBA, HCl and TCA acid were mixed in water to achieve total volume 100 ml. That reagent 

was stored in refrigerator no longer then two days. Mixing of 0.8 ml of the reagent with 

erythrocytes had been done in ice in correlation 1:1 (to add 0.8 ml of red cell homogenate). 

Centrifuging was set up for 15 min at 3000 r/min, then the whole staff was taken and warmed 

up to boil for 15 min and then immediately cooled down in ice water.  

The detection was done at 532 nm photometricaly and amount of MDA was calculated as: 

[MDA] =  E  x  10  (nmol/ml) [109]. 

               

3.11 Detection of Mg2+- ATPase activity in red blood cells 

Principle of method: 

The principle of the method is stimulating of membrane ATPase activity from erythrocytes by 

glutathione S-conjugating, it means a dependence of reaction velocity from the concentration 

of stimulants [110]. Inorganic phosphorus was detected photometricaly.  

 

Chemical: 

DNP-SG solution ("Sigma"), 0.01 mol/l in water 

NaOH, 10% solution in water  

Trichloracetic acid, 10% solution in water 

ATP, 0.02 mol/l in water 

MgCl2, 0.05 mol/l in water 

Dest. water  

 

Detection: 

Enzyme: the stock solution was diluted in according to the scheme: 0.1 ml had hydrolysed to 

1.0 µmol of substrate.  
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The following vials (probes) were prepared for detection of Mg-ATPase activity:  

No. Total amount 

of solution,  

µl 

Quantity of 

Membranes,  

µl 

H2O,  

µl 

DNP-SG 

solution, 

µl 

Total amount of 

conjugate, µl 

1 35 15 20 0 0 

2 35 15 18 2 0.571 

3 35 15 16 4 1.143 

4 35 15 14 6 1.713 

5 35 15 10 10 2.857 

6 35 15 5 15 4.285 

7 35 15 0 20 5.714 

 

The seven probes were a standard number required to the used method. In the next step to all 

probes 10 µl of MgCl2 solution were added. From every serial step the first vial remained on-

ice, the other ones were taken into thermostat and incubated for 30 min at 37°C. After time of 

incubation the vials were returned to state on-ice. The reaction was stopped by adding 50 µl 

of TCA to the all probes and then mixed during 2 min. The mixture was centrifuged during 3 

min at 10000 r/min. 0.9 ml of distillate water were added to every experimental probe except 

a control one and then 100 µl of homogenate were placed there too. 

The amount of inorganic phosphorus was detected in every vial with homogenate; the ATPase 

activity was calculated in every vial in presence of different concentration of stimulant.  

The last calculation was expressed as a difference between absorption of experimental probes 

and control [110]. 

 

3.12 Method for the estimation of phosphate 

Principle of method: 

Inorganic phosphate is detected photometricaly in way of ammonium molybdato phosphate 

[107]. 

 

Chemical: 

Sulfuric acid, 5 N in water  

Ammonium molybdate, 2.5% solution in water 

Nitric acid, 2 N in water  

Trichloracetic acid, 5% solution in water 
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Reducing reagent:  

It was prepared in the powdered form and dissolved before using. The solution deteriorated 

slowly and was not used after more than one week. The powdered reagent was prepared by 

mixing thoroughly 0.2 g of 1-amino-2-naphthol-4-sulfonic acid with 1.2 g of sodium bisulfite 

and 1.2 g of sodium sulfite, then 0.25 g was measured with a small spoon and dissolved in 10 

ml of water. 

Standard solution: 

1.36 g of KH2PO4 was dissolved in 1000 ml of water, some drops of chloroform were added 

there and the solution was stored in the refrigerator. For using it was diluted 1:10, so that 1 ml 

corresponded to 1 µmole of phosphorus. 

 

Determination: 

Deproteinisation was done using trichloracetic acid (5%). The standard (control) and probes 

had contained 0.1 to 1 µmole of phosphate. One ml of sulfuric acid was added, followed by 1 

ml of molybdate. After mixing, 0.1 ml of reducing solution was added. The volume was made 

up to 10 ml. After mixing again, the absorbency at 660 nm after 10 min was measured 

photometricaly.  

 

Estimation of total phosphate: 

1 ml of 5 N sulfuric acid was added to the sample as it already was described in the 

procedure. The mixture was evaporated in the test tube over a free flame. When the contents 

became brown and had cooled, 1 drop of 2 N nitric acid was added and the heating was 

continued until white fumes appeared. In case if the liquid would not become colourless, the 

additional nitric acid was prepared. After cooling 1 ml of water was added and the tube placed 

in a boiling water bath for 5 min. After cooling 1 ml of molybdate was added and determined 

photometricaly [107]. 

 

 

3.13 Detection of Ca2+-ATPase activity 

Principle of method: 

Ca2+-ATPase activity is estimated as the difference between total and Ca2+-independent 

("basic") ATPase activity. Total ATPase activity was measured in a medium containing 0.4 

mmol/l CaCl2 and 0.5 mmol/l of ethylene glycol bis(2-aminoethylether)-N,N,N,'N'-tetraacetic 

acid (EGTA). "Basic" ATPase activity was determined as total ATPase activity except that 

 37



the free Ca2+ concentration kept about 10-8 mol/l [110]. No Ca2+ was added to the solution and 

the EGTA concentration was increased to 1 mmol/l  

  

Chemical: 

HEPES buffer: 20 mmol/l, pH 7.2, containing: 200 mmol/l KCl and 10 mmol/l MgCl2 

CaCl2, 4 mmol/l in water 

EGTA, 5 mmol/l in water 

Protein solution, 10 mg/ml 

ATP, 100 mmol/l, pH 7.0 

Perchloric acid, 1.5 mol/l  

 

Detection: 

The reagents were added sequentially as follows: (1) distilled water to a final volume of 2.0 

ml; (2) 1.0 ml of HEPES buffer; (3) 0.2 ml of 4 mmol CaCl2 and 5 mmol of EGTA (for total 

ATPase activity), 0.2 ml of 10 mmol/l EGTA (for basic ATPase activity); (4) protein solution 

(0.03-0.10 mg of protein per ml). The samples were preincubated for 5 min at 32°C. The 

reaction was then started by the addition of 0.08 ml of ATP and stopped after 2.5, 5, and 10 

min by using 0.7 ml of 1.5 mol/l perchloric acid [110].  

Inorganic phosphate was determined in 1 ml of the protein-free supernatant. 

  

3.14 Detection of MnP activity 

Principle of method: 

The principle of the method is the photometrical detection of chelate complexes, which are 

build by Manganese(III) ions and malonate. Manganese peroxidase produces Mn(III) ions 

from Mn(II) ions [111].  

 

Chemical and preparation of the solutions: 

Na-malonate buffer, 50 mmol/l: 0.83 g Natrium malonate was dissolved in 100 ml water, with 

37% HCl the pH is turned down to pH 4.5. 

MnCl2 solution, 10 mmol/l: 0.2 g MnCl2 was dissolved in 100 ml water. 

H2O2 solution: 0.1 ml 30% H2O2 solution was diluted with 100 ml water. 

MnP solution: MnP solution (60 U/ml) or irradiated test solutions were diluted 1:50 with 

distillate water. 
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Measuring of MnP activity: 

1 ml of Na-malonate buffer, 50 µl of MnCl2 solution and 100 µl of MnP solution were mixed 

in a 1 cm UV-cuvette. The extinction of the solution was measured photometricaly at 

wavelength 270 nm. The extinction was set up to zero. Then 20 µl of H2O2 solution were 

added, the solution was mixed and a timer had started. 

After reaction time of 1 min, 1.5 min, 2 min, 2.5 min and 3 min the extinction was measured. 

Calibration was done with not-radiated MnP solution in different dilutions. The MnP activity 

of all radiated MnP solutions were measured in the same way [111]. The results of the 

radiated samples were counted in percentage from not-radiated Manganese peroxidase 

activity. 

 

3.15 (Triphenyltetrazoliumchloride) TTC-test 

Principle of method: 

The method is based on reduction of TTC to triphenylformazan (TPF), which is measured 

photometricaly at 546 nm [112].  

 

Chemical and preparation of the stock solutions: 

TRIS-buffer: 12.1 g of Tris(hydroxymethyl)-aminomethan (TRIS) was dissolved in 1 l of 

distillate water. The pH was rose to pH 7.5 with 37% HCl. 

TTC solution: 0.75 g TTC was dissolved in 50 ml TRIS buffer. 

TPF solution: 50 mg TPF was dissolved in 100 ml acetone. 

Solution of Saccharomyces cerevisae (Sacch. cer.). 

 

Adaptation of the method for liquid culture of Sacch. cer.: 

500 µg of Sacch. cer. solution and 500 µg TTC stock solution were mixed. Samples were 

incubated for 48 h at 37°C. After incubation 1 ml acetone was added, solution was stirred and 

remained at room temperature for 3 h. Pictures were done during and after incubation time. In 

case if reaction took place, the solutions had achieved red colour. The solutions were 

investigated photometricaly at 546 nm. Two zero-solutions with not-radiated Sacch. cer. were 

incubated too. From every radiated solution a double experiment with TTC-test was done 

[112]. 

The solutions were diluted with distilled water for photometrical analysis. It was not possible 

to make a dilution with acetone because of precipitation. 
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3.16 Detection of glutathione reductase activity 

Principle of method: 

In the presence of the enzyme hydrogen is transferred from nicotinamide adenin dinucleotide 

phosphate (NADPH) to oxidised glutathione (GSSG) and the reaction is measured 

photometricaly at 340 nm [113-115].  

 

Chemical: 

Potassium phosphate buffer, 1 mol/l, pH 7.6 

NADPH solution, 0.001 mol/l in water 

1% solution of bovine serum albumin in 0.1 mol/l phosphate buffer, pH 7.6 

2% solution of oxidised glutathione 

Enzyme: diluted stock enzyme solution in 0.05% solution of bovine serum albumin, pH 7.6, 

obtaining 200 to 2000 U/ml enzyme.  

 

Detection: 

Making a final volume of 1 ml the following solutions were put into a cuvette with 1 cm light 

path: 0.05 ml of phosphate buffer, 0.55 ml of H2O, 0.1 ml of TPNH, 0.1 ml of serum albumin, 

0.1 ml of diluted enzyme and 0.1 ml of GSSG. After mixing the density readings were done at 

340 nm photometricaly in 30-second intervals.  

One U of enzyme was defined as a change in extinction of 0.001 per min under the above 

mentioned conditions.  

Specific activity was expressed as U of enzymatic activity per 1 mg of protein [113-115].  

The methods to determine amount of protein are described (3.4, 3.17). 

 

3.17 Method of Lowry 

Principle of method: 

This method is based on the ability of copper-protein complexes (biuret complexes) to reduce 

the Folin phenol reagent with LOD from 10 to 100 µg of protein per ml [100, 101]. 

 

Chemical: 

Protein's solution (standard, 0.25 mg/ml) 
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Na2CO3, 2% solution in 0.1 N NaOH  

CuSO4 x 5 H2O, 0.5% solution in 1% sodium citrate  

 

Stock solution:  

1 ml of CuSO4 x 5 H2O, 0.5% solution in 1% sodium citrate was mixed with 50 ml of 

Na2CO3, 2% solution in 0.1 N NaOH  

NaOH, 0.1 N in water 

Folin reagent: 10 g of Na2MoO4 x 2 H2O (overcrystallised) and 2.5 g of Na2MoO4 x 2 H2O 

were placed in 250 ml retort then 70 ml of water were added there.  

Li2SO4, 15 g 

Bromine 

H3PO4, 85 %, 5 ml 

HCl, 25% 

Phenolphthalein  

 

Detection: 

Folin reagent was prepared beforehand. All compounds were well mixed. To the prepared 

mixture 5 ml of H3PO4 (85%) and 10 ml of HCl were put. The retort was clung to a cooler and 

the mixture was boiled during 10 hours. After boiling 15 g of Li2SO4, 5 ml of water and one 

drop of bromine were added there. The mixture was heated up and after cooling a final 

volume was brought to 100 ml. After filtration the mixture was diluted two times with water, 

pH of the solution was determined by titration of 10 times diluted reagent with 0.1 N NaOH 

in presence of phenolphthalein. 

To 0.4 ml of protein solution containing 10 to 100 µg of protein 2.0 ml of stock solution were 

added and mixed. The mixture was kept at room temperature about 10 min. Then 0.2 ml of 

Folin reagent had been added there. The solution was well mixed. After 30 min the solution 

was analysed photometricaly at 750 nm. The amount of protein was calculated with 

calibration chart [100, 101].  

 

4 Experiments 
4.1 Investigations of the influence of low intensive laser irradiation (LILI) on the 

antioxidant system of animals 

a) aim of experiment 

These investigations were done with the purposes to find out the effects of LILI treatment of 
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some types of lasers on the process of lipid peroxidation (LPO) and activity of antioxidant 

system in some organs of animals and, at the first, in erythrocytes and blood plasma. In 

literature sources [11, 31, 35, 90, 92, 94, 116], the effects of LILI on antioxidant system 

(AOS) of organism with the such most important components as reduced glutathione (GSH) 

and the enzymes superoxide dismutase (SOD), catalase, glutathione peroxidase (GP) mostly 

have been described for He-Ne-laser irradiation and they are contradictory. After laser light 

radiation the investigations of the transport proteins of the erythrocytes membranes, which are 

responsible to keep the native structure of erythrocytes and ion balance in these cells had 

caused especial interest.  

 

b) experimental work 

The experiments were carried out on albino, heterogeneous stock male rats. The weight of rats 

was 140 to 160 g and fed a standard laboratory diet. The following types of lasers were used 

for the radiation: Ar-laser, 520 nm, the power 52 mW; He-Ne-laser, 630 nm, the power 60 

mW and CO2-laser, 10.6 µm, the power 60 mW. The rats were fixed and radiated through the 

sinciput part of the head (with cut hairs, about 1 cm radius spot) during 3 min daily for 4 days. 

Every group had included 4 animals. 48 hours after the last radiation animals were 

decapitated. The control group consisted 4 intact rats. The experimental period of 48 hours 

was not selected randomly. In accordance with the literature data [116, 117] low-molecular-

weight antioxidants are depleted after 48 hours following the effects of stress factors. The 

analyses of malonic dialdehyde (MDA), GSH, total glutathione and activity of some enzymes, 

such as SOD, catalase, GP, ATPase were carried out (described in 3.6, 3.8-3.10, 3.16).  

 

4.2 Low intensity laser irradiation (LILI) as a modulator of the antioxidant system of 

animals  

a) aim of experiment 

This investigation was continued work of the first experiment with the purposes to detect the 

influence of LILI of some kinds of lasers on the process of lipid peroxidation (LPO) and 

activity of antioxidant system in some organs of animals and, as well as in erythrocytes and in 

blood plasma. When erythrocytes have strong antioxidant system, then out-of-cell substances 

contain enzymes of this system rather in less concentrations to compare to cells. Function 

investigation of the transport-proteins of the erythrocytes membrane which are responsible to 

keep ion balance in these cells was done too. Especially with purpose to modulate different 

biological effects one more kind of lasers (YAG-laser) was chosen (described in 9.3).  
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b) experimental work 

The experiment was carried out on albino, heterogeneous stock male rats. The weight of rats 

was 140 to 160 g and fed a standard laboratory diet. The following kinds of lasers were used 

for the radiation: Ar-laser, 520 nm, the power 52 mW; He-Ne-laser, 630 nm, the power 60 

mW, CO2-laser, 10.6 µm, the power 60 mW and additionally YAG-laser, green light, 533 nm, 

the power 10 mW. With the first three types of lasers some experiments were done before, but 

for the modulating effects it was reasonable to take one laser more. The rats were fixed and 

radiated through the sinciput part of the head (with cut hair, about 1 cm diameter) during 3 

min daily for 4 days. Every group included 4 animals. After 48 hours after the last radiation 

animals were decapitated. The control group consisted 4 intact rats. The activity of LPO-

process was detected with the following parameters: the level of malonic dialdehyde (MDA), 

GSH, total glutathione, activity of SOD, catalase, GP. The transport functions of membrane 

were investigated with detection of  Ca2+- and Mg2+-ATPase activity (described in 3.11, 3.13). 

 

4.3 Investigations of changing activity Ca2+-ATPase and Mg2+-ATPase of 

erythrocytes-membranes after LILI radiation in vitro experiments 

a) aim of experiment 

There is no exact and unambiguous answer to question about specific acting of mechanisms 

of LILI even after using low intensity laser radiation in medical practice and biological 

researches during the last 20 years [1, 7, 9, 13, 24, 29, 30, 50, 71, 78, 86, 118, 119]. There are 

different effects of lasers depending on intensity: LILI has stimulating effect but high 

intensity laser irradiation (HILI) acts on the contrary way with inhibiting. 

One of the probable mechanisms when effects after LILI are present is a possibility to 

influence on the ion active transport velocity via cells' membranes. The changing of pH and 

different level of calcium ions can make metabolising reactions in cell various. For example, 

it is known [43] that Ca2+-inhibiting goes to Ca2+-accumulation in cytoplasm and 

consequently, the destructive process in cell will be activated depending on Ca2+-protease and 

nuclease. It means to have a negative influence on RNA, DNA, mitosis. All above mentioned 

was a purpose of carried experiment, namely: a) to investigate Mg2+- and Ca2+-stimulated 

ATPase activity under LILI; b) to find a possibility to create modulating effects by using 

different kinds of lasers.  

 

b) experimental work 
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Erythrocytes membranes of human blood were used in experiment for investigations of 

changing activities of Ca2+-ATPase and Mg2+-ATPase. The activity of ATPase was detected 

with formation of inorganic phosphorus in media contained adenosine triphosphate (ATP) at 

the temperature 37°C (described in 3.11 - 3.13). The following types of lasers were used for 

the radiation: Ar-laser (488 nm), He-Ne-laser (632 nm) and YAG-laser (532 nm) with power 

from 10 to 30 mW. Defrozen solution of membranes was kept at the exact temperature 4°C, in 

container in state on-ice. By pipetting 1 ml of the solution was put into 1 cm cuvette and then 

radiated. Time of exposition for every kind of laser was 20 min [120-122]. The experiment 

was repeated three times. The scheme of work was the following: control (solution of 

membranes without laser light radiation) and experimental part (radiated probes of 

erythrocytes membranes of human blood). Human blood was taken from regional blood bank 

in a clinic.  

 

4.4 Enzymatic response of animals' tissues on LILI in vitro experiments 

a) aim of experiment 

First experiments were carried out with some enzymes of AOS and had shown different 

biological responses after laser radiation. Since there are a lot of other different enzymatic-

cascade cycles in human and animal organisms, so effect modulating of every enzyme allows 

to apply them in medicine and biology. The purposes of present experiment were to find out 

the influence of LILI on activity of some enzymes (lactic dehydrogenase, succinat 

dehydrogenase, glucose-6-phosphatase) of glycolysis, gluconeogenesis and cycle of 

tricarbonic acids (CTA) in vitro.  

 

b) experimental work 

The experiment was carried out with tissues of albino heterogeneous stock male rats. The 

weight of rats was 140 to 160 g and fed a standard laboratory diet. The animals were 

decapitated and the following tissues were taken out: liver, kidney, heart, brain and shred of 

muscle. After preparation the tissues were crushed, centrifuged (3000 r/min, 10 min) and 

homogenised. Radiation of the tissues was done at the same day (it means not longer than 24 

hours); for repeating and further experiments the homogenates were frozen and stored in 

refrigerator. Tissue homogenates of white rats were radiated by Ar-laser (488 nm, 15 mW) 

during 1, 2 and 5 min. The enzymatic response was registered 1 and 24 hours after radiation. 

During laser's treatment all biological systems (homogenates) were located in a cold container 

at temperature 4°C and kept on-ice. Radiation of every kind of homogenate was done in 
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standard 1 cm cuvette; the experiment was repeated three times. Activities of lactic 

dehydrogenase, succinat dehydrogenase and glucose-6-phosphatase were determined 

(described in 3.1 - 3.3). Non-radiated homogenates of tissues were considered as a control.  

 

4.5 Investigations of LILI influence of different energy on activity of alpha-amylase 

in grains 

a) aim of experiment 

All previous experiments were carried out with using of human or animal biological material. 

For further and objective researches it was reasonable to make some investigations with 

biological tissue but of plant origin. This experiment was done with the purpose to investigate 

the influence of LILI on the activity of the most important enzyme of polymer glucose 

splitting, namely alpha-amylase in cultural plant (grains of barley). 

 

b) experimental work 

Dry grains of barley were the objects of investigation in experimental work. The following 

lasers were used: Ar-laser (488 nm), YAG-laser (532 nm), He-Ne-laser (632 nm) and CO2-

laser (10.6 µm). The intensity of light was set up from 30 to 40 mW. Defocused straight 

forward beam was run through opened glass vials (standard 1 cm cuvette). The experimental 

grains (1000 mg) were located on the bottom of vials. For better even radiation all vials were 

shaken after every 15 sec. The scheme of experiment was the following: control (non-radiated 

grains) and experimental part (radiated probes of grains during 1, 2, 4 and 8 min). Activity of 

the ferment was registered 24 hours after start running (described in 3.5). After 7 days the 

velocity of starch hydrolysis was measured once more with the aim to confirm presence of 

effect. For every group (probe) the experiment was repeated three times. Activity of enzyme 

was recounted on water-dissolving protein which was detected with biuret-method (described 

in 3.4). 

 

4.6 The possibilities to activate alpha-amylase in germinated grains 

a) aim of experiment 

As the previous experiments have shown the velocity of starch splitting in dry grains of barley 

was higher under acting of low intensity laser irradiation. The most important reason to 

continue experiments with plants was to investigate the presence or absence of the same effect 

not only in dry grains but in germinated grains too. In such plants the activity of ferment is 

quite higher because of natural act of growing up and energy. 
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b) experimental work 

The experiment was carried out with 3-days sprouts of barley. The following kinds of lasers 

were used: Ar-laser (488 nm), YAG-laser (532 nm) and He-Ne-laser (632 nm). The intensity 

of lasers was 30 mW. Previous experiment had shown no effects after CO2-laser treatment, 

therefore that equipment was not used. Straight forward beam was run through opened glass 

vial (standard 1 cm cuvette). The grains (1000 mg) were located on the bottom of vial. For 

better even radiation the vial was shaken after every 15 sec. The scheme of work was the 

following: control (non-radiated grains) and experimental part (radiated grains during 1, 2, 4 

and 8 min) in way of the previous experimental session. Activity of enzyme alpha-amylase 

was registered photometricaly after 24 hours after start running (described in 3.5). After 7 

days the velocity of starch hydrolysis was observed once more with the aim to confirm 

presence of effect. The experiment was repeated three times for every group (probe). Activity 

of ferment was recounted on water-dissolving protein which was detected by biuret-method 

and repeated by using of Lowry method (described in 3.4, 3.17). 

 

4.7 Changing of the activity of the exoenzyme Manganese peroxidase after laser 

radiation 

a) aim of experiment 

Former results have shown that different kinds of low laser radiation had made an influence 

on biological systems and in particular on enzymatic systems of animals and plants. Aim of 

the present investigation was to detect influence of different kinds of low laser irradiation on 

the activity of Manganese peroxidase system of Nematoloma frowardii. 

Manganese peroxidase (MnP) is one of exoenzymes of lignin destroying mushrooms. It is 

well known that MnP is able to destroy the high persistent lignin [111] and that is why MnP is 

able to destroy high persistent organic pollutants too. 

 

b) experimental work 

Investigations were done to show the influence of different sources of light on the activity of 

the isolated enzymatic MnP system. Four sources of light were taken for the experiments: 

YAG laser: ultraviolet light 355 nm, 10 mW, pulse rate 10 Hz; YAG-laser: green light 533 

nm, 100 mW, pulse rate 10 Hz; Ar-laser: 458 nm, 500 mW; He-Ne-laser: red light 633 nm, 10 

µW; Xenon lamp: UV light 355 nm, 100 µW. The exposition time was varied: 10 min, 20 min 

and 40 min. Light expositions were done with 1 ml aqueous solution of Manganese 

peroxidase (stock solution, activity = 60 U/ml) in 1 cm cuvette. The beams were centred 
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(Xenon lamp) and spread (lasers) to 1 * 1 cm beam with lenses. The experiment was repeated 

two times; MnP activity was estimated photometricaly (described in 3.14).  

 

4.8  Investigation of influence of LILI on biochemical properties of yeast 

a) aim of experiment 

The present experiment was a continuation of researching work with a purpose to investigate 

different biological responses in vivo and in vitro after LILI treatment. Previous experiments 

were done with biological tissues of human, animals, plants and enzymatic system of 

mushrooms. Thus a choice of the next biological object, namely the yeast, was a logical way 

to go on started investigations. The culture Saccharomyces cerevisae (Sacch. cerev.) was used 

in work with the aim to detect influence of LILI on dehydrogenase activity of yeast [23, 87]. 

 

b) experimental work 

The experiment was carried out with yeast culture Saccharomyces cerevisae (museum strain). 

For the further experiments and repeating sessions the culture was two times replaced on two 

kinds of media: Malz agar and Sabouraud-Dextrose agar by pipetting under normal 

conditions. After replacing the probes were incubated 36 hours at 37°C (to achieve the best 

growing up) and put for storage in refrigerator [123].  

The following types of lasers were taken for the experiment: YAG laser: ultraviolet light 355 

nm, 5 mW, pulse rate 10 Hz; YAG-laser: green light 533 nm, 5 mW, pulse rate 10 Hz; Ar-

laser: green light 520 nm, 10 mW. The time of exposition was set up to 40 min. Light 

radiation was done with 1 ml aqueous solution of the yeast in 1 cm standard cuvette. A 

scheme of experiment was the following: control (non-radiated culture) and experimental 

probes (radiated solution of Sacch. cerv. in above mentioned time intervals). All probes were 

prepared with double control and the experimental sessions were repeated three times. For 

estimation of dehydrogenase activity of the yeast the TTC-test was used (described in 3.15) 

with photometrical analysing. 

 

4.9 Investigation of influence of LILI on biochemical properties of bacteria 

a) aim of experiment 

The aim of present experiment was to continue the started investigations of changed 

dehydrogenase activity after laser light radiation. Other biological objects, namely bacteria, 

which possess sufficient dehydrogenase activity were used in work. More over, an additional 

purpose was to confirm the application of TTC-test in the researching work with bacteria.  
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b) experimental work 

Bacillus subtilis and Bacillus cereus (museum strain) were used for experiments with TTC-

test in analogy to Saccharomyces cerevisae (from previous experiment).  

For the further experiments and repeating sessions bacterial cultures were two times replaced 

on media Standard II. The media was prepared in following: in chemical retort 4.5 g of 

Nutrien Broth were put and then 300 ml of distilled water were added there. After mixing 

during 10 min on warm plate the mixture was autoclaved during 1.5 hours. Then the prepared 

media was cooled to 35°-40°C. After replacing on fresh media the bacterial culture was 

incubated during 48 hours at 36°C and the rest was stored in refrigerator. To observe the 

morphological properties of culture (velocity of growing up, colony formation, shape and 

size, colour and consistence of biological material) Bacillus subtilis and Bacillus cereus were 

placed on the solid media Columbia 5%-SB on petri plates and incubated during 36 hours at 

37°C [124]. The following types of lasers were taken for the experiment: YAG laser: 

ultraviolet light 355 nm, 5 mW, pulse rate 10 Hz; YAG-laser: green light 533 nm, 5 mW, 

pulse rate 10 Hz; Ar-laser: green light 520 nm, 10 mW; He-Ne- laser, red light 633 nm, 10 

µW. The time of exposition was set up to 40 min. Light radiation was done with 1 ml of 

aqueous solution of the bacteria in 1 cm standard cuvette. A scheme of experiment was the 

following: control (non-radiated culture) and experimental probes (radiated solutions of 

Bacillus subtilis and Bacillus cereus). All probes were prepared with double control and the 

experimental sessions were repeated three times. For estimation of dehydrogenase activity of 

bacteria the TTC-test was used (described in 3.15) with photometrical analysing. 

 

4.10 UV-Vis-Spectra of enzymes 

In spite of many investigations of human and animals' antioxidant system, practice shows that 

there are no certain data about UV-Vis-spectra for enzymes of AOS. Mostly literature 

describes properties, purification procedure, definition of units and specific activity of 

enzymes and does not have an exact information concerning UV-Vis-spectra and data of 

absorption for the investigated enzymes [43, 44, 125]. In some sources the references are 

contradictory and formulated quite unclear [96-98, 100, 106-110, 114, 115]. In this way the 

necessary data should be created and obtained by oneself being helpful for understanding and 

explanation. 

References about absorption maximums were found for the following enzymes [96, 97, 108, 

110, 113-115]: 

- glutathion reductase; 410 nm 
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- catalase: 280 nm, 405 nm, 535 nm, 588 nm 

- ATPase: 265 nm 

- succinic dehydrogenase: 305 nm, 340 nm 

- lactic dehydrogenase: 420 nm. 

The UV-Vis-spectra were done by oneself and spectra were obtained in gamut from 200 nm 

to 800 nm for the following number of enzymes:  

- catalase  

- alpha-amylase  

- lactic dehydrogenase  

- superoxide dismutase  

- manganese peroxidase.  

1) For catalase the highest extinction was read at the starting point 200 nm (E = 1.44); from 

200 nm to 250 nm the extinction was strong decreased from 1.44 to 0.25 then in region 

between 250 nm and 550 nm had shown smooth reducing from 0.25 to 0.04. A little 

extinction maximum (E = 0.10) was observed about 410 nm.  

2) Alpha-amylase spectrum had shown the highest extinction at 200 nm (E more than 2.5). 

Strong decreasing from 200 nm to 245 nm was detected (the extinction at 245 nm was 0.75). 

There was a rider-peak with maximum at 275 nm (E = 0.76) with further reducing to 305 nm 

(E = 0.29).  

3) Spectrum from lactic dehydrogenase had given the highest reading of extinction at 200 nm 

(E more than 2.5). In gamut from 200 nm to 250 nm the extinction was strongly decreased (E 

= 0.63). They were two peaks with maxima at 279 nm (E = 1.23) and 321 nm ( E = 0.55) and 

minima at 250 nm and 302 nm (E = 0.37). The extinction was reduced in further from 321 nm 

to 350 nm (E = 0.04).  

4) For superoxide dismutase the highest reading of extinction was caught at 200 nm (E more 

than 2.5). From 200 nm to 245 nm the extinction was strong decreased to 0.20 and then in 

region from 245 nm to 290 nm smooth reducing from 0.20 to 0.05 was present.  

5) Highest extinction for manganese peroxidase was obtained at 200 nm (E > 2.5); then it was 

strongly decreased to E = 0.5 at 250 nm and weakly more decreased to E = 0.1 at 450 nm with 

rider-peak (maximum at 405 nm, E = 0.27).  

All UV-Vis-spectra are present in Chapter 9.6.  
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5 Results 
5.1 Investigations of the influence of low intensive laser irradiation (LILI) on the 

antioxidant system of animals 

Investigations of the influence of LILI on the antioxidant system of animals were done on 

albino male rats using following types of lasers for radiation: Ar: 520 nm, the power 52 mW; 

He-Ne: 630 nm, the power 60 mW and CO2: 10.6 µm, the power 60 mW. The exposition time 

was set up daily for 3 min during 4 days. Then the animals were decapitated. 

The ATPase activity reflects the functions of erythrocyte membrane ion pumps. The influence 

of LILI with the different wavelengths on Mg2+- and Ca2+-ATPases was not the same. The Ar-

laser increased Mg2+-ATPase activity and significantly (for 49.4%) inhibited Ca2+-ATPase. 

CO2-laser irradiation decreased Mg2+-ATPase activity but did not change Ca2+-ATPase 

activity. He-Ne-laser had made any effect on those parameters, in accordance with some 

literature data about absence of influence of monochromatic red light on active ion transport 

in erythrocytes [31, 90]. It is known [125-127] that decreasing of Ca2+-ATPase activity 

expresses itself in increasing calcium level in cytoplasm and stimulation the activity of 

destroying Ca2+-dependent enzymes, such as proteases and nucleases.  

Reactive oxygen species as well as product of LPO can directly inactivate Ca2+-ATPase [11]. 

Thus, effect of Ar-laser (520 nm) and CO2-laser (10.6 µm) negatively influenced on 

erythrocyte membrane transport function (all relevant data are given in table 1). 

 

Table 1: The effects of LILI of different types on LPO and AOS state in blood 

(erythrocytes and plasma)  

 

Red cells; dimension: mmol/(ml x packed cells x h) 

ATPase Control, no 

radiation 

Ar-laser, 

520 nm 

He-Ne-laser, 

630 nm  

CO2-laser, 

10,6 µm 

Mg2+-ATPase  

Ca2+-ATPase 

11.0 + 0.2 

 7.0 + 0.4 

12.0 + 0.2 

  3.4 + 0.9 

10.8 + 0.3 

  6.9 + 0.7 

 9.8 + 0.4 

 6.9 + 0.4 
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Plasma  

Biochemical 

System  

Control, no 

radiation  

Ar-laser, 

520 nm  

He-Ne-laser,  

630 nm  

CO2-laser, 

10.6 µm 

MDA, nmol/ml 1.01 + 0.05  1.11 + 0.07  1.18 + 0.04  1.11 + 0.11  

GP, µmol/(ml x 

min)  

82.6 + 5.3  88.0 + 3.4  98.5 + 2.8  92.7 + 2.9  

Catalase, µmol/(ml 

x min)  

8.97 + 0.18 8.79 + 0.19 7.76 + 0.27  7.64 + 0.21  

SOD, U/(ml x min)  0.69 + 0.08 0.72 + 0.09  0.74 + 0.01  0.67 + 0.04  

 

Figure 1 and figure 2 express the data from table 1 in diagrams. Changed activy of ATPase is 

depending on used kinds of lasers.  

 
Fig.1. The effects of LILI of different types on LPO and AOS 

state in blood (erythrocytes)
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The decrease of the catalase activity was detected after He-Ne- and CO2-laser actions in 

plasma. Glutathione peroxidase (GP) was activated (for 19.3%) by coherent light with a 

wavelength 630 nm (He-Ne-laser). This activation was less by CO2-laser light (10.6 µm) 

treatment. The activity of superoxiddismutase (SOD) in plasma was almost unchanged under 

these conditions.  
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Fig .2. The effects  of LILI o f d ifferen t types  on  LPO and A OS s tate in  b lood  
(p las ma)
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The MDA level was almost content in the radiation treated brain tissue (table 2). Under He-

Ne-laser radiation the activity of glutathione reductase (GR) was increased significantly, CO2-

laser caused inhibition of the SOD but an increase of catalase activity. Other parameters did 

not show any remarkable changes. 

 

Table 2: The effects of LILI of different types on AOS state in brain 

Biochemical 

System  

Control, no 

radiation 

Ar-laser, 

520 nm  

He-Ne-laser, 

630 nm  

CO2-laser, 

10.6 µm 

Total SH-

groups, mmol 

1.15 + 0.01 1.13 + 0.02  1.17 + 0.03  1.25 + 0.02  

GP, µmol/(ml x 

min) 

1.31 + 0.11  1.34 + 0.02  1.49 + 0.07  1.52 + 0.06  

SOD, U/(ml x 

min) 

0.13 + 0.01  0.12 + 0.01  0.12 + 0.01  0.10 + 0.01  

MDA, nmol/ml 10.96 + 0.68  9.42 + 0.42  10.11 + 0.80  9.88 + 0.96  

Catalase, 

µmol/(ml x min) 

 

27.1 + 0.80  

 

28.4 + 0.60  

 

28.48 + 1.10 

 

32.4 + 4.90  

GR, nmol/(ml x 

min) 

27.63 + 2.82 28.24 + 2.11  36.21 + 2.10  25.28 + 1.30  
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Figures 3 and 4 express the data from table 2 in diagrams.  

  

Fig . 3. The effects  o f LILI of d ifferent types  on  A OS s tate in  brain
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Fig . 4. The effects  o f LILI of d ifferent types  on  A OS s tate in  brain
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The LILI influence was different in the liver tissue: glutathione peroxidase activity was 

decreased under Ar-laser light influence; SOD activity increased under these all three types of 

laser radiation (table 3). The level of MDA was higher than control after CO2-laser action (for 

7%) but less after Ar-laser action. 
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Table 3: The effects of LILI of different types on AOS state in liver 

Biochemical 

System   

Control, no 

radiation  

Ar-laser, 

520 nm  

He-Ne-laser, 

630 nm  

CO2-laser, 

10.6 µm 

Total SH-

groups, mmol 

3.68 + 0.50 4.09 + 0.35  3.88 + 0.28  3.72 + 0.21  

GP, µmol/(ml x 

min) 

6.51 + 0.65  5.85 + 0.49  6.51 + 0.65  6.01 + 0.40  

SOD, U/(ml x 

min) 

0.13 + 0.01  0.18 + 0.01  0.18 + 0.17  0.20 + 0.01  

MDA, nmol/ml 2.00 + 0.05  1.72 + 0.09  1.94 + 0.07  2.14 + 0.30  

Catalase, 

µmol/(ml x min) 

 

1.72 + 0.16  

 

1.90 + 0.05  

 

1.84 + 0.08 

 

2.00 + 0.08  

 

The effects of LILI influence on some enzymes of AOS in liver are shown by diagrams on 
figure 5.  

Fig. 5. The effects of LILI of different types on AOS state in liver
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The changes of GSH-GSSG system (activity of glutathione reductase) were not observed in 

the liver, as well as in the brain. Thus, the obtained data had shown that LILI with different 

wave properties may cause varied effects in biological tissues under the same conditions. All 

experiments were repeated three times; in tables 1-3 the medium results are given.  

 

5.2 Low intensity laser irradiation (LILI) as a modulator of animal's antioxidant 

system 

The scheme of work was kept as in experiment 1; one laser more was taken for the 

experiment (YAG-laser).The effects of LILI with the different wavelengths on Mg2+- and 
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Ca2+-ATPases were not the same. The Ar-laser light increased Mg2+-ATPase activity and 

significantly for 40% inhibited Ca2+-ATPase activity. CO2-laser irradiation decreased Mg2+-

ATPase activity but did not change significantly Ca2+-ATPase activity. He-Ne-laser's and 

YAG-laser's treatment had made a little effect on those parameters too. 

The same like in first experiment, the significant decrease of the catalase activity was detected 

after He-Ne- and CO2-laser actions in plasma. GP was activated (for 13%) by coherent light 

with a wavelength 630 nm and after YAG-laser radiation (for 28%). This activation was less 

by CO2-laser light (10.6 µm). SOD activity in plasma was almost unchanged (table 4).  

 

Table 4: The effects of LILI of different types on LPO and AOS state in red blood 

erythrocytes and plasma 

  

Red cells; dimension: mmol/(ml x packed cells x h) 

ATPase Control, no 

radiation 

Ar-laser,  

520 nm 

He-Ne-laser,  

630 nm  

CO2-laser, 

10,6 µm 

YAG-laser, 

533 nm 

Mg2+-ATPase  

Ca2+-ATPase 

11.2 + 0.2 

  7.8 + 0.4 

12.8 + 0.2 

  4.7 + 0.4 

10.8 + 0.1 

  6.8 + 0.1 

8.1 + 0.4 

 7.1 + 0.4 

10.8 + 0.9 

  7.3 + 0.3 

 

Plasma: 

Biochemical 

System  

Control, no 

radiation 

Ar-laser, 

520 nm  

He-Ne-laser, 

630 nm  

CO2-laser, 

10.6 µm 

YAG-laser, 

533 nm 

MDA, nmol/ml 1.00 + 0.15  1.11 + 0.17  1.04 + 0.01  1.01 + 0.11   1.01  + 0.09 

GP,µmol/(ml x 

min)  

80.1 + 3.3  80.4 + 3.9  90.5 + 2.6  87.1 + 0.9  102.5 + 0.4 

Catalase, 

µmol/(ml x 

min)  

8.77 + 0.17 8.77 + 0.19 7.17 + 0.38  7.05 + 0.09  8.66 + 0.15 

SOD, U/(ml x 

min)  

0.65 + 0.18 0.66 + 0.19  0.67 + 0.01  0.67 + 0.12  0.65 + 0.02 
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Figure 6 and figure 7 express the data from table 4 in diagrams. Changed activity of Ca2+- and 

Mg2+-ATPase is depending on used kinds of lasers.  

 

Fig .6. The effects  of LILI o f d ifferen t types  on  LPO and  A OS s tate in  
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Fig .7. The effects  of LILI o f d ifferen t types  on  LPO and  A OS s tate in  
p las ma
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In brain tissue the results had shown that under He-Ne-laser radiation the activity of 

glutathione reductase was increased significantly (for 39%), CO2-laser caused inhibition of 

the SOD but increasing of catalase activity. In the same way like CO2-laser, YAG-laser 

caused inhibition of the SOD for 37% but had increased catalase activity. Other parameters 

had shown no remarkable changes (table 5). 
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Table 5: The effects of LILI of different types on AOS state in brain 

Biochemical 

System  

Control, no 

radiation 

Ar-laser, 

520 nm  

He-Ne-laser, 

630 nm  

CO2-laser, 

10.6 µm 

YAG-laser, 

533 nm 

Total SH-

groups, mmol 

1.15 + 0.15 1.15 + 0.02  1.13 + 0.02  1.15 + 0.03  1.14 + 0.15 

GP, µmol/(ml x 

min) 

1.31 + 0.01  1.31 + 0.02  1.30 + 0.12  1.32 + 0.10  1.30 + 0.01 

SOD, U/(ml x 

min) 

0.13 + 0.66  0.12 + 0.28  0.13 + 0.19  0.10 + 0.02  0.08 + 0.19 

 

MDA, nmol/ml 

 

10.01 + 0.50  

 

9.78 + 0.22  

 

10.11 + 0.04  

 

10.38 + 0.15  

 

10.14 + 0.17 

 

Catalase, 

µmol/(ml x min) 

 

26.14 + 0.41  

 

27.5 + 0.50  

 

26.00 + 0.19 

 

30.12 + 0.32  

 

31.15 + 0.28 

GR, nmol/(ml x 

min) 

25.25 + 2.82 27.18 + 1.12  35.6 + 1.30  25.44 + 2.03  24.11 + 1.01 

 

 

Figures 8 and 9 show the effects of LILI of different types on AOS state in brain (from table 

5). 

  

Fig .8. The effects  of LILI o f d ifferen t types  on  A OS s tate in  b rain
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Fig .9. The effects  of LILI o f d ifferen t types  on  A OS s tate in  brain
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The LILI influence was different in the liver tissue: glutathione peroxidase activity was 

decreased under He-Ne-laser light influence and YAG-laser irradiation, SOD activity 

increased under all four types of LILI. The level of MDA was higher than MDA level of 

control after CO2-laser action, but less (for 25%) after YAG-laser action (table 6, figures 10 

and 11). 

 

Table 6: The effects of LILI of different types on AOS state in liver 

Biochemical  

System  

Control, no 

radiation  

Ar-laser, 

520 nm  

He-Ne-laser, 

630 nm  

CO2-laser, 

10.6 µm 

YAG-laser, 

533 nm 

Total SH-

groups, mmol 

1.15 + 0.11 1.15 + 0.21  1.16 + 0.18  1.15 + 0.20  1.16 + 0.16 

GP, µmol/(ml 

x min) 

1.28 + 1.04  1.28 + 0.01  1.21 + 0.14  1.25 + 0.08  1.19 + 0.01 

SOD, U/(ml x 

min) 

0.16 + 0.31  0.24 + 0.03  0.21 + 0.28  0.22 + 0.14  0.20 + 0.74 

MDA, 

nmol/ml 

9.61 + 0.80  9.20 + 0.75  10.19 + 0.77  11.92 + 0.34  7.20 + 0.73 

Catalase, 

µmol/(ml x 

min) 

 

24.44 + 0.16  

 

25.10 + 0.70  

 

24.13 + 1.06 

 

24.56 + 0.59  

 

25.11 + 0.17 
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Fig .10. The effects  of LILI o f d ifferen t types  on  A OS s tate in  liver
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Fig . 11. The effects  o f LILI of d ifferent types  on  A OS s tate in  liver
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The experiments, first of all, had confirmed obtained results from the first experimental 

session, what was concerning three types of laser radiation (Ar-laser, He-Ne-laser and CO2-

laser). The results from the second experimental session had proven dependence of appeared 

biological effects after LILI on exact time of exposition and kind of laser.  

One more kind of laser (YAG-laser) had shown additional different effects in biological 

tissues. Since effects were different and would be contradictory, this fact allows to modulate 

and achieve negative or positive effect of enzymatic activity for any enzyme in different 

tissues with every kind of LILI. The results have shown the possibility of prognosis and 

modulation of some effects. 

 

5.3 Investigations of changing activity Ca2+-ATPase and Mg2+-ATPase of 

erythrocytes-membranes after LILI radiation in vitro experiments 

In present experiment the work was focused only on ATPase activity investigations from 

human erythrocytes. Ar-laser (488 nm), He-Ne-laser (632 nm) and YAG-laser (532 nm) were 
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used in work. Intensity was set up to three points: 10 mW, 20 mW and 30 mW during 20 min 

of radiation.  

With changed power of the lasers obtained results showed that with power 10 mW all above-

mentioned types of lasers had activated Ca2+-ATPase except He-Ne-laser light. With 

increasing power (intensity) to 20 mW the reduced activity was shown: by Ar-laser for 11%, 

by He-Ne-laser for 14% and by YAG-laser for 32%. With power 30 mW the activity of Ca2+-

ATPase was significantly inhibited to compare to control (non-radiated material).  

These results are present in tables 7-9 below. 

 

Table 7: Changing of activity Ca2+-ATPase and Mg2+-ATPase of erythrocytes-

membranes after LILI radiation; dimension: mmol/(ml x packed cells x h) 

 

10 mW, 20 min 

ATPase Control, no 

radiation 

Ar-laser,  

488 nm 

He-Ne-laser,  

632 nm  

YAG-laser,  

532 nm 

Mg2+ATPase  

Ca2+-ATPase 

10.0 + 0.1 

7.4 + 0.9 

10.8 + 0.6 

8.9 + 0.4 

10.1 + 0.4 

7.6 + 0.2  

7.1 + 0.1 

8.0 + 0.3 

 

 

Table 8: Changing of activity Ca2+-ATPase and Mg2+-ATPase of erythrocytes-

membranes after LILI radiation; dimension: mmol/(ml x packed cells x h) 

  

20 mW, 20 min 

ATPase  Control, no 

radiation 

Ar-laser,  

488 nm 

He-Ne-laser,  

632 nm  

YAG-laser, 

532 nm 

Mg2+ATPase  

Ca2+-ATPase 

10.3 + 0.4 

7.1 + 0.9 

11.5 + 0.2 

6.3 + 0.9 

10.8 + 0.1 

6.0 + 0.6 

12.6 + 0.5 

4.9 + 0.2 

 

 

Table 9: Changing of activity Ca2+-ATPase and Mg2+-ATPase of erythrocytes-

membranes after LILI radiation; Dimension: mmol/(ml x packed cells x h) 
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30 mW, 20 min 

ATPase  Control, no 

radiation 

Ar-laser,  

488 nm 

He-Ne-laser,  

632 nm  

YAG-laser, 

532 nm 

Mg2+ATPase  

Ca2+-ATPase 

10.1 + 0.2  

7.4 + 0.8  

10.9 + 0.2 

7.0 + 0.5  

10.8 + 0.7 

6.9 + 0.7 

13.8 + 0.3 

6.5 + 0.3 

 

With power 10 mW the real inhibition of Mg2+-ATPase activity was detected after YAG-laser 

radiation (for 29%), with power 20 mW it was remarkable activity-increasing, for 14% after 

Ar-laser radiation and 22% after YAG-laser treatment and much more continued with power 

30 mW (for 37%) after YAG-laser light radiation.  

The maximum of activity for Mg2+-ATPase was detected 20 min after the start running. 

Longer time had made a decreasing. 

 

Figures 12-14 show a changing of Ca2+- and Mg2+-ATPase activity of erythrocytes 

membranes after Ar-laser radiation (fig.12), He-Ne-laser radiation (fig.13) and YAG-laser 

radiation (fig.14). Intensity points are the following: (1)-control point (activity of non-radiated 

material); (2)-intensity 10 mW; (3)-intensity 20 mW; (4)-intensity 30 mW.   

Fig.12. Changing of activity Ca2+-ATPase and Mg2+-ATPase of 
erythrocytes-membranes after Ar-laser radiation with different energy
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Fig.13. Changing of activity Ca2+-ATPase and Mg2+-ATPase of 
erythrocytes-membranes after He-Ne-laser radiation with different energy
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Fig.14 Changing of activity Ca2+-ATPase and Mg2+-ATPase of 
erythrocytes-membranes after YAG-laser radiation with different energy
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Thus the obtained results had shown a probability of activity modulation of transport proteins 

via biological membranes under LILI conditions.  

 

5.4 Enzymatic response of animals' tissues on LILI in vitro experiments 

Investigations of enzymatic activity from different ferments were continued in work with 

succinat dehydrogenase and lactic dehydrogenase from animal tissues.  

After completed experiment the following results were obtained: after radiation by LILI of 

different kinds the activity of lactic dehydrogenase was reduced for 14% in liver, for 38% in 

kidney, for 18% in muscle, for 30% in heart-tissue and for 13% in brain. Even after 24 hours 

the effects were nearly the same without activity of the enzyme in kidney. In kidney the 

enzyme had achieved the control level (tables 10 and 11). 
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Table 10: Activity of lactic dehydrogenase after radiation in vitro (µmol NADP2 x min-1 

x 100 mg of protein) Ar-laser, 488 nm 

 

Tissue Control                                      Experiment                                      

         1 min                        2 min                         5 min 

Liver  19.50 + 2.14 18.10 + 1.86              17.16 + 2.02              16.73 + 2.09  

Kidney 20.47 + 0.89       14.68 + 1.43              16.79 + 1.24              14.81 + 0.97 

Heart 149.9 + 11.7 102.4 + 5.9                128.2 + 3.2                103.0 + 5.8  

Muscle 215.0 + 5.0 180.0 + 13.5              195.2 + 12.5              190.2 + 10.1 

Brain 20.2 + 1.5    19.81 + 1.0                17.57 + 1.60              19.35 + 1.03 

 

Table 11: Activity of lactic dehydrogenase after radiation in vitro (µmol NADP2 x min-1 

x 100 mg of protein) Ar-laser, 488 nm, after 24 hours start radiation 

 

Tissue Control                                      Experiment                                      

         1 min                        2 min                         5 min 

Liver  14.96 + 1.31 13.79 + 0.68              14.13 + 1.45              13.83 + 0.71  

Kidney 14.06 + 1.09       12.98 + 0.74              15.25 + 0.40              14.88 + 0.94 

Heart 124.0 + 8.2 90.53 + 5.71              104.2 + 3.3                96.10 + 9.92  

Muscle 169.8 + 19.6 141.9 + 6.9                171.8 + 10.2              194.4 + 17.7 

Brain 20.18 + 1.39    18.36 + 0.80              20.23 + 1.16              18.00 + 1.70 

 

 

Diagrams in figures 15-19 express changing of lactic dehydrogenase activity after low 

intensity laser radiation (measuring was done after 1 hour and 24 hours after finishing of 

exposition) in liver (fig.15), kidney (fig.16), heart (fig.17), muscle (fig.18) and brain (fig.19) 

tissues.      
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Fig .15. Changing  of lactic dehydrogenas e activ ity  after rad iation  and  24 
hours  later in  liver
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Fig . 16. Changing  o f lactic dehydrogenas e activ ity  after rad iation  and  24 
hours  later in  kidney
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Fig .17. Changing  of lactic dehydrogenas e activ ity  after rad iation  and  24 
hours  later in  heart
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Fig .18. Changing  of lactic dehydrogenas e activ ity  after rad iation  and 24 
hours  later in  mus cle
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Fig .19. Changing  of lactic dehydrogenas e activ ity  after rad iation  and 24 
hours  later in  brain
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With the enzyme succinat dehydrogenase the effect was on the contrary. Its activity was 

increased in 2.8 times in liver, in 1.7 times in kidney, in 2 times in brain and heart tissues, in 

1.5 times in muscle (table 12, fig.20). 
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Table 12: Activity of succinic dehydrogenase after radiation in vitro (µmol succinic acid 

x min-1 x 100 mg of protein) Ar-laser, 488 nm 

 

 

Tissue Control                                      Experiment                                      

         1 min                        2 min                         5 min 

Liver  43.44 + 1.71 24.06 + 0.67              19.18 + 0.58              15.22 + 0.50  

Kidney 95.20 + 2.31       88.12 + 3.24              68.44 + 4.06              55.90 + 0.80 

Heart 40.07 + 1.03 30.09 + 0.63              24.74 + 0.60              21.65 + 0.45  

Muscle 25.37 + 0.54 24.08 + 0.63              21.65 + 0.61              19.26 + 0.48 

Brain 35.11 + 2.30    25.34 + 1.71              24.68 + 1.60              18.74 + 1.70 
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Fig .20. Changing  of  s uccin ic dehydrogenas e activ ity  after A r-las er 
rad iation  (in  v itro)
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Probably, this effect can be described by localisation of this enzyme in internal membrane of 

mitochondria. Especially in this case the photo-chemical effects of laser irradiation depend 

not only on induction of conformational changing of protein-ferment but on induction of 

changing of membrane's structures. 

The results from detection and investigation activity of hyaloplasmatic ferment glucose-6-

phosphatase (from liver and kidney) can be the confirmation of this supposition (table 13).  
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Table 13: Activity of glucose-6-phosphatase after radiation in vitro (µg Pinorg. x min-1 x 

100 mg of protein) Ar-laser, 488 nm 

 

Tissue Control                                      Experiment                                      

         1 min                        2 min                         5 min 

Liver  23.37 + 3.40 16.65 + 1.14              18.64 + 0.70              19.14 + 1.71  

Kidney 41.69 + 3.77       47.50 + 1.63              41.57 + 1.98              44.15 + 2.37 

 

 

5.5 Investigations of LILI influence of different energy on activity of alpha-amylase 

in grains 

On plant-tissues the experiment for investigating the influence of LILI of the different spectral 

gamut on activity alpha-amylase in grain was carried out. Changing of alpha-amylase activity 

under LILI was investigated. Dry grains of barley were used as objects for the present 

experiment. The following wavelengths of laser light were taken: 488 nm (Ar-laser), 532 nm 

(YAG-laser), 633 nm (He-Ne-laser) and 10.6 µm (CO2-laser). The power was set up from 30 

to 40 mW on the scheme: control (reading activity of alpha-amylase in grains without 

radiation) and experiments (detection of enzyme activity after radiation during 1, 2, 4 and 8 

min).  

The results showed that after Ar-laser radiation (488 nm, 30 mW) the activity of alpha-

amylase was reduced after 24 hours. But after 7 days with the second-time detection of 

activity it was found out the remarkable increasing of ferment catalytic properties for 51% 

after 1 min of exposition and for 41% after 8 min of exposition but only in case with Ar-laser 

treatment (table 14, fig.21). 

 

Table 14: Activity of alpha-amylase in dry grains of barley after Ar-laser (488 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

 

No. of probe Time of  

Exposition, min 

Control Experiment 

1 1 10.65 + 0.15 9.40 + 0.17 

2 2 10.22 + 0.18 7.56 + 0.14 

3 4 10.66 + 0.22 10.47 + 0.88 

4 8 10.28 + 0.54 8.47 + 0.20 
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Fig .21. A ctiv ity  of alpha-amylas e in  dry  g rains  o f barley  after A r-las er (488 
nm) radiation  (in  mg s tarch  x 60 min-1 x mg-1 of pro tein )
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The LILI of YAG-laser (532 nm, 30 mW) had activated alpha-amylase after 2, 4 and 8 min of 

radiation for 55.6%, 84.3% and 66.5%. The maximum of catalysis was detected after 4 min 

exposition. After one week the effects were the same (table 15, fig.22). 

 

Table 15: Activity of alpha-amylase in dry grains of barley after YAG-laser (532 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

 

No. of probe Time of  

Exposition, min 

Control Experiment 

1 1 10.25 + 0.23 9.45 + 0.76 

2 2 11.04 + 0.24 15.95 + 0.08 

3 4 10.32 + 0.46 18.89 + 0.12 

4 8 10.15 + 0.08 17.07 + 0.06 
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Fig .22. A ctiv ity  of alpha-amylas e in  dry  g rains  o f barley  after YA G-las er 
(532 nm) rad iation  (in  mg s tarch  x 60 min-1 x mg-1 o f p ro tein)
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He-Ne-laser irradiation (633 nm, 28.5 mW) had activated the enzyme only after 24 hours after 

start running exposition. The activity was increased for 56% after 1 min of radiation and in 

2.8 times after 4 min of exposition. After 8 min of exposition the catalytic properties were 

increased for 42% (table 16, fig.23). 

 

 

Table 16: Activity of alpha-amylase in dry grains of barley after He-Ne-laser (632 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

 

No. of probe Time of  

Exposition, min 

Control Experiment 

1 1 11.90 + 0.19 18.60 + 0.22 

2 2 11.51 + 0.25 10.10 + 0.12 

3 4 11.04 + 0.18 32.90 + 0.50 

4 8 11.72 + 0.11 16.90 + 0.15 
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Fig .23. A ctiv ity  of alpha-amylas e in  dry  g rains  o f barley  after He-Ne-las er 
(632 nm) rad iation  (in  mg s tarch  x 60 min-1 x mg-1 o f p ro tein)

0

5

10

15

20

25

30

35

1 min 2 min 4 min 8 min

activ ity

Contro l

Experiment

 
 

 

Any effects of influence of CO2-laser irradiation (10.6 µm, 40 mW) on alpha-amylase activity 

were found. In tables 14-16 the medium results are given. 

Thus the experiment has shown that the longest biological effect of influence on alpha-

amylase activity had made YAG-laser with the wavelength 532 nm. Perhaps, the 

conformational changes in structure of alpha-amylase molecule under laser light can be a 

factor of activation. Probably, a mechanism of this phenomenon is realized with activation of 

genetic control systems of metabolic processes in plant cells.  

 

 

5.6 The possibilities to activate alpha-amylase in germinated grains 

The scheme of the experiment was held as above mentioned one in experiment 5. Instead of 

dry grains of barley germinated grains were used. 

The results of the experiment had shown that in germinated grains the activity of alpha-

amylase was 4 times higher than in dry ones from the experiment described above, thus the 

experimental data have presented quite remarkable results. The medium experimental data are 

generalised in tables 17-19 below. After YAG-laser (532 nm) radiation the activity of alpha-

amylase was increased in all time periods (between 15-20%); the greatest point of activity 

was registered after 4 minutes of radiation (table 17, fig.24). 
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Table 17: Activity of alpha-amylase in germinated grains after YAG-laser (532 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

 

No. Of 

probe 

Time of 

exposition, 

min 

Control Experiment 

1 1  42.50 + 0.19 48.87 + 0.17 

2 2 42.35 + 0.12 50.57 + 0.21 

3 4  42.17 + 0.44 51.00 + 0.65 

4 8  42.62 + 0.01 49.72 + 0.14 

 

  

Fig .24. A ctiv ity  of alpha-amylas e in  germinated  g rains  after YA G-las er (532 
nm) radiation  (in  mg s tarch  x 60 min-1 x mg-1 of p ro tein)
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In case of radiation with Ar-laser (488 nm), the effects were in the whole negative. The 

decrease of enzymatic activity was caught between 2-8% (table 18, fig.25). 
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Table 18: Activity of alpha-amylase in germinated grains after Ar-laser (488 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

No. Of 

probe 

Time of 

exposition, 

min 

Control Experiment 

1 1  41.80 + 0.24 41.00 + 0.01 

2 2 41.24 + 0.17 39.02 + 0.12 

3 4  40.97 + 0.18 38.16 + 0.06 

4 8  41.13 + 0.51 37.81 + 0.17 

 

Fig .25. A ctiv ity  of alpha-amylas e in  germinated  g rains  after A r-las er (488 
nm) radiation  (in  mg s tarch  x 60 min-1 x mg-1 of p ro tein)
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He-Ne-laser had caused the largest biochemical response of the ferment after 4 minutes (for 

73%) and 8 minutes (for 40%) of time exposition (table 19, fig.26). 

 

Table 19: Activity of alpha-amylase in germinated grains after He-Ne-laser (632 nm) 

radiation in (mg starch x 60 min-1 x mg-1 of protein) 

No. Of 

probe 

Time of 

exposition, 

min 

Control Experiment 

1 1  42.51 + 0.04 50.87 + 0.17 

2 2 42.89 + 0.14 52.57 + 0.21 

3 4  42.80 + 0.37 74.15 + 0.65 

4 8  42.98 + 0.19 60.03 + 0.14 
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Fig .26 A ctiv ity  o f alpha-amylas e in  germinated  g rains  after He-Ne-las er 
(632 nm) rad iation  (in  mg s tarch  x 60 min-1 x mg-1 o f p ro tein)
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The present experiment can confirm the supposition about a mechanism of biological 

response which is realised with activation of genetic control systems of metabolic processes in 

plant cells. 

 

5.7 Changing of the activity of the exoenzyme Manganese peroxidase after laser 

radiation 

Further investigation was done to detect influence of different kinds of low laser radiation on 

the activity of Manganese peroxidase system of Nematoloma frowardii. Four sources of light 

were taken for the experiments; YAG laser: ultraviolet light 355 nm, 10 mW, pulse rate 10 

Hz; YAG-laser: green light 533 nm, 100 mW, pulse rate 10 Hz; Ar-laser: blue light 458 nm, 

500 mW; He-Ne-laser: red light 633 nm, 10 µW; Xenon lamp: UV light 355 nm, 100 µW. 

The exposition time was varied: 10 min, 20 min and 40 min. The results of the experiment are 

shown in table 20. The activity of not-radiated MnP was set up to 100%. 

 

Table 20: Effect of light radiation of the activity of manganese peroxidase; 

      Results are given in % of not-radiated MnP 

light source Activity in % after 

10 min radiation 

Activity in % after 

20 min radiation 

Activity in % after 

40 min radiation 

YAG, UV 34.8 18.0 11.2 

Ar 73.5 - 20.6 

Xe 83.0 70.5 64.6 

YAG, green 91.5 93.5 97.4 

He-Ne 92.9 - 93.0 
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The most remarkable results, strong reduction of MnP activity, were obtained after radiation 

with YAG laser with wavelength 355 nm, energy of 100 mW and pulse rate of 10 Hz. The 

activity was reduced to 34.8% of the original activity after 10 min radiation, to 18.0% after 20 

min radiation and to 11.2% after 40 min radiation.  

Remarkable results, reduction of MnP activity, were obtained after Ar laser radiation at the 

wavelength 458 nm and with energy of 500 mW. The activity was reduced to 73.5% of the 

original activity after 10 min radiation and to 20.6% after 40 min radiation.  

Visible results were obtained after radiation with Xenon lamp too, at the wavelength 355 nm 

and with energy of 100 µW. Here enzyme's activity was reduced to 83.0% of the original 

activity after 10 min radiation, to 70.5% after 20 min radiation and to 64.6% after 40 min 

radiation.  

 

The results from table 20 are expressed in diagrams of figure 27. 

Fig. 27 Changing of the activity of Manganese peroxidase after laser 
radiation
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In all three experiments the similar effects were observed: as long as radiation time was, as 

less activity of MnP was detected. The other radiation experiments, it means YAG green light 

(533 nm) and He-Ne-laser (633 nm) did not show lower MnP-activity after radiation to zero 

control (not-radiated MnP) (fig.28).  
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Fig. 28 Changing of the activity of Manganese peroxidase after laser 
radiation
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The results have shown a dependence between wavelength of light radiation and UV-Vis-

spectrum of MnP: MnP had absorbency-maximum at 214 nm, in the visible region with 

wavelength higher then 500 nm nearly no absorption of the molecule was caught. Taken 

energy from ultraviolet light was able to decrease the activity of MnP, but not visible light 

with wavelength higher than 500 nm. The MnP system is used for the destruction of organic 

pollutants in the environmental surrounding. The practical appliance of these experiments 

allows to utilize MnP more effectively and under certain conditions, one of such conditions is 

daylight. 

 

 

5.8  Investigation of influence of LILI on biochemical properties of yeast 

The present experiment was done with microbiological objects yeast, namely Saccharomices 

cerevisea. The following types of lasers were taken for the experiment: YAG laser: ultraviolet 

light 355 nm, 5 mW, pulse rate 10 Hz; YAG-laser: green light 533 nm, 5 mW, pulse rate 10 

Hz; Ar-laser: green light 520 nm, 10 mW. In table 21 below the medium results from 

photometry analysing are given (with double control). 
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Table 21: Photometrical detection of dehydrogenase activity (TTC-test) of Sacch. cerev. 

 

No. of probe Type of laser and 

exposition time 

Extinction % from zero 

0 Zero 0.523 100 

1 a) YAG-green,   40 min  0.193 36.9 

2 b) YAG-green,   40 min 0.156 29.8 

3 a) YAG-UV,      40 min  0.161 30.8 

4 b) YAG-UV,      40 min 0.153 29.3 

5 a) Ar-laser light, 40 min 0.167 31.9 

6 b) Ar-laser light, 40 min 0.106 20.3 

 

 

With Ar-laser treatment it was observed that probe-solution took the whole laser light (blue 

light). 

In all probes the dehydrogenase activity was read between 20.3% - 36.9% from zero. At the 

same time the colour of all probe-solutions was visible and changed from light-yellow to pink 

that confirmed the difference in given percent-age of dehydrogenase activity. From part of 

morphological properties after laser light radiation only the velocity of growing up was 

decreased in 1.5 times to compare to control (not-radiated culture). The colony formation, 

shape and size of yeast, colour and consistence of culture did not show any differences before 

and after lasers' treatment.  

Thus the experiment had shown the remarkable biological response of enzymatic system of 

yeast on LILI which was in three times reduced in comparison with control. The induction of 

conformational changing in fermentative system can be considered as a reason of detected 

photo-chemical effects after laser radiation.  

 

5.9 Investigation of influence of LILI on biochemical properties of bacteria 

The carried experimental investigation of the influence of LILI on biochemical properties of 

bacteria Bacillus subtilis and Bacillus cereus was done. The same sources of laser light were 

taken for culture radiation. Dehydrogenase activity was investigated as one of the common 

biochemical properties. Exposition time was set up to 40 min. 

After 10, 24, 36 and 48 hours the control for radiated probes was done. During that time any 

changes in radiated solutions of bacteria were detected. The solutions were colourless, that 
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had confirmed no reactions with TTC-stock solution. Even after 40 min of every kind of laser 

radiation the photometry analysis did not show the quite acceptable results which could be 

taken into consideration. Any point of changed dehydrogenase activity of bacteria was 

observed; all reading results were obtained in limits of mistake from zero. From the part of 

morphological properties after laser light radiation no especial features were observed; 

kinetics of growing up of bacteria was not detected. The fact: in spite of similar fermentative 

dehydrogenase system from yeast and bacteria, the actual TTC-test can not be applied for 

detection of dehydrogenase activity in work with bacterial culture. Perhaps, the reason of it 

could be that dehydrogenase system of bacteria had many intermediate reactions some 

additional enzymes-inhibitors of TTC-solution. 

 

5.10 Summary of Results 

Summaring relevant results, it is necessary to point out their variety and versatility of 

biological effects after LILI treatment. In the first and second experiments the experimental 

work was carried out on albino male rats using following types of lasers for radiation: Ar-: 

520 nm, the power 52 mW; He-Ne-: 630 nm, the power 60 mW and CO2-: 10.6 µm, the 

power 60 mW. The exposition time was set up daily for 3 min during 4 days. Then the 

animals were decapitated. After experiment 1 the following results were obtained: 

- the effects of LILI with the different wavelengths on Mg2+- and Ca2+-ATPases was not the 

same. The Ar-laser increased Mg2+-ATPase activity and significantly (for 49.4%) inhibited 

Ca2+-ATPase. CO2-laser irradiation decreased Mg2+-ATPase activity, but did not change Ca2+-

ATPase activity;  

- decreasing of catalase activity in plasma was detected after He-Ne- and CO2-laser actions;  

- glutathione peroxidase (GP) was activated (for 19.3%) by coherent light with a wavelength 

630 nm (He-Ne-laser). This activation was less by CO2-laser light (10.6 µm) treatment;  

- the activity of superoxide dismutase (SOD) in plasma was almost unchanged under those 

conditions;  

- under He-Ne-laser radiation the activity of glutathione (GSH) reductase was increased 

significantly (for 31%), CO2-laser caused inhibition of the SOD but an increase of catalase 

activity;  

- in liver tissue glutathione peroxidase activity was decreased under Ar-laser light influence; 

SOD activity increased under those all three types of laser radiation. The level of MDA was 

higher than control after CO2-laser action (for 7%) but less (for 16%) after Ar-laser action. 
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In the next experiment, experiment 2, the LILI was considered as a modulator of animal's 

AOS. It is known that biological response on LILI starts with resonant absorbency by such 

specific acceptors as enzymes, pigments and other structures of cells with chromophor 

groups. Absorbed energy is keeping between excited states of the some atomic groups of 

macromolecules with the next migrate-processes. Besides that, LILI evokes changing of 

protein-load of blood, increases the amount of SH-groups, activity of AOS and biological 

synthesis of DNA, RNA and proteins. The scheme of work was the standard as before; after 

decapitation of animals the tissues of brain, liver and blood were taken for investigations. One 

laser more was taken for the experiment (YAG-laser). The following results were obtained: 

- Ar-laser light had increased Mg2+-ATPase activity and significantly for 40% inhibited Ca2+-

ATPase activity;  

- CO2-laser irradiation had decreased Mg2+-ATPase activity, but did not change significantly 

Ca2+-ATPase activity, He-Ne-laser's and YAG-laser's treatment had shown a little effect on 

those parameters;  

- GP was activated (for 13%) by coherent light with a wavelength 630 nm and after YAG-

laser radiation too (for 28%). This activation was less by CO2-laser light (10.6 µm);  

- SOD activity in plasma was almost unchanged under these conditions;  

- in brain tissue under He-Ne-laser radiation the activity of glutathione reductase was 

increased for 39%, CO2-laser caused inhibition of the SOD but had increased activity of 

catalase;  

- in the same way as CO -laser, YAG-laser had caused inhibition of the SOD for 37% but 

increased catalase activity; 
2

- in liver tissue glutathione peroxidase activity was decreased under He-Ne-laser light 

influence and YAG-laser irradiation, SOD activity increased under all four types of LILI;  

- the level of MDA was detected higher than MDA level of control reading after CO2-laser 

action, but less (for 25%) after YAG-laser action. 

 

The third experiment concerned investigations of activity changing of Ca2+- and Mg2+-

ATPase of the erythrocytes membranes after LILI radiation in vitro. That intention was based 

on supposition about a possibility to influence on active ion-transport via membranes of cells 

by LILI. The changed pH and different level of Ca2+ ions can have the influence on metabolic 

reactions in a cell. For example, in case of Ca2+-ATPase inhibiting, Ca2+ remains in cytoplasm 

and activates the destructive processes, which are depended on Ca2+-protease and Ca2+-

nuclease and have influence on DNA- and RNA-synthesis and mitosis [125, 128]. For 
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investigations activity of Ca2+-ATPase and Mg2+-ATPase the human blood erythrocytes 

membranes were used. The ATPase activity was detected with amount of inorganic 

phosphorus in media, containing ATP at 37°C. Three types of LILI sources were taken: Ar-

laser: 488 nm, He-Ne-laser: 632 nm and YAG-laser: 532 nm with the power from 10 to 30 

mW. Exposition time was set up to 20 min at 4°C. The following results were obtained: 

- excepting He-Ne-laser light, all above-mentioned types of lasers had activated Ca2+-ATPase 

with power 10 mW; inhibition of Mg2+-ATPase activity was detected after YAG-laser 

radiation (for 29%);  

- with increasing power to 20 mW the reduced Ca2+-ATPase activity was caused by action of 

Ar-laser (for 11%), He-Ne-laser (for 14%) and YAG-laser (for 32%). Activity of Mg2+-

ATPase was increased for 14% after Ar-laser radiation and for 22% after YAG-laser 

treatment;  

- with power 30 mW the activity of Ca2+-ATPase was significantly inhibited to compare to 

control reading but Mg2+-ATPase was activated for 37% after YAG-laser light radiation. 

 

In the next session of experiments the enzymatic response of animal tissues after LILI in vitro 

experiments was researched. The purposes of this experiment were to investigate the effects 

of LILI influence on the activity of some enzymes of glycolysis, gluconeogenesis and of 

tricarbonic acids cycle in vitro experiments. The tissue-homogenates were radiated by Ar-

laser irradiation (488 nm, 15 mW) during 1, 2 and 5 min. The enzymatic response was 

registered in 1 hour and 24 hours after radiation. After completed experiment the following 

results were obtained: 

- after radiation by LILI the activity of lactic dehydrogenase was reduced for 14% in liver, for 

38% in kidney, for 18% in muscle, for 30% in heart-tissue and for 13% in brain (registered 

after 1 hour); 

 - after 24 hours the effects had been obtained the same without the activity of enzyme in 

kidney. There the enzyme had achieved the control level reading; 

- effect of succinat dehydrogenase activity was shown on the contrary. Its activity was 

increased in 2.8 times in liver, in 1.7 times in kidney, in 2 times in brain, in 1.5 times in 

muscle and 2 times in heart-tissue.  

- activity of glucose-6-phosphotase was remained the same as a control level after radiation 

by all three kinds of LILI. 

 

Concerning plant tissues the experiments for investigating the influence of LILI of the 
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different spectral gamut on activity alpha-amylase in grains were carried out. It was 

reasonable to investigate the influence of LILI on the activity one of the most important 

enzymes, namely alpha-amylase. Dry grains of barley were chosen as objects for the 

experiment. The lasers were used with the following wavelengths: 488 nm (Ar-laser), 532 nm 

(YAG-laser), 632 nm (He-Ne-laser) and 10.6 µm (CO2-laser). The power was set up from 30 

to 40 mW on the scheme: control (activity of alpha-amylase in grains without radiation) and 

experiment (detection of enzyme activity after radiation during 1, 2, 4 and 8 min).  

The results had shown the following: 

- after Ar-laser radiation (488 nm, 30 mW) the activity of alpha-amylase after 24 hours was 

reduced. But 7 days after the second session of radiation the catalytic properties were 

increased for 51% after 1 min of exposition and for 41% after 8 min of exposition; 

- LILI of YAG-laser (532 nm, 30 mW) had activated alpha-amylase after 2, 4 and 8 min of 

radiation for 55.6%, 84.3% and 66.5%. After one week the effects were kept the same. 

- He-Ne-laser irradiation (632 nm, 28.5 mW) had activated the enzyme after 24 hours for 56% 

after 1 min of radiation and in 2.8 times after 4 min of exposition. After 8 min of radiation the 

catalytic properties of alpha-amylase were increased for 42%; 

- influence of CO2-laser irradiation (10.6 µm, 40 mW) on the activity of alpha-amylase was 

not observed. 

 

The next experiments were done in way to find out the possibilities to activate alpha-amylase 

in germinated grains. The scheme of experiments was kept as in previous experiment. The 

following results were obtained: 

- after YAG-laser (532 nm) radiation the activity of alpha-amylase was increased in all time 

periods (between 15-20%); the greatest point of activity was registered after 4 minutes of 

radiation.  

- by Ar-laser (488 nm) radiation decreasing of enzymatic activity was detected between 2-8%.  

- He-Ne-laser treatment had caused the largest biochemical response of the ferment after 4 

minutes (for 73%) and 8 minutes (for 40%) exposition time. 

 

Further investigation was done to detect influence of different kinds of low laser radiation on 

the activity of Manganese peroxidase system of Nematoloma frowardii. Since Manganese 

peroxidase (MnP) is one of the exoenzymes of lignin destroying mushrooms, the additional 

biological source (mushrooms) had made a continuation for the objective investigation. Four 

sources of light were taken for the experiments; YAG laser: ultraviolet light 355 nm, 10 mW, 
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pulse rate 10 Hz; YAG-laser: green light 533 nm, 100 mW, pulse rate 10 Hz; Ar-laser: blue 

light 458 nm, 500 mW; He-Ne-laser: red light 633 nm, 10 µW; Xenon lamp: UV light 355 

nm, 100 µW. The exposition time was varied: 10 min, 20 min and 40 min.  

The most remarkable results, it means strong reduction of MnP activity, were obtained after 

treatment of YAG-laser light (355 nm): the activity was reduced to 34.8% of the original 

activity after 10 min radiation, to 18.0% after 20 min radiation and to 11.2% after 40 min 

radiation.  

After Ar-laser radiation enzymatic activity was reduced to 73.5% from the original activity 

after 10 min radiation and to 20.6% after 40 min radiation.  

Visible results were presented after radiation with Xenon lamp (355 nm): the enzyme activity 

was reduced to 83.0% from the original activity after 10 min radiation, to 70.5% after 20 min 

radiation and to 64.6% after 40 min radiation.  

 

The next experiments were done with microbiological objects yeast, namely Saccharomices 

cerevisea with the purpose to investigate the morphological and biochemical properties of the 

microbiological culture under influence of LILI. The Ar-laser and YAG-laser (green and UV 

light) were taken for the radiation. Microbiological culture was put in solution and radiation 

was done in standard chemical staff. Time of exposition was set up to 40 min. The obtained 

results allowed to consider the effects of influence of LILI on enzymatic system of yeast as 

following:  

- in all probes the reducing of dehydrogenase activity was read between 20.3% - 36.9% from 

dehydrogenase activity without radiation;  

- from part of morphological properties after lasers' light radiation only velocity of growing 

up was decreased in 1.5 times to compare to control (not-radiated culture);  

- colony formation, shape and size of yeast, colour and consistence of culture did not show 

any differences before and after laser light treatment.  

 

The last carried experimental investigation of the influence of LILI on biochemical properties 

of bacteria Bacillus subtilis and Bacillus cereus was done. The same sources of laser light 

were taken for culture radiation and He-Ne-laser too. Dehydrogenase activity was 

investigated as one of the common biochemical properties. Exposition time was set up to 40 

min and for the activity estimation TTC-test was used. Parallely the morphological changes of 

the both cultures were observed (namely: velocity of growing up, colony formation, shape and 

size, colour and consistence of biological material). The results had shown the following: 
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- all points of changed dehydrogenase activity of bacteria and readings of results were 

obtained in limit of mistake from zero;  

- from morphological properties no especial features were detected after laser light radiation;  

- kinetics of growing up of cultures was not detected.  

 

 

6 Discussion 
Nowadays low intensity laser irradiation (LILI) became widely used in biology and medicine 

for therapeutic effects [1, 7, 49, 50, 89]. More over, in experiments in vitro it makes possible 

to modulate different biological responses depending on intensity, time of exposition and type 

of laser. Nevertheless, the molecular mechanisms of biological activity of laser radiation are 

not the same from understanding and still disputable [14, 34, 47, 74, 84]. There are some 

ways of explanation about possible molecular mechanisms of biological activity of low 

intensity laser irradiation and its influence on biological systems by present time.  

How it is postulated in the literature [4, 47, 84], the first essential point of all discussions is 

important and necessary role of photoreceptors. Each type of tissue has its specific absorption 

characteristics depending on its specific components. In according to this statement the 

appeared biological responses are caused by absorption of laser radiation by certain 

molecules. Such photochemical mechanism should have specific features and depend on the 

properties of absorbing centres. More over, they have a well-defined dependence on the light 

frequency (spectrum of action).  

Taking into consideration this assumption one may conclude that the most specific 

characteristic of laser radiation, namely coherence, is not important for biological activity of 

light [129, 130]. It is known that all organic substances at room temperature are characterised 

by quite absorption gamut (region, area) and extremely short dephasing time in excited 

vibronic states. From this point of view the radiation of biological systems (in vivo and in 

vitro) with coherent or incoherent radiation with the same wavelength and intensity should be 

indistinguishable by a biological object. However, this conclusion is in contradiction with a 

long time experience of medical application of low intensity laser radiation, which shows that 

namely lasers but not incoherent light sources are the most efficient in therapy. This fact 

forces to assume existence of some other mechanism of biological action of laser light [131].  

Regarding to the first three experiments some contradictory results were obtained. On the 

basis of previous results [120, 121] and relevant data from the first experimental session the 

second experiment had aim to prove and repeat obtaining biological responses from some 

 82



enzymes of antioxidant system (AOS); one laser more was taken for modulation of different 

biological effects. The third experiment was a continuation, that was focused in researching of 

ATPase activity.  

There are some points from obtained results which can be taking into consideration. They are:  

1) influence of He-Ne-laser and Ar-laser on catalase, ATPase, glutathion peroxidase, 

glutathion reductase, SOD and MDA in blood plasma, liver and brain tissues;  

2) CO2-laser influence and effects of its acting on enzymes in different tissues;  

3) appearing of biological response from number of enzymes after YAG-laser green light 

treatment. 

 

1) As results show, the great influence on enzymes catalase, ATPase, glutathion peroxidase 

and glutathion reductase has He-Ne-laser. In both experimental sessions radiation with 632 

nm caused remarkable increasing of glutathion reductase level in brain tissue. At the same 

time from the first experiment strong decreasing of catalase in blood plasma was observed. 

The same result confirmed itself in further more. Other effects concerned glutathion 

peroxidase. In first experiment the level of this enzyme in plasma was increased but in second 

one with increasing of glutathion peroxidase in plasma too ist level was decreased in liver 

tissue, that was not present in first case.  

Ar-laser light treatment had made the most important influence on Ca2+- and Mg2+-ATPase. 

The response of biological system was conveyed in contrary effects, namely increasing of 

Mg2+-ATPase and decreasing of Ca2+-ATPase (the same in both experiments). It is necessary 

to point it out that He-Ne-laser had no effect on these parameters, in accordance with some 

literature data about absence of influence of monochromatic red light on active ion transport 

in erythrocytes [11, 32, 34, 35, 90]. Other effects of Ar-laser light influence, such as: 

increasing of SOD in liver tissue and MDA level in blood plasma were observed too. It could 

be supposed that for example, influence of He-Ne-laser irradiation on catalase is based on 

mechanism of light absorption. There are many points of view about UV-spectrum of catalase 

in literature, where maximum of absorption is named at 623 nm, 583 nm, 535 nm, 505 nm, 

405 nm and 280 nm [108]. Even accepting these data, it remains still unclear absence of any 

biological responses from enzyme after Ar-laser (488 nm) and YAG-laser (532 nm) 

irradiation. Besides that, by own making and researching UV-spectrum of this enzyme, the 

maximum of absorbency from catalase was detected at 250 nm. All these contradictories 

allow to assume the presence of some additional mechanisms of "light-tissue" interaction 

which are not connected with absorption of light quanta. 
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2) CO2-laser light (10.6 µm) had made significant effects of increasing of catalase, glutathion 

peroxidase (both in brain and in liver tissues) SOD and MDA level (only in liver) in first 

experiment. By repeating of its action in the second experiment the same result was present 

after measuring of catalase activity (but only in brain tissue), glutathion peroxidase (in brain 

too) and level of MDA (in liver tissue). On the contrary, Mg2+-ATPase activity was inhibited 

by CO2-laser light radiation. This fact is quit disputable because of absence of any effect from 

CO2-laser light treatment in further experimental work and regarding its feature to be strongly 

absorbed by water and to deliver heat energy to the surface of any water bearing tissue/system 

in a tightly focused beam. CO2-laser irradiation (10.6 µm) has thermal influence on radiated 

object and brings huge amount of energy into the system. Radiated substrate is unable to take 

the whole energy and the bonds between molecules become broken (thermal effect), that 

initiates conformational changes and in some cases destructive processes into radiated system. 

More in literature two ways of destructive action of CO2-laser are described: thermo-chemical 

(denaturing) and phase-transformation [37, 132].  

Back to the unexpected results in liver tissue (namely absence of changes in enzymes 

activity), it should be logically to assume as minimum four reasons for it:  

- quality and storage of chemical and compounds for preparation homogenate mass (chemical 

factor)  

- transport and holding of strong conditions during time of exposition (physical factor) 

- individual properties of animal's organism: genetic features, ration of nutrition (biological 

factor) 

- stress and vivarium's conditions (psychical factor). 

3) Additional source of laser light (YAG laser, 532 nm, green light) causes contrary biological 

effects too and can not be explained only by mechanism of light absorption, so far as the 

spectral gamut from given enzymes lies quite far away from region of green light absorption. 

It is concerning catalase activity in brain tissue (250-350 nm) after radiation with YAG-laser 

(532 nm), that was increased. The same effect was observed with activity of glutathion 

peroxidase in blood plasma, glutathion peroxidase in liver tissue (that was not strongly 

decreased), inhibited SOD (200-300 nm) in brain tissue and decreased level of MDA in liver. 

Obtained results allow to suppose another mechanism of light-tissue interaction in which 

coherence of laser radiation plays the most important role [129-131]. Accepting this concept 

the primary action of laser light on a biological system is not strongly connected with 

absorption of light quanta but with the action of so called "dipole gradient forces" [see 129-

131]. Such forces appear during the interaction between an object and spatially modulated 
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light. In case of coherent illumination of an object the spatial modulation of light intensity 

originates from interference of the incident beam with the light beams reflected and scattered 

by heterogeneities of the object. As a result a speckle structure of micrometer scale with 

strong intensity gradients appears on a surface and in a bulk of the illuminated system. It 

should be pointed out that such structures are not formed at illumination of a body tissue with 

incoherent light. So the primary step of biological action of laser light may be connected with 

action of gradient forces due to the non-resonant dipole interaction of the electrical 

component of light with the light-induced electrical dipole moment of biological 

microparticles (organelles, cells and their aggregates).  

No absorption of light quanta is involved in this process. Such mechanism is more universal 

than photochemical one and should not have strong spectral dependence. The choice of laser 

wavelength in this case is determined mostly by spectral dependence of light penetration 

inside a tissue but not by resonance with any absorbing centres [130, 131]. Apart from 

speckles, which automatically appear at laser radiation of a biological system, the gradient 

laser fields can be created especially by using one or other schemes of laser beam 

interference. It allows performing exact control and purposely choosing the spatial structure 

of a laser field on any object.  

The action of gradient fields is expected to cause several biological effects in a biological 

system [129]: selective change of local concentration of certain biological components 

(enzymes, erythrocytes, leukocytes etc.) and stimulation of particles diffusion; stimulation of 

conformational changes in various biological structures both within a cell and on the 

supracellular level. As a result, certain changes of the cell metabolism and genetic properties 

can be occurred; small reversible displacement and reversible deformation of cell's organelles 

and cytoskeleton ("cellular massage").  

All these phenomena may significantly influence on individual biological systems as well as 

on organism as a whole [131]. 

This theory finds its confirmation in third experiment, which was focused in work only with 

Mg2+- and Ca2+-ATPase. As it is known, that maximum of absorption for ATPase is 265 nm 

[110]. But the strongest influence on the enzyme had made YAG-laser (532 nm, green light). 

Making increasing of Ca2+-ATPase at 10 mW it had decreased the enzymatic activity at 20 

mW and 30 mW. Totally other results were obtained about Mg2+-ATPase. With energy 10 

mW the enzymatic activity was reduced and then activated with 20 mW and 30 mW. The 

main point of discussion here is not positive or negative influence of YAG-laser treatment but 

its influence as itself [122]. Regarding to the statement about light-absorption, it is logically to 
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expect no influence of this type of laser on above mentioned enzymatic system. Nevertheless, 

obtained results make contradiction with point of view, concerning light absorption [110]. 

The most suitable explanation can be a concept, in which coherence is a factor of major 

importance. It is based on the dipole interaction of gradient laser fields with cells and its 

structures, organelles, membranes etc. The gradients of laser intensity in the object originate 

due to the interference of the light, scattered in the tissue, with the incident light beam 

(speckles formation) [129, 130]. The same can be said towards influence of He-Ne-laser (632 

nm) and Ar-laser (488 nm), which have influence on Ca2+-ATPase too, increasing its activity 

at 10 mW (Ar-laser) and inhibiting enzyme at 20 mW (He-Ne-laser).  

At the same time the obtained results from the forth experiment can be explained light-object 

interaction by principle of light-absorption. Only Ar-laser (488 nm) was taken for radiation 

and two enzymes from different kinds of animal's tissue: lactic and succinic dehydrogenase. 

The results show that light treatment at 488 nm inactivates both enzymes in liver, kidney, 

heart, muscle and brain tissue after 1min, 2 min and 5 min of exposition. From some literature 

sources [96] the maximum of absorption for lactic dehydrogenase is named at 420 nm (in 

other cases 450 nm and by own researching in gamut 200-300 nm) and for succinic 

dehydrogenase at 350 nm. It allows to suppose that part of light was absorbed and owing to 

high liability and individual properties of enzymes it had made negative influence [41, 133]. 

Besides that, the concept of gradient fields is real explanation of interaction Ar-laser light and 

succinic dehydrogenase enzyme. Making objective conclusion it is necessary to add that two 

points after radiation were positive, it means that after 2 min of Ar-laser treatment lactic 

dehydrogenase activity in kidney after 24 hours was increased. The same effect was observed 

in muscle after 2 min and 5 min after 24 hours too. Only two results are not enough to be 

taking into consideration about positive influence of Ar-laser light on succinic and lactic 

dehydrogenase and need to be repeated and confirmed in further. 

Very disputable effects of influence of LILI on biological systems are shown from 

experiments fife and six, which were done with plant tissue. Only one enzyme alpha-amylase 

(200-350 nm) and three kinds of lasers (argon, helium-neon and YAG-laser) were taken for 

performance. In all experimental sessions the radiation with Ar-laser had decreased level of 

alpha-amylase in dry grains as well as in germinated ones. He-Ne-laser and YAG-laser had 

made the effect on the contrary. Such effects can not be explained with theory of light 

absorbency because the maximum of absorption of alpha-amylase lies quite far away from 

wavelengths of above mentioned lasers [100, 102]. Probably, the factor of enzyme activation 

can be conformational locations in space of molecule structure (namely alpha-amylase) under 
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laser light and mechanism of this phenomenon is realised with activation of genetic control 

systems of metabolic processes in plant cells [102, 134]. In literature [130, 131] the action of 

gradient fields is expected to cause several biological effects in a system: 

- selective changes of local concentration of certain biological components (enzymes, 

erythrocytes, leukocytes etc.), stimulation of particles diffusion 

- stimulation of conformational changes in various biological structures both within a cell and 

on the supracellular level. As a result, certain changes of the cell metabolism and sometimes 

of its genetic properties may occur 

- small reversible displacement and reversible deformation of cell's organelles and 

cytoskeleton ("cellular massage") [129-131]. 

At the same time from point of light absorbency, the results of seventh experiment can be 

considered. The work was done with another enzyme, manganese peroxidase under LILI 

radiation. The most remarkable results were obtained after radiation with YAG-laser with a 

wavelength 355 nm, 1 mW. As long as radiation time was, as less activity of MnP was 

detected. The second positive result was obtained after radiation with Xenon lamp with white 

light: less activity of MnP was detected after Xenon lamp radiation but higher activity to 

compare with YAG ultraviolet light. All other radiation experiments, means YAG-green light 

(533 nm), Ar laser (488 nm) and He-Ne-laser (632 nm) did not show any changes of MnP 

activity after radiation to compare to the control experiment. The results confirm a 

dependence between wavelength of light radiation and UV-spectrum of MnP [135-137]. MnP 

has maximum of absorbency at 214 nm; there is nearly no absorption in visible region with 

wavelength higher than 400 nm. This energy, that is taken from ultraviolet light is able to 

destroy activity of MnP but not visible light [137, 138].  

Evidently, the same mechanism of light absorption takes place in interaction between LILI 

and solution of yeast (Saccharomyces cerevisiae), that was carried out experimentally in next 

experiment. Argon- and YAG-laser (355 nm and 532 nm) were taken for work for 40 min. 

The results had shown inhibition of dehydrogenase activity of yeast after all kinds of laser 

radiation, that was not contradictory to some literature data [23, 87]. It is necessary to attent to 

the fact, that visibly solution of Sacch. cerev. took blue light during the whole process of 

radiation with Ar-laser. No light outside of cuvette was observed after passing through. 

The last experiment was done with the same aim (to detect dehydrogenase activity); the same 

kinds of LILI were taken. As a biological material for radiation two bacterial cultures were 

chosen. After finishing the experiment no dehydrogenase activity of bacteria was detected. It 

would be incorrect to suppose that LILI had made any influence on given biological object on 
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the base of obtained results. If contradictory effects take place, it should be reasonable to 

research one of the certain mechanisms of interaction between light and system. In this case it 

would be logical to assume only one reason of present results: 

- in spite of similar fermentative dehydrogenase system of yeast and bacteria, the used TTC-

test can not be applied for detection of dehydrogenase activity in work with bacterial culture; 

dehydrogenase system of bacteria can include intermediate or additional cascade of reactions 

[139, 140] and TTC-media solution does not suit to them. 

 

 

7 Conclusions and outlook 
1 From the most described and discussed mechanisms of interaction between low 

intensity laser light and biological systems three of them can be the possible ways for 

explanation and understanding essentiality of the process. They are:  

a) light absorption by radiated system 

b) heating of system (thermal effect of laser action)  

c) dipole interaction of gradient laser fields with components of biological system. 

 

2 Effect of laser radiation depends on kind of laser light and its mechanism of 

interaction with biological object. Laser light's monochromaticity is responsible for its 

selective effect on biological tissue. Whenever light hits a biological system, it can be 

transmitted, scattered, reflected or absorbed, depending on the type of biological material and 

the kind of laser, namely the wavelength of the light. 

 

3 Every biological system has its specific absorption characteristics depending on its 

specific components; one of the main absorbing components of every biological tissue is 

water.  

 

4 Coherence of laser irradiation plays one of the most important role causing biological 

responses and primary action of laser light on a biological system is connected with the action 

of dipole gradient forces.  

 

5 The action of gradient fields initiates conformational changes of various biological 

structures at cellular and supracellular level, changing of enzymatic activity and cell 

metabolism affecting genetic properties of a system. 
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6 Every mechanism of "light-tissue" interaction allows to get various biological 

responses from radiated system depending on time of exposition, wavelength, energy of 

device and type of tissue as itself which can be purposely modulated and have practical 

application in sciences. 
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9 Appendix 
 

9.1 List of abbreviations and units 
 
a) Abbreviations 
 
Abbreviation Explanation 
AOS antioxidant system 
Ar-laser Argon laser 
ATPase Adenosine triphosphatase 
ATP Adenosine triphosphate 
BO, BO(H) Biological oxidants  
CO2-laser carbon dioxide laser 
CP Coproporphyrine 
CTA cycle of tri-carbonic acids  
dest. Distilled 
DMSO Dimethylsulfoxide 
DNA Desoxyribonucelic acid 
DPN Diphosphopyridine, reduced form 
DPNH Diphosphopyridine 
EDTA thylene diamine tetra acetate  
EGTA Ethyleneglycol-bis(2-aminoethylether)- 

N,N,N´,N´-tetraacetic acid 
E.P.R. Electron Paramagnetic Resonance 
G-6-P Glucose-6-phosphate 
GP Glutathione peroxidase 
GSH reduced glutathione  
GSSG Glutathione 
He-Ne-laser Helium Neon laser 
HP Hematoporphyrin 
HILI high intensity laser irradiation 
LILI low intensity laser irradiation  
LLLT low level intensity laser therapy 
LPO lipid peroxidation  
MB Methylene blue 
MDA malonic dialdehyde  
MnP Manganese peroxidase 
NAD Nicotineamid adenin dinucleotide 
NADH2 Nicotineamid adenin dinucleotide phosphate 

reduced form 
NADPH Nicotineamid adenin dinucleotide phosphate 
1O2 singulet oxygen 
RNA Ribonucleic acid 
SH-groups Sulfhydryl groups 
SOD Superoxid dismutase  
TBA Thio-barbituric acid 
TCA Trichloracetic acid 
TMEDA Tetramethylene ethylene diamine 

 103



Abbreviation Explanation 
TPF Triphenylformazan 
TPNH Nicotinamide adenine dinucleotide phosphate  
TRIS tris(hydroxymethyl)aminomethan 
TTC Triphenyltetrazolium chloride 
YAG-laser laser on aluminum-yttrium garnet 
UV ultra violett 
 
 
 
b) Units: 
 
Abbreviation Explanation 
Cm Centimeter 
G gram  
H hour  
L Liter 
Lambda Wavelength 
M Molarity 
Mg Milligram 
Min Minute 
Mol Mol 
Mmol Millimole 
Ml Milliliter 
MW Milliwatt 
Nm Nanometer 
N Normality 
Nmol Nanomole 
R Rotation 
U unit  
µg Mikrogram 
µl Mikroliter 
µm Mikrometer 
µmol Mikromole 
°C degree Celsius 
/ Per 
% Percent 
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9.2 List of light sources 

Lasers: 

1 He-Ne-laser, 632 nm, type: LG-75 

2 Ar-laser, 488 nm, type: LA-1- argon laser on dues 

3 Nd:YAG-laser (laser on yttrium aluminum garnet), 532 nm, 2nd harmonica,  

 type: LTN-402A  

4 Nd:YAG-laser (laser on yttrium aluminum garnet), 355 nm, 3d harmonica,  

 type: LTN-402A 

5 CO2-laser (carbon dioxide), 10.6 µm, IMO-2H  

 

Pulsed Xenon Lamp 

Pulsed Xenon Lamp PX-2 is a high flash rate, short-arc xenon lamp for the UV (220-750 nm), 

for applications requiring absorbance, reflection, fluorescence and phosphorescence, 

measurements, and especially for measuring optically or thermally labile samples. The PX-2 

operates at speeds up to 220 Hz, offers excellent, pulse-to-pulse stability, and has two trigger 

modes for software control of the flash rate. The most common feature of Xenon lamp is that 

any external TTL positive pulse can be used to trigger the PX-2. With the PX-2 coupled to an 

S2000 Spectrometer, the user can easily synchronize operation of both the light and detector. 

The PX-2 features a switch to select TTL signals that provide two modes of operation. In the 

Multiple mode, the flash timing is invariant and is set by jumper blocks in the S2000. The 

spectrometer sampling can be altered so that a variable number of flashes are observed during 

each integration period. The Multiple mode is especially useful for absorbance and reflection 

applications, as it ensures steady, consistent light exposure for each integration period. 

In the Single mode of PX-2 operation, a single flash occurs during each integration period. 

The flash rate is modified by changing the integration period. Because it produces a pulsed 

signal, the PX-2 is less likely to contribute to solarization in optical fiber assemblies, which 

can occur when fibers are illuminate with signal < 260 nm. 
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9.3 List of materials and equipment  

 

a) Materials 

beakers, different sizes 

botteles brown glas, different sizes 

bunsen burner 

centrifugation tubes 

erlenmeyer flasks, different sizes 

filtration paper 

funnels, glass 

cuvettes, diameter 1 cm and 5 cm 

measuring cylinders, different sizes 

measuring pipettes, different sizes 

microliter pipettes 

peleus ball 

petri dishes, diameter 10 cm, glass 

pH paper test tubes, different sizes 

retorts, different sizes 

round bottom flasks, differenz sizes 

thermometer 

timer 

titrator from glas 

vials, different sizes 

volumetric flasks, different sizes 

 

b) Equipment 

analytical weight 

centrifuge 

destillation unit 

gel electrophoresis unit 

homogenisator 

incubation thermostat 

incubation unit 

ph-meter 
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refrigerator 

test tube shaker 

UV-Vis spectrophotometer Specor 40 

UV-Vis spectrophotometer, registrating, Eppendorf 

vacuum evaporator 

water bath 

 

9.4 List of chemicals 

Acetic acid  

Acetone 

Adenosine triphosphate 

Agar-agar  

Agar-gel  

1-Amino-2-naphthol-4-sulfonic acid  

Ammonium sulfate  

Ammonium molybdate  

Barium salt 

Bovine serum albumine  

Bromine 

Calcium chloride 

Chloroform 

Copper sulphate 

Dichlorindophenolate 

Dimethylsulfoxide 

5,5'-Dithiobis(2-nitrobenzoic acid) 

DNP-SG solution 

DPNH 

EGTA  

Ethanol 

Ethylendiamintetraacetate  

Hydrochloric acid 

Iodine  

Glucose-6-phosphate 

Glutathione 
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Lithium sulphate 

Magnesium chloride 

Malachite green  

Maleic acid 

Malonic dialdehyde  

Manganese dichloride 

Menosynmethasulphate 

Methanol  

Methylene blue 

NADPH water solution 

Nicotinamide adenine dinucleotide phosphate  

Nitric acid 

Perchloric acid 

Perhydrol  

Phosphoric acid 

Polyacrylamide gel 

Potassium chloride 

Potassium cyanide 

Potassium dihydrogen phosphate 

Potassium hydrogen phosphate 

Potassium iodide 

Potassium permanganate 

Quercetin 

Sodium azide  

Sodium bisulfite 

Sodium carbonate 

Sodium chloride 

Sodium hydroxide 

Sodium malonate 

Sodium molybdate 

Sodium potassium oxalate 

Sodium succinat 

Sodium sulphate anhydrous 

Sodium sulfite 
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Starch  

Sulfuric acid (conc.) 

Tetramethylethylendiamine   

Thio-barbituric acid  

Tri-butyl hydroperoxide 

Trichloracetic acid  

Triphenylformazan  

Triphenyltetrazolium chloride  

Tris(hydroxymethyl)-aminomethan   

Tween-20  

Water 

 

9.5 List of biological systems 

Biological objects: 

Bacillus subtilis 

Bacillus cereus 

Dry grains of barley 

Germinated grains of barley 

Albino rats 

Yeast (Saccharomyces cerevisae)  

 

Biological tissues from rats: 

Blood plasma 

Brain 

Heart  

Kidney 

Liver  

Muscle  

Red cells of blood (erythrocytes) 

 

Enzymes: 

Alpha-amylase 

Catalase 

Glucose-6-phosphatase  
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Glutathione peroxidase 

Glutathione reductase  

Lactic dehydrogenase 

Manganese peroxidase (MnP) 

Succinic dehydrogenase 

Superoxide dismutase (SOD) 

 

ATPase:  

Ca2+ -ATPase 

Mg2+-ATPase 
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9.6. Spectra 
 

UV-Vis spectrum of water
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UV-Vis specrum of lactic dehydrogenase
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UV-Vis spetrum of alpha-amylase
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UV-Vis spectrum of catalase
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UV-Vis spectrum of superoxide dismutase 
(SOD)
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