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LASERS IN RESEARCH AND THERAPY:
DISCOVERIES THROUGHOUT THE YEARS
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In low-level laser therapy research there has been a clear division of physicists studying the laser itself and
some specific cellular function in vitro, photobiologists studying cellular and molecular effects or medical doctors
studying clinical effects. Effects of laser light have been under dispute ranging from ineffective to dangerous,
cytotoxic, mutagenic, carcinogenic and proliferative effects. For years medical field based their reserve on lack
of studies, poor studies, lack of evidence or no results. This has largely been due to the fact that quite a number of
studies had been carried out in clinics with minimal funding, rendering double blind studies near impossible.

With the development of better and cheaper equipment cellular effects of laser and light became a popular
topic of research. Clinical results gave encouraging reasons for further studies at the cellular and molecular
level. This paper attempts to give a chronological review of notable studies in the use of low level lasers and
light in the treatment of numerous medical conditions, focusing on the developing use of low level laser in the

treatment of neurological diseases.
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Endre Mester started his laser research in 1965. In
1974 he founded the Laser Research Center at Sem-
melweis, and continued working there for the remain-
der of his life. He is credited with the discovery of the
biological effects of low power lasers [1] and he is
believed to be only the fourth physician publishing in
the area of laser medicine and surgery the first medical
application having been reported by Goldman in 1963
[2, 3] and in cardiovascular surgery McGuff first used
a Ruby-Laser in 1963 for the experimental ablation of
atherosclerotic plaques [4].

In 1971, Mester began treating patients with non-
healing skin ulcers, while using Low Intensity Laser
Irradiation [5]. His two sons continued his work after
his death in 1984.

Effects of laser light were under dispute ranging
from ineffective to dangerous, cytotoxic, mutagenic,
carcinogenic and proliferative effects. For years medical
field based their reserve on lack of studies, poor studies,
lack of evidence or no results even though at the same
time ultrasound equipment with only a fraction of re-
search in comparison to laser, was widely accepted both
in diagnostic use as well as effective in treating pain.

In 1984 Abergel demonstrated that helium-neon
(He-Ne) and gallium-arsenide (Ga-As), were shown to
stimulate collagen production in human skin fibroblast
cultures, suggesting that these lasers could be used for
enhancement of wound healing processes [6, 7] and
corroborating Mesters results. This triggered various
studies in wound healing and treatment methods in
dermatological conditions (Fig. 1).
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In 1983 Gamaleya, Shishko, and Yanis published
new data about mammalian cells photosensitivity
and laser biostimulation commenting on the stimula-
tive effects of light in general as well as polarized
light [8]. In the same year a comparative study of la-
ser acupuncture vs needle acupuncture and electroa-
cupuncture in the treatment of autoimmune thyroid
diseases was begun by Mékeld & Mikeld [9]. Results
became available in 1987 when 3000 patients had
been treated. Needle arm was discontinued after 40
patients due to poor results. Electroacupuncture arm
was discontinued after 100 patients due to results, al-
though better than needle acupuncture, were still not
at the level of laser acupuncture. Electric current and
laser were combined in 1984 after which 2800 pa-
tients were treated with combined electrolaser. This
result of superior effect by the combination of laser
light and electric current was based on the hypothesis
that light, through changing cAMP and calcium lev-
els, regulates the electrical potential of the cell thus
emphasizing the effect of electric current and vice
versa [10].This hypothesis was proved and improved
upon later by Klebanov in 1998 [11].

In 1988 Fedoseyeva, Smolyaninova, Karu, and
Zelenin began their long series of in vitro tests on
the effects of He-Ne laser on lymphocyte chroma-
tin changes, activation of transcription in lympho-
cytes and long and short-term responses of human
lymphocytes to laser irradiation [12]. These studies
continued later with infrared ranges and with pulsed
lasers, comparing effects of frequencies.
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At the same time Meyers, Joyce, and Cohan stud-
ied the effects of low-power He-Ne laser radiation
on human lymphocyte cultures [13] and Inoue, Nish-
ioka, and Hukuda published results on altered lym-
phocyte proliferation by low dosage laser irradiation
[14]. The results of these experiments triggered a
cascade of further studies on lymphocytes and im-
mune responses, shortly followed by further studies
on effects on blood cells in general, the immunologi-
cal effects on intravenous blood irradiation, which
had been discontinued for years.

Extracorporeal blood irradiation had been used in
the early 1900 in the treatment of inflammation but
was mostly discontinued after the discovery and de-
velopment of antibiotics. Light mediated vasodilation
was first described in 1968 by Furchgott, in his nitric
oxide research that lead to his receipt of a Nobel Prize
thirty years later in 1998 [15]. Later studies conducted
by other researchers confirmed and extended Furch-
gott’s early work, and demonstrated the ability of light
to influence the localized production or release of NO,
and to stimulate vasodilation through the effect NO on
c¢GMP. In 1978 Mishalkin began his studies on intra-
venous laser irradiation with Helium-Neon laser [16]
and in 1989 a congress was held in Kiev with the main
topic being IV laser irradiation and the immunomodi-
fying effects of laser light on blood cells. At this time
Rochkind [17] began his studies on stimulative effects
of laser light on nerve cells. Later it was found that the
same vasodilatory effect was achieved also by using
transdermal laser irradiation (Fig. 2).

In 1988 Passarella radiated isolated liver mito-
chondria with a He-Ne laser finding that it enhanced
ATP-ADP metabolism, increased content of ATP, in-
creased the electric potential across inner membranes
and pH in matrix, as well as small changes in the
matrix configuration [18].

By early 1990’s low power lasers became more
affordable and more stable bringing a boom of physi-
ological studies by Gamaleya [19], Stranadko [20],
Kaplan [21], Korochkin [22], Oshiiro [23], Karu
[24]. In 1995 Porozov, Brill, Kiritchuk published
their results on the influence of He-Ne laser on frog
heart [25].

Laser-tissue interaction research took a huge leap
forward after 1994 when the first semiconductor laser
that can simultaneously emit light at multiple widely
separated wavelengths — the quantum cascade (QC)
laser — was invented at Bell Labs by Faist, Capasso,
Sivco, Sirtori, Hutchinson and Cho. The develop-
ment of semiconductor lasers decreased the price of
laser equipment and made them more available for
researchers, giving also a wider range of possible
wavelengths for study.

Up until then, most common lasers used in the
studies were the Helium-Neon laser with wavelength
at 632.8 nm and the GaAlAs diode laser with a vari-
ety of wavelengths from 720 to 904 nm.

Mainstream of studies concentrated on penetra-
tion and absorption with great concern for safety as
well. Lasers were mainly used for wound healing,
pain and circulation. Continuous discussion on meth-
odology and dosage prevailed.

At the beginning of the 1900 after the discovery
of photodynamic effects, von Tappeiner and col-
leagues went on to perform the first PDT trial in pa-
tients with skin carcinoma using the photosensitizer,
eosin [26, 27]. Out of 6 patients with a facial basal
cell carcinoma, treated with a 1% eosin solution and
a long-term exposure either to sunlight or to arc-lamp
light, 4 patients showed total tumour resolution and
a relapse-free period of 12 months. In 1948, Figge et
al showed on laboratory animals that porphyrins ex-
hibit a preferential affinity to rapidly dividing cells,
including malignant, embryonic, and regenerative
cells, and because of this, they proposed that porphy-
rins should be used in the treatment of cancer [28].

Subsequently many scientific authors have repeated
the observation that cancerous cells naturally accumu-
late porphyrins and have characterized a number of
mechanisms to explain it. Much later, in 1978, Dough-
erty and co-workers clinically tested PDT again [29].
They published striking results in which they treated
113 cutaneous or subcutaneous malignant tumors and
observed a total or partial resolution of 111 tumors.

A new photosensitizer was derived from haema-
toporphyrin in 1990 by Mironov and coworkers in
Moscow [30]. Photogem was approved by the Min-
istry of Health of Russia and tested clinically from
February 1992 to 1996 by Stranadko and Kaplan,
among others (Fig. 3).

By the mid 1990’s research turned more toward
cellular effects with mainstream of studies still con-
centrating on lymphocytes with Klebanov studying
the effect of He-Ne laser on free radical mechanisms
and the functional potential and priming of leuco-
cytes [31] (Fig. 4). Later Klebanov and Vladimi-
rov studied the effect of low intensity laser light in
the red range on macrophage superoxide dismutase
activity [32]. By this time various researchers had
begun their studies on laser irradiation effects on
cytochrome ¢ oxidase function. Absorption spectra
obtained for cytochrome c oxidase in different oxida-
tion states were recorded and found to be very simi-
lar to the action spectra for biological responses to
light. Therefore, it was proposed that cytochrome ¢
oxidase (Cox) is the primary photoacceptor for the
red-NIR range in mammalian cells.
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In 1997 at the congress 'Problems of Laser Medi-
cine’ Rochkind [33, 34] presented his studies on use
of laser in nerve regeneration after traumatic injury.
By this time research versified to various cell func-
tions and physiological reactions due to laser irradia-
tion but due to varying dose requirements of different
wavelengths results seemed baffling. It was not until
the early 2000°s when it became generally accepted
that dosage was not the only determining factor of la-
ser effects. Wavelength and frequency of pulsed laser
became an interest of wider study. Wavelengths in
the 600-700 nm range were considered best for treat-
ing superficial tissue, and wavelengths between 780
and 950 nm for deeper-seated tissues, due to longer
optical penetration distances through tissue. Some
reports regarded the pulse structure as an important
factor in low-level laser effect; for instance Ueda and
Shimizu in 2001 found better effects using 1 or 2 Hz
pulses than 8 Hz or CW 830 nm laser on rat bone
cells, but the underlying mechanism for this effect
remained unclear [35].

Infrared laser was studied extensively in circula-
tion due to its previously noted dilatory effect and
penetration. It was also noted that specific pathogen-
ic structures, such as atherosclerotic plaque, showed
also positive conformational changes (Fig. 5).

Up to the mid 1990’s there were two mainstreams
of hypotheses on the action mechanism of laser light.
First hypothesis was based on the idea of a specific ac-
tion of coherent (laser) radiation on human and animal
tissues, biological structures as a whole, water struc-
ture, haemoglobin, etc. The second hypothesis consid-
ered the photochemical action of light, including the
radiation of lasers, LEDs, and other sources of vis-
ible and near infrared light. Karu concentrated at this
time on the “singlet oxygen” hypothesis, according to
which the light-absorbing molecules such as porphy-
rins and flavoproteins can be changed, for example, in
the respiratory chain of mitochondria into derivatives
possessing the properties of photosensitizers. Under
the action of light, these compounds evolve singlet ox-
ygen that can stimulate, in turn, such processes as the
synthesis of RNA and DNA [36, 37]. Torinuki in 1980
[38] and Tatsuta in 1984 [39] had found corroboration
of this idea in the fact that the spectra of activation of
the synthesis of those compounds in HeLa cell cultures
contained peaks that could be ascribed to porphyrins
and flavin compounds.

The second hypothesis of laser light action on the
oxidation-reduction properties of electron carriers
was suggested in 1988 by Karu [40]. The excitation
in cytochrome-oxidase complex of such chromo-
phores as CuA, CuB, or hemes a (a3) influences the
oxidation-reduction state of these centers and, con-

sequently, the electron transfer rate in the molecule.

A study from Pastore in 2000 examined the ef-
fect of He-Ne laser illumination (632.8 nm) on the
purified cytochrome ¢ oxidase enzyme, and found
increased oxidation of cytochrome ¢ and increased
electron transfer [41]. Artyukhov and colleagues
found also in 2000 increased enzyme activity of cata-
lase after He-Ne laser illumination [42].

In 2001 Oron published several papers on the ef-
fect of laser in the regeneration processes in the skel-
etal muscle, heart muscle and bone following trauma
or ischemic injury [43, 44, 45] (Fig. 6). He and his re-
search team continue to this day to explore the cellular
mechanisms associated with the biostimulatory effects
of the low energy lasers and, in particular, the mecha-
nism associated with the beneficial effects of laser ir-
radiation on cell survival under ischemic conditions
and angiogenesis both in skeletal and cardiac muscle.
They have studied extensively the expression of pro-
teins of the heat-shock family in the ischemic heart and
skeletal muscles. These studies showed that the laser
stimulated cells migrate from the bone marrow to the
remote organ (ischemic heart) in the rat infracted heart
model and cause a reduction of 77% in the scarring
post myocardial infarction. This novel phenomenon in
stem cell biology is currently investigated also in other
organs like, for example, the ischemic kidney.

After the development of powerful LEDs, one of
the most topical and widely discussed issues in the
low-level-laser clinical community became whether
the coherence and monochromatic nature of laser
radiation have additional benefits, as compared with
more broad-band light from a conventional light
source or LED with the same center wavelength
and intensity. Samoilova had been studying the bio-
modulating effects of polarized light since the early
1990°s [46, 47, 48] and Lubart at the same time also
studying white light and its effects on sperm cells
and later on the adipose derived stem cells [49, 50].
Two aspects of this problem became topics of discus-
sion: the coherence of light itself and the coherence
of the interaction of light with matter (biomolecules,
tissues). The latter interaction produces the phenom-
enon known as laser speckle, which was postulated
to play a role in the photobiomodulation interaction
with cells and subcellular organelles. Discussions
continue because of the difficulty to design an exper-
iment to directly compare coherent laser light with
non-coherent non-laser light. This is due to the fact
that laser light is monochromatic with a bandwidth
of 1 nm or less, and it is very difficult to generate
light from any other source (even an LED) that has a
bandwidth narrower than 10-20 nm, therefore it will
be uncertain if observed differences are due to coher-
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ent versus non-coherent light, or due to monochro-
matic versus narrow bandwidth light.

By the turn of the century cytokine and adipokine
research had amassed compelling results in the effect
of cytokines in a wide array of diseases and cellular
function to give reason to investigate effects of light
and laser on cytokines. There is no dearth of reports
measuring circulating cytokines and their association
with disease severity.

Several adipokines, such as IL-1a and TNFa, are
already known for their pro-inflammatory role in the
atherosclerotic processes. Among many substances,
Leptin, although initially described as a naturally
occurring suppressor of appetite, has been found to
function primarily as a mediator of cytokine-induced
inflammation and immune functions. Adiponectin
is an anti-inflammatory adipokine inhibiting mac-
rophage functions. Resistin increases insulin re-
sistance in muscle and liver tissue but also induces
chemokines and vascular adhesion molecules.

In 1993 Funk [52] showed that He-Ne laser irra-
diation decreased concentrations of interleukin-1 alpha
(IL-1 alpha), tumor necrosis factor-alpha (TNF-alpha),
interleukin-2 (IL-2), and interferon-gamma (IFN-
gamma) in supernatants of cultures of human periph-
eral blood mononuclear cells (PBMC) with increased
cytokine concentrations after irradiation of 18.9 J/cm?
and decreased concentrations after irradiation of 37.8
J/em?. 1997 Schwartz [53] showed the effect of low-
energy laser irradiation on cytokine secretion from
skeletal muscle cells and the involvement of calcium
in the process (Fig. 7). He argued that the transient
increase in calcium permeability regulated cytokine
release. Inoue and Ishimura showed in 2001 that low-
power ND-YAG laser irradiation of synovial fluids de-
creased IL-1 and TNF-alpha levels without seeing any
effect in calcium permeability. This demonstrated that
different mechanisms regulate cytokine release under
varying conditions.

It has now become quite clear that the effect of
light cannot be attributed to any single mechanism
or parameter. Even by examining the varying ef-
fects of cytokines alone it has become evident that
in order to understand the possible effects of light
and laser in the organism it is vital to understand the
complex cellular mechanism and the biochemical ef-
fects ofeven small changes in cell metabolism, cell-
membrane potential, and the thousands of chemicals,
molecules, proteins or transmitters which are affect-
ed by changes in the cell environment and in turn
causing further changes in cell and tissue function.

Throughout the 1980’s and 1990’s our own laser
research was mainly clinical concentrating on dia-
betes, neurological diseases and thyroid diseases. At

the turn of the century results in diabetes treatments
gave reason to believe that low-level-laser treatment
had diverse systemic effects, including tissue regen-
eration by stem cell regulation. Type 1 diabetics who
had extensive damage to their pancreas, developed to
a stage where they could manage for several months
without external insulin. This result can not be ex-
plained by decrease of insulin resistance alone, since
both insulin levels and C-peptide levels normalized.
This brought about the studies on stem cell activation
and homing. 2000 and 2004 Gasparyan, Brill and
Maikeld [55] (Fig. 8) published in vitro results on the
influence of low-level laser radiation on migration of
stem cells. Results showed that laser light irradiation
could activate stem cell migration in vitro. The results
were more reliable in the case of combined applica-
tion of light and SDF-1a. The results gave ground to
consider that stem cell reactions to light irradiation
can be one of the key factors of light therapy. Studies
continued on to test if the laser light irradiation in
vivo was able to make homing of transplanted stem
cells to the area of damage more efficient, to check
the influence of laser light on the mobilization rate
of stem cells from bone marrow and to investigate
if laser light can enhance functional abilities of stem
cells. At this point several research groups began
their studies on the effect of laser light on different
aspects of stem cell activation, homing and prolifera-
tion in different cell cultures, and later in vivo. 2009
Trimmer et al [56] published their results on the neu-
roprotective effect or transcranial laser irradiation,
repeating experimentally on rats, procedures that had
been carried out clinically by Kaplan in 2000 and
presented by Kaplan and Mikeld in 2006 in Laser
Florence [57] (Fig. 9).

The apparent neuroprotective effect of near-infra-
red light applied transcranially gave reason to continue
further studies of application of lasers in neurology.
Electrolaser acupuncture had been used extensively
since the mid 1980’s in the treatment of Parkinson’s,
Alzheimer’s, MS, ALS and Huntington’s disease with
good results. Clinical results led to the studies on the
effect of different wavelengths on neurone growth
and recovery, showing that in autoimmune neurologi-
cal diseases 405-458 nm were especially effective in
neurological recovery. Several substrates were found
to be involved, among them the amino acid arginine,
heparansulphateagrin, Vitamin D, calcium regulating
mechanisms, and several hormones, including prolac-
tin. By this time 1265 neurological patients had been
treated by this method consisting of 220 patients with
multiple sclerosis, 164 with amyotrophic lateral scle-
rosis, 420 with neuropathy, 672 with neuralgia, 186
with Alzheimer, 370 with infarct/hemiplegia, 220 with

DOOTOBIOJIOI'TA TA ®OTOMEAMIINHA, 1, 2 2013 49



KJIHIYHA ®OTOMEIULIMHA

CLINICAL PHOTOMEDICINE

Parkinson’s, 5 with Huntington’s and 81 accidental
paraplegic/quadriplegic patients [58].

One feature common autoimmune neurological
diseases is insulin-degrading enzyme (IDE) which is
a Zn*"-metalloprotease. It is involved in the clearance
of insulin and amyloid-beta. Loss-of-function muta-
tions of IDE in rodents cause glucose intolerance
and cerebral accumulation of amyloid-beta, where-
as enhanced IDE activity effectively reduces brain
amyloid-beta. Two substrates of IDE, amyloid beta-
protein A {beta} and insulin, are critically important
in the pathogenesis of Alzheimer’s Dementia, Par-
kinson’s disease and type 2 diabetes mellitus, respec-
tively. Insulin degrading enzyme (IDE) is expressed
in the brain and may play an important role there in
the degradation of the amyloid beta peptide A {beta}
[59]. A{beta} has been shown to decrease P13 kinase
activity, which would decrease IDE levels and in turn
increase A {beta} levels, thus creating a vicious cy-
cle. Therefore, stimulating the insulin signalling and
increasing PI3 kinase activity would break this cycle
and reduce the accumulation of A {beta}.

Shen et al [60] report structures of human IDE in
complex with four substrates (insulin B chain, amy-
loid-beta peptide (1-40), amylin and glucagon). The
amino- and carboxy-terminal domains of IDE (IDE-
N and IDE-C, respectively) form an enclosed cage
just large enough to encapsulate insulin. Extensive
contacts between IDE-N and IDE-C keep the degra-
dation chamber of IDE inaccessible to substrates. Re-
positioning of the IDE domains enables substrate ac-
cess to the catalytic cavity. IDE uses size and charge
distribution of the substrate-binding cavity selective-
ly to entrap structurally diverse polypeptides. The en-
closed substrate undergoes conformational changes
to form beta-sheets with two discrete regions of IDE
for its degradation.

Kleifeld et al [61] and Auld [62] have shown that
zinc metalloproteinase has several absorption max-
ima, not only in the far infrared also in the visible
areas of red, near infrared and blue.

It is possible that due to deficiency of IDE, glu-
cose-induced dysregulation of the p35/CDKS5 path-
way is a pathophysiological mechanism involved in
the B-cell dysfunction and the predisposition to apo-
ptotic cell death associated with the progression of
type 2 diabetes. The correction of this dysregulation
by the use of light of specific wavelengths can also
halt or reverse the progress of the disease as is seen
in the clinical results.

Another important neural growth regulator is Ag-
rin, a heparansulphate. Release of Agrin is required
for the maintenance of normal function of neurons and
muscle cells. Agrin plays a key role in synaptic differ-

entiation (Fig. 10). Agrin also induces acetylcholine
receptor phosphorylation and mediates acetylcholine
receptor clustering by interacting with muscle-bound
heparin-binding growth factors such as HB-GAM.

Significant increases in total Agrin mRNA are
observed upon treatment with NGF. NGF induces
the production of transcripts encoding isoforms with
high aggregating activity and neuronal tissue distri-
bution and together with calcium ion potentiates the
effects of agrin.

Expression of NGF is positively influenced by
Glutamate mediated neuronal activity, Vitamin D3,
Phorbol 12-myristate- 13- acetate, TNF-alpha, PDGF
(Platelet derived growth factor), TGF-Beta (Trans-
forming growth factor), Interleukin 1 and Interleukin
6 which all have been found to be regulated by vary-
ing doses of light.

Some of the main regulating mechanisms in neu-
ral function and growth are Agrin, IDE and CDK5
and the release and functional changes in them by
light may explain these variable results in previous
laser experiments.

Many studies have shown that cytochrome b561
shows intrinsic tissuespecific expression. This has
led to the hypothesis that cytochrome b561 would be
a basic feature of all peptidergic and adrenergic tis-
sues. In mammals other than humans, immunological
studies have shown that it is present in splenic-nerve
terminals and posterior and anterior hypophysis [63];
in many areas of the brain (64); in blood vessels, ret-
ina, enteric-nerve fibres, and atrial heart [65]; and in
thyroid parafollicular cells [66].

Cytochrome b561 has specific activation and ab-
sorption spectra at wavelengths between 556- 570
nm with highest peak at 561 nm. This, considering
the various actions of cytochrome b561 would give
biochemical support to the clinical results on the im-
munological and neurological effects of light in the
green spectra.

Several researchers have found laser light to strong-
ly regulate the release of PDGF, EGF, FGF and TGF.
Even though these have been studied in consideration
of wound healing, it is known that they are also regula-
tors of oligodendrocyte function. Earlier consideration
of the neurological effects of transcranial laser irradia-
tion being mainly due to changes in circulation and
oxygen delivery could now be reconsidered.

Oligodendroglia arise during development from
oligodendrocyte precursor cells, which can be iden-
tified by their expression of a number of antigens,
including the ganglioside GD3, the NG2 chondroitin
sulfate proteoglycan, and the platelet-derived growth
factor-alpha receptor subunit PDGF-alphaR.

In the presence of epidermal growth factor (EGF)
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and/or fibroblast growth factor (FGF), cultured sub-
ventricular zone SVZ progenitors self-renew and
upon removal of growth factors can generate neu-
rons, astrocytes, and oligodendrocytes [67]. In vivo,
epidermal growth factor (EGF), fibroblast growth
factor (FGF2), or TGFa infusions result in a dra-
matic enlargement of the subventricular zone (SVZ)
and increased migration of progenitor cells into the
surrounding brain parenchyma [68]. Hou et al [69]
showed the modulatory effect of low level 635 nm di-
ode laser light on endothelial growth factor (VEGF)
and nerve growth factor (NGF). 0.5 J/cm? was found
to be an optimal energy density [69]. Safavi et al [70]
studied the effect of He-Ne laser (632.8 nm) on Inter-
leukin 1 (IL-1), tumor necrotic factor-alpha (TNF-al-
pha), and interferon-gamma (IFN-gamma), platelet-
derived growth factor (PDGF), transforming growth
factor-beta, (TGF-beta) and blood-derived fibroblast
growth factor (bFGF). (Fig. 11) Several studies have
concentrated on direct irradiation of the regenerat-
ing nerve. Taking into consideration, however, all
these above mentioned studies, it became quite obvi-
ous that systemic irradiation would have greater ef-
fect on the total regenerative properties of laser and
light on neurological trauma as well as autoimmune
neurological diseases. Taking into consideration the
various biochemical and physiological changes oc-
curring in autoimmune neurological diseases, lasers

and light can be utilized in various ways to deter pro-
gress of disease and to augment general condition
and functional capability of patient.

Looking back on low-level laser therapy research
there has been a clear division of physicists studying
the laser itself and some specific cellular function in
vitro, photobiologists studying cellular and molecu-
lar effects, medical doctors studying clinical effects.
For low-level laser use to develop further in the fu-
ture with better understanding, research needs to
combine all these fields with a thorough understand-
ing of the biochemistry and genetics of the living cell
and future studies need to utilize research methods,
which can recognize systemic effects.

Future will also hopefully incorporate laser and
light more in combined use with medications or nu-
tritive therapy regulating immuno-endocrinological
functions, preventive medicine, and further develop-
ment of homecare units for diabetics, autoimmune
neurologic patients, trauma rehabilitation and first aid.

For low-level laser therapy to be thoroughly ac-
cepted in general medicine, it is unfortunately neces-
sary to change the way of thinking of the medical
field. Laser and light have such a widely varying sys-
temic effect that the doctor must be prepared to delve
deep into the medical problem of the patient and be
able to evaluate the condition and need for repair at
cellular function level.
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JA3EPBI B UCC/IE/JOBAHUAX U TEPAIIHU:
OTKPBITHA HA IIPOTAKEHHU MHOI'UX JIET

Any Maxena

B pabomax no uccneooganuio s¢pghpexmos HusKOUHMEHCUBHO20 NIA3epHO20 0DIyUeHUsl NPOCIENCUBAENICS
uemkoe pazoenenue UHmMepecos QUIUKO8, UYUAIWUX BO30eliCmEUe Na3epHO20 Cc8emd HA HeKOmopble
KI1emouHvle yHKyuu in vitro, pomobuono208, uzyuaiowux Kiemoynsie u MoreKyIapHsle dpexmol 1a3epHo20
obnyyenus, u epadetl, U3Y4AOWUX KIUHUYecKue s¢ggexmol nazeproli mepanuu. Paznuunvie uccnedosamenu
BVIABUNU  PA3HOOOPA3zHbIe 3PGhexkmpl 1azepHo20 B030€licmeuUs, GKIYAL NOJoJCUmMeNbHble 3pghexmupl,
ompuyamenvhvie dhexmuvl  (Yumomokcuyeckue, MymazeHHvle, KaHyepozeHHbvle, NponugdepamusHovle
aghpexmul), a maxoce omcymemeaue Kakux-moo cneyughuueckux agpghexmos nazeproeo ozoeticmsus. Imo
6 bonvbuioll cmenenu CeA3aHO ¢ mem PaKkmom, 4mo 3HA4UMeNbHAs YaACmb UCCTe008anull bvlia nposedend
6 KIUHUKAX C 02PAHUYEHHBIMU PeCcypcamil, U3-3d 4e2o npogedeHue UCHelmanull ¢ npumeHeHuem 08oUHO20
Cenoeo KOHmpos ObLI0 NPAKMUYECKU HeB03MOJICHO.

Hccnedosanue knemoynvix s¢hpexmos naszepa u ceema CMAHOBUMCI NONYIAPHOU MEMAMUKOL nocie
NOAGNEHUS YCOBEPULEHCNBOBAHHO20 U Donee Oeutéoeo obopydosanus. Obnadedxcugaroujue KiuHUYECKue
pe3Vibmamsl CnoCoOCmMBE08aNU NPOBEOEHUIO UCCAe)08AHUL HA KIeMOYHOM U MOAEKVIAPHOM yposHe. B dannoil
pabome coenana nonvimKka npedcmagums XpOHON02UYeCKULl 0030p HEKOMOPBIX 3HAYUMENbHBIX UCCTe008AHULL
1o NPUMEHEeHUI0 HUKOUHMEHCUBHBIX NA3EPO8 U C8ema 8 JeYeHUU pAa3UYHbIX NAMoNo2ull, U, 0cobenHo, npu
JledeHul HeponocUYecKUx 3a601e8aHuil.

Knroueswie cnosa: nuskounmencusHoe naseproe usiyyenue, Uccie008anus, mepanus, Hegpoiocuyeckie
3abonesanus, 0030p.

JIASEPH Y JIOC/II/DKEHHAX TA TEPAIIII:
BUIKPUTTA IIPOTAT' OM BAI'AThOX POKIB

Amny Maxkena

YV pobomax 3 Oocnioscennss epexmié HU3LKOIHMEHCUBHO2O NA3EPHOC0 ONPOMIHEHHS NPOCMENCYEMbCS
yimkuil nooin inmepecie QizuKie, Wo sUSUAIOMb GNIUE TA3EPHO20 CEIMIA HA 0esKi KimuHHi QyHKyil in vitro,
Gomobionozis, wo eusuaiomv KIMuHHi ma MOAEKVIAPHI eexmu 1a3epHo20 ONpOMiHeHHsl i JiKapis, sKi
susuaromyv K1iHiyHi epekmu naseproi mepanii. Pisni 0ocnionuku eussunu pisnomanimui eghexkmu nazepHol
0ii, BKINYAIOYU NOUMUBHI eexmu, He2amusHi eexmu (YumomoKCuyHi, MymaeeHHi, KaHyepoeeHHi,
nponighepamusti egpexmu), a maxodic 8i0cymuicmos 0yOb-aKuUx cneyudivnux egpexmis nazepnoi 0ii . Lle y
8eNUKIL MIPI M08 SA3aHO 3 MUM DAKMOM, W0 3HAYHA YACMUHA OO0CTIONCEeHb OYIa NpoeedeHa 6 KIIHIKax 3
obMmediceHuMU  pecypcamu, 4epe3 ujo Npo8eOeHHs BUNpPoOY8aHb i3 3ACMOCYBAHHAM NOOBILIHO20 CliN020
KOHMPOTIO OY710 NPAKMUYHO HEMONCTIUBO.

Jlocniooicenns knimunnux eghekmie nazepa i ceimaa cmae NONYISAPHOIO MEMAMUKON NiCasi NossU
800CKOHANeH020 i Oinbut deutesoeo obraonanusa. OOHaAdINUE] KAIHIYHI pe3yibmamu Cnpusiu npo8edeH 0
00CNIONCeHb HA KAIMUHHOMY i MOAEKVIAPHOMY pieHsx. Y Oauili pobomi 3pobnena cnpoba npedcmasumu
XPOHONO2IUHUL 0271510 O€AKUX 3HAUHUX O0CHIOANCEHb U000 3ACMOCYBAHHA HU3LKOIHMEHCUBHUX 1a3epi8 i
C8Ima 8 NIKYSAHHI Pi3HUX NAMON02IH, I, 0COONUBO, NPU TIKY8AHHI HEEPONOCIYHUX 3AXEOPIOBAHD.

Knrouosi cnosa: nusvkoinmencusne nazepHe UNPOMIHIO8AHHS, OOCHIOMNCEHHS, Mepanis, Hespoioiuti
3aX80pI06AHHS, 027150.
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