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Abstract: Problems statement: This study was designed to examine the effecaséd therapy on
regeneration of traumatized skeletal muscles andymamics of immune responses in thymus and
bone marrow under ionizing radiatiorApproach: After local X-ray radiation of both rat
gastrocnemius muscles at a dose 20 Gy or aftdrtiteadiation of animals at a semiletal dose 6 Gy,
the muscles were damaged considerably as contractijanoffull cut across muscle). Then laser
therapy was carried out with a helium-neon las@&2 (@ nm) or infrared pulsed laser (890 nm), 10
treatments by 3 min during the first 15 or 30 dafter trauma.The investigations were performed
using histological, biochemical, cytological, agémetic and morphometric method®esults. The
received data showed that under ionizing radiatide;Ne and IR laser irradiation stimulated the
regeneration of skeletal muscles, improved theimgabf skin-muscle wound and stimulated the
prosesses of postradiation recovery in cells othlygus and bone marrow. The regenerative activity
of radiated traumatized muscles and the levekdfiction of cytogenetic damages in bone marrow
and the thymus varied depending on the periodMuich regenerative muscles were exposured to
laser light, as well as the optical characteristitdasers and the degree of radiation damages. The
early appearance of reactive changes in structuteeothymus and the display them during 60 days
point to increasing function of orga@onclusion: Under local and total ionizing radiation and laser
therapy of solely damaged skeletal muscles, pesitlynamics of regeneration processes and
improvement of cytological and cytogenetic indek@smain immune organs (the thymus and bone
marrow) were observed. Herewith, the functionadlng on thymus increased. We suggest that the
findings should be considered in clinical practice.

Key wor ds: Muscle tissue, posttraumatic regeneration, wouradifgg thymus, bone marrow, ionizing
radiation, laser therapy, radiation damages, ailio¥ enzymes, membrane structures,
cytogenetic disturbances, skeletal muscle

INTRODUCTION biological membranes and the appearance of toxic
products. Disbalance occurs in the redox processes.
lonizing radiation suppresses the regenerative The search for effective methods for stimulation
ability of skeletal muscle tissue. The proliferativ of skeletal muscle recovery still remains an imaott
activity of cells and intensity of biosynthetic and problem in biology and medicine. There are
bioenergetic processes are significantly decreabed. experimental and clinical data that demonstrate the
revascularization and restoration of neuromusculaability of low-intensity laser radiation to redutlee
contacts in traumatized skeletal muscles are déldpe level of x-radiation damages and increase regeiverat
area of skeletal muscle trauma, the skin-musclersilc ability of organs and tissues. The positive effett
appear. Under ionizing radiation, cytogeneticHe-Ne laser rays for the restoration of locally
disturbances occur. The critical target cells aso a irradiated in doses 10-20 Gy damaged skeletal rauscl
membrane structures. The elevated lipid peroxidatio as a contractile organ was shown in studies coeduct
leads to the disruption of the structure and fuorcof by us and our colleagues formerly. Laser radiation
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contributes to postradiation recovery in cells and1978). However, there are data on decrease ofitgctiv
tissues resulted in a decrease of aberrant mitoses the immune system under the laser influence {&tes
(Stepanowet al., 1977). The laser radiation plays the gt 5., 1978; Konchugovat al., 1992; Barilyak and
role of structural antioxidant, preventing cellular Lopushan, 1981; Fedoseevat al., 1988). The
structures from damf?‘ge by reactive oxygen anGlbreakdowns" in the structure of DNA of lymphoid
stimulating - the activity of . antioxidant enzymes cells, a decrease in secretory activity and sugfmeof
(catalase, superoxide  dismutase, glutathione : !

atural killer cells were noted. The cases of iaseeof

peroxidaze, ceruloplasmin) due to the resonan ic d in b I
absorption of laser photons. Therapeutic effedtief ~ CYt0genetic damages in bone marrow cells were

Ne and IR lasers is the most widely studied. observed. , , »
However, there are discrepant data on the effect o , [N this study, we investigated the effect of réidia
the low-intencity laser radiation on the functiosgite ©f He-Ne and IR lasers on the posttraumatic
of the main organs of immune system (the thymus an&eggn_eraﬂon of skeletal muscles subjected t(.) Iogiz
bone marrow). The immune system is known to contro[a_d'at'on' Because the laser therapy for irradiated

the processes of recovery of organs and tissues. .Hllnjured skeletal muscles is conducted on the

: . ) . background of immunosuppressive effect caused by
lymphoid cells realize not only immunologic butals .~ 7 L . o
morphogenetic control. In response to operativessir ionizing radiation, the investigations of the.stafethe
! . " ves thymus and bone marrow under these circumstances
the involutive changes in the thymus structure bgwve

. . : were also carried out. Exposure to ionizing radiati
and the thymic peptides synthesize. They contrel thhas been a local or general. Besides, the dynaics
migration, proliferation, differentiation, apoptosef

healing of skin-muscle wound was recorded.
thymocytes and necessary to regulate the functfon o

peripheral lymphoid organs. Recently it was sholat t
myoid cells of the thymus can migrate to the peniph
and participate in the processes of posttraumatic
regeneration of muscle tissue (Pag#l al., 2000). The experiment was performed on the outbred
Pluripotent bone marrow stem cells may also ppeteiin ~ adult male rats (aged 2-3 months). Rats were stenjec
the regeneration of the tissues and in particulart® local or total effect of ionizing radiation. Tinehe
differentiate into muscle cells, skin cells ancease the animals were anesthetized with nembutal and under
angiogenic factors stimulating the formation of a@aseptic conditions, the skin and covering muscleath
network of blood vessels (Ferratial. 1998; Borueet  hind legs were dissected and the gastrocnemiuslesusc
al.,2004; McFarlinet al., 2006; Wuet al., 2007). The Wwere transverse cut in the middle. The neurovascula
most of macrophages and fibroblasts in area of aRundle, which lies on the surface of gastrocnemius
inflammation have their origin from progenitor cell muscle and peroneal nerve lying under muscle wepé k
actively proliferating in the bone marrow (Michuain intact. Then the covering muscle and skin at tiob deg
et al., 1991). Macrophages accomplish not only thewere sewed with surgical silk.
function of phagocytosis, but have the ability to  After surgery, the each hind limb of rat was
provide growth factors that stimulate the activify exposed to laser rays in the projection area of
myoblasts (Rappolee and Werb, 1992; Mesiyal.,,  gastrocnemius muscle. In  controls, irradiated
1999). lonizing radiation reduces the immunologicaltraumatized muscles regenerated without laser plyera
reactivity. The death of thymocytes, depletion and  Conditions for a local X-ray irradiation: an RUP-
thymic atrophy result from progressive failure tigm 200 device (Russia); voltage, 190 kV; current, 1&; m
epithelium (Yarilin, 1997). In the irradiated bone dose power, 0.75 Gy/min; filters, 0.5 mm Cu, 1 min A
marrow, massive cell death, a high percentage ltif ce a dose of 20 Gy. Conditions for a totat radiation: a
with chromosome aberrations, a disturbance of th&UBE device (Russia); the source of 60Co irradmtio
process of cell renewal and exhaustion of adaptatiodose power, 0.6 Gy/min; time of radiation, 10 mén;
reserves at the cellular level are observed. dose of 6 Gy (semiletal dose for rats). Conditifors
According to literature data, the laser beamsHe-Ne laser exposure: an OKG-12 device (Russia); th
stimulate the proliferation and functional activiogf ~ wavelength, 0.68m; the laser ray was defocused using
lymphoid cells (Agaibyet al., 2000). Effect of He-Ne a lens; diameter of radiation field was 2-2.5 crogvpr
laser radiation increases the mitotic activity afneé  density on the irradiated surface was equal t03205-
marrow cells and stimulates hemopoiesis (Golatial., mW cmi”. Conditions for impuls IR laser exposure:
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“Orion” device (firm “Zhiva”, Russia); the waveletly  incorporation of the dye Acridine Orange (AO) irhe
0.89 um, the carrier frequency, 1500 Hz; length of deoxyribonucleoproteid (DNP) of each nucleus. Dye
pulse, %10° c; pulse power, 4.8 W; modulation incorporation was measured photometrically at 482 n
frequency, 10 Hz; the duration of modulating pulsewith a “Perkin Elmer” spectrophotometer. Thymocyte
2x1072 c; the average pulse power, 0.002 W; area ofuclei (TM) were counted with a “Picoscale”
exposure, 1.5 cfnthe contact method. photoelectron particle counter.

Investigated organs and tissues were analyzed For cytological monitoring of cells of the thymus,
within 60 days after surgery using the histological the mitotic index of the thymocytes (MI, %o) and the
biochemical, morphometric, cytological  and numbe_r of lymphocytes with karyopycnosis (%) were
cytogenetic methods. Muscles and the thymus wergetermined. The total number of cells calculate@-#

treated according to the universally acceptedliStological sections was equal to 3000-4000.
histological methods: fixed in Carnoy’s mixture, Cytogenetic monitoring of cells of the thymus amme

paraffin sections of thickness 748n were stained Vrc:s”fevgtevée{gocgge;n;uﬁaggstgﬁ daenzir?h'?eslg E;Ztggd' It
with hematoxylin according to Regau’s method and P y P )

additionally stained according to Mallori's method. determining the percentage of cell with chromosome

Pieces of bone marrow tissue were removed from thaberrations, the mitoses with bridges, fragmehésitixed
- . X . athology (bridges and fragments) and others aimrsa
tibia, stained with acetocarmine and the squas

. . ith sticky chromosomes and significantly laggimegre
preparations were prepared in a drop of chlora nto account. We also determined the relative roasise
hydrate. thymus (the ratio between the thymus and body mass

When tested the muscle regenerates, thgynressed in per cent). The thymus and bone masfow
morphometric method was used to estimate the amoutfi~ -t rats were studied.

of muscle and connective tissues per longitudinal  Three-six animals were used at each period of/stud
histology section (by measuring the areas occubled The animals were taken out of the experiment with
these tissues on a section in %). Then, data @tdm injection of large doses of nembutal. Quantitatilza
the experiment, expressed as a percentage of thgere processed statistically and differences betwee
relevant indicators in the control group.The extefit mean values were estimated using Studemést.
destruction in muscle tissue and the inflammati@new

assessed by the activity of lysosomal enzyme easta RESULTS

and al-proteinase inhibitor ofl-Pl). Destructive Ed

processes at the membrane level assessed by Iip|| cal radiation in a dose of 20 Gy and trauma: The
peroxidation (LPO). ano! total antioxidant a_ctivity regimen of laser exposure: 10 treatments for 2eaith
(AQA). State of mmrocwculatory processes in theduring the first 15 days (daily except on weekerats)
muscle was determined by the activity af2- during 30 days (for 2-3 treatments per week) after

macroglobulin ¢2-MG). In addition, the activity of irradiation and ini . ; .
. jury. Power density on the irated
elastaseql-Pl anda2-MG were detected in the blood g, ta0e of shin was 2.5-3.0 mw @nThe total dose

serum, which allowed to Judge about the Ia_ser enite per course of laser therapy one limb was equal@e 3
of not only on the regene_ratlve_ Processes in thec_:mu 3.6 J cn?, in general, for each animal 6.0-7.2 J€m
but also on the level of microcirculation and destive
processes in the body as a whole. When studied th@uscle: Under the influence of He-Ne laser on muscle
functional activity of the thymus, the amount oftaal  for the first 15 days after injury, signs of posiedion
and medullar substances in the thymus was meabyred recovery in tissues were revealed. The connedtgeae
the “method of fields” using a test ocular grid aamu consisted of more quantity of cellular elements and
MBS-1 binocular lens (LOMO, Russia), x25 collagen fibers. The regeneration of muscle tissas
magnification. Counting was carried out only in theobserved in septum from the ends of unsected muscle
lobules, retaining its structure. The number ofnpwin  fibers and on the edges of both muscle stumps fham
the cortical and medullar layers was expressed as ends of transected muscle fibers. Muscle fibers
percentage of the total number of points in thérent regenerating from the proximal and distal stumpsagr
histological section of the thymus. Besides, waresied into the area of injury. Bundles of collagen fibers
the specific activity of the thymocyte genome deieed  arranged longitudinally. As shown by morphometrid a
as the product of the number of thymocyte nucleibiochemical data (Fig. 1), the destructive procesee
(calculated per unit of thymus weight) by the isignof ~ muscle tissue of the regenerates were less proadunc
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The smpact of the laser within 15 days The impact of the laser within 30 days
after muscle injury after muscle injury

180 1 « Blood
Muscle Muscle

Blood
120 A

60 60

=1 Muscle tissue [] Connectivetissue

recovery process. The activity a-MG decreased to
75% (p<0.05), that is an indication of the increase
activity of blood coagulation and the decrease in
permeability of blood vessels, as well as some
increase in activity of the immune system.

The prolonged fractional radiation of He-Ne laser
at the same dose was less effective. Under inflieric
He-Ne laser on muscle within a month, the regeimrat
of muscle fibers was also observed but muscle diber
did not sprout deeply into the wound. The space
between the two muscle stumps was filled with
connective tissue containing bundles of narrowaggh

O 1po-MpaA @ ai-pr Be:-Mo fibers and areas of loose connective tissue wiimall
amount of leukocytes, macrophages, mast cells and
Fig. 1: Morphometric and metabolic indices of fragments of myofiber debris. The quantity of

irradiated (20 Gy) muscle regenerates and bloodnuscle tissue in the irradiated traumatized musas
serum under the influence of He-Ne laser at &&qual to 117% of control (59.7+1.7% in control and
dose of 3.0 - 3.6 J cffor each operated rat leg. 69.6£0.9% in the experiment, p<0.01). The trendatols

The term of recovery was 60 days after injury ofincreasing LPO !n tissues of regenerate by 28% eosap
the musclesNote: Y-axis - percentage of the to the control point to the fact that the balanesvieen the

average values of indices of the

parameters in the control (regeneration of

irradiated muscles without laser exposure).
Significant differences compared with controls

The impact of the laser for 15 days  The impact of the laser for 30 days

after the injury of the muscles. after the mjury of the muscles
120
100
80
60 N "
40 .
20 .
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60 60
[J Relation to body I Number of TM nuclei per unit of thymus

M Binding of AO with nuclens of TM M Specific activity of the TM genome

Fig. 2: Indicators of the functional state of themus

*+

relevantoXidation of membrane structures in cells and ity

of endogenous antioxidants have not yet fully reced.

In the blood serum activity ofil-PI was not reliably
different from control values. Decrease in activifyo2-

MG by 35% (p<0.01) suggests that the state of the
vascular system in regenerating tissues and gctif/ithe
immune system were much the same when exposed to
rays of He-Ne laser during two weeks.

Thymus: Under the effect of He-Ne laser for 15 days
after the injury of muscles, a decrease in funeion
activity of the thymus was noted (Fig. 2). On 66#y
of research, relative mass of the thymus did nffedi
from control. The number of nuclei of thymocytes
was 50% of control, the binding of dye AO in
thymocyte nuclei and the specific activity of the
genome of thymocytes decreased as compared with
the control to 36 and 18% respectively (p <0.01).
Under the influence of He-Ne laser irradiation on

under the influence of He-Ne laser at a dose of 3.0the injured muscles during a month, there was a

3.6 J cn for each irradiated (20 Gy) and Operan:{,dtendency to decrease the_: relative mass of the ttlym_u
rat leg. The term of recovery was 60 days after th@nd the number of nuclei of thymocytes. Decrease in

injury of the musclesNote: Y-axis-percentage o

the average values of indices of the relevan

¢ the specific activity of thymocytes and the abiliy

{heir nuclei to bind AO dye were significant (p<D)0

parameters in the control (regeneration of ir@diat Bone marrow: Effect of He-Ne laser irradiation in both
muscles without laser exposure). *: Significant regimens promoted the processes of postradiation

differences compared with controls

recovery in bone marrow cells that resulted in cauy
the percentage of mitoses with chromosome abemstio

The quantity of muscle tissue in them was 129% offjg. 3). In the controls, the number of cells with
control (59.7£1.7% in control and 77.0+4.5% in the chromosomal aberrations was equal to 52.3+0.6% wit
experiment, p<0.01). Reduction the level of thedlip |aser therapy for 15 days-44.5+1.2% (p<0.01), while

peroxidation to 67% from the corresponding contasl,

under the influence of the laser for 30 days -45.8%

well as increase activity afl-Pl to 167% (p <0.02) in  (p<0.01). Qualitative composition of chromosomal
blood serum indicated on the positive dynamicshef t aberrations did not suffer significant changes.
40
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Fig. 3: Percentage of aberrant mitoses (A) andr thei.
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Irraduated injured muscle The impact of the laser after muscle injury also did not appear by the end of the Study (GQ)dwt

60% of the skin sutures was not completely grewttogy.

Control For 15 days For30days

*

Effect of IR laser on the skeletal muscles after local
radiation in a dose of 20 Gy and trauma: Two
regimens of laser action were also investigatece Th
dose of pulsed infrared laser radiation was alntivet
same as with a He-Ne laser.

The total dose per course of laser therapy folliore
was 3.6 J ci, in general, for each animal 7.2 Jém
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60 60 60

Musclee When exposed to infrared laser radiation
within the first 15 days after injury, both musstemps
grew together poorly.

In the field of trauma of 15-day regenerates,
infiltration  of  lymphocytes, monocytes and

ualitative composition (B) in rat bone marrow . .
gells under thepinfluenée)of He-Ne laser at amacrophages were observed. The quantity of fibas w

dose of 3.0-3.6 J/chior each irradiated (20 Gy) equal to 71% of control (p<0.01). Some signs of

and operated leg. The term of recovery was gdecovering in the granulation tissue may be noted.
days after the injury of the muscles. * There were a greater number of spindle-shaped

blood vessels actively formed. The accumulations of

The impact of the laser within The impact of the laser within

15 days after musele injury 30 days afier muscle imjury large oval nuclei at the ends of transected mu#wobes

Muscle were visible. Many of them had large nucleoli. Geea
Blood number of growing muscle tubules was observedeén th
septum. However, fibrin and tissue degradation
products in area of muscle trauma impeded their
growth. In the 60-day regenerates, the dense ctimaec
tissue formed. There was a more extensive netwbrk o
capillaries. Hemorrhages were observed. The regbns
regenerating muscle tissue were represented bgpwarr

Muscle

Blood

Auscle tiss re tiss . .
B Muscletissue [ Connectivetissue  Jrpo.vpa [ a0a muscle fibers with macrophages and mast cells twe
E¥ Elastase 1 ay - PI w - MG

them. There were muscle fibers exposed to Zenker’s

Fig. 4: Morphometric and metabolic indices of necrosis. Regenerating muscle tissue did not fid t

irradiated (20 Gy) muscle regenerates and bloodlamaged area in the muscle. Under daily exposure to
serum under the influence of IR laser at a dosénfrared laser light in the early stages of regatien of

of 3.6 J/crA for each operated rat leg. The termsirradiated muscles (Fig. 4), after complicationlaser

of recovery were 15 and 60 days after the injurytherapy (by the 15th day), the quantity of musidsue

of the musclesNote: Y-axis-percentage of the increased up to 117% (64.0+3.2% in control and
average values of indices of the relevant74.9+0.9% in the experiment, p<0.02). A reaction of
parameters in the control (regeneration ofinflammation accelerated. The level of LPO in
iradiated muscles without laser exposure). *:regenerating tissues did not exceed that of cqriv
Significant differences compared with controls increase ofil-PI in blood serum (by 50%) indicated on

Skin: Laser therapy of irradiated injured gastrocnemiug@nti-inflammatory action of laser radiation. By taed
muscles for 15 days was more effective for theihgaif =~ of the observed period (60 days, i.e., through 1.5
skin-muscle wounds. By the 60 th day, in most casés ~ months after completion of laser therapy) the gtant
sutures were clean and dry on the operated ledg.iOn of muscle tissue in the regenerates did not diftem
13% cases, the skin sutures were not completelngea control. The tendency to a rise in LPO was notdte T
on surgery shins, but suppuration was not obsetmdtie  activity of al-Pl, a2-MG and elastase in the blood
conditions of laser therapy for 30 days, skin-maisdters serum remained at a level of control.
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o fsh;j;};g;ﬁgg;lﬂg’; Tae impactof e laser for 30 The dilatatiorj of large blood vessels and extensiv
o oS el Iy nscies network of capillaries were noted. In the 60-day
120 regenerates, about of 123% of muscle tissue was
100 preserved (59.7+1.7% in the control and 73.7£3.6% i
80 the experiment, p<0.05). The destructive change® we
601 . declined in regenerating muscles. The increase
107 antioxidative activity (AOA) by 54% and reductiori o
27 Lipid Peroxidation (LPO) by 13% compared with
‘ 5 0 6 controls pointed to stability of membrane systems i
O Relationtobody mass & Number of TM suclel peruatof duymas muscle. The activity of lysosomal proteolytic enzym

elastase in tissues of regenerates decreased by 30%
(9.2+0.8% in control and 6.4+0.5% in the experiment
p<0.02) and had tendency to increase in blood sdsutn

é’t seems to be compensated by some increasedyofivi

its inhibitor @1-PI). Activity of a2-MG did not differ

from control.

M Binding of AO withnucleus of TM W Specific activity of the TM genome

Fi

g. 5: Indicators of the functional state of timgrhus
under the influence of infrared laser exposure
at a dose of 3.6 J cfnfor each irradiation (20
Gy) and operated rat limb. Terms of recovery

were 15 and 60 days after the injury of the .
muscles. Note Y-axis-percentage of the Thymus: Under IR laser exposures for the first two

average values of indices of the relevantWeeks after muscle trauma, no changes were detected

parameters in the control (regeneration ofany of the studied parameters (Fig. 5). One cay onl
irradiated muscles without laser exposure). *:hote a tendency for decline in mass of the thynttus,

Significant differences compared with controls capacity of the nuclei in thymocytes to binding twit
AO dye and specific activity of thymocyte genome,

Imadiated injured muscle The impact of the laser after nmuscle injury whereas the number of nuclei of TM increased diyght
control for 15 days for 30 days (15%). After 60 days, the mass of the thymus amd th
- M number of nuclei in thymocytes approached to céntro
. P However, the activity of thymocytes remained: a
tendency to increase in ability of thymocyte nudkei
bind the AO dye (144%) and in specific activitytbg
TM genome (139%, p <0.1) compared with controls.
8 * s % s Under IR laser exposures for a month, after 60
s I/D @ \/D @ @ days, the functional activity of the thymus remaine
h | significantly reduced. So, the thymus mass, a nurabe
B -Bridges W -Fragmentsll-Mixed pathology[y -Other aberrations nuclei of thymocytes and their capacity to bind &A@

dye were 84, 67 and 74% of controls, respectively

Fig. 6: Percentage of aberrant mitoses (A) andr theiand the specific activity of the TM genome decrease
qualitative composition (B) in rat bone marrow by 50% (101.4£15.9 rel. units in the control and
cells when exposed to infrared laser at a dose d50.4+7.4 rel. units in the experiment, p <0.02).
3.6 J cm’ for each irradiated (20 Gy) and Decrease in functional activity of the thymus under
operated leg. Terms of recovery were 15 and 60he influence of infrared laser radiation for 30ysla
days after the injury of the muscles. * was more pronounced than that of under exposures
Significant differences compared with controls for 15 days.

Under conditions of prolonged IR laser radiationgone marrow: When IR laser therapy was carried out

(during the first month after muscle injury), bOth in the early stages of regeneration, after its detigm a
muscle halves grew together stronger. Regeneratml%ndency to reduce the number of mitoses with

muscle tissue was observed at the edge of therpabxi chromosomal aberrations to 41.0+1.6% compared

and distal stumps, in the septum and deeply in afea ™ . .
injury. At the edge of muscle stumps, regeneratind""th control was observed. But in this case, the

fibers located densely. The area occupied by loosglevated number of mitoses with fragments (18 %)
connective tissue, cells of the lymphoid tissue andnd “mixed pathology” (7%) pointed to more strong
macrophages was reduced. cytogenetic damages in bone marrow cells (Fig. 6
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After 60 days, the percentage of aberrant mitoseformation of collagen fibers. The areas of loose
increased non-significantly compared with the 1§-da connective tissue with lymphocytes and mast cedisew
period, but it was reliably lower than in the reduced. The laser radiation stimulated regenerativ
corresponding period in the control (43.2+2.7%,.08D.  ability of muscle tissue. Muscle fibers grew inbe tarea
A number of mitoses with fragments and “mixed of injury. The amount of muscle tissue was equal to
pathology” were reduced to 10 and 4%, respectiviedlg.  116% (72.2 + 2.2% in the control and 83.8+1.9%hie t
most of aberrant mitoses was consisted of the gstos experiment, p<0.01) at 15 days and to 110% (764242.
with bridges and “other” aberrations. in controls and 84.2+1.1% in the experiment, p P&

When laser therapy was carried out for monthyafte30 days (Fig. 7). The differentiated muscle fibarsl
60 days, the reduced quantity of chromosomal dimrsa  myotubes occupied the area of damage. Leukocyte
as well as mitoses with fragments and “mixed pathl infiltration, macrophages and mast cells were oleser
were also observed. It should be noted that theaatie among the regenerating muscle fibers. Further, the
mitoses with the formation of several bridges (a4l  quantity of muscle tissue decreased.
centrioles were revealed in both regimens of ieftdaser In conditions of prolonged exposure to laser
radiation. radiation, both muscle stumps were firmly grew

together. The resorbtion of the products of tissue
Skin: The positive effect of IR laser therapy on healingdecomposition was accelerated, region of trauma was
of skin-muscle wounds was dependent on lasegontracted. The regenerative ability of connectissue
radiation regimen. When laser therapy carried outvas significantly restored. An active growth of roies
during the first 15 days, after the sessions, tieers,  tissue from the ends of transected muscle fibedsimn

erythema and maceration of the skin were observel!® Septum, from the ends of non-transected muscle
only in 30% of cases. Further, the full healingsin- ibers occured. The_ m'tOt'p"’.‘”y dividing ceI_Is were

; ’ : frequently observed in the vicinity of the musdleefs.
muscle wounds did not occur. No signs of festerewer

L A muscular type of structure of the regenerates was
noted, but 50% of the wounds were covered withi th yoained throughout the study period. The amount of

layer of the epithelium, or the edges of skin waind myscle tissue in them after 15, 30 and 60 days was
grew together incompletely. Laser therapy of thesjgnificantly higher than in the controls (p<0.02,
damaged muscles during the month was more effectivec0.01, p<0.02, respectively).

By the end of the observed period (60 days), the
formation of radiation ulcers in the wounds did note T mpactof e o widi 13ays - The impacof e e within 30 dye
at all and incomplete healing of skin sutures was ' i

observed only in 8.3% of cases, therewith without 14,

septic complications. Skin sutures were dry andrcle 120 -
i i 100 A r, e .

The growth of hairs on operated legs was improved. " w! v
801 ! . ..-

Effect of He-Ne laser on the traumatized skeletal 60 : :: 5' .
muscles of rats after total body radiation at a dose of 401 e - #
6 Gy: Two regimens of He-Ne laser exposures were :",. j -

also studied but a dose of laser irradiation wasatkd.
The course consisted of 10 treatments by 3 minfa t ‘ o
dose of 4.5-5.4 J/cfron the each operated hind leg and M Muscletisue [ Comeerivenisue
9.0-10.8 J/crhper animal as a whole.

30

-y
S

15 30

o
=]

Fig. 7: Morphometric parameters of muscle regeesrat

Muscle: Under the action of laser beams during the in irradiated (6 Gy) rats under the influence of

early stages of regeneration, the proximal andadist He-Ne laser at a dose of 4.5-5.4 JAdor each
stumps in 15-day regenerates grew together aloag th operated leg. Terms of regeneration were 15, 30
perimeter of the cross-section. A reaction of and 60 days after muscle injufyote: Y-axis -
inflammation and resorption of the fibrin and protu percentage of the average values of indices of
of tissue degradation occurred actively. The nundfer the relevant parameters in the control
multinuclear macrophages decreased significantiye T (regeneration of irradiated muscles without laser
connective tissue was restored as indicated byeacti exposure). *: Significant differences compared
proliferation of fibroblasts, endothelial cells and with controls
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The impactof th ase it 15 s The mpact o he lser within 30 dys lymphoid cells in the thymus clearly defined to ¢irof
ey afer muscle injury the completion of laser exposures. And in each ahim

1 these changes have occurred with varying intensity.

143 Then the histological structure of the thymus &dgally
66 recovering and to the 60th day after surgery, diddiffer
s from that of the thymus in control. The thymus mass
wll I : decreased and remained at a lower level than icathizol
A0 (no laser) during the 60 days (Fig. 8). Laser tamha
20 promoted to decrease of mitoses with chromosomal
0 aberrations. By to time of completion of treatmehg
15 30 60 15 30 60 number of aberrant mitoses was equal to 70% (41102
[ Relationto bodymass | Aberrantmitosis (anaphase method) in control and 28.0+4.0% in the experiment, p<Q.05)

Further, the number of aberrant mitoses was elé\aid
approached control.

In conditions of prolonged laser irradiation,
reactive changes in the thymus occurred slowly and
é;radually intensified to the 30th day (by the timie
completion of laser therapy). After 60 days, the

Fig. 8: Indicators of the functional state of thysnim
the irradiated (6 Gy) rats under the influence of
He-Ne laser at a dose of 4.5 - 5.4 J¢ar each
operated leg. Terms of regeneration were 15, 3

and 60 days after the injury of the muschste: . .
Y-axis - percentage of the average values 0'5trU(:ture disturbances took place in many of ldats

indices of the relevant parameters in the contro ymphoid cells_ were compactly located in_the cqaitic_
(muscle regeneration in irradiated rats withoutlas ayer. The mitoses and lymphocytes .W'th pyknotic
exposure). *: Significant differences comparedHUCIe' were frequerjtly found. The positive ‘?ﬁ.e‘“ 0
with controls. In the control after 30 and 60 days prolonged therapy with He-Ne laser was more visibtz

S Iready after the five procedures (to 15th dayuantity
:tht:g[rggise\évas studied in 2 rats for each term. Th%f aberrations was equal to 62% of control (16+0i8%

experiment and 26+1.5% in control, p<0.01). By dnel
o of the observation, the quantity of chromosomal
Trradiated muscle injury (control) The impact of the laser within 15 days : : B ; ;
after muscle injury aberrations progressively increased but still reethiat 12
and 13% lower compared with control.

A

H Bone marrow: The effect of He-Ne laser radiation on
bone marrow cells was studied only in terms of Hase

15 30 60 15 4 therapy of injured muscles for the initial stagels o

? regeneration (within the first 15 days after thgiip of
. ® ® @ @ @ the muscles). The data received showed that the
(D processes of postradiation recovery in bone marrow
B Bridges [ Fragments J-Mixed pathology[] -Other aberrations cells were stimulated (Fig. 9). After completioreth

laser therapy, the number of cells with chromosomal

in rats irradiated at a dose of 6 Gy when exposeéfVel of chromosomal aberrations in irradiated v
to He-Ne laser at a dose of 45-54 Jdgr  Maintained. Herewith, by the end of the observed

15, 30 and 60 days after injury of the muscles. *fragments and “mixed pathology” (bridges with
Significant differences compared with controls ~ fragments) reduced in 2-3 times.

Thymus: When the laser therapy of muscles atSkin: Rays of He-Ne laser improved the healing of

intensive regimen (every day for the first 15 dafter  skin-muscle wound. To the period of completion of

surgery), the acceleration of aplasia of the thymusintensive laser therapy (every day for 15 daysrafte

enlarge of medullar layer in the lobules, the inioin  surgery) the deteriorations of healing of skin-neisc

of the layers, an increase of agglomeration ofwounds were observed in 4 of 18 operated legs.

thymocytes, lysis and pycnosis of the nuclei ofHowever, these were only small superficial abseesse
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the skin suture. Musculocutaneous ulcer was apgear@xposures. According to morphometric and biochemica
only in one case, but the muscle regenerate wadata, the therapy with He-Ne laser at a dose 6B30
preserved. By the end of the observed period, thg/cnf per each hind leg was more preferred during the
deteriorations in the wound healing were not obesekrv first 15 days after muscle injury (the most inceas
Sutures were clean and smooth. When the morgyscle tissue by 29%). The therapy with IR lasehat
prolonged He-Ne laser therapy of both rat hind Bmb same dose was more effective by 2-3 treatments per
any complications in the healing of skin-muscle, eek during the first 30 days after muscle trautha (
wounds were not observed. To 60 days after surgery,qt increase in muscle tissue by 17%). Under a tot
the small scabs on the skin were observed alorte/on gamma-irradiation of animals and He-Ne laser rasfiat
operated Iegs from the 18. . ___at a dose 4.5-5.4 J/émthe prolonged (30 days)

In addition to the above described Observatlonsfractional regimen of exposures was also more &itec
\évjrir?; tfr?etg?;t elﬁse C;ngf ;)e_yailslazggrogaaff;aﬁgsggln 60-day regenerates, the amount of muscle tissue

increased by 3.3% when laser therapy was carrietbou

increased survival of rats radiated at a dose Gfy6In .
control series (without laser treatment), about 59%e WO Weeks and by 18% when that was performed during

animals died. the month as compared to the controls.
Revealed features of recovery of irradiated muscle
DISCUSSION regenerates under influence He-Ne and IR lasers

apparently depended not only upon the optical

The received data showed that the emission ofroperties of laser radiation but the degree oizing
helium-neon and infrared pulsed lasers in studiesbsl  radiation damage to tissues and the organism dwew
and regimens has a positive effect on the regdoerat Laser therapy is effective when it was carried aut
of skeletal muscles exposured to ionizing radiatidre  functionally reversible stages of pathological
increase of proliferative activity in muscle eleregthe  disorders, with partial preservation of a pool of
acceleration of inflammation and resorption of progenitor muscle cells, satellite cells and mystsa
production of tissue destruction, the reductiontie  which are cambial reserve for muscle tissue
level of lipid peroxidation in membrane structurgls regeneration. In our early studies, we have
cells (LPO) and a relatively high level of Antiogiot demonstrated the absence of stimulating effecteoNe
Activity (AOA), decrease of activity of lysosomal laser beams in adult rats after an increase oloted X-
proteolytic enzyme elastase, as well as high agtivi  radiation dose up to 30-40 Gy. In old rats, a simiffect
al-Pl and a2-MG were observed in tissues of was observed at a dose of 20 Gy. To obtain
regenerates and in blood serum. The muscle tissise wsatisfactory results, a combination of laser thgrap
predominanted in structure of regenerates. Lasgaply  with tissue one was been required. The tissue plyera
of injured skeletal muscles improved the healingloh  represents an autoimplantation of minced muscle
and underlying soft tissues in the irradiated ogelréegs  tissue into area of muscle trauma. This provides an
of the animal. Our observations are consistent With added source of muscle satellite cells, which are
literature data received on non-exposured to ingizi capable to regeneration.
radiation injured skeletal muscles. It was showat the Laser therapy of radiated damaged skeletal muscles
determining factor in the stimulation of regenemti in studied doses and regimens exerted the positive
capacity of muscle tissue under the action of lasams  effect on postradiation recovery in cells of borarmow
is the increase the activity of “dormant musclesiteé  and the thymus. When radiated of traumatized skielet
cells” and accelerated entry of cells into the odpctive  muscles locally at a dose of 20 Gy, He-Ne and Berda
cycle (Skfer et al., 2001; Shefeet al., 2002; Doin-Silva  radiation in total dose of 6.0-7.2 J/ tfor a rat reduced
et al., 2009). The decrease of destructive process®in a number of mitoses with chromosomal abnormalities
injured muscle tissue and apoptosis of muscle ,celldn cells of bone marrow. Effect was observed atbot
increase of the muscle fibers viability after lasatiation  regimens and during all period of investigation (60
resulted from the enhance activity of Bcl-2 protaimd  days). The stimulating effect of infrared lasersrayn
the reduction of the protein (BAX) that causes &psip.  the processes of postradiation recovery in boneawar

At the same time, our observations showed that theells was higher than that of He-Ne laser rayssibbs
efficiency of He-Ne and IR laser action in studgEbses as a result of deeper penetration into the tisdnests
and regimens depended on the period during whieh thirradiated with a dose of 6 Gy, laser therapy giired
irradiated regenerating muscle subjected to laseskeletal muscle in total dose of 9.0-10.8 J/dor the
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rat also had a positive impact. Immediately aftereffect of infrared laser radiation on the thymusjgction
completion of laser therapy a number of bone marrovarea increase its activity and it is expressed ey t
cells with chromosomal aberrations was signifigantl stimulation of secretion ofil-thymosin in the thymus
decreased and remained at that level for a protbngeepithelial cells (Novoseloveat al., 2006). It seems
period. The activation of postradiation recovenpone promising to use the additional effect of infradeder
marrow cells may contribute to reduced formatiothef ~ radiation on the projection area of the thymus &intain
radiation ulcers in the operated legs. Bone mastasn  immunological and morphogenetic control by the thgm
cells, as established, are able to differentiate skin  at the final stage of the regeneration processha t
cells and to form a network of blood vessels, tiaking ~ traumatized skeletal muscle.

part in the healing of skin-muscle wounds (Boetial.,

2004; McFarlinet al., 2006; Wuet al., 2007; Michurina CONCLUSION

etal., 1991).

The reaction of the thymus in response to oparatio  The received data showed that low level raotiatf
stress and laser irradiation was more pronounced anye_Ne and IR lasers stimulate regeneration of tkele
occurred over a long period as compared with c&1tro myscles, wound healing and post radiation recoirery
After exposure of irradiated at dose 20 Gy mus@es ¢g|s of the thymus and bone marrow after local tatel
radiation of He-Ne and infrared lasers, all studiedgnizing radiation. Herewith, the reactive changeghe
indexes of thymus functional activity were redub:gd_SO thymus appearanced early and displaied up tertief
days both at the laser exposure for two weeks atithw  gpservation (60 days), that can point to the msee of
a month. Under effect of He-Ne laser rays and totajynction and loading on organ. We suggest that the

irradiation of rats at a dose of 6 Gy, reactivent@s in  findings should be considered in clinical practice.
the thymus differed depending on the period ofrlase
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