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EFFECT OF THE HELIUM-NEON LASER BEAM 

ON POSTRADIATION REPAIR IN SKELETAL MUSCLE 

Sh. G. II 'yasova and M. F. Popova 
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Three  s e r i e s  of exper iments  were  c a r r i e d  out on the r a t  gas t rocnemius  muscle .  Whole musc les  
we re  autograf ted  in s e r i e s  I. Both hind l imbs  of the an imals  were  i r rad ia ted  in a dose  of l000 R 
be fo re  autograf t ing  of the musc les  in s e r i e s  II. In s e r i e s  III x - r a y  i r rad ia t ion  in the s ame  dose 
was followed by exposure  of the hind l imbs for 10 days to the act ion of a he l ium-neon  l a s e r ,  
a f t e r  which the musc les  we re  autograf ted.  The p r o c e s s  of t ransplanta t ion  r egenera t ion  was 
invest igated h is to logica l ly  2 weeks and 1 and 2 months la ter .  Exposure  to the l a se r  beam was 
shown to s t imula te  r e p a i r  in ske le ta l  musc le  t i s sues  and to no rma l i ze  the p roce s s  of pos t -  
t r auma t i c  r egene ra t ion  when dep re s sed  by x - r a y s .  

KEY WORDS: t ransp lan ta t ion  r egene ra t ion ;  x - r a y  i r rad ia t ion;  pos t radia t ion  r e p a i r  ; h e l i u m -  
neon l a se r .  

Ionizing rad ia t ion  in a dose  of 1000-2000 R has been shown to depress  the abil i ty of ske le ta l  musc les  to 
undergo pos t t r aumat i c  r egene ra t i on  for a long t ime  [1, 2, 5, 7, 8]. The wr i t e r s  showed prev ious ly  that  the 
act ion of light f r o m  a he l ium-neon  l a se r  on a l imb p rev ious ly  i r rad ia ted  (2-3 h before  transplantat ion) with 
x - r a y s  can r e s t o r e  much of the abi l i ty of the gas i roenemius  musc le  to undergo t ransplanta t ion  regenera t ion ,  
t e rmina t ing  with the fo rmat ion  of a con t rac t i l e  organ composed of musc le  and connect ive t i s sue  [6]. The mech-  
a n i s m  of the s t imulat ing act ion of red  l a se r  radia t ion on p r o c e s s e s  of r egene ra t ion  of i r radia ted  t i s sues  is not 
yet  c l ea r  : does r e c o v e r y  of the musc le  f r o m  the s t ruc tu r a l  changes taking p lace  af ter  t ransplanta t ion  take 
p lace  pure ly  on account  of the m o r e  rap id  el iminat ion of musc le  cel ls  mos t  s e v e r e l y  damaged by x - r a y s ,  or 
is intracellular repair from radiation injury stimulated, i.e., does postradiation regeneration affect all the tis- 
sues composing the muscle? The investigation described below was carried out to shed light on this basic 

question. 

E X P E R I M E N T A L  M E T H O D  

The method chosen to study this p rob lem was one of those widely adopted in radiobiology to study in t r a -  
ce l lu la r  r e p a i r  a f t e r  exposure  to ionizing radia t ion.  Essent ia l ly ,  rad ia t ion  injury,  r evea led  by inhibition of 
mitot ic  act ivi ty ,  c h r o m o s o m a l  a b e r r a t i o n s ,  depress ion  of r e g e n e r a t i v e  power ,  and by other indices,  is r eco rded  
immed ia t e ly  a f te r  i r r ad ia t ion  and a lso  when a ce r t a in  t ime  in terval  has e lapsed,  during which the consequences 
of r ad ia t ion  injury have  c l ea red  up. According  to the wr i t e r s  t own observat ions  and a lso  to data in the l i t e r a -  
tu re ,  r ad ia t ion  injury to ske le ta l  m us c l e s ,  r e f l ec ted  as a d i s turbance  of pos t t r aumat i c  regenera t ion ,  is v e r y  
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conservative and persists for many months. If~ as a result of certain stimulating actions, the consequences of 
radiation trauma could be eliminated, the muscle must reacquire ability to regenerate. As the therapeutic 
agent, the cold light of a helium-neon laser was chosen. 

Experiments were carried out on noninbred male albino rats aged 2-3 months. In three series of experi- 
ments the gas t rocnemius  muscles were  autografted in both hind limbs. In the experiments  of ser ies  I (con- 
trol) the autografted musetes were not subjected to any additional t reatment ,  but in ser ies  II both of the ani-  
maps  hind limbs were i rradiated before autograft ing of the muscles with x - r ays  in a dose of 1000 R (eondi- 
tions of i r radiat ion:  RUP-200 apparatus ,  tube voltage 190 kV, cu r ren t  15 mA, dose ra te  67 R/min, f i l ters :  
A1 0.75 mm and Cu 0.5 ram). In the experiments of ser ies  HI, the r a t ' s  l imbs i rradiated in the same dose were 
treated for 10 days by exposure to Iaser  radiat ion (LG-75 apparatus ,  power 30 mV) before autograft ing of the 
gast rocnemius  muscles .  Hence, unlike in the previous investigation~ the two procedures  to which the muscle 
was s u b j e c t e d -  t ransplantat ion and laser  i r r a d i a t i o n - w e r e  separated in time, and transplantat ion r egene ra -  
tion took place af ter  and not during application of the laser .  Regenerat ion of the muscles  was investigated 
histological ly after 2 weeks and I and 2 months,  and five or six animals were used each time. Before the 
animal  was killed contract ions of the grafts in response  to indirect  stimulation by an intermit tent  di rect  cu r -  
rent  with a frequency of 60 pulses/rain and a voltage of 2 V, were recorded  on a kymograph. The regenera t ing  
muscles  were fixed in Carnoy ' s  solution or 12% neutral  formalin.  To revea l  the network of blood vesse l s ,  
before fixation the animal  was perfused through the hear t  with a solution of gelatin with ink. Histological sec-  
tions through the muscles were  stained with Regaud's  hematoxylin and counterstained by Mallory 's  method, or 
impregnated with s i lver  by the B ie l s ehowsky-Gros  method followed by gliding by Lav ren t ' ev ' s  method. 

EXPERIMENTAL RESULTS 

The results of the control series of experiments showed that the muscle tissue in the center of the graft 
had not yet undergone structural changes after 2 weeks. In the direction toward the periphery the process of 
regeneration of the muscles took place more actively. Necrotic areas of muscle fibers were resorbed, and 
myoblasts building muscle tubes were liberated. The wide peripheral zone of the graft contained many muscle 
syncytia and also young muscle fibers, lying in loose connective tissue. After 1 month, as a result of develop- 
ment of regeneration, large areas of differentiated muscle tissue were formed in the graft. In other unsuccess- 
ful cases of transplantation, when intensive septic inflammation developed, dense connective tissue was formed 
at the site of the graft. 

Preliminary irradiation of the animalls limb in a dose of i000 R almost completely suppressed the trans- 
plantation activity of the muscles. Results obtained 2 weeks after autografting showed that reconstruction of 

the graft took place very slowly, mainly in the proximal and distal ends of the muscle, in the regions of its 
excision and attachment. Most muscle fibers had undergone necrosis and replacement by connective tissue. 
A few muscle syncytia and single muscle tubes were visible in the peripheral zone. Towards the end of the first 
month of regeneration the grafts consisted chiefly of connective tissue, but here and there at their periphery 
there were thin, newly formed muscle fibers, whose nuclei occupied a central, axial position. After 2 months 
the grafts consisted of connective-tissue formations without contractile activity. In the experiments of series 
Ill, in which the irradiated limbs were exposed to the action of laser light before grafting of the muscles, the 
process of transplantation regeneration in most grafts was hardly distinguishable from normal. After 2 weeks 
many blood vessels resembling lacunae, running mainly around the periphery and along the sepia, and pene- 
trating into the central regions of the grafts, could be observed in the grafted muscle. In these places the pro- 
cess of regeneration was most actively developed. The muscle fibers preserved their cross-striation and con- 
rained large nuclei with two or three nucleoli. Newly formed muscle syneytia lay between the muscle fibers. 
Not only blood vessels but also axons could now be seen in the middle part of the graft. The central zone of the 
graft I month after transplantation of the muscle was filled with muscle tissue of varied degrees of maturity 
(Fig. I). The newly formed muscle fibers were arranged in bundles in the loose connective tissue, rich in 
fibroblasts. Mitoses were seen in the freely lying cells. Most of the grafts after 2 months consisted chiefly 
of differentiated tissue. Muscle fibers of various diameters lay in bundles, usually dense but sometimes Ioose~ 
with narrow bands of connective tissue containing delicate collagen fibers arranged between them. The muscle 
nuclei, long and densely stained, sometimes lay in chains. The blood vessels showed a considerable degree of 
differentiation. However, thin-walled blood vessels resembling lacunae, giving off numerous branching capil- 
laries which formed a dense network around the muscle fibers, could still be seen. Reinnervation of the graft 
continued. The axons had varicosities, they were arranged along the muscle fibers, and they terminated onthe 
surface in small neuromuscular plaques containing five or six nuclei (Fig. Ib). The grafts possessed con- 
tractile activity. 
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Fig. I. Muscle tissue in autograft of 
irradiated (I000 R) muscle, treated by 
exposure to laser beam before transplan- 
tation. Fixation in Carnoyts solution. 
Iron hernatoxylin, counterstained by Mal- 
loryts method, a) Young muscle fibers 
in month-old graft (400 • b) differen- 
tiated muscle fibers with motor innerva- 
lion in graft 2 months after transplanta- 
tion (600 • 

The invest igat ions showed that  exposure  of the r a t  l imb,  i r rad ia ted  with x - r a y s  in a dose  of 1000 R, to 
the action of a h e l i u m - n e o n  l a se r  beam for 10 days,  cons iderab ly  r e s t o r e s  the r e g e n e r a t i v e  capaci ty  of the 
gas t rocnemius  musc le  d is turbed by the prev ious  i r radia t ion .  Compar i son  of these  data with the r e su l t s  of 
exposure  of an i r rad ia ted  musc l e  to a h e l i u m - n e o n  l a se r  a f te r  t ransplanta t ion  [6], obtained previous ly ,  shows 
that  l a s e r  therapy ,  if used before  tTansplantat ion of the i r rad ia ted  musc l e ,  gives bet ter  r e su l t s .  R e v a s c u l a r i -  
zat ion and re innerva t ion  of the t ransplanted  musc le  takes place  much quicker .  As a r e s u l t  a cons iderab le  pa r t  
of the t i ssues  of the graf t  r e m a i n s  a l ive  and takes  pa r t  in regenera t ion .  Such graf ts  a f ter  2 months were  s i m i -  
la r  in thei r  s ixuett t re  and function to 3-month-o ld  graf t s  f r o m  the c o m p a r a b l e  exper iments  of the previous  in- 
ves t igat ion.  Since l a s e r  the rapy  was given before  t ransplanta t ion  of the musc l e  i r rad ia ted  with x - r a y s ,  r e s t o -  
ra t ion  of i ts  t ransplanta t ion  ac t iv i ty  can be r e g a r d e d  solely as the r e s u l t  of pos t rad ia t ion  r e p a i r  of the musc le  
f ibers  and ce l l s  of the musc le  under the influence of l a s e r  radia t ion.  The molecu la r  m e c h a n i s m  of the no r -  
real iz ing ac t ion  of cold light of the he l ium--neon l a se r  with a wavelength of 632.8 nm on i r r ad ia ted  t i s sues  is 
not quite c l ea r .  It can be tenta t ively  suggested that  in this c a s e  l a se r  light s t imula tes  energy  p r o c e s s e s  in the 
cei ls  and thus fac i l i ta tes  the fo rmat ion  of ATP,  which plays a d i r ec t  pa r t  in pos t radia t ion  r e p a i r  of m e m b r a n e s ,  
c h r o m o s o m e s ,  and other organel les  of the injured ce l l s ,  and a lso  in the r e s t o r a t i o n  of thei r  functional p r o p e r -  
t ies [3, 4, 9]. 
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MIGRATION AND DIFFERENTIATION OF HEMATOPOIETIC 

STEM CELLS IN AUTOIMMUNE MICE OF DIFFERENT AGES 
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Migration and differentiation of hematopoietie stem cells were studied in autoimmune {NZB • 
NZW)F 1 mice of different ages. Migration of stem cells was shown to be reduced in old 
(NZB x NZW)F �94 mice. Irrespective of age, inhibition of differentiation of stem cells along 
the granuloid path of development was observed in (NZB x NZW)F t mice. It is suggested that 
in (NZB x NZW)F I mice there is either a defect of development of the T-lymphocyte sub- 
population influencing differentiation of stern cells along the granuloid pathway or a genetic 
defect at the level of precursors of the granulocyte series (CFUc). 

KEY WORDS: stem cell; hematopoietic colony; differentiation. 

It was shown previously that during aging migration of hematopoietic stem cells from the bone marrow 
diminishes in normal mice of several lines [4]. In old animals inhibition of differentiation of stem cells along 
the granuloid path is observed under these circumstances [5]. 

Inhibition of migration of granuloid differentiation of stem ceils has also been observed in thymectomized 
mice [2, 8]. Since these processes are restored to normal by injection of thymocytes or peripheral T-cells 
from young donors into thymectomized (artificial T-deficiency) or old (age T-deficiency) mice, it has been 
suggested that thymus-dependent lymphocytes have a determining (inducing) effect on differentiation of the stem 
cell along the granuloid pathway. 

In the investigation described below migration and differentiation of hematopoietic stem cells were 
studied in (NZB x NZW)F l mice, which are used as a model of systemic lupus erythematosus in man. As a rule 
an autoimmune state, associated with a deficiency of the T-system of lymphocytes, develops in (NZB • NZW)F i 
mice at the age of 4-5 months. 

E X P E R I M E N T A L  M E T H O D  

(NZB • NZW)F 1 mice  of d i f ferent  age  groups were  used in the exper iments .  The number  of hemato-  
poiet ic  colonies in the spleen was counted by the method in [10]. Migrat ion of s t e m  cel ls  was a s s e s s e d  by the 
method descr ibed  p rev ious ly  [3]. Suspensions of bone m a r r o w  cel ls  were  p r epa red  in the usual  way and 
injected in t ravenous ly  into lethally i r rad ia ted  syngeneic rec ip ien ts  aged 2-2.5 months in a dose of 1 �9 105 k a ry o -  
cy tes .  For  the h is to logica l  s tudy of the c h a r a c t e r  and number  of colonies ,  spleens fixed in Bouin's  fluid were  
embedded in paraf f in  wax and used for  cutting s e r i e s  of sect ions 5-7 p thick. The sect ions were  stained with 
hematoxyl in -eos in .  The numer i ca l  r e su l t s  we re  subjected to s ta t i s t i ca l  ana lys is  in the usual  way. 
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