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The  motor  zone of  the rat brain cortex is subjected to pulsed infrared (0.89 ~t) laser 
radiation, which is found to stimulate DNA synthesis both in intact animals and after 
strenuous physical exercise (swimming). Preliminary laser irradiation exerts a stress-lim- 
iting effect on ceils of  the brain cortex and thymus but does not prevent swimming- 
induced reduction of  3H-thymidine incorporation in nuclear DNA of  muscles. 
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In sum, the experimental data gathered over many 
years suggests that adaptation to short-term stress 
raises the organism's resistance not  only to stress, 
but also to cold, physical strain, ischemic necrosis 
o f  the heart, chemical necrosis of  the gastric mu-  
cosa, and ionizing radiation [8]. Studies with the 
use o f  physical interventions have revealed that 
microwave and laser radiation exerts antioxidant 
and radioprotective effects [4,5]. Exposure of  en-  
docrine glands to infrared (IR) laser radiation pre- 
vents the development of  stress-induced changes in 
the organism [1]. It has also been demonstrated 
that pulses o f  a direct current (10 and 1000 Hz) 
passed through the brain before and after immo-  
bilization have a stress-limiting effect on animals 
[3]. This opens up broad prospects for the use o f  
physical factors as active adaptogens. 

The present study explores the effect of  pulsed 
IR-laser radiation on the level of  DNA synthesis 
in the motor  zone of  the cortex in rats under  
normal condit ions and under  a physical load. To 
this end we chose a frequency modulation of  10 
Hz, since it coincides with the a-rhythm of  the 
central  nervous  system and,  as was previously 
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found, most actively stimulates DNA synthesis in 
the cortex and skeletal muscles [6]. 

MATERIALS AND METHODS 

Twenty male nonpedigree rats weighing 180-200 g 
were used. Swimming with a ballast attached to the 
taft (6% of  body weight) served as the physical 
load. The rats swam in pairs in a plastic bath 
(30x30• cm) in water at room temperature dur- 
ing 5-7 rain until they started to sink. Thereafter 
they were removed from the bath and placed in 
dry cages for 3-3.5 hours (until sacrifice). The 
generator o f  IR-laser radiation was an Orion ap- 
paratus (Zhiva, Moscow), radiation mode:  0.89 
wavelength, 4.8 W pulse power, 3000 Hz carrier 
frequency, 8-10 sec pulse duration, and 10 Hz fre- 
quency modulation,  and the duration of  exposure 
was 10 min. The motor  zone of  the cortex was 
subjected to radiation. The animals were divided 
into 5 groups: 1) control animals, 2) sham-radi-  
ated controls, 3) animals subjected to a single la- 
ser exposure, 4) animals irradiated 2-3 m i n  prior 
to the physical load, 5) animals receiving the load 
2-3 rain prior to irradiation. The general state o f  
the organism was evaluated using a fluorometric 
m e t h o d  by measuring the plasma level of  11- 
hydroxycorticosteroids (11-HOCS) [9]. The rate of  
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TABI.E t. Levels of DNA Synthesis in Cells of the Brain Cortex, Skeletal Muscle, and Thymus and Plasma Content of 11-  
HOCS during Physical Exercise, Laser Irradiation, and Their Combination (M_+m, n----4) 

Group 

Group 1 

Group 3 

Specific activity of DNA, counts/sec 

in  thymus  per 
l0 s nuclei  

in brain cortex 
(per 100 ~tg) 

in skeletal muscle 
(per 100 Ixg) 

1.6• 

4.1 • 

8.3• 

31.3•  
pa,4<0.001 

14.4• 

25.3•  
p3,4<0.001 

Level of 
l l - H O C S ,  
nmol/liter 

622.7-----122.5 

301.7-66.9 

Weight of 
thymus,  mg 

310.5--35.0 

397.5--82.6 

Group 5 4.0---1.2 15.4• 22.1 ---0.6 264.0---70.8 295.7---58.0 
Pl,s = 0.1 pzs<0.001 p4,s<0.002 pzs<0.02 i 

pzs<0.001 

Note .  "p<0.05, -p<0.01-  0.001 in comparison with the control, p 
between these groups. 

DNA synthesis in the cortex, skeletal muscle, and 
thymus was determined from the incorporation of 
SH-thymidine in nuclear DNA. To this end the 
rats were injected intraperitoneally with SH-thymi- 
dine (specific activity of 590 GBq/mol, St. Peters- 
burg) in a close of 0.25 mCi per rat in 0.3 ml 
physiological saline 3 hours before irradiation or 
the physical exercise. The animals were decapitated 
3-3.5 hours after irradiation or swimming and 
nuclear DNA was isolated from the cortex, sarto- 
rius muscle, and thymus as described earlier [2]. 
After purification from lipids, proteins, and RNA, 
the radioactivity of DNA was radiometrically mea- 
sured. The specific activity of DNA from the cor- 
tex and myocytes was estimated in terms of  the 
optical density of DNA solutions in the UV range. 
Thymocytes were counted on a Picoscale photo- 
electron counter and the specific radioactivity of 
D N A  was determined in terms of l0 s nuclei. 

Statistical processing of the results consisted of 
a comparison of the mean values of  the studied 
parameters in animals of t he  2nd, 3rd, 4th, and 
5th groups with the same parameters in the con- 
trol group (group 1). The reliability of the differ- 
ences was determined using the Student t coeffi- 
cient by comparing it with tabulated t values for 
the corresponding number of measurements. 

RESULTS 

The data in Table 1 show that physical strain 
activates the synthesis of  DNA in the cortex 1.3- 
fold (p<0.05). A trend toward elevation of plasma 
l l -HOCS was also observed. Laser irradiation led 
to an activation of DNA synthesis in all studied 
tissues. This activation was maximal (3.8-fold, 

with the indexes {group numbers) indicates reliability of differences 

p<0.001) in the irradiated zone (motor zone of  the 
cortex) and less expressed in the thymus (2.6 fold, 
p<0.05) and sartorius muscle (2.75-fold, p<0.001). 
Plasma 11-HOCS declined while the mass of the 
thymus tended to increase. IR-laser irradiation 
before the physical load resulted in a 1.9-fold ac- 
tivation of  DNA synthesis in the cortex (p<0.01). 
A tendency toward an increase in DNA synthesis 
was noted in the thymus and toward a decrease in 
m. sartorius. Plasma l l -HOCS was 2.4-fold lower 
than in the 2nd group (/,<0.02). 

Exposure to laser radiation after the physical 
load led to an activation of DNA synthesis in all 
studied types of tissues, but whereas the degree of 
activation was the same in the muscle and thy- 
mus, in the cortex it was only half as high as that 
observed in the 3rd group (p<0.001). The content 
of  l l~  in the 2nd and 5th groups differed 
reliably, being 3 times as high in the 2nd group 
as in the 5th (p<0.02). The obtained data suggest 
that IR-laser radiation in the mode used is not a 
strong source of stress, since it does not increase 
the level of  l l -HOCS,  whereas the mass of the 
thymus and the functional activity of thymocytes 
do increase at the  moment  of  investigation. Nev- 
ertheless, this radiation may act as an active 
adaptogenic factor, which provides a plastic basis 
for increasing functional activity, both directly in 
the irradiated tissue (brain cortex) and in peripheral 
tissues (the muscle and the thymus). When IR-la- 
ser irradiation is applied as a prophylactic measure 
(before strenuous physical exercise), the central ner- 
vous and the muscular systems react in different 
ways. In the muscular system the level of  plastic 
processes drops after the physical load and the 
preliminary irradiation does not prevent this drop. 
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O u r  da ta  on  the  ac t iva t ion  o f  D N A  synthesis 
in the  c o r t e x  are  in c o n f o r m i t y  wi th  o u r  previous  
f ind ings  on  the  e f f ec t  o f  h e l i u m - n e o n  laser i r ra-  
d i a t i on  o f  the  same  z o n e  o f  the  cor tex ,  where ,  
using a m i c r o f l u o r o m e t r i c  m e t h o d ,  we showed  a 
s t i m u l a t e d  i n c o r p o r a t i o n  o f  a c r i d i n e  o r an g e  in  
d e o x y r i b o n u c l e o p r o t e i n  o f  py ramida l  and  stel late 
n e u r o n s  [7]. I t  is also w e l l k n o w n  tha t  a n y  h o -  
meos ta t i c  shift  in the  organism induces  an activa- 
t ion  o f  the genet ic  apparatus ,  which  stimulates the 
s y n t h e s i s  o f  n u c l e i c  ac ids  a n d  p r o t e i n s ,  t h u s  
s t r eng the n ing  the  adap t ive  systems [8]. The  act i -  
va t ion  o f  b io syn the t i c  p rocesses  in the bra in  co r -  
tex  establishes t e m p o r a r y  bonds  and  improves  the 
c a p a c i t y  o f  the  s t r e s s - l i m i t i n g  sys tems .  In the  
m o l e c u l a r  m e c h a n i s m  o f  these  adap t ive  processes  
an  i m p o r t a n t  ro le  is p l ayed  by  an  inc reased  ex-  
press ion o f  cer ta in  genes  and  h e n c e  an accumula -  
t ion  o f  the  s o - c a l l e d  stress p ro t e in s  wi th  a m o -  
l ecu la r  weight  o f  71-72 kD ,  which  p reven t  prote in  
dena tura t ion  and  p ro tec t  cell structures f rom stress- 
i n d u c e d  injuries [8,10,11].  

Thus ,  single 10-rain IR- laser  i r radiat ion o f  the 
m o t o r  z o n e  o f  the  b ra in  co r t ex  induces  s t imula-  
t ion o f  the b iosynthet ic  processes in irradiated cells 
o f  the  brain co r t ex  and  in cells o f  the thymus and  

muscles  b o t h  in in tac t  an imals  and  u n d e r  cond i -  
t ions  o f  s t r enuous  physical  exercise .  
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