
between the pH-dependencies of Ca ++ inflow and outflow have been reported in the li terature [2, 3, 6]. Com- 
parison of the rate of outflow of Ca++ during its transport by SR fragments of the control and experimental 
animals (Table 1) indicates that the confomnation change responsible for the outflow of Ca ++ takes place more 
readily in membranes loaded with cholesterol. 
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C H A N G E S  IN TISSU E E N E R G Y  M E T A B O L I S M  IN A N I M A L S  

E X P O S E D  TO C O N T I N U O U S  AND I N T E R R U P T E D  L O W - F R E Q U E N C Y  

V I B R A T I O N  

A. A. M e n ' s h o v  a n d  N. P .  B a r a n o v a  UDC 612.013.7.014A5 

The action of continuous low-frequency vibration on rats  for 1 month caused no changes in the 
total adenine nucleotides of the brain but led to a marked decrease in the ATP content and total 
adenine nucleotides in the limb muscles. After exposure to vibration for 3 months considerable 
exhaustion of the total adenine nucleotides of both muscles and brain was found. In the case of 
interrupted exposure to vibration the state of the adenine-nucleotide system depended on the 
duration of the pauses between periods of continuous exposure to vibration. During vibration 
with the shortest pauses (4 rain) between successive periods of 30 rain of vibration no changes 
were observed in the energy metabolism of the muscles and brain. Vibration with pauses of 8 
and 15 rain was found to be unfavorable for the adenine nucleotides of the muscles and vibration 
with a pause of 8 rain for the brain. 

KEY WORDS: adenine nucleotides; brain; muscles; continuous and interrupted low-frequency 
vibration. 

Exposure to vibration causes various functional, structural, and metabolic disturbances in man and ani- 
mals [4, 7, 9]. The effect of low-frequency vibrations on energy metabolism, however, has been inadequately 
studied. 

Kiev Institute of Work Hygiene and Occupational Diseases, (Presented by Academician of the Academy of 
Medical Sciences of the USSR L. I. Medved'.) Translated from B~mlleten' ]~ksperimental'noi Biologii i Meditsiny, 
Vol. 86, No. 7, pp. 35-38, July, 1978. Original article submitted October 17, 1977. 

874 0007-4888/78/8607-0874507.50 �9 1978 Plenum Publishing Corporation 



4,0 

a,0 

2,0 

I,o 

o,o 

5,O 

~,o 

a,o 

2.0 

~,0 

0,0 

f / /  Ill I . / I  Ill 
AMP ADP 

/ H / / /  / / / / z  
AMP ADP 

A 

I II111 I I l I l l  
ATP A M P + A D P + A T P  

[ I I I l l  t 1 l l / [  
ATP AMP + AD P+ A T P  

Fig.  1. Concent ra t ion  of adenine nucleo-  
t ides  (in t tmoles /g  t i ssues)  in bra in  (A) 
and m u s c l e s  (B) of r a t s  a f t e r  exposure  to 
continuous low-f requency  vibrat ion.  I) 
Control ,  II) exposure  to v ibra t ion  for  1 
month,  III) exposure  to v ibra t ion for  3 
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Fig .  2. Concentra t ion of adenine nucleot ides (in ~ m o l e s / g  t issue)  in bra in  of r a t s  a f t e r  
exposure  to in te r rup ted  vibra t ion.  He re  and in Fig .  3: I) control ,  H-IV) ra t io  between v i -  
b ra t ion  and pauses  2 : 1, 4 : 1, and 8 : 1 r e spec t ive ly .  

Fig .  3. Concentra t ion  of adenine nucleot ides (in # m o l e s / g  t i ssues)  in m u s c l e s  of r a t s  a f t e r  
exposure  to continuous low-f requency  vibrat ion.  

The  impor tan t  ro le  of adenine nucleot ides as  sou rces  of energy  for  the functions of  the body and the i r  
par t i c ipa t ion  in many  s t ruc tu ra l  and r egu la to ry  p r o c e s s e s  [5], coupled with the absence  of informat ion  in the 
l i t e r a t u r e  on the i r  m e t a b o l i s m  during exposure  to vibrat ion,  were  the r e a s o n s  for  the study of these  compounds 
in the ne rvous  and m u s c u l a r  s y s t em  of an ima l s  exposed to continuous and in ter rupted  low-f requency  vibrat ion.  

The  object  of the p re sen t  invest igat ion was to study the effect  of continuous and in ter rupted  vibra t ion on 
ene rgy  me tabo l i sm .  

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

Male r a t s  weighing 180-220g were  exposed to continuous vibra t ion with a vibrat ional  veloci ty within the 
2 Hz octave f requency band and with an intensi ty of 130 dB. In the case  of in te r rupted  exposure  the approxi -  
ma te  r a t i o s  between the durat ion of act ion of v ibra t ion  and the in tervening pauses  were:  a) 2 : 1 (30 min v i b r a -  
t ion and 15 rain pause) ,  b) 4 : 1  (30 min v ibra t ion  and 8 rain pause),  and c) 8 : 1  (30 min v ibra t ion  and 4 rain 
pause) .  
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In te r rup ted  v ibra t ion  in all  the expe r imen t s  was cha rac t e r i zed  by vibra t ional  veloci ty  within the 2 Hz 
octave band and an intensi ty of 144 dB. 

The  total  durat ion of exposure  to v ibra t ion  was 3 h daily.  Exposure  to continuous v ib ra t ion  las ted  1 and 
3 months  and to in te r rupted  vibra t ion 1 month.  In tac t  an ima l s  were  used as the control .  Each  group consis ted  
of seven to nine r a t s .  

The  concentra t ions  of adenine nucleot ides we re  de te rmined  by h igh-vol tage  e l ec t ropho re s i s  on paper ,  
us ing the  bas ic  methods  desc r ibed  by Vosk0boinikov [2] and Sato et al.  [13], with subsequent  spec t ropho tomet ry  
at  wavelengths of  260 and 290 ran. Di f fe rences  between mean  values  were  a s s e s s e d  by the t - t e s t  [11]. 

E X P E R I M E N T A L  R E S U L T S  

Exposure  of the r a t s  to continuous vibra t ion for  1 month caused no change in the content of total  adenine 
nucleotides in the b ra in .  As a r e s u l t  of exposure  for  3 months  to v ibra t ion  the ATP and ADP concentra t ions  
were  reduced  by a lmos t  half com pa red  with the control  and the total  adenine nucleot ides were  reduced by 41% 
compared  with the i r  level  in the control  r a t s  (Fig. 1A). 

In the l imb m us c l e s  a significant  d e c r e a s e  in the ATP level  and total  adenine nucleot ides was obse rved  
a f t e r  exposure  to v ibra t ion  fo r  1 and 3 months (Fig. 1B). The  changes in the adenine nucleotide s y s t e m  were  
intensif ied by lengthening of exposure  to vibrat ion:  The me tabo l i sm of ATP p r e c u r s o r s  was dis turbed (the 
AMP concentrat ion was reduced  by two- th i rds  compared  with the control ,  the ADP level  showed a tendency 
to dec rease ) .  

Despi te  different  t imes  of onset  of the changes,  the r e s p o n s e  of the total  adenine nucleot ides  of the b ra in  
and skele ta l  m u s c l e s  to continuous v ibra t ion  was thus s i m i l a r  and consis ted essent ia l ly  of a fall  in the i r  con- 
centra t ion.  Consider ing  the ro le  of  ATP as the source  of energy  fo r  the act ivi ty  of the CNS and m u s c l e s  [1], 
the d e c r e a s e  obse rved  in i ts  level  mus t  be  r ega rded  as highly unfavorable .  

The  dec r ea se  in the concentrat ion of adenine nucleot ides  in the m u s c l e s  a f t e r  exposure  to low-f requency  
v ibra t ion  fo r  1 month and the appea rance  of d i s tu rbances  in the bra in  only a f t e r  such exposure  fo r  3 months 
indicate that  the m us cu l a r  s y s t e m  is m o r e  sensi t ive  than the b ra in  to the action of th is  vibrat ion.  

Denerva t ion  of skele ta l  m u s c l e s  leads  to a d is turbance  of t he i r  energy  metabo l i sm,  and the changes 
produced a r e  s im i l a r  to those  found in the p r e s e n t  expe r imen t s  [3]. On the o ther  hand, according to data in 
the l i t e r a t u r e  s t ruc tu ra l  d i s tu rbances  a r e  obse rved  in ne rve  endings in the neu romuscu la r  synapses  as a 
r e s u l t  of  exposure  to v ibra t ion  [8, 1], Th is  may  pe rhaps  account  for  the e a r l i e r  fal l  in the level  of adenine 
nucleot ides  in the m u s c l e s  under  the influence of low-f requency  vibrat ion.  

The  balance  of adenine nucleotides in the bra in  was  found to be  significantly d is turbed a f t e r  exposure  to 
in te r rup ted  v ibra t ion  under  ce r ta in  conditions.  F o r  instance,  if the ra t io  between vibrat ion and the intervening 
pauses  was 2 : 1 (al ternat ion of 30 min v ibra t ion  and 15 rain pause) no significant changes were  found in the 
adenine nucleotide s y s t e m  of the bra in ,  but if  the ra t io  between v ibra t ion  and pause  was 4 : 1, the ADP concen-  
t r a t ion  was m o r e  than doubled compared  with i ts  level  in the control  an imals ,  the total  adenine nucleot ides in-  
c r e a s e d  significantly,  and the ATP concentrat ion showed a tendency to inc rease  (Fig. 2). If  the durat ion of the 
pauses  was l a t e r  reduced f r o m  8 to 4 min (so that  the r a t io  between the t ime  of v ibra t ion  and pause  became  
8 : 1) no significant changes were  obs e rved  in these  p a r a m e t e r s .  

Cer ta in  changes in m e t a b o l i s m  of adenine nucleot ides were  found in the m u s c l e s  af ter  exposure  to v i b r a -  
t ion even in ter rupted  by r e l a t ive ly  long pauses  (15 min), i .e. ,  when the ra t io  between vibrat ion and pause  was 
2 : 1. Under these  c i r c u m s t a n c e s  the ATP concentra t ion did not d i f fer  f r o m  the control ,  but t he r e  was  a s ig -  
nificant d e c r e a s e  in the AMP and ADP concentra t ions ,  and the total  adenine nucleot ides showed a tendency 
to fall (Fig. 3). A significant  d e c r e a s e  in the  concentra t ions  of ATP,  ADP, and total  adenine nucleot ides was 
found only if  the pauses  were  shor tened to 8 rain (ratio of v ibra t ion  to pause 4 : 1). 

The  r e s u l t s  suggest  that  changes in the ene rgy  me tabo l i sm  of the b ra in  and m u s c l e s  of  r a t s  exposed to 
in te r rup ted  v ibra t ion  depend on the durat ion of the pauses  between per iods  of  continuous exposure  to vibrat ion.  
The shor t e s t  in te rva ls  were  found to be  m o r e  favorable  than pauses  of 8 or  15 min fo r  musc l e s ,  and for  pauses  
of  8 rain fo r  the bra in .  The  absence  of any m a r k e d  effect  of in te r rup ted  s t imul i  with pauses  of 5 min durat ion 
by compar i son  with longer  pauses  has  been desc r ibed  in the l i t e r a t u r e  for  audi tory sensat ion under  the influence 
of noise [11]. 
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One reason for the suggested dependence of energy metabolism in the t issues on the duration of the 
pauses between exposure to vibration may be the fluctuating character of restoration of the sources of energy 
that is a characterist ic feature of energy metabolism [6]. 
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