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The RNA content in the cy top lasm of the sp i ra l  motoneurons  of mice  fatigued by  swimming  and in 
mice  rece iv ing  ac t inomycin  2703 did not d i f fer  s ignif icant ly .  

Injections of actinomycin shortened the duration of swimming by the animals by 2.5 times, The RNA 
content in the motoneurons containing average and low concentrations of RNA was lowered in these animals, 

It is concluded that under the influence of actinomycin the cycle of metabolic recovery processes in 
functioning neurons  is d i s tu rbed .  

I t  m a y  be r e ~ r d e d  as  p roven  that inc reased  funct iol~l  acti~dty of neurons  is accompan ied  by changes 
in the content of RNA and p ro te ins  in the i r  cy top lasm.  During adequate  s t imula t ion  of neurons ,  as  a rule ,  
syn thes i s  p redomina te s  o v e r  breakdown,  leading to a n  i n c r e a s e  in the content of cy top lasmic  RNA and p r o -  
te in  [2-4, 7, 8, 11-13, etc.) .  

However ,  the s i~ai f icance  of these  changes in RNA and p ro t e in  m e ~ b o l i s m  for  p e r f o r m a n c e  of the 
spec i f ic  ac t iv i ty  of  neurons  has not been explained.  To inves t iga te  this p rob l em,  it is useful to  c o m p a r e  
changes  in the chemica l  p r o p e r t i e s  and function of the neurons  a f t e r  admin i s t r a t ion  of inhibi tors  of RNA 
and prote in  syn thes i s .  Fo r  example ,  invest igat ion of p r e p a r a t i o n s  of the c rab  s t r e t ch  r ecep to r  shelved [S] 
that  under  the influence of ac t inomycin  D the syn thes i s  of RNA in these r e c e p t o r  neurons is comple te ly  
blocked and i t s t o t a l  content is d iminished,  but despi te  this the ce i l s  continue to genera te  ac t ion  po ten t ia l s .  
On the bas i s  of this finding it has  been  postula ted that i m p o s e  genera t ion  and RNA synthes is  in neurons  a r e  
independent p r o c e s s e s .  

In the p r e s e n t  investi~o~ation an a t t empt  .zas made  to inves t igate  in the intact  o rgan i sm changes  in the 
RNA content  i n  the cy top la sm of motonearoms which genera te  ac t ion  potent ia ls  in r e sponse  to r epea t ed  
na tura l  s t imula t ion  and conduct impu l ses ,  as  a resu l t  of the act ion of an inhihitor of RNA syn thes i s ,  name ly  
ac t inomyc in  2703. 

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on 20 male  albino mice  weighing.18-25 g. The an ima l s  were. divided 
�9 into four  groups:  group 1- -cont ro l  an imals ;  o~n'oup 2 - -mice  r ece iv ing  act inornycin 2703 in a dose  of 3.3 pg 
by  i n t r a m u s c u l a r  inject ion dai ly  for  5 days; group 3 " a n i m a l s  compel led  to swim dai ly for  5 days  in wate~ 
a t  a t e m p e r a t u r e  of 37 ~ until the f i r s t  t ime the i r  head became  submerged ;  group 4 - m l c e  which swam under  
the s a m e  conditions and,  in addit ion,  r ece ived  repea ted  inject ions of  a c d n o m y c i n  2703 in the above dose.  

F o r  h i s t echemica l  invest igat ion the mice  of groups 3 and 4 were  sac r i f i ced  by decapi ta t ion immedL~- 
t e l y a f t e r  the end of the l a s t  (5th) e x p e r i m e n t  with swimming .  The a n i m a l s  of groups 1 and 2 were  s a c r i -  
riced at the same thne, the experimenta[ mice (of groups 2, 3, and 4) being chosen so that fl~ey did not 
differ in weight from the corresponding controls. 
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TABLE 1. Dimensions  of C ~ o p l a s m  of Motoneurons  
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Fig.  1. Re la t ive  p ropor t i ons  
of  m0toneurons  with high (19, 
a v e r a g e  (II), and low ('/II) con-  
cen t ra t ions  of c y t o p l a s m i c  
RNA. 1, 2, 3, 4) Groups  of 
an ima l s .  

Not l a t e r  than 3 rain a f t e r  s ac r i f i c e ,  the l u m b a r  en l a rgmen t s  of 
the spinal  co rd  were  fixed in Ca rnoy ' s  fluid and embedded in pa ra f f in  
wax. To e s t ab l i sh  ident ical  conditions of h i s tochemica l  t r e a t m e n t  of 
the contro l  and expe r imen ta l  m a t e r i a l ,  the lumbar  e n l a r g e m e n t s  t a k e n  
f r o m  4 an ima l s  (one f r o m  each  group) were  fixed at  the s a m e  t ime and 
embedded  in one block.  The pa ra f f in  blocks were  cut into s e r i e s  of 
t r a n s v e r s e  sec t iv ,m 7 ~ in th ickness .  The  h i s tocnemica l  reac t ion  for  
RNA with galloc}~nin and ch rome  a lum was c a r r i e d  out by E i n a r s o n ' s  
method:  

The motoneurons  of the l a t e ra l  nucleus of the ven t ra l  horn,  in-  
ne rva t ing  the l imb m u s c l e s ,  were  invest igated.  Changes  ~n the con -  
cen t ra t ion  of  cy top la smic  RNA wei'e de te rmined  f rom changes in hhe 
m unbe r  of motoneurons  containing high, a v e r a g e ,  and low RNA con-  
cen t ra t ions  i n the i r  cy top lasm.  F o r  these  counts e v e r y  40th sec t ion  of 
the l u m b a r  en l a rgemen t  was used.  In each o f  the four  g roups  of a n i -  
m a l s  a t  l e a s t  500 moLoneurons w e r e  invest igated.  F o r  s ta t i s t i ca l  
a n a l y s i s  of the data a 95% confidence in terval  was used. 

The t rend  of the changes  in cy top lasmic  RNA content  was  detected f rom changes in the d imens ions  
of the c y t o p l a s m  of m o t o n e u r o n s p o s s e s s i n g  the s a m e  RNA concent ra t ion  (high, ave r age ,  o r  low) as  the 
contro l .  To d e t e r m i n e  the dhnehs ions  of the c}~oplasm, in each 80th sec t ion  of the l umba r  en l a rgemen t  
the c r o s s  sec t ion  of the body and nucleus of the motoneurons  was m e a s u r e d  by means  of an ocu la r  m i c r o -  
m e t e r  and the s i ze s  of the cy top lasm e x p r e s s e d  as  the i r  d i f fe rence .  The s ignif icance of the d i f fe rences  b e -  
tween -the contro l  and expe r imen ta l  data  was e s t i m a t e d  s t a t i s t i ca l ly  using the X 2 c r i t e r i on  for  compar ing  
two e m p i r i c a l  s a m p l e s .  

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

In jec t ion  of ac t inomyc in  into the an ima l s  of o~zoup 2 produced no signif icant  changes in the i r  genera l  
conditions and  weight.  In the an ima l s  of group 3 the mean  durat ion of swimming  on the 5th day  fell f rom 91 
to 68 min ,  and in the an ima l s  of group 4 f rom 88 to 26 rain, Consequent ly,  ac t inomycin  reduced the d u r a -  
t ion oi sw imming  by  a p p r o x i m a t e l y  2.5 t imes .  

H l s tochemica l  inves t iga t ion  showed that  the r e l a t i ve  p ropor t ion  of motoneurons  wSth dif ferent  concen-  
t r a t ions  of c ~ o p l a s m i r  RNA d i d a c t  change s igni f icant ly  in the expe r imen ta l  a n i m a l s  (Fig, 1). 

the concentr~ation of cy top lasmic  RNA was constant ,  changes in i ts  content were  directly- p r o p o r -  
t ional  to ob2.nges in the volum~e o~ thec}~.oplasm. The results of determirm_t[on of the dimensions of the 
cytoplas~n Of s motoneuroas am g!,ven in Table l. There results show that in ~he animals of groups 2 
a~d 3 no statistic~dly signiflca.nt changes were found in the dimensio:~ of the cytoplasm both of the investi- 
~ted motoneurons as a whole and o[ neutrons belonging to sepa.rat~ classes. 
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In the animals  of group 4 a s ta t i s t ica l ly  sig-nificant decrease  was found in the dimensions of the cy to-  
p lasm of all the investigated motoneurons (by 8%). This change took place because of a decrease  in the 
size of the cytoplasm of the motoneurons with average and low RNA concentrat ions (by 8 and 17% respec t i -  
vely),  indicating a decrease  in the RNA content in their  cytoplasm.  The onset  of these changes may  be a t -  
tributed to the fact  that ac t inomycin  not only inhibits the synthesis  of RNA required for  the formation of new 
protein,  but also disturbs its t ranspor t  from nucleus to cytoplasm [6]. The RNA deficiency thus crea ted  in 
the cytoplasm may have the resul t  that the synthesis  of cytoplasmic  prote ins  does not completely  compen-  
sate for  their  breakdown, and as a resul t  the dimensions of the cytoplasm of the motoneurons decrease .  

However,  the question a r i s e s ,  why this effect of act inomycin should be manifested only when given 
against  the background of a repeated  functional load. At  this point it should be emphasized that undo= the 
conditions of increased  function ac t inomycin  has a selective action on the RNA content and a rea  of the cy to-  
p lasm of motoneurons with average  and low RNA concentrat ion,  whereas  motoneurons  with a high RNA con-  
centrat ion are  indistinguishable as regards  these indices f rom those in the animals  of the control  group. 
The select ive act ion of ac t inomycin  can be unders tood if the motoneuron pool is r egarded  as a sys tem of 
units functioning in turn  during repeated  stimulation. In this sy tem,  motoneurens  with a high RNA concen-  
t ra t ion may  behave as working e lements .  This assumpt ion is supported by the fact  that with an increase  
in functional act ivi ty  only of motoneurons with a high RNA concentrat ion,  there is an increase  in the num-  
be r  of cells of the perineuronal  glia [1], which are  donors  of enzymes  and nucleotides for  intensively work-  
ing neurons [10, 14, etc.] .  Motoneurons with average  and low RNA concentra t ion may  play the role of r e -  
se rve  e lements ,  existing in different phases  of r ecove ry  of cells ,~hose protein s t ruc tures  have become ex-  
hausted in the course  of function. Af ter  the end of st imulation,  motoneurons  which have taken par t  in the 
work are  added to the s to re  of r ese rve  e lements ,  and these in turn,  during subsequent activation, become 
functioning motoneurons and their  RNA concentrat ion is then high. Confirmat ion of this hypothesis is given 
by data indicating that in some motoneurons with ave rage  and low RN_k concent ra t ions ,  the RNA concen t ra -  
tion becomes high during a single phase of intensive muscu la r  work [5]. 

In face of the foregoing facts it is Iogic~l to assume that pa r t i cu la r ly  intensive renewal of protein 
s t ruc tu res  and enzyme s y s t e m s ,  accompanied by marked  activation of synthesis  of RNA and proteins ,  
takes place in motoneurons  with average  and low RNA concentrat ions during repeated functioning. For  that 
reason,  only when a repeated functional load is applied does ac t inomycin  give r ise  to a decrease  in RNA 
content and in the a rea  of the cytoplasm of the~e regenera t ing  motoneurons .  AS a result ,  under the influ- 
ence o f  actinomycin, the cycle of regenera t ive  metabolic p r o c e s s e s  in the motoneurons is disturbed,  and 
during repeated increases  of functional act ivi ty  this may l imit  the poss ib i l i ty  of interchange of these cells  
and may  prevent  the incorporat ion of new elements  in the work. This may probably be one of the causes o~ 
the sharp  decrease  in durat ion of swimming in the animals  receiving act inomycin.  
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