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Only a few investigations of changes in the bioelectr ieal  activity of the central  nervous sys tem in 
the conditions of weighlessness  have been published [7, 10]. 

The presen t  paper  descr ibes  the resul ts  of a study of the changes in the e lect r ical  activity of various 
par ts  of the brain  on animals exposed for short  periods to weightlessness and overloading. 

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

Conditions of weight lessness  were crea ted  during the flight of an airplane on a parabol ic  t ra jec tory .  
The duration of each period of weight lessness  was 25-30 sec.  Each per iod of weight lessness  was preceded 
by a period of overloading (1.8-2 g) last ing 12-15 sec; the per iod of weight lessness  was followed by a 
s imi la r  overloading lasting 10-12 sec.  In individual cases,  for control purposes ,  per iods of weightlessness 
were  crea ted  without the preceding or  the succeeding overloading, and in this case the duration of weight- 
l essness  was approximately half that in the other se r i es .  

Experiments were ca r r i ed  out on 2 cats and 1 rabbit  with permanent ly  implanted surface and buried 
electrodes .  The surface  e lectrodes  were s teelneedles  fixedwith phosphate cement into the cranial  bones 
over  the corresponding pa r t  of the cortex; the in tere lect rode distance was 2-3 ram. The buried bipolar  
e lectrodes  were inser ted  into the subcor t ical  s t ruc tures  by means of a s tereotaxic  apparatus.  The e lec-  
trodes were made of Nichrome wire insulated with enamel (diameter of section 50 ~) housed in a glass  
capi l lary tube with an external  d iameter  of 0.3-0.4 ram. The biopotentials were detected by unipolar and 
bipolar  techniques and, af ter  amplification with a s ingle-channel  AC amplifier ,  were recorded  on a loop 
osci l lograph.  

During the exper iment  the animal was kept in a screened cage in a fixed position. The experiments  
were  pe r fo rmed  mainly on unanesthetized animals,  and only in occasional  experiments were the cats 
lightly anesthetized with Nembutal. The e lec t r ica l  activity was recorded  in the following areas  of the 
cortex:  the anter ior  port ion of the suprasylvian and ectosylvian gyrus ,  regarded  as the zone of cor t ical  
project ion of the vest ibular  analyzer  [3, 14], and in the optic~auditory, and orbital  zone (projection of the 
IX nerve and the chorda tympani). In the subcort ical  s t ruc tures  the e lec t r ica l  activity was r eco rded  in the 
an te ro - l a te ra l  port ion of the hypothalamus,  and the medial and la tera l  geniculate bodies.  

EXPERIMENTAL RESULTS AND DISCUSSION 

Most of the resul ts  were  obtained on cats,  because the higher degree of differentiation of their c e r e -  
bra l  cor tex made it possible to localize the required  zone more  accurate ly .  This is par t icu lar ly  true of 
the cort ical  project ion of vest ibular  function, the local izat ion of which in the rabbi t ' s  cortex could not be 
determined.  

Frequency-ampl i tude analysis of the e lec t roencephalogram showed that the degree of the changes 
taking place following t ransient  exposure to weightlessness and overloading differed f rom one zone to an- 
other.  The most  cha rac te r i s t i c  and marked changes were observed in the cort ical  project ion area of ves-  
tibular function, in the anter ior  par t  of the suprasylvian  and eetosylvian gyrus .  The cha rac te r  of the changes 
in the e lec t r ica l  act ivi ty in this zone of the cor tex was as follows. With the beginning of overloading, p r e -  
ceding the per iod of weight lessness ,  marked desynchronizat ion of the rhythm of the e l ec t rocor t i cogram 
(ECoG) was observed,  and as a rule this pers i s ted  until the onset of weight lessness .  This is c lear ly  seen 
f rom the examples of osc i l lograms  given in Fig. 1, A-C, and Fig. 2. 

(Presented by Academician V. V. Parin).  Translated f rom Byulleten'  ]~ksperimental 'noi Biologii i 
Meditsiny, Vol. 63, No. 5, pp. 25-29, May, 1967. Original ar t icle  submitted September 30, 1965. 
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Fig. 1. Changes in the el ,~ctrocort icogram of the vest ibular  zone 
the cor tex during changes in gravitat ion.  
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Fig. 2. Graph showing the changes in the frequency 
(above) and amplitude (below) charac te r i s t i c s  of the 
e l ec t roco r t i cog ram of the vest ibular  zone during 
changes in gravitat ion.  A b s c i s s a - t i m e  (in see); 
o r d i n a t e - f r e q u e n c y  (in cps on the upper graph) 
and amplitude (in #V; on the lower graph). 

With the onset  of weight lessness ,  af ter  the 
f i rs t  few seconds the amplitude of the waves in- 
c r ea sed  and the frequency cha rac te r i s t i c  of the 
ECoG showed an appreciable shut  toward the slow 
waves.  The changes in e lec t r ica l  act ivi ty in the 
per iod of weight lessness  were charac te r i zed  by 
instabil i ty of the rhythm of the ECoG and by the 
p resence  of mixed waves.  In the per iod f rom 25 
to 30 sec the c~-like waves were  replaced severa l  
t imes by a fast, low-ampli tude rhythm, and vice 
versa .  Never theless ,  in the f i r s t  2-3 sec the s lower 
waves of high amplitude were  predominant ,  while 
toward the end of the per iod the amplitude fell and 
the rhythm became somewhat  fas te r .  The cha rac t e r  
of the changes in the ECoG during over loadingfol -  
lowing a per iod of weight lessness  was s imi la r  to 
that observed during the preceding overloading. 

Besides in the vest ibular  zone of the cortex,  
s imi la r  although less  marked  changes were some-  

t imes seen in the optic zone, especial ly during the action of overloading. The effect of overloading on the 
ECoG was more  extensive, and it often produced changes where none were observed during weight lessness .  
For  instance,  in the orbital  zone of the cortex a weak desynchronizat ion of the rhythm was observed  during 
overloading, whereas during weight lessness  the pat tern  of the ECoG was a lmost  indistinguishable f rom 
the curve recorded  in the horizontal  par t  of the flight. 

At the moment of change f rom weight lessness  to overloading, lasting, 1.0-1.5 sec,  a burs t  of c~-like 
waves, 2-3 sec in duration, regular ly  appeared (Fig. 1, C); s imi la r  burs t s  of c~-waves were o b s e r v e d r a t h -  
er  less frequently during the change f rom normal  gravitat ion to overloading (Fig. 1, A). As mentioned 
above, the onset of weight lessness  also was charac te r i zed  by the appearance of high-amplitude (~-waves. 
These intermediate  s tates  during changes in gravitat ion were thus cha rac te r i zed  usually by the appearance 
of a burs t  of v~-like waves, after  which the charac te r i s t i c  picture of the par t i cu la r  fo rm of gravitat ion 
developed: desynchronizat ion during overloading and a mixed rhythm during weight lessness .  

When the potentials were recorded  f rom the subcort ical  centers ,  their  e lec t r ica l  activity was found 
to be relat ively res i s tan t  to the action of weight lessness  and overloading. When changes in the e lect r ical  
act ivi ty were  found, they differed in cha rac t e r  f rom the changes observed  in the ce rebra l  cortex.  During 
the action of overloading, the number  of slow waves of high amplitude increased  slightly or  a picture of 
mixed waves was observed,  i.e., the desynchronizat ion of the rhythm charac te r i s t i c  of the cor tex was not 
observed  here  (Fig. 3). During weight lessness  waves of high amplitude and a frequency of 11-16 cps p r e -  
dominated, and both the very  fast  and the s lowwaves were a lmost  completely absent.  The frequency of the 
biopotentials was somewhat higher than during horizontal  flight and overloading.  Hence, during the action of 
weight lessness ,  changes in activi ty were observed which differed f rom its changes in the ce rebra l  cortex.  
A special  feature of the react ion of the subcort ical  centers  was that the changes descr ibed above did not 
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Fig. 3. Changes in e lect r ical  activity of the hypothalamus during 
the action of weight lessness .  

appear immediate ly  after  the change in gravitation, but developed comparat ively  slowly, so that for the 
f i r s t  3-4 s ec  af ter  the change in gravitat ion the pat tern observed in the preceding period still continued. 

All the changes in the cor t ica l  and subcort ical  b ioelect r ical  activity were seen most  c lear ly  in the 
waking animal. In the experiments  in which the animals were lightly anesthetized the charac te r  of the 
changes was the same,  but they were  less  marked in degree.  Comparison of the ordinary periods of weight- 
l essness  and the control  periods (i.e., without the preceding or the succeeding overloading) showed that 
the changes in the EEG were s imi la r  in direction, although in the f i r s t  case the changes in the EEG during 
weightlessness were more  marked,  thus showing that preceding overloading intensified the changes taking 
place during the transit ion f rom normal  gravitat ion of once to weight lessness .  

Data in the l i te ra ture  show that vest ibular  stimulation may give r i se  to considerable changes in the 
e lect r ical  activity of the brain.  On the other  hand, Grandpierre  and co-workers  [10], who investigated the 
cha rac te r  of the changes in the e lec t r ica l  activity of the cortex and the mesencephal ic  re t icu la r  format ion 
of the r a t ' s  bra in  in conditions of weightlessness,  found no changes in ei ther  the cortex or  the re t icu la r  
formation.  In the presen t  investigations, when the biopotentials of the subcort ical  centers  were recorded,  
in many cases  no marked or  consistent  changes could be observed in their basic rhythm, presumably  on 
account of the g rea te r  inertia of the nervous p rocesses  in the subcort ical  centers .  So far  as the cor t ical  
e lect r ical  activity is concerned, its changes differed f rom on region to onother:  the most  marked changes 
were  observed in the project ion zone of vest ibular  function, and ra ther  weaker changes in the optic zone, 
while the activity in the orbital  zone was almost  unchanged. Since the topographic differentiation of the 
cortex is much s impler  in the ra t  than in the cat, and the localization of vest ibular  function in its cortex 
is unknown, in the investigations of Grandpierre  cited above, the cort ical  potentials were evidently r e co rd -  
ed f rom points unrelated to ves t ibular  function. This could explain the difference between the resul ts ,  as 
is confirmed by the findings obtained in the control experiments on the rabbits ,  when the regula r  pat tern  
of changes in the ECoG in weight lessness  descr ibed above for  the cat was not found. 

Information in the l i te ra ture  on the localization of vest ibular  function in the cor tex is conflicting. 
Some authors localize it in the pos te r io r  port ion of the suprasylvian gyrus [17], others in the anter ior  
port ion of the suprasylvian and ectosylvian gyrus [3, 14]. The resul ts  of the present  experiments ,  indicat- 
ing that the mos t  marked  changes in the ECoG during changes in gravitat ion are  observed in the an ter ior  
port ion of the suprasylvian and ectosylvian gyrus,  provide fur ther  evidence in support of this la t ter  point 

of view. 

Besides the specific action on the vest ibular  apparatus,  a change in gravitat ion may have a di rect  
mechanical  action on the bra in  t issue and an indirect  action resul t ing f rom the disturbance of the hemo-  
dynamics.  Both these may give r i se  to changes in the e lec t r ica l  activity of the brain.  However, in this 
case  the action of the change in gravitat ion would be manifested equally in the different par ts  of the co r -  
tex, which was not observed.  The presence  of identical changes in the optic zone of the cor tex was evident- 
ly due to the intimate connections between the vest ibular  and optic analyzers .  

Comparison of the ordinary and control  investigations showed that the direct ion of the changes was 
the same in both cases ,  although their  degree in weight lessness  was much grea te r  if preceded by over -  
loading. This is evidently natural ,  because in both cases  there was a react ion to a comparable  change in 
g r a v i t a t i o n - a  decrease  in one case f rom 1 go to 0, and in the other case f rom ~ 2 g to 0. 
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