
ROLE OF CONTACT WITH SUPPORT IN 

OF ALBINO RATS DURING FREE FALL 

T H E  T U M B L I N G  R E A C T I O N  

G. S. A izikov UDC 612.763-019 

KEY WORDS: f r ee  fall; tumbling reac t ion .  

Tumbl ing  by an imals  during f r ee  fall  cons i s t s  of a chain of succes s ive  movemen t s  as a r e su l t  of which 
the animal  can land on i ts  feet .  The physiological  m e c h a n i s m s  r e spons ib l e  for  this  reac t ion  a r e  not yet ab -  
solutely c l ea r .  I t  can be accepted  that  l abyr in thec tomized  animals ,  if vision is excluded, lose  the i r  abil i ty 
to tumble  during f r e e  fall .  In all  expe r imen t s  to study tumbling,  it has to be pointed out that  inves t iga tors  
have invar iab ly  a t tempted  to exclude the influence of ex t ra labyr in th ine  fac to rs .  Meanwhile observa t ions  [2] 
have shown that  in l abyr in thee tomized  monkeys ,  a f t e r  a long per iod of compensat ion,  signs of discoordinat ion 
were  obse rved  during jumping, but they d i sappeared  as soon as the l imb  o r  tai l  made  contact  with a s ta t ionary  
suppor t .  It  has  been found [1, 3] that  if, on the t rans i t ion  to a s tate  of we igh t lessness ,  the animal  succeeded 
in grasp ing  surrounding objec ts ,  the d iscoordinated  m o v e m e n t s  usual ly  obse rved  c a m e  to an end. Contact  
between l imb o r  tai l  and a s t a t ionary  suppor t  causes  a pas s ive  d i sp lacement  of the contacting m e m b e r  and 
evokes  a flow of p ropr iocep t ive  s ignals .  

I t  was accordingly decided to study the effect  of  contact  with a suppor t  which m o v e s  toge ther  with the 
fal l ing animal  on the tumbling reac t ion .  

EXPERIMENTAL METHOD 

In the experiments of series I an apparatus consisting of a metal rod 250 mm long, along which moved 

a Porolon tube, of the same length or a little shorter, was used. The upper end of the rod was fixed to a 

bracket, the lower end was free. The Porolon tube initially was mounted on the rod and held in that position 

by a catch on the fixer. Aider release, the tube easily slid downward along the rod and fell on a safety net 

after a free fall of im. Usually the rats held on to this Porolon tube with all their limbs. The weight of the 

Poro lon  tube did not exceed 20 g.  

In the second s e r i e s  of  expe r imen t s  a me ta l  f r a m e  (70 • 40 cm) was p laced hor izonta l ly  1.5 m above 
the safe ty  net .  In i ts  cen te r  a second f r a m e  (25 • 10 cm) was fixed by diagonal s t ru t s ,  with fine netting s t re tched  
o v e r  it. This  net,  s t r e t ched  on the me ta l  r ing,  c rea ted  a suppor t  on which the r a t s  could hold with all four  
l imbs ,  in the supine posi t ion.  In another  var ian t  of  the exper iment ,  tension in the net was c r ea t ed  only by a 
s y s t e m  of th reads ,  on r e l e a s e  of  which the net ceased  to be taut  and could be c rumpled .  

E x p e r i m e n t s  w e r e  c a r r i e d  out on m a t e  Wis t a r  and W i s t a r - S P F  albino r a t s  weighing 200-250 g. Move-  
m e n t s  we re  r e c o r d e d  on 35-ram "Konvas"  mot ion p ic ture  f i lm at a speed of 32-40 f r a m e s / s e e .  The total  
n u m b e r  of expe r imen t s  was 60. 

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

If  the Poro lon  tube was f ixed at the top end of the guide rod,  the r a t  p laced on the Porolon,  and le f t  to 
i tself ,  a f t e r  a shor t  t ime  it  e i the r  s l id downward along the tube, hanging by i ts  fo re l imbs ,  and then fell,  o r  it 
tu rned  perpendicu la r ly  to the axis  of the tube and hung on all four  l imbs  with its spine downward, and then 
e i ther  le t  go of the tube o r  pushed it away and s t a r t ed  to jump.  In m o s t  ea ses ,  if  the r a t  fel l  f rom the s ta t ionary  
tube  it  tumbled  and i ts  paws a s s um ed  a convenient  posi t ion fo r  landing on the suppor t  (Fig. 1A). 
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Fig. 1. Motion pictures of rat  during free fall.. A) falling without support; B) falling 
with support; 1-10) successive phases of fall. 

Fig. 2. Rat falling freely together with support: A) falling without contact with stationary object; 
B) falling with tail touching guide rod; 1-5) successive phases of falling. 
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Fig.  3. Rat falling f r ee ly  f rom spine downward position: A) 
falling with net t ightly s t re tched;  B) falling with crumpling net; 
1-5) success ive  phases  of falling. 

When the ra t s  fell  toge ther  with the Poro lon  tube the humbling react ion was complete ly  inhibited. The 
ra t s  pulled the tube toward them and fell  with hardly any change in t he i r  initial position. E yen when falling 
on the net ,  the  animals  continued to hold on to the Poro lon  tightly for  some t ime .  An increase  in the height 
of  fall ,  a change in the pos ture  before  falling (spine downward, tail  downward, on the side), and also the ad-  
dition of  visual control  did not affect  the c h a r a c t e r  of fall: the tumbling reac t ion  was always inhibited. Motion 
p ic tu res  of  a r a t  falling toge ther  with the Poro lon  tube, which it is holding, a re  i l lus t ra ted  in Fig. 1B (1-10). 
The animal fal ls  spine downward, in a pos ture  act ively stimulating the onset  and pe r fo rmance  of a tumbling 
reac t ion ,  but no tumbling takes place.  Throughout  the fall  the tumbling reac t ion  is inhibited. 

A s imi la r  p ic ture  can be seen in the motion p ic tures  in Fig. 2A {1-5), when the r a t  commences  i ts  f ree  
fall  with its tail  downward f rom the ver t ica l  pos ture .  While falling and holding on to the support  tightly, it 
does not even at tempt to tumble,  in o r d e r  to land on its paws. If, however,  in the initial phases of falling the 
r a t  touches the s ta t ionary guide rod with its tail  (Fig. 2B) o r  paw, it  abandons the Porolon  tube and lands on 
its paws. 
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If rats holding on to a fine-mesh net, stretched tightly on a metal ring, are dropped together with this 
ring, during the fall they continue to hold on to the net. No tumbling reaction takes place and the animals fa]_l 
on their back (Fig. aA). If, however, the net is not stretched tight on a metal ring initially, but is fixed with 
threads, and if in the initial phase of the fall, its tension is reduced, the net crumples and the rats readily 
ramble and land on their paws (Fig. 3B). 

In all the e:~perimental situations described above, when the tumbling reaction was inhibited, the rats 
actively and tightly held on to the support. That this was so can be seen from the next variant of the experi- 
ment. The Porolon tube or net stretched on the ring were dropped together with the animal on a thin cord 
(shorter than the path of the animal's free fail), which suddenly arrested their fall. However, the animals 
held on to the support in their initial position and continued to hang above the safety net for a short time longer, 
without jumping down. 

Labyrinthectomized animals were used in a series of control experiments. In the experiments with the 
tightly stretched net and also in the experhnents with the crumpled net, these rats fell on their back. 

It can be concluded from the results that the presence of contact with a support, even under free fall 
conditions, inhibits the statokinetic reactions which usually ensure normal landing of the animal. 
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The morpholog ica l  and functional s t ruc tu re  of the r e s p i r a t o r y  cen t e r  (RC) is  ve ry  complex  and its 
neuronal  compos i t ion  he te rogeneous .  RC is f o rmed  f rom nuclei  and s e p a r a t e  g roups  of r e s p i r a t o r y  and r e -  
t i cu l a r  neurons ,  which a r e  located  at different  s i tes  in the medul la  and make  contact  with neurons  of  o the r  
functional s y s t e m s ,  pe r fo rming  n o n r e s p i r a t o r y  functions.  Meanwhile RC works  r e m a r k a b l y  accura te ly  mud 
is r e spons ib le  fo r  va r ious  ene rgy-p roduc ing  and p las t ic  p r o c e s s e s  in the body. The d i scovery  of in te rcon-  
nect ions  between its component  fo rmat ions  is a pa r t i cu l a r l y  impor tan t  t a s k  [1-12]. However ,  in m o s t  inves t i -  
gat ions of RC its r e s p o n s e s  to va r ious  changes in the in ternal  and ex te rna l  env i ronment  have been examined,  
but not in te rac t ion  between i ts  component  nuclei .  

In the invest igat ion desc r ibed  below interconnect ions  of neurons  of the g igantocel lu lar  nucleus (GN) with 
neurons  of the nucleus so l i t a r ius  and nucleus ambiguus were  studied. 

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 64 m a t u r e  ca t s  anes the t ized  with pentobarbi ta l  (45 m g / k g ,  i n t r a p e r i -  
toneally) .  The methods  of s t imulat ing s t r u c t u r e s  of RC and of r ecord ing  the EMG of the r e s p i r a t o r y  m u s c l e s  
and e l ec t r i ca l  act ivi ty  of the neurons  were  desc r ibed  p rev ious ly  [3]. Si tes  whose s t imulat ion evoked an in-  
s p i r a t o r y  ( " insp i ra to ry  s i t e s "  - ~ )  o r  an exp i r a to ry  (nexpira tory  s i tes  ~ --ES) effect  in the region of GN were  
s t imula ted .  I t  was a s s um ed  that  in tegra t ion of a f ferent  impulses  [4] a r r i v ing  in the media l  zone of RC took 
p lace  in the s t imula ted  s i tes ,  followed by the i r  t r a n s f o r m a t i o n  into r e s p i r a t o r y  impulses ,  to be t r a n s m i t t e d  to 
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