
edema tes t  showed that it causes  not only edema,  but a lso  death of the an imals .  Af te r  injection of LPS in a dose 
of 4 ~g  the an imals  did not die, and the extent of edema of the paws was s im i l a r  to its extent a f t e r  injection of 
an equal dose of heated enterotoxin  concent ra te .  LPS in a dose of 0.04 ~g  produced no apprec iab le  paw edema.  
Consider ing that the content of LPS in the enterotoxin concent ra te  does not exceed 1% a n d  that  this amount does 
not cause  edema of the paws,  it can be concluded that  the act ivi ty  of the heated enterotoxin concent ra te  is in fact  
a t t r ibutable  en t i r e ly  to the p re sence  of t he rmos tab le  toxin. 

The mouse  paw edema method can the re fo re  detect  ac t iv i ty  of both the thermolab i le  and the the rmos tab le  
enterotoxins  of E. c o i l  

To this it must  be added that  the mouse  paw edema tes t  is s imple ,  reproducib le ,  and sensi t ive .  
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Fig. 1. Effect  of horizontal  negative angular  a c c e l -  
e ra t ions  of 40 d e g / s e c  2 on depr ivat ional  nystagmus 
in a rabbi t  at  var ious  t imes  a f t e r  des t ruc t ion  of right 
labyrinth:  1) inc rease  in f requency of depr ivat ional  
nys tagmus in r e sponse  to negative angular  a c c e l e r a -  
tion in clockwise di rect ion (45th minute); 2, 3, 4, 5) 
inhibition of depr ivat ional  nystagmus and appearance  
of r e v e r s e d  nys tagmic  j e rks  in r e sponse  to negative 
angular  acce le ra t ion  in the ant ic lockwise d i rec t ion 50 
min and 4, 8, and 16 h a f t e r  labyr in thectomy.  Bold 
s t ra igh t  lines below curves  show duration of a c c e l e r a -  
tion. Calibration: 1 sec,  100 ~V. 

labyrinth.  With t ime  these  d i so rde r s  gradual ly  subside and pa r t l y  d i sappear  through the development  of cen t ra l  
r egu la to ry  p r o c e s s e s  of compensat ion  [3, 6, 10, 11]. Meanwhile, the pr inc ip les  governing the development  of 
compensa t ion ,  e spec ia l ly  during the f i r s t  day when the a f t e r - e f f ec t s  of  uni la tera l  l abyr in thec tomy a re  most  sub-  
s tant ia l ly  weakened, have been inadequately studied and data in the l i t e ra tu re  concerning the s tabi l i ty  of the r e -  
sulting compensa t ion  a r e  con t rad ic to ry  [3, 5, 8]. 

The object of this invest igat ion was to study the dynamics  of  compensat ion  of var ious  r e s p o n s e s  a r i s ing  
a f t e r  des t ruc t ion  of one labyrinth and to a s s e s s  the degree  of compensat ion during s t imulat ion of the intact 
labyrinth.  

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

Exper iments  were  c a r r i e d  out on 12 adult waking rabbi t s  of the s ame  sex. The labyrinth (usually the 
right) was s t imula ted  mechanica l ly  through the cavi ty  of the middle e a r  under  local anes thes ia .  The comple t e -  
ness  of exclusion of the labyrinth was ver i f i ed  by morphological  invest igat ion of the side o f  the opera t ion a f t e r  
the an imals  were  killed. As r e sponses  to be used for analys is  and quanti tat ive de te rmina t ion  of the c o m p e n s a -  
t o ry  p r o c e s s e s ,  nys tagmic  eye movements ,  the blood p r e s s u r e ,  and the externa l  r e sp i r a t i on  and hear t  r a t e s  
were  r eco rded  [2]. During the exper imen t s  the an imals  were  fixed in a natural  pos ture  by means  of a specia l  
device.  Before  and a f t e r  l abyr i a thec tomy they were  subjected to cupular  and otolithic s t imulat ion.  In the f i r s t  
case  the an imals  were  p laced  on the p la t fo rm of a turntable  so that the i r  head was at the cen te r  of  rota t ion at 
an angle of 40-45 ~ to the horizontal  plane for s t imulat ion of the horizontal  s e m i c i r c u l a r  canals .  Rotat ions were  
t r apezo ida l  in shape (speed of rotat ion 360 deg / sec ,  angular  acce le ra t ion  40 deg / s ec  2) arid were  e i ther  c lockwise 
or  ant iclockwise.  Pos t ro ta t iona l  nys tagmus was recorded .  To s t imulate  the otoliths the an imals  were  ro ta ted  
around the longitudinal body axis  through 90 ~ and were  kept in that  posi t ion for up to 1 h. The expe r imen t s  
were  c a r r i e d  out in darkness .  All  the physiologica l  p a r a m e t e r s  were  r e c o r d e d  on the E lema- -Schonander  
Miagograph before  labyr in thectomy,  immedia te ly  a f t e r  the operat ion,  and then e v e r y  15 rain for  the f i r s t  2-3 h, 
and subsequent ly  at hour ly  in tervals  for s eve ra l  days.  

gun. 

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

Immedia t e ly  a f t e r  l abyr in thec tomy nys tagmic  eye movements  in the d i rec t ion  of the intact labyrinth be -  
The initial  f requency of the depr ivat ional  nys tagmus ave raged  3.5 �9 0.24 j e r k s / s e c .  The r e sponse  weak-  
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TABLE 1. Number of Nystagmie Je rks  in 
Rabbits in Response to Negative Horizontal  
Angular  Accelera t ion of 40 deg /see  2 at 
Different Times after  Right-Sided Labyrln-  
theetomy and before the ,Operation (M :~ m) 

Time of examination 

Total number of ny~tagmic 
�9 _ _  i.___er_kL____ 
rotation to rotation to 

[the right [ the left 

Before labyrinthectomy 
After labyrinthectomy 

0,5 months 
12 �9 
24 �9 

89,9~7,8 

42,0~5,1 
51,2-----5,8 
65,9-----7,6 

84,2--8,0 

9,1• 
15,0----- 1,5 
19,1--+2,0 

TABLE 2. Frequency of Posit ional  
Nystagmus in Rabbits during Rotations 
to the Left through 90 ~ at Various Times 
af ter  Right-Sided Labyrintheetomy (M + m) 

Time of 
examination, 
months 

0,5 
3 
8 

12 

Frequency of positional nystagmus 
(in jerks/sec) during rotations of 
different duration 

i min 30 min 

2,0+--0,4 1,5_+0,3 
2,0+__0,5 1,3_+0,4 
1,8+-0,3 0,6+_0,1 
2,2• 0,5+--0,2 

~h 

0,4__+0,1 
0,3• 
0,3_+0,1 
0,4_0,2 

eried in accordance with a definite rule: During the f irst  6-7 h the frequency of the deprivational nystagmus fell 
by half. A s ta t is t ical ly  significant change was observed at the 75th minute af ter  labyrintheetomy (2.7 �9 0.23 
j e rks / s ee ;  P < 0.05). For many hours the response then remained at vir tually the same level, with slight f luc- 
tuations. Further  weakening of the response began after  22 h, but this followed a much slower and more uni-  
form course ,  so that af ter  48-70 h the deprivational nystagmus had usually disappeared.  

Unilateral destruct ion of the labyrinth caused a sharp increase in the respi ra t ion  ra te :  on average f rom 
59.7 • 9 .8/min before labyrinthectomy to 124.3 =~ 14.0/rain 15 min after  labyrinthectomy (P < 0.05). The resp i -  
ration rate fell af ter  1 h to 80.5 • 12.3/rain and the original  pat tern of the pneumogram was re s to red  af ter  6 h~ 
Next day the respi ra t ion rate was a little slower. The heart  rate of the intact rabbits at res t  averaged 254.0 i 
11.9 beats /min.  Destruction of the labyrinth was followed by au increase  in the heart rate.  The maximal 
response was observed 30 min after  labyrintheetomy (294 • 15.6 beats /min) .  Toward the end of the f irst  day 
the heart  rate fell a lmost  to its initial level. Destruction of the labyrinth also was followed by a fall of the 
blood p ressu re  on average by 15 mm Hg, re tur ing to normal  af ter  3 h. Significant changes also were observed 
in the EEG. In cort ical  derivations from both hemispheres  potentials were recorded  with a frequency of 4-6 
waves / see  and an amplitude of 50-80 ~V. This pieutre of EEG activation was observed for a long t ime and the 
normal  EEG usually was re s to red  on the 3rd day af ter  labyrintheetomy. 

Negative angular accelerat ions  during clockwise rotations (i.e., toward the side of labyrinthectomy) as a 
rule led to intensification of the deprivational nystagmus.  Slowing of antielockwise rotation, on the other hand, 
depending on the t ime elapsing after  labyrintheetomy, was accompanied by a reduction in the frequency or com-  
plete suppression of the deprivatlonal  nystagmus or  the appearance of nystagmus in the opposite direction. For 
instance, 1 h af ter  destruction of the right labyrinth, in response  to negative antielockwise acce lera t ion  the f re -  
quency of the nystagmus fell sharply, the slow phase of individual nystagmic jerks was appreciably lengthened, 
and the nystagmus then disappeared completely for 4-6 sec. T h e  response after  4 h to the same accelera t ions  
was different:  Not only was the deprivational nystagmus completely inhibited, but a single nystagmic jerk whose 
fast phase was opposite to that of the deprivational nystagmus and was directed toward the side of labyrinthee-  
tomy, appeared. After 8 h severa l  (up to 5) r eve r sed  nystagmie jerks  had developed, and after  16 h their  num- 
ber  increased to 8-10 (Fig. 1). In the late stages after  labyrintheetomy distinct a s y m m e t r y  of the postrotat ional  
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nystagmus was observed during r ight -  and lef t -s ided rotat ions.  The response  to negative anticlockwise acce l -  
e ra t ion  was only 1 / 3 - 1 / 5  as s t rong as the response  to clockwise rotation. With time, some increase  ia the 
s trength of postrota t ional  aystagmus was observed in response  to rotat ion in both direct ions,  but marked  
a s y m m e t r y  pe r s i s t ed  throughout the per iod  of investigation (Table  1). It must  be emphasized that throughout 
2 yea r s  of observat ion,  the head of all  the exper imenta l  animals  remained dist inctly rotated toward the side 
of labyriathectomy,  and the eyes remained deviated. 

Rotations around the longitudinal body axis toward the intact labyrinth as a rule were accompanied by the 
appearance of posit ional  nystagmus. As Table 2 shows, positional aystagmus developed at all stages of the in- 
vestigations.  It was always d i rec ted  toward the intact labyrinth, and during long rotat ions a wel l -marked  de- 
c r ea se  in its f requency was observed.  Rotations to the right,  i .e. ,  toward the side of labyrinthectomy, did not 
cause nystagmic eye movements .  In normal  animals with intact labyrinths,  during rotat ions around the longi- 
tudinal body axis, as a rule aystagmus was absent and only a response  of counterrota t ion of the eyes was ob- 
served.  

Evocation of responses  a f te r  uni la tera l  loss of vest ibular  function is based on the H S g y e s - B e k h t e r e v  
balanced cen te rs  pr inciple  and the compensa tory  p r o c e s s e s  a re  d i rec ted  toward res to ra t ion  of the background 
unit act ivi ty of the ves t ibular  nuclei on the deafferented side [1, 7, 9, 12]. The mechanisms of this phenomenon 
a re  not c lea r .  Restora t ion of act ivi ty may take place both as a resu l t  of an increase  in the sensi t ivi ty of the 
vest ibular  neurons,  deprived of the i r  pr incipal  input, to other  sources  of impulsation and as a resu l t  of the for -  
mation of new synaptic connections.  The sudden extinction of deprivat ioaal  nystagmus during the f i rs t  few 
hours and the appearance of r eve r s ed  nystagmic jerks  in response  to st imulation of the intact labyrinth 4 h 
ni ter  uni la teral  labyr inthectomy indicate the very  rapid onset of plast ic changes in the s t ruc tu res  of the ves t ib-  
u la r  sys tem.  The ra te  of development of compensa tory  p roces se s  differed for different  responses  to des t ruc -  
tion of the labyrinth.  Changes in the RNA content and succiaate oxidase act ivi ty in neurons of the vest ibular  
nuclei and ce rebe l lum af te r  uni la tera l  labyr ia thectomy in animals are  manifestat ions of plast ic  changes [4]. 
However,  these changes evidently did not lead to complete res to ra t ion  of equil ibrium between the act ivi ty of the 
vest ibular  nuclei  on both s ides.  Evidence in support  of this conclusion is given by the a s y m m e t r y  of the aystag-  
mic response  of the eyes constantly observed to st imulation of the horizontal  s emic i r cu la r  canal of the intact 
labyrinth by angular  acce le ra t ions  of equal intensity, but opposite direction,  and the appearance of positional 
aystagmus in response  to st imulation of the intact otolith apparatus,  and also the pers i s t ence  of distinct devia- 
tion of the eyes and rotat ion of the head for a long per iod af ter  labyriathectomy.  The resul ts  a re  evidence of 
the fragi l i ty  and imperfect ion of the compensa tory  mechanisms af te r  uni la teral  loss of vest ibular  function. 
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