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Descending inhibi tory influences f r o m  the tha lamus  on c h e m o r e c e p t o r  act ivi ty in the f r o g ' s  
tongue a re  demons t ra ted .  Efferent  impulses  a r i s ing  during s t imulat ion of the tha lamus  and 
d isappear ing  a f t e r  division of the cent ra l  end of the lingual nerve  were  recorded  in single 
flbe.rs of that  nerve .  The ro le  of l ingual ne rve  f ibers  in conduction of descending inhibi tory 
influences is  es tabl ished.  

Many facts  concerned with the influence of the r e t i cu l a r  fo rmat ion  on the somat ic  afferent  flow at all  
l eve ls  of the re lay  s y s t e m  have now been obtained [5-7, 10, 11]. The r e t i cu l a r  format ion  can also influence 
the a f fe ren t  flow f r o m  p e r i p h e r a l  r ecep to r s  themse lves .  Such influences were  f i r s t  desc r ibed  for  muscle  
r e c e p t o r s  [3] and l a t e r  for  the ha i r  r e c e p t o r s  of the cochlea  [2]. The r e t i cu l a r  fo rmat ion  can also regulate  
v i sua l  and o l fac tory  recept ion,  but i ts  influence is  exer ted  not on r ecep to r s  but on the ganglionic cel ls  of 
the re t ina  in the f i r s t  case  [4] and on the g ranu la r  ce l l s  in the second [9]. 

The object  of this invest igat ion was to study the c h a r a c t e r  of chemorecep to r  activity of the tongue and 
the effect  of descending influences f r o m t h e  r e t i cu l a r  fo rmat ion  upon it. 

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

Activi ty of the c h e m o r e c e p t o r s  of the tongue were  studied in re la t ion  to indices of afferent  impulse  
act ivi ty in thin b ranches  of the lingual ne rve  in r e sponse  to adequate st imulation.  Exper iments  were  ca r r i ed  
out on tha lamic  p r e p a r a t i o n s  of f rogs  (Rana t empora r i a ) .  An incision was made in the b ra in  at the level  of 
the l amina  t e rmina l i s ,  and the h e m i s p h e r e s  were  removed.  The sect ion through the b ra in  was s t imulated 
by applicat ion of a c r y s t a l  of rock  sa l t  o r  of f i l t e r  pape r  soaked in 1% adrenal in  solution. The exper imen t s  
were  c a r r i e d  out 30 min a f t e r  dissect ion.  To begin with, the initial  level  of r ecep to r  act ivi ty during ade-  
quate s t imulat ion was es tabl ished;  r e s p o n s e s  of the r e c e p t o r s  to tas te  s t imulat ion were  then recorded  1, 3, 
5, 7, and 9 rain a f te r  appl icat ion of the s t imulus  to the b ra in  section.  The c h a r a c t e r  of r e cove ry  of the 
r e sponses  was inves t iga ted  a f t e r  r em ova l  of the s t imulus  and washing the b ra in  sect ion with R inge r ' s  so lu-  
tion. Activi ty was r eco rded  by a p a i r  of s i l v e r  e lec t rodes  on an "Alvar"  myocathograph.  The t e s t  s t imuli  
for  the c h e m o r e c e p t o r s  of the tongue were  s tandard  solutions of sodium chloride and glucose and tap 
water .  Animals  used in the expe r imen t s  were  immobi l i zed  by injection of a solution of succinylcholine or  
flaxedil  into the lymph sac. 

R E S U L T S  A N D  D I S C U S S I O N  

Stimulation of the tha lamus  caused a definite d e c r e a s e  inthe flow of a f ferent  impulses  evoked by ade-  
quate s t imula t ion  of c h e m o r e c e p t o r s  of the tongue. Not only a d e c r e a s e  in the level  of sens i t iv i ty  of the 
c h e m o r e c e p t o r s  was observed ,  as re f lec ted  in changes in the r e sponses  to s t imul i  of th reshold  intensity,  
but also marked  inhibition of r e s p o n s e s  to s t imul i  of  above- threshold  s trength.  The dec r ea se  in response  
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Fig. 1. Changes in chemoreceptor activity of the tongue in 
response to stimuli of low intensity during thalamic stimula- 
tion. A) Character  of impulse activity in lingual nerve in 
response to action of 0.5% NaC1 solution; B) the same during 
the action of 1.5% NaC1 solution. 1) Background activity; 
2) initial response to salt; 3) 5 rain after beginning of stimula- 
tion of thalamus; 4) 5 min after stopping thalamic stimula- 
tion. Amplitude calibration 100~V. 

Fig. 2. Dynamics of changes in responses to salt (3% NaC1 
solution) during thalamic stimulation: 1) original response; 
2-5) responses 1, 3, 5, and 9 min after beginning of thalamie sti- 
mulation; 6) 10 min after stopping stimulation. Amplitude 
calibration 100 ~V. 

to a threshold stimulus is clearly seen in Fig. 1A; both the frequency of the impulses and the duration of 
the response (from 4.8 to 2.5 sec) were reduced despite continued stimulation of the chemoreceptors.  A 
decrease in sensitivity of the receptors  was also observed 5-8 rain after stopping stimulation of the brain. 
During the action of stimuli of above-threshold strength, the inhibitory effect was seen most clearly on 
stimuli of low intensity (1.5% NaCl solution; Fig. 1B). This effect could last for 5-7 rain after stimulation 
of the brain section had been discontinued. 

During stimulation of higher intensity (3% NaC1 solution), inhibition of afferent impulse activity from 
the chemoreceptors was observed throughout the period while the salt crystal  was applied to the brain see-  
tion (9 rain), and it stopped only 10-12 rain after removal of the crystal  and washing of the brain section 
with Ringer's solution (Fig. 2). Responses of the chemoreceptors to glucose and water showed similar  
changes under these conditions. 
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Fig. 3. Graphs  showing changes in impulse  
act ivi ty in init ial  phase  (1) and phase  of 
s teady d i scharge  (2) during tha lamic  s t imu-  
lation. I) Dynamics  of  r e sponse  to salt;  I1) 
dynamics  of r e sponse  to glucose;  II1) dyna-  
mics  of r e sponse  to water ;  IV) dynamics  of 
r e sponse  to sa l t  during tha lamic  s t imula t ion .  
Absc i ssa ,  t ime  of invest igat ion (in min); o r -  
dinate, magnitude of r e s p o n s e s  ( sp ikes / sec) .  

In the curves  shown in Fig. 3 each point r e p r e s e n t s  
the mean resu l t s  of 10 exper iments .  The dynamics  of 
development  of inhibition of the af ferent  flow of impulses  
in the ini t ial  phase  (number of spikes  during the 1st and 
2nd second of the discharge)  and during the phase  of a stable 
r e cep to r  r e sponse  (number of spikes  during the 3rd and 4th 
second of the discharge)  is  i l lus t ra ted .  The g r e a t e s t  degree  
of  inhibition affected the "sa l t "  (Fig. 3, 1) and "water"  (Fig. 
3, II1) responses .  During the 5-6 rain f rom the beginning of 
tha lamic  s t imulat ion they were  cons iderably  reduced; l a te r ,  
r e c o v e r y  of af ferent  act ivi ty was observed.  

As a rule,  the g r ea t e s t  dec r ea se  in spike act ivi ty was 
obse rved  in the initial  phase  of d i scharge  of the r ecep to r s .  
Inhibition reached  a m a x i m u m  more  rapidly for  the initial 
phase  than for  the phase  of a s table  response .  For  example ,  
whereas  the m a x i m u m  of inhibition of the initial  phase  of 
the "sa l t , "  "glucose,"  and "water"  r e sponses  occur red  
during the f i r s t  minute, in the phase  of the s table  d ischarge  
of the "sa l t"  r e sponse  it  was shifted to the 3rd  minute, and 
the max ima  of "glucose"  and ~water" r e sponses  were  shifted 
even to the 5th minute. This means  that  the phase  of s table  
d i scharge  of c h e m o r e c e p t o r s  undergoes  inhibition during 
tha lamic  s t imulat ion much l a t e r  than the initial phase  of the 
response .  Repeated s t imulat ion of the tha lamic  sect ion 
could again reproduce  a s i m i l a r  pa t t e rn  of inibition of spike 
act ivi ty f r o m  the chemorecep to r s .  

St imulat ion o f  more  caudal b ra in  sect ions  had a l e s s  marked  inhibi tory action and, in some cases ,  i t  
actual ly had a f ac i l i t a to ry  action. 

The changes in c h e m o r e c e p t o r  act ivi ty desc r ibed  above also appeared  af ter  applicat ion of f i l te r  pape r  
soaked in adrenal in  solution to the b ra in  section.  

The ef fec ts  obs e rved  a r e  evidently mediated through ef ferent  f ibers  in the lingual ne rves  because  
a f te r  the i r  divis ion the inhibi tory effect  was  cons iderably  weakened. In addition, in some f ibers  of thin 
b ranches  of the lingual nerve ,  following sympathe t ic  denervat ion of the tongue, i t  was poss ib le  to r e co rd  
e f fe ren t  impu l ses  e i ther  occur r ing  spontaneously  at a f requency of 1-2 /2  sec or  absent  under  normal  con-  
ditions and appear ing  during s t imulat ion of the b ra in  sect ions,  t h e r e a f t e r  continuing throughout the per iod  
of s t imulat ion at a f requency of 4 - 6 / s e c .  This e f ferent  act ivi ty consis ted  of single spikes  (20-30~V); it was 
reduced a f t e r  s t imulat ion of the b ra in  sec t ion  had been discontinued, and it d i sappeared  a f te r  divis ion of 
the cent ra l  end of the lingual nerve .  

Changes in the af ferent  flow f r o m  c h e m o r e c e p t o r s  of the tongue in r e sponse  to tha lamic  s t imulat ion 
were  the resu l t s  of descending influence f r o m  the r e t i cu l a r  format ion,  the highest  in tegra t ive  center  in 
amphibians  [1, 8, 12]. The tha lamic  r e t i cu l a r  format ion  under  these  expe r imen ta l  conditions did not exe r t  
a se lec t ive  effect  on sens i t iv i ty  of the r e c e p t o r s  to s t imul i  of different  t as te  quali t ies but produced a 
genera l  lowering of sensi t ivi ty .  However ,  i ts  influence was seen  different ly  in the initial  phase  and during 
the subsequent  s table  d ischarge .  The re la t ive  r e s i s t a n c e  of the phase  of s table  d ischarge  to inhibi tory influ-  
ences  a s s i s t s  in the re tent ion of in format ion  concerning prolonged externa l  s t imuli ,  a fac tor  of special  
s ignif icance fo r  such re la t ive ly  slowly adapting r e c e p t o r s  as chemorecep to r s .  Despi te  the inhibi tory s ta te  
developing in some  motor  cen te r s  of the spinal cord  in Seehenov inhibition and the marked  dec r ea se  in flow 
of a f ferent  informat ion,  the informat ion  regard ing  prolonged s t imul i  r ema ins  re la t ive ly  unchanged for  a 
long t ime.  Fo r  r e c e p t o r s  of this type,  a long-act ing s t imulus  is evidently of g r e a t e r  biological  and infor -  
mat ive  value,  a fac tor  of s ignif icance in seasonal  and diurnal  cycles  of awakening. 
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