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In response  to stimulation of the lingual nerve,  an intracel lular  hyperpolarizat ion potential 
of the tas te  receptor  cell and intracel lular  spikes f rom synaptic thickenings of efferent na-  
ture were recorded.  

Some special  features which distinguish the region of synaptic contact of the taste receptor  cell [5, 
16, 14] and the existence of efferent synapses on the receptor  cell  [4, 11] suggest the possibili ty of cent r i f -  
ugal regulation of the activity of the receptor  s t ruc tures  themselves .  

In investigations of gustatory reception, efferent regulation of the activity of the taste  receptors  in 
the f rog ' s  tongue was shown to be possible [1-3]. Spike activity in the taste f ibers was studied in those in- 
vestigations,  but on this basis  alone it was impossible to state whether the change in the charac te r  of the 
afferent flow of impulses was the result  of effects on the receptor  s t ruc tures  (sensory epithelial ce l l s ) them-  
selves,  in which the p r imary  p rocess  of recept ion takesp laee ,  or  of effects on the region of spike generation 
in the afferent f iber  in contact with the gustatory cell. 

An intracel lular  response of the gustatory cells to stimulation of the tongue by substance possess ing 
tas te  qualities was descr ibed by Beidler et al. [8, 9, 13] in experiments on ra t s  and hamste rs ,  and also by 
Sato [12] in frogs.  The cr i ter ion of the int racel lular  position of the microe lec t rode  in these investigations 
was the presence  of a rest ing potential (RP) and of a depolarization potential wave in response to applica- 
tion of various solutions to the tongue. However, all cells possess  an RP, so that by itself it cannot be used 
to prove that the recording comes f rom inside the recep tors .  Fu r the rmore ,  the e lectr ical  response r e -  
corded from the tongue to the application of solutions to its surface,  as control  experiments show, may be 
physicochemical  in nature and unconnected with the process  of reception.  Fo r  this reason,  in the present  
investigation attention was concentrated on the problem of identification of the recep tors .  

EXPERIMENTAL M E T H O D  

Experiments  were car r ied  out on the tongue of frogs (Rana temporar ia)  with intact lingual nerves and 
blood supplies. A glass microe lec t rode ,  filled with 2.5 M Na2SO 4 solution and with an impedance of 100- 
400 M~, was inserted into the fungiform papillae of the tongue under a binocular microscope .  The r e f e r -  
ence electrode (Ag-AgC1) was located in the opposite side of the tongue. The microe lec t rode  was connected 
to a cathode follower and $1-19 oscil loscope,  f rom the screen  of which the responses  were photographed. 
Elect r ica l  stimulation of the lingual nerve at a frequency of 1-100 Hz (from an t~SL-1 stimulator) was ap- 
plied through a pair  of platinum electrodes.  

The cells were tagged by an int racel lular  labeling method using the dye Niagara sky blue [7]. The 
dye, with which the microe lec t rode  was filled, was expelled f rom its tip under visual control  by a short (2 
msec) pulse of current  (-120 V on the microelee t rode) .  The a rea  of the tongue containing the tested fungi- 
form papilla was fixed with glutaraldehyde, dehydrated in alcohol, embedded in Epon, and cut into sections 
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Fig.  1. Elec t r ica l  response  of cells of a fungiform papilla to s t imu-  
lation of the lingual nerve.  On left: a) microeleot rode  on surface of 
papilla; b) intracel lular  hyperpolar izat ion of gustatory cell, res t ing 
potential 30 mV; c) microe lec t rode  leaves cell (resting potential and 
intracel lular  hyperpolar izat ion are  reduced); d) microe lec t rode  out- 
side cell (extracellular response  is visible); e) mic roe lec t rode  again 
in the same cell. Frequency of stimulation for  records  a-e  8 Hz; f) 
hyperpolar izat ion response  to prolonged stimulation at 2 Hz. Lines 
below curves  show duration of stimulation. Right: hyperpolar izat ion 
response  of gustatory cell (in another experiment) to stimulation of 
nerve at different frequencies (numbers on left show frequency in Hz). 
Calibration 10 mV, t ime m a r k e r  2 seo in all cases;  in bottom right 
curve (40) amplification is reduced. 

Fig. 2. Response of cells of taste papilla to CO2: A) hyperpolar izat ion 
response to nerve stimulation; B) depolarization response  to brief  
stimulation with CO2; C) the same to repeated stimulation; D) response  
to nerve stimulation after  microe lec t rode  had left cell; E) response  to 
same dose of CO 2 after microe lec t rode  had left cell. Top m a r k e r  shows 
duration of electr ical  stimulation of nerve,  arrows indicate t imes of 
administrat ion of CO 2. Below on right, calibration: 5 mV, 2 sec.  

A B 

Fig.  3. Intracel lular  recording 
of potentials f rom papilla in r e s -  
ponse to stimulation of lingual 
nerve:  A) shape of impulses for  
different frequencies of s t imula-  
tion (numbers on left show f r e -  
quency in Hz); B) changes in 
shape of impulse during exper i -  
ment, frequency of stimulation 
2 Hz; superposit ion of 10-30 
sweeps of the beam. Cal ibra-  
tion: t0 mV; 5 msec .  

8 # in thickness.  In sections stained with eosin, the blue label in- 
side the cell was c lear ly  visible against the background of the pink 
color  of the t issue.* 

Other details of the method will be mentioned during the de-  
scription of the resul ts .  

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

AND D I S C U S S I O N  

An electr ical  response  to stimulation of the lingual nerve  can 
be recorded as soon as the microe lec t rode  touches the surface of the 
tongue. The response  consisted of a positive wave, which could be 
recorded not only f rom the papillae but also from all par ts  between 
them (Fig. la).  It appeared after  a long latent period (1.5-2 sec) and 
somet imes  reached an amplitude of tens of millivolts.  An analysis 
of its origin, which is published separately,  showed that this response 
is generated in the surface epithelium of the whole tongue and is un- 
connected with the activity of the taste cells themselves .  

* All the histological  work was done by I. A. Utina, to whom the wri ters  
are  s incerely  grateful.  
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Insert ion of the microe lec t rode  into the papillae to a depth of 20-40 # often led to the appearance of 
an RP of 20-40 inV. In some cases  stimulation of the nerve was accompanied by the same elect r ical  r e s -  
ponse as that f rom the surface of the papilla, so that the recorded  potential was extracel lular  in origin. In 
other cases ,  however,  a hyperpolar izat ion response  appeared after  a much shor te r  (0.8-1 sec) latent period 
(Fig. lb). The hyperpolar izat ion response  to stimulation of the nerve appeared only when the mic roe l ec -  
t rode was intracel lular  in position, i.e., in the presence  of a stable RP. When the microe lec t rode  came out 
of the cell the RP decreased,  and this was accompanied by a paral le l  decrease  in the hyperpolar izat ion r e s -  
ponse, which was replaced by a n  extracel lu lar  positive potential generated after a longer latent period 
(Fig. lc ,  d). Reinsert ion of the microe lec t rode  into the cell led to res tora t ion  of the RP and the hyperpo-  
larization response  (Fig. le).  

The response to stimulation of the nerve described above was recorded  only in the cells of the papillae 
and was never observed outside the papillae, thus proving its receptor  origin. Fur the r  proof of this is given 
by the resul ts  of labeling experiments .  In the presence  of an RP and hyperpolar izat ion response to s t imu-  
lation of the nerve,  dye injected into the cell  was found in histological  sections as a tag measur ing  about 
4 p in the region of localization of the receptor  cells.  

The relationship between the hyperpolar izat ion response and the frequency of stimulation of the lingual 
nerve is shown on the right in Fig. 1. With an increase  in the frequency of stimulation (the numbers  on the 
left of the curves) the magnitude of the response  and the steepness of its r i se  increased,  while the latent 
period was reduced. During prolonged stimulation at low frequency the response  was maintained at a stable 
level throughout the period of stimulation (Fig. lf). 

If the response observed was in fact  generated by the gustatory cells,  the appearance of a depolar iza-  
tion response to chemical  stimuli would be expected. The use of taste stimuli as solutions, as was done 
in ear l ie r  investigations [8, 9, 11, 13] and also in the w r i t e r s '  p re l iminary  experiments,  easi ly leads to the 
appearance of ar tefacts .  Accordingly,  in the subsequent experiments the chemical  stimuli were applied in 
the gaseous state (acetic acid vapor or  CO 2 [101, applied in smal l  quantities f rom a syringe).  

If the microe lee t rode  was intraeel lular  in position, i.e., in the presence of a stable RP and hyper -  
polarization response  to stimulation of the nerve (Fig. 2A), application of small  quantities of CO 2 evoked 
a positive potential (Fig. 2B, C). After the microe lec t rode  had left the cell (as shown by disappearance of 
the R1 ) and hyperpolar izat ion response  to nerve stimulation - Fig. 2D), the response to approximately the 
same dose of CO 2 was sharply reduced (Fig. 2E). Consequently, the response was mainty intracel lular  and 
it probably reflected depolarization of the gusta tory  cell.  Similar positive waves of potential when the m i -  
c roe lec t rode  was int racel lular  in position were  frequently observed after  application of acetic acid vapor  

also. 

It mus t  be emphasized, however,  that neither the resul ts  descr ibed above nor,  more  especially,  those 
obtained by Beidler and Sato in their  experiments  are  s t r ic t  proof of the receptor  origin of the responses  
to CO 2 or to acetic acid vapor,  for  these agents, in somewhat l a rge r  doses,  evoked s imi la r  waves of po-  
tential even with the electrode in the extracel lular  position. 

In a ser ies  of experiments,  in t racel lular  spikes were recorded  in the papillae at a depth of 30-50 # 
in response  to stimulation of the nerve .  Examples of these recordings  a re  given in Fig.  3. Usually the po-  
tentials were recorded  up to very  high frequencies of stimulation (up to 100 Hz or more),  indicating the high 
lability of the corresponding nerve f ibers .  It is difficult to imagine that such recordings  are  possible f rom 
the f ibers themselves ,  which are  less than 1 # in thickness in the papilla. Recently, Gray [6] has described 
s ynaptie swellings, up to 4 t~ in diameter ,  in the tas te  papillae of the cat. The same synaptic thickenings, 
which are  also evidently present  in the frog, could be the source  of the impulses recorded  in the present  
experiments .  This hypothesis would explain the complex shape of the impulse, consisting of more  than one 
component. The inflection frequently observed on the ascending part  of the curve (Fig. 3B) or close to its 
apex (Fig. 3A; compare frequencies of 1O and 40 Hz) can be explained by delay in the transmission of the 
impulse from the fiber to the thickening. The unmyelinated thickening probably cannot reproduce the high 
frequency of stimulation, so that with an increase in the frequency of stimulation the second component dis- 
appears (Fig. 3; 40 Hz). Loss of one of the components was sometimes observed in the course of an ex- 
periment (Fig. 3B), probably as the result of injury to the membrane of the thickening by the microelee- 

trode. 
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What is the nature  of the synaptic thickenings descr ibed  by Gray  [6]? He does not s ta te  whether  they 
belong to afferent  or  efferent  ne rve  endings. The p resen t  observa t ions  a re  m o r e  indicative of efferent  end- 
ings fo r  the following reason:  f i r s t ,  slow changes of potent ia l  analogous to the hyperpolar iza t ion  r e sponse  
of the gus ta tory  cel ls  were  neve r  observed  in this case ,  and second, s t imulat ion of the tongue by acet ic  
acid vapor  never  evoked a d ischarge  of these  impulses .  

It can be concluded f r o m  these  r e su l t s  that centr i fugal  regulat ion can take place at the level  of the 
gus ta tory  cel ls ,  the actual  r e c e p t o r  s t ruc tu re s  of the t a s te  papi l la .  The hyperpolar iza t ion  potential  r e -  
corded in the r ec ep t o r  cel l  in r e sponse  to s t imulat ion of the ne rve  is in all  probabi l i ty  a pos tsynapt ic  r e s -  
ponse (the analog of the inhibi tory pos tsynapt ic  potential  - the IPSP).  The mechan i sm of the effect  of h y p e r -  
polar iza t ion  of the gus ta to ry  cel l  on the spike r e sponse  in the af ferent  f ibe rs  is not yet c lea r ,  and the na -  
tu re  of the inhibi tory synapse  is l ikewise unknown. However ,  t he re  is no doubt about the cor re la t ion  be -  
tween the hyperpolar lza t ion  produced by e lec t r i ca l  s t imulat ion of the lingual ne rve  and the inhibition of 
spike act ivi ty observed  prev ious ly  [1] under the same exper imenta l  conditions. 
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