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Special dumbbel l -shaped cel ls  of unknown nature ,  r ich  in catecholamines  and giving a specific 
ye l lowish-green  luminescence ,  were found inside the tas te  buds. The tas te  buds responded 
dif ferent ly  to p re l imina ry  (24 h before taking the mater ia l )  injection of rese rp ine  (0.25 mg). 
In some tas te  buds the dumbbell  cel ls  lost  t he i r  p roper ty  of specif ic  luminescence and be- 
came invisible.  In o ther  t as te  buds the intensity of luminescence of the cei ls ,  especia l ly  of 
t he i r  ou te r  thickenings,  was sharply  reduced.  Adrenerg ic  nerve  f ibers ,  giving green lum- 
inescence ,  were found in the lingual epi thel ium of the tongue as bundles and single var icose  
axons,  winding around the blood vesse l s  en te r ing  the tas te  buds as well as o ther  blood ves -  
se l s .  The epi thel ial  t i ssue  of the tongue was r ichly  innervated with adrenerg ic  f ibers .  
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The re  is no sufficient morphologica l  and physiological  evidence of the sympathet ic  innervation of 
and sympathetiein_fluences on the act ivi ty of r e cep to r  s t ruc tu re s  in the var ious  s enso ry  sys tems  [7, 9, 14, 
15, 22, 24]. The sympathet ic  innervat ion of the c h e m o r e c e p t o r  apparatus  of the tas te  buds of the tongue 
[2, 4, 10, 11] and chemorecep to r s  of the caro t id  body [5, 19] have also been demonst ra ted .  E l e c t r o n - m i c r o -  
scopic investigations have also shown the p resence  of chemosens i t ive  f ibers  of ves ic les  with an e l ec t ron -  
dense in te r io r  [3, 17, 18], in the synapt ieendings,  and, in the opinion of the worke r s  concerned,  these ves -  
ic les  contained ca techolamines .  

Elec t rophysio logica l  exper iments  have shown that sympathet ic  f ibers  may be one of the channels 
conveying e f fe ren t  influences control l ing the afferent  flow of impulses  f rom chemorecep to r  s t ruc tu res  [1, 
6, 19, 21]. However,  despite these invest igat ions the question of the adrenerg ic  s t ruc tu res  of the tas te  bud, 
t he i r  cha rac t e r ,  and the i r  distr ibution have rece ived  inadequate study. A few observat ions  have been made 
with the luminescence mic roscope  to show the p resence  of adrenerg ic  f ibers  in the tas te  bud [10] and his to-  
chemica l  investigations have revealed  high monoamine oxidase activity in the cen t ra l  par t  of the taste bud 
[12, 13]. 

The object  of the presen t  investigation was to study s t ruc tu re s  containing catecholamines  in the fungi- 
form papilla of the frog tongue by means  of a l uminescence -mic roscop ic  method.  

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

An a rea  of the surface  epithel ium containing tas te  buds was cut out of the dorsa l  surface of the f rog ' s  
tongue, separa ted  f rom the under lying musc les ,  placed on a sl ide,  and s t re tched uni formly  to form a film 
50-80/~ in th ickness .  The resul t ing  film was dr ied in the a i r  and at room t em p e ra tu r e  and then t r ea t ed  
with formaldehyde vapor  by the method of Fa lck  and Owman [8]. The relat ive mois tu re  content of the pa ra -  
formaldehyde powder was 50-60%. 
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Fig. 1. Catecholamines in taste buds and nerves  of the frog tongue: 
a, b, d, g) 120 • c, e, f, h) 360 x.  Explanation in text. 

After  his tochemical  t rea tment  the prepara t ions  were studied and photographed with the ML-2 m i c r o -  
scope.  Luminescence was excited with the blue-violet  region of the spectrum,  wavelength 380-400 nm. 

Specific cateeholamine luminescence was identified by two methods.  The test  with reserpine  con-  
sisted of injecting 0.25 mg of this substance into the f rog ' s  lymph sac 24 h before the ma te r i a l  was taken 
for test ing.  The second tes t  consis ted of heating the prepara t ions  without paraformaldehyde.  

EX. P E R I M E N T A L  R E S U L T S  A N D  DISCUSSION 

As a resul t  of the t rea tment  of the epithelial t issue of the frog tongue with paraformaldehyde dis-  
tinctive dumbbell-shaped cell  s t ruc tu res  giving a specific ye l low-green luminescence for catecholamines 
were found in the taste buds. On examination of the taste bud from the la teral  surface (Fig. la) the dumb- 
bel l -shaped cells  were found to radiate  fanwise. The outer  thickenings of the "dumbbells" were c i r cu la r  
and stood apart  f rom each other,  whereas  the inner thickenings were sma l l e r  and faced the vascular  loop 
that could be seen inside each bud (Fig. lb).  The inner thickenings of the dumbbell ceils were more  strongly 
luminescent  than the outer .  The surface of the taste bud gave off white autoluminescence (marked by a r -  
row). 

1337 



Examinat ion of the tas te  buds f rom above (Fig. lc)  showed that  the dumbbell  cel ls  were  a r r anged  
like camomi le  peta ls ,  with t he i r  inner  expansions  facing the cen te r .  The dark  loop of a blood v e s s e l  could 
be seen  beneath these  ce l l s  with t he i r  specif ic  luminescence .  

The tas te  bud was approached  by 2 blood v e s s e l s ,  one of which was frequent ly  surrounded by a plexus 
of thin va r i cose  ad rene rg ic  f ibe r s ,  giving green  luminescence  typica l  of noradrena l in  (Fig. ld).  The ad ren -  
e rg ic  f ibers  in the epi thel ia l  l aye r  of the f rog  tongue were  c l ea r ly  vis ible  as bundles (Fig. le ) ,  which gave 
off s epa ra t e  va r i co s e  axons to innervate  the numerous  blood v e s s e l s  (Fig. lf)  and the epi thel ia l  t i s sue .  

Af ter  p r e l i m i n a r y  injection of r e s e r p i n e  into the f rogs ,  fungiform papil lae were  found in which no 
dumbbel l  ce l ls  could be seen,  but the v a s c u l a r  loop became more  c l ea r ly  vis ible  inside the bud (Fig. lg) .  
In o ther  tas te  buds the dumbbell  ce l l s  appeared  shrunken a f t e r  the admin is t ra t ion  of r e s e r p i n e ,  t he i r  outer  
thickenings ceased  to luminesce ,  and t he i r  inner  thickenings continued to give the specif ic  luminescence  
although they appeared  reduced in s ize (Fig. lh).  

If  the p repa ra t ions  were  heated without pa ra fo rma ldehyde ,  incidentally,  no dumbbell  ce l l s  were  found 
but the t a s te  buds were  c l ea r l y  outlined with the v a s c u l a r  loop inside and with autoluminescence of the s u r -  
face of the bud as a thin, whitish s t r ip  (shown by an a r row in Fig. l a ,  g). 

Cell  s t r u c t u r e s  r ich  in ca techo lamines  were  thus found by the specif ic  l u m i n e s c e n c e - m i c r o s c o p i c  
method in the fungiform papil lae of the f rog  tongue. These  cel ls  were  found only in the tas te  buds and not 
in the epi thel ium sur rounding  them.  F r o m  the co lor  of its luminescence ,  the f luorogenic substance in these  
cel ls  m a y  have been one of its p r e c u r s o r s ;  spec ia l  t e s t s  agree  with the h i s tochemica l  data in the l i t e ra tu re  
obtained in e x p e r i m e n t s  on wa rm-b looded  an imals  and demons t ra t ing  high monoamine oxidase act ivi ty  in 
the cen t ra l  pa r t  of the papi l la  [12, 13]. 

Cells  containing ca techo lamines  have now been found in var ious  s e n s o r y  s t r u c t u r e s  such as the re t ina  
[16, 23] and the caro t id  body [18, 20]. Whereas  in the re t ina  these  ce l l s  have been identified as in terneurons ,  
spec i f ica l ly  as amac r ine  ce l l s  [14], i n t h e  tact i le  corpusc le  and caro t id  body they have been identified as 
r e c e p t o r  neurons .  So f a r  as the f luorescent  ce l l s  found in the tas te  bud are  concerned,  t he i r  nature  and 
the role  of the high content of ca techo lamines  in them st i l l  r e m a i n  unexplained.  

Toge the r  with ce l l s ,  ad rene rg ic  f ibers  with a c h a r a c t e r i s t i c  green luminescence  were  found in the 
t i s s u e s  of  the tongue. The f ibe r s  of one group were  connected with blood v e s s e l s  and penet ra ted  inside 
the tas te  bud toge the r  with them,  whereas  the o thers  followed a course  independent of the blood v e s s e l s .  
It is difficult at p r e s en t  to s tate  how c lose ly  the endings o f  the adrenerg ic  f ibers  a re  connected with the 
ce l l s  of the tas te  bud. Invest igat ion of s e r i a l  sec t ions  of  the papi l la  would probably  shed more  definite 
light on the p rob l em .  The abundant ad rene rg ic  innervat ion of the tas te  buds may  evidently be concerned 
not only with the regulat ion of t he i r  blood supply, but they may  also have some influence on the act ivi ty  
of  the r e c e p t o r  ce l l s .  This  hypothesis  is conf i rmed  by the r e su l t s  of physiological  invest igat ions .  It has 
been shown in f rogs  [1, 6] and ra t s  [21], for  instance,  that  e l e c t r i c a l  s t imulat ion of the sympathe t ic  sy s t em 
leads to a significant  change in the flow of af ferent  impulses  f rom the t a s t e - r e c e p t o r  appara tus .  

In the p re sence  of a ca techolamine  deficiency produced in an imals  by admin is t ra t ion  of r e se rp ine  the 
luminescence  of the nerve  f ibers  and dumbbell  ce l ls  was cons iderably  weakened, and this  was matched  by 
a co r respond ing  dec r ea s e  in the intensi ty  of cent r i fugal  influences on the t a s t e - r e c e p t o r  appara tus  obse rved  
in e lec t rophys io log ica l  e x p e r i m e n t s .  However ,  the quest ion of the functional s ignif icance of the high ca t e -  
cholamine concentra t ion  in the dumbbel l  ce l l s  and t he i r  actual  nature  mus t  be m a t t e r s  for  fu r the r  inves -  
t igat ion.  
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