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Investigations have shown that the chemorecep to r  apparatus of the tongue in chi ldren and adults differs 
in its s t ruc tu re  and in the number of its functioning units.  However,  t he re  is no unanimity in the l i t e ra tu re  
regarding the t imes  of appearance of mature  bulbs in the different  papillae of the tongue in human fetuses and 
infants [7, 11]. The vallate papillae have been studied mos t  [12, 13]. Unfortunately, however, nowhere is it 
s tated what a re  the morphological  and physiological  c r i t e r i a  of matur i ty  of the tas te  bud. In the p resen t  
w r i t e r ' s  opinion, a f i rm c r i t e r i on  of the beginning of functioning of the tas te  bud could be the appearance of 
a pore  in it  [2]. F r o m  that moment  contact  can take place between chemorecep to r  cells  and st imulus.  Dis-  
appearance of the pore  may  indicate te rmina t ion  of the function of the chemorecep to r .  Scanning e lec t ron  
mic roscopy  is a suitable method for  detecting bulbs with pores  in the various lingual papillae.  

The re  have been few investigations into the s t ruc tu re  of the adult haman tongue by means of the scanning 
e lec t ron  m ic r o scope .  Fnngiform papil lae of the t ip  of the tongue in persons  aged f rom 20 to 50 years  were  
studied previous ly  [4]. 

The object  of the presen t  investigation was to detect  act ivi ty of chemorecep to r  units of the infant 's tongue 
at birth and to examine its changes with age. 

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

Cadaver ic  ma te r i a l  was used.  Tongues of newborn infants,  30- and 32-week fetuses ,  and adults aged 
60-80 yea r s  were  used.  The tongues were  washed to remove  saliva and mucus for  20-30 rain, f i r s t  with tap 
water ,  then with disti l led water ,  and fixed in 4% formal in  o r  2.5% glutaraldehyde solution for  10-12 h. The 
tongues were  then washed again to remove  the fixative and frozen.  The f rozen mate r ia l  was dried.  Different  
par t s  of the tongue were  studied in S te reosean  2A and JSM-50A scanning mic roscopes .  

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

Fungiform papillae (Fig. 1A) of different  shapes were  found on the an te r io r  f ree  surface  of the adult 
hLtman tongue: ba r re l - shaped  (Fig, 1B), c lub-shaped (Fig. 1C), and dome-shaped (Fig. 1E). The fungiform 
papillae of the 30-week fetus and newborn infant differed considerably in shape f rom the adult human papillae 
(Fig. 2A, B, D, G, H). As a rule  the tas te  buds found in the papilla of a 30-week fetus were  still  without open 
po re s .  The number  of pores  in papillae of the newborn infant var ied f rom one to th ree  (Fig. 2D, G-I). Some 
papil lae in the medial  par t  of the tip of the tongue had no pores .  The pores  of the bulbs had i r r eg u l a r  edges 
(Fig. 2F). The dorsal  sur face  of the fungiform papilla consis ts  of c lose ly  packed epithelial cel ls ,  and the 
boundaries of the cel ls  and nuclei  were  dist inct  (Fig. 2A, B). 

In ma te r i a l  f rom subjects aged 80 yea r s  the pores  in the papillae of the an te r io r  f ree  surface  of the 
tongue were  found less  f requent ly  than in persons  aged 60 yea r s .  "Closed" pores  could also be found in the 
f o r m e r  (Fig. 1A-F).  Only a few htagiform papillae were  seen on the dorsa l  surface  of the body of the adult 
human tongue. On the la te ra l  sur face  the papil lae were  conical and club-shaped.  Single pores  o r  no pores  
whatsoever  were  p resen t  in them (Fig. 1K, L). Fungiform papillae in the root  and body of the tongue of the 
newborn infant were  usual ly l a rge r  and contained m o re  bulbs with pores  than papillae at the tip of the tongue. 
Even  in the 30-week fetus,  bulbs with pores  were  present  in the medial  papil lae.  
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Fig. 1. Chemoreceptor papillae in the adult human tongue. A) General view of recep-  
tor  formations at the tip of the tongue. Arrow indicates fungiform papilla, 70• B) 
barrel-shaped fungiform papilla at the tip of the tongue. Arrows indicate pores of 
bulbs, 180 • C) club-shaped fungiform papilla, 150 • D) general view of lateral part 
of tongue with foliate papillae. Arrows indicate efferent ducts, 20 • E) dome-shaped 
fungiform papilla. Arrow indicates pores of bulbs, 100 • F) pore of fungiform papilla, 
3000 • G) duet of gland. Arrow indicates pores of taste bulbs around it, 200 • H) pores 
in bulbs of foliate papilla, 600• I) pore of bulb of vallate papilla, 3000 • J) vallate 
papilla, 20 • K) club-shaped fungiform papilla in medial part of root of tongue. Arrow 
indicates pores, 80 • L) pores in club-shaped flmgiform papilla (arrow), 300• A-D, 
F, H, K) Aged 60 years; I, J) 80 years.  

Foliate papillae were found on the lateral surface of the body and root of the tongue (Fig. ID). Folds of 
foliate papillae on the adult human tongue were shallow and taste buds were present on their inner walls. Most 
bulbs of the lingual papillae of the 60-year-old subjects had pores (Fig. IH). Efferent ducts of glands opened 
in the region of the foliate papillae. Some of them were located on the dorsal surface of the folds of the foliate 
papillae. The outlets of these ducts were often surrounded by taste bulbs (Fig. IG). Other ducts were found 
beneath the foliate papillae (Fig. ID), Sometimes the foliate papillae of 80-year-old subjects had no folds and 
the papillae were cup-shaped. Bulbs with open pores could not be found in them. The foliate papillae of the 
newborn infant differed from those of the adult primarily in the larger number of taste buds located on the 
whole surface of the transverse, middle, and posterior folds. The number of bulbs per papilla varied from 
20 to 400 (Fig. 3A-E). The anterior and posterior papillae could contain only a few bulbs with pores (Fig. 
2C). Here also, in the lateral part of the tongue, fungiform papillae, with more bulbs than in the papilla at 
the tip of the tongue, could be seen in the lateral part of the tongue in front of the foliate papillae (Fig. 2J, 
K). Taste buds in the foliate papillae were often very tightly packed together, and all had pores (Fig. 3F). 

The vallate papillae differed in shape. Often papillae grouped in pairs could be seen. A characteristic 
feature of adult human vaUate papillae was a gradual decrease with age in the size of the ridge surrounding 
the papilla. For instance, vallatepapillae in persons aged 80 years had no ridge (Fig. iJ). In shape they were 
coming to resemble large fungiform papillae. In persons aged 60 years, just as in those aged 80 years, very 
few bulbs in the vallate papillae had pores (Fig. ii). 

Vallate papillae in the newborn infant had many taste buds with pores (Fig. 31, J). The papillae c~uld be 
grouped in pairs, with shallow depressions around them (Fig. 3G, H). Bulbs were present in the papilla i tself  
and in the ridge surrounding it (Fig. 3H). 
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Fig. 2. Fungiform papillae on tongue of 30-week (A, B) fetus and newborn infant (E-I, K). A) General 
view of lateral part of tip of tongue. Arrows indicate fungiform papillae, 20 • B) fungiform papillae. 
Arrows indicate bulb swellings, but they have no pores, 150 • C) small foliate papillae, usually pres-  
ent on anterior and posterior lateral folds, 300 • D) fungiform papilla with one bulb and pore (indi- 
cated by arrow), 240 • E) bulb swelling and pore in s papilla, l l 00z ;  F) pore of fungiform 
papilla, 10,000 • G) fungiform papilla on tip of tongue with three bulbs, 120 • H) fungiform papilla on 
tip of tongue with three bulbs, 100 • I) bulb swellings and pores in fungiform papilla (tip of tongue), 
600 • J) lateral fungiform papilla close to foliate papillae, 300 • K) lateral fungiform papilla on body 
of tongue, 300 • L) surface epithelial cells of fungiform papilla. Arrows indicate nuclei and bound- 
aries between cells, 2000 • 

Considering that it is this part of the surface of the tongue in the newborn infant that is in contact with 
the chemical stimulus (milk) during the action of sucking, it can be considered that during this age period 
its chemoreceptor fumction is at its most active. This is shown, first, by the presence of bulbs on the dorsal 
surface of the vallate papillae (see Fig. 3H), which is,not found in the adult, and second, by the greater 
number and density of the taste buds in papillae of all types in this part of the tongue (vallate, fungiform, 
and foliate), and third, by the presence of mechanical adaptations retaining the liquid food (milk) and directing 
it toward the chemoreceptor formations at the root of the tongue - the high part of the ridge of the medial 
vallate papilla at the side of the root of the tongue (Fig. 3K), and the directing folds in front of the vallate 
papillae (Fig. 3L). 

Early  maturation of particular chemoreceptor papillae of the tongue in man, just as in other mammals, 
is connected with the mode of iflfant feeding. F i rs t  to mature are papillae in the region of contact of the sur-  
face of the newborn infant's tongue with the mother's nipple. Papillae on the anterior free surface of the 
tongue are formed later, evidence that the complete chemosensory apparatus is not formed all at the same 
time. 

The use of the scannh~g electron microscope thus established not only the presence of different types 
of fimgiform papillae (barrel-shaped, club-shaped, dome-shaped) on the adult tongue, but also revealed their 
topography. The possible existence of so-called skittle-shaped fungiform papillae has already been reported 
by some investigators [5]. The different forms of fungiform papillae may perhaps reflect their definite 
specialization. The existence of such ~specialized n papillae was demonstrated by the results of psychophysio- 
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Fig. 3. Foliate and vallate papillae of 30-week fetus (G) and newborn infant (A-F, 
H-J ,  L). A) Foliate papillae (general appearance), 100 • B) peripheral foliate 
papillae, 200 • C-E) foliate papillae (middle folds). Magnification: C) 200, D, E) 
300 • F) bulbs of foliate papillae with pores, 1000 • G) general view of part of 
tongue in front of vallate papillae. Arrows indicate vallate papillae, 20 • H) lateral 
vallate papilla. Pale spots on dorsaI surface are  swellings of taste bulbs, 50 • I, 
J) bulbs on dorsal surface of vallate papilla. Magnification: I) 400• J) 600• K) 
medial vallate papilla with "shutter" on side of root of tongue (indicated by arrow), 
50 • L) folds on medial part  of tongue, 50 • 

logical experiments [6], in which stimulation of individual papillae created the sensation of only a sweet, bitter, 
acid, or  salty taste. Fur thermore,  other investigations have shown the existence of more than one type of 
papilla sensitive to different types of sweetness [9]. 

By scanning electron microscopy it was possible not only to determine the number of pores in the dif- 
ferent  papillae of the tongue, but also to study changes in their  number with age. Although the number of bulbs 
with open pores could not be counted in all types of fungiform papillae, a marked decrease in their  number 
was found in persons aged 80 years  compared with those aged 60. 

In ea r l i e r  studies by light microscopy [8] the presence of a stable number of bulbs (245) was found in the 
vallate papilla of persons under 20 years  of age. In elderly individuals their  number in the papilla decreased 
to 13. It was shown by scanning microscopy that although bulbs (in the form of swellings in the papilla) were 
found in persons aged 60 years,  they did not necessari ly have pores.  By the age of 80 years  bulbs with open 
pores were found extremely rare ly  in vallate papillae. A similar  phenomenon may also be observed in the 
foliate papillae. 

With age the number of active chemoreceptor  formations thus diminishes. This decrease must lead to 
a decrease in the overall chemical sensitivity of the tongue, as is revealed by psychophysiological studies [10]. 
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One of the main problems in the physiology of muscular work is the nature of the stimulus responsible 
for  the cardiovascular and respi ra tory  changes observed during muscular activity. Investigations have shown 
[9, 12, 131 that these changes can be induced by a reflex mechanism from receptors  transmitting information 
about the working muscles along afferent fibers of groups III and IV. There is also evidence that chemical 
substances liberated in the muscle during its work are among the principal factors stimulating these receptors .  
In other words, these receptors  can be regarded as metabolic [7-10, 14, 16]. However, to confirm these ideas 
data are needed on the nature of the adequate chemical stimuli for  perception of which muscle receptors  are 
adapted. It has been shown that during changes in the concentration of potassium ions, lactic acid, and phos- 
phate in the solution perfusing a muscle, activity of the muscle afferents is increased [16]. Meanwhile, during 
intensive muscular  work not only do the concentrations of the above-mentioned agents change, but considerable 
disturbances of the ac id -  base balance also arise in the blood and t issues,  and are  reflected chiefly as a fall 
in the bicarbonate concentration and pH [11, 15]. Previously [1, 4] the wri ter  showed that the interoceptors 
of the small intestine are  sensitive to physiological changes in bicarbonate concentration and pH. 

The object of this investigation was to study the sensitivity of skeletal muscle receptors  to changes in 
a c id -ba s e  balance of metabolic acidosis type. 

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

Experiments were car r ied  out on 26 cats anesthetized by intravenous injection of chloralose (50 mg/kg) 
and urethane (500 mg/kg). The gastrocnexnius muscle was isolated from the systemic circulation, while 
maintaining its innervation intact, by the method in [5] and perfused through the popliteal a r te ry  with Ringer 's  
bicarbonate solution of the following composition (in raM): NaC1125.0, KCI 4.3, CaC122.5, MgCI 21.0, NaHCO 3 
25.0, glucose 5.5; pH 7.4. The value of pCO2, calculated by the Henderson-Hasselbalch equation, was 38 mm 
Hg. Solutions with reduced pH but constant pC 02 were used for stimulation. Changes in pH of the solutions 
were obtained by reducing the bicarbonate concentration. The surface of the solutions was covered with a 
thin layer  of mineral  oil to prevent possible diffusion of CO 2 into the atmosphere. The technique of perfusion 
and preparation of the solutions was described in more detail previously [1, 4]. The ar ter ia l  blood pressure  
was recorded in the right common carotid a r te ry  by means of a bridge circuit,  with the mercury  manometer 
connected into one arm of the bridge. 
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