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Examination of the structural and functional organization of tactile receptor structures in 
the rat tongue shows that the ffliform mechanosensory papillae occupying the anterior free 
surface of the tongue are innervated by adrenergic, cholinergic, and peptidergic fibers. The 
location and sources of histamine are identified. All these components are thought to be 
involved in organizing the pain sensitivity of mechanosensory lingual formations. 
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In the rat, the dorsal surface of  the tongue con- 
tains several types of mechanoreceptor  formations 
[1], the largest of which is represented by a popu- 
lation of filiform papillae on the anterior free sur- 
face of  the tongue. These papillae share the same 
receptor-bearing surfaces with gustatory papillae 
(Fig. 1, a, b) and are primarily responsible for 
control over the nocigenic component  of  food en- 
tering from the external environment. 

The sensory lingual structures exercising con- 
trol over nocigenic stimuli have been studied in- 
adequately. During the past decade, evidence has 
been gathered implicating such a pain inducer as 
histamine in the organization of  pain sensitivity in 
taste perception [2,3]. 

Although tactile structures are located near 
chemosensory structures, they are supplied by dif- 
ferent nerves and also have different receptor-re- 
lated mechanisms, the tactile receptor structures 
being primarily sensitive to pain and the gustatory 
ones secondarily sensitive. 

The organization of  filiform papillae remains 
largely unexplored. Little is known about their 
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innervation and nothing about the mechanisms of 
their pain sensitivity. 

The purpose of the present study was to in- 
vestigate the structural and functional organization 
of  the tactile receptor structures responsible for 
pain sensitivity. 

MATERIALS AND METHODS 

The objects of the study were fdiform papillae of the 
anterior free surface of  the tongue in adult rats. 
Their nerve supply was examined using impregna- 
tion with silver salts (Campos and Bielschowsky- 
Gros methods), a fluorescent histochemical stain for 
biogenic amines (Falck's method [80, and a his- 
tochemical  stain for acetylcholinesterase (ACh) 
(Karnovsky's method [10]) with counterstaining by 
cresyl violet after Nissl. 

The adrenergic and cholinergic components  
of  innervation as well as h is tamine-conta in ing  
structures of sensory lingual formations were ex- 
amined both in intact rats and in rats in which 
the sympathetic nerve supply had been interrupt- 
ed with guanidine sulfate [5] or to which capsai- 
cin had been administered during the neonatal 
period [14]. 
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Fig. 1. Mechanosensory  papiilae in the rat tongue, a and b) filiform and fungiform papillae (scanning electron micrographs); 
x200 in a, x l l 00  in b. c} schematic structure of the tactile corpuscle in a filiform papilla; nerve fibers are indicated by 
arrows, d) fungiform and filiform papillae connected by structural proteins (impregnation after Bielschowsky--Gros); x300. e, 
f, and g) innervat ion of filiform papillae (impregnation after Campos}; tactile papillae are indicated by arrows; x300 in e, 
x560 in f and g. 

RESULTS 

Each filiform papilla has only one tactile corpuscle. 
Structural proteins of the papillary receptor-bearing 
surface (keratin) and connective tissue stroma (col- 
lagen and other  proteins) form connections be- 
tween the mechanosensory and chemosensory pa- 
pillae (Fig. 1, d). 

Each mechanosensory  papilla is reached by 
a bundle of  myel inated and unmyelinated nerve 
fibers (Fig. 1, c, e, and f). In the tactile papil- 
la itself, however ,  fine fibers devoid of  myel- 

in were mainly detected (Fig. 1, f and g and 
Fig. 2, a). 

Histochemical methods revealed fibers of  cho- 
linergic nature (Fig. 2, b and c). In rats adminis- 
tered capsaicin in the neonatal period, ACh-con- 
taining fibers of many chemo- and mechanosen- 
sory papillae had undergone considerable changes. 
Such fibers showed signs of degeneration such as 
increased varicosity, nonuniform swelling, and frag- 
mentation (Fig. 2, d). It should be noted that  fi- 
bers within the tactile corpuscle were affected more 
than the others. Such changes have been reported 
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Fig. 2. Innervat ion of filiform 
and fungiform papillae in the rat 
tongue ,  a) n e r v e  f ibers  acco-  
mpanied by  satellite cells in the 
tac t i le  c o r p u s c l e  of a fi l iform 
papi l la .  • b} c h o l i n e r g i c  
innerva t ion  of filiform papil lae 
( K a r n o v s k y ' s  me thod} ;  n e r v e  
fibers are indica ted  by  arrows; 
• c) fungiform papilla, show- 
ing cholinergic nerve fibers sup- 
plying a taste bud. • d) the 
same 1 month  after neonatal  ad-  
ministrat ion of capsaicin.  • 

as being characteristic of peptidergic fibers, in par- 
ticular those containing substance P (SP) [13,14]. 

The fluorescent histochemical method demon- 
strated numerous adrenergic nerve fibers running to 
tactile papillae both together with blood vessels and 
separately. A sympathetic fiber frequently formed 
coils within the tactile papilla and, possibly, around 
other fibers as well (Fig. 3, a and b). 

Tactile papillae were found to contain histamine, 
but, in contrast to the case in chemosensory papil- 
lae, its granules were arranged in a disordered man- 
ner. Histamine was most often detected in relation 
with collagen fibers that either formed the capsule 
of the tactile corpuscle or occurred in the connec- 
tive tissue portion of the latter. Such histamine gran- 
ules were clearly visible in both transverse and lon- 
gitudinal sections of a tactile corpuscle (Fig. 3, c). 

One source of  histamine may be mast cells of  
the papillary stroma that actively respond by de- 
generation to stimulation of the dorsal surface of  
the tongue [3,9]. 

Chemical interruption of the sympathetic nerve 
supply did not alter the histamine level in the 
tactile papillae (Fig. 3, d and e), which suggests 
that biogenic amines accumulated in these papillae 
by independent  mechanisms. 

In rats administered capsaicin neonatally, adr- 
energic nerve fibers were preserved in both fungi- 

form and tactile papillae (Fig. 3, ]). This may be 
an indirect indication that capsaicin mainly de- 
stroys fibers containing active peptides rather than 
all fine fibers. Similar findings have been made 
for other central and peripheral structures [7,13, 
14]. Histamine-containing granules were preserved 
in the capsaicin-treated rats. 

Thus, our study of the morphofunctional and 
histochemical characteristics of tactile papillae dem- 
onstrated a whole set of heterogeneous elements, 
each of which is capable, to a certain extent, of 
mediating peripheral pain sensitivity. These elements 
include the primary afferent SP-ergic fibers exhibit- 
hag cholinergic activity and also adrenergic fibers and 
the biogenic amine histamine associated with struc- 
tural proteins of the capsular space. 

Acetylcholine, catecholamines, serotonin, and 
histamine can elicit a sensation of  pain in high 
concentrations. In low concentrations, these biologi- 
cally active substances increase the excitability of 
afferent endings [6]. As our study showed, histamine 
granules in a tactile corpuscle occur in close asso- 
ciation with structural proteins that make up the 
papillary stroma. This association of histamine-con- 
taining structures and collagen fibers may explain the 
mechanism by which this complex is involved in 
the organization of a peripheral pain response. From 
this standpoint, the question of pain sensitivity at 
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Fig. 3. Fluorescent  histochemical  demonstra t ion of biogenic  amines in tactile papillae of the rat 
tongue  (Falck's method),  a and b) adrenergic nerve fibers supplying lingual filiform papillae; x180 
in a, • in b. c) histamine granules associated with collagen fibers in the connect ive tissue of a 
tactile papilla; • d and e) filiform papilla from a rat with interrupted sympathetic nerve supply; 
• in d, • in e. f) adrenergic nerve fibers in lingual tactile papillae after neonatal administration 
of capsaicin.  • 

the sensory periphery is first and foremost one of 
the excitation of  primary sensory afferents by 
chemical means: the application of a mechanical 
nocigenic stimulus may result in degranulation of 
the mast cells in contact with collagen and other 
structural fibers and in histamine release. The re- 
lease and accumulation of this pain inducer may 
affect the terminal portions of primary afferents. 
Endogenous histamine is known to be capable of 
raising the sensitivity of primary afferents from a 

subnocigenic to a nocigenic level, thereby enhanc- 
ing their sensitivity to the mechanical stimulus [6]; 
moreover, impulses may be generated by the nerve 
fibers themselves. 

The sensory formations of the tongue have a 
well-developed peptidergic nerve supply [ 11,12,15]. 
SP cannot be classed among the algogens but, as has 
been shown for chemosensory lingual structures [3,6], 
it may have a part to play in the organization of 
pain sensitivity. 
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