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Abstract. The histornorphology and cholinesterase activity of the taste buds and the
gustatory nerve fibre sin well-fed,in protein and protein-calorie deficient rats have been
investigated. The nerve fibre arborisation in the taste buds is predominantly nonmyelinated and shows degenerative changes ranging from initial swelling to disintegration, fragmentation and finally complete disappearance with the increasing degree
and duration of food deprivation. Coincident with these changes in the nerve fibre,
the taste bud also shows various stages of degeneration. By contrast, the cholinesterase
activity in the gustatory papillae shows an initial increase during the first weekfollowed
by a decline in the activity during the succeeding weeks; a second peak of cholinesterase activity appears during 4-6 weeks. The cholinesterase activity is barely detectable after the 8th week. In the more severely protein calorie restricted groups, the
cholinesterase changes are more pronounced and abrupt in onset and show a total
disappearance by 4-5 weeks.
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1. Introduction
Gustatory receptors play an important role in the selection, ingestion and in the development of food habits (Young 1944; Epstein 1967). Lingual denervation studies in
the frog taste buds by Robbins (1967), and in the rat by Beidler (1969), Guth (1963),
and Zalewski (1969) have shown different types of degeneration of receptor cells.
The taste buds disappear after denervation and reappear after regeneration of nerve.
The 'trophic' nerve effect on taste bud formation has been demonstrated (Guth
1969; Torrey 1934). Kamrin and Singer (1953) showed that the sensory neurons
normally maintained the buds independent of central nervous system connections.
Re-innervation and transplantation studies by Zalewski (1974) have further shown
the types of neurons that could induce taste bud formation. It has also been reported
that the histomorphology of taste bud cells and its mucopolysaccharide secretion is
disturbed in frogs chronically deprived offood (Jayaraj et aI1972).
Cholinesterase activity has been identified in the taste buds, in the papillae, in the
walls of the blood vessels of the tongue and also in several sensory nerves, suggesting
that the enzyme may be even more broadly related to the receptor organs (Baradi
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and Bourne 1959; Ellis 1959; Okinaka and Yoshikawa 1962). It has been pointed out
that the acetyl- and pseudo cholinesterase activity in brain and other tissues can be
influenced by sex, age, genetic background, season, time of day, reproductive and
other endocrinological factors and by the nutritional and pathological condition of
the animal (Mitchel and Silver 1963; Ling 1970; Sharma et a/ 1970; Ornole 1972;
Sawyer 1955; Firer and Khamitov 1957; Lubinska et a/I964). Reports on the changes
in cholinesterase content of gustatory nerve fibres under various nutritional status
are, however, lacking. In the present study the influence of protein-calorie restriction
on the integrity of the gustatory nerve fibres as well as the histomorphology and the
cholinesterase activity of the taste buds in rats have been investigated.

2. Materials and methods
Albino rats of Wistar strain (from Central Food Technological Research Institute,
Mysore) of both sexes, were housed in individual cages after weanling and fed with
food and water ad lib for a period of 6 to 8 weeks. At 3 to 3t months, the rats were
randomly divided into five groups. Group I animals (controls) were kept on stock
diet (4,1 cal/g, 17% protein, 53'2% carbohydrate, 13'8% fat and 16'0% fibres, ash
and minerals). The stock diet was prepared from mixing wheat, ragi, Bengal gram
dal, milk powder (Glaxo), casein, groundnut oil, shark liver oil, salt, calcium carbonate and ascorbic acid. Their daily body weight (wt), growth rate, food and water
intake were recorded. The average daily intake for 3 weeks was considered as 100%.
Group II animals were kept on protein-free diet prepared from vitaminised starch,
salt mixture, vitamin oil, groundnut oil, corn starch and cane sugar (Savithramma
1972). This diet was labelled as protein-free although it contained 0·004 % protein.
In some animals of this group the calorie intake was not isocaloric with stock diet.
In such cases, the calories were made up by feeding 10%glucose and 2-3 ml groundnut oil, through a gastric tube. Animals in groups III, IV and V were kept on a
protein-free diet, and the calories restricted to 75 %, 50 % and 25 % respectively of
the ad lib calorie intake of the animals on the stock diet. Saccharin (0,001 %) was
added to increase the palatability of diet fed to rats consuming very low calories.
The animals were sacrificed at weekly/biweekly intervals for a period of I to 11
weeks in batches of 3-7 rats and the lingual tissue was processed for histological
studies. The anterior 2/3 of the tongue was cut and divided into 2 halves. The one
half, used for histochemical studies, was fixed in 10% cold neutral formalin while
the other half was fixed in 10%neutral formalin for neurohistological studies. About
20-25 frozen sections of 20 f'm thickness were collected from the different regions of
the tongue. The sections were studied for nerve fibres innervating the fungiform
papillae and taste-buds, by the method described by Balasubramanyam et a/ (1954).
Using the following scale, changes in gustatory fibres were expressed semiquantitatively: ballooning and beading of nerve fibres as 2+; granulation as 3+, and total
disappearance of nerve fibres as 4+.
For cholinesterase activity, Gomori's modification of Koell's acetylthiocholine
method was used (Gomori 1952). The changes in cholinesterase activity were expressed semiquantitatively according to the intensity of the staining reaction and the
density of distribution. The light yellowish colour is designated as 1+; light brown
as 2+; dark brown as 3+; intense activity appearing as black dots as 4+; and very
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poor staining which is hardly detectable as (-). For distribution, ascending weightage was given to sparse (S), uniformly light (L), moderate (M), and dense (D) distribution in that order.
3. Results

3.1. Histomorphology
Group I (control group). The dorsum of the tongue is covered by about 5-6 layers of
stratified squamous epithelium. The more superficial epithelial layer, consists of
4 to 5 cell thickness, appearing as a wavy ridge. There are numerous, evenly distributed filiform papillae (a) in figure la appearing as conical projections of the stratified squamous epithelium. Each filiform papillae has a central core of lamina propria
filledwith blood vessels,nerve fibres and connective tissue cells. Between these filiform
papillae are interspersed relatively few fungiform papillae (b) in figure Ia, Each
fungiform papillae has a central core of lamina propria consisting of connective tissue
cells, blood vessels, a few lymphocytes, nerve fibres and a thin covering of epithelium.
Usually only one taste bud is present at the apical zone of each fungiform papillae.
The taste bud (c) in figure la appears as a bulb-like structure with a tastepore at its
apex. Taste buds appear compact with variants of two types of cells-one type
appearing spindle shaped with centrally situated nuclei and the other type of less
elongated cells with basal nuclei (figure Ia). There are number of myelinated nerve
fibres (d) in figure Ia at the base of fungiform papillae which appear bluish in colour
and present variable courses. Some fibres ascend up to the lamina propria and
terminate while other fibres further ascend up to just below the tastebud and ramify
diffusely. From this diffuse plexus, fine non-myelinated nerve fibres can be seen ascending up and entering the taste bud. Under light microscope, further ramification
of these nerve fibres in the taste bud and their synaptic junction with taste cells are
not discernible.
Group II (protein-free diet). Within a week the animals showed narrowing of the
fungiform papillae with fragmentation of nerve fibres in the core of the papillae.
Varying degrees of degeneration was observed in the taste buds (figure lb). The nerve
fibres, innervating the fungiform papillae and the taste buds showed I + to 2+ degenerative changes. Splitting of superficial epithelial layer and vacuolisation of stratified squamous epithelium including lamina propria of the fungiform papillae, could
also be seen. By the end of the 2nd week, 2+ changes were observed in the nerve
fibres associated with darkly stained oval bodies seen at the base of the papillae and
distributed in the core. By the 4th week, changes became more drastic (2+ to 3+)
with hardly detectable taste bud morphology. The nerve fibres at the base of the
fungiform papillae and in between deeper muscle fibres appear blackish in colour.
After six weeks majority of the rats show 2+ to 3+ changes associated with the
marked reduction in the size of the disorganised taste buds. By the 8th week, the
changes are accompanied by poor staining, and taste buds are replaced by fibroelastic tissue. Complete breakdown of superficial epithelial layer with less dense
deeper muscle fibres could also be seen. By the II th week, nerve fibres show 3 +
to 4+ changes with total disappearance of taste buds. Deeper muscle fibres are

250

M Savithramma, S Dua-Sharma and K N Sharma

markedly distorted with very faint striations and separated by predominant fibroelastic connective tissue appearing as dark septa.
Group III. The animals of this group showed morphological features indistinguishable from Group II animals.
Group IV. As early as one week, the animals showed 1+ to 2+ changes with shrunken taste buds, pushed towards one corner of the papillae. Splitting of superficial
epithelial layer with dissolution of squamous epithelium and nuclei appearing as
black dots, could be seen. During 2nd week, variable changes of 2+ to 3+ were
seen with hardly detectable taste cells. The epithelial layer appeared keratinised.
By 4th week, nerve fibres show 3+ to 4+ changes, associated with blackish oval
bodies. Deeper muscle fibres were almost completely broken down, separated by
predominent fibroelastic tissue. By 5th week, 3+ to 4+ changes became prominent
with total disappearance of taste buds.
Group V. The changes in the animals of this group are more drastic as compared
to other groups. The nerve fibres show 1+ to 3+ changes with varying degree of
disruption of taste buds during 1st week itself. Splitting of superficial epithelial layer
with vacuolisation of cells including the lamina propria of the fungiform papillae
could also be seen. By the 2nd week, the majority of the rats show 2+ to 3+ changes
associated with blackish oval cell bodies, ascending up the lamina propria. During
the 4th and 5th weeks, clear-cut 3+ to 4+ changes are seen in majority of the rats,
with disappearance of taste buds. Complete breakdown of superficial epithelial layer
and deeper muscle fibres with faint striations, could also be seen.
3.2. Cholinesterase activity
Group I (control group). The superficial epithelial layer and also the epithelium which
covers the filiform papillae, show light yellowish colour (1+) indicating low cholinesterase activity (figure 2a). At the base of the fungiform papillae, light-brownish
irregular streaks, ascending just below the taste bud membrane can be seen representing moderate activity (2+). The lamina propria which connects the papillae with
deeper muscle fibres shows uniformly diffused light-yellowish colour. Dark-brownish
streaks representing high activity (3+) can be seen along the blood vessels. The deeper
muscle fibres, show widespread high cholinesterase activity (3+) appearing as darkbrown round or oval spots distributed in an arcade fashion around the neuromuscular
junctions. Some of the nerve bundles running in between the deeper muscle fibres,
show positive cholinesterase reaction and the intensity varies from light brown to
dark brown in colour.
Groups II and III. By 1st week increase of cholinesterase activity in overall lingual
tissue is seen (figure 2b). The papillae and the taste buds show high activity (4+).
Uniformly distributed intense cholinesterase activity in deeper muscle layers is seen
appearing as blackish deposits at neuromuscular junction. The blood vessels as
well as the nerve bundles in between muscle fibres show high activity (3+). By the
2nd week the cholinesterase (3+) activity is confined to the basement membrane of
the taste buds. Blood vessels and nerve fibres in between muscle fibres show low
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Figure I (a) Tran sverse section of the tongue in control rat, seen under silver impregnation technique, a-filiform papilla, b-fungiform papilla, c-taste bud , d-nerve
fibres ( x 63). (b) Clear-cut fragmentation of nerve fibres in the core of the fungiform papillae can be seen. There is disappearance of taste bud . Distortion of
deeper muscle fibres and thinn ing of superficial epithelial layers can also be seen ( x 63).
Figure 2. (a) Cholinesterase (ChE) activity conspicuously present at the basement
membrane of the taste bud. Other layers show uniformly distributed moderate activity ( x 63). (b) Increase in ChE activity in overall lingual tissue and also at the
basement membrane of the taste bud ( x 63).
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(1+) to moderate (2+) activity. From 2nd to 3rd week, the cholinesterase activity
is less pronounced compared to that in the 1st week, but it is higher than that in
controls. There is a second peak of cholinesterase activity from 3 to 5 weeks, followed by overall decrease of activity in all the layers from 6th week. By the 11th
week, the activity is sparsely distributed as light yellow dots which are barely detectable (data not given).
Groups IV and V. Animals showed moderate to high (2+ to 4--r) cholinesterase activity during 1st to 2nd week, followed by gradual decline in all the layers by about
5th week.
Animals of Group II and III were over-reactive and were difficult to handle due to
increased locomotor activity during the first week. This motor activity declined with
time but showed another peak around 4-6 weeks. It declined again after the 8th
week. The animals of Groups IV and V showed an intense over-reactivity and motor
activity during the first week followed by a gradual decline by 4-5 weeks (data not
given).

4. Discussion
The primary objective in the present work was to study the status of gustatory nerve
fibres and taste buds in rats subjected to nutritional stress. Marked changes were
seen in the histomorphology and histochemistry of the gustatory apparatus and
appear to be correlated with the type, degree and duration of experimental dietary
regimen.
In the control rats, predominantly non-myelinated nerve fibres terminate in the
taste buds. Similar non-myelinated fine nerve fibre arborisation in and around taste
cells has been observed in rats by Beidler (1969), and in the frog taste buds by Robbins
(1967) and Jayaraj et a/ (1972). When the animals are fed adequate calories but a
protein-free diet, degenerative changes in the histomorphology of taste buds appear
within a week, and the changes are similar if calories are also restricted to 75 % of
the ad lib intake. With increase in duration of food deprivation, the animals show
more drastic changes. If the protein deficiency is coupled with severe calorie restriction (e.g. Group IV and V), the degenerative changes become more severe and appear
earlier. For example, the changes seen at 4 to 5 weeks in Group IV and V are comparable to the changes observed during 11th week in Group II and III animals. In
cases of extreme protein-calorie restriction (e.g. Group V), the animals survived for
5-6 weeks.
The degenerative changes seen in the present study are similar in many respects
to lingual denervation effects observed in the rat by Beidler (1963) and in the frog
taste buds by Robbins (1967). These denervation effects are linked with the failure
of premitotic DNA synthesis (Robbins 1967). In the present series, the nutritional
trauma may reflect the reduced rate of mitotic division of cells coupled with normal
rate of shedding (Squires 1961) and might have resulted in atrophy to total disappearance of the taste bud cells. It is well known that development and maintenance oftaste buds is dependent on the trophic influence of the gustatory nerve (Torrey
1934).
Jayaraj et al (1972) demonstrated that the size of the papillae, height and width of
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non-ciliated cylinder cells, basal cells, as well as taste buds of chronically food-deprived frogs, are markedly reduced and disorganised. These changes are qualitatively
similar to those observed in the present study. Godwin (1956)demonstrated that the
skin of protein-deficient rats showed thinness of the epithelium with disorganised
dermis. Similar histological changes have been observed in the skin of proteincalorie malnourished humans (Rangam et a/1962). These changes are comparable
to the changes in superficial and squamous epithelium observed in our studies. The
rats kept on protein-calorie deprivation for longer duration showed complete distortion of deeper muscle fibres with blurred striations, separated by fibrous septa.
Similar observations have been reported in the muscles of protein-calorie deficient
animals by Platt et a/ (1964).
Control rats show moderate levels of cholinesterase activity at the basement membrane of the taste bud and in the papillae. In the plexus of nerve fibres around the
taste buds in mammalian tongue, moderate activity ofcholinesterase has been demonstrated (Ellis 1959).
It appears that protein deprivation for 11 weeks or protein-calorie-restricted diet
for 4-5 weeks induced drastic changes in nerve fibres with barely detectable cholinesterase activity comparable to denervation and crushing or sectioning effect observed by various workers. Acetylcholine content of ventral roots and sciatic nerve
showed that due to the crush, there was an early increase of acetyl cholinesterase
by 5th day after operation which subsequently declined to the control level (Sawyer
1955; Evans and Saunders 1967). It is well known that Schwann cells proliferate as
an early sign of nerve degeneration and are linked with increased pseudocholinesterase (Cavanagh et a/1954; Franko et a/1960; Guth and Zalewski 1963; Guth et a/
1964). It is probable that acute phase of the stress imposed by protein-calorie deprivation resulted in the increased cholinesterase activity which could be due to pseudocholinesterase esterase or choline esterase or both, as specific inhibitors for these
enzymes were not used in this study.
Neurohistological results in animals kept on protein and protein-calorie-free
diet have shown the degeneration of gustatory nerve fibres with a time course similar
to the cholinesterase activity. It is conceivable that the cholinesterase activity both
in the taste buds and in the papillae require an intact innervation for its expression.
The disappearance of cholinesterase coincident with gustatory nerve fibre degeneration may indicate that cholinesterase may be involved in taste cell function.
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