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I. INTRODUCTION

There 1s a paucity of literature on the chemical senses
in the canine. Nutritionists recognize the value of smell
and taste in the palatability of foods. Food pelatability
is en important economic considerstion for the manufacturer
of commercial feeds for animals. Nutritionists have chenged
the diet of the dog from & strictly cernivorous to a partial-
ly omnivorous diet.

Sclentlsts in the fleld of animal nutrition heve recog-
nized the significance of taste. Richter (1943) demonstrated
that the sense of taste plays a critical role in nutrition and
in maintezining a constant internal environment for the animal.
He demonstrated that an esdrenalectomized rat, when given a
cholice, drenk enough szlt water to maintain life and growth.
If the pearathyroid glsnds were removed, the rat showed an in-
creased appetite for food containing calcium. Animals with
a vitemin deficliency selected foods high in the deficlent
vitamin when allowed free choice. However, Richter (1943)
pointed out that animals with resectioned peripherzl taste
nerves were no longer capable of regulating their dlets to
correct deficiencies and tended to eat indiscriminately.

Technically, age change studies are merely a study of

the normel progressive variance in the tissues of an anlmel



as they develop from the zygote to the time of death. Some
investigators designate the period from the embryo to me-
turity as developmental changes. The chronologlicsl age of
an individual is easy to obtein and classify, so the author
prefers to use the term "age changes". The term, "normal
age changes", 1s hard to define. A normal animal, 1f one
ever exlists in all respects, is one that conforms to the
average of many apparently normzl individuals. It is often
difficult to distingulsh between normesl biological vaeriation
and a pathological condition.

These observations were performed on a limited number
of individuals, so the author prefers to use the term
"pattern" to designate aversge morphological conditions.
These data are being collected as part of the overall
problem comnected with the sense of taeste in the dog. The
lingual papillze of the dog contain the end organs of the
sense of taste, so thelr structure must be established be-
fore taste bud distribution on the tongue can be determined.

The objective of this investigatlion was to attempt to
establish acceptable patterns for the structure of the
lingual papillze, their distribution, their changes during
aging and to investigate a new technique for resection of

the chorda tympani nerve within the middle ear.



II. REVIEW OF LITERATURE

A. Embryology

A knowledge of embryological patterns can be very
helpful in directing studlies on adult morphology. There
was a deflnite scarcity of literature on the embryology of
the ceanine. Therefore, human embryological literature was
drawn upon with the full realization that it may or mey not
have been fully applicable to the dog.

The tongue originated from the ventral ends of the
branchizal arches, Arey (1954), Patten (1953), Nelson (1953).
The oral portion of the tongue was called the body and the
pharyngeal portion the root. The body originated from the
mandibular arches and was covered with ectodermal epitheli-
um. Arey (1954) stated that the root originated primarily
from the union of the second branchlal arches, but received
contributions from the third and fourth branchizl arches.
The root of the tongue was covered with entoderm. According
to Arey (1954), the junction line between the ectoderm and
entoderm was in front of the "V" shaped rows of vallate
papillae. According to Johnston (1910) the taste buds of
lower vertebrates originated entirely from entoderm. The

dog did not have a visible foramen caecum to delimit thils



junction line as did the human tongue. However, the sepa-
rating line between ectoderm and entoderm can be seen on the
adult dog's tongue as an irregular, transverse line anterlor
to the vallate papillae.

Arey (1954) stated that at about the seventh week of
fetal 1life the varilous papillae made their appearence. He
further stated that in fetuses of nine and eleven weeks, the
fungiform papillae may be distinguished grossly as elevatlions
of the mucosa. The vallate papillae were entodermal 1n ori-
gin. In the tenth week, an epithelial ring developed around
the vallate papillae and grew downwerd. This ring split by
the fourth month, thus separating the vallate paplllae from
the rest of the mucous membrane, forming the typical trench
around the papillae. At the same time epithelial outgrowth
developed from the bottom of the trench; these were destined
to become the glands of von Ebner, according to Arey (1954).

The foliate pepillae of the human tongue were dis-
tinguishable as parzllel folds during the third month of
fetal life and the taste buds became distinguishable at
about eight weeks, Arey (1954). He also stated that both
the fungiform and vsllate paplllae in the human have dorsal
taste buds. They diseppeared from the top and were es-
teblished on the sides of the veallate papillae before birth.
Arey (1954) stated that the taste buds were entodermal in

origin, but some taste buds were formed in ectodermal terri-



tory. He further stasted that the teste buds start msking
their appearance at about the eighth week end that one taste
bud preceded the appearance of each fungiform papilla on the
dorsel surface. Several buds may be found on the dorszsl
surface of each vallate, but disappear before birth. Arey's
account of the development of the human lingual papillae was
interesting since this author found postnatal conditions in
the dog that colnclded with prenatal plctures in the human
being.

According to Arey (1954), the chorda tympani brench of
the faclal nerve innervated the taste buds on the anterior
two-thirds of the human tongue. The chorda tympani nerve‘
was assoclated with the first branchial arches. The origin
of the anterior two-thirds, or body of the tongue, wes from
the mandlibular or first branchizl arches. The glosso-
pharyngeal nerve was assoclated with the third branchial
arches snd had sensory and motor components. The sensory
components were derived from neuron bodies within the su-
perior and petrosal genglia (Nelsen, 1953). The portion of
the glossopharyngeal nerve that supplied the taste buds on
the posterior third of the tongue (from second, third and
fourth branchial arches) was functlionally classified as
special visceral afferent. The vagus nerve was assoclated
with the fourth and fifth visceral arches. The sensory com-

ponents of the vagus nerve took theilr orlgin from neuro-



blasts of the neural crest which ultimately beceme incorpo-
rated in the Jugular and nodosasl genglia. According to
Nelsen (1953) the special visceral afferent fibers of the
vagus nerve, whose cell bodles lie in the nodose ganglion,
had their terminations 1n the taste buds of the pharyngeal
area.

Embryological origins have not explained satisfactorily
the imnervation to the taste buds, especislly in the area of

the vallate and folliate papillae.
B. Structure of the Lingual Papillae

The terminology used in the literazture to describe the
lingual papillee weas confusing. The author preferred to
adopf the terminology of Bradley (1948) and Sisson and
Grossman (1953) as it referred to the cesnine. Bradley (1948)
referred to the filiform papillae as being the most numerous
and occupying the dorsasl portion of the tongue. He further
stated that they were small anterlorly becoming increasingly
larger posteriorly, finally blending with the conical
rapillze behind the "V" shaped rows of vellate paplllae. He
stated that the paplllaze were arranged in rows rumning
backward toward the median groove. He noted thet the conical
paplllae extended somewhat further back than the limits of

the tongue.



Bradley (1948) described the location of the fungiform
praplllee as being similar to the distribution of the fili-
form papillae, but found none mixed with the conical pa-
plllae. He found the vallate papillae to be usually four
in number; their position epproximately limits the tran-
sition area between filiform and conical papillae.

Bradley (1948) described the foliate paplllae as being
two in number and located Just anterior to the glossopala-
tine arch on the lateral edge of the mucosa of the tongue.
He indicated that each papilla was crossed by six to eight
ridge-like elevatlons.

According to Trautmann and Flebiger (1952) the filiform
prapillae had merely a mechanical function and consisted of a
connective tissue core derived from the laminas propria and
covered with keretinized epithelium:

In carnivores the connective tlssue core extends

above the surface epithelium and bears papillae

of unequal slzes. The caudalmost of these 1s

especially large (it is most distinct in the cat)

and bears a thick caudally directed horny tooth.

This primery papilla is breced by a rostral sup-

porting papilla. Large conical papillae, whose

core projects beyond the surface of the tongue,

occur in all domestic mammals except the horse

and donkey.

Thus, it seemed that the conical papillse were 1ln conjunction
with each filiform papilla. Such a classificestion was vague
and leads to more confusion.

Treautmenn and Fiebiger (1952) characterized the fungi-



form paplllae as having soft epithelium and sabundznt taste
buds.

Trautmann and Fiebiger (1952) described the vallate
papillee as being surrounded by clefts lined with epitheli-
um. The vallate papillae projected only slightly above the
rest of the epithelium of the tongue. They described the
glands of von Ebner as emptying into the moat or bottom of
the cleft, and stated that in carnivores the gustatory
field was restricted to the bottom of the moat and was
therefore very small.

Trautmann and Fiebiger (1952) further stated that
taste buds were usually absent in the surface epithelium of
each papllla as well as in the peripheral well of the mo=t.

Trautmann and Fiebiger (1952) described the foliate
paplllae as consisting of a series of parallel connective
tissue ridges, bearing secondary paplllae that projected
into the covering squamous epithelium. The gustatory
furrows separated the leaves or secondary papillae of the
foliate papillae. The folliate paplllae also had serous &as
well as mucous glands emptylng into the moat at the bottom
of each gustatory furrow.

Maximow and Bloom (1953), Greep (1954) and Smith and
Copenhaver (1953) described the lingual papillae of the
human. According to Maximow end Bloom (1953) the filiform

papillae were 2 to 3 millimeters long and had a connectlive



tissue core with secondary pointed papillae. They did not
mention the conical papillae in their discussion. Smith

and Copenhaver (1953) described the filiform papillae as
belng very numerous and evenly distributed over the anterior
two-thirds of the tongue. It was apparent that there was
some debate as to what constituted a filiform papilla and
what was a conical papilla.

A fungiform papilla, according to Maximow and Bloom
(1953) was characterized by having a short, slightly con-
stricted stalk and a sphericel, slightly flattened upper
part. The connective tissue core formed numerous secondary
papillae. The epithelium covering them, however, was thin
and smooth. The taste buds may be found on the ends of
those secondary dermal papillae. Smith and Copenhaver (1953)
and Greep (1954) concurred with Maximow and Bloom (1953) in
their description of the fungiform papillae.

The circumvallate or vallate papillae of the human were
thus described by Maximow and Bloom (1953):

The circumvallate papillae are sunk into the

surface of the mucous membrane, and each 1is

surrounded by a deep, circular furrow. The

connective tissue core forms secondary papillae

only on the upper surface. The covering epi-

thelium is smooth, while that of the lateral

surface of the paplllae contains many taste

buds...... In the outer wall of the groove

surrounding the papillae a few taste buds may

be present.

The glands of von Ebner secrete into the bottom of these

furrows. Greep (1954) concluded that there were from six
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to twelve vallate papillae in the human, measuring 1 to 3
millimeters broad and 1 to 1.5 millimeters in helight.
Meximow znd Bloom (1953) located the foliate papillae
of the human on the lateral surface of the posterior part
of the tongue. They stated that these paplllae were rudi-
mentary.
Tuckerman (1889) described the gustatory organs of

Vulpis vulgeris (fox). This was the only description of

the dog's gustatory organs that was found in the literature.
He related the following about the cone-shaped papillae of
the dog's tongue:

About the root and extreme posterior borders

are thick, coarse, fleshy, recurved cone-shaped

papillae. The rest of the dorsal surface is

covered with small, closely-set cone or club-

sheped mechanical papillae, having their apices

directed backwards.

Each papillse i1s seated upon one or two papillary

upgrowths of the mucosa and has from one to three

minute spines projecting from its upper surface.
Tuckerman's description of the vallate, foliate and fungi-
form paplllae was simillar to that of Maximow and Bloom
(1953), Greep (1954), and Smith and Copenhaver (1953).

Miller (1952) described the conical or filiform pa-
rillae as being synonymous terms. He did, however, make a
distinction between the large, unusually long filiform pa-
pillae on the root of the tongue, end the smaller filiform
papillae on the body of the tongue. Miller (1952) stated

that the fungiform papillze were scattered mostly over the
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tip and body of the tongue at 2 to 3 millimeter intervals.
He further stated that the foliate pepillae were very smell
in the dog, having occaslonally two or three leaves that
could be recognized along the lateral border near the
Junction of the body with the root. The vallate papillze
were located by Miller (1952) on the dorsal surface of the
root of the tongue; they numbered two to six and measured
about 1 millimeter in diameter.

According to Sisson and Grossman (1953), the papillae
back of the row of vallates were designated as conlcal
pepillae.

According to Hollingworth and Poffenberger (191?),'the
filiform paplllae were conical or cylindrical in form and
varied in height from 1.5 to 2.5 millimeter. They further
stated that sometimes these papillae were covered with tiny
secondary papillae which were not apparent to the unaided
eye.

Sonntag (1923) described the morphology of the tongue
of the carnivora, and was in agreement with the above
workers' descriptions. He faliled to meke a distinction be-
tween the so-called coniczl and the filiform papillae.

Kutuzow (1951) described the filiform and conical pa-
plllae of white rats, but the morphology of the rat's tongue
was different from that of the dog. She categorlzed conical

papillee as having simple and glant forms. However, they
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had the same general distribution over the dorsum of the
tongue as did the filiform paplillae. It is interesting to
note that Kutuzow's conical papilla had only one prominence
and rested on one dermal papilla.

Huber and Eggerth (1917) described the foliate papillae
of the rabbit from a morphogenic viewpoint. They were very
prominent in the rabbit, but agsin the morphology of the
rabbit's linguzl paplillae did not coincide with that found
in the dog.

Review of the literature indicated the need for coordi-
nation and definition of terms used to describe the lingual
papillae of the dog. In addition, the lingual papillae of

the canine were not adequately described in all respects.

C. Innervation of the Taste Buds
of the Dog and Man

The nerves to the sense of taste most often referred
to in the literature included: the chorda tympeni, glosso-
pharyngeal, vagus and the lingual nerves. There was some
debate as to the role each nerve played in innervating the
taste buds.

Arey (1954) used the branchial derivatives to link the
various cranlal nerves with their areas of innervation.
This may have been significant in some cases, but The area

of conflict, namely around the vallate and follate papillze,
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was stlll inaccurately mapped in the dog.

Parker (1922) stated that there may be four sources of
innervation to the taste buds, namely: vagus, glossopha-
ryngeal, facial and trigeminal nerves. He stated that the
vagus was dlistributed to the larynx and epiglottis as well
as to the posterlor part of the tongue itself. He further
stated that the glossopharyngeal nerve supplied the posterior
third of the tongue including the foliate and vallate ps-
pillae. The latter statement was first recorded by
Vintschgau and Honigschmied (1876). These latter two men
cut the glossopharyngeal nerve and noted the disappearance
of the taste buds on the vallate and foliate papilllae.
Parker (1922) explained that there was some decussation in
the case of the imnervation to the central vellate pepillae
in the human. Whlteside (1927) noted in the rat that there
was nerve overlap, or a gustatory chlasma, along the center
of the tongue. The overlap was greatest Just in front of
the vallate pespillaze 2nd again on the very tip of the tongue.
The single vallate papilla of the rat was dually lnnervated
according to Whiteside (1947). The foliate papillae of the
rat were also found to have a dual imnervetion since all of
them did not degenerate upon resection of the glossopha-
ryngeal nerve.

Parker (1922) had some doubts as to the complete inner-

vation of the anterlior two-thirds of the tongue; he mention-
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ed the trigeminal, facial and glossopharyngeal nerves. He
felt that all of these nerves communicated through a plexus
of fine branches near their roots.

Cushing (1903) concluded that when the Gasserian
ganglion was extirpated in the human, the sensation of taste
returned to the anterior two-thirds of the tongue after some
time. He assumed that the chorda tympani nerve was left
intact. He also bellieved that the degenerating trigeminal
fibers had an adverse effect on the chorda tympani fibers,
and thus caused a temporary loss of taste impulses over the
chorda tympanl nerve.

Hollingworth and Poffenberger (1917) stated that the
lingual nerve conveyed the taste fibers from the snterlor
two-thirds of the tongue, that the glossopharyngeal nerve
carrled fibers from the posterior third of the tongue, in-
cluding the base of the tongue, soft palate and folisate
prapillee, and that the vagus carried fibers from the epi-
glottlis end lerynx. They also believed that the chorda
tympani nerve was the connecting link between the faciezsl
nerve and the lingual branch of the fifth cranizal nerve.
They mentioned the fect that the chorda tympani traveled
across the cavity of the middle ear before Jjeining the
facisl nerve.

Gowers (1902) concluded that upon extirpation of the

Gasserian ganglion (semilunar ganglion) of the humen, there
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was a complete loss of taste both asnterior and posterior to
the vallate papillae. Cushing (1903) concluded that upon
extirpation of the Gasserian genglion there was a temporary
loss of taste on the affected side anterior to the vallate
papillae. He attributed this to mechanical or toxic inter-
ference with the conduction within the chorda tympani nerve,
due to the degeneration of the lingual nerve.

Harris (1953) believed that tactile sensibility (in-
cluding pain and thermal fibers) in the tongue and palate
had, in the great majority of persons, an important share
in the recognition of taste sensations. He believed, there-
fore, that loss of the fifth nerve will impair the acuity-of
taste for most persons. This may explain partisl recoveriles
after extirpation of the fifth nerve gangllon.

Dixon (1897) supported the idea that the chorda tympa-
ni, branch of the facial nerve, and the nerve of Jacobsen
from the glossopharyngeal nerve, carried the sensations of
taste to the hilgher center.

Ferguson (1890) declered that the fifth nerve received
all of the impulses of taste. Impulses traveled over the
chorda tympani to the vidian nerve and then to the fifth
nerve via the otic ganglion. Impulses traveled over the
glossopharyngeal nerve to the mandibular nerve via the
tympanic plexus and geniculete genglion, and over the lesser

petrosal nerve to the otic ganglion end hence to the fifth
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nerve, according to Ferguson (1890).

Wirtenen snd Olmstead (1934) devised two experiments
to determine whether the nerves of taste traveled back to
the brain via the fifth cranial nerve. They cut the vidien
nerve in the cat and severance of this nerve faliled to cause
any degeneration of the taste buds. They also had some
surgeons remove the semilunar (Gasserisn) ganglion in the
dog and this also failled to cause the degeneration of the
taste buds on the anterior two-thirds of the tongue.

Olmstead (1921) cut the lingual nerve in the dog and
concluded that the taste buds disappeared from the fungiform
peplllae on the anterior two-thirds of the tongue. He
further stated that only the taste buds on the operated side
were affected. The taste buds degenerated znd were phago-
cytized by leucocytes. Cells resulting from mitosis in the
germinative layer filled in the vacancy left by the de-
generated taste buds.

Olmstead (1922) severed the chorda tympani branch of
the faclal nerve in two dogs just cranial to its jJjunction
with the lingual. This was difficult to accomplish and a
great deal of trauma was produced in the area. There were
a number of felillures before two specimens survived. All
paplllae which were examined from the operated side, were
lacking in taste buds. Taste buds were present on an equsal

number of papillae on the unoperated side. Olmstead (1922)
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declared that it was almost impossible in brachiopcephalic
breeds to expose the chorda tympani nerve using this tech-
nique. He also cut the mandibular nerve just crenial to
the Jjunction of the chorda tympani nerve with the lingual
nerve, but it had no effect on the appearsnce of the taste
buds on the operated side. He stated that this particular
dog had great difficulty in drinking and the left side on
the tongue was paralyzed.

Schwartz and Wendell (1938) observed human patients
operated on for tic doulaureux, and postulated two possible
routes for the taste fibers coming from the anterior two-
thirds of the tongue. The classical route via the chorda.
tympanil nerve to the geniculate ganglion and then through
the intermediate nerve to the brain, was their most often
encountered route. The second route was over the chorda
tympani nerve through the otic genglion to the greater
superficial petrosal nerve, and hence to the geniculate
gaengllion and the intermediate nerve. Schwartz and Wendell
(1938) steted thet the greater superficlal petrosal nerve
was much the lesser of the two routes. Other authors
(previously referred to) stated that the course of taste
impulses was from the geniculate ganglion over the greater
superficisl petrosal nerve to the semilunar ganglion. This
is the reverse of the direction described by Schwartz emd

Wendell (1938).
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Lewis and Dandy (1930) compiled an extensive foreign
bibliography and were of the opinion that there was but one
course from the chorda tympani nerve to the geniculate
ganglion through the intermediate nerve.

Sabotky (1918) believed thet the route of taste
impulses from the anterior two-thirds of the tongue was via
the chordé tympani branch of the facial nerve.

Harris (1953) believed that in a small minority of
czses, taste wes permanently lost or much diminished in in-
tensity after fifth nerve lesions. He believed that the
vest majority lost taste perception immediately after extir-
pation of the Gasserian ganglion, but regained it after
varying periods of time. Many workers failed to determine
the taste threshold before the operaetions, so they had no
control by which to accurately judge the acuity of taste
perception after the operstions. Some clinicians that
tested the aculty of taste before the operestions, found some
patients to be taste blind or partially deficient.

Olmstead and Pinger (1936) severed the lingual nerve
with its chorda tympanli nerve component, end anastomosed the
distal cut end of the lingual nerve with the proximal cut
end of the hypoglossal nerve. They concluded that the hypo-
glossel nerve cen inltlate regeneration of the taste buds
which have dlsappeared from the fungiform papillsze on the

operated slde. The hypoglossal nerve 1s a motor nerve
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primarily, but it may carry a few afferent proprioceptive
fibers. It was difficult to understend how a motor nerve
could cause the regeneration of sensory endings.

According to May (1925), regeneration of taste cells
was brought about when the regenerating neurofibrils entered
the places where taste buds had formerly existed. However,
it is not the scope of thls review to explain or test the

facts and theorlies of taste bud regeneration.
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IIX. MATERIALS AND METHODS

A. Age Groups Studied and Collection Procedures

Any problem involving age change studies in dogs must
allow for the sampling of dogs of a known age group. A dog
colony was started by the writer for this expressed purpose.
It was expedient to use mongrel dogs in the beginning, Fig. 9,
and to supplement these numbers with two purebred dogs at the
end of the experiment.

The diet for the dog colony was furnished by Galnes Dog
Foods, Generzl Foods Corporation, Kankakee, Illinois. The
nutritional anslysis of Galnes Meal wes furnished by Gaines
BResearch and Development Laboratory (1953). Cne-half of the
protein of Galnes dog food was from animal sources, one-
third from special vegetable sources and one-sixth from
cereals. The ration contained 1500 to 1600 calories per
pound of feed. This snalysis compared favorably with the
analysis glven in the booklet "Nutrient Bequlirements for
Dogs" published by the National Research Council (1953).

The ration was fed dry, in self feeders, from weaning to the
termination of the experiment. The dogs had access to fresh
tempered water at all times. No symptoms of nutritional de-

ficlency were 1ln evidence throughout the experiment.
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Internal parasites were controlled by careful sani-
tation and regular fecal examinations. When worming was
necessary, elther N-Butyl Chloride or Vermiplex capsules
were used according to the dose schedule and directions
furnished by the maenufacturer. Fleas and lice were
controlled with a commercisl benzene hexachloride mixture.

A total of thirty-two dogs were used in this study.
The following age groups were represented: one dog at
birth, one dog at 12 hours, two dogs at 30 hours, two dogs
at three days, two dogs at one week, two dogs at two weeks,
two dogs at three weeks, three dogs at four weeks, two dogs
dogs at six weeks, two dogs at eight weeks, two dogs at ten
weeks, two dogs at 12 weeks, two dogs at 16 weeks, two dogs
at 20 weeks, two dogs at 24 weeks, two dogs at 28 weeks and
one dcg at four years of age. The dogs were destroyed by
electrocution, which was found to be instanteneous and
humene. Nine tissue blocks were taken from each dog ac-
cording to the areas shown on Fig. 1. .Seven areas were taken
from the tongue proper, one from the epiglottis and one from
the uvula. A series of tissue baskets were devised by the
writer (Appendix, Fig. 33) made of stainless steel tubing
and screen. This allowed very accurate control of the
tissues from fixation into the paraffin block. A raw data
sheet (Appendix, Fig. 34) wes used to record the varlous

procedures employed. The paraffin tissue blocks were accu-



Fig. 1.

The tongue, epiglottis and uvula of the dog,
indicating where the various blocks of tlssue
were taken. T-1 through T-7 are blocks from
the tongue. Block E-8 represents the section
taken from the epiglottis and Block U-9 the
block taken from the uvula.
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rately identified in long blocks representing the nine areas
to be studied. The pleces of tissue taken were approxi-
mately six to eight millimeters thick. They were fixed in
approximately 40 times their volume of a ten percent so=-
lution of commercial formaldehyde for 24 to 48 hours. The
tissues were dehydrated in a series of ethyl alcohols from 70
percent up through two changes of absolute alcohol, cleared
in cedar oil for 24 hours, and the cedar oil removed in three
changes of benzene for an hour each and infiltrated in three
changes of 54 degree centigrade paraffin for one to one and
one-half hours each. The tissues were embedded in long trays
(Appendix, Fig. 33) which enabled accurate records to be kept
of each series of tissues.

The nine blocks were sectioned at eight microns on a
Spencer Botary Microtome. Five to 20 slides were made of
each block of tissue. The sections were taken at varlous
places in the long ribbons of tissue. There were from five
to 18 serial sections on each slide.

Six hundred slides were prepared in the above mentioned
fashion for the microscopic study of the structure of the
lingual papillae. In this study the individual papilllae
were taken instead of a whole transverse section of tongue.
The five types of linguzl papillae were cut in three differ-
ent plenes: frontal (horizontal), transverse (cross), and

sagittal or (longitudinal). The blocks were cut serially to
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facilitate a complete study of the lingual papillze.

B. Staining Procedures

Castroviejo's (1932) trichromic stain was used on the
majority of the slides studied. Only a slight modification
was found to be necessary. The acetic-fuchsin-formalin
mixture had to be prepared fresh every day. The picro-
indigo-carmine mixture was good indefinitely.

The slides were stained with acetic-fuchsin-formalin
mixture for five minutes, washed briefly in water and
stained in picro-indigo-carmine for five minutes. The
slides were hurried up the alcohol series to absclute alco-
hol and then into carbol-xylol (75 percent xylene, 25 per-
cent phenol crystals) for three minutes. They were rinsed
in xylol and the cover glass was mounted.

The results of this stain were very brilliant. The
epithelium was red; connective tissue, blue; nuclei, dark
red; erythrocytes, yellow; and muscle, yellow green.

Harris' hematoxylin was used, Guyer (1936). The tissue
sections were stalned for five minutes in hematoxylin. The
sections were then decolorized in a one percent acid alcohol
and intensified in one percent alkaline alcohol. The eosin
stain was prepared according to the technique of Pearson

(1942). The sections were stalned for 30 seconds in this
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eoslin preparation. The sllides were cleared in two changes
of xylol and coverslips were mounted, using Technicon
mounting medium.

C. Procedures for Subgross and Gross Observations

1. Subgross procedures

Ths lingual paplllae of the dog were studied using a
Spencer Stereoscoplic Microscope on an adjustable arm. The
eye pleces were 15X megnification, whlle the objectlves
were 1X, 3X, and 6X respectively. An alcoholic solution of
crystal violet was used as contrast medium to stain the gross
structure of the lingual paplillae. Subgross pictures were
taken through one eye piece receptacle of this microscope

using the Leitz Micro Ibso attachment and the Lelca camera.

2. Q@Gross procedures

The gross procedures were concerned with the methods
and techniques employed for the dissection and operative
techniques concerned in a new zpproach to the specific
nerves of the sense of taste.

Any experimental surgical procedure should be preceded

by a thorough anatomlcal study of the area lnvolved. A
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total of six embalmed dogs were used for this phase of the
problem, and numerous fresh heads were dissected. The em-
balming mixture was composed of a solution of isopropyl
alcohol, formaldehyde, phenol, glycerine and water. The
arteries were injected with red latex in the left carotid
artery near the thoracic inlet. The veins were injected
with blue latex through the angulsris ocull vein on the
right side.

The gross anatomy of the entire area from the manubrium
sternl to the symphysls of the mandible was carefully dis-
sected, but only that anatomy closely associated with the
.operative fleld was described.

Eighteen mongrel dogs renging in age from six weeks to
maturity were used in this phase of the experiment. Surgi-
cal anesthesia was accomplished by the administration of

pentobarbital sodium.
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IV. INVESTIGATION AND FINDINGS

A. Macroscopic Anatomy

1. Submacroscopic structure of the lingual papillae

a. Filiform. The filiform papillae were locatsd on
the anterior two-thirds of the tongue. Their most posterior
extent coincided with the uneven line in front of the
vallate papillae, Fig. 2. The terminal line began at the
anterior extent of the group of foliate papillae, crossed
toward the mid-line to the anterior laterally located
vallate papilla, and passed backward along the anterior edge
of the vallate papillae to the mid-line. There was no
central vallate papilla in the canine, so the filiform
papillae blended with the conical papillae just caudal to
the posterior medially located vallate papillae.

The filiform papillae were greatly modified on the
lateral edge of the tongue of the puppy up to six weeks of
ege, Fig. 7D. This fringe of modiflied filiform papillae
disappeared from the puppy's tongue at six to eight weeks
of age. This fringe of papillae on the lateral edge of the

tongue was used extenslvely by the suckling pup to increase



Fig. 2.

The locatlon and subgross structure of the filiform papillzae

A.

The dorsal view of the tongue of the dog

1. Termination of the mid-dorsal groove of the tongue
2. Medial junction of the conical and filiform papillae
3. Area of folliate papilllae

Subgross structure of filiform papilla, 240X
l. Primary filiform

2. Secondary filiform

3. Tertiary filiform

L., Basal papilla

Schematic drawing of filiform papilla
l. Primary filiform

2. Secondary filiform

3. Tertiary filiform

L., Basal portion of filiform papilla
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the area of contact with the nipple of the bitch. The an-
terlor portion of the tongue of the pup had a natural dorsal
concavity until after weaning when it became convex as the
function of the tongue changed from sucking to lapping.

The filiform paplllae were regularly arranged on the
tongue of the dog. The rows were parallel to the "V" formed
by the two rows of vallate papillse. Grossly they appeared
as overlapping scales, with the free border of the scale
directed caudally. The rows of filiform papillae from each
side converged on the mid-line in a median groove. This
groove was visible grossly from the tip of the tongue approxi-
mately three-fourths of the way back to the base of the tongue,
Fig. 3A. It did not pass behind the ape% of the "V" formed
by the vallate papillae.

The gross structure of the filiform papilla is shown in
Fig. 2. The term filiform means thread-like. It was not ap-
propriate for the description of the entire papilla. The
base of the filiform papllla was broad and tapered dorsally
into many different sized filiforms, Fig. 2. The largest or
primary filiform was located on the mid-caudal portion of the
basal papllla. It had a large tooth-like projection that was
curved posteriorly and overlapped the caudally adjacent one
to form the scaly appearance. There were two secondary fili-
forms located laterally and slightly anterior to the primary

filiform. There were five to seven filiforms, located on the



Fig. 3.

The subgross structure of the surface of the tongue

A.

Dorsal aspect of the whole canine tongue
1. Median groove
2. Anterior pillar attachment

Close up of the Jjunction of filiform and conical papillae

1. Vallate papillae
2. Area of blending of the filiform and conical papillae

Lateral view of the tongue, indicating the junction of the
papillated mucous membrane and the smooth ventral mucous

membrane
1. Area of foliate papillae

Dorsal aspect of canine tongue, higher magnification
1. Fungiform papilla
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eanterior basilar portion of the parent papilla, which were
called the tertiary filiforms. Fig. 2 indicates the location
and relative size of these horny projections. The human de-
scription did not suffice for the canine filiform papillae
as they were morphologically much different. Maximow and
Bloom (1953) indicated that the filiform papillae were not
keratinized in the human, as they had been found to be in
the canine 1n this lnvestigation. On the human tongue, the
scales of the filiform papillae continually slough during
health, but were retzined during illness. Coating probably
did not occur on the canine tongue because the morphology

of the papillae was very different from that of the human.
There was an inter filiform portion of the filiform papillsae
that resembled the surface of the fungiform papilla. How-
ever, the primary, secondary and tertiary flliforms so modi-
fied the shape of the basal papilla as to meke the comparl-
son difficult without the ald of a high power dissecting

microscope.

b. Fungiform. The fungiform papillae were, 1in gener-
al, located from the tip of the tongue caudally to the an-
terior border of the "V" formed by the vallate papillee.
However, contrary to many histology and anatomy texts,
fungiform paplllae were often observed back of the rows of

vallate papillae. The fungiform papillae were not arranged
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in a regular fashion as were the filiform papillae, Fig. 4.
They occurred indiscriminately over the surface of the
tongue at 0.1 to 1.0 millimeter intervals. They were even
so close in apposition as to coalesce occasionally, es-
peclally in the area of the vallate papillse. Fungifornm
papillae were found abundantly on the tip of the tongue and
along the sides where the dorsal papillated lingual mucosa
Joins the smooth ventral lingual mucosa. There were no
lingual papillae located within the ventral mucosa of the
tongue. Thls last statement referred only to the epithellial
papillae, as there were an abundance of dermal papillae in
the ventral lingual mucosa.

In appearance, the fungiform papilla, Fig. 4, was
mushroom-shaped. This was less evident in the canine than
in the humen fungiform papillae. The base of the fungiform
paplllae of the canine was only slightly constricted. The
dorsal surface was rounded and smooth in the cenine. Gross
measurements varied from 0.2 millimeter to 0.75 millimeter
in diameter. In an adult animal, the fungiform papillae
mey measure as much as 1.0 millimeter in diemeter. These
papillae were few in number and were located in the zrea of
the vallate papillae. The diameter 1s smallest, 0.2 milll-
meter on the tip of the tongue and largest 0.5 to 0.75
millimeter on the caudal portion of the tongue. Fig. 4

shows the gross structure of the fungiform papillae.



Fig. 4.

Subgross structure of the fungiform papilla

A,

Dorsal aspect of the tongue, approximately six
magnifications
1. Fungiform paplllae

Isolated fungiform papillae among the filiform
paplllae, approximately 20X
1. Dorsal view of fungiform papilla

Fungiform peplllae among the conical papillae,

spproximately 40X

1. Fungiform papilla. There is another
papilla in the lower left hand corner of
this view

2. Conical papilla

Isolated fungiform papilla among the conical

papillae

1. Fungiform papilla, showing only a slight
constriction at the base of the papilla

2. Conlcal pepilla
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c. Vallate. The vallate papillae usually numbered
four to six and were located at the Junction of the anterior
two-thirds and the posterior one-third of the tongue. The
vallate paplllae were arranged in the form of a "V" with the
apex of the "V" directed posteriorly. The dog did not have
a medial vallate papilla as did the human. The vallate
paplillae delineated the area of Jjunction of the filiform
and conical papillae in the canine. As many as five vallate
paplllae were seen on one side, end three on the other side
of the tongue. However, one vallate papllla was located
0.5 millimeter caudel to the middle papilla in among the
conical papillae.

The vallate papillae had a deep moat or trench around
the papilla proper, Fig. 5. The wall of the moat was
covered with stratified squamous epithelium and on the
surface 1t was formed into swirls of modified conical
papillae, Fig 5, whose apices were directed caudally.

The dorsal surface of the vallate papilla did not have
epithelial projections as it did in the human, but there
was a depression in the middle of the papilla proper that
varied in depth and size as the papilla changed 1ts shape,
PiE. 5.

Average mezasurements of the vallate paplllae of the
cenine varied from 1.5 to 2.5 millimeter in dlameter, but

this measurement did not include the ring around the papllla.



Fig. 5. A. Posterior half of tongue, approximately 6X
1. Just above this figure on the picture are
located the vallate paplllae

B. Close up of two vallate paplllae, approximately

20X

l. Vellate papilla proper. Note the depression
in its center. Also note the swirls of
modified conical paplllse forming the ring
around the papilla proper

2. Transitional form of filiform paplllae. This
earea has characteristics of both filiform and
conical papillze

C. Vallate papllla, approximately 25X
l. Vallate papllla proper
2. Modified conical papilla contributing
to swirl around pepilla proper

D. Vallate papllla, approximately 50X
1. Vallate pepilla proper, showing the depression
in the dorsal surfeace
2. Ring around vellate paplilla. Note the moat
between number 1 and number 2
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In a few instances, much larger papillse were observed, but
they were not included in the "average". The entire vellate
papllle, including the ring, measures 3.5 to 5.0 millimeters

in dismeter.

d. Foliste. The foliate papillae were described as
two distinct paplllae on each side of the root of the tongue.
They were located Jjust anterlior to the anterlor pillar of
the fauces. Miller (1952) described two papillae composed
of two or three leaves each, as the follate papillese of the
dog. Bradley (1948) counted two papillese crossed trans-
versely by six to eight ridge-like elevetions. In the
human, histologists distinguished only two paplllae which
were oval bulgings in the mucous membrane containing paral-
lel ridges. In order to clerify the terminology, the author
distinguished the oval bulging s the area of the follate
pepillae and each bulge as consisting of elght to 12 foliste
papillae. According to Dorlend's Medical Dictionary, foli-
ate meant "having leaves", "leaf-shsped"; papllle, "any
small, nipple-like process of connective tissue". The
author observed that each leaf-like projection of the so-
called foliate papilla was simller in structure, both macro-
scoplcally and microscopically, to either the fungiform or
vellate papillae. The taste buds were located on the sides

of these paplllae as well as the dorszl surfeaces, simllar
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to the locations on the fungiform or vellate paplllae.
Grossly, Fig. 6, the leaves, or papillee were not ar-
renged in perallel rows as they were reported to be in the
humen, Meximow end Bloom (1953). The leaves or primery
paplllee were arrsnged like the petels of a flower. They
had a definite point toward which the basal portion of each
paplillze converged, Fig. 7. The papillae in the middle of
the series were more parsllel than those anteriorly or pos-
teriorly located. The author observed from eight to 14 of
these primery follete paplllee or leaves on each side of
the tongue. At the bottom of the furrow between each
papille was a blind crypt or pocket that renetrated into
the subepithelial connective tissue of the tongue. Dorszlly,
these paplllae were continuous with the coniczl papillae beck

of the rows of vallate papillae.

e. Conical. There was a transition ares Just anterior
to the vellate papillae, Fig. 2, between the filiform and
the conical pepillae. The filiform papillase beczme reduced
in size until only the primery filiform remeined.

The conical papillae progressively increassed in slze as
the zrea of the eplglottis was approached. They became the
largest on the posterior portion of the root of the tongue,
Fig. 8.

The structure was similar to the filiform papilla.



Fig. 6.

Lateral view of tongue showing the location of
the follate papillae
l. Foliate papillae, approximately actual size

Close up of foliate peplllae

1. Gustatory furrow between two folliate papillae

2. Dorsal blending of the tops of the foliate
pepillae with the conical

Close up of folliate papillae, approximately 10X
1. Foliate papilla

Another group of foliate papillae
1. A foliate papilla. Note the two gustatory
furrows on each side of this papilla
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Fig. 7.

A.

Lateral view of another group of foliete papillae

1. Vertical foliate papilla in center of group

2. Cezudal-most foliste papllla of the group. Note
the convergence toward a more central point of
the bese of this papilla

Another group of foliate papillae
1. Central, vertical foliate papilla
2. QGustatory furrow between papillee

Another group of foliate paplllee
l. Central, vertical foliate papilla

Modified filiform paplllae on the anterilor lateral
edge of the tongue of the puppy. This fringe 1s
lost between six and elight weeks

1. A modified filiform pepllle

2. Dorsal, pepillated mucous membrane
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Fig. 8.

A.

Low power of the posterior half of the tongue of

the canine, approximetely 6X

1. Pungiform papilla just anterlor to the Jjunction
line of the filiform and conical paplillee. Note
the increase in size of the conical paplllae as
the posterlior portion of the tongue is reached

Close up of conical papillae posterior to the vellate

papillae, approximetely 10X

l. Fungiform paplllae located behind the row of
vellete papillae in among the conical pzpillae

2. Vellate papille

3. Conical pepille with its apex directed caudally

Close up of conical and fungiform paplllese, approxi-

mately 40X

1. Structure of fungliform pepillea located among the
conical papilllae. Note the slightly constricted
bese and the smooth dorsal surface

2. Conical papilla. Note the large base tapering to
the sharp pointed spex

High power of conical pspillese, approximately 40X.

Note the scale-like appearance of the overlapping

conical paplllae

1. Fungiform pepillae located back of the vallate
peplillae among the conlcal

2. Conical papilla undisturbed
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However, the conical papllla had only one large caudally
directed pointed filiform or cone, Fig. 8. The basal
portion of the papllla was very large and tapered very
quickly to a soft point. As the area of the epiglottis

was approached, the conical papillae not only becezme

larger, but also becesme further apart. The gross measure-
ments of the conicel papilla varied from 3.0 to 9.0 milli-
meters in length, depending on the size of the tongue. The
size of the tongue, either from differences in breed or age,
was the more important factor in determining average

measurements.

2., Distribution of linguzl papillse

Distribution studlies were difficult to make on mongrel
dogs, especlally because of the differences 1in size. It
posslibly would be much more accurate on purebred dogs and
taken as a2 developmental problem. The linguel paplllae
counts are recorded in Fig. 9.

The vallate papillae of the canine were relatively
constent in location end number. They were located at the
Junction of the body and root of the tongue, Jjust opposite
'the enterior pillar of the fauces. The papillae were ar-
renged in two converging rows forming a "V" whose apex was

directed caudslly. No central vallate papilla was found in



Fig. 9. The lingual papillae counts on the tongues of 18
dogs of mixed breeding and ages



Vallate Follate [Fungiform Paplllae Filiform Faplll=ze Coniczl Fep,
Ereed qu Pap. Pap. rer S5q. Cm, Per Sq. mm, Per Sq,. mm,

Side Side Area No's Area No's Area No's

Rt, Lt,| Bt, ILt, |1 2 3 4 s 1 2 3 4 5 é
Taborador X 4y . 12 11 (43 39 52 62 64 25 22 22 20 17 6
Rorder Collie xlzn 2 2 13 11 |27 30 31 33 32 29 19 15 13 10 3
Border Collle X{2M 2 2 14 13 |30 24 25 25 32 28 19 11 12 12 5
[Yierhaired X M & a3 S 9 |14 20 37 38 31 25 19 10 9 8 2
Follle ¥ IM g i 6 5 |16 24 29 29 31 21 16 9 9 8 2
Tox Terrier X |UM 2 1 6 9 |22 22 31 4o 36 25 15 12 10 11 3
Pox Terrier X |6M 2 3 8 10 {23 17 13 21 115 16 14 9 10 7 n
Eorder Collie X| 1Y 2 3 7 5 |11 16 20 14 21 16 12 9 8 8 2
F9111e X By 3 2 8 10 |12 19 11 28 15 17 12 10 8 7 2
Follle X 13Y Z 3 10 6 |11 15 15 22 17 4 72 7 5 5 2
Collie X 1k Y - 10 12 |10 9 13 22 16 25 13 9 9 8 3
Beagle 13Y 3 2 0 4 5 19 16 10 15 20 14+ 9 6 8 2
Terrier X 1Y 2 2 5 8 g 22 31 21 13 23 13 12 7T 5 3
Focker X e 3 3 L 5 |13 20 24 23 17 4 12 8 8 7 1
Collle X Z2Y 3 3 9 5 L 11 10 10 26 18 14 9 8 10 2
Pointer X aY Z 3 o f1 (13 13 42 12" 1 21 9 8 5 8 2
Laborador X Y 3 3 8 9 |15 16 13 16 14 i 7 6 5 3 1
5. Speanlel X 6Y 2 5 7 2 3 9 11 17 16 12 9 6 5 1

189
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the dog.

The right side of the tongue hed an averasge of 2.3
vallate peplllae. The left slde also had an average of 2.3,
making the aversge for 18 dogs, ranging in age from four
weeks to six years, to be 4.6 vallate paplllae per tongue.

The foliate paplllae were located on each side of the
tongue Jjust anterior to the anterior pillar of the fauces;
at the Junction of the papillated dorsesl lingual mucosa.

The foliste papillae had two or three parellel papillae in
the center of the group and the anterior and posterior
peplllze converged toward the base of the central foliate
papillae. There was an aversge of 7.9 follate papillae on
the right side of the tongue, end an average of 8.3 on the
left side of the tongue. The average figures come from Flg.
9 and represent 18 dogs renging in age from four weeks to
8ix years. Breed differences seemed to meske more dilfference
in the total numbers of papillae than the age of the indi-
vidual animal, Fig. 9.

Fig. 10 indicates the areas counted in determining the
numbers of filiform papillae per squere millimeter, fungi-
form peplllae per square centimeter, and conical per square
millimeter.

Fig. 9 represents the data as they are teken from the
tongues of 18 dogs renging in age from four weeks to six

years. The areas mapped out in Filg. 10 are used to determine



Fig. 10.

The approximate areas represented in the last
three columns of Filg. 9. Areas 1 to 5 were
counted twice, using a one square centimeter
frame to count the fungiform papillae and a four
square millimetsr frame to record the number of
filiform papillae. A 16 square millimeter frame
was used to count the conical papillae repre-
sented by number 6
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a possible difference in the concentrations of the fungiform
and filiform pepillze.

There was an inverse relationship between filiform and
fungiform paplillae concentrations on the tongue. The an-
terior portion of the tongue contzined the highest number of
filiform papillae, 20.5 per square millimeter. The paplillae
became lerger and more sparse as the area of the vallate
papillae was approached.

Table 1 shows the average fungiform pepillae and fili-
form paplllae counts determined from Fig. 9. The fungiform
papillae increased in number per square centimeter as the
vallate paplllae area was approached. Also, the size of the
fungiform pepillae increased in size from anterior to pos-
terlior. For comparison, the areas where funglform papillae
were counted cen be changed from square centimeter to square
millimeter by counting off two places from the right and
adding & decimal point.

The suthor found fungiform paplllae behind the rows of
vallate peplllae in among the conical papillze, Fig. 4. Re-
search workers quoted in the review of literature indlicated
that fungiform papillae were not distributed behind the
vallates, but the present work indicated thelr presence in
this area.

The conical papillae were counted in only one area.

There was an aversge of 2.5 per square millimeter. However,
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Table 1. Averege papillae counts taken from Flg. 9

Average filiform peapillae per square millimeter

Area numbers

1 2 3 L 5

20.5 13.7 10.2 8.7 8.2

Average fungiform papillae per square centimeter

Area numbers

15.5 18.8 21.7 24,3 29.0

the conical papillae were smallest just behind the vallates
and largest at the epiglottis. The conlcal papillae were
distributed beyond the confines of the tongue proper. They
were found on the ventrzl position of the wall of the
rharynx and on the ventral side of the epiglottis. The
apices of the comniczl paplllae were directed backward, and

medizally.
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B. DMicroscopic Anatomy

1. Microscoplc structures of the linguzl papillae

a. Flliform. The five types of lingual papillae were
studied from three different planes: ssgittal (longitudinal),
frontal (horizontal) and trensverse (cross). The tongues of
dogs 20 weeks of age were used for this portion of the
problem since 1t wes ascertzined that 20 weeks was the de-
velopmental peak of the lingual papillae.

The filiform paplilla, Flg. 2, had three sizes of fili-
forms assoclated with a large basal papllla. The three
types of filiforms were namely: primary, secondary and
tertiary. The primary filiform was situated on the caudal
most portion of the basal papilla. The epithelium conformed
in layers to this long pointed projection. The surface
layers of epithelial cells were keratinized, glving the
papilla a horny structure, Figs. 11 and 13. The secondary
filiforms were located lateral and anterlor on each side of
the primary projection. They also were keratinized end
served to brace the primary filiform. The tertiary fili-
forms, five to seven in number, situated on the anterior
portion of the basal papilla, were short keratinized pro-‘
Jectlions.

The dermal papilla, upon which the stratum germinativum



Fig. 11. Sagittal (longitudinal) sections of the filiform
papillae

A.

High power, approximately 95X

£/

The stratified squamous epltheliel covering
of the primary filiform. Note the dark
staining layer on its dorsal surface, this
is the keratinized layer

Keratinized projection of the center
tertiary filiform

Dermal core of the primary filiform

Basal dermal papilla. Note Jjust anterior
to No. 4 the dermal projections for the
tertiary filiform

High power, approximately 95X
1.

2,

Low
ll

Primary filiform

Dermal core for primary filiform. Note the
dark layer covering these papillae, the
cornified layer

power, approximately 57X, of Fig. 11 A
Intrinsic striated lingual muscle

Low power of Fig. 11 B

1.

Intrinsic striated lingual muscle
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Flg. 12. Frontal (horizontal) sections of the filiform papillae

A.

High power of frontal sectioned filiform papillae,
epproximately 95X .

1.

Dermal core of primary filiform

High power, epproximately 95X

Low

Dermal core of primary filiform which is con-
tinuous with the dermal cores of the secondary
filiforms

The epithelial cores can be seen to the right
of number 2. It is possible to distinguish six
on some of these papillae

The common basal dermal papllla. At the right,
it 1s poesible to see some of the dermal cores
of the tertiary filiforms

power, approximately 57X, of Fig. 12 A
Filiform papilla showing the dermal core for
the primary filiform and the epithellal cores
for the secondary filiforms

Spece between the filiform pepillae

povier, approximately 57X, of Fig. 12 B
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Fig. 13.

Fungiform and filiform paplllase cut saglttaly, transversely and
frontally

A.

High power, approximately 95X, fungiform and filiform pepillae

Primary filiform with keratinized outer layer

Tertiary filiform

Dermal core for the primary filiform

Secondery dermel papllle with a taste bud on its swumnmit
Nerve plexus entering the fungiform papilla

Low power, approximately 57X, transverse fungiform and fili-
form papllleae

L.

Sl W wn
z -

o\ Pl o+

Epithelium of filiform papilla
Cross section of the very tip of the primery filiform
Dermal core of a secondary filiform

power, approximetely 57X, sagittal section
Primary filiform

Tertiary filiform

Secondery dermal papilla of fungiform papilla
Dermal papllle of primary filiform

Secondary dermal papills of fungiform papilla
Nerve plexug entering fungiform papille

High power, approximetely 95X, of frontal sectlon of filiform

and

.
L]

W F W

fungiform papillee

Dermal core of primsry filiform

Dermel core of secondery filiform

Anterior portion of basal papllla, showing the eplthellisl
cores of the tertiary papillae

Primery dermal papilla of the fungiform papllla. Note the
convolutions of the stratum germinativum

Confluence of the primary and secondery dermel papillee of
the filiform papilla
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rests, was the most extensive in the primary papilla, Figs.
11 and 13. The dermal core for the secondary filiform was
less extensive and did not project above the basal portion
of the papilla proper. The dermal cores were very small and
projected only a short distance into the tertiary filiforms,
which were mostly keratinized.

It was easy to distinguish the filiform papillsze from
the fungiform papillae by the thickness of the epithelizl
portion of the papilla. The epithelium of the filiform wes
two to three times thicker than that of the fungiform
pepilla and carried a thick layer of keratin on its dorsal
surface. Also, the kerato hyaline granules were very promi-
nent in the surface epithelizl layers of the filiform papilla
and were rarely seen in the epithelial layers of the fungi-
form papills.

On the transverse section, Fig. 14, the secondary epi-
thelial projections stood out on the dorsolateral portion
of the basal papilla-like ears. These projections, Fig. 144,
might be confused with taste buds, but the thickness of the
epithellium, the presence of keratohyaline granules, and a
thick keratinized layer of epithelisl cells distinguilshed
this as a filiform papills. The author had never observed
taste buds assoclated with filiform papillee in this in-
vestigation. The transverse section, Figs. 13B and 1l4A,

11lustrated the ears or cores of the secondary filiforms.



Fig. 14.

Trensverse sections of fungiform and filiform papillae

A.

High power, 95X, of fungiform end filiform paplllae

25
K
L.

5.
6.
7.
F
g
2
3
L.
5.

Dermal core of primary filiform

Cornified tip of the primary filiform

Secondary dermal papilla of fungiform papilla

Ear-like projections of the eplithellesl core of secondary
filiform

Epithelium of primary filiform

Confluence of the primary snd secondsry dermal cores
Primary dermal papilla of the fungiform papilla

ungiform and filiform papillae, 95X

Dermal core of primery filiform
Secondary dermal papilla of fungiform
Cornified tip of primary flliform

Dermal core of primery filiform

Dermal core of primery fungiform papilla

Fungiform and filiform pepillae, 57X, trensverse section

U’\F‘\.s)h)l—‘

Primary filiforms

Primary dermal pepilla of a fungiform papilla
Basal dermal papilla of a filiform papilla
Lamina propria mucosa

Intrinsic, striated lingual muscle

Double fungiform and filiform papillae, 57X

1.
2.

W W

Caudal epithelisl stalk of the filiform peapilla
Secondary dermel papilla of a fungiform papilla
Dermal cocre of a primery filiform

Basal portion of dermal core of filiform pepilla
Intrinsic, striated lingual muscle
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In these figures, the secondary dermal papillae could be
distinguished. The primary dermal papilla of Fig. 1l4A czn
be seen to project above the besal portion of the papilla
out into the core of the primery epithelial filiform.

Fig. 12 illustrates the frontal (horizontzl) section
of the filiform papillae. In this figure all of the tren-
sition stages from the basal dermal core to the dermal core
of the primary filiform cen be distinguished. In Filg. 12C,
the secondary dermsl cores of the secondary filiforms can
be distingulished anterior-lateresl to the primery dermal
core. It cen be noted in Fig. 13D thet the stratum germi-
nativum of filiform pzpillze does not have as meny convolu-
tions as it does in the fungiform pspilla in the center of

the field.

b. Fungiform. The fungiform paplillae were different
in structure from the filiform papillae. The epithelium
covering the dermal core was much thinner then in the fili-
form paplillae. Becsuse the epithelium was so thin, the red
color from the blood in the csplllaries cesused them to take
on a reddish color in life. The eplthellum was covered by
a very thin layer of kerstinized epithelial cells. No
keratohyaline granules were found in the upper layers of
epithelium as they were in the epithelium of the filiform

papllleae. On most of the fungiform papillae, taste buds



68

were seen penetrating the entire thickness of the epithelium.

The dermeal ccre was divided into primary and secondary
conneﬁtive tissue paplllae of the proper mucosa. In this
study, the taste buds were always found on the tops of the
secondary dermal papillae, Fig. 13A.

The primary dermal core was abundantly supplied with
nerves, blood vessels and lymphatics. Fig. 13A, number 5,
11lustrates the large plexus of unmyelinated and myelinated
nerves entering and leaving a fungiform papilla. There was
no difference noted in the structure of the fungiform papilla
cut sagittaly from those cut transversely. Fig. 13D, illus-
trates the frontally cut fungiform papillae; the stratum
germinativum is thrown into folds and meny secondary dermal
paplllae may be noted.

Fig. 14B, illustrates a double fungiform papilla. This
was found to be quite common in the area Just anterior to
the rows of vallzste papillae.

The fungold shape of the fungiform papillae may be seen
in Fig. 13, although it 1s much more noticeable in the

dermal cores than in the epithelial covering.

c. Vallate. PFigs. 15, 16, and 17 1llustrate different
levels through & vallate papllla sectioned through the
frontal plane. There was an extremely large nervous plexus

in the center of the dermal core. In the basal portion of



Fig. 15.

Frontal sections through vallate papllla, 57X

A.

Basal portion of papllla before epithelium appears
1. A portion of the nerve plexus
2. A section of the serous glends of von Ebner

Basal portion of papilla with epithelium and a
moat

1. Central nerve plexus

2. Moat

Basal portion of papilla, the moat 1s not complete
l. Large nerve plexus starting to be distributed
2. Moat

Vallate papilla. Note that the taste buds are now
appearing on both papilla and moat walls

1. Nerve plexus

2. Moat

3. Moat or trench wall
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Fig. 16. Frontal section of the vallate pespilla midway up the papllla

A-

1.

[N oW

F W one

The ventral most projection of the epithelium from the
dorsal depression in the vallate papilla

Moat of trench

The eplithelial projections between the secondary dermal
paplllae

Ventral epithelial projection
Moat
Epithelial projections

Ventral epithelial projections. Note the decrease in size
of the dermal core and the thickening of the eplthelliun as
the dorsal surface of the papilla is approached

The moat 1s beglnning to widen out

The trench wall still contains taste buds, and is beginning
to have epithelial communications with the dorsal portion
of the trench wall

Eplthellal depressions starting to coalace

The moat is becoming much wilder as the dorsal surface 1is
approached

Paplilla wall. Note the shrinking of the size of the dermal
core

Trench wall. Note to the right, that the trench wall
epithelium 1s coming together. There is a dermal portion
which forms the base for the modified conlical paplillae that
form & swirl around the vallate papilla
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Fig. 17. The dorsal portion of the frontal sections of the vallate papilla

A.

1.
2.

- ME WD H SWDE W
- . - - - - - -

N
. .

n =

Epithelium of the dorsel depression of the vallate papilla
Moat or trench. Note that it is open on the right hand
side of the picture; this 1s an indication that the papilla
rises above the surrounding mucosa

Vallate papilla wall. Note the relative absence of taste
buds in this area

Wall of the moat or trench

Epithelium of dorsal depression of the vallate papilla
Moat

Trench wall

Dermzl core of the vallate papilla

Epithelium of the wall of the depression on the dorsal
portion of the vzllate papllla

Moat, becoming very wide as the entrance 1is approached
Wall of the trench. Note the dermal core of the ring that
surrounds the vallate pspilla proper

Dermal core of the vzllate papilla

Crypt within the depression on the dorsal portion of the
papilla

A portion of the ring of mucosa which surrounds the
vellate papilla

Moat or trench, mostly ebsent in this section

Wall of peapillae proper. Note that there are still some

- taste buds embedded in this epithelium

Eemalning dermal core. Note the round shapes in the epl-
thelium lining the crypt, these are taste buds
Crypt, Jjust before it opens dorsally
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the vallate papilla, serous glands (glends of von Ebner)
were 1dentified. The ducts of these glands empty into the
bottom of the moat around the vallate papilla.

The isolated vallate papllla resembled a very large
fungiform papilla. However, the distribution of the taste
buds on the papilla was different from that of the fungi-
form papilla. Most of the taste buds were located on the
side wall of the wvallate papilla and on the trench wall,
Fig. 16, while only the dorszl surface of the fungiform
papilla contalned taste buds. Fig. 18D illustrates that at
20 weeks of age, taste buds can be found on the dorsal
surface of the vallate papilla.

The dermal core of the vallate papilla mey be divided
into primary and secondary paplllae. The present problem
demonstrated, Figs. 16 end 19, that secondary dermal papillae
were present on the side walls as well as on the dorsal
surface of the vallate papilla. These were not reported by
earlier workers.

Serous glands penetrated into the basal part of the
dermal papilla. In dogs over 16 weeks of age, mucous glands
were demonstrated in the area around the basal portion of
the dermal papilla. Large nerve plexuses, Fig. 19, were
seen entering and leaving the papilla. There were more
taste buds assoclated with the vallate papillae than with

elther of the other types of papillae. Therefore, the nerve



Fig. 18. Transverse sections of the vallate papillae of the dog

A. Low power, 57X

Opening of trench or moat

Secondery dermal papilla

Taste buds on side wall of vallate papilla
Primery dermal papilla

Lymphatic nodule

power, 57X

Opening of crypt on the dorsal surface of the vallate
papilla

Dorsal opening of the moat or trench

Ventral portion of the epithelium at the bottom of the
depression on the dorsasl surface of the papilla
Lateral wall of the vallate papllla

Large nerve plexus entering and leaving the dermal
papilla

o
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C. High power, 95X
1. An epithelial depression or invagination on the dorsal
surface of the vallate papllla
2. Dorsal opening of the moat or trench
3. Primary dermal papilla

D. High power, 95X
1. Secondary dermal papilla
2. Bottom of the crypt in the dorsal surface of the vallate
papilla
Teste bud on the lateral papilla wall
Dorsal entrance to moat or trench
The trench wall that surrounds the vallate papilla

B
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Fig. 19. Transverse and frontal sections of vallate papillae

A.

1.
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Crypt in dorsal surface of the vallate papilla
Cpening of the moat or trench

Secondary dermal pespllla

Larger nerve plexus

Wall of the trench or moat

Serous glands located in the basal portion of the
primary dermal papilla

Dorsal lateral epithelium of the vallate papilla
Trench wall. Note the arrangement of the taste buds
on both the trench wall end on the papilla proper

Nerve plexus
Moat or trench
Taste buds on the lateral well of the papilla proper

Moat or trench
Secondary dermal papilla
Trench wall
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plexus must be large enough to supply all of these end
organs of taste. In the basal dermal paplilla aggregates of
lymphatic tissue were identified, Fig. 18. These lymph
nodules became more prevalent and more extensive in the dogs
over 20 weeks of age.

The stratified squamous epithelium covering the vallate
paplillae had a very thin (one or two cells thick) layer of
keratinized epithelium. The epithelial portion of the
vallate papilla was smooth, with no projections, as described
in the human vallate paplillae, Maximow and Bloom (1953).
There was a depression in the center of the dorsel surface of
each vallate papilla. Fig. 17 1llustrates this depression in
the frontal section end Figs. 18 and 19 demonstrate the de-
pression in the transverse section. Taste buds were present
in this depression through 28 weeks of age, however there
were no taste buds on the dorssl surface of the four-year old
vallate pepillae. Taste buds were not alwasys located on the
apices of the secondary dermal papillae of the vellates.

They often penetrated the epithelium directly from the
primary dermzl core. Flg. 19B shows a high power view of the
taste buds on the papllla end on the trench wall. The teaste
buds on the papllla proper did not all seem to be penetrating
the full depth of the epithelium beczuse the section was cut

near the top of the papilla et an obligue sngle.

d. Foliegte. The foliate pzrillze were best studied
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from sections cut on the frontzl (horizontal) plene. Not
all of the paplllae were cut a2t right angles as those
papllleze located on the posterior and anterior portion of
the group were cut obliquely. It will be noted on Flg. 20C,
that the papilla is very similar to the transverse sectlon
of the vellate papilla. However, the crypts or gustatory
furrows were not as deep in the foliate pepille as the moat
wes on the vellaste papillla. The foliste papilla proper,
rested on a broad expanse of lamina propriezs muccsa. The
submucosa had an sbundsnce of serous glands. The excretory
ducts of these glands emptied into the bottoms of the guste-
tory furrows. In dogs over ten weeks of age, mucous glends
were mixed with these serous glends. The nerve plexus were
not es obvious in the submuccsa of the follste peplllze.

It wes interesting to note, Fig. 20B, that on the
ventral porticn of the papilla, there was a true crypt where
the gustatory furrow became separasted from the surface epi-
thelium. These crypts, however, did communicate with the
gustatory furrows dorszally.

Fig. 21, A and B, shows & foliate papilla cut trzns-
versely. This 1llustrates the oblique cut on either the
posterior or anterior end of the group of follate rapillse.
There were secondsry dermsl peplllse loceted on the primery
dermal papille. Flg. 21C, demcnstrates how the excretory
ducts of the serous glends empty into the bottom of the

gustetory furrow.



Fig. 20. Frontal sections of the folleste papillae of the dog

A,

1. Lateral opening of the gustatory furrow

2. Secondary dermel papillae with a taste bud on its
summit

3. Bottom of the gustatory furrow

L. Primery dermsl papilla of the foliate papilla

1. Surface epithellium. Note that the crypt below does
not comrmunicate with this surface eplthelium

2. Secondary dermal pepllla

3. Crypt at the bottom of the gustatory furrow

L. Epithelium of the crypt with taste buds embedded
within it

Low power, 57X of the foliate papilla

1. Gustatory furrows between foliate papillae

2. Lateral wall of a follzte papilla

3. Dorsal epithelium of a foliate paplllae

L. Secondary dermzl pepilles of a foliate papills

5. Broad primery dermal papllla

6. Serous glands within the primary dermal papilla

7. Intrinsic, strieted linguel muscle

Low power, 57X, of the crypts at the bottom of the

gustatory furrows ;

1. Surface epithelium

2. Secondary dermal papilla

3. Crypts at the bottom of the gustatory furrow

L. Wall of the crypts showing teste buds embedded
within the wall

5. Serous glands located under the crypts
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Fig. 21. Transverse sections of follate papillae and sagittal sections
of conical papillae

A.

High power, 95X, of a foliate papille through the gustetory
furrow

1. Laterel opening of the gustatory furrow

2. Secondary dermel paplillee

3. Gustatory furrow

L, Primary dermal peapilla of a foliste papilla

High power, 95X, of a conical papilla
1. Keratinized tip of a conical papilla
2. Basal portion of the primary dermsl papllla

Low power, 57X, of the folliate papilla through the gustatory

furrow

1. Lateral surface of the papilla

2. Excretory duct of the serous glands opening into the
bottom of the gustatory furrow

3. An excretory duct of a serous gland

Low power, 57X, of the conical pepillae
1. Serous glands under the submucosa
2. Intrinsic, striated lingual muscle
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The epithelium covering the foliate papllla was smooth
with a very slight amount of keratinization. The taste
buds, for the most part, were located on the side walls
fecing the gustatory furrow. However, Fig. 20A 1llustrates
en exception, with a taste bud opening ontec the dorsal

surfzace of the papillla.

e. Conical. The conical papillae, cut transversely,
were easlly mistzken for fungiform papillae. This was true
when the cut passed through the anterior basilar portion of
the papilla.

Fig. 21, B and D, 1llustrates the saglttaly cut conical
rapilla. There was only one long pointed papilla similer to
the primary filiform, but was much longer end had a brosder
base.

The dermal papilla went further into the tip of the
conical papilla than did the dermal core of the primary
filiform. The whole base and papilla proper was directed
posteriorly, Fig. 22A. The blood supply was rich in the
submucose of this region, possibly beceause of the great many
gserous glends located in this area. The primary dermal core
or papilla had only a few secondary dermal papillae.

The epithelium covering the dermal core was stratified
squamous and only a thin layer was keratinized, except at

the extreme tip of the papille where it was mostly kera-



Fig. 22. Saglittal sections of conical paplillze located on the posterior
third of the dogs tongue

A.

High power, 95X

ll

2.

Dermal core of conical papllla. Note the comparative
thickness of the epithelium and the thin layer of
keratinized epithelium

Intrinsic, stristed lingual muscle

High power, 95X

2.

Low
24
Low

2.

Tip of dermal papilla. Note the thin epithelium. If
this particular papilla were cut transversely, it could
be confused with a fungiform papilla

Tip of epithelial portion of conical papilla. Note the
kerstinized layer of epithelium covering the very tip
of the papilla

Basilar portion of the primary dermal paplilla

power, 57X
Primery dermal core or papilla
Intrinsic, striated lingual muscle

power, 57X

Primary dermal core or papilla

Serous glends located deep among the lingual muscles
Intrinsic, striated lingual muscle
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tinized. The author has never seen taste buds assoclated
with these pepillae in the slides studied in this investi-
gation. However, the epithelium was thinner than the fili-
form epithelium and may in prenatzl existence contain taste
buds. This study indicates that the charescter of the epi-
thelial covering determines where taste buds will be found.
Thick epithelium with a heavy layer of keratinized epitheli-
um was not assoclated with the presence of taste buds in the
dog.

In addition to an abundance of serous glands, mucous
glands were very numerous in the area of the conical papillae
(at 20 weeks of age). The lymphatic nodules were also very
prominent in thls area. They are not true lingual tonsils

since there are no crypts opening on the dorsal surfaces.

2. Age chenges in the lingual papillze

a. Fungiform and filiform. There were no epithelial

papillae on the anterior portion of the tongue at birth.
The fungiform paplllae were differentiated from the filiform
papillae strictly by the differences in theilr dermal cores.
The fungiform papilla had a well developed primary dermal
papilla or core, while the filiform papilla had a very small
dermal papilla, Filg. 23.

The epithelium was relatively thick over the dermal

pepilla of the filiform papilla. There was evidence of cell



Fig. 23. High power, 190X, and low power, 116X, of the dorsal 11ngua1 mucosa

at birth. A and C numbered 65TF2, end B and D numbered

A.

S
L

3.

L.
5.

1.

2.

H WM

Fag WA N )

5TF4

Primary dermal core of the fungiform papilla

Cleavage line between a fungiform and filiform papillae
Epithelium covering fungiform papilla. Note that the taste
buds are not situated on the summits of secondary dermal
paplllae

Epithelium over filiform papilla. Note the large round
nuclei and the extreme thickness compared to the fungiform
epithelium

Nerve plexus in the submucosa

Primary dermal core or papilla of a fungiform papilla. Note
the position of the taste bud

Cleavage line between fungiform and filiform paplillae. Note
that in the fourth block taken from the tongue, the epl-
theliel papillae are beginning to rise above the surfesce

Primsry dermel papilla of a fungiform papllla
Epithelium covering a filiform papilla
Dermal core of a filiform papilla

Filiform pepillae. Note the keratinized layer of eplthelium
over this papilla

Fungiform papilla

Epithelisl covering of filiform papillae

Primery dermal papilla of a fungiform papilla
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division in the stratum germinativum. The nuclel of the
stratified squamous eplthelium were large and round. The
cells were not flattened except in the thin keratinized
layer on the surface. A line of cleavage could be seen be-
tween the epithelium of the fungiform and the filiform
papillae. This cleevage or separation 1s best illustrated
in Fig. 23.

The dermal cores of the filiform papillae were only a
third of the height of the dermal cores of the fungiform
papillae &t birth. There were secondary dermsl pepillae on
the primary filiform dermal papillse, but none were observed
on the dermal core of the fungiform papillae. The taste buds
were resting directly on the primary dermal core or papilla
of the fungiform papilla. There were no primary, secondary
or tertiary filiforms observed on the filiform papillae at
birth. The mucosa was smooth at birth.

When the dog was only 12 hours old, striking chenges 1n
the lingual mucosa were noted. The papillae were beglimning
to differentlate grossly as well as microscopically. The
relative thickness of the epithelium was less than at birth,
probably because the pepillae were pushing toward the surface
at a much faster rate. The fungiform papillae were beglnning
to form secondary dermal papillae. However, fungiform
pepillae possessing taste buds did not have any secondary

dermal papillae.
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On the posterior half of the tongue (12 hour old dog),
the filiforms were begimning to form, Fig. 24A. On the an-
terlor portlon, the filiform paplllae were not observed to
have filiforms.

Development beczme slower at one week, Fig. 24B. The
filiform paplllae were much slower in differentiating than
were the fungiform papillae. The filiforms were found on
the posterior portion of the tongue, but were still absent
on the filiform papillae of the anterior half of the tongue.

At three weeks of sge, the fungiform paplllae were
almost completely separated from the adjolning filiform
praplillae. The epithelium was composed of flattened cells.
The keratinized layer was thicker than before. The fungiform
paplillae were almost mature in structure. The filiform
papillae had primary filiforms that protruded above the basal
portion of the parent papillese, Fig. 24C.

At six weeks of age, the fungiform papillae resembled
those of the mature animal. The secondary dermal paplillae
were completely developed on the fungiform papillze of all
areas of the tongue. A comparison of the fungiform papllla
in Fiz. 24D with the fungiform papillae in Figs. 25, A, B,

C and D, will serve to show that the fungiform papillae had
reached structural maturity.

The filiform papillae, at six weeks of age, were forming

ear-like projections on thelr dorsolateral borders. These



Fig. 24,

Representative samples of fungiform and filiform papillae of
varlous ages

A.

cC.

D.

A section taken from block 34TF3, 12 hours of age, ap-
proximately 60X
1. Fungiform papillae
. Filiform papilleae
. Intrinsic, striated lingual muscle
0X
. Fungiform papilllae
. Filiform paplllese. Note that the flliforms are be-
ginning to be seen on the lateral edges of the fili-
form paplllae
3. Intrinsic, striated lingual muscle

2
3
2 section taken from block 66TFl, one week, approximately
i 4
2

A section taken from block 68TFl, three weeks, approxi-

mately 60X

1. PFungiform papilla. Note the primordia of the secondary
dermal papilla

2. Filiform pepilla. Note the circles of tissue on either
side of number 2, these are the caudal projections of
the primary filiforms

A section tesken from block 42TFl, six weeks, 60X

1. Fungiform papilla. Note that the taste buds are now
resting on secondary dermal papillae

2. PFiliform papilla. Note the thick keratinized layer on
its dorsal surface
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Fig. 25. Representative samples of funglform and filiform papillae after
structural maturlty

A-

A section taken from block 46TFl, elght weeks, 60X

1. Fungiform papilla. Note secondary dermal paplllae

2. Filliform papillaeae. Note the secondary filiforms (ear-like
projections)

3. Submucosa beneath primary dermal papilla of fungiform
papilla

A section teken from block 6TF4, ten weeks, 60X

1. Fungiform papilla. Note the number of taste buds in its
dorsal epitheliunm

2. Filiform paplllee and some primary filiforms

3. Submucosa beneath fungiform papilla

L, 1Intrinsic, striated lingual muscle

A section taken from block 19TAl, 16 weeks, 60X
1. Fungiform papilla

2., Filiform pepillla

3. Intrinsic, striated lingual muscle

A section taken from block 55TF2, four years, 60X

1. Fungiform papilla

2. Filiform papilla. Note the thickness of the keratinized
layer of epithelium on the dorsum of the papillae

3. Submucosa
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projections were the beginnings of the secondary filiforms.
The keratinized layer was much thicker at six weeks than at
three weeks of age.

The filiform paplllae continued to change up through
16 weeks of age. The secondary filiforms increased in size
through eight and ten weeks. At 16 weeks of sge, the fili-
form papillae were structurally mature. The primary,
secondary and tertiary filiforms did not chenge apprecisbly
after this age.

Fig. 26, A, B and C, illustrates the age chenges that
occurred in the modified filiform papillae on the anterior
lateral portion of the tongue. At birth, the fringe of
epithellal and dermal paplllze was very extensive. Fig. 26B
1llustrates the dorsal concavity of the dog's tongue at
birth, with the extensive, modified filiform papillse on its
dorsel laterzsl border. The fringe was rarely seen to extend
much behind section TF3 (see Fig. 1).

Fig. 26C 1llustrates the same area on the tongue of en
eight week old dog. In this illustration, the fringe of
modified filiform papillae has just about disappeared. The

fringe diseppeared frequently at six weeks of age.

b. Vallate and conical. At birth, the vallate paplllae

were not much larger than mature fungiform papillae. The

moat around the papilla proper was not always patent at



Fig. 26.

Some photomicrographs of the modified filiform papillae on
the dorsal lateral border of the tongue

A.

A section taken from blecck 65TFl, birth, 60X

1.
2.
3.
A

1.
2.
3.
b4,
A

1.
2.
3.
A

1.

2.

Fringe of paplllae on the dorsal lateral border of
the tongue. Note that in this area, TFl, the tongue
does not have a dorsal convexity

Fungiform papilla

Intrinsic, striated lingual muscle

section teken from block 65TF2, birth, 60X

Modified filiform papillae, Note the extreme dorszal
curvature

The lateral border of the dorsal convexity

The dorsal portion of the tongue proper. This dorszal
convexlity, coupled with the long fringe of papillse
almost forms & complete tube during the act of nursing
Intrinsic, striated lingual muscle

section teken from block 46TF2, eight weeks, 60X

Note the relative absence of modifled fringe papillae
at elght weeks of age

Fungiform papilla

Submucosa

section teken from block 19TA5, 16 weeks, 60X

A dorsal crypt in the center of a vallate papllle.
This vallate papilla resembles two adjacent fungiform
papillse

Gustatory moat or trench
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birth. Arey (1954) ststed that during the fourth fetal
month in man, the epitheliesl collar around the vallate
papilla split and formed the moat or trench. The splitting
of the epltheliesl collar around the vellate papilla of the
dog was observed in some cases after birth.

The varlious vallate papillae on the tongue differ-
entiated at different times. It was found that the posterior
medial palir of vallate papillese of the dog matured earliest.

At birth, the taste buds were located exclusively on the
dorsal surface of the papillse. However, one animal (12
hours old) displayed taste buds on the lateral wall, fecing
the moat. There were relatively few taste buds present on
the vallate papillae of the youngest animals.

The most obvious age change was the increase in size of
the papillae. Figs. 27 and 28 are the same magniflcation,
emphasizing the progressive increase in size from birth to
12 weeks of age; from 12 weeks through four years the size
of the vallate papillae is relatively constant.

The serous glands of von Ebner, located in the sub-
mucosa and between the striated muscles of the tcngue, also
changed with age. At birth they were prectically absent,
Fig. 27A, however, they beczme maximally developed between
ten and 12 weeks of age. Figs. 27 and 28 1llustrate the
progressive increase in the amount of serous glends and

ducts around the base of the vzllate papillae.



Fig. 27. Representative samples of vallate papillae from birth to three
weeks

A. A section taken from block 65TF6, birth, 60X
1. Vallate papilla

2., Primary dermal papilla. Note the absence of serous
glands in this photomicrograph
3. A small group of serous excretory ducts
B. A section taken from block 34TF6, 12 hours, 60X
l. Vallate papilla
2. Primary dermal paepilla
3. ©Serous glands among the striated lingual muscles
C. A section tzken from block 66TF5, one week, 60X
1. Vallate papilla
2. Primary dermal papilla
3. Note the relative absence of serous glaends in this
section
D. A section taken from block 68TF7, three weeks, 60X
1. Vallate papilla
2. Primary dermal papilla
3. Note the scarcity of serous glends even at three

weeks of age
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Fig. 28.

Representative samples of vallate papilllae from four weeks
to 12 weeks of age

A.

D'

A section from block 28TF5, four weeks, 60X

1.
2

2

Vallate papilla

Moat

Serous glands

Intrinsic, strlated muscle

A section from block 42TF5, six weeks, 60X

*« o

wWoHPEPR F W

Vallate papilla

Moat or trench

Serous glands. Note the ilncrease in amount at six
veeks of age

Striated lingual muscle

section from block 46TF6, eight weeks, 60X

Vallate papilla

Moat

Striated lingual muscle. The glands were much deeper
in between the bundles of lingual muscles in this
section

A section from block 11TF5, 12 weeks, 60X

1.
2.

B

Vallate papilla. Note the taste buds on the dorsal
surface of this papilla

Moat or trench. Note the depth and inclination of
the walls

Serous glands end a large secretory duct

Striated lingual muscle bundles
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The moat beceame deeper end the trench wall more vertical
as the age advenced. Fig. 28D illustrates a typicel vallate
papilla on the tongue of a 12 week o0ld dog. This was the
typical papillae found up to four years of age. Fig. 26D
illustrates one of the variations found at 16 weeks of age.
This papilla resembles two fungiform papillae.

The conical peapillaze underwent similar age changes.
Fig. 29 1llustrates typical transverse sections through
conical papillae. At bifth, the papillae were small, but,
relatively speaking, the most mature structurally. The
caudally curved projections of the conical paplllae were
present at birth. After six weeks, the conical papillae
changed only slightly in size and structure.

At birth, serous glends were sparse in the'TF? (See
Fig. 2) sections of the tongue, Fig. 29A. The serous glands
increased in number with age. It mey be significant that
mucous glands made thelr appearance in the submucosa of
sections TF5, TF6 and TF7 (See Fig. 2) at six to ten weeks
of age. Fig. 29C illustrates mucous glends in the submucosa
of section TF?7. The trichromic stain used on these sectlons
reedily differentiated between serous and mucous glands.
Fig. 29B 1llustrates the serous glends mixed with the mucous
glands.

¢c. Foliate. The depth of the gustatory furrow at



Fig. 29. A representative sample of transverse sectlions of conical papillae

A.

A section taken from block 65TF7, birth, 60X

1. Basal portion of a conical papllla

2. BRecurved cone sheped papilla showing the separation of the
secondary dermal papilla from the basilar portion of the
papilla

. The ceudal end of the cone shaped papilla

. Secretory duct of a serous gland

section teken from block 28TF7, four weeks, 60X
Cone shaped papille still connected by its dermal core to
the baszl portion of the papilla

. Recurved portion of the conical papilla
Serous glands

section taken from block 42TF7, six weeks, 60X

. Conlcal papillla

. Recurved portion of a conical papilla

. Mixed serous and mucous glands in among the lingual muscles

section taken from block 6TF6, ten weeks, 60X
A recurved portion of a conical papilla

3
L
A
1
2
3
A
3
2
3
A
1
2 Striated lingual muscle
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birth was relatively shallow. It increased in depth and be-
came relatively fixed at six weeks of age. The serous glands
are mostly absent at birth, Fig. 30. The secretory ducts
were forming at the bottom of the gustatory furrcw. The
glands increased in size and number and beceme maximally de-
veloped at six to eight weeks of age, Figs. 30 and 31.

The foliate paplllee were cut transversely, so only the
anterior or posterior sections (obliquely cut) were adequate
for study of the papillae. Filg. 31D illustrates a folliate
papllla (cut transversely) through one of its furrow walls.
Many of the taste buds on this sectlon were cross sections
instead of longitudinal sections as normally seen.

It was impossible-to make an accurate study of the
transversely cut foliate papillae, because the gustatory

furrows could not be fully examined, Fligs. 30 and 31.

C. Operative Procedures and Assoclated Anatomy

The operations were performed to facilitate the re-
section of the chorda tympani, glossopharyngeal, and vagus
nerves. The chorda tympani nerve was cut inside the middle
ear, which necessitated the removal of the osseous and tym-
panic bullas. The glossopharyngeal and vagus nerves emerged
from the petro-basilar fissure in the dog, Fig. 32. It was

located dorsomedial and posterior to the osseous bulla.



Fig. 30. BRepresentative foliate paplllae from dogs ranging in age from
birth to three weeks of age

A. A section teken from block 65TF6, birth, 60X
1. Lateral surface of the tongue
2. Secretory ducts of the serous glands

B. A section tazken from block 34TF6, 12 hours, 60X
1. Lateral surface of a foliate papilla
2. Secretory ducts
3. Serous glands
L, sStriated linguzal muscles

C. L section taken from block 66TF5, one week, 60X
1. Foliate papilla with a gustatory furrow
2. Serous glands
3. Striated lingual muscles

D. A section taken from block 68TF6, three weeks, 60X
1. Foliate papllla
2. Serous glands
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Fig. 31.

Representative follate papllla from dogs ranging from four
weeks to ten weeks in age

A.

A section tzken from block 28TF5, four weeks, 60X

l. Folliate papilla

2. Primary dermal papilla

Z. Serous glands. Note thelr increase over three weeks
. Striated lingual muscles

A section taken from block 42TF5, six weeks, 60X

1. Foliate papilla

2. Primary dermal pepilla

3. Secretory ducts from bottom of gustatory furrow
4. Serous glends

5. Striated lingual muscles

A section taken from block LUTF6, eight weeks, 60X
1. Foliate papilla, lateral border

2. Primary dermal pepilla

3. Serous glands

A section tesken from block 6TF5, ten weeks, 60X

. Gustatory furrow, cut transversely

. Primary dermal papilla

. Secretory ducts emptying into the gustatory furrow
. Serous glands

. Striated lingual muscles

W
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Fig. 32. A three-quarter view of the dog skull, showing the
areas involved in the neurectomy experiments

1. Osseous bulla; the encircled area indicates the
portion removed to gain access to the cavity of
the middle ear

2. Petrobasilar fissure; the foramen by which the
vagus, glossopharyngeal and spinal accessory
nerves gain an exit from the calvarium

3. Petrotympenic fissure; the foramen by which the
chorda tympani branch of the faclal nerve leaves
the cavity of the middle ear
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Since the areas 1lnvolved in the resection of the three
nerves were so closely associzted with each other, the oper-
ative procedures mnecessary for esch resection were modified
only slightly.

The first approach to the middle ear was from the
lateral side, just under the externsl acoustic meatus. The
chorda tympanl nerve was not visible after the bulla ossea,
Fig. 32, was removed from this lateral approach. The site
of the operation was progressively moved medially until the
most advantageous site for exposing the chorda tympani nerve
weas found to be on the midline over the larynx.

The area from the symphysis of the mandible to the
middle of the neck was clipped, shaved, defatted with ether,
end disinfected with 70 percent ethyl alcohol. The dog was
‘intubated, using latex tubing. The surglcal site was then
shrouded with sterile towels and covered with a large
sterile plastic shroud, through which the operatlion was
performed.

An incision was made from a point midway between the
symphysis and the caudal angle of the mandible to a point
one to one and one-half inches caudal to the cricoid carti-
lage of the larynx. This large, initiel incislon was neces-
sery to provide an adequate exposure of the osseous bulla,
Fig. 32. The superficlal fascla was dlssected away from the

underlying muscle tissue. The sphincter colli primitivus,
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profundus and the platysma muscles were laid back with the
fascla. The mylohyoideus, stylohyoideus, and parotidoau-
ricularis muscles were transected in this operation, as
well as the superficial muscles mentioned above. Natural
cleavage lines were used 1in separating the remaining muscles
in the operative field. The stylohyoideus muscle weas a
small, ribbon-1like muscle that took its origin from the
stylohyoid bone and swung vertliczlly between the laterzl
slde of the digastricus muscle and the mendibular szalivary
gland. It inserted on the basihyoid bone. The mylohyoideus
muscles originated along the medilal aspect of the mandibles
as far dorsally as the alveolar line. They ceme together
medially and inserted on the basihyoid bone posteriorly.

The parotidoauricularis or depressor suriculae muscle arose
from the deep fasclz in the area of the larynx and passed
anterodorsally across the external maxillary veln and the
middle of the parotid sallvary gland. It inserted on the
antitragus of the auricular cartilage. It was about one
centimeter wide.

A large veln was situated ventral to the basihyoid
bone. Thls veln Joilned the two lingual velns before they
drained into the external maxillary veins. A small vein
wes found on the midline, between the mandibular rami, at
the Junction of the two mylohyoideus muscles. It drained

into the middle of the transverse vein. These velins could
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have been avoided, but 1t was best to doubly ligate the
transverse velins and cut between the ligatures. Occasion-
ally, they were inadvertently damaged because of their
variable position.

After the mylohyoideus, stylohyoldeus and depressor
auriculae (parotidoauricularis) muscles were cut, the bulla
tympanica was reached by blunt dissection. The larynx was
pulled to one side. This manipulation required the trachea
to be intubated to prevent collapse and suffocation. The
carotid artery was pushed laterally as far as the stylohyoid
and digrastricus muscles. The lingual artery crossed the
field of the operation in most cases. The stylopharyngeus
muscle ran from the dorso-medial portion of the stylohyold
bone and inserted on the pharyngeal wall just under the
dorszal extent of the hyopharyngeus muscle. The stylopharyn-
geus muscle had to be severed in most cases. The digastricus
and styloglossus muscles were pulled laterally. A retractor
was then inserted under the stylohyold bone and the hyo-
pharyngeus, styloglossus and digastricus muscles were pulled
laterally. The longus capitus muscle inserted on the basal
portion of the occipital bone at its Junction with the basal
portion of the sphenoid bone. The ventral stralght muscle
of the head inserted just posterior to the longus capitus
muscle. These two muscles were moved as far medially as

possible.
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The nerve plexuses that overlald the osseous bulla were
carefully dissected away from the bulla and a bone chisel
was used to remove the floor of the osseous bulla, Fig. 32.
Hemorrhage was negliglble if the operation was properly
done. Control of hemorrhage was very important before the
osseous and tympanic bullas were removed to prevent blood
from entering the cavity of the middle ear and obscuring the
field. A head lamp was used to 1lluminate the narrow,
deeply situated cavity of the middle ear. The chorda tym-
pani nerve could easlly be seen as a white streak crossing
over the anterlor process of the malleus. With fine forceps
it was easlly picked up and the free portion pulled away
from the portions still in the bony canals.

The cap of the bulla ossea, Fig. 32, was not replaced.
The fascla between the muscles was sutured to eliminate
pockets. The mylohyold muscles were placed in apposition
and thelr fasclal sheaths sutured with 000 plain catgut.

The subcutaneous fascla was sutured with 00 chormic catgut.
The skin was closed with interrupted sutures of 00 chromic
catgut. The incision was sealed with gauze and Flex-0-Seal
(a commercial flexible skin covering). All of the incisions
healed by first intentlion. Two dogs had slight hemorrhage
from the nostrils, indicating escape of blood through the
eustachian tube.

Neurectomy of the glossopharyngeal and vagus nerves
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followed essentially the same pattern as that of the chorda
tympani neurectomy. The anterior point of the skin incision
was on the midline about an inch anterior to the caudal
angle of the mandible. The posterior point was three inches
behind the larynx. The mylohyoid muscle was not cut, but
the stylohyold and depressor auriculae (parotidoauricularis)
were éevered. The insertion of the cleidomastoid portion of
the brachlocerhalicus muscle and the sternocephalicus muscle
were also pulled laterally. The longus caplitis muscle and
trachea were pulled as far medially as possible. The ca-
rotid artery was separated from the vagosympathetic nerve
trunk. The vagus, glossopharyngeal and spinal accessory
nerves emerged from the skull via the petrobasilar fissure.
The glossopharyngeal nerve was anterlor to the hypoglossal
nerve for a short distance.

The glossopharyngeal nerve was severed as close to the
petrobasilar fissure as possible. This was very difficult
to accomplish successfully since the nerve exited in an
acute dorsal angle from the skull. The vagus nerve was
severed between the jugular and nodose genglion. Persistent
vomition was the sequel to cutting of the vagus. Difficulty
in swallowing was also noticed to a minor extent. )

The wounds were sutured in a menner similar to that
used in the chorda tympani neurectomles. There was no in-

fection or dreinage of the wounds. First intention healling
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wes established in all cases.
Microscoplc studles are to be made at a later date on

the tissue sections obtained from the neurectomy experiments.
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V. DISCUSSION

Arey (1954) stated that in humen fetuses of nine to 11
weeks the fungiform papillae could be distinguished grossly
as elevations in the mucosa. In the dog, the fungiform
papillae cannot be distinguished grossly until the third or
fourth postnatal week. According to Arey (1954), the epi-
thelial ring around the vallate peapilla splits, by the
fourth month of fetal 1life, forming the moat. 1In the dog
the moat was not formed in some instences until after birth.
Arey (1954) also stated that human taste buds disappeared
from the dorsal aspect of the vallate papillaze before birth.
Taste buds were found on the dorsesl aspect of the vallate
papillae through 28 weeks of age in the dog.

The tongue of the human fetus (nine to 11 weeks) is
comparable with the tongue of the dog at birth.

The terminology used in the literature to describe the
lingual papillae of the dog is confusing. A distinction 1s
mazde in this work between the filiform papillze end the
coniceal papillae of the dog. The human has no lingual
papillaee behind the rows of vallate papillae as does the‘
dog. There 1is a great deal of morphological difference be-
tween the conical and filiform papillae of the dog. The

author wishes to suggest that the term "conical", as used by
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Sisson and Grossman (1953) end Bradley (1948), be applied
to those lingual papillae located cezudal to the "V shaped
rows of vallate paplillae. The term "filiform papillze"
should be restricted to the paplillae bearing thread-like
projections on the portion of the tongue anterior to the "V"
shaped rows of vallate papillae. The largest, most czudal
projection is the primary filiform. The next two paplllae
in size, located just anterior-laterazl to the primary fili-
form, are the secondary filiforms. The five to six lesser
projections from the anterior edge of the besal papilla are
called tertiary filiforms, Fig. 2.

The gross and microscopic structure of the leaves of
the so-called foliate pepilla were found to be similar to
the vallate snd fungiform papilla. The individual leaf of
the foliate papilla (currently used term) is a separate
entity, and satisfies all the structurzl requirements of a
lingual papilla. It is, therefore, suggested that each
individual leaf be termed a follate papilla.

The distribution of the fungiform papillae were found
to conform for the most part with the descriptions in the
literature. Bradley (1948) and Sisson and Grossmen (1953)
stated that fungiform papillae were not found benind the
"V" shaped rows of vallate papillae. In this investigation,
funziform papillae were found posterior to the rows of

vallate papillze.
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Trautmann and Fiebiger (1952) stated that in cernivores
the gustatory field on the vallate papilla was restricted to
the bottom of the moat and was thereforé very small. They
further stated that taste buds were usually absent in the
surface eplthelium of each papilla as well as in the pe-
ipheral wall of the moat. These statements are true for the
dog, only from birth to six weeks of age. At birth taste
buds are found on the dorsal surfaces of the vallate papillae.
This work has shown that the gustatory area is extensive in
dogs 12 weeks to four years of age. At 20 weeks, taste buds
were found on the dorsal epithelium and walls of the vallate
pepilla as well as in the peripheral wall of the moat.

A description of the fringe of modified filiform
paplllsze on the anterior-lateral border of the tongue was
not found in the literature. The shape of the tongue &t
birth 1s concave. Thlis concavity, along with the fringe of
modified filiform papillae, forms a tube around the nipple
of the bitch during the act of nursing. The dorsal concevity
changes to a dorsal convexity between six and1eight weeks of
ege. The fringe paplillae 2lso disappear at this age. Most
puppries sre weaned at six to eilght weeks of age 2nd the
method of prehension must necessarily chenge from sucking
to lapping. This change is graduzl and the fringe papillae
slowly disappear.

Another change that took place at the sixth to elighth
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postnatal week was the tremendous increase in the number of
submucosal serous glends under the vallate and follate
papillae. These glands may ald in the dissolution of the
solid food particles that find their wey into the moats or
gustatory furrows.

The keratinization increased in thickness between six
end elght weeks of age. Thls mey be due to the change in
the method cf procurement of food by the weanling pup. The
fungiform paplllae are structurally mature at six weeks of
age end the vellate papilleze at 12 weeks of age. The tongue
and it's membranous covering undergoes an importent ad just-
ment at the time of weaning.

Another phase of the experiment was the resection of
the various nerves to the taste buds. Olmstead (1922) re-
sectioned the chorda tympani nerve between its emergence
from the petrotympanic fissure snd its junction with the
linguel nerve. Miller (1952) steted that this portion of
the chorda tympani nerve 1s very short and may be impossible
to locate in some dogs.

Olmstead's technique (1922) for resecticn of the chorda
tympanl nerve was difficult to perform. His procedure re-
sulted in a high degree of trauma and a2 low survival rate.
The technique developed in this investigation was relatively
simple and there were no fetalities. The dogs displayed no

symptoms other than a slight amount of difficulty in swallow-
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ing. Resection of the entire chords tympani was complete in
all cases. It could not be confused with any other nerve
because of 1ts 1soleted locatlion. The chorda tympani nerve
was resectioned on five dogs with excellent results, using
this new technique.

Olmstead (1922), using one dog, cut the mandibuler nerve
just cranial to the junction of the chorda tympani with the
lingual nerve. The left side of the tongue was paralyzed and
1t had difficulty in drinking. Miller (1953) stated that the
hypoglossal nerve is motor to the entire tongue. The lingual
nerve is assumed by Miller (1953) to be sensory to the an-
terior two-thirds of the tongue. The hypoglossal nerve inad-
vertently was cut in this lnvestigation, and the dog showed
very little changes in its ability to lap water, thus the
motor inmervetion of the tongue of the dog should be investi-
gated further.

Olmstead znd Pinger (1936) severed the lingual nerve
with 1ts chorda tympani nerve component and anastomosed the
distal end of the lingual nerve with the proximal end of the
cut hypoglossal nerve. They stated that the hypoglossal
nerve cen initiate regeneration of the teste buds which had
disappeared from the fungiform pspillae on the operated
silde. This 1s contrary to the commonly accepted findings

regarding regeneration of sensory nerve endings.
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VI. SUMMARY AND CONCILUSICNS

The tongues of 31 dogs were studled in order to de-
termine age cheanges of tke lingual paplllae. A pattern was
established for the structure and distribution of the
lingual paplllae of the dog. Suggested changes in nomen-
clature are as follows:

1. The cone-shaped lingual paplllae behind the "V"
shazped rows of vallates should be termed "conical papillae'.

2. The lingual papillae (with thread-like projections)
which are located anterior to the "V" shaped rows of vallate
rapillae should be termed "filiform papillae".

3. The thread-like projections on the filiform
paplllae should be designated as primary, secondary and
tertiary filiforms.

L. The term "folilzte pepilla" should be reserved for
each individual leaf of the papilla termed "foliate papilla"
by previous workers. This suggested change is consistent
with the naming of lingual papillae according tc their
morphological shape.

The period between six and eight weeks of sge (weaning
time), was the critical morphological phase of the tongue
and its coverings. The shape of the tongue at birth wes

concave, conforming with its sucking function. At six weeks
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of age, the tongue changed its concave shape to a dorsal
convexity. The change accompanies its new function of pre-
hension of solid food, and lappingfluids. Modifiled filiform
papillae on the anterior-lateral border of the tongue formed
a fringed border. This border, which disappeared by the
time of weaning, seemed to facilitate the nursing action of
the tongue of the pup.

Serous glends, located in the submucosa under the
vallete and folliate papillae, developed rapidly at weaning
time (six to eight weeks) and were maximally developed at
12 to 20 weeks of age. These serous glands undoubtedly aid
in the dissolution of food in preparztion for eliciting
taste sensations in the taste buds.

Mucous glands begen meking thelr appearance along with
the serous glands after 12 to 16 weeks of age.

A new technique was devised for the accurate resection
of the chorda tympani branch of the faciel nerve. This
technique was developed to facilitate further study of the
inmnervation to the taste buds on the anterior two-thirds
of the dogs tongue.

Sixteen dogs were used in the neurectomy experlments:
five dogs were used for the chorda tympani neurectomy; five
each for the glossopharyngeal and vegus nerve resections;
and one control. The tissues will be studied at a later

date.
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IX. APPENDIX



Fig. 33. Top picture, series of tissue baskets and
holding rack

Bottom picture, the embedding tray and
movable brass block
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Fig. 34. The data sheet used to keep accurate account

of all the varied treatments and times given

the tissues while they are in the series of
tissue baskets
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Specimen No. Pixative Used: Date:

Breed: Sex: Notes:

Dog No. | Tissue | Block No.J Age |Date Autopsied | Pieces| Capsule
Date | Time | Hours Reagents
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