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ABSTRACT

The purpose of this investigation was to determine
whether the precooiocus eruption of incisors, observed in
cortisone-treated newborn rats, is brought about or facilitated
by the shrinkage of gums, due to an inoreased keratinization
of the gingival mucosa, or if cortisone acts in some other wny
to bring about a premature eruption.

Rats of two age groups were used in these experiments:
In the younger group the initial injection of cortisene was
sduinistered on the third, fourth, fifth, sixth or seventh day
postnatally. These received a total of from 0.5 to 1.5 mge In
the older age group, the initial injection was administered on
days 8 to 15 postnatally. This group received total dosages
ranging from 2.0 to 8.0 mg. The intervals from initiation to
termination of individual experiments also varied in both groups.
The effects observed were determined by the dose administered and
the age at which injections were glven, .

Cortisone~-treated animals in all cases showed an increased
degree of keratinization when compared with their 1itter mate
controls. The most significant increases were observed in the

older groups which had received the larger dosages of cortisone.




While the stratum corneum of the orallmuoosa increased 1#
thickness in cortisone~treated animals, the underlying none
keratinised layer of the epithelium decreased., The ratio of the
stratum corneum to the stratum mucosum was greater in treated
animals. This was true for palatal as well as ginglval tissues,

Welght retardation or actual loss of weight occurred
in all experimental rats. In the older animals, the welght
gains in controls far surpassed those of the treated. There
were only slight inocreases in the weight of these treated animals{
In the younger rats there was ana ctual loss of weight in
treated animals, i.e., these weighed less at the end of the
experiment than at its initiation.

The incisors of cortisone-treated rats in all cases
showed a greater advance in eruption than their corresponding
litter mate controls,

The character of the keratinized layer in treated rats
generally was less dense and frequently more fragnented as
compared to the more compact nature of this layer in the controlad
Glycogen deposition was much less pronounced in the cortisone-
treated rats than in the control asnimals. There was no evidence
of alkaline phosphatase activity in any of our animals,

Our results have shown that the administration of
cortisone in young postnatal rats causes a shrinkage of the
gingiva and an increase in keratinization of the gingival mucosa
thereby decreasing the depth of tissue through which the tooth

must travel before erupting into the oral cavity.




INTRODUCTION

The effect of cortisone on tooth eruption has interested
g number of investigators in recent years. While it has been
shown that cortisone-treated rats show premature eruption of
the incisors, the mode of action or the factors involved in
this proceas are not so clearly underatood.

The purpose of this investigation was to determine
whether precocious eruption i1s brought about or facilitated by
gum shrinkage, caused by an incresse in keratinization result-
ing from cortisone treatment, or if cortisone acts in aéme
other way to bring about eruption prematurely.

Cortisone has been found to have pronounced effects on
young postnatal rats (Parmer, Katonak, and Angrist, 1951, and
othera)., One of the most fregquent effects observed is its
action as a growth inhibitor. And yet it has also been found
to act as & potent stimulus for the eruption of teeth.

The experiments performed during this investigation
focused mainly on the histology of the oral mucosa in the rat,
which is everywhere lined by a keratinized epithelium, with
specisl attention being given to the keratinized or cornified
layer of the hard palate, Our study was made with ths purpose

1l
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of correlating changes in the degree of keratinization in
treated and control rats with the rate of eruption of the
1naisdra.

Since the process of keratinigation was the principal
| point of interest in this investigation, the presence of
keratin granules in the epithelial layer of the oral mcosa
was treated as an important phase or the study. The primary
reason for interest in this area arose from the work in
electron mioroscopy by Laden, Gerthner, and Erickson (1957);
and Matoltsy and Parakkal (1965) which showed that the contents
of the granules spread over the cell surface, forming a thick=-
ened, coated cell envelope which resists the action of keratine
olytioc agents., This membrane coating gramle 1is regarded by
these authors as a specific differentiation product of the
keratinizing epithelium. It was seen to contain numerous inner
membranes and is assumed to engage in synthetic activities,
such as, perhaps the formation of polysaccharides. The work of
Mar-Yohana (1957) showed that there was an increase in the
number of granules in the epithelial layer of the oral muocosa
in cortisone-treated rats and tha% this was associated with a
decrease in the rate of denquanhtion or an increase in the
formation of keratiniszed cells,

"Keratinization is a specific form of cell differentiation

in which metabolically highly active epithelial cells pass
through various cytomorphic and physiologic changes while they
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reach the tarmﬁnallataga and@ become filled with a resistant and
considerably soluble horny materials In initiation and
maintenance of the process, the entire tissue is involved;
exogenous factors such as dermal effects, vitamins, and hormones
also seem t0 play an important role. Most important phase of
the keratinigation process is the production of differentiation
products and their utilization in formation of the terminal
horny material. It 1s characteristic of all keratinizing
epithelia that they are built up of three different cell types,
namely, germinative, specialized and terminal horny cells"™
(Matoltsy, 1960).

A number of theories have been proposed to acscount for the
process of tooth eruption. These vary as iigniriaantly as the
work done by Constant (1900) who postulated that blood pressure
played a role in eruption to the theory propwm ed by Goldsmith
and Ross (1954) who believed that eruption was due to an accelepr=-
ation in growth of the faclal bones.

By means of a study on keratinigation, we undertook to
investigate the possibility that precocious eruption is in scme
manner assoclated with the fact that cortisone affects the
epithelial and oonnective tissue layers of the oral macosa, by
¢ausing a shrinkage, which may be due to excessive keratinization
and that this in turn is responsible for the precocious eruption

of the incisors observed in cortisone-~treated rats.




LITERATURE REVIEW

Parmer, Katonak, and Angrist (19561) reported that corti-
“sone has a pronounced effect on the development of young post-
natal rats. Their investigations have shown that newborn rats
'are markedly sensitive to cortisone as compared to other
;drenal hormones studied. Their findings show that this hor-
mone stimulates the eruption df teeth, the opening of the
eyelids, and the development of the gingiva. The younger the
rat at the time of the first injection, the more merked was the
effect observed. Cortisone-treated rats were found to be more
susceptible to infection, as judged by the occurrence of sub-
cutsneocus infections at injection sites. The growth of halr was
also retarded according to these investigators. Some of the
treated animals even consumed more food than the controls, but
were s8till underweight. When cortisone was administered in

the amount of 2.5 mg daily for four days begimming on the

tenth or eleventh day to pregnant rats and mice, there was &
reduction in litter size and in the weight of the newborna
(Goldby and Harrison, 1961)., Domm and Leroy (1956) also
reported significant results in young rats following corti-

sone treatment. Their experiments were performed on rats in

4
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the latter half of pregnancy, on fetuses and on postnatal rats.
Even though the mode of action was not determined, they def-
initely showed that there was a precocious eruption of the
incisora in postnatal cortisone-treated rats.

Berlin, Johnson, Hawk and Lawrence (19562) found that
prolonged cortisone treatment in mlce resulted in the occurr-
ence of bacteremia and death. A progressive decrease in
weight and a decrease in spleen size to one-half or less that
of the controls also occurred.

Sinece the epithelium of the hard palate 1s bound to a
dense connective tissue, Asboe-Hansen (19562) thought it sig-
nificant that Pfibroblasts, located in the connective tissue
layer, were smaller and more pyknic in healing wounds of
cortisone-treated individuals (humans). This investigator
also found that the mast cells of dermal connective tlssue
decreased in number and became degranulated when exposed to
the action of cortisone. Vacuolization occurred and changes
were noticed in the number and distribution of the granules,
The form and outlines of the cells also varied., Michael and
Whorton (1951) used croton 0il and trauma to induce inflame
mation in the study of certain bscterial infections in mice.
The inflsmmatory response involved the migration of leuko-

cytes and the formation of edema and fibrin. It was found
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that the inflammatory response was less intense in cortisone-
treated mice than in controls. This reaction in the treated
animals was delayed and reduced and the total number of cells
was also reduced.

The oral histologist, according to Butcher and Sognnses
(1962), has not studied the oral cavity of the rodent, which
they say is everywhere lined by keratinized epithelium.

A relationship was observed to exist between keratinigzation
and glycogen, the latter frequently being deposited in the

- gingival epithelium. Complete keratinizetion 1is rare in the
presence of either glycogen or inflammation and does not occur
at 8ll when inflammaetion is severe or when glycogen 1s present
in large quantities (Butcher and Sognnaes, 1962). In the
rodent the use of hematoxylin stsins showed the entire oral
epithelium to be keratinized send uniformly stained throughout
(Butcher and Sognnees, 1962). Weinmann, Meyer and Medak
(1960) correlated differences in granular and keratinous.
layers in the oral mucosa of the mouse. It appeared that
differences in the keratin were related to the differences in
keratohyaline granule formation. In the palate the keratin
layer was more strongly positive for sulfhydryl groups, than
the cellular layera; and in the cheek it was less positive.

The work of Matoltsy and Parakkal (1965) reported that
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small cytoplasmic granules (1000-50001) develop within differ-
entiating epithelial cells, move toward the periphery of the
cell, and after fusion empty their contents into the inter-
cellular spaces, The contents of the granules was observed
to spread over the cell surfaces forming a thickened, coated,
cell envelope whioh resisted the action of keratinolytic
sgents. The membrane coating grsnule is regarded as a specific
product of keratinizing epithelia. Chemical studies have shown
the envelope to consist of a variety of common amino acida.
The'ahape and inner structure of these granules can be seen
most clearly in the oral and tongue epithelium of the mouse
(Matoltsy and Parakkal, 1965).

Zelickson (1961) made a comparison of normal keratin-
izing and non~keratinizing epithelis in mice. The skin and
oral mucosa were fixed, embedded and stained with the follow=
ing results. The horny cell was shown to be formed by a bind-
ing together of filaments in an electron dense, sulfur contain-
ing cement substance. Fillaments were present in the basal
layer which gradually increased in diameter as the cell neared
the surface. Keratohyalin was laid down and bound the fila-
ments together thus forming compact bundles. It waa found
that the diameter of the tonofilsments increased as they moved

toward the surface.
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Montagna (1964) showed that there was a resistence of
xeratins and proteins to proteolytic enzymes and to acid and
alkaline hydrolysis in mammals, Both the proliferation of
epidermal cells and the shedding of horny cells were found to
be sccelerated by thyroid hormone and retarded by adrenal
cortical séeroids. This investigator postulates the presence
of a tissue-specific, local hormone which inhibits mitosis;
thus, the thiclkness is regulﬁted by a fine regulatory mechan-
ism which determines whether the newly formed cell in the
besal layer will divide mitotlically or will differentiate into
2 horny cell and be shed as a single cell. Wwhen the concen-
tration of this hormone 1s low, the cells produce proteins
promoting mitosis; when it is high the cells differentiate.
Hothman (1954) reported the presence of alkaline phosphatase
and glycogen in the transitional layer of the epidermis
clearly outside the granules in humen skin., Both glycogen
and alkaline phosphatase are absent in the horny layer end in
other horny materials. These findings again point to the
possible role of glycogen as a source of energy in keratini-
zation, He observed that as cells start to keratinigze, they
lose their glycogen and that all glycogen is used up by the
time keratinization is complete. Cytoplasmioc proteins are

transformed into keratin fibers. Complete disintegration of
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the kerstinizing cell, including cytoplasm and nucleus,
occurs. Depressed mitotic activity, observed by Rothman
(1954), involves a decressed rate of keratinization.
Butcher and Klingsberg (1962) reported a definite signifi-
cance of glycogen in the wound healing of the oral mucosa of
.the rat. Wounds were made in the midline between the two most
anterior rugae of the palate. Glycogen content was determined
by fixing biopsies in an alcoholiceascetic~formalin solution
and staining by the PAS method using dlatase. They found that
epithelial growth was associated with glycogen disappearance
and that injury to the epithelium brought about an sccumula-
tion of glyecogen.

Jarrett, Spearman, Riley and Cane (1965) reported that
the chief function of the alkaline phosphatase of the granular
layer, which is capable of utilizing lecithin as a substrate,
is probably the removal of the phospholipids from the granu-
lar layer during normel keratinization. They believe that
alkaline phosphatase may be related to the deposition of
mineral salts in keratin., Hence, the alkaline phosphatase
would release phoaphate ions in the region of the granular
layer which would precipitate any calcium present in this site.
In parakeratotic human orsl eplthelium in which keratohyaline
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granules are absent, no phosphatases were found and the phos-
pholipids were not broken down. By microbiological methods
it was shown that keratinization is connected with hydrolytie
decomposition of choline-conﬁaming phospholipids (Frithiof,
lars and Wersall, 1968).




MATZRIALS AND METHODS

1 were used in

Albino rats of the Sprague-Dawley strain
these experiments. Since rats of a very young age were the
subjects of this investigation, the pregnant mother was watched
 carefully and acclimated as much as possible to the new labore
atory conditions, The best results were cbtained when the
young litters were left alone as much as possible.

The rats varied from three to eleven days in age when
the first injection was given., A careful account of weights
was kept, weighing each rat before the injection(s) and prior
to sacrifice. Exsanguination was by decapitation without the
use of an anesthetic. The anterior region of the hard palate
was always exemined, when the animals were handled, for possi-
ble incisor eruption. The gum regicn in the area of the lower
incisors was also examined and the observations recorded.

The cortisone? (Cortone acetate) was injected subcu=-

taneocusly in all treated animals, while an equal volume of

' lPurchasod from the Hormone Assay Laboratories, Ino.,
Chicago, Illinois.

gTho Cortisone, (Cortone acetate) was generously sup-

plied to Dr. L. V. Domm by Sharpe and Dohme, Division of
Merck and Company, Philedelphia, Pa.

11




, o 12
distilled water was similarly injected in the control animsls.
The cortisone was a saline suspension containing 25 mg/cc.

A quarter cc capacity asyringe, scale 1/100 cc, was used with a
number twenty-six needle. For purposes of identification
various body areas of the cortisone-treated animals were marked
with gentian violet and the controls with picriec acid.

After decapitation the oral mucosa of the hard pealate
was dissected free and in some inatances also the gingiva,

The tissues to be stained for glycogen were placed in a 10%
formalin solution, while those to be stained for alkaline
phosphatase were placed into 80% cold alcohol. These tissues
were also fixed in the same manner for a histological study of
keratin. In some instances the palate was divided in half and
one pert fixed for glycogen end the other for alkaline phos-
phatase. A low melting point paraffin (53° - 55°) was used for
embedding. All sections were cut at 7 n. unlessa otherwise
stated.

A simple and effective procedure was used for staining
keratin which in some instances even showed the fibrillar
nature of the protein and the presence of keratohyaline gran-
ules, This consisted of passing the sections from xylene
through water into hematoxylin and eosin y. The keratinigzed

tissues were stained by this procedure.
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The PAS reaction was employed to demonstrate the prea-
ence‘of glycogen. This was accomplished by passing psaraffin
embedded sectlons through xylene and the alcohol series,
followed by an oxidation step in a 1% periodic acid solution
and treatment with Schiff's reagent. The method used was that
outlined by Lillie (1954). If glycogen is present, it will
stain red. Harris hematoxylin was used as a counterstain.

A control slide plus an experimental slide were preparsd
simultaneously with the control slide being digested in malt
diatase in order to free the section of glycogen. This was
done to digest the glycogen so as to simplify the identifica~
tion of glycogen by retﬁined color on the experimental slide.
A 0.5% dlatase was used to incubate the controls at 37° ¢ for
one hour after the sections hed been passed from xylene
through alcohols to water,

Gomori's method (Lillie, 1954) was utilized in stain-
ing for alkaline phosphatase. Tissues were fixed in 80% cold
alcohol for at least twenty-four hours. Because of the minute
dimensions of these tissues at this early age, forty-eight to
fifty hours was the maximum time for fixation. The tissues
were incubated for two hours in a sodium glycerophosphate
substrate at a pH of 9.4«9.5. If alkaline phosphatase was

present, a blackish precipitate appeared. Fosin B was used as
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a counterstain. In this procedure a control slide was also
pasaed through an inactivating substrate.

In general the investigative procedures may be divided
into two groups: one in which a single injection was admine
istered and one in which more than one injection was given.

On the day of sacrifice, the erupting incisors were
examined and the observations recorded. Results were tabu-
lated by the following symbols: s plus (+) if eruption had
ocourred, a minus (-) if no eruption had occurred, and
greater (), or leas than (<4), the latter denoting whether
degree of eruption in cortisone~treated animals was greater or
less than in the corresponding control litter mates.

The data given in tables 5 and 6 were obtained as
follows: measurements were made under high power magnifica-
tion of the keratin layer and the underlying non-keratiniszed
layer of the epithelium in all animals. TFractions of the
form K/Epi (Keratin/Non-keratinized layer) were multiplied
by X/100 to set all ratios to a common base, The ratios, thus
obtained, were added and their sum divided by the number of
animals in the experimental group. Thia was done on all
slides of treated and control animals. All measurements were

made by use of an ocular micrometer divided into 200 units.




OBSERVATIONS

81n¢oiu0 woere interested in factors responsible for the
precocious eruption of the inclsors observed in cortisocne.
trested postnatal rats, our atudy fooused on the keratinizee
tion process of the oral epithelium in the hope that it might
shed new light on the problem of sruption. Xeratin, an {nsole
uble protein (wWhite, Handler and Smith, 19564), forms the outere
most layer of the orsl mucosa in the albino rat, as well as in
other rodents, It was the purpose of this investigation,
therefors, to study the effect of ocortisone on this insolubla
protein, which is formed exclusively by the epithelisl ocells,
snd 1ts relation to the process of eruption of the incisor.
Lody #Helight

As shown in table 2, there was & noticeable effect on
weight in all treated animals, In most instances this involved
an actual loss of welght ss compared to a weight gain in cone
trol snimals as shown in figures 1l and £, Vxamination of these
figures will show that the keratin increasea in thickness with
increased dosages of cortisone and the welight of the rat was
sither retarded in relation to the ocorresponding controls or
there was an actual loss of weight in the treated animal;
1.6,, they weighed leas at the time of ssorifioce than at the

18




16
gpitiation of the experiment. The most significant results
were found in the older age groups which had received larger
dosages over a longer period of time. Nonetheless, a loss in
weight was consistently observed in the younger rats,

The ages at which cortisone treatment was begun wes an
jmportant factor in our resulis as was the number of inject-
ions administered. Wwhen single injections of 1.5, 1.0, and 0,6
were administered to rats of 4 days (Exps. 11, 12, 13) the
weight loasses increased as the dosage injeoted was increased,
Those rats receiving 1.5 mg lost an average of 1.3 mg, those
receiving 1.0 mg lost 1.2 mg, and those receiving 0,5 mgllost
0.3 mg respectively.

Incisor Eruption

Our rséults concarning precocious eruption confirm
those of previous investigators, since in all cases the incis-
ors of cortisone~treated animals showed a greater degree of
eruption than the ocontrol litter matea, In the youngest ani-
mals, 3 and 4 days of age when initlslly injected, these obser-
vations were made simply by examining the overlying gingiva
for breakage or punctures from the erupting tooth while in the
older ones macroscopic examination of the gingive revealed
whether or not eruption had occurred,

Keratin Epithelial Ratio

Cortisone, a corticosteroid produced by the adrenal
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glands, appears to have had an effect on the degree of keratin-
4zation in the oral mucosa (tables 3, 4). This is believed to
nave & direct relationship to the thickneas of the non-keratin-
1zed epithelial layer of the mucosa (figs. 13, 14, 17, 18).

Since the keratinized cells are formed solely from eple-
thelium, the ratio of the stratum corneum to the stratum muco-
sum 18 significant in our work, In practically all of our
experiments the ratio of keratin to epithelium was consider-
ably greater in the controls than in the treated animals,

As seen in figures 3 and 5, as the keratin/epithelisl ratio
increases the thickness of the keratin layer inoreases. This
result would appear to be in sccordance with Montagna (1964)
who reported that keratin cells are produced from epithelium.
The plat of control findings on the corresponding graphs are
steadler suggesting that cortisone does cause an increased
production of keratin in treated animals,

The most significant results ceconcerning ratios were
observed in rats ranging from eight to eleven days in age at
the time injections were begun. These injections varied from
a total of 2.0 to 8.0 mg (table 1). The higher ratios (46, 40,
43, 60) were sesn in palatal epithelium of experiments 1 to 4,
(figs. 7, 8, 9, 10), At the age of seven days postnatally
ratios obtained from experimental animals were considerably

leas and remained so subsequently aa seen in experiments 5 to
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14, (tables 5, 6). Rats in the younger groups did not receive
such large dosages because the effects of short term, éinglo
injections were also of interest.

Nature of EKeratin Layer

Since it was the purpose of our study to investigate the
possibllity of cortisone causing gum shrinksge and, 1f @o, its
effect on precocious eruption, differences in the keratin layer
of treated animsls as opposed to the oontrol animals were
studied. The oral mucosa of the aortiaoneftreated rats was
fragmented in some cases, i.e., the cornified outer layer was
Jnot smooth as was the case in the control rats. Since the
fragmented condition was not always seen in cortisone-treated
animals, this could conceivably be an artifact. The age of the
rats did -not seem to be a factor in this particular result.

The results c¢learly indicate that cortisone has a pronounced
effect on the character of the oral mucosa of the albino rat
since in most cases the keratinized layer in the treated ani-
"mels was not as compact as in the corresponding controls.

Stratum Mucosum

Since keratinized cells are formed sodely by epithelium
(Montagna, 1964), the effect of cortisone administration on the
entire epithelial layer was also of aignificance., As indiocated
above the thickness of the stratum mucosum was reduced in

cortisone~treated animals. This effect 1s correlated with an
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jncrease in the thickness of the keratin layer as well as'an
1noro§se in the degree of granulation in the upper epithelial
cells, 1.e,, cells of the atratum granulosum. These granules
were seen to vary considerably in size (figs, 7, 8).

As stated above, measurements were made on the keratin
and epithelial layvers of the palatal and gingival mucosae.
Results are given in tebles & and 4. Figures 3, 4, 6, 6 show
the relationship between the thidkneas of the epithelium and
the keratin in treated and control enimals. In all instances
the average thickneas of the keratin in treated groups was
greater than that of the corresponding controls (figs. 15, 18).
The epithelium was found to be thicker in treated animals sug-
geasting that the epithelial cells have probably been stimu=
lated to proliferate as a result of cortisone treatment.
Nonetheless, the ratlios were greater in control animals,

Figures 1 and 2 show the relationship between keratin
thickness and weight variations in control and treated animals.
As atated above there was always a loss or a retardation in
the weight of treated animesls with & corresponding increase in
keratin,

It was not possible to determine through these proces
dhros whether thorincreaae in keratin was due to an increase
in the rate of formation of keratiniged cells or a decreass in

the rate of desquamation. However, since there was always a
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concomitant decrease in thickness of the underlying epithelial
ljayer it seems logical to assume that the former 1s the case
even though we have no evidence to rule out the latter,

In either case the result would obviously be a thicker keratin-

{zed laysr.

glycogen Deposition

Our study was also concerned with a possible correlation
between glycogen depoaition and the degree of keratinization
following cortisone administration. It should be noted that
aignificantly greater amounts of glycogen were always found in
the controls than in the treated animals. The PAS method was
used for these determinations.

In animals of 11 deays (older age group), receiving a
total of 6,0 to 8,0 mg over a three or four day period, traces
of glycogen were found. However, these amounts, when compared
with those found in the controls, were insignificant, It 1is
also of interest to note that the same condition was seen to
exist in the gingive, but to a greater degree: very little |
glycogen in treated and a considerable amount in controls.

In some cases it was very difficult to determine the occcurrsence
of glycogen in treated animals showing significant amount of
keratin,

It 1s of interest to note that rats injected at seven

days of age, recelving two 0.5 mg injections, or a total of
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1.0 mg of cortisone per day and killed 24 hours later, showed
an increase in the smount of glycogen,in the epitheliai layer
’of the palatal and gingival mucosae.

Rats receiving a single injection of 1.0 mg of cortisone
on the fourth day and sacrificed twenty-four hours later showed
results comparable to those observed in older rats having under-
gone longer treatments, l.e., treated enimals showed a notice-
ably smaller amount of glycogen than their litter mate controls.

Alksline Phosphatase Deposition

Epithelial tissues of the palatal and gingivael mucosae
were also stained for the presence of alkeline phosphatase,
Our study showed no evidence of this enzyme in any of these
tissues., Age could be the factor for this apparent absence of
slkaline phosphatase since it was not present in the uterine

epithelium of young postnatel rats of 10 days (Pritchard, 1948).




DISCUSSION

The mucosa of the hard palate and gingive was studied in
our investigation, particular attentlion being given to the kera-
tinized covering of this tissue. All cavities and canals of the
body that connect with the exterior are lined by a mucous mem-
brsne possessing the same general structural pattern: this con-
aiat§ of a surface epithelium having a moist surface, a base-
ment membrane, and a stratum of connective tlssue, the lamina
propria (Copenhaver, 1964). Mucous glands need not necessari-
ly be present. The oral cavity ias lined throughout by a mucous
membrane, except over the teeth, bearing a stratified squamous
epithelium and having a rather dense lamina propria. A sub-
mucosa exists in the palate except in the midline raphe and
near the gum; 'Thare are neither glands nor a submucosa in the
- gingiva,

In the albino rat and other rodents the oral mucous
membrane, or mucosa, 18 covered by a cornified, keratiniged
layer produced from the underlying epithelial layer, Our study
concerned th§ tissue of the anterior portion of the hard palate
because we were interested in studying the possible relatione
ship between the process of keratinization and the precocious
eruption of the incisors. The herd palate furnishes a roof,

22
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geparating the mouth from the nasal passages and nasopharynx.
The oril side bears the above desoribed keratinized mucoss,
whereas, the nassl side bears the respiratory or pseudo-
stratified ciliated type (Arey, 1963). The squamous epithelium
of the palate is indented with tall vasculsar papillae extending
from 8 deﬁaely fibrous lamina propria. Between the two mucosse
there exists a middle lamina of bone, or muscle if considering
the soft palate, It was our purpose to study the keratinized
palatal mucosa since we were interested in the effect of corti.
sone on this tissue when precocious eruption of the inclsors
occurred,

Our findings confirm the results of Berlin, Gerthner, .
and Frickson (1957) who reported s weight retardation in corti-
sone=~treated rats, The rats in our older age group, the group
in which injections were begun on the eleventh day, did galn |
weight, but this gain was not of the same magnitude as that
observed in the control animsls, Rats in the younger age
bracket did show a definite loss in weight even though most of
these experiments lasted for a shorter period of time. The
reason for this loss of weight in cortisone-treated animals was
not, however, the purpose of our investigation so we will not
concern ourselves with an explanation for its occurrence.
However, if cortisone causes gum shrinkage and flaking as

obgserved in many of our treated animsls, this might have some-
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thing to do with the animals' eating habits as well as with
other veriables such as the metabolic effect of cortisocne.
our observations conoerning the weight variance as reported in
table 2 are also in agreement with the findings of Berlin,
Johhaon, Hawk and Lawrence (1952) who noticed a marked and pro-
gressive decrease in the weight of cortisone-treated animsls,
especlally in young postnatal rats,

The keretinization process 1s not an all-or-none process
as was once thought, since it ocours in varying degrees in dif-
ferent epithelia, "Parakeratosis" ass defined by Weinmann, Meyer
and Medak (1960), full keratinization of the cytoplasm but perw
sistence of nuclear remnants, does not occcur in the mouse, nor
are any unkeratinigzed regions present in the oral mucosa of the
mouse, according to Sutcher and Sognneses (1962). Hematoxylin
and eosin preparstions of the oral mucoss in our experiments
showed a unifor~mly stsined keratinized layer. In rodents it
has been found that the turnover rate of cells in the palate is
leas than that of buccal tissues. Thils further substantiates
the fact according to Arey (1963) that in the palate the kera-
tinization process is carried to completeness.

A definite lncrease in thickness of the keratinized
layer of the oral mucosa in cortisone-treated animals was
evident in most of our experiments (tables 3, 4), The most

noticeable increases were seen in the older animals which had
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undergone longer cortisone treatment, but an increase was also
notedlin younger animals receiving smaller dosages for shorter
periods of time. The fact that there were some animals who did
pot show the increased degree of keratinization generally
obaerved in our rats may suggest a variation in individual
susceptibility to this hormone,

The main purpose of our investigation was to study the
effect of cortisone on the process of keratinization of the oral
mucosa, in order to determine whether cortisone caused an
increase in the degree of keratinization of this tissue and, 1if
so, did 1t facllitate eruption. Our finding, as showm in
tables 3 and 4, indicates that cortisone-treated animals did
show an increase in thickneas of the keratin layer of the oral
mucosa, These results would seem to indicate that a combination
of factors were responsible for precocious eruption of incisors
in cortisone-treated rats as reported by Domm and Leroy (1955)
and others. Our experiments have also shown that cortiscne
treatment causes premature eruption of incisors even in rats
injected with a single 0.6 mg dose of cortisone on the 4th day
and sacrificed on the Hth.

Parmer, Katonak and Angrist (1951) reported that corti-
sone stimulated the eruption of teeth and the opening of the
eyelida. They observed that the younger the animal at the time
the injections began, and the higher the dose, the more marked
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was the growth falilure and the more dehydrated the rat became,
Fell (1962} réported in his studies on tissue cultures of skin
'g;plants of chick and rat embryos (Weissmaenn and Fell, 1962)
that the addition of hydrocortisone to the culture medium
hastened keratinizetion. The amount of keratin finally pro=-
duced, however, was usually no greater than in the untreated
controls and the cells were seen to be smaller,

We observed an increase in degree of granulation in the
epithelial lsyer of our experimental animals, The electron
microscope has given information concerning the nature of the
keratinization process, especially its chemical aapects.
xn.auch studies LeBersaques and Rothman (1962) reported that
these granules seem to be in the lower most border of the kera-
tin, which is thought to be formed from proteins, and that they
eppear to be transforming directly into keratin fibers., Laden,
Gerthner, and Erickson (1957) found these granules to be present
exclusively in keratinizing epithelium. The more developed the
granules, the stronger and harder was the resulting keratin.
They reported that when cornification stops, as occurs in
Vitamin A deficliency or under the influence of estrogenic hor=-
mones, keratohyaline granules are not seen; yet, when the epli-
thelium regains its cornifying potentiality, the granules
reappear,

The keratohyaline granules of the palatal epithelium of
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rats are formed in a compact layer of squamous cells following
meny layers of spinous cells (Rothman, 1954). They vafy con-
giderably in size, Intercellular spaces, progressive flatten-
ing of cells between the baﬁal layer and the stratum corneum,
are characteristic of palatal epithelium, The fibrillar as well
as the eleidin precursors of keratin are distinotly elaborated
in the palate (Butcher and Sognnaes, 1962).

Our results showed a noticeably higher glycogen content
in control animels as opposed to thoese having undergone corti-
sone treatment. Similar findings were reported by Weinmann,
Meyer, Mardfin and Weiss (1959) who observed an increase in
glycogen deposition in the course of inflammatory and repara=-
tive processes. These 1nvestigntorg also concluded that epie
thelia which keratinize do not contain significant amounts of
glycogen, whereas those that co not, contain large amounts.

It was also suggested that the presence of glycogen in the
alveolar mucosa may heve & structural function in msintaining
the integrity of the cells, Therefore, when a significant
amount of glycogen is noted, it suggests that keratinization
is not so severe, ‘

Rothmsn (1954) reported that the presence of alkaline
phosphatase and glycogen in the transitional layers of the skin
clearly outside the granules 1s significant. He reports that
both glycogen and alkaline phosphatase are sbsent in the horny
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jayer of the skin and in ether horny materials. These findings
again’point to the possible role of clvcogen as a source of
‘energy utilized in the process of keratinization and explain
jts absence in epithellia showing pronounced kerstinization,

The fact that there was a more compact leyer of keratin
in most of the control animals than in the treated suggests a
direct relationship to precocious eruption, the reason for this
being that the layer is less dense (in cortisone-treated ani-
mals) which thereby facilitates eruption. Our results showed
an increase in degree of keratinization following cortisone

administration in the palatal and gingival mucosae,




SUMMARY AND CONCLUSIONS

Rats of two ageigroupa were used in thege experimentse, In
A?those of the younger grouﬁ the initial inj;ction was administer-
ed on the third, fourth, fifth, sixth and seventh days post-
 na£al1y. These received a ietal of from 0.5 mg to 1.5 mg. The

. older group eomprised ﬁhbse»animgls ranging 1in age from;oight

' to ten days when experiments‘were begﬁn This group recéi&ed
total dosages of 210 to 84,0 ﬁs. Tho intervals from 1nit1ation
to termination cr individual oxperimenta varied 1n both grcup:

| as shown in table 1,

The effects of cortiséné depended on the administﬁfé;“doso

as well as the age at which injections were given.

Weight retardation or actual los s of weight cccurred 1n all

experiments. In older animals the weight gains in controls far
surpassed those of the treated animals, In younger animals
‘there was an actual loss of weight in treated animals since they
weighed less at the end of the experiment than at initiation.

Cortisone-treated animals showed an increased degree of
keratinization as compared to their litter mate controls, The
most significant increases were observed in older rats who had
received the larger doses of oortisone.‘

The thiékness of the etratum corneum of the aral mucosa

increased in cortisone-treated animals, while the underlying

R, R 0, SN, i . T o
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non-keratinized layer of the epithelium decreased in thicknese,

The ratio of the stratum corneum to the stratum mucosum
was greater in treated snimals. This was true for pelatal as
well a& ginglval tissues,

Glycogen deposition in the non-keratinized layer of the
control animals wag greater than in the treated animals,

No evidence of alkaline phosgp hatase activity was noted
in either control or treated animals 1in ages studled.

These results clearly indicate that cortisone administra-
tion causges an increase in degree of keratinization and a
decrease in the thickness of the non-keratinized epithelial
layer. These conditions indicate that the erupting incisor
has a less dense area of stratum corneum through which to travel

or erupt in cortisone-treated than in normal rats,
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TABLE I
SUMMARY OF EXPERIMENTS

Duration

No. No. Age begun Age killed No. of Amt.per Tot.amt. of exp.

Exps C__Tr dys dys _dnjs

1 2 2 1 14 6 1.0
g 1 2 1 15 8 1.0
35 0 1 11 13 ¢ 1.0
4 4 4 8 10 4 0.5
5 5 & 7 8 2 0.5
6 2 3 7 7 1 1.0
7 1 2 6 7 1 1.0
8 1 1 6 7 1 0.5
e 1 3 5 6 1 1.0
10 1 3 5 6 1 0.5
11 4 5 4 & 1 1.5
12 2 @ 4 5 1 1.0
13 2 4 ‘ 5 1 0.5
14 5 & 3 4 1 0.5

inimg injmg dys-hrs

6.0

8.0

4.0

2.0

1.0

1.0

1.0

0.5

1.0

0.8

1.5

1.0

0.5

0.5

3a
44
24d
24
14
74 h
14 h
4 nh
13 h
13 n
2¢ h
19 n
26 h

24 h
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TABLE II
WEIGHYT CHART
Average wt, gms Galn or loss
Age begun Age killed c r in gms Tot.dose
Exp. 4ys dys Beg. knd Beg. End C Tr _mg
1 1l 14 203 23.8 18.5 18.8 138 103 6.0
2 11l 15 166 212 19¢5 2043 +4.6 +0.8 8.0
S 11 13 wone ceee 12,0 12,6 ww=- 10.6 4.0
4 8 10 193 21.9 20.5 19.6 2.6 =0.9 2.0
5 7 8 14.3 15.7 14.5 14.0 1.4 =0.8 1.0
6 7 7 8.7 9.0 8.0 8.7 0.3 107 1.0
7 6 7 12.1 13.5 1l.6 11.0 led =08 1.0
8 6 7 115 12.3 13.0 13.0 0.8 0.0 0.5
9 5 6 10.8 11.5 12.9 1109 +0.'7 "100 1.0
I.O 5 6 1209 1506 1300 11.3 4007 -1.7 005
Ll 4 5 1005 1102 lOcB 9 +1.0 "1.5 1.5
P 4 5 15.1 14.8 14.3 13.1 A.7 =1.2 1.0
L3 4 5 11e3 13.4 11.8 11.5 /2.1 =0.3 0.5

P‘ 3 4 Bel 10,7 8.9 BebS 8 =0.4 0.5




‘TABLE III

36

AVERAGE THICKNESS OF KERATIN AND EPITHELIUM IN PALATAL MUCOSA

Measured units Haaauréd units

. Agedb:gun :gedk:lled<§§fage gerat%; gpith;iium
1 11 14 6.0 3% 80 108 120
2 11 18 8.0 10 40 80 100
3 11 13 - 4.0 60 140
4 8 10 2.0 34 45 145 83
& 7 8 1.0 15 16 7 86
6 7 7 1.0 10 17 106 102
7 6 7 1.0 8 20 100
8 6 7 0.8 10 =20 60 120
9 5 6 1.0 5 10 20 53
10 5 6 0.6 10 15 656 67
p1 4 5 1.5 6 11 85 85
p2 4 5 1.0 10 18 106 110
p3 4 5 0.6 11 15 106 118
pe 3 4 0.5 7 12 65 118
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TABLE IV
AVERAGE THICKNiS8S OF KBRATIN AND EPITHELIUM IN MUCOSA OF GINGIVA

Measured units Messured units

Age begun Age killed Dosage Keratin Epithelium
xpe. in dys in dys ng c Tr C Ir
1 11 14 6.0 20 20 85 50
3 11 13 4.0 20 160
4 8 10 2.0 45 55 139 100
5 7 8 1.0 26 33 48 84
6 | 7 7 1.0 5 12 23 53
L2 4 5 1.0 9 18 , 7% 40

ks 4 5 0.5 156 8 180




" PABLE V

AVERAGE KERATIN: EPITHELIAL RATIO IN MUCOSA OF HARD PALATE

gxgrimont Treated Control
1 , 46 31
2 40 13
3 43
4 60 a7
5 21 21
6 29 10
7 | 20
8 17 17
9 20 25
10 26 15
11 13 9
12 16 11
13 15 15
14 14 10




TABLE VI

AVERAGE KERATIN:EPITHELIAL RATIO IN MUCOSA OF GINGIVA

39

Experiment Ireated Control

1 42 34

3 é

4 30 19

5 16 25

L 23 20
Lz 45 14
st 11 8




PLATE 1
EXPLANATION O FIGURE

1l Graph showing the effect of cortisone injections on gain or
loss in body weight of young postnatal rats.

Abbreviationssy SC « Stratum corneum (keratinized layer)
SM ~ Stratum mucosum (non-keratinized layer)
SC + SM = Stratum corneum plus stratum
mac osum
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PLATE 2
EXPLANATION OF FIGURE

2 Craph showing gain or loss in body weight of young postnatal
control rats.

Abbreviations: 8C = Stratum corneum (keratinized layer)
SM = Stratum mucosum (non-keratiniged layer)

8C ¢ SM - Stratum corneum plus stratum
macosum
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PLATE 3
EXPLANATION OF FIGURE

3 Graph showing the effect of cortisone injections on the
thickness of the stratum corneum, the stratum mucosum, and
the stratum corneum plus the stratum mucosum in the hard

palate of young postnatal rats.

Abbreviationat SC = Stratum corneum (keratinized layer)
SM - Stratum mucosum (non~keratinized 1ayer)

SC + SM - Stratum corneum plus stratum
mucosum
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PLATL 4
EAPLANATION OF FIGURE

4 Graph showing the thickness of the stratum corneum, the
stratum mucosum, and the stratum corneum plus the stratum

mucosum of the

Abbreviations:

hard pala te in normal young postnatal rats.

SC « Stratum corneum (keratinized layer)

SM « Stratum mucosum (nonekeratinized layer)

SC + SM - Stratum corneum plus stratum
mucosum
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PLATE 5
EXPLANATION OF FIGURE

5 Graph showing the effect of cortisone injections on the
thickness of the stratum corneum, the stratum mucosum, and
the stratum corneum plus the stratum mucosum in the gingiva
of young postnatal rats.

Abbreviations: S8C = Stratum corneum (keratinized layer)
SM - Stratum mucosum (non-~keratinigzed layer)
S5C + SM - Stratum corneum plus stratum
BC O8Um
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PLATE 6
EXPLANATION OF FIGURE
6 Graph showing the thickness or the stratum corneum, the

stratum mucosum, and tie stratum corneum plus the stratum
mucosum of the gingiva in normal young postnatal ratse.

aAbbreviations: SC - Stratum corneum (keratinized layer)
SM « Stratum mucosum (nonekeratinized layer)
SC + Si - Stratum corneum plus stratum
rmicosum ‘
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7 The palatal

PLATE 7
EXPLANATION OF FIQURES
oral epithelium of a normal postnatal rat age

14 days. The animal was 11 days old when the experiment was
begun. KNote the thin compact layer of stratum corneum as

compared to
(x200)

8 The palatal

the thicker corresponding layer in figure 8.

oral epithelium of a postnatal rat age 14 days

which had received 2 daily injections of cortisone for 3

days beginning

injection.
gramles.

on the 1llth day after birth. Dosage 1 mg/
(Kg;g)tha thick stratum corneum and large
b 4

Abbreviations: SC - Stratum corneum -

G = Granules
0C = Oral cavity
SM = Stratum mucosum




FIGURE 7

FIGURE 8
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PLATE 8
EXPLANATION OF F IGURES

The palatal oral epithelium of a normal postnatal rat age

15 days. The rat was 1l days old when the experiment was
begun. Note the thin stratum corneum and relatively thicker
stratum mucosum when compared with the corresponding layer
shown in figure 10. (x200)

The oral epithelium of a postnatal rat age 15 days which had
received 2 daily injections of cortisone for 4 days. The
dosage was 1 mg/injection starting on the 1lth day after
birth. Note the thiok stratum corneum and relatively
thinner stratum mucosum when cormparsd with figure 9. (x200)

Abbreviations; SC - Stratum corneum
G - Oranules
0C = Oral cavity
S - Stratum mucosum

S e i | TR ARG,



47

¥
b

*LGURE ©

FIGURE 10




PLATE 9
EXPLANATION OF FIGURES

11 The oral epithelium of a control postnatal rat age 5 days.

12

The rat was 4 days old when the experiment was begun. Note
the compact character of the stratum corneum. (x200)

The oral epithelium of a postnatal rat age 5 days which had
recelved 1 injection of cortisone. The dosage adminis tered
was 1 mg on the 4%h day. The animal was sacrificed 19 hours
later. Note that the stratum corneum is not as compact as
that seen in the control shown in figure ll. (x200)

Abbreviationas: 8C - Stratum corneum
G = Granules
0C = Oral cavity
SM - Stratum mcosum
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FIGURE 11

FIGURE 12
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Abbreviationss SC

PLATE 10
EXPLANATION OF FIGURLS

The oral epithelium of a control postnatal rat age 7 days.
Note the thin layer of stratum corneum and thick s tratum
macosume. (x200)

The oral epithelium of a postnatal rat age 7 days which had
received 1 injection of cortisone on the 7th day after birth
and was sacrificed 8 hours layer. The dose administered

was 1 mg. Note the thick stratum corneum smd thinner
stratum micosum when compared with figure 13. (x200)

Stratum corneum
Granules

Oral cavity
Stratum macosum

@
0C
SM

[ 2 B B )
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FIGURE 14




PLATE 11
EXPLANATION OF FIGURES

15 The oral epithelium of a control postnatal rat age 10 days.
The animal was 8 days o0ld when the experiment was begun.
Note the thin stratum corneum and thick stratum mucosum
when compared with figure 18, (x200)

16 The oral epithelium of a postnatal rat age 10 days which
had received a total of 2.0 mg of cortisone over a 2 day
periods The dose per injection was 0.5 mg twice dailly.
The experiment was begun on the 8th day after birth. Note
the thickened stratum corneum. (x200) ~

Abbreviations: 8C - Stratum corneum
G = Granules
0C = Oral cavity
8M -~ Stratum rmocosum




FIGURE 16




PLATE 12
EXPLANATION OF FIGURES

17 The gingival oral epithelium of a control postnatal rat age
14 days. The rat was 11 days old when experiment was begun.
Note the very thin layer of stratum corneum and thiok

stratum mscosum. (x200)

18 The gingival oral epithelium of a rat age 14 days whioh had
received 2 daily injections of cortisone for 3 days starting

on the llth day after birth. The dosage was 1 mg/

injection.

Note the thick stratum corneum, the thin stratum mmoosum,
and the character of the strutum corneum which is not as

compact when compared with figure 17. (x200)

Abbreviations: SC ~ Stratum corneum
G « Granules
OC = Oral cavity
SM = Stratum mucosum
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FIGURE 17

FIGURE 18
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