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INTRODUCTION

Many studies have now been reported on the effects of
cortisone on the organs, tissues and cells of the body. Investi-
gators have generally found that it has a pronounced effect on
growth, The amount of certain enzymes in cells and tissues as
well as the time of. their appearance were also observed to be
affected by cortisone. Reports in tiue literature on the influence
of this sterold on the incisors and associated structures do not
appear to be so numerous, It has been observed to accelerate
eruption of the incisors and to have an effect on‘the alkaline
phosphatase, ribonucleic acid and glycogen content of these teeth,
The purpose of this study was to investigate the effect
lof cortisone on the glycogen content of the maxillary incisor in
the rat fetus and if possible to determine its role in the mech-
janism of eruption. The factors to be considered were determination
of the period when glycogen first appears, its approximate quantity
its fate, and the layer or layers of the developing incisor in
phich 1t occurs,

Several theories have been advanced to explain the uuch..

pnism of tooth eruption and numerous papers have been written




concerning the action of cortisone on connective tissue and
epithelial cells. In this investigation an attempt was made to
use cortisone as a tool to further our information with reference
to the factors responsible for eruption and also to advance our
knowledge with respect to its action at the cellular level, It
was felt that such a study should provide important information
on the cellular effects of cortisone and that it might yield new
information concerning the factors involved in the eruption of

the rat incisor,
REVIEW OF LITERATURE

Several investigators have studied the effect of corti-
sone on the rate of erhption of the rat incisor. Leroy and Domm
(1951) observed that growth of the incisor was modified in new-
born, cortisone treated, albino rats., Domm and Marzano (1954)
found that the reiativa growth rates of upper and lower incisors
in adult male and fgmale rats showed a ecnatant'relatianship but
that males showed # higher rate of growth of the lowers than the
females, The growth rate of the incisors was greatly accelerated
in both sexes following cortisone administration. These investi-
gators also observed that hypophysectomized rats showed a degeler-
tion in the incisor growth rate as well as alterad relative growth

rates and that cortisone administration in such rats, brought about




greatly accelerated rates. Cortisone injected newborn rats
revealed a precocious eruption of upper and lower incisors,

Garren (1954) also studied the effect of cortisone on the eruption
rate in mature male rats, He reported that large doses of this
hormone increased the eruption rate up to the end of the second
week and that the rate then tapered off. He reasoned that the
cause of this tapering off might be that the animals were begin-
ning to suffer the toxic effects of the large doses and conse-
quently the eruption rate did not respond optimally,

Goldsmith and Roas (1956) performed a histological and
histochemical study on the effects of cortisone on the lower
incisors of fetal rats when the mothers had been treated during
pregnancy. They reported that the 13 day fetal rat revealed a
precocious development of the lower incisors following such treat-
ment. These investigators also noted that the amount of alkaline
phosphatase and ribonucleic acid had inereased in the ameloblasts
and odontoblasts of the incisors in such fetuses, 1In addition,
the amount of_glycogen had increased in the stratum intermedium of
the incisor. This condition was more pronounced in the 20 day
than in the 13 day fetus, They also observed an increase in the
mucopolysaccharide content of the edontoblaata on the labial side
of the incisor,

Parmer, Katonah and Angrist (1951) reported studies on




4
effects of cortisone on the growth and development of newborn rats
They found bhaﬁ cortisone inhibited body growth but accelerated
the rate of eruption of the incisors. Domm and Leroy (1955) ob-
served that when cortisone was administered directly to pregnant
rats, or to the fetus in utero, the eruption of incisors occurred
earlier than in normals. i.eroy and Domm (1955) in addition to the
above also reported precocious eruption of incisors when cortisone
was injected in newborn rats . The effects of cortisone adminis-
tration in fetal and newborn rats were also studied by Domm and
Mar-Yohana (1958). Histological studies on the upper incisor in
the poabnétally treated rat showed that the width of the ameloblas§
enamel and dentine layers was slightly reduced. The pulp was
conspicuously hyperemic and the incisors in some of the treated
fetuses were larger than in the controls. Histological studies
on postnatally treated rats revealed the oral epithelium to be
reduced 1in thickness, Histochemical studies showed a decrease
in the glycogen content of the epithelium in the area of the
erupting incisors,

Domm and Wellband (1960) and (1961) observed that daily
injections of cortisone in adrenalectomized rats produced an
acceleration 1p the eruption rate of the maxillary incisors. The
effect of adrenalectomy, and cortical extract or epinephrine

administration, on the glycogen content of the rét liver and




5
lymphoid organs was reported by Strand and Gordon (1950), These
authors observed that adrenalectomy depleted the glycogen content
of the liver and lymphoid tissues and that it was restored by
the administration of adrenal cortical extract or epinephrine.
Timiras and Koch (1952) studied the effect of corti-
sone on rabbit liver glycogen., They observed that cortisone in-
creased the deposition of liver glyoogep and produced cellular
hypertrophy. When cortisone and DCA were administered simul-
taneously there was no increase in liver glycogen. Ross and
Goldsmith (1955) investigated the effect of cortisone on the
liver, intestine and kidney of fetal rats and observed an in-
crease in the gljeogen of the hepatic parenchyma on the 16th day,
8tudies have also been carried out on the effect of
cortisone on the glycogen content of the liver in adult rats and
have shown that it will bring about an increase in the amount of
glycogen in the liver, Williams, Davis and Lowe (1956) studied
its effect, and that of epinephrine, on hepatic and myocardial
glycogen in rats and mice. They found that large doses of corti-
sone increased the amount of glycogen in the cells of the hepatic
parenchyma as well as in the myocardial fibers. The myocardium
|of control animals was faintly PAS positive while that of corti-
t:na injected animals was intensely positive. W1111ama, Lowe and

omas (1953) observed that when cortisone was injected into
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rabbits there was an increase in the glycogen of the parenchymal
cells of the liver. Nine days following the ceéaation of corti-
sone administration the liver cells had decreased in size and
there was a decrease in the amount of glycogen in the parenchymal
cells. Hess and Shaffran (1553) fasted rats for 24 hours after
they had been injected with cortisone and observed an increase
in the liver glycogen of such animals. After injecting a 5 mg
dose the maximum depoaitibn was observed between 31 to 48 hours
later. The maximum deposition of glycogen following a 2.5 mg
dose was lower and was reached earlier,

Horowitz (1942) made a histochemical study on the
glycogen content of fetal rat heads., He reported that in the
17 day fetus glycogen was heaviest in the dental lamina and
adJoihing mouth epithelium and that at 20 days it was also found
in the dental lamina and dental sac., Hé found no glycogen in the
odontoblasts or dental papilla but gbaerved heavy deposits along
the outer edge of the ameloblasts especially on the labial side
of the incisor,

Several investigatoras have made detalled studies on
the structure and growth of the rat incisor. Addison and Appleton
(1915) concluded that growth was due to a proliferation and
growth of cells at the basal end of the enamel organ and at the
basal end of the dental papillae, The anlage of the incisor was
observed to appear on the li4th day of gestation, At 21 days the




7
enamel and dentine had begun to form and at 8 to 10 days post-
natally the incisors erupted., The lower incisor was always
longer than the upper and erupted earlier.

Gulat (1936) reported on the structurc of the rat
incisor at around 20 days prenatally paying particular attention
to the enamel. He studled the fate of the ameloblasts on the
surface of the incisor, where no enamel is formed, and the
relation of the blocod vessels to the anlage, He concluded that
enamel formation does not begin until after the blood capillaries
have penetrated the stellate reticulum of the incisor as far as
the stratum intermedium, According to his observations this

process takes place at birth,

MATERIALS AND METHODS

Albino rats* of the Sprague-~Dawley strain were used in
these experiments. The animals were kept in standard cages in
an air-conditioned room where they were fed Dog Chow pellets
and tap water ad 1ibitum. |

A total of 120 adult, mated, female rats were employed
in our study of which 72 were found to be pregnant, Of the
latter 36 were treated, and yielded 291 fetuses, while 36
served as controls and Yielded 340 fetuses, (Tables I and II)

* Dated.matoé éata #upplied according to our

specifications by the Hormone Assay Laboratories,
Inc,, Chicago, Illinois.




The preparation of cortisone** containing 25 mg per
cc was administered by means of a one-~half cc capacity hypodermic
syringe fitted with a number 21 needle., All injections were
- subcutaneous and alternated between the right and left flank,

The injectlon site was always sterilized with 80 percent ethyy
alcohol prior to injection,

Daily weighings were made from the 6th day of gestation,
to and including the day on which the animals were to be
sacrificed. Body weights were recorded each morning and the
dosage for each day determined by the weight of the animal
on that particular day. The total daily dose was divided in
half and one part administered in the morning and the other in
the afternoon., The dosages employed in outr experiments were
50, 75, 100 and 150 mg of cortisone per kg of body welght per
day. Controls Jally received a comparable volume of the
suaspending vehlele of cortisone, All injections were begun on the
7th day of gestatiocn,

The rats were sacrificed by ether aneasthesia on the
16th, 18 and 20th days of gestation and the fetuses reco-evra2d
and killed by decapitation. The heads were immediately placed

** Cortisone (Cortone Acetate) generously supplied to

Dr. L. V. Domm by Merck, Sharp & Dohme, Division of
Merck and Co., Inc,, Philadelphia, Pa.
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in Rossman's fluid for a fixation period of 18-24 hours. They
were then dehydrated, imbedded in paraffin, and the left half of
each head serially, sagittally, sectioned at 8 micra.

In order to determine the presence of glycogen in the
incisor we employed the periodic acid-Schiff reaction (Lillte,
1954). A PAS control slide was prepared for each animal and this
was treated with a 1% malt diastase solution at 37° C for one
hour in order to remove all braces of glycogen. Following this
procedure the slide was stained for glycogen by the same
procedure as that employed for the experimental material. The
tissues which contained glycogen stained a deep pink and in the
photographs this layer is black,

CGmpargnonu were then made between experimentals and
experimental controls, for the 16th, 18th and 20th day fetal
incisor, with reference to the amount of glycogen present, the
layer containing it, the day on which it first appeared, and the
length of time it persisted. (Table III)

EXPERIMENTAL RESULTS
Our investigation was designed to study the effect of
various dosages of cortisone in the pregnant rat, om the deposit-
ion of glycogen in the maxillary 1ncisdr of the fetuses, at 16,
18 and 20 days. The approximate amount of glycogen, if present,
in the dental papillae, the odontoblasts, ameloblasts, stratum
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intermedium, stellate reticulum, and in the outer enamel epl-
thelium of these incisors was observed and recorded, The
stratum intermedium, stellate reticulum, and the outer enamel
epithelium form the papillary layer in the 20 day incisor, The
effect of cortisone on the size of the maxillary incisor in
these fetuses was also observed, Control and treated animals
for a given age and a given dosage were compared.

Cortisone treated pregnant rats gained weight at a
slower rate than did controls injected with the suspending
vehicle (Figures 1, 2 and 3) confirming the observations of
Davis and Plotz (1954),

A, SIZE AND DEVELOPMENT OF MAXILLARY INCISOR

A study of the incisors of 16, 18 and 20 day fetuses,
whose mothers had received dally injections of 5@, 75, 100 and
150 mg of cortisone per kg of body weight, was made in order to
determine the effect of cortisone on the size and development
of these structures,

In the 16 day fetal incisor the 50 mg dosage of corti-
sone per day, for G days, did not pppear to modify the gross size
of the tooth, or the size of the cells in the inner and outer
enamo; epithelium, when compared with controls of the same age
(?1guret 5 and 6), No modifications were observed in the incisors
of fetuses at this age, from mothers injected with 75, 100 or 150
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mg of cortisone per kg of body weight, when compared with controls
of the same age (Figures 7, 8, 9, 10, 11 and 12),

In 18 day fetuses whose mothers had received the 50 mg
dosage of cortisone the lablal process of upper incisors was
longer and thinﬁer than the lingual process, which was broader
and shorter, a condition similar to that observed in controls
(Figures 13 and 14), 1In the experimentals the gross size of

the incisor, the size of the dental paplllae, and the size of

the ameloblasts, was similar to that observed in controls, The
results were no different in fetuses where mothers had received
the 75 or 100 mg dosages of cortisone (Figures 15, 16, 17 and 18),
However, the maxillary incisors of 18 day fetuses, whose: mothers
had received the 150 mg dosage, appeared to be smaller than
controls though the size of the ameloblasts and dental papillae
was apparently not affected (Figures 19 and 20).

In 20 day fetuses the ameloblasts on the labial side
and the odontoblasts on the labial and lingual sides of incisors
were highly differentiated., The size of these cells and the size
of the dental papillae were similar in experimental and control
fetuses for each of the four dosages employed and the overall
[size of the upper incisors had not been modified (Compare figures
2l, 22, 23, 24, 25, 26, 27 and 28).

DENTAL PAPILLAE

=

*

A comparison was made of the amount of glycogen deposited
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in the dental papillae of the upper incisor in experimental and
control fetuses of 16, 13 and 20 days,

Glycogen was not present in the dental papillae of 16
day fetuses from rats receiving the 50, 75, 100 or 150 mg dosages
of cortisone nor was 1t present in any of the controls, It was
also not observed in any of the experimentals, regardless of
dosage, nor in any of the killed on the 18th or the 20th day of
gestation,

c. ODONTOBLASTS

In the 16 day fetal incisor glycogen did not ocour in
the area of the future odontoblasts regardless of the dosage
(50, 75, 100 or 150 mg). The same was also true for the 18 and
20 day experimentals, regardless of the dosage, nor was it ob-
served in the odontoblasts of the controls at any of these ages.

D. AMELOBLASTS

Glycogen was not present in the inner enamel epithelium,
the site at which the ameloblasts later develop, in 16, 18 or 20
|day fetuses of rats having received the 50, 75, 100 or 150 mg
rdaaage of cortisone, This finding in the experimentals was no
[different from that observed in the controls,
E, THE LAYERS CONTAINING GLYCOGEN

( OUTER ENAMEL EPITHELIUM, STELLATE RETICULUM,
STRATUM INTERMEDIUM AND EPITHELIAL PAPILLAE)

In 16 day fetuses, whose mothers had recelved the 50 mg
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dosage of cortisone for 9 days, the epithelial layer of the
outer enamel of maxillary incisors contained a amall amount of
glycogen (Figures 5 and 6)., The same condition was also ob-
served in fetuses whose mothers had received the 75 (Pigures 7
and 8), 100 (Figures 9 and 10), and 150 (Figures 11 and 12) mg
dosages for the same period of time. The outer enamel epithelium
of inclsors of experimental fetuses at this age contained
approximately the same amount of glycogen regardless of the
dosage employed and did not differ significantly from controls.

In 18 day fetuses whose mothers had received the 50
mg dosage glycogen was deposited in the outer enamel epithelium
and in the stellate reticulum of the incisor. A moderate amount
of glycogen occurred in the outer enamel epithelium on the
lingual and on the labial sides. The glycogen deposition was
heaviest at the tips. The stellate reticulum contained a
moderate amount of glycogen at the tips. All experimentals at
this age and dosage revealed conspicuously heavier deposits
than did the controls (Figures 13 and 14),

The 18 day fetuses whose mothers had received the 75
mg dosage of cortisone revealed glycogen in the outer enamel epl-
thelium and stellate reticulum. The deposits began below the
loop in the outer enamel epithelium on the lingual side and in-
creased distally so that this epithelfium contained the greatest
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amount at the tips, The amount of glycogen in the outer enamel
epithelium on the lablal side was similar to that on the lingual
slde. The stellate reticulum contained a moderate amount of
glycogen at the tips., The incisors of the experimentals at this
age and dosage also contained more glycogen than did the controls
(Figures 15 and 16),

In the 13 day experimentals whose mothers had received -
the 100 mg dosage of cortisone a heavy deposit of glycogen was
present in the outer enamel epithelium at the tips of the incisors,.
The stellate reticulum also contained a heavy deposit at the
tips. A smaller amount was prement on the labial and lingual
sides in the outer enamel epitheliuvm than was present in the
tips. This dosage at this age brought about the greatest deposit-
lon of glycogen observed in any of the incisors studied. The
incisors of controls contained a noticeably smaller amount
(Figures 17 and 18),

In 18 day fetuses whose mothers had received the 150 mg
dosage of cortisone a small deposit of glycogen was observed in
the stellate reticulum and a larger amount in the outer enamel
epithelium around the tip of the incisor. The deposit in these
areas was less intense in controla. The experimentals however
contained smaller amounts on the labial and lingual sides than

did the controls (Figures 19 and 20).
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In the 20 day fetuses whose mothers had received the
|50 mg dosage of cortisone glycogen was present on the lingual
side in the papillary layer. It was also present in moderate
Lmounta on the labial side in the stratum intermedium and around
the tip of the incisor. The epithelial papillae contained heavy
[deposits. The controls were found to contain less glycogen in all

lof these areas (Figures 21 and 22).

In 20 day fetuses whose mothers had received the 75 mg

osage of cortisone a heavy deposit of glycogen was present in
the papillary layer and in the epithelial papillae of the incisor.
mall amounts were also present in the stratum intermedium around
he tip and on the labial side. The incisors of experimental
etuses in this experiment definitely contained more glycogen
[han did the controls. (Figures 23 and 24),

In 20 day fetuses whose mothers had received the 100 mg

losage of cortisone glycogen was present, in the papillary layer

pn the lingual side and in the epithelial papillae, in smaller
mounts than were observed in any of these areas in the controls,
ese observations are at variance with those of Goldsmith and
8s (1956) who noted an increase in the amount of glycogen in the
ptratum intermedium of lower incisors in the same type of ex-

periment (Figures 25 and 26),

In 20 day fetuses whose mothers had received the 150 mg
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dosage of cortisone glycogen was present in the papillary layer
in noticeadbly larger amounts than were observed in these areas

in any of the controls (Figures 27 and 28).
DISCUSSION

A decrease in the normal weight gain was observed in
pregnant rats injected daily, beginning on the Tth day of gest-
ation, with 50, 75, 100 and 150 mg of cortisone per kg of body
weight, These results confirm those of Davis and Plotz (1954)
who administered 3.0 mg of cortisone daily, for 16 to 19 days,
in pregnant rats and observed an inhibitory effect on the normal
weight gain. Novak (1956) recorded weights daily in pregnant
rats receiving cortisone in dosages of 2.5, 3.5 and 5.0 mg per
day. He also observed that cortisone brought about a decrease
in weight gain as well as fluctuations in weight, He reasoned
that the lower weight gain was caused by a loss of body fluids
by the mother through some as yet unknown mechanism, Similar
observations were also made by Perelmuter (1958) who injected
pregnant rats daily with 3.5 to 6.5 mg of cortisone for the last
14 days of gestation. During the first week of treatment he
observed a considerable loss of body weight which he also at-
tributed to a loss oF body fluids by the mother. 1Ingle and Thorn
(1941) reported that cortisone and hydroxycorticosterone caused
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an increase in the excretion of sodium chloride and potassium.
This resulted in a loss of body weight, because excretiqn water
was removed from the body.

In studying the development and structure of the
maxillary incisor in fetal rats we found that the incisors of
experimental fetuses did not differ in structural organization
from those of controls. Addison and Appleton (1915) reported
observations on the development and structure of normal, fetal
rat, maxillary incisors for various days of development. They
observed thickenings in the oral epithelium of the 14 day fetus
in the region of the future 1noiaor, These thickenings were
more definite at 15 days and at 16 days they were described as
broad masses of cells, In the upper jaw the differentiation of
the enamel organ, from the epithelial ingrowth, was not clearly
marked, We observed this condition in both control and ex-
perimental fetuses at 16 days. In the 18 day maxillary incisor
these investigators observed a differentiation between the labial
and lingual part of the organ, The labial process was broad and
thin and extended more posteriorly than the lingual process. The
latter was narrower and thicker. The inner layer of the enamel
organ was composed of colummar elements which were similar on
both the labial and lingual sides, Columnar odontoblasts were
not present in the dental papillae at this age, We observed the
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same degree of development in both 18 day experimental and control
fetal incisors, ,

Addison and Appleton (Loc cit) observed that the 19 day
maxillary incisor was crescentic in outline, Odontoblasts were
differentiating into colummar cells on the labial side of the
papillae, The enamel organ had three layers. Next to the inner
layer there was a compact arrangement of two or three rows of
cells which were destined to develop into the stratum intermedium,
[This layer was widgr at the anterior end where the enamel-organ
18 continuous with the stalk which connects it to the oral epil-
thelium, After 19 days the structures and layers became more
[definite and distinct., 1In our experimental and oontrql incisors
[fe observed the same structures and layers at 20 days as were
present in the 19 day incisor but development was more advanced,
Our study shows that cortisone did not modify the aavélopment,
ptructure, or size of the cells in the maxillary incisor of the
Fetal rat, but the largest dosage of cortisone administered (150 mg

per kg of body weight) did decrease its gross size in the 18 day
fetus,

Goldsmith and Ross (1956) observed 8light enhancement
in the development of lower incisors in 18 day fetuses whose
Iothers had received daily injections of 75 or 100 mg of cortisone

er kg of body weight and the condition was more pronounced in
20 day fetuses,

In our experiments no enhancément in the develop-




19
ment of the upper incisor was observed in 18 or 20 day fetuses
regardless of the dosage administered,

Mar-Yohana (1957) injected fetuses in utero on the
18th and 19th days of gestation with 500 gamma of cortisone per
day and noted an increase in the length of the upper incisors.
She also observed an increase in the size of the dental papillae
in 18 day fetuses which had received a single injection of 500
gamma on the 17th day, All treated fetuses showed more prominent
papillae than controls. No histological change was observed in
the adontobianta, dentine or enamel as a consequence of such
treatment. In our histological study on the size of the maxillary
incisor at 18 days we observed no increase in the length of
thene structures in our experimental fetuses, We did, however,
observe a decrease in the size of the maxillary incisor in
fetuses at 18 days whose mothers had received the 150 mg dosage
of cortisone, In this case the area of the dental papillae was
smaller than that of the controls. In all other incisors
studied, regardless of the dosage employed, no difference was
observed in the size of dental papillae between experimental and
contirol fetuses. Our observations on the absence of histological
changes in odontoblasts, dentine and enamel, following cortisone
treatment, in general confirm those of Mar-Yohana (1957),

Domm and Mar-Yohana (1958) administered 1 and 2
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injectlons of 500 gamma each to fetuses between the 17th and
20th days of gestation. They noted that the maxillary incisors
of prenatals treated in this manner were larger in some of their
animals while in our experiments cortisone did not appear to in-
crease the slze of these structures., Our technique, however,
differed from that employed by these investigators in that they
injected the fetus whereas we injected the pregnant rat.

Our observations confirm those of Horowitz (1942)

who noted that glyaagén‘was absent in the dental papillae and
odontoblasts of 20 day normal fetuses. This inveatigator ob-
served glycogen in the dental lamina and in the adjoining mouth
epithelium, In our experiments we found glycogen to be present
in thege structures. Horowitz observed glycogen in a heavily
stained band along the,aﬂkef edge of the ameloblasts, partic-
ularly on the labial side of the tooth, in the 20 day fetus.

In our study on 20 day experimental and control incisors we
observed glycogen in the stratum intermedium layer which 1s
along the outer boarder of the ameloblasts.

The results of our experiments differ somewhat from
those of Goldsmith and Ross (1956), with respect to the amount
[of glycogen deposited in the incisor of the fetal rat, though
1t should be noted that theié study was on mandibular whereas

ours was on maxillary incisors, These investigators employed
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three groups of rats in their experiments. One group was in-
Jected with 75 mg of cortisone per kg of body welght, a second
with 100 mg of cortisone per kg of body weight and the third
served as controls. Injections were begun on the 7th day of
pregnancy. In one section of their paper they stated that 18
day control fetuses contained substantial amounts of PAS positive
material in the stellate reticulum, particularly the stellate
region over the developing tip of the incisor, which contained
moderate deposits of glycogen, and in another that the 18 day
control fetal lower incisor shows no glycogen in the stellate
reticulum,

In our experiments on upper incisors we found that 18
da} fetalicontrola contained a small amount of glycogen in the
stellate reticulum in the area of the developing tip. We also
observed glycogen in heavy amounts in the outer enamel epithelium
of the normal., In the 18 day experimental fetus Goldsmith and
Roas (1956) reported an increase in the amount of glycogen in
the stratum 1ntermed1um of lowers, We did not observe glycogen
in this layer of the uppers in any of our experimental 18 day
fetuses regardless of the dosage employed. These investigators
observed a heavy band of PAS positive material along the outer
edge of the ameloblasts, on the lablial side of lowers in 20 day

control fetuses.  Our observations on uppers confirm this finding.
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They also reported small amounts of glycogen in the distal
cytoplasm of thé odontotlasts and in the stratum intermedium
of the lablal process of lowers whereas ue'round none in the
odontoblasts but did observe small amounts in the stratum inter-
medium of the labial process and tip of uppers. In 20 day experi-
mental fetuses Goldsmith and Ross observed glycogen in the same
layers as in the 20 day controls but in greater quantity, We
were able to confirm these observations in 20 day fetuses subject-
ed to a 75 mg dosage., However, we found that fetuses whose
mothers had been subjected to a I00-mg dosage revealed a
noticeably smaller amount of glycogen than the controls or the
fetuses subjected to the 75 mg dosage. Goldsmith and Ross (1956)
apparently observed no significant difference in the amount of
5lyaogen deposited in the layers of the lower incisor as a
consequence of the difference in dosages administered. In our
experiments the incisors of 18 day fetuses subjected to 100 mg
of cortisone appeared to contain a heavier deposition of glycogen
than those subjected to 75 mg.

Our observations would seem to indicate that cortisone
or a metabolite of cortisone crossed the placental barrier to
bring about the increase in the amount of glycogen observed in
the 18 and 20 day fetal incisor. Similar observations have been
made by other investigators. Jones, Lloyd and Whatt (1952)
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administered cortisone to pregnant Fats and noted a rise in

fetal adrenal cholesterol. Fraser (1952) administered cortisone
in the mouse, for periods of 4 days ab'di&ﬂerent stages of
pregnancy, and observed an increase in the incidence of fetal
anomalies, Perelmuter (1958) also discussed this problem. After
injecting pregnant rats with cortisone during the last 14 days
of gestation he observed an increase in fetal mortaility, a growth
retarding effect oﬂ the fetal ovary and a reduction in fetal
body weight on the 18th day of gestation.

Our study on the fetal rat incisor confiems the
observations of others that cortisone will increase the amount
of glycogen in certain tissues. Thus Timiras and Koch (1952)

and Williams, Lowe and Thomas (1953) observed that glycogen had
increased in the parenchymal cells of the rabbit liver following
cortisone administration. Goldsmith and Ross (1955), Williams,
Davis and Lowe (1956) and Hess and Shaffran (1953) rpported that
cortisone increased the amount of glycogen in the liver of rats
[pnd Williams, pavis and Lowe (1956) that it increased the glycogen
Ain the myocardial fibers of the rat.

Horowitz (1942) concluded that glycogen plays a role

fin the calcification mechanism since he observed it at the sites
pf calcification in the bones of fetal rat heads. In our study

glycogen was observed in a heavy band along the papillary layer
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and in the dental lamina but it was not found in the odontoblasts
or the dental vapillae., It 1s conceivable that glycogen may
play a role in the calcification of the incisor but that it is
broken down too rapidly to be observed, in the odontoblasts of
the dental papillae, with the methods employed in our study. |

Cortisone apparently had no effect on the size of the
individual cells or on the gross size of the incisor at the
dosages and under the conditions administered. Its effect on
the rate of growth of the fetal incisor remains to be determined.

Glycogen is the form in which amimals store carbo-
hydrate. It occurs in various tissues of the body and 1is usually
most abundant in the liver. The fact that liver glycogen 1s
under endocrine regulation is now fairly well established.
Epinephrine, a secretion of the adrenal medulla, decreases the
amount of glycogen in the liver (Sutherland 1951)ﬂ Cortisone,

& product of the adrenal cortex increases liver glycogen (Timiras
and Koch 1952),

Our experiments have shown that cortisone has an effect
on the deposition of glycogen in the fetal incisor since moderate
doses administered during pregnancy increased the amount ob-
served in bhé epithelial papillae, the outer enamel epithelium,

the stellate reticulum and in the stratum intermedium,
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SUMMARY AND CONCLUSIONS

1, Pregnant rats received dally injections of 50, 75,
100 and 150 mg of cortisone per kg of body weight, beginning on
day 7, for periods of 9, 17 and 19 days., Fetuses were recovered

on the 16th, 18th and 20th days of gestation. A histological

and histochemical study was made to determine the effect on the
size and on the amount of glycogen in the various layers or tissues
of the maxillary incisor,

2, In the 16 and 20 day fetus the development, structure
and size of the maxlllary incisor were not modified.regardless

[of the amount of cortisone administered.

3. In the 18 day fetus dosages of 50, 75 and 100 mg

[d1d not modify the size of the incisor. However, a dosage of

150 mg resulted in incisors which were smaller than normals but
[the stage of development was no different from that of normals

br of incisors from 18 day fetuses subjected to 50, 75 or 100 mg
dosages,

4, Glycogen did not occur in the dental papillae regard-
fless of the age or the amount of cortisone injected nor was it
pbserved in the dental papillae of controls.

5. Nelther the odontoblasts nor the ameloblasts of
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experimental or control fetuses contained glycogen at any of the
ages or dosages studiled, .

6. Experimental fetuses at 16 days revealed the same
amount of glycogen in the outer enamel as did controls regardless
of the dosage administered,

T. PFetuses at 18 days subjected to 50 or 75 mg dosages,
contained heavier deposits in the outer enamel epithelium and
stellate reticulum than did the controls while those subjected
to 100 mg gontained the heaviest deposits. However, those
subjected to 150 mg contained less glycogen in bheée areas than
dld their respective controls or the fetuses subjected to any
of the other dosages employed,

8. Heavy deposits ocourred in the papillary layer
and in the epithelial papillae of 20 day fetuses subjected to
50 and 75 mg dosages while these areas in those subjected to
150 mg contained less and those exposed to 100 mg the least, The
amount of glycogen in the latter was less than that observed in
controls whereas those exposed to the 50, 75 and 150 mg dosages
contained more than their respective controls.

9. It is concluded that, glycogen plays a role in the
calcification of the maxillary incisor of the rat fetus, since

i1t has been shown by others to occur in other calecification centers
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of the body, and that cortisone is concerned 1n the regulation

of the amount deposited in this incisor.
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TABLE I
NUMBER OF ANIMALS IN EXPERIMENT

MATED PREGNANT NON-PREGNANT | DOSAGE* NO. NO,
mg TREATED |CONTROLS

120 T2 48 50 F 5 5

75 15 13

100 13 14

150 3 4

TOTALS 36 36

* mg of cortisone per kg of body weight

-—

TABLE II
NUMBER OF FETUSES RECOVERED

DOSAGE* NS T RN o ey
mg No. No. No. No. No. No.
|Treated Controls |Treated Controls | Treated 'antrols
50 16 16 ] 14 10 11
75 27 43 36 o4 64 45
100 - 32 30 24 65 43 46
150 10 12 9 11 1 23
TOTALS 85 101 73 114 128 125

* mg of cortisone per kg of bédy welght
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TABLE III

GLYCOGEN CONTENT OF MAXILLARY INCISORS

AGE LAYER DOSAGE*
50mg fomg 10Umg L50mg
DAYS T C T C T C T C
16 OEE ++ ++ ++ ++ ++ ++ ++ ++
18 OEE +H++ 4 +H++ FH+ b4 S
| (Tip)
OEE +++ ++ +++ ++ +++ ++ + ++
(Li .S' )
OEE +++ ++ +++ ++ +++ ++ + ++
(La.8.)
SR +++ ++ +++ ++ ++++ ++ ++ ++
20 PL ++++ +++ ++++ +++ ++ +++ ++++ +++
(r1.8.)
EP ++++ +++ +4+++ +++ ++ +++ ++++
SI +++ ++ +++ ++ + ++ +++  ++
(La.S.
Tip)

*mg of cortisone per kg of body weight

Abbreviations:
OEE - Outer Enamel Epithelium
OEE iLi.S.} - Outer Enamel Epithelium - Lingual Side
OEE (La.S.) - Outer Enamel Epithelium - Labial Side
SR - Stellate Reticulum
PL {L1.3.) - Papillary Layer - Lingual Side
EP - Epithelial Papillae
SI -(La,S., Tip) - Stratum Intermedium - Labial Side and
Tip
Scale of Amounts: +++++ Very heavy
++++ Heavy
+++ Moderate
++ Small
+ Traces
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Flgure 2, Graph showing the subnormal weight gain
observed in pregnant rats that had been
injected daily with 50, 75, 100 and 150
mg of cortisone per kg of body weight
during the last 17 days of gestation,
Injections began on the 7th day of
gestation,
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Figure 3. Graph showing the subnormal weight gain
observed in pregnant rats that had been
injected daily with 50, 75, 100 and 150
mg of cortisone per kg of body weight
during the last 19 days of gestation,
Injections began on the Tth day of
gestation,
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‘ Figure 4,

PLATE I

A diagram to show the layers of the maxillary
incisor in the 20 day fetal rat.

Abbreviations: OEE
SI
PL

Outer Enamel Epithelium
Stratum Intermedium
Papillary Layer-composed of
OEE, SR and 8I

Ameloblasts

Dentine

Odontoblasts

Pulp

Hertwig's Epithelial Sheath

Stellate Reticulum-cells

in the center of the enamel

organ between the IEE and

the OEE,

Epithelial Papillae-formed by the
mesenchyme of the dental
sac invaginating into the
folds of the OEE,..

Dental Lamina - the anlage of the
enamel organ

Dental Papillae - the mesenchyme

enclosed by the enamel organ,

t
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Figure 5,

Figure 6,

PLATE II

The maxillary incisor of a normal fetal rat age
6 days., (X 190).

The maxillary incisor of a fetal rat whose mother
had received daily injections of 50 mg of
cortisone per kg of body weight beginning on

7Tth and continued through 15th day of gestation.
Age 16 days., Note glycogen in outer enamel
epithelium, Compare figure 5., (X 190),

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE -~ OQuter Enamel Epithelium
G - Glycogen
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Figure 7,

Figure 8,

PLATE III

The maxillary incisor of a normal fetal rat age
16 days. (X 190). !

The maxillary incisor of a fetal rat whose mother
had received daily injections of 75 mg of cortis
sone per kg of body weight beginning on 7th and
continued through 15th day of geatation., Age

16 days, Note glycogen in outer enamel epithelium|,
Compare figure 7. (X 190).

- .

]

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE - OQuter Enamel Epithelium
G - Glycogen '
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Figure 9.

Figure 10,

PLATE IV

The maxillary incisor of a normal fetal rat
age 16 days. (X 190).

The maxillary incisor of a fetal rat whose
mother had received daily injections of 100 mg
of cortisone per kg of body -weight beginning
on 7th and continued through 15th day of
gestation, Age 16 days. Note glycogen in
?utir ﬁnamel epithelium, Compare figure 9.

X 190), _

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE - OQuter Enamel Epithelium
G « Glycogen
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PLATE V

Figure 11, The maxillary incisor of a normal fetal rat
age 16 days., (X 190).

Figure 12. The maxillary incisor of a fetal rat whose
mother had received daily injections of 150
mg of cortisone per kg of body weight beginning
on Tth and continued through 15th day of
gestation, Age 16 days. Note glycogen in
?uter ﬁnamel epithelium. Compare figure 11.
X 190).

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE - Outer Enamel Epithelium
G - Glycogen :
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PLATE VI

Figure 13. The maxillary incisor of a normal fetal rat
age 18 days. Glycogen occurs in outer enamel
epithelium and in stellate reticulum, (X 115).

Figure 14, The maxillary incisor of a fetal rat whose
mother had received daily injections of 50 mg
of cortisone per kg of body weight beginning
on 7th and continued through 17th day of
gestation, Age 13 days. Note glycogen in
outer enamel epithelium and in stellate
reticulum, Compare figure 13. (X 115).

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE - Outer Enamel Epithelium

S3I - Stratum Intermedium
¢ SR - Stellate Reticulum
. G - Glycogen
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Figure 15,

Figure 16,

PLATE VII

The maxillary incisor of a normal fetal rat
age 18 days. (X 115).

The maxillary incisor of a fetal rat whose
mother had received daily injections of 75

mg of cortisone per kg of body welght beginning
on 7th and continued through 17th day of
gestation, Age 18 days. Note greater amount
of glycogen in outer enamel epithelium and
stellate reticulum than in control, Compare
figure 15, (X 115). L

Abbreviations: DP - Dental Papillae
IEE -~ Inner Enamel Epithelium
OEE -~ Outer Enamel Epithelium
SI - Stratum Intermedium
SR - Stellate Reticulum
G - Glycogen
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Figure 17.

Figure 18,

PLATE VIII

The maxillary incisor of a normal fetal rat
age 18 days. (X 115). - SR

The maxillary incisor of a fetal rat whose
mother had received dally injections of 100

mg of cortisone per kg of body weight beginning
on 7th and continued through 17th day of
gestation, Age 18 days., Note heavier deposit-
lon of glycogen in outer enamel epithelium and
stellate reticulum than in control. Compare
figure 17. (X 115). , ‘

Abbreviations: DP - Dental Papillae
o IEE - Inner Enamel Epithelium
OEE - Outer Enamel Epithelium
SI - Stratum Intermedium
SR « Stellate Reticulum
G - Glycogen
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FIGURE 18




Figure 19,

Figure 20,

PLATE IX

The maxillary incisor of a normal fetal rat
age 18 days. (X 115).

The maxillary incisor of a fetal rat whose
mother had received daily injections of 150

mg of cortisone per kg of body weight beginning
on 7th and continued through 17th day of
gestation, Age 18 days. Note glycogen in
outer enamel epithelium and in stellate
reticulum. Compare figure 19. (X 115).

Abbreviations: DP - Dental Papillae
IEE - Inner Enamel Epithelium
OEE - Outer Enamel Epithelium
SI Stratum Intermedium
SR - Stellate REticulum
G - Glycogen
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PLATE X

Figure 21. The maxillary incisor of a normal fetal rat
?3962? days. Note glycogen in papillary layer.
x 5 .

Figure 22, The maxillary incisor of a fetal rat whose
mother had received daily injections of 50
mg of cortisone per kg of body weight beginning
on 7th and continued through 19th day of
gestation, Age 20 days. Note heavy deposit
of glycogen in papillary layer, particularly
in epithelial papillae. Compare figure 21,

(x 65).
Abbreviations: P - Pulp
0 - Odontoblasts
HES - Hertwig*s Epithelial Sheath
D -« Dentine
A - Ameloblasts
PL - Papillary Layer
EP - Epithelial Papillae
G - Glycogen ~
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Figure 23.

PFigure 24,

PLATE XI

The maxillary incisor of a normal fetal rat
age 20 days. (X 60),

The maxillary incisor of a fetal rat whose
mother had received daily injections of 75

mg of cortisone per kg of body weight beginning
on 7th and continued through 19th day of
gestation, Age 20 days. Note glycogen in
papillary layer. Cocmpare figure 23, (X 60).

Pulp

Odontoblasts

Hertwig's Epithelial Sheath
Dentine

Ameloblasts

Papillary Layer

Epithelial Papillae
Glycogen

Abbreviations:
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Filgure 25,

Figure 26.

PLATE XII

The maxillary incisor of a normal fetal rat
age. 20 dayﬁ . (I 60) .

The maxillary incisor of a fetal rat whose
mother had received daily injections of 100

mg of cortisone per kg of body weight beginning
on 7th and continued through 19th day of
gestation, Age 20 days, Note small amount

og gl%goge? in papillary layer. Compare figure
25, - 5)e

- Pulp

Odontoblasty

Hertwig's Epithelial Sheath
Dentine ‘
Ameloblasts

Papillary Layer

Epithelial Papillae
Glycogen

Abbreviationa:
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Figure 27,

Figure 28,

PLATE XIIT.

The maxillary inciser of a normal fetal rat
age 20 days, (X 65). :

The maxillary Ancisor of a fetal rat whose
mother had received dally injections of 150

mg of cortisone per k% of body weight beginning
an 7th and continued through 19th day of
gestation., Age 20 day. Note glycogen in
papillary layer. Compare figure 27. (X 65).

Abbreviations: - Pulp

P
0 - Odontoblasts .

HES - Hertwig's Epithelial Sheath
D - Dentine

A - Ameloblasts

PL - Papilllary Layer

EP - Epithelial Papillae
G - Glycogen '
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