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ACTION OF PARATHYROID HORMONE, WITH SPECIAL
REFERENCE TO ITS ANABOLIC EFFECT ON
DIFFERENT KINDS OF TISSUES
IN RATS (II)

BY

Takara YoNaca*1

ABSTRACT

The effect of parathyroid hormone (PTH) on the formation of the incisor in the rats was
investigated using a time marker by the injection of lead acetate. 1) When intact immature rats
were fed on a low calcium diet, the rate of the longitudinal and appositional formation of the
incisal dentin was increased. 2) Both formations were inhibited by parathyroidectomy (PTX) or
thyro-parathyroidectomy (TPTX), the inhibition being stronger in the appositional than in the
longitudinal formation. The mechanism generating the characteristic responses (thin dentin and
irregularity of dentin formation) which appeared after the operations was made clear. 3) All of
the effects in 2) were reversed by the injection of PTH. However, the restoration in the apposi-
tional formation was faster in appearance and higher in rate than in the longitudinal formation.
The results of 1) to 3) indicate that PTH has an anabolic effect on the hard tissues. 4) The
sensitivity of the tissues to PTH varies according to their embryological origin.

INTRODUCTION

A series of investigations were made by
the author on the effect of parathyroid hor-
mone (PTH) on the different kinds of
tissues, i.e., the alveolar bone, proximal tibia
and incisor of the rats, with special attention
to whether PTH has an anabolic action and
whether the different tissues have a different
sensitivity to the hormone.

The present paper is concerned about the
effect of PTH on the incisor. The effect of
PTH on the bones was already described in
the preceding paper and that on minerali-
zation as well as on the matrix formation
will be described in the following paper.

MATERIALS AND METHODS

The upper incisors of the immature rats
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weighing about 60 g were used. The group-
ing of the animals and the dose and time
schedule of the administration of PTH and
lead acetate were the same as in the previous
work. Also the histological procedures were
the same except for sectioning which was
made longitudinally at a thickness of 10 zm.
Only the mid-sagittal sections were subjected
to the measurement of the longitudinal and
appositional formation of the incisal dentin.
The rate of these formations was measured
microscopically by using lead lines formed
in the dentin by the intravenous injection
of 3 mg/kg of lead acetate every three days
as time markers.)) The details of the meas-
urements will be described in the respective
sectioms.
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RESULTS

Effect of Calcium in Diet, SHAM, PTX,
TPTX, and PTH on Longitudinal
Formation of Incisor
1) Effect of low calcium diet on intact and
sham-operated (SHAM) groups (endo-

genous PTH)

Plate 1 and Figs. 1 and 2 show the mid-
sagittal sections of the upper incisors. The
thin black lines in the labial and lingual
dentin and the alveolar bone are the lead
lines formed by the intravenous iniections
of lead acetate every three days. These lead
lines correspond to those mentioned in the
preceding paper. Plate 1 and Fig. 5 show
the schematic diagram of the labial dentin
in the growing upper incisor. When 3
mg /kg of lead acetate were injected, the lead
ions were deposited as a thin layer (LL 3 in
Fig. 5) of lead phosvhate at the dentin-
predentin junction where calcium is normal-
Iy deposited. By the iniections of lead ace-
tate at certain intervals the lead lines in the
labial dentin appeared as shown in LL 1. 2
and 3 in Fig. 5. A, B and C in Fige. b and
A, B, C D, E Fand G in Fies. 1 and 2
represent the points (referred to as end-
points), where the dentin formation begins.
The longitudinal formation rate of the in-
cisal dentin was determined by measuring
the distance between the two adjacent end
points. “A” is the end point of the lead line
formed by the first injection and “G” by
the last injection. The distance between A
and B in Plate 1 and Fies. 1 and 2 is the
rate of the longitudinal formation for the
first three days in the rats fed on a commer-
cial diet (Oriental Yeast Co., Ltd., Tapan),
and the portion between B and G is the
incisor formed for 15 days while giving a
normal calcium diet (0.519, Ca, a modifi-
cation of Shaw’s diet®) or a low calcium
diet (0.089, Ca, a modification of Shaw’s

Table 1. Effect of Calcium in Diet on
Longitudinal Formation of Incisal
Dentin in Intact Rats

Longitudinal formation
(mm/3 days)
Days after

P — Group I (8) Group II (8)
Commercial diet
0—3 1.23540.049 1.330+0.068
Normal calcium diet Low calcium diet
0—3 1.230-40.064 1.38940. 059
3—6 1.2254-0. 082 1.45240.094
6—9 1.28040.058 1.50540.071
9—12 1.255+0. 054 1.55640.099

Numbers in parentheses indicate the number
of rats sampled.
Data are presented as averagez-standard error.

diet?). The results of the measurement are
shown in Table I.

The formation rate of the incisor did not
change even when the commercial diet was
substituted (point B or mark NC in Fig. 1)
by the normal calcium diet (Group I).
When the commercial diet was chaneed
(point B or mark LC in Fig. 2) to the low
calcium diet the longitudinal formation was
gradually accelerated (Group II).

2) Effect of parathyroidectomy (PTX) or
thyro-parathyroidectomy (TPTX)

Plate 2 and Fig. 1 show the longitudinal
section of the upper incisor in the TPTX
rat. Mark LC in this figure indicates the
beginning of the low calcium diet adminis-
tration and mark TPX the time of the op-
eration, and point F the day before the
autopsy. The labial dentin was elongated as
far as the length between C and F for nine
days after the operation. The results of the
measurement are shown in Table 2.

In the SHAM group (Group IV) the effect
of the operation could not be observed,
while the effect of the low calcium diet was
the same as in the case of Group II (Table 1).
The effect of the diet disappeared definitely
by TPTX. In addition the longitudinal
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Table 2. Effect of SHAM, PTX, TPTX, and PTH on Longitudinal Formation of
Incisal Dentin in Normal Rats
Longitudinal formation (mm/3 days)
ggziufef;ef Group 1V (8) Group V (8) Group VI (8)  Group VII (7) Group VIII (8)
Commercial diet
0—3 1.42140.079 1.50640. 066 1.5884-0.064 1.56040.052 1.481+0.071
Low calcium diet
0—3 1.4654-0. 052 1.5304:0.073 1.6304-0.051 1.63540.053 1.512:-0.078
SHAM PTX PTX TPTX TPTX
0—3 1.5124-0.055 1.3204-0.086 1. 3424-0. 050 1.4254-0.068 1.348+0.053
3—6 1.57520.085 1.2864-0. 051 1.2044-0. 067 1.340-0.085 1.3844-0.070
saline saline PTH (40 USP) saline PTH (40 USP)
6—9 1.603+0.049 1.2494-0.064 1.30540.058 1.3024:0.045 1.502+0.049
9—12 1.6634-0.058 1.2054-0. 055 1.87240.069 1.255--0.047 1.5544-0.049

Numbers in parentheses indicate the number of rats sampled.

Data are presented as average-standard error.

formation was inhibited by about 209, of
the preoperative formation rate as measured
12 days after the operation (Group VII).
Similar results were obtained in the PTX
rats (Group V), but the inhibitory effect was
milder than in the TPTX rats.

3) Effect of exogenous PTH

The effect of exogenous PTH was ex-
amined with the rats whose longitudinal
formation had been inhibited by PTX or
TPTX. Plate 2 and Fig. 4 show the effect of
the hormone on the TPTX rat, and the re-
sults obtained by the previously mentioned
method are tabulated in Table 2. The longi-
tudinal formation inhibited by TPTX was
restored by the subcutaneous injection of 40
USP units/100 g body weight of PTH once
a day for six days (between points D and F
in Fig. 4) from the sixth postoperative day
(point D or mark H). This recovery became
conspicuous by the repeated injections, and
the injections on the second three days (be-
tween points E and F in Plate 2 and Fig. 4)
increased the formation rate by about 169,
of that of preadministration (between points
C and D). Effect of the hormone injection
on the PTX group (Group VI) was almost

similar to that on the TPTX group (Group
VIII), but the percentage of the increase was
smaller.

Effect of Calcium in Diet, SHAM, PTX,
TPTX, and PTH on Apposition
of Incisal Dentin

1) Effect of low calcium diet (endogenous
PTH)

The appositional formation rate of the
incisal dentin was measured by dropping a
perpendicular line from one end point to
the next lead line.® In Plate 1 and Fig. 5
the lengths A-A’ and B-B’ show the apposi-
tional formation rate of the labial dentin
for a certain period. Both lengths are the
formation rate under the same condition be-
cause the end point is the portion where the
dentin formation begins. The results of the
measurement are shown in Table 3.

The apposition was hardly affected by the
substitution of the commercial diet with the
normal calcium diet (Group I) and the ap-
position per three days at each end point
showed almost the same rate. However,
when the commercial diet was changed to
the low calcium diet, the formation rate in-
creased gradually (Group II). Plate 1 and
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Table 3. Effect of Calcium in Diet on
Apposition of Incisal Dentin in
Intact Rats

Apposition (¢/3 days)

Days after G roup 1 (9) Group II (8)
Commercial diet
0—3 32.514-1.33 29.51+1.23
Normal calcium diet Low calcium diet

0—3 31.87+1.45 31.75+1.44
3—6 32.054+1.36 32.524-1.38
6—9 33.1441.35 33.24+1.58
9—12 32.214+1.25 35.31+1.24

Numbers in parentheses indicate the number of
rats sampled.
Data are presented as average-standard error.

Figs. 3 and 4 are highly magnified photo-
micrographs of the area around the point A
(coronal side) in Figs. 1 and 2, respectively.
These pictures are shown to understand the
results in Table 3 more easily. When the
apposition rate is measured along the den-
tinal tubule using the lead lines at the same
portion, a similar result to that in Table 3
can be obtained.

2) Effect of PTX or TPTX

The apposition of the incisal dentin was
not affected by the sham-operation although
the effect of the low calcium diet was ob-
served in the formation (Table 4 and Group
IV). However, the apposition was remark-
ably inhibited by PTX or TPTX, and 12
days later the apposition rate was less than
309, of the preoperative rate. This result
brought about a thinning of the dentin
(Plate 2 and Figs. 1, 2 and 3). The inhibitory
effect of the operation was stronger in the
TPTX (Group VII) than in the PTX
(Group V) rats. Similar results to those in
Table 4 can also be obtained by measuring
the apposition rate along the dentinal tu-
bule in Plate 2 and Figs. 2 and 3, which are
highly magnified photomicrographs of the
area around the end points B and A, re-

spectively, in Plate 2 and Fig. 1.

When the mid-sagittal sections of the in-
cisors in the rats which received PTX or
TPTX were examined microscopically,
there were observed the characteristic re-
sponses of the irregularity' of the dentin-
predentin junction and thinning of the
dentin or thickening of the predentin or
dentinoid (Plate 2 and Fig. 2). The lead
lines (D, E and F in Plate 2 and Figs. 1
and 2) produced after the operations curved
in a wave-like shape and this pattern be-
came more evident as the days progressed
(lines E and F in Fig. 2). At the extremely
curved portion of the lead lines remarkable
histological changes in the odontoblasts as
well as extreme inhibition of apposition
were observed, and the vascular inclusion
into the dentin was frequently observed as
has been reported by Schour and Massler#)
and Bernick.” The irregularity of the
dentin-predentin junction and the vascular
inclusion into the dentin appeared marked-
ly in the dentin (Plate 2 and Fig. 2) formed
by the odontoblasts which had been imma-
ture at the time of the operation and by the
functionally differentiated cells after the op-
eration (Plate 2 and Fig. 1). However, the
above responses hardly appeared in the
dentin (Plate 2 and Fig. 3) formed by the
odontoblasts which had been mature and in
high activity at the time of the operation.

3) Effect of exogenous PTH

The effect of exogenous PTH on the ap-
position of the incisal dentin was observed
on the PTX and TPTX rats by the afore-
mentioned method. The results of the meas-
urement are shown in Table 4.

The apposition which had been inhibited
by these operations was obviously restored
by the injection of PTH, and six days after
the injections the formation rate became
more than 1509, of the rate before the in-
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Table 4. Effect of SHAM, PTX, TPTX and PTH on Apposition of Incisal
Dentin in Normal Rats

Apposition (¢/3 days)

giﬁﬁﬁ;? Group IV (8) Group V (8) Group VI (8)  Group VII (7) Group VIII (8)
Commercial diet
0—3 25.53+1.32 33.08+1.18 34.62+1.12 30.24--1.43 29.2141.21
Low calcium diet
0—3 26.2141.51 34.554+1.24 35.14+1.19 32.51+1.31 30.34+1.35
SHAM PTX PTX TPTX TPTX
0—3 26-92:41.29 14.594-1.16 13.254+1.03 15.0341.06 15.5240.94
3—6 27.79+1.37 11.2840.81 10.044:0.78 11.5640.91 8.444-0.51
saline saline PTH (40 USP) saline PTH (40 USP)
6—9 29.05+1.52 10.234-0.46 24.58-4-2.45 7.5140.82 22.5242.38
12 30.2141.38 10.184-0.47 27.0242.26 7.2540.77 24.594-2.78

Numbers in parentheses indicate the number of rats sampled.
Data are presented as averaged-standard error.

jections. The effect was much stronger in
the appositional than in the longitudinal
formation as described already (Table 2).
The effect of PTH appeared rapidly after
the injection, but the formation rate during
the second three days tended to be higher
than that during the first three days. The
effect of the hormone injection was more
evident in the TPTX (Group VIII) than in
the PTX (Group VI) rats. Atrophy of the
odontoblasts and the irregularity in the
dentin-predentin junction which appeared
after the operations showed a tendency of
restoration by the continuous injections of
PTH. Plate 2 and Fig. 5 are the highly
magnified photomicrograph of the area close
to the end point A in the labial dentin. A
result similar to that in Table 4 can also
be obtained when the apposition was meas-
ured along the dentinal tubule in this area.

DiscussioN
I. Anabolic action of PTH

There have been literatures on the re-
lationship between the PTH and the incisor
growth.6”  According to these authors
growth was inhibited by TPTX, the growth-
retardation was rather stronger in the length

than in the width of the incisor, including
the jaw, and the effect of PTH on the resto-
ration of the growth from the inhibited state
was not clear. This was probably due to the
fact that it is difficult to explore the effect
of PTH on the growth by the changes of
eruption, weight and radiograph of the in-
cisor because the incisor and alveolar bone
growth fluctuated among the animals as
shown in the tables of the present and
preceding papers.

The present results that the hypersecre-
tion of PTH by the low calcium diet in-
creased the appositional and longitudinal
formation rate and that the decrease in the
rate of these formations due to the PTX or
TPTX was clearly restored by the PTH in-
jection lead us to the conclusion that PTH
has the action of increasing the tooth
growth. In this case there remains the pos-
sibility that the inhibition of the incisor
growth is brought about by the decrease in
body weight. However, it was found in the
previous studies that, although starvation
inhibited the body weight gain of the rats,
the incisor growth was almost normal during
one week after the beginning of the experi-
ment.® Also it was found that, in regard
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to the effect of hypophysectomy on the
growth of the hard tissues, the decrease in
the body weight gain by hypophysectomy
was stronger than that by PTX or TPTX
and that the inhibitory effect of hypo-
physectomy on the incisor growth was much
stronger on the longitudinal than on the
appositional formation.?? Therefore, it is
thought that the results in this experiment
are the effect of PTH. The results in this
and the preceding paper showed that PTH
had an anabolic action on the hard tissues.
The reports on the effect of PTH on the
mitotic activity in the rat bone marrow!?
and also on the liver regeneration!*12) will
support our hypothesis.

The mechanism of the occurrence of the
thin dentin after PTX or TPTX is under-
stood as the result of the difference in the
degree of inhibition between the apposition-
al and longitudinal formation rate. Since
the apposition is closely related with the
mineralization of dentin, the effect of PTH
on the mineralization was also examined,
but this will be brought out separately in
the following paper.

II. Relationship between the tissues and
their sensitivity to PTH

PTH showed different anabolic actions to
the embryologically different kinds of
tissues, the most sensitive being the apposi-
tion of the tooth (ectodermal- as well as
mesodermal origin) or the bone (mesodermal
origin). Because the action was clearer than
that on the serum calcium level, it will be
possible to devise a new method for the
biological assay of PTH using the apposi-
tional formation as an excellent indicator.

When the incisor was demineralized by a
special method using lactic acid (unpub-
lished), the lead lines remained not only in
the immature enamel but also in the mature
enamel. By using these lead lines, the effect

of PTH on the longitudinal and apposition-
al formation of the incisal enamel (ecto-
dermal origin) was examined, and it was
found that the change of the longitudinal
formation rate in the incisal enamel was
exactly the same as that of the longitudinal
formation in the incisal dentin (mesodermal
origin) and that the change of the apposition
of the incisal enamel was definitely lower
than that of the incisal dentin. Thus, it is
thought that the sensitivity to PTH of the
tissues of mesodermal origin is higher than
that of the ectodermal origin.

It is of interest that in the bone and tooth
the apposition which is almost not involved
in the proliferation of the germ cells was
more sensitively affected by PTH than the
longitudinal formation which is involved in
the proliferation of the germ cells. As to the
generating mechanism of the irregularity in
the dentin-predentin junction and the
vascular inclusion into the dentin, the fol-
lowing conclusion is attained: PTX or
TPTX ranidly induces the hypofunction of
the odontoblasts and the remarkable changes
of the cellular structure with the advance of
postoperative days, but the degree of the
hypofunction and histoloeical changes of
the odontoblasts is not uniform among the
cells. The cells recovered from the irregu-
larity of dentin formation by the injection
of PTH but not by the injection of calcium
gluconate.’® This indicates that PTH is
highly important for the maturation of the
odontoblasts.

IIT. Effect of thyroid hormone and cal-
citonin on the action of PTH

It is thought that the difference in the
response between the PTX and TPTX
groups is the effect of the thyroid hormone.
However, as shown in Tables 2 and 4, the
effect of thyroid hormone was not so strong,
and the effect of PTH could be clearly ob-
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served even in the TPTX rats. Therefore,
almost all the results in the present study
can be ascribed to the effect of PTH.

The difference in the response to PTH
between the intact groups (Group II and
Tables 1 and 3) and the [TPTX+PTH]
groups (Group VIII, Tables 2 and 4) and
between the [PTX+PTH] groups (Group
VI, Tables 2 and 4) and the [TPTX+PTH]
groups may be due to the effect of calcitonin.
The effect of this hormone will be reported
in detail in a separate paper. (The prelimi-
nary results of this study were presented at
the Regional Meeting of the International
Union of Physiological Sciences, in Sydney,
Australia in 1972).
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DESCRIPTION OF PLATES

Black lines (A, B, C, D, E, F and G) in the plates
are the lead lines as a time marker formed by the
intravenous injection of lead acetate every three
days. These lines correspond to those described in
the preceding paper, because the rats used in this
experiment were exactly the same as those used in
the previous work. All the rats were killed by
decapitation about 24 hours after the last injection
of lead acetate (F or G line). The sections were
stained by haematoxylin. NC=beginning of a nor-
mal calcium diet administration, LC=beginning of
a low calcium diet administration, TPX—=time of
TPTX, H=beginning of injections of PTH, P=
pulp, LD=labial dentin, Od=odontoblasts.

Plate 1.

Figs. 1-4. Photomicrographs of the mid-sagittal
(longitudinal) section of the dentin in the upper
incisors.

Fig. 1. The incisor in the rat fed on a normal
calcium diet.

Fig. 2. The incisor in the rat fed on a low calcium
diet. Marks A, B, C, D, E, F and G are the
end points of each lead line in the labial dentin.

Fig. 3. A higher magnification of the area close to
the end-point A of the labial dentin in Fig. 1.

Fig. 4. A higher magnification of the area close to
the end-point A of labial dentin in Fig.2.

Fig. 5. Schematic diagram of the labial side in an
incisor.

Figs. 1-5. Photomicrographs of the mid-sagittal
(longitudinal) section of the dentin in the upper
incisors.

Plate 2.

Fig. 1. The incisor in the TPTX rat. Marks A,
B, C, D, E and F are the end points of the lead
lines.

Fig. 2. A higher magnification of the area close to
the end point B of the labial dentin in Fig. 1.

Fig. 3. A higher magnification of the area close to
the end point A of the labial dentin in Fig. 1.

Fig. 4. The incisor in the TPTX rat, which re-
ceived a subcutaneous injection of 40 USP
units/100 g of PTH once a day for six consecu-
tive days, on the sixth day after the operation
(point D or mark H).

Fig. 5. A higher magnification of the area close to
the end point A on the labial dentin in Fig. 4.
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