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The results reported by various authors concerning the activity
and localization of alkaline phosphatase in the tooth-germ are
contradictory. However, the differences in the results may largely
depend on differences in the methods employed. Histochemical
studies of this kind always involve a risk of error, which must
be taken into account in the interpretation of the results. The
most important of these sources of error are “false positive re-
action” and false localization”. A false positive reaction may
depend on other substances, e.g. ”haemosiderin” and calcified
matrix, which may give the impression of a real positive reaction
in the cobalt technique; therefore, a comparison with inactivated
sections must always be made. In the present paper, false localiza-
tion is defined as a positive reaction appearing at sites other
than the primary localization in vivo. False localization may
depend on either a postmortal diffusion of the enzyme from its
original site or a diffusion of the products of enzymic hydrolysis.
Hence the fresh tissue must be fixed as soon as possible.

The author has studied the localization of alkaline phosphatase
in the tooth-germs of albino rats and has attempted to take the
above-mentioned factors into account.
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Fig. 1. Sketch of the freeze-drying apparatus used. For explanation
see text.

MATERIAL AND METHODS

The material comprises 25 rats aged from a few hours to 3
days. In order to investigate the distribution of the enzyme in
the enamel organ during the different phases of its development,
the tooth-germs of the first, second and third molars were ex-
amined. In each rat, these tooth-germs are at different stages of
differentiation, owing to the differences in time of their develop-
ment.

Twenty of the animals were killed by decapitation. The molar
regions of hoth the lower and the upper jaws were removed and
embedded in paraffin after fixation in absolute acetone for 20
hours at +4°C. 5 u thick sections were treated according to
Fredricsson’s modification of Gomori’s method. The essential dif-
ference between Fredricsson’s method and that of Gomori is that
in the former the fixative (acetone) is an ingredient of the dif-
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ferent solutions, designed to reduce diffusion artefacts to a mini-
mum. These specimens were compared to specimens taken from
5 other rats of the same age and treated in a freeze-drying ap-
paratus similar to Freed’s. (Fig. 1). The tissues were prepared
immediately after the animals had been killed, and no specimen
was more than 2 mm thick. The specimens were dropped into

Fig. 2. Photomicrograph through the third molar of a 12 hour-
old rat. Magnif. 10x3. Note the staining reaction in the
stratum intermedium, and that this is gradually reduced to-
wards the junction of the outer and inner enamel epithelium.

isopentane, which was cooled by liquid oxygen to —160° C. The
tissues were dried in the freeze-drying apparatus for at least 15
hours under vacuum (10—3 mm Hg), at a temperature of —40° C.
They were embedded in paraffin in the apparatus without break-
ing vacuum. After deparaffination the sections were fixed in
absolute acetone and stained.

Control sections were obtained from both animal groups by in-
activation of the enzyme in ultraviolet light for about one hour
before incubation.
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Fig. 3. Higher magnification of fig. 2. Magnif. 10 x 10.

RESULTS

A dark-brown to black precipitate was found at the site of the
alkaline phosphatase activity, the activity being indicated by the
intensity of the black colour in the preparation. Artefacts were
found in the form of spaces due to the fixing medium, acetone.
In the freeze-dried sections, artefacts were also found, owing to
the formation of tissue-disrupting ice crystals.

Before the differentiation of the odontoblasts takes place, an
activity occurs in the enamel organ. This activity is represented
by a strong staining reaction that is strictly localized to the
stratum intermedium. The staining is, however, gradually reduced
towards the junction of the outer and inner enamel epithelium,
i. e. in the proliferating parts of the enamel epithelium. No alka-
line phosphatase is present in the ameloblasts, the stratum reti-
culare, the ouler enamel epithelium, or the mesenchymal papilla.

When the differentiation of the odontoblasts has started, there
is only slight enzyme activity in these cells and in the cell-layers
adjacent to the odontoblasts in the mesenchymal papilla. The
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Fig. 4. Photomicrograph through the second molar of a 12 hour-old rat.

Magnif. 10 X 10. Note the distinct localization of the activity in the stratum

intermedium and the staining reaction in the outer cell-layers of the mesen-
chymal papilla.

phosphatase content is increased in the stratum intermedium and
presents the same distinct localization as mentioned above. The
ameloblasts show no activity whatever. The outer epithelium and
the stratum recticulare show very weak activity or none at all.

At the beginning of the formation of the dentine, the activity
of the enzyme in the odontoblasts is great. When a thin layer
of dentine (the mantle predentine) has been calcified the greatest
activity shifts, however, to the layers of cells in the pulp just
inside the odontoblasts. The distribution of alkaline phosphatase
in the stratum intermedium is still as distinct as before, and the
greatest activity of the enamel organ is found here. The amelo-
blasts are now only slightly stained, and the staining is localized
chiefly to the nuclear membrane. The stratum reticulare and the
outer enamel epithelium have only a very slight positive reaction.
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Fig. 5. Photomicrograph through a freeze-dried second molar of a 24 hour-

old rat. Magnif. 10X 10. Note the activity distinctly localized to the stratum

intermedium and the activity in the odontoblasts. Only a weak staining
reaction in the cell-layers just inside the odontoblasts.

DISCUSSION

The results of the previously published investigations concern-
ing the histocheinical distribution of alkaline phosphatase during
tooth development are, as mentioned above, contradictory. Several
studies have established the fact that there is great activity in
the stratum intermedium (4, 5, 12, 14, 17, 18, 19) and in the pulp
(1, 5, 12, 13, 14, 15, 17, 18, 19). The results disagree, however,
as to the reactions in the ameloblasts and the odontoblasts. A few
authors (5, 11, 17) observed no activity at all in these two layers,
or only a weak nuclear staining. Sasso & Castro, in their recently
published study, are of the opinion that the positive staining
found in the ameloblasts and the odontoblasts is due to a diffu-
sion artefact, as an intense positive reaction is found in the
adjacent stratum intermedium and Weil’s zone. It seems im-
probable, however, that such a diffusion should have taken place,
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Fig. 6. Photomicrograph through the first molar of a 48 hour-old rat. Magnif.

10 X 10. Note that when a thin layer of dentine (the mantle predentine) has

been mineralized the greatest activity shifts from the odontoblasts to the

layers of cells in the pulp just inside the odontoblasts. The staining reaction
in the stratum intermedium is still as distinet as before.

and the findings in this study of enzymatic activity in the odonto-
blasts agree with most of the investigations concerning the distri-
bution of the enzyme during tooth development. One observation
in the present study deserves emphasis, viz. the shifting of the
greatest activity in the pulp from the odontoblasts to the adjacent
layers when the mantle predentine has been formed and the
formation of the circumpulpal predentine has started. In his
survey of phosphatase and bone, Bourne suggested that some
findings indicate that phosphatase has an influence on the pro-
duction and maturation of the protein matrix in which the bone
salts are received. This change in activity during the different
phases of dentinogenesis may also indicate a difference in the
histogenesis of these two layers of the dentine.



536 HOLGER THILANDER

SUMMARY

A study of the alkaline phosphatase activity in the tooth-germ
of the albino rat is presented. The distribution and activity of
the enzyme in the different parts of the tooth-germ is described,
and it is emphasized that the greatest activity of the pulp tissue
shifts from the odontoblasts to the adjacent cell layers after the
formation of the mantle predentine, when the formation of the
circumpulpal predentine is beginning. This change in activity
may indicate a difference in the histogenesis of these two layers
of the dentine.

RESUME
LOCALISATION DE LA PHOSPHATASE ALCALINE DANS LE GERME
DENTAIRE DU RAT ALBINOS

Etude histochimique

Le présent travail concerne une ¢tude de Pactivité phosphalase
alcaline dans le germe dentaire du rat albinos. L’auteur déerit
la répartition et l'activité de 'enzyme dans les différentes parties
du germe dentaire, et souligne que Pactivité la plus grande du
lissu pulpaire passe des odontoblastes & la couche de cellules
adjacente aprés la formation de la prédentine périphérique, lors-
que la formation de la prédentine circumpulpaire commence. Ce
changement dans Pactivité peut indiquer une différence duans
I'histogenése de ces deux couches de dentine.

ZUSAMMENFASSUNG

LOKALISATION DER ALKALISCHER PHOSPHATASE IN DEN
ZAHNKEIMEN WEISSER RATTEN

In der vorliegenden Untersuchung wird die Phosphataseaktivi-
tiat im Zahnkeim weisser Ratten und die Aktivitit dieses En-
zymes in den verschiedenen Abschnitien des Zahnkeimes he-
schrieben. Es wird besonders hervorgehoben, dass die ausgeprig-
teste Aktivitiat in den Mesenchymalpapillen von der Odontoblas-
tenschicht in die dieser Schicht anliegenden Zellen iibergeht,
sobald das Manteldentin gebildet und das zirkumpulpale Dentin
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im Entstehen begriffen ist. Eine solche Aklivitidtsverinderung
kann auf einen histogenetischen Unterschied zwischen diesen
beiden Dentinschichten deuten.
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