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LOCALIZATION OF ALKALINE PHOSPHATASE 

IN THE TOOTH-GERMS OF ALBINO RATS 

A HISTOCHEMICAL STUDY 

The results reported by various authors concerning the activity 
and localization of allmline phosphatase in the tooth-germ :ire 
contradictory. However, the differences in the results iiiay largely 
depend on differences in the inethods eiiiployed. Histochemic:il 
studies of this kind always involve a risk of error, which iiiust 
be taken into :iccount in the interpretation of the results. The 
iiiost important of these sources of error are "false positive re- 
action" and "false localization". A false positive reaction iiiay 
depend on other substances, e.g. "haeniosiderin" and c:ilcified 
matrix, which iii:iy give the impression of a real positive reaction 
in the cobalt technique; therefore, a conipirison with inactivated 
sections iiiust always be made. In the present paper, false localiza- 
tion is defined :is :I positive reaction appearing at  sites other 
than the priniary 1ocaliz:ition in uiuo. False localization iiiay 
depend on either a postniortal diffusion of the enzyiiie from its 
original site or :I diffusion of the products of enzymic hydrolysis. 
Hence the fresh tissue must be fixed a s  soon :is possible. 

The author has studied the localization of alkaline phosphatase 
in the tooth-germs of db ino  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. 

MATPIRIAL A N D  METHODS 

The material coiiiprises 25 rats aged froni ;I 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 a t  different stages of 
differentiation, owing to the differences in time of their develop- 
men t . 

Twenty of the animals were killed by decapitation. The molnr 
regions of both the lower and the upper jaws were removed and 
embedded in paraffin after fixation in absolute acetone for 20 
hours a t  +4" C. 5 p 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 fornier the fixative (acetone) is an ingredient of the dif- 
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l'erent solutions, designed to reduce diffusion artefacts to a niini- 
iiiuni. These specimens were compared to specimens taken from 
5 other rats of the s:inie age and treated in a freeze-drying ap- 
paratus similar to Freed's. (Fig. 1 ) .  The tissues were prepared 
imniediately after the animals had been killed, and no specimen 
was more than 2 niin thick. The specimens were dropped into 

Fig. 2. Pliotomicrograph through the third molar of a 12 hour- 
old rat. Magnif. 10x3. Note the staining reaction in the 
stratum intermedium, iind that this is gradually reduced to- 
wards the junction ot' 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 ( 1 0 - 4  nini Hg), at N temperature of -40' C. 
They were embedded in paraffin in the apparatus without break- 
ing varuuni. After depar:iffin:ition the sections were fixed in 
absolute acetone and stained. 

Control sections were obtained from both aniiiial groups by in- 
activation of the enzyiiie in ultraviolet light for about one hour 
before incubation. 
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Fig. 3. Higher magnification of fig. 2. h1;ignif. 10 x 10. 

IIESITL'I'S 

A dark-brown to black precipitate was found :it the site of thc 
:ill<aline phosphatase activity, the activity being indicated by the 
intensity of the black colour in the prepra t ion .  Artefacts were 
found in the f o r m  of spices due to the fixing niediuiii, acetone. 
In the freeze-dried sections, artefncts were also found, owing to 
the fornitition of tissue-disrupting ice crystals. 

Before the differentiation of the odontobl:ists takes pl:ice, :in 
activity occurs in the enainel org:in. This :ictivity is represented 
by a strong staining reaction that is strictly localized to  the 
strrituni intermedium. The staining is, however, gr:idually reduced 
towards the junction of the outer :ind inner enamel epitheliuin, 
i. e. in the proliferating parts of the enamel epitheliuni. N o  d k a -  
line phosphatase is present in the :inielohl:ists, the strntanz reti- 
d a r e ,  the outer enaniel epitheliuin, or the niesenchynial ptrpilla. 

When the differentiation of the odontohhsts has started, there 
is only slight enzyme activity in these cells and in the cell-layers 
adjacent to the odontoblasts in the niesenchynial papilla. The 
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Fig. 4. Photomicrograph through the second molar of a 12 hour-old rat. 
Magnif. 1 0  X 10. Note the distinct localizatioo of the activity in  the stratum 
intermedium and the stiiining rractioii i n  the outer cell-layers of the Incscn- 

chy ma 1 1x1 pi 11 i i .  

p1iosphat;ise content is increased in the stratiim interniediiim and 
presents the sanie distinct localization ;IS mentioned above. The 
aiiieloblasts show no nctivity whatever. The outer epithelium nnd 
the stratiini recticiilnre show very weak activity or none a t  :ill. 

At the beginning of the forriiation of the dentine, the activity 
of the enzyme in the odontobliists is great. When :I thin layer 
of dentine (the iiiantle predentine) has been calcified the greatest 
nctiuity shifts, hoiveiier, to the la!jers of cells in the p i i l p  just 
inside the odontoblnsts. The distribution of alkaline phosphatase 
in the stratiim intermedium is still a s  distinct a s  before, and the 
greatest activity of the enaiiiel organ is found here. The anielo- 
blasts are now only slightly stained, and the staining is localized 
chiefly to the nuclear nieinbrane. The strcitum 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 21 hour- 
old ral .  hliigriif. lox 10. Note the activity distinctly Iwiilized to I h e  stratuiii 
intrrmrdium arid llie activity i i i  tlic odoiiloblasts. Only a weak slaiiiiiig 

renctioii i i i  l l ie cell-layers just irisidc the otloiito1)lnsts. 

The results of the previously published investigations concern- 
ing the histochemical distribution of alknline phosphalnse during 
tooth development are, as mentioned above. contradictory. Sever:il 
studies have established the fact that there is great activity in 
the strcitnm intermediitni (4. 5, 12, 14, 17, 18, 19) and in the pulp 
(1, 5, 12, 13, 14, 15, 17, 18, 19). The results d i sqree ,  however, 
as to the reactions in the anielob1:ists and the odontohltists. A few 
authors (5,  11, 17) observed no :ictivity at :dl in these two layers, 
or only ;I wealt nuc1e:ir staining. SWSO Ce- Cnstro, in their recently 
published study, are of the opinion that the positive staining 
found in the aiiieloblasts and the odontoblasts is due to ;I diffu- 
sion artefact, :IS 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 pl:ice, 
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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 dcntioc (the mautle predentine) has 
been mineralized the greatest activity shifts from tlie odoiitohlasts t o  the 
layers of cells i n  the pulp just inside the odoritohlasts. The staining re;ictioii 

in the stratum intermedium is still as distinct as before. 

and the findings in this study of enzyniatic 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, uiz. 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 circunipulpul predentine has started. In his 
survey of phosphatase and bone, Bourne suggested that sollie 
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 :tctivity during the different 
phases of dentinogenesis iiiay also indicate n difference in the 
histogenesis of these two layers of the dentine. 



A study of  the :ilknline phosphatase activity in the tooth-gerin 
o f  the albino rat is presented. The distribution and activity of 
the enzyme in the different parts of the tooth-germ is described, 
:ind it is einphasized that the greatest activity of the pulp tissue 
shifts froin the odontoblasts to the :idj:icent cell layers after [ h e  
lor1n:ition of the mantle predentine, when the formation o f  the 
circuiiipu1p:il predentine is beginning. This change in tictivity 
inay indicate ;I difference in the histogenesis of  these two layers 
of the dentine. 

H lis I‘ R1 li 
LOCALISATION DE LA PHOSPHATASG ALC4LINE DANS LE GERMK 

DENTAlRE DU RAT ALBINOS 

Etude histochimique 

IAe present tr:ivnil concerne une Ctude de I’iictivitd p1iosphul:ise 
:ilc:dine duns le gerine dent:iire du rat :ilbinos. L’auteur decrit 
la rdpartition et l’iictivitt. de I’enzyine dnns les diffbrentes parties 
t l u  gerine dentaire, et souligne clue I’activitC 1:i p l u s  grande du 
tissu p u l p i r e  passe des odontoblastes B la couche de cellules 
:idj:icente u1)ri.s la forination de la prddentine piripherique, lors- 
clue la forination de la pr6dentine circuinpulp:iire coiiiinenre. (:e 
changeiiieiit dans I’activitt. peut indiquer une diffbrence d:lns 
I’histogenhe de ces deux couches de dentine. 

LOKALISATION DER ALKALISCHER PHOSPHATASE IN DEN 
ZAHNKEIMEN WEISSER RATTEN 

In der vorliegenden Untersuchung wird die I’hos~~liataseakt ivi- 
t l t  i i i i  Zahnlteini weisser Ratten und die Aktivitlt dieses En- 
zyiiies in den verschiedenen Abschnitten des Zahnkeinies be- 
schrieben. Es wird besonders hervorgehoben, dass die ausgeprlg- 
teste Aktivitlt in den Mesenchyiiialp:ipillen von der Odontohlas- 
tenschicht in die dieser Schicht anliegenden Zellen iibergeht, 
sobald dns Manteldentin gebildet und das  zirltunipulpnle Dentin 
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iin Entstehen begriffen ist. Eine solche Aktivitiitsveranderung 
ksnn  :ruf einen histogenetischen Unterschied zwischen diesen 
heiden J)entinsehichten tleuten. 
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