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X. A microradiographic, autoradiographic and histoche- 

inical investigation on dental hard tissues in dogs with 
experimentally produced vitamin D deficiency. 
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INTRODUCTION 

Where there is an insufficient supply of vitamin D disturb- 
ances occur in the mineral metabolism, and hence in the pro- 
cesses of mineralization in the hard tissues. The phenomenon 
is most pronounced in the young growing subject. After supply 
qf vitamin D the changes in the bone tissue may disappear as a 
result of the continuous process of rebuilding. In the hard tissues 
of  the teeth, on the other hand, the damage is permanent, since 
the enamel, the dentine and the cementum once formed are not 
being rebuilt (Westin 1926 a, b). 

The dentine is particularly sensitive to disturbances in the 
vitamin D supply, and long before clinical symptoms of defi- 
ciency are evident, the dentine reacts with widening of the pre- 
dentine zone. The phenomenon of widening of the predentine 
zone in vitamin D deficiency has been ascribed to abnormally 
slow differentiation of the odontoblastema. (Wilton 1937). 

Under normal conditions the odontoblasts build an organic 
matrix -- the predentine - -  in which calcium salts are preci- 
pitated in the form of sniall globuli which grow by concentric 
deposition and coalesce to form uniformly mineralized dentine. 
TQe odontoblastic processes in the dentine, however, remain un- 
niineralized. The precipitation of the mineral occurs to  within 



a short distance of the pulp, which is thus lined by no more 
than a thin layer of predentine. 

In vitaiiiin D deficiency the coalescence of the globules is in- 
complete and there remain areas of unniineralized matrix ~ the 
interglobular dentine. II'hen supply of the vitamin is renewed 
nornial dentine is forined on the pulpal side of that which is 
clef ec t ivel y developed. 

The effects on the enuinel vary from iiiinor disturbances of 
iiiineralization to large hypoplastic defects. This  has  been estab- 
lished by inost workers. Srhoirr and 3Znssler ( 1945), however, 
are of the opinion that the enaiiiel foriiintion is not directly 
affected hy the lack of vit:iiiiin 1) but that other factors :ire 
reqm~si I i le  for these defects. 

l'he significance to the dental organ o f  vitainin 1) supply has 
been denionstrated iiiainly in nniiiial experiments. Mny MeZlnnb!/ 
( 1929) found pronounced dental defects in the teeth of young 
dogs fed a diet deficient in vitaiiiin 1). A nuiiiber of other aniiii:ils 
haye :ilso been used in siiiiilar experiments (Leirester ,  1949). 
1)ental defects siiiiilnr to those found in :iniiii:ils have :ilso been 
found in ni:in. 

There :ire still inany unsolved probleiiis in connection with the 
developinent :inti inineralizntion of h:ird tissues during deficiency 
o f  vit:tiiiin I ) .  One reason for this is that ordinary histologic 
techniques give incomplete and liinited inforination when :typlied 
to i1iiner:ilized tissues. Recent years, however, have seen irii- 
port:int developinent :ind refineiiient of biophysical iiiethods, and 
their :ipplic:ition to the study of the dental hard tissues has 
yielded interesting results. l h e  purpose of this investigation is 
thus to study the defects in the mineralized dental tissues of dogs 
fed :I diet deficient in vitamin D, the essential of the method 
being the application of autorucliographic ( S V S  :ind Ca45) and high 
rewlution iiiicroradioKraphic techniques. The results of the auto- 
radiographic study were correlated with the degree of ininerali- 
mtion o f  the structures in question and these were :ilso studied 
hy 1iistocheiiiic:il techniques. 

M.~'i'EliIAL AXD METHOD' 

A litter of six pups of :I large mixed 1)reetf were :it the age 
o l  wvrii wcrks plwed in two .;l):wioiis c:iges in ;I rooiii without 
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ti:iylight. In one cage were four animals fed a diet deficient in 
vitainin D (Mellnnbg, 1929). After one month each of the aniinals 
was given about 25 cubic centiinetres of milk daily for four 
days as they had fallen ill probably as a result of the experiment. 
In the second cage were the two other pups. They received the 
experimental diet together with ten drops of (about 3.000 I.U.) 
Calciferol daily. 

After seven weeks 10 inillicurie carrier-free NaaS95O4 were in- 
jected intravenously in one animal froiii each cage. These aniinals 
were sacrificed four days after the injection. 

After ten weeks two of the dogs fed the deficient diet (the 
last three weeks these dogs were also given milk, 15 cc daily) 
and the second control dog received an intravenous injection of 
1.25 inc Ca45C12. Four days later the dogs were sacrificed. 

One do3 received the experimental diet for seven weeks, after 
which vitainin D was supplied daily, the animal then being 
iiioved to the control cage. After ten weeks an intravenous in- 
jection of 10 iiic Na2S35O4 was given. Four days later the dog 
was sacrificed. 

The upper and lower jaws were taken fro111 a1 I the aniinals 
and the soft tissues removed. The iiiandibles were cut through 
the iiiedian line, and both halves radiographed. The left halves 
were fixed in absolute alcohol and the right halves as well as 
the upper jaws in 10 per cent neutral buffered foriiialin (Lillie, 
1948). 

Ground sections of the left halves of the mandibles were pre- 
pared. The halves were cut with a rotating diamond saw into 
pieces which after complete dehydration were embedded in 
~iiethylniethacrylate. With the diamond saw the embedded pre- 
parations were then cut into slices, about 400 p in thickness, 
which were ground to 50- 100 p sections (Hammarlund-EssIer 
1955). 

The sections were placed between two sheets of Ilfex x-ray 
film for autoradiographic study. To ensure good contact between 
the section and the emulsion they were placed between plane 
brass plates 0.5 cm in thickness. Some of the sections were 
covered with stripping film (Kodak Scientific Plate). 

The films were developed in Kodak D 19B after an exposure 
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of 2 t o  3 inonths. After fixing, wishing and drying in dust-free 
air the autoradiograins were iiiounted on microscope slides in 
the same way a s  histologic preparations. The autoradiograins 
were enlarged by inicrophotography on Kodak K 40 plates de- 
veloped in Kodak D 72. 

After autoradiography microradiographic exaiiiinatioii of the 
sections was performed, using a Machlett OEG 5 0  x-ray tube 
with ;I tungsten anode and ;I 0.2 iiiin berylliuiii window :is the 
ray-source. The tube w a s  run at 24 k\' and 10 m A .  With the 
radiation so obtained a t  least 97.5 per cent of the absorption was 
due to the mineral salts in the section. The focus-emulsion 
distance was 1 0  centimetres, and for a 100 ,U section the geoiiietric 
unsharpness is approxiinntely lp. The inicroradiogranis were 
recorded on Eastinnn Kodak Spectroscopic Plate 649 and de- 
veloped in Kodak KD 50 for three minutes. As  a protection of 
the einulsion cover glasses were mounted on the iiiicroritdio- 
grams. These were enlarged by 1iiicrophotogr:ipliy on I<odal< 0 
250 plates. 

The histologic exaiiiination was perforiiied on parts of the 
right halves of the iiiandibles and of tooth germs from the upper 
jaws. The lower right halves were cut in the saiiie way :IS the 
left and the pieces decalcified in 5 per cent trichloracetic acid, 
embedded in paraffin and cut to give 5 - 7  16 sections. The germs 
froin the upper jams were removed and cut  with a thin rotating 
diainond saw into 200 ,,t slices which without eiiibedding were 
ground to 20-30 p sections. The following stains were used 
on the decalcified and ground sections: Haeiiiatoxylin-eosin, 
Hansen, Bock, Azan, thionin, toluidin blue and P A S  reaction. 

IiESVL'I'S 
I n  the niiclor:idiogr:ipliic examination of the ground sections 

froiii the jaws of the dogs on the diet deficient in vitamin 1> 
various pictures of the disturbances in iiiineralization were 

..... 

Fig. 1 a. Autoradiogram of 100 p ground section from the mandible of a con- 
trol dog injected with Ca4X12. 'I'he first premolar, deciduous and permanent 
canines. X 4.5. 
Fig. lb.  Microradiogram of the same section as l a .  
Fig. 2 a .  Autoradiogram of 100 ,u ground section from the mandible o f  a 
control dog injected with Na$W04. First premolar, deciduous and permanent 
canines. X 1 . 5 .  
Fig. 2b. Microradiogram of s:tnie section its 2a. x 4.5. 
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found i n  the teeth that had developed during the course of the 
experiment. In the regions where the intensity of growth was 
greatest - for example, the cervical parts of the carnassial, and 
the perinanent canines - there was a great deal of interglobular 
dentine (Figs. 3 b, 5 b, 10). The globuli were of different sizes 
but appeared to have the saiiie degree of mineralization. The 
latter was not thought to be poorer than that of the dentine 
foriiied prior to the beginning of the experinlent (Figs. 5 b, 10). 
The inferiorly iiiineralized contour lines of Owen appeared in 
the iiiore slowly growing occlusal parts of the teeth (Figs. 3 b, 
7 b, 9 ) .  In the lower carnassial the dentine developed during 
the experiment over the pulp tip appeared to be normal in struc- 
ture but to have a considerably lower mineral content than the 
dentine formed prior to the experiment (Fig. 7 b ) .  Further 
cervically in the saiiie tooth interglobular dentine was foriiied 
(Fig. 8 b).  

The enaiiiel defects varied according to the stage of develoy- 
iiient of the enainel at the beginning of the deficiency period. 
The least evidence of change was the poorly iiiineralized striae 
of Retzius (Fig. 1 0 ) .  In some teeth the surface of the enaiiiel 
was uneven and pitted, but the enaiiiel was well and uniforiiily 
iiiineralized (Figs. 3 b, 4 b, 7 b).  In other teeth there was :I 

poorly mineralized superficial zone with hypoplastic defects 
(Fig. 5 b) .  Circular defects following the striae of Retzius show- 
ing little, if any, mineral content were observed in the teeth of the 
animals later given vitamin D with the experimental diet (Fig. 

Fig. 3a. .Autoradiogram of 100 p ground section from the mandible, of :I "de- 
ficient" animal  injected with Ca45CI2. First  premolar, permanent and de- 
ciduous canines, permanent third incisor. x 4.5. 

Fig. 31). Microradiogram of the same section a s  in Pig. 3a. 'l'lie lines of  Owen 
in the crown dentine and the interglobular dentine in the  root of the f i rs t  
premolar. The lines of Owen in the permanent canine t h e  enamel of which 
has a n  uneven surface. x 4.5. 

Fig. l a .  Autoradiogram of a 100 p ground section from a dog, which first  
had a deficiency of vitamin D and then received the vitamin in  the diet. 
Intravenous injection of Na*S35O4. Permanent and deciduous canines, f i rs t  
and  third permanent incisors. x 4.5. 

Fig. 411. Microradiogram of the same section a h  Fig. 4a. Ilesorption cavities in 
the deciduous canine. Interglobular dentine in the third permanent incisor. 
x 6.5. 





!) ) .  Evidence of healing w a s  observed in both the enuiuel ;itid 

the dentine in the regions which developed when the aniiiials 
received iiiilk with the experiinental diet. It is seen from the 
iiiicroradiograms that the jaw bones \\ere poorly niineralized 
in the aniiiials fed the deficient diet. 

‘I’he iiiicroradiograiiis of the ground sections through the jaws 
of the control animals revealed no disturbed mineralization 
(Figs. 1 b, 2 h ) ,  the pictures being in accord with those of normal 
:tnimals ( Engfeldt, Bergmnn and Hrtmmrirland-l3sler, 1954). I n  
the dentine of the control and ”deficient” animals a further 
observation was made. The iiiicroradiograiiis of transverse 
sections froin the canines showed that the dentine adjacent to 
the enaiiiel had ;I peculiar distribution of iiiineral salts (Fig. 10 1. 
In this area of the dentine are seen highly iiiineralized streaks 
alternating with areas of low degree of mineralization forming 
a comblike structure. These highly mineralized structures are 
about 5 p in width and are running perpendicular to the dentino- 
enaiiiel junction reaching 20- 3 0  ,,I into the dentine. This region 
contains iiiany branching and anastoiiiotic dentinal tubules and 
has been said to resemble the granular layer of Tomes (M~Zltrnh!y, 
19%)). 

The autoradiographic examination of the upt:ike in the tlentul 
tissues of the control dogs of Ca45 and S j j  supplied in vivo has 
given results similar to those obtained in an earlier study of 
normal dog teeth. The Ca45 was taken up :it the dentine --- pre- 
dentine junction, while the rest of the dentine showed no evidence 
of the isotope. In the tooth germs the Car5 was found either in  
the superficial enaiiiel or throughout its thickness, depending 
on the stage of developiiient (Fig. 1 a ) .  

The uptake of S55 was pronounced in the predentine zone. 

Fig. >a. Autoradiogram from a permanent lower caniiic of a dog with 1 i ta-  
mill D deficiency. L‘ptake of Cart in a wide zone with irregular houndary 
with the normal dentine. x 50. 

Fig. 3b. Microradiogram of the samc area a\  in Fig. %I. Low and irregular 
mineralization of the outer enamel and interglobular dentine. X 50. 

Fig. 6a. Autoradiogram from the root of the first permanent molar from 
thr same dog its Fig. 3. rptake of Cad5 in the areas of interglobular dentine. 
>: .iO. 

Fig. fib. Microradiogram of the sitme regioiis its in Fig. 6a, showing a great deal 
of interglobular dentine. x 30. 
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'I'here MYIS ;ilso evidence of the r:idiosulphur in the pulpd tissue 
of the unerupted teeth. The uptake of SYj in the dentino-enainel 
junction - -  mentioned in the previous paper - was :ilso re- 
ve:iled, :ind in the rest of the enamel the isotope was found :it 
the saiiie sites :IS the Car5 (Fig. 2 a ) .  

The nutorndiagr:tiiis of the ground sections froiii the minials 
fed the deficient diet show- on the whole :I 1n:irked concentration 
of r:idioartive isotopes a t  the same sites in the jaws as in the 
control animals. There are exceptions, however. In addition to 
the normal uptake of Ca45 :it the dentine-predentine border there 
w a s  also soiiie reaction in the adjacent parts of the dentine that  
were iiiipaired through the vitainin deficiency (Figs. 3 a, 5 a, 6 a ) .  
The boundary between the zone of uptake of the defective den- 
tine and of the norinal, older dentine was an  irregular wavy line. 

The iiiipaired dentine shows also a n  uptake of S35. A weak 
reaction is visible within the dentine region of low mineral salt 
content (Fig. 7 a ) ,  and the re3ions between the calcium salt 
globuli have a sniall but definite uptake (Figs. 4 a, 8 a ) .  

in  the histologic exainination of sections from decalcified 
material and of ground sections, it was found that  for the pre- 
dentine the PAS reaction w a s  positive both in control and "defi- 
cient" dogs. Staining with toluidin blue and thionin showed, 
iiioreoyer, that  the predentine was iiietachromatic (Figs. 11 a, 
I 1  b, 12). Sonietinies a narrow inetachromatic zone was also 
observed a t  the dentino-enamel Junction (Fig. 11  a) .  Metachro- 
iii:tsia was also distinguished in the dentinal tubules but not in 
the normal ground substance of the dentine. In  the interglobular 
dentine, however, there was clear evidence of 1iietachrom:isi:i 
(Fig. 1 2 ) .  The pulp tissue of a l l  teeth under developinent were 
clearly ~iietnchromntic. 

Fig. 7a .  Autoradiogram from a lower carnassial of  the d o g ,  that first hnd 
dcficiencg of vitamin D and then w a s  given the vitamin in the diet. Uptake 
of S:lz of different intensity in the dentine over the pulp tip. X l i .  

Fig. 71). Microradiogram of the same region as Fig. 7a. 

.*IS. $a. Autoradiogram from the cervical part of the same tooth a s  Figs. i n  
ant1 ib .  Vptake of S:Ja in thc interglobular dentine. X 17. 

Fig. 81). ~1iclor~itli:)gr;ini of thc samc i trea as Fig. &I. Interglohular dcntinc 
between older normal denlinc and normal "liealing" dentine. X 1 7 .  

-. . 
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Fig. !). XIicromtliograin from n lower cnrnassiul of a dog with vitamin D 
deficiency. Enamel defects are seen :)long n striae o f  Hetzius. In the clcntinc 
l l i c  liiirs of  Owen :ire visihle. x 80. 

1)ISCUSSION 

\$'hen deficient amounts o f  yitaiiiin D are provided to growing 
aniinals disturbances occur in those parts of the hard tissues 
o f  the teeth which are under development. Such changes in 
the iiiineralization of these tissues can easily be observed and 
studied in the microradio~ranis. Thus it could be denionstrated 
in the tooth germs where the roots were under development 
that the defects in the development of the deptine were most 
pronounced in the apical parts - that is  those parts that were 
formed by the last odontoblasts to be differentiated. In the 
dentine over the tip of the pulp :I lower niinerak content than 
normal was found. On the other hand, interglobular dentine 
w a s  found in the apical parts. This is in accord with the earlier 
postulate that the youngest parts of the odontoblastenia reacts 
first and iiiost qtrongly t o  l i i e  restricted supply of the vit:itniii. 
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Fig. 10. Microradiogram from a permanent lower canine of a dog with vita- 
min D deficiency. Striae of Retzius and interglobular dentine. Calcium salt 
globuli with high and uniform mineralization. Note the distribution of tlic 
mineral salts in the dentine adjacent to the enamel. X 80. 

The microradiograms reveal, moreover, that the calcium salt 
globuli of varying size formed in the dentine have a high mineral 
salt content and are uniformly mineralized. No marked differ- 
ence in the degree of mineralization could be established for 
these and normal dentine. Taken as a whole, the dentine formed 
during the period of deficiency of vitamin D, however, had a 
low mineral content, as the regions between the calcium salt 
globuli were not mineralized. 

The autoradiograms show that compared with the normal 
narrow zone of uptake of Cad5 at the predentine-dentine border 
this zone is considerably wider in the corresponding region of 
teeth developed during the vitamin deficiency period. This is due 
to the fact that the uptake occurs in the whole of the defective 
dentine up to the nornially developed dentine formed prior to the 
deficiency, against which the defective region has an irregular 
boundary. This boundary corresponds to the demarcation of the 
mineralization defects against the normally developed dentine 
which may be studied on the microradiograms (Figs. 5 a, 5 1 ) ) .  



1;ig. 11 a.  l’liotoiiiiercigrai~li of :I ground section of an upper cariiassial of n 
clog wit h vita in i ti 1) tle f ic ic ncy . S t :i in i iig w i I 11 t oluidi ii t)lue. XJe t acli roma t i c 
regions :ire dark. S o t c  the wick metaclironiatic predentiiic zone ( r igh t ) ,  
: i d  the inetnctironiasia of t he  ~letitiiro-eriniirel junction. x 110. 
Fig. I l b .  Photoinicrograpli of :I ground scctioii of :in upper carnassinl o f  a 
control dog. Staiiiing with toluictin blue. Note the  rnetachroinnsiii of the  
prc:leiitiiic. x 110. 
Fig. 12. Pho tomic ro~rap t i  of a ground section of  an upper carnassi:il of a 
dog n i t  11 vi t ;I iii  i 11 I) deficiency . S t :r iri itig wit  I i  t Ii i c i i r  i 11. X I  1.t arli romn si:i ot’ t Ire 
iiitc~rgIoI~ii1:ir. tlrirliiic a i i d  i i rd (~n t i i i c~ .  I 1 1 0 .  
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The wide predentine zone in the "deficient" animals injected 
with radio-sulphate demonstrates the uptake of radioactive sul- 
phate throughout the width of the predentine zone. There is thus 
a comparatively marked increase in the width of the zone of up- 
take. Interglobular dentine isolated from the predentine by an 
area of healing dentine shows definite radio-activity due to the 
sulphate. (Fig. 8 a). No uptake of Ca45 by interglobular dentine 
of similar location could be observed. The uptake of Ca45 and S35 

in the enamel showed no real difference in the teeth of the control 
and "deficient" dogs. Upon comparison between the pictures of 
the distribution of mineral salts on the microradiograms and 
the radioactive reaction in the enamel on the autoradiograms 
it was found that badly developed enamel in the final mine- 
ralization has an uptake of Ca45 and S35 similar to that occurring 
in the normally developed enamel. 

The mechanism of the uptake of Ca45 in the hard tissues of 
the teeth may be either a deposition of mineral salts or an ex- 
change of ions in the body fluids with ions in the already de- 
posited mineral salts. The situation is more complex for radio- 
active sulphate as it can be deposited together with the mineral 
salt fraction and moreover can be incorporated in the organic 
component of the hard tissues (Engfeldt and Hjertquist, 1954, 
1955). It has been demonstrated that the predentine zone shows 
a positive PAS reaction and stains metachroinatically with 
toluidin blue and thionin. Similar reactions have been de- 
monstrated for the interglobular dentine. It is thus conceivable 
that these regions contain acid mucopolysaccharides and since 
there is a pronounced uptake of sulphate, a part of the S35 

deposit in these regions is probably due to the incorporation of 
sulphate in such substances. These findings suggest the for- 
mation of acid mucopolysaccharides in these regions. The same 
observation as made in the predentine applies to the pulp tissues 
of teeth in the course of development, so that here too a for- 
mation of acid mucopolysaccharides may be in progress. 

SUMMARY 

The disturbances occurring in the dental hard tissues through 
experimentally induced vitamin D deficiency in young dogs have 

21 - Acta odontoI. Scandinav. Vol .  14. 
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been studied by ineans of microradiography, autoradiography 
and various histologic staining methods. 

The microradiograms show that the non-fusing calcium salt 
globuli formed in the dentine in vitamin D deficiency were uni- 
formly mineralized. The degree of mineralization was apparently 
not less than that of the dentine developing prior to the be- 
ginning of the experiment. The lines of Owen had a low mineral 
content. The microradiograins also reveal various kinds of de- 
fects and disturbances in enamel mineralization of the teeth that 
had developed during the course of the experiment. 

The autoradiograins indicate that, as a rule, Ca45 and S3s are 
taken up in the dental tissues at the same sites in vitainin D 
deficiency as under normal conditions. In deficiency, however, 
the zone of CaAj uptake in the predentine-dentinal border is 
wider than normal. The predentine is wider than usual and so is 
the band of uptake of sulphate in this zone. S35 was also taken 
up by the interglobular dentine of animals with deficiency of 
the vitamin. There was no corresponding uptake of Ca45. 

The mechanism of the uptake of Car5 may be a deposition of 
calcium salts or an ionic exchange between mineral salts already 
present in the tissues. S35 may be included both in mineral salts 
and in the organic component. 

In the animals with vitamin D deficiency the interglobular 
dentine and the predentine presented nietachromasia, and gave 
a positive PAS reaction. This suggests that acid mucopoly- 
saccharides occur in these regions. The S35 uptake in the same 
areas 11iay be due to a formation of these acid mucopolysaccha- 
rides. The same applies to the pulpal tissue of the developing 
teeth. 

ReSUaIB 

ETUDES SUR LES TISSUS DENTAIRES MINfiRALISl% 

sur les tissus durs de chiens atteiots exp6rimentalernent d’avitaminose D. 
X. Observations microradiographiques, autoradiogrsphiques et histochimiques 

Les perturbations observkes dans les tissus durs B la suite 
d’une avitaiiiinose D provoquCe chez de jeunes chiens ont ktC 
Ctudiites par les iiiCthodes iiiicroradiographique et autoradio- 
graphique, ainsi que par differentes techniques histologiques de 
coloration. 
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Les microradiographies attestent que les globules non fusionnCs 
de sel de calcium form& dans la dentine dans les cas d’avita- 
minose D Ctaient min6ralisCs uniformbment. Le degrC de mi- 
nCralisation ne paraissait pas inoins avancC que dans la dentine 
de d6veloppement antkrieur a l’exp6rience. Dans les lignes de 
contour d’Owen, le contenu mineral Ctait peu ClevC. Les micro- 
radiographies rCv6laient Cgalement divers dCfauts et perturba- 
tions dans la minCralisation de l’Cmail form6 en cows d’ex- 
pCrience. 

Les autoradiographies indiquent qu’en gCn6ral le Ca45 et le 
SJ5 ont C t C  absorb& par les tissus dentaires aux mCmes points 
dans les cas d’avitaminose que dans les cas normaux. Mais la 
zbne d’absorption du Ca45 a la limite de la dentine et de la prC- 
dentine 6tait plus large que la normale. Etant donnC que, dans 
les cas d’avitaminose D, la prhdentine est plus large que la nor- 
male, la zBne d’absorption de sulfate y Ctait plus large Cgalenient. 
Le S35 Ctait absorb6 aussi par la dentine interglobulaire chez 
les animaux atteints d’avitaminose, tandis que le Ca45 Ctait absent 
dans cette r6gion. 

Le mkcanisme d‘absorption du Ca45 peut Ctre soit un dCpot 
de sels de calcium, soit un Cchange ionique entre les sels mi- 
nCraux dCja prksents dans les tissus. Le S35 peut faire partie a 
la fois des sels minkraux et du coniposant organique. 

Chez les animaux atteints d’avitaminose, la dentine interglo- 
bulaire et  la  pr6dentine prksentaient des mCtachromasies, la 
prhdentine ayant en outre une rkaction positive au PAS. Ceci tend 
A prouver que des mucopolysaccharides acides se trouvent dans 
ces regions; il est probable que l’absorption du S35 y est diie a la 
formation de ces mucopolysaccharides acides. I1 en va de mCme 
des tissus pulpaires des dents en cours de dCveloppement. 

ZUSAMMENFASSUNG 
STUDIEN AN MINERALISIERTEN ZAHNGEWEBEN 

X. Eine mikroradiogaphische, autoradiographische und histochemische Unter- 
suchung der Zahnhartgewebe von Hunden mit experimentell hervorgerufenem 

Mit Hilfe der Mikroradiographie und verschiedener histolo- 
gischer Farbemethoden wurden die Storungen, die in den Hart- 
geweben des Zahnes von Hunden mit experimentell hervorge- 
rufenem D-Vitaminmangel entstehen, untersucht. 

D-Vitaminmangel. 
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Die Miltroradiograiiiiiie zeigen, dass die nicht zusaiiinienflies- 
senden Kalkglobuli, die bei D-Yitaiiiiniiiangel iiii Dentin gebildet 
werden, gleichniassig iiiineralisiert sind. Ihr Mineralisierungs- 
grad ist nicht sichtbar kleiner als der, des vor Versuchsbeginn 
gebildeten Dentines. Die vorhandenen Owenschen Linien haben 
eiiieii geringeren Mineralgehalt. Verschiedene Foriiien von De- 
fekten und hlineralisierungsstorungen iin Schnielz an den 
Zahnen, die sich wahrend der Versuchszeit entwickelten, sind 
auch im illikrc>radiograniiii zu sehen. 

Die Autoradiograniiiie zeigen, dass bei n-\'itaiiiiiiiiiangel, Caaj 
und S35 an den gleichen Stelleii in die Zahngewebe aufgenoiniiien 
werden \vie unter noriiialen Yerhaltnissen. Was Caaj betrifft, ist 
jedoch das Aufnahmegebiet in der Pradentin-Dentingrenze 
breiter als normal. Dadurch, dass das Pradentin bei D-Vitamin- 
iiiangel breiter ist als normal, ist auch die Sulfataufnahiiie in 
dieser Zone breiter als normal. S35 wird auch in das Interglo- 
bulardentin von Tieren iiiit D-Vitaminmangel aufgenoiiiiiien. 
Eine entsprechende Aufnahine von Ca45 findet nicht statt. 

Die Aufnahme yon Ca45 kann eine Deposition von Kalksalzen, 
oder aber ein Jonenaustausch zwischen bereits vorhandenen Mi- 
neralsalzen sein. S35 kann sowohl in Mineralsalzen als auch in 
der organischen Iioniponente vorhanden sein. 

Bei Tieren iiiit D-Vitaminmangel zeigen sowohl Interglobular- 
dentin wie auch Pradentin Metakroniasie. Das Pradentin zeigt 
auch eine positive PAS Reaktion. Das deutet auf das Vorkom- 
men von sauren Mukopolysacchariden in diesen Gebieten. Die 
S35 Aufnahme in diesen Gebieten beruht wahrscheinlich darauf, 
dass hier eine Bildung von sauren Mukopolysacchariden statt- 
findet. 

Fiir das Pulpagewebe voii in der Entwicklung begriffenen 
Zahnen treffen die gleichen I'erhaltnisse zu. 
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