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The studies of previous investigators on the effect of the para- 
thyroid hormone (Irving et al., 1949; Schoiir e t  nl., 1934; Schour 
LC Ham, 1934; Schour et nl., 1937; Weinrnann LC Schour, 1945) and 
D-vitamins (Harris 6 Innes, 1931; Irving et al., 1949; Schoiir LC 
Ham, 1934; Schoiir e t  al., 1937; Sprcter D .  Krendenstein, 1938; 
Spreter 1). ICreiidenstein, 1939; Weinmnnn, 1933) on dentin dealt 
only with the pattern of disturbances of mineralisation. 

Kalnins and Ledinn 1847 drew attention to the fact that hyper- 
c:ilcification of dentin in the experimental liyi~erparathyroidisiii 
is due to the malformation of iiiatrix hecause of the inability of 
odontohlasts to produce collagen. 

The task of the present work is lo determine whether the 
hypercalcification of dentin provoked by dihydrotachysterin 
(AT10)  depends on the disturbance of the maturation of collagen 
in the dentin, ;IS it does with the parathyroid hormone. 

hlATEHIAL AND AlE‘rHODS 

Irradiation with ultra-violet rays of ergosterin, dihydrochole- 
sterin and their respective derivates results in the appearance 
of some substances such as toxisterin, vitamin 112, tachysterin 

1 This work i3 ;I part of tlie still unpublished experiment on thc ”Effect 

2 Expenses defrayed by grants made by the Swedish Iledieal Iieseareli 
of AT10 and the Parathyroicl Hornmile on Teeth and Bones”. 

Council (Division of Dental Research). 



:ind diliydrotncliysteriii. With the exception of vitamin 112, no 
effect or only :in insignificant one is made by these substances 
on rickets; hut they are similar to the parathyroid hornione in 
that they are a l l  able to mobilise calciuni in serum and show 
:intitet:inic effect. (Gissel CC Riifel, 1942; Holtz & Schreiber, 1930; 
Holtz ef nl., 1933/34; Lenel 1941/42). Therefore one of thein, 
dihydrotachysterin, is also ralled ":intitet:inic prepai-ntion Nr.  lo", 
or in short AT10. A s  does the parathyroid hormone AT10 also 
restores to noriii:il conditions the disturbed calcification of 
dentin caused by experinientnl 1)"rathyroidectoiiiy. ( S p r e f e r  I ) .  

Krendenstein 1938 and 1939).  
According to Holtz (Holtz & Schreiber 1930; Holtz e f  n l .  

1933/34), 1.0 cc. of ;in oil solution of AT10 contains 20 "To Gr" 
units. ("lo Gr" inems "l'oxisches Grenzdosis" of the author) .  
1 unit of "To Gr" is the ininiiiiuni weight of a single dose of 
AT10, which is to he administered to an adult iiiouse for the 
purpose of reducing its body weight hy 1/8 in 10 days. The pre- 
parations of the AT10 used in this experiment were ni:inufac- 
tured in Hayer's or 1V:inder's factories (Germany). Tlic para- 
thyroid hormone used was I'nrathyroid Extract E N 1  12, Lilly's 
(U.S.A.) "1'ar:i-Thor-MoIie". 1.0 cc. of the solution of this pre- 
paration contains 20 Collip units. One Collip unit is equivalent 
Lo 5 U.S.1'. 

White rats placed on n diet consisting of bread and niilk wcrc 
divided into three g o u p s  (see Tables I, I1 and 111). The first 
group received varying doses of AT10 tinily. The second group 
of aninials received pro thyro id  hormone mid their dentinal 
changes were compared with those of the first group. All the 
:ininials if they did not die of their own accord mere Id led  on 
the day after the last adininistration of the prepra t ion .  Thc 
untreated rats in the third group were used :IS controls. 1111- 
1iiedi:itely after the death of the :ininials the jaws were fixed in 
:I 10 per cent foriii:ilin solution. Decalcification w a s  perforineci 
in a 5 per cent solution of trichloracetic arid, and paraffin w a s  
used for embedding. The jaws containing the upper incisors :~nd  
part o f  the alveolnr bone containing the lower incisors were 
ex:iuiined by iiieans of longitudinal sections. ?'he inolar area of 
inandibles IWS :ilso sectioned in sagittal plane. 

The following s t :tin ing ine t hod s for (3 s t imo t ing the col I agen 
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AT10 - MATUllATION I N  THE DENTIN OF llAT INCISOllS 255 

I ‘Body Weight Duration of Final Body 
N O .  inLzl;?t ::e Experiment ~ Weight 

in Gal of Hats 
Experiment i l l  I ) ~ Y s  

start in tlie tissues were employed. Firstly Hansen’s staining 
metliod with iron trioxyheiiiatin and the following counter-stain- 
ing with acid fuchsin and picric acid. In this manner tlie collagen 
of dentin in the treated slides is stained red. Azan staining 
represents the Mallory method modified by Heidenhain. Here the 
collagen of dentin appears in blue. The disturbance of collagen 
maturation in dentin appears in the form of colourless stripes in 
the slides stained according to these two methods (Figs. 2, 4, 
6, 10, 11, 12, 13). The staining of the calcium content of the 
bones and of the dentin was performed by means of l3ock’s 
method. 

Kind 
of Death 

RESULTS 

In the control animals the rate of body weight showed a11 

increase (Table 111) and their incisors exhibited both normal 
iiiineralisation and nornlal maturation of the collagen in dentin. 
On the contrary, in all the groups of rats treated with AT10 the 
rate of body weight showed a stoppaige or decrease (Table I ) .  The 
long bones were more fragile (determined by nianual fracturing) 
than those in tlie controls. 

Table 111 
Experimenlal Uala on Control Rala 

I I 
l 8013 12ti 12 I ti4 liilled 

8Oiti 61 12 ti8 R 

4ti0/1 90 9 110 R 

460.’2 111 ti 120 )> I 

460 ‘3 101 9 120 >> 

The histo1ogic:il exainin:ition shows that tlie feature of ”calcio- 
trauiiiatic response” in the dentin is generally in accord with 
results previously described by other inyestigators concerning 
disturbances of mineral metabolism caused by the adniinistra- 
tion of the parathyroid horinone and D-vitamins ; this ”calcio- 
traumatic response” always appears in labial dentin (where the 



portion of  the incisor is covered with niature enaiiiel ) and hide- 
pendently of the duration of the experiiiient. Hock's staining 
reveals that the dentin developed during the first period of the 
effect of treatment with AT10 or p:ir;ithorinone reninined 1111- 

calcified (Fig. 1 ).  The dentin layer fornietl 1:tter is 1iyperc:tlcifirtl 
:ind is about 2- -3 tinies wider than the uncnlcified layer. On 
p u l p 1  side this 1iyperc:ilcified layer is covered with predeiitin 
of nori11:il width. Hansen's :ind :izan stainings show th:i t I h c  
uncalcified layer mentioned could he subdivided into a n  older 
and a younger zone (Fig. 2 ) .  The older zone consists of :I 

iliatiired collagen, which is pulpally followed by :in insufficiently 
collugenised o r  collagenless layer. The younger hypercalcified 
layer reveals reduced or noriiinl maturation of co1l:igeii. 

These features reveal :i close relation between the distur1):tnce 
o f  collagen maturation and the 1iyperc:ilcific:itioti in dentin. It is 
obvious that the odontoblasts first lose their ability to produce 
inineralisation, nnd predentin foriiiing at  that time (the beginnins 
of the response to the effect of  AT10) remain uncalcified. The 

Fig. 1. H2.percnlcificatioii o f  cteutin owing t o  effect of ATlO. S, calciolrau- 
matic line, dcniarcating tlie i i o r m i l  dentin,  which rleveloped 1)eforc tltc 
response of odontoblasts to  the  action of A1'10. ;I and b, dentin portions, 
formed under the  effect of ATIO. a, older dentin zone whicli lailetl to  calcify. 
I), younger dentin zone, whicli is liypercalcified and pulpally lined Iiy norm- 
;illy formed prcdentiii. 1,aliial dentin of the  middle th i rd  o f  incisor. ( Ilat NI.. 
100/6, Hock. 4 5 0 X ) .  

b'ig. 2. 'The samc specimen a s  slionn in Fig. 1 hut st:tined according to I I n n -  
sen. X, calciotraumatic line. :I, older zone which is hypocalcified and consisth 
of two layers ; I, with normal matura t ion  of  col1:igen and 11, the layer w h e w  
the deposition o f  collagen failed. 1). younger zone, \vliicli s h o w s  t ha t  thc 
iiroduction of collagen i,s rcsumed. (50UX ). 
Fig. 3. Delay of calcification in l ingual deiitiu o f  apical th i rd  of incisor 
owing to  AT10 effect. :I, older, well calcified zone formed before the rcsponsc 
of odontoblasts to  A'1'10. I), younger wide hypocalcifietl zone \vhicli dcvelopcd 
d u r i n g  the AT10 action. (Itst  Nr. 100/5,Hock. 500X ). 

Fig. 5 .  The csffect of AT10 upon the  collagen niaturiitioii in the lingual tlentiii. 
I he same speeimcn :IS shown i n  Fig. 3 bu t  stained wi th  :iz:in. a, older cieiitiii 
portion (l ight grey iii the  picture) formed before the  effect of A'1'10. 11. 

younger zonc (dark grey iii the picture), which correspontls l o  the  1 1 ~ 1 1 ( i -  
calcified zone of Fig. 3 .  This zone shows disturbance o f  collagen niatuwtioii  
due t o  AT10 action i n  the form o f  a colourless stripe, s (150~). 
Fig. 5. I k l a y  of calcification owing t o  AT10 action. 1,ingual dentin o f  apical 
third of incisor. (I lat  Nr. 167/3, Bock. 45x). 

Fig. 6. l'lie effect of AT10 on collagen matura t ion  in  the l ingual dentin. ' l l i i:  
siinie specimen a s  in Figs. 3 and 4 hu t  stained according t o  H:insen. a, ctlder 
zone. b, younger zone wilh coll;igenlcss stripe, s (500:< ) .  

,. 
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238 VIKTOIIS K A L N I N S  

production of collagen during this phase is not affected. The 
second stage of the reaction of odontoblasts to ATlO appears i n  
the coniplete or partial stoppage or reduction of collagen pro- 
duction. If during this phase odontoblasts later resuiiie their 
ability to lay down mineral salts, hypercalcificatio~i of dentin 
iiiatrix takes place, which in its pattern suggests the appearance 
o f  dentinsclerosis (Fig. 13). 

Owing to the prolonged duration of AT10 action, the cor- 
responding phases of collagen ninlforniation and hypercalcifica- 
lion can be repeated and then two or more bands of interference 
in iiiaturation can be observed (Fig. 11). The relationship be- 
lween collagen malformation and the liypercalcificatiori of dentin 
is the same in rats treated with AT10 or with parathyroid hor- 
inone (Figs. 9 and 12).  The disturbances of collagen inaturation 
could also be seen in lingual dentin in the apical portion of tlie 
tooth (Figs. 3, 4, (i), where the action of AT10 provoked instead 
of dentin hypercalcification, delay in iiiineralisation (Fig. 5 1 or 
the irregular development of dentin (Fig. 7). Examination of the 
alveolar bone reveals that osteoblasts react to ATlO in about the 

Fig. 7. The irregular formation of tlie labial deutiii owing to AT10 action. 
Apical third of incisor. (Hat Nr. 100/4, Htx-em, 4dx’). 

Fig. 8 .  The effect of A T 1 0  on alveolar Iione of maudible. Alveolar process is 
porotic and shows amorpli calcification of ostcogerietic zone. (Ilat Nr. 102/2, 
Bock. 4 4 ~ ) .  

Fig. 9. klalforiiiatioii of the deutiri matrix due to  effcct of parathyroid Iior- 
moiic. a, normally developed deiitiii portion. x, uiicalcified and collageuless 
dentin matrix. Labial dentin of the middle portion of iiieisor. (Rat  Nr.  463/2, 
Ihck.  500 j< ). 
Fig. 10. Striation of deritin owiug to malformntio~i  nf cc*lIagen iii Intent 
scurvy in molar of guinea pig. 49 days scorbutogenic diet w i th  supplement 
of 1 nig. of ascorbic acid (1.0 c.c. of 0.1 per ceut solution) hy me:ins o f  
subcutaneous iujections every second day. (Hansen, 1 5 0 ~  ). 

Pig. 11. Striation of  dentin due to repeated nialformatioii of collageri iii tlic 
incisor of r a t  receiving AT10. x, collageiiless stripes. Labial denthi of the 
middle third of the tooth. (Animal Nr. 100/1, azan, 1GOX). 

Fig. 12. hIalforinatioii of collagen in incisor of rat receiving pnrathj-roitl hor- 
iiioiie. X-. Collagenless stripe in dentin which developed owing to  Iiorinonc 
action. Labial dentin of the middle third of incisor. The colored picture o f  
Ihis slide is presented as Fig. 19 in thc work of Iialnius & Ledinn 1945. 
(Rt. Nr. 225/2, Hansen, 160x). 

Fig. 13. Malformation o f  collagen and hypercalcification of tlie collageiiless 
zone owing to ATlO action. Dentin with normal coiltent of collagen is red. 
Collagenless stripes is white and that  oue hypercnlcified is blue. 12abial 
dcnliii o f  middle third o f  incisor. ( l \ t  Nr. 100/1, Ha~~se i i ,  160x). 
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smie  manner a s  odontoblasts. This results in the appearance of :I 

hyyercdcified seam instead of osteoid on the side of tension of 
periodontal fibres, where lhe :ipposition of new bone takes pl:icc> 
(Fig. 8 ) .  The insufficient ni:ituration of collagen is one of tlie 
factors causing the fragility of long hones observed in the dis- 
section. 

I>ISCIISSIOS 

The present work shows that dio1iydrot:ichysteriii (AT10)  
provoke the disturbance of collngen niatur:ition with subsequent 
1iyperc:ilcificationitioii of dentin. This is in accordance with siiiiilar 
findings of Krtlnins and Ledintr 1947 in  their studies on the effect 
of p ra thy ro id  hormone on dentin. It is also to  soiiie extent thc 
case with the experiments of Iruing arid Weininarm 1948, who 
concluded that  under the influence of strontium in predentin, 
which forms i1nmedi:itely after the injection, the differentiation 
of fibrils is disturbed, with ;I result that  there is 2111 excessiw 
ainount of calcioreceptive cementing substmce, this portion 
therefore beconiing liypercnlcified. 

It w a s  presumed by other workers that dentinal changes in 
calcification, owing to the effect of parathyroid hormone (Schour  
c t  Hnni 1934) or floriiie (Irving 1943, Iri)ing & Nienuber 1946, 
Irving 1846) are in close relation to the rise and fal l  of the seriiiii 
calciuiii level. The change of the calciuiii iiietabolisni in the body 
:is a whole is priiii:iry, and the odontoblastic ciainage, secondary 
(Iruing ~t Weinmtrnn 1948), Irving 3943, Irving & Nienaber 
1946 :ind Iruing 1946). Whether this is true or not can be seen 
froin the results of the previous experiiiient on the effect of tlie 
parathyroid lioriiione on dentin of scorbutic guinea pigs (Ka2nin.s 
c t  Ledinu 1947). It was found in latent scurvy that, due to 
scorbutic disfuiiction of odontoblasts, the dentin hypercalcifica- 
tion and striation (caused by parathyroid hormone) appears 
iiiore upicnlly than in normal animnls. On the other hand, in 
iiianifest scurvy the piiratliyroid hormone had no effect on dentin 
structure, because scorbutically degenerated odontoblasts lxid 
lost their ability to react. 

Filially it is possible to  produce dentin striation in :i specially 
arranged experiiiient with latent scurry only (Krrlnins 1953), in  



which hypercalcification of dentin depends on the iiialforiiiatioii 
of dentin matrix (Fig. 10). Since in scurvy the calciuiii nieta- 
holisiii of the body is not affected, it is evident that  the nppear- 
ance of dentin striation here is due to the disturbance of function 
of odontohlasts only. 

SIIILILIARY AND CONCLI'SION 

(1) The effect of 1)ihydrotacliysteriii (A'l'lO) on the dentin 
was examined in  the incisors of 10 rats, and the results were 
compared with those in the dentin of the rats  receiving para- 
thyroid hormone ( 6  rats). 

(2)  It was found that :IS in the experimental hyperpara- 
thyroidism, also during the action of AT10 the disturbance o f  
collagen maturation precedes the hypercalcification of dentin. 

(3) l'he role of odontoblasts in the :ippe:irnnce of dentin 
hypercalcification has been discussed. 

The main part of the experiment was performed at  'l'hc 1'h:iriiiaccut ical 
I,nl)oratory, Stockholm, Sweden. The author mishes to express to thc Director 
of the Laboratory Professor H. Ilydin, MI). ,  his most sincere apprecint ion 
for the help givrn and the  intrrcst shown in this work. 

ZUSALIAIENFASSIJNC 

DIE WIRKUNG DES DIHYDROTACHYSTERINS (AT10) AUF DIE KOIr 
LAGENREIFEN IM DENTIN DES RATTENSCHNEIDEZAHNES 

1 )  Die Wirltung des Dihydrotnrhysteriiis ( A T 1 0 1  auf d:is 
Dentin des Schiieidezahnes der 10 Ratten wi rde  untersucht und 
das Resultiit iiiit I)entin\.erBnderungeii an  Schneidezihnen der 
Hntten (0  Tiere), die dns Epithelltiirperclieiilior~iioii erhielten, 
\.erglichen. 

2)  Es wurcle dasselbe festgestellt mie hei den Versuchen init 
der experiiiientellen Hyperp:~rathyroidisI!lus, ninilich, dass auch 
infolge der \Virkung des AT10 die Sliirung der I<ollngenreifen 
der ijberverltalkung des Dentin vorausgeht. 

3)  Die Holle der Odontohlasten iin \'organg der Ilentiniiber- 
verltalltung \vi;urde hesprochen. 
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