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INTRODUCTION 

Robison’s booster theory (1930) proposes that alkaline phosphatase ac- 
tivity may play an important role in the initial mineralization process. Histo- 
chemically alkaline phosphatase activity has been described in tooth buds 
of various species. There are diverging opinions concerning the existence 
and significance of the alkaline phosphatase activity which occurs in the 
amelo- and odontoblasts (Greep et al., 1948; Symons, 1954; Sass0 & Castro, 
1957; Burstone, 1960; Ten Cute, 1962; Kurahashi et al., 1967). Histochemi- 
cally alkaline phosphatase activity can be demonstrated in mineralizing 
dental tissues. However, little is known about the histochemical localization 
of alkaline phosphatase activity in adult human teeth. 

Several authors have ascribed acid phosphatase activity to osteoclasts, 
(for reference see Burstone, 1960). It is thus thought that acid phosphatase 
activity may play some role in the resorption of bone. Some activity has 
been reported also in the distal cytoplasms of odontoblasts, but the dentine 
was not reactive (Ralogh, 1965). Kurahushi et al. (1967) found some acid 
phosphatase activity in the dentinal tubules and at the dentinoenamel junc- 
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tioii in p i n g  albino rat3 diiring odontogenesis. Obdyke (1962) found no 
acid plio>pliata>e activitj- in liuinan carious dentine. 

Tllis study \\'is undrrtaken Ilecaube of the common concept that acid 
plimphatase activity may play an iniportant role in the destruction proces- 
ses of highly rniiieralized tiasues, aiid also because of the working hypothesis 
that dcntine does not differ in tliis respect. Further, enzymes acting on sul- 
p l in t t  groups iii mineralized tissues are interesting, for example, because 
of the important role of nijneral binding acid inucopolysaccharides. I n  the 
present study arylsulpliatase actil ity was treated as a model of enzymes 
acting on sulphate group'. 

\ITERI.. \L AND METHODS 

'The same methods and partly the same Faniples were used as earlier (Larrnus 
el aZ., 1968) in collecting carious dentine (excavated in situ or from freshly 
extracted teeth) and cutting 10 11 sections in a cryostat. The histochemical 
demonstration of the alkaline and acid phosphatase was carried out accord- 
ing to Burstone (1960). For tlie demonstration of alkaline phosphatase napli- 
tliiil -1S-MX (Sigma Chemical Company, St. Louis, USA) and AS-TK phos- 
phate (Sutritional Biochemical Corporation, Cleveland, US-4) were used. 
M I  phoq~hate,  Red Violet LB salt (diazotized 5-berizamido-4-cliloro-2-tolui- 
dine) (Sigma Chemical Co~npariy) arid TR phosphate, Blue BBN salt (diaz- 
o t i x t d  I-amiiio-2,~-diethox~~eilzaniiilide, Verona Dyestuffs, Inc., Spring- 
fitld, I_ SA) were iised in coupling the liberated naphtol. For the demonstra- 
tion of acid phosphatase the substrates used were AS-GK phosphate (Sigma 
Chemical Company) and AS-TK phosphate (Nutritional Biochemical Cor- 
poration). Fast Blue R B S  salt was in this case used iii coupling the liberated 
naphthol. Thc incubation inedium \\-as tlie same as suggested by Burstone 
(1960). In tlie estimation of arylsulphatase activity the method of Rutenburg 
el  tr Z. (1952) was followed. The substrate used w-as 6-bromo-2-naphthyl- 
su1I)liate (Maim Chemical Laboratories, Inc., Sew Tork, LSil). Fast Blue I3 
(tetrazotizrd o-clianisidiiie, L. Light & Co. Ltd., Colnbrook, England), was 
need in this case in coupling tlie liberated naplitliol. The effect of the diaz- 
onium salts alone on the tissue sections  as studied in a similar reaction 
niixtiire as above but omitting the substrates. The effect of EDTA and 
sodium fluoride 011 the phospliatase and arylsulphatase activity was studied 
after ctissolving the conipnnds involved in tlie reaction mixture to a filial 
troncriitmtion of 1.0 x 1 0 2  11 or 1.0 s 1 0 3  M. Unless otlierwise stated the 
chemicals used &+-ere purchased from E. Merck :ZG, Darmstadt, Germany. 
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RESULTS 

The alkaline phosphatase activity was poor in carious dentine when testing 
it by AS-MX phosphate as substrate. Marked activity was observed in the 
predentine layer (Fig. 1). In addition, marked activity was seen in carious 
dentine when the carious process had reached the predentine. Low activity 
was occasionally seen in the surface layer of carious dentine. The same phe- 
nomenon could be observed with naphthol-AS-TR-phosphate as substrate. 

The acid phosphatase activity was more common in carious dientine. It 
was seen as stripes in the direction of dental tubules occurring n the sur- 
face layer of carious dentine up to the decalcified Iayer, but not in unaffected 
dentine (Fig. 2). Some activity was occasionally observed in the predentine 
(Fig. 3). When the carious process had penetrated the predentine and there- 
after reached the pulp, marked activity was seen to originate from the site 
of exposure (Fig. 4). 

Very distinct arylsulphatase activity was seen in all sections of various 
regions of carious dentine. It was more marked in the infected layer, the 
activity diminishing when approaching the decalcified layer. The activity 

Fig. 1. A peripulpal section of undecalcified dentine from a carious human molar. Note the 
strong alkaline phosphatase activity involving part of the predentine (the black area in the 
picture). No enzyme activity could be observed in the advanced occlusal carious lesion, 
situated above the area shown. Substrate: Naphthol-AS-MX-phosphate. Incubation time: 

45 min. ( x 220). 



Fig. 2. -A longitudinal section of an ahanced carious lesion. The acid phosphatase activitj 
i. seen to occur as narrow dark stripes all o\ er the picture in the direction of dentinal tubules. 

Substrate: IVaphth,l-~~S-TR-phosphate. Incubation time: 90 min. ( x 100). 

was riot homogenous in the dentine but occurred as distinct stripes in the 
direction of tlie dental tubules (Fig. 5). So activity waP seen in unaffected 
dentine. 

When testing the effect of some chemical compounds, it  was seen that 
SaF at the final concentration of M in tlie reaction mixture seemed to 

have an inhibiting effect of arylsiillhatase activity. It also displayed a slight 
irihihitory effect on the acid pliosphataae activity hut no effect could be 
dernonstratetf on alkaline pliosi)hataae under the circumstances involved. 
4aF  and EDTA at the final concentration of I t P  31, seemed to have no 
effect on the reactions. 
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Fig. 3. A peripulpal section from the tooth seen in Fig. 1. Note the acid phosphatase activity 
(as black area) in the predentine layer. Substrate: Napthyl-AS-GR-phosphate. Incubation 

time: 90 min. ( x 220). 

DISCUSSION 

Alkaline phosphatase activity has been described histochemically in osteo- 
blasts and chondroblasts (Burstone, 1960). The localization of alkaline phos- 
phatase in the predentine layer in adult human teeth below the carious den- 
tine showed that even under an advanced carious process the odontoblasts 
seem to maintain their ability to produce enzymes with alkaline phosphatase 
activity. 

It is well known that the acid phosphatase activity of most tissues is rather 
low when testing it histochemically. It may be due to that the original tech- 
nique (Gomori, 1952) may give erratic results. For instance Chanqus (1957) 
claimed that even mild decalcification procedures may completely inhibit 
acid phosphatase activity. In reference to the use of frozen sections, acid 
phosphatase is known to be readily solubilized by freezing and thawing 
(Appelmans et al., 1955; Gianetto & DeOuve, 1955). Thus it is extremely 
interesting to note that when using frozen sections of carious and sound 
dentine, marked activity can be observed in the carious process. The pre- 
sent results diffzr from those of earlier (Obdyke, 1962) as to alkaline and 
acid phosphatases. 
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Fig. 4. Carious dentine extends to the pulp. Strong acid phosphatase activity occurs as black 
stages in the \icinity of the pulp (P). eak activity is seen as grey stripes in the superficial 
layers of the cavity (C). Substrate: Napthyl-AS-TR-phosphate. Incubation time: 45 min. 

(y4Q). 

On the basis of the results o1)tainetl with NaF it may be concluded that 
it in the  high coilcentration used inx-Ely displayed some unspecific ariiori 
or salt effect on the enzyme r~ac t ion  studied. Consequently, such low fluoride 
concentrations which occur in the oral cavity evidently have no effect on 
the enzymes involved. 

Arylsulpliata~e activity i i  thought t(J originate from the bacterial plaque, 
in which Jliikinen (1966) has slio~-ii considerably high enzyme activity on 
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Fig. 5. A longitudinal section of human carious dentine excavated in situ from a human 
molar. The arylsulphatase activity is demonstrated as dark narrow stripes along the dentinal 
tubules over the whole section. In the superficial parts (top) of the carious dentine the activity 
is homogenous while occasional very strong (black) activity can be distinguished in the deeper 
part of the lesion. Substrate: 6-bromo-2-naphthylsulphate. Incubation time: 5 hours. ( x 40). 

6-bromo-2-naphthylsulphate. No enzyme activity could be observed in the 
histologically unaffected dentine. Thus it seems to be in connection with 
the caries process, as was the situation with arylaminopeptidases (Larrnas 
et al., 1968). The right to use the term unaffected dentine has been discuss- 
ed earlier (Larrnas et al., 1968). 
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Earlier histochemical studies on carious dentine (Takuma et al., 1967) 
have shown that the peritubular matrix in dentine reduces its acid niuco- 
polysaccliaride reactions during the carious process. Toto (1966) has pro- 
posed that the softening of dentine in caries may be caused by a loss of the 
niineral hiriding acid miico~)olysaccharides. This may be interpreted as a 
result of a n  enzyme hydrolysis of bacterial origin acting on sulphate groups 
in dentine. The  role of the described ary-lsulphatase activity in this hydro- 

reniains speculative. It m u 5 t  be born in mind, however, that the hkto- 
chemical rnethotl for arylsulphatase activity dots not give distinct localiza- 
tion a n d  weak actirity may disappear by diffunsion, because of tlie post- 
coupling azo dye technique. 

I t  is of iiitere-t that pliagocytic cells, which prcsurnablp include osteo- 

. show conderab ly  acid pho+atas- activity. On the other hand, 
micro-orpanisiris in dental plaque may produce acid phosphatases (MGki- 
Tif’n, 1066). Such activit?-, prohablp of microbiological origin, also occurs 
in rarious clentine. This indicates that pathological dissolution of calcified 
t i s u e  1m)bal)ly nerds acid phosphatase activity either from osteoclasts or 
rnicro-orgaiiisni~. l h e s e  enzyme activities are considered to indicate a por- 
tion of the metabolic events $t-liich occur in carious dentine (in addition to 
acid rlissolution and proteol ) after the forination of adherent microbial 
plaques on the teeth. B-hicli processes are primary remains still speculative. 
The niechanisnis of the enzyne action require further study. 

S C \LXl. iRI 

,. 1 he occurrence of alkaline and acid phospliatase as well as arylsulphatase 
activity u a s  ,stridietl liistocheinically in iindecalcified frozen sections from 
liurnan carious and unaff?cted clentine. The niethod M-as based on the use 
of various 2-napIithol esters of phosphoric arid sulphitric acid as model 
siihstrate. 11L;iline pliospliatase acti\-ity was ohserved in the przdentine layer 
of adult hiinian teeth even tinder advanced carious lesions. No activity was 
norii i~l1~- seen in carious and unaffectetl dentine. R-hen the carious process 
3iad reached the Iredentine, marked alkaline phosphatase activity was oh- 
served. This activity  as found to  he  sl)ri.ading from the exposure arza into 
tlie carious dentine. The acid phosphatase activity \ t a d  gsnerally seen in the 
caricotis dentine along the dentinal tubules. V.lien the carious process reached 
the p7dp the same phenonienon widd be obstrved as with alkaline phos- 
1)hatare activity, i.r. a rtronp arid phospliatase activity seemingly originating 
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from the affectec predentine layer. Marked arylsulphatase activity was also 
observed in carious dentine. The activity decreased gradually when ap- 
proaching the pulp. These observations support the hypothesis that the same 
enzyme actions are active in the dissolution of dentine as well as in the re- 
sorption of bone. 

R ~ S U M ~  

ETUDES HISTOCHIMIQUES SUR L’SCTIVIT~ PHOSPEIATASE ET SUR L’ACTIVIT~ 

L‘existence d’une activitC phosphatase alcaline, d’une activitC phosphatase 
acide ainsi que d’une activitC arylsulfatase a fdit l’object d’une Ctude histo- 
chimique sur des coupes par congClation, non dkcalcifikes, de dentine hu- 
maine, carieuse et saine. La mkthode employCe reposait SLIT l’utilisatior, 
comme substrats-niodbles de diffkrents 2-naphtol-esters de l’acide phospho- 
rique et de l’acide sulfurique. Une activitC phosphatase alcaline a CtC ob- 
servCe dans la couche de prkdentine de la dent humaine adulte, m&me dans 
les lCsions de carie Q un stade avancC. On ne constatait normalement pas 
d’activitk dans la dentine saine ni dans la dentine cariCe. Lorsque le pro- 
cessus de la carie avait atteint la prkdentine, on observait ici une activitC 
phosphatase alcaline marquCe. Cette activitC se ddveloppait Q partir de la 
zone de la dCnudation vers la dentine carieuse. L’activitC phosphatase acide 
se recontrait gknCralement dans la dentine carieuse le long des canalicules 
dentinaires. Quand le processus de la carie atteignait la pulpe, on observait 
le m&me phCnonibne que pour 1’activitC phosphatase alcaline, c’est-8-dire 
une forte activit6 phosphatase acide semblant provenir de la couche de prC- 
dentine touchCe. On a aussi observd une activitC aryIsulfatase marquee dans 
la dentine carieuse. Cette activitC diminuait progressivement en s’approchant 
de la pulpe. Ces observations confirment l’hypothbse selon laquelle ce sont 
les mCmes actions enzymatiques qui entrent en jeu dam la ddsintkgration 
de la dentine et dans la rksorption osseuse. 

ARYLSULFATASE DANS LA DENTINE CARIEUSE HUMAINE 

ZUSAMMENFASSUNG 

HISTOCHEMISCHE UNTERSUCHUNGEN UBER DIE PHOSPHATASE- UND ARYL- 

SULFATASE-AKTIVIT~T IM MENSCHLICHEN KARIOSEN DENTIN 

Die Aktivitat sowohl der alkalischen und sauren Phosphatase als der Aryl- 
sulfatase wurde histochemisch in nicht dekalzifizierten Gefrierschnitten 
untersucht, die aus menschlichen kariosen und unaffizierten Zahnen pra- 
pariert waren. 
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Das 1-erfahren erfolgte durch Annenduiig verschiedener 2-Naphtol Ester 
der Phosphor- wid Sclirtefelbiuren als Modellsubstrate. Alkalische Phos- 
ph'ita-e- lktivitat v urde an der Priclentinschicht des Zahnes bei Erwach- 
senen auch linter einer kraftig entvicbelten Karies festgestellt. Am kariosen 
oder ge-uiidcii Dentin 11 urde keirie Aktivitat festgestellt. Nachdem die 
Karie.ent~~icl\lung das Pradentin erreicht hatte, M urde am kariosen Dentin 
eine erliebliche alkalische Phobphatase-Abtivitat beobachtet. Es wurde, fur 
clurcliau+ mijglich gehalten, diese -4ktivitdt habe sicli aus dem Perforations- 

kariiise Dentin aubgedehiit. Die saure Phosphatase-Aktivitat 
lturde mi bariosen Dentin regelmissig in Dentinkanalchen festgestellt. 

21. die Kariesent\\ichlung die Pulpa erreichte, konnte das gleiche Phano- 
men l+ahrgenommen Herden wie bei der alkalischen Phosphatase, d.h. eine 
Gtarke, saure Pliosphatase-Likti\ itat, die illren Ursprung offensichtlich von 
clern affizierten Pradentin hat. Eine starke Arylsulfatase-Aktivitat wurde 
auch mi kariosen Dentin beobaclitet. Die Aktivitat verminderte sich stufen- 
veise in der Richtung der Pulpa. Die Beobachtungen bekraftigen die An- 
rialime, bei der Dissolution des Dentin- seien gleiche Enzymtatigkeiten 
aktiv, wie bei der Knochenresorbtion. 
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