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INTHODUCTION 

Strong arylarninopeptidase activity has been recently demonstrated histo- 
chemically in human carious dentine (Larmas, Mtikinen & Scheinin, 1968). 
In these studies no reaction was seen in sound dentine but the areas in the 
vicinity of histologically normal dentine displayed considerable enzyme 
activity. Even acid phosphatase and arylsulphatase activity was observed in 
carious dentine (Larmas, 1968). Activity of phosphatases, proteinases, and 
disulfide reductases in normal and carious human dentine has also been 
recently demonstrated by biochemical means (Mekinen, Larmas 22 Schri- 
nin, 1969; Mdtinen, 1970). These observations supported the hypothesis 
that the same enzymes could be active in the hydrolysis of dentine as well 
rtb in the resorption of bone. 

Experiments to produce artificial dental caries in vitro have been numerous 
since the original experiments of Miller (1890), where ordinary foodstuffs 
and mixed mouth organisms were used as the media. Subsequent experi- 
ments have been made with pure cultures of microorganisms. Acids, buffers, 
and other chemicals have also been used as attacking agents. An artificial 
mouth has also been developed (Pigman, 1952). These in vitro experiments 
have been recently reviewed by Darling (1970). Caries-like lesions, produced 
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in vitro under different conditions, have been compared with carious lesions, 
for example, by means of microradiographic and polarized-light microscopic 
examination. 

In the present study, the enzyme activities studied were considered as in- 
dicators of the propagation of dentinal caries. An attempt was made to de- 
termine the conditions favouring the in vitro formation of hydrolytic enzyme 
activities in sound dentine. 

The synthetization of the enzymes in microbial cells during bacterial 
growth in various media infected by microorganisms from carious dentine 
was also studied, as well as the liberation of the hydrolytic enzymes in their 
growth media. 

MATERIAL AND METHODS 

1. Dentine. Pieces of sound coronal dentine were prepared from severaf 
caries-free teeth extracted mainly for orthodontic reasons. The teeth were 
immediately placed in cold (+4"C) and stored for 3-6 hours. Pieces of 
sound dentine were thereafter prepared by a diamond bur with a water 
spray and pieces of about 3 x 3 x 3 mm were cut. These sound dentine pieces 
were stored in cold (+4"C). When a sufficient amount of dentine had been 
obtained (during a period of two weeks) the samples were placed into a 
culture medium and sterilized by different methods, described later in detail. 

2. Microbiological media. The TSHGA-medium, rich in nutrients, was 
composed of the following ingredients per 1000 ml distilled water: 5 g suc- 
rose, 5 g Bacto-tryptone (Difco Laboratories, Detroit, Michigan, USA), 10 g 
glucose, 5 g lactose, 5 g yeast extract (Difco), 2.5 g gelatine, and 0.7 g 
ascorbic acid. The pH of the medium was adjusted to 6.7-6.8. 

The TSHGA-lactic-acid medium was prepared as above, but the pH of 
the medium was adjusted to 4.0 (about 4.6 ml/lactic-acid per 1000 ml TSHGA- 
medium). 

The GSHT-medium was composed of the following ingredients per 1000 nil 
distilled water: glucose 10 g, sodium citrate 10 g, yeast-extract 5 g (Difco), 
and Bacto-tryptone 5 g (Difco). The pH of the medium was adjusted to 6.8. 
When GSHT-lactic-acid-medium was used, the pH was adjusted to 4.0 with 
lactic-acid (21.4 per 1000 ml GSHT). 

The mono- and disaccharide free, amino acid arid vitamin rich liver-meat 
extract broth was prepared as follows: 1 kg fresh homogenous beef-liver was 
boiled in 6 1 meat extract broth for 30 min and filtered. The 1000 ml meat 
extract broth was prepared from the following ingredients: 10 g peptone, 
5 g sodiiini chloride, 5 g yeast-extract (Difco) and 2 g phosphorus. The pI l  
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was adjusted to 7.2. When the liver meat extract lactic-acid medium was 
used, the pH was adjusted to 4.0 with lactic-acid (6.5 ml lactic acid/1000 ml 
liver-meat extract). 

The following solid culture media were used for identification of micro- 
organisms: ten per cent blood agar, chocolate agar (McLeod agar), and 
Rogosa agar. 

3. Microorganisms. The microorganisms used in this investigation were 
obtained from active carious lesions. Sterile microbiological media were 
prewarmed to +37"C and inoculated with microorganisms from carious 
lesions. Microorganisms were taken with a sterile excavator from human 
carious teeth in situ after first having rinsed the teeth with sterile water. 
The identification of microorganisms in the cultivation media was made as 
follows: after 24 hours growth at 37°C the aqueous media were diluted to 
1:100, 1:lO.OOO and 1:lOO.OOO with the same sterile media and a volume 
of loop1 of the diluted media was subcultivated either on blood-agar, McLeod 
agar, or Rogosa agar media. The subcultivations were carried out at 37°C 
aerobically or microaerobically in vacuo. The identification of microorgan- 
isms from the mixed cultures was performed by routine methods only, 
based on the morphology, staining reactions and cultural characteristics of 
the individual organisms, the appearance of the colonies to the naked eye 
being the primary criteria. 

4. Sterilization of dentine. The pieces of sound dentine were sterilized 
by boiling for 30 min at 100°C in an open vessel, or by autoclaving either 
for 20 min at  121°C or by intermittent exposure for 1 hour at 60°C on each 
of three successive days. The sterilizations were performed in the culture 
media. Because no difference could be observed between the results obtained 
with the different sterilization methods, autoclaving at 121°C was most 
frequently used. The TSHGA, GSHT and meat extract media were sterilized 
by autoclaving for 20 rnin at 121"C, the liver-meat extract medium was 
sterilized by boiling for 30 min at 100°C. 

5. Cultivation of microorganisms. 30 ml sterilized media with pieces of 
sound dentine were inoculated with microorganisms from carious dentine as 
described above. After 24 hours growth the infected dentine pieces were 
transferred aseptically into flasks containing 30 ml of the same sterile me- 
dium. This transfer was repeated daily during a period of 3 to 12 weeks. 
The pH of the culture medium was measured after the transfer of the dentine 
into the fresh medium. All measurements of the pH of the media were made 
with a glass-calomel electrode at room temperature (about 22°C). The semi- 
quantitative count of microorganisms was performed after 24 hours growth 
in the aqueous media, then subcultivated for 24 and 48 hours on blood 
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agar, McLeod agar, and Iiogosa agar. This procedure was thereafter repeated 
uTeekly during the experiment, as stated earlier. 

Because the mutual ratio of the main micro-organisms cultivated in vitro 
conditions seemed to change, the sterile media without dentine pieces were 
reirioculated once a week by new microorganisms from carious dentine from 
the same person. The microorgariisnis were cultivated for 12 hours and there- 
after the dentine pieces, after being washed with sterile saline, were trans- 
ferred to the infected medium and allowed to grow for another 12 hours. 
The transfer to fresh medium was then performed as earlier. This procediire 
was repeated once a week during the whole experiment. 

As a control, sterile pieces of dentine were aseptically transferred to the 
same media without microorganisms and the subsequent incubations were 
performed as in the case of the infected media. 

When studying the synthetization of the enzymes in microbial cells arid 
the liberation of these enzymes in growth media, microorganisms from carious 
lesions were disseminated into 30 ml prewarmed TSHGA, GSHT, and liver- 
meat extract, ant1 allowed to grow for 12 hours. Fifteen in1 was then trans- 
ferred aseptically to 3000 ml of the same medium, and the remaining 15 ml 
to  another 3000 ml of the same medium. The first medium was aerated by 
agitating with a mixer (Heidolp Laborriihrer, Typ RZR, Heidolp Elelitro KG, 
Kelheim/Donau, Germany) using a steel propeller at  150 r.p.ni. : the other 
medium was not aerated. Growth was followed turbidimetrically with a 
Klett-Summerson coloritneter, employing filter No. 62. When the hio- 
synthesis of aryl-aminopeptidases, arylsulphatases and phosphatases in the 
cells of the microorganisms of the mixed cultures from the carious lesions 
was studied, 30 ml samples were taken from the 3000 ml TSHGA, GSHT, 
and liver-meat extract medium. The cells from these samples were harvested 
by centrifugation at 19.500 r.p.m. (45.900 g) for 10 min at 4°C in rotor 
55-34 of the Sorvall Superspeed RC-2B centrifuge. 

NaCl 
solution in the centrifuge tubes. After pouring off the last washing solution, 
2 ml of cold sterile water was added to the pellet, and the cells were suspended 
in it. The resultant suspension was then treated 10 min with the MSE ultra- 
sonic disintegrator (Measuring & Scientific Equipment Ltd, London, Eng- 
land), 100 Watt Model, using a titanium probe, end diameter 19 mm. During 
the treatment the sample was kept in ice to prevent overheating. The resultant 
solution was centrifuged at 19.500 r.p.m. (45.900 g) for 15 min at 4"C, and 
the supernatant fluid was designated the enzyme preparation and stored at 
4°C between experiments. The clear growth media were saved for investi- 
gation and the enzyme activities were determined from them. 

The cells were then washed twice with 5 ml of cold (about 4°C )0.9 
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6. Histochemical demonstration of arylaminopeptidase, phosphatase, 
and arylsulphatase activity in cryostat cut sections. After the incubation at 
37°C for 20-90 days in the growth media, the samples of dentine were cut 
in a cryostat (International Equipment Company, Model CTI, Neetlhani 
Heights, Mass., USA) into sections of 10 ,u without any preceeding decalcifica- 
tion as described earlier (Larmas et al., 1968; Larmas, 1968). 

In the demonstration of arylaminopeptidase, acid arid alkaline phospha- 
tase and arylsulphatase activity, the same methods were used as earlier (Lar- 
mas et al., 1968; Larmas, 1968). The substrates used were leucyl-2-riaphthyla- 
mine and 6-bromo-2-naphthylsiIlfrhatt: (Mann Research Laboratories Inc., 
New York, N.Y., USA) naphthol AS-MX and AS-GR phosphate (Sigma 
Chemical Company, St. Louis, No., IJSA) and naphthol AS-TR phosphate 
(Nutritional Biochemical Corporation, Cleveland, Ohio, USA). In coupling 
of the liheratetl2-naphthylamine or naphthol, Fast Blue B (tetrazotized odiani- 
side, L. Light Co. Ltd., Colnbrook, England), Red Violet LR salt (diazotized 
5-benzamido-4-chloro-2-toluidine, Sigma Chemical Company), and Blue 
BBN salt diazotized 4-amino-2.5-diethoxybenzanilide, Verona Dyestuffs, Inc., 
Springfield, USA) were used. The histochemical demonstration of leucine 
aminopeptidase activity was carried out according to Narhlas et al. (1957), 
acid and alkaline phosphatase activity according to Burstone (1960), and 
arylsulphatase activity according to Rutenberg et al. (1952). The effect of 
the azo dyes alone on the tissue sections was studied in a similar reaction 
mixture as above without the substrates. 

The semiquantitative estimation of the enzyme activity was based on  the 
activity density on the tissue sections, not on the intensity of the activity, 
because microscopic examination revealed only coarse differences of inten- 
sity. 

7. Determination of enzyme activity in. the microbial cells and growth 
media. The estimation of arylaminopeptidase activity was performed in a 
reaction mixture containing the following ingredients: 0.3 ml of buffer, 
(0.01 M tris-HC1 pH 7.0) 0.1 ml of lo3 M aqueous substrate solution, 0.1 ml 
of water and 0.1 ml of enzyme preparation. The water soluble substrates 
were the N-L-2-naphthylamines of L-arginine, L-leucine, L-lysine, and L- 
proline (Mann Research Laboratories). N-L-alanyl-2-naphthylamine (Mann 
Research Laboratories) was dissolved well in 5 ml ethanol and was not 
precipitated when rnade up to 100ml with water. The mixtures were in- 
cubated for various periods of time at 37°C and the enzyme reactions were 
stopped by adding 0.2 ml of 0.1 yo Fast Garnet GBC Salt (diazotized 4- 
amino-3 :l'-dimethylazobenzene) in 1 M acetic buffer, pH 4.2, which con- 
tained 10 yo Tween 20 (./.). The colour intensity was read on a Hitachi 
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Perkin Elmer 139 Spectmphotorneter at 525 mp. A standard curve was 
prepared with free 2-naphthylamine (Sigma Chemical Company). 

When naphthylesters 6-bromo-2-naphthyl sulphate and 1-naphthyl phos- 
phate were used as substrates, the enzyme activities were estimated in an 
incubation mileu described above. The method was slightly changed in 
that the hydrolysis of naphthylesters was stopped by adding, first 0.05 ml 
of 0.1 yo Fast Garnet GBC Salt, and then, after 10 minutes standing, 0.15 ml 
of 1 M acetic buffer pH 4.2, which contained 10 Yo Tween 20 (v/v). The 
colour intensity was read as described above. A standard curve was made 
in this case with free 1- or 2-naphthol (Sigma Chemical Company). In the 
controls the enzymes were replaced by water. The buffers, when the hydro- 
lysis of 1-naphthyl phosphate was studied, were 0.02 M borate buffer, pH 
9.0, 0.01 M tris-HC1 pH 7.0, and 0.05 M &%dimethylglutaric acid buffer 
pH 4.6. 

The rate of hydrolysis of the substrates used were in most experiments 
expressed as extinction. Unless otherwise stated, all chemicals used in this 
study were purchased from E. Merck AG, Darmstadt, Germany. 

RESULTS 

1. Microbiological observations. The microorganisms cultivated in these 
experiments are listed in Tables I and 11. The results show that on the first 
experimental day streptococci were the main microorganisms in all of the 
media used. In these in vitro conditions the mutual ratio of various micro- 
organisms was changed in a few days and after one week candida became 
dominant in some culture media, as can he seen in Table I. At this stage 
the sterile media were inoculated by new microorganisms and the original 
ratio was approximately obtained. On the other hand, these procedures did 
not maintain the original ratio during the whole experiment. Table I1 thus 
shows the main microorganisms after the last inoculation and at the end of 
the experiment. In the conditions employed only a few microorganisms tended 
to dominate, although the reinoculation with new microorganisms was made 
weekly. 

When the microbial growth was studied in greater detail in various growth 
media, it was observed that different microorganisms were dominant at 
different times in the total growth of the mixed culture. As a rule, neisseria 
arid streptococci began their growth first and reached their exponential 
growth phase in 15 hours (the first peak in the total growth curve, as seen 
in Fig. 1). After 25-35 hours randitla arid lactobacilli reached the exponential 
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Table I. 

Microorganisms isolatedfrom the mixed cultures. Approximate percentage of various micro- 
orgnnisms counted f i om the isolated total floru on blood-agar and McLeod agar cultures 

during the first experimental week 
-~ 

Medium Microorganism 
~ . ~~~~- 

TSHCA Strept. a-haernol. 
Strept. nun-haemol. 
Candida 
Lactohacillus 
Neisseria 
Other 

'I'SHCA+ Candida 
LACTIC-ACID Strept. u-haernol. 

Lactohac. 
Strept. non-haernol. 

~- __ ~ __ 

GSHJ Strept. ct-haemol. 
Strept. non-haernol. 
Candida 
Staph. albus 
Other 
._ 

GSHT+ Candida 
LACTIC-ACID Strept. non-haemol. 

LIVER-WEAT Strept. u-haernol. 
EXTRACT Strept. non-haernol. 

Candida 
Neisseria 
Lartolvicil. 
Entcrohact. 
Other 

~ ~- 

LIVER-MEAT Candida 
EXTRACT+ Strept. a-haemol. 
LACTIC-ACID Lactobac. 

Strept. non-haemol. 
- 

CONTROLS - 

3 

Aerobic 
- 

I .  day 
67 4 
11-32 

< 1-1 
< I  

3--6 
< I  

42 -70 
27-20 
4-15 

12-16 

2-7 
91-98 

<1 
< I  

1 --2 

36-70 
42--60 

6-54 
45 8 9  
<I 
<I  

<1 
<1 

2 -4 

4-6 
12-53 
1 -3 

40-80 

6. day 
67-68 
2-6 

26-29 
3--6 
- 

(1 
~- 

72-80 
10 -14 
5-10 
3-10 

_- 

3 -7 
61-70 
32-47 
- 

3-6 
-~ 

-_ 
- 

-~ ~~ 

6-37 
38- 70 
2 5 -43 

-- 

<I  
<1 

17-36 
2 9 4 7  

__ 
50-75 

Microaerophilic 

1. day 6. day 

63-75 62-75 
<1 7-14 

25-37 2 0 4  

- - 

- - 

<1 2-7 

1 4 , 5  10-17 
14,s-63 20-32 

7-16 14-17 
35--81 42-60 

~- 

1 2 4 1  14-24 
80-94 60-90 

<1 12-30 
- - 

- - 

Candida 47--60 
Strept. 21-72 
hac-mol. 
-__ - - - 

12-32 10-14 
49-430 41-90 
<I 14-20 

- 

- -. 

- - 

~ - 

2 4  12-21 
8 J 3  17-30 

60-70 5 6 4 0  
- __ 
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Table 11. 
Micro-organisms isolated from the mixed cultures. Approximate percentage of various micro- 
organism counted from the isolated total flora on blood-agar and McLeod agar cultures 

during the last experimental week 

Medium 

~~ - 

TSHGA 

Microorganisms 

_ _ - ~  

Strept. non-haemol. 
Strept. a-haemol. 
Candida 
Ncisseria 
Other 

Aerohic 
The last experimental 
week 
In the be- 
ginning 

At the end 

14-86 20-60 
8-14 8-12 

3 1 4 2  37-66 
2-5 3-7 

<I  <1 

Microaerophilic 
The last experimental 
week 
In the be- 
ginning 

47-70 3 6 4 1  
11--17 14-30 
21-30 29-35 

At the end 

~ _ _ _ _ _ _  

TSHGA+ Candida 6&90 85-94 40--70 3 0 4 0  
LACTIC-ACID Strept. non-haemol. 8-24 4-17 6-48 11-39 

Strept. u-haemol. 3-6 1-2 3 4  2-17 
_ _ _ _ _  ~ _ _ - _  ~ ~- ~~ _ _ ~  -~ 

GSHT Strept. u-hacmol. 12-30 17-21 - - 

Strept. non-haemol. 4 6 4 1  12-27 78-91 64-70 
Candida 16-37 3 9 4 2  12-18 2 5 A O  
Other <1 <1 - - 
_ _ _ ~  __ ~ -~ 

GSHT+ Candida 45-76 6 9 4 4  43-55 50-60 
LACTIC-ACID Strept. non-haemol. 55-70 36-69 71-90 60-70 

LIVER-MEAT Strept. non-haemol. 3 9 4  41-68 47-72 36-74 
EXTRACT Strept. a-haemol. 11-32 8-17 10- 6-2 1 

Candid a 47-68 51--70 3 6 4 9  2 1 4 9  

~ ~ ~ _ _ _ _ _ _ _ _ _  ~ ~ 

LIVER-MEAT Candida 5 8 4 1  72-90 36--68 42-77 
EXTRACT+ Strept. non-hacmol. 35 4 7  12-31 2 9 4 1  36-62 
LACTIC-ACID 

growth phase, and when aerated, canditla dnminated and only a few other 
microorganism species could be isolated from the mass of candida (the last 
peak in the total growth curve, especially in the aerated culture as seen in 
Fig. 1). The various micro-organisms isolated from the TSHGA medium hy 
subcultivation on blood agar, McLeod agar, and Kogosa agar at 10 and 40 
hours after the inoculum are been in Table 111. Similar results were obtained 
by the other media used. 
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Fig. 1. Formation of enzymes hydrolyzing N-I,-lcuryl-2-naphthylamine by microbial cells 
during the growth of a mixed culture from caries cavity in the TSHGA medium. A: not 
aerated, B: aerated culture. 1: growth curve (lefthand scale); 2 :  enzyme activity in the cells; 

3:  enzyme activity in the growth medium; 4: pH of the medium. 
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Tdbk 111. 

The micro-orgamsms isolated from the mixed culture in the TSHGA medium by aerobic 
subcultivation on solid media, after various dilutions at 10 hours and 40 hours after the 
m o d u t i o n .  Appr. percentage of various micro-organums Lounted from the Lsoluted total 
flora on blood agar and McLeod ugar at dbfferent clilutiony (1 :100, I :10.000, 1 :100.000) 

~ __  ~ _. - ~ - _ _  - 

Arrated TSHGA Nonaerated TSHGA 

I0 h. 40 h. 10 h. 40 h. 
~ - .- 

~ ~ _ _  ~_ .- - ~ -~ 

Str. viridans 45--60 3 --5 45-70 50-70 
Neisseria 2 0 4 0  0 20-30 <1 
Enterobactcria < I  <1 3--5 <1 
Candida <1 85-95 < 1  4-9 
Lactobacilli <1 2 4  <1 15-30 
Staph. albus 3-7 0 1.-3 0 
Other 2 -4 <1 2-3 1--2 

The pH valnes of the rrietlia after the consecutive 24 hours incubation 
periods can be seen in Fig. 2. The pH fell daily after the microbial growth 
from ahout neutral to pH 5-4. The final p€I value attained seemed to de- 
pend on  the medium used and the microorganisms isolated from that medium. 

When st.udying the production of hydrolytic enzymes of the microorganisms 
in the mixed cultnres, the enzyme activity was calculated per ml of growth 
medium and also the relative enzyme content of the cells was estimated. Fig. 
1 shows the results f rom the experiments in which the hiosynthesis of aryl- 
amino-peptidase in the mixed cultures was studied. It shows that the forma- 

tarted simultaneously with tlie cell division, and the highest 
n the cells was found during the exponential growth phase 

of the different microorganisms in the mixed culture, mostly when the cell 
division of candida started. The leucine aminopeptidase activity in the 
ineditint was not found in any restricted growth phase hut  rather during 
the whole life cycle. Similar observations were made of the production of 
arylsnlphates and the results were similar, regardless of the medium used. 
When aerated, thc growth of canditla stirririlated and the pH of the 
niedium rose, as also seen in Fig. 1. 

2. Histochcrnicul dernonstmtion of enzymes. Fig. 3 shows ahundarit 
leucine aminopeptidase activity in ;1 transversal section obtained from den- 
tine kept in CSHT medium, this activity heing similar to  that observed 
in  vivo (Im-mas et al., 1968). The enzyme activity occurred in and along 
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Fig. 2. The pH values of the media after the 24 hours incubation. The reinoculations are 
shown as hatched lines. 

the dentinal tubules. The activity also occurred in uninfected parts of the 
dentinal tubules. Fig. 4 shows considerable arylsuIphatase activity in a sec- 
tion cultivated in the meat-liver extract medium. The localization of the  
activity differed from that of arylaminopeptidases, as in this case the  ac- 
tivity occurred in the superficial layer of the dentine. Arylaminopeptidase 
activity occurred mostly in the central part of the dentine sections (Fig. 3). 
In some sections obtained with TSHGA-medium a distinct zone of marked 
arylsulphatase activity could be observed on the borderline of histologically 
normal middle parts of the dentine pieces. No enzyme activity could be 
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Fig. 3. Aliundant leucine aminopepticlase activity in a transversal section from dentine kept 
in CSHT medium. Activity is seen as dark arcas in the dentinal tubules all over the section. 
Note that the strongest activity density was in the inncr part of the section. Incubation time 

30 min. ( x 20). 

Fig. 4. Strong arylsulphatase activity in dentine kept in meat-liner extract broth. The activity 
occurs in the superficial layer of the dentine as dark stripes along the dentinal tubules. In- 

cubation time 3 hours. ( x 20). 
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Tahle IV. 
The histochemical demonstrutron of enzymes in dentine sections czfter mccrobiologicul 

growth in vurLous mediu 
~ __ __ ~- ___ ___ 
MEDIUM Arylamino- Ar ylsul- 

peptidase fatase 

++++ I ++++ 
~- -. 

Acid phos- Alkaline 
phatase phosphatase 

~ ~- -~ ~ _ _  

TSIlCA 
TSHGA+ 
LACTIC-ACl D 
GSHT 
GSHT+ 
LACHC-ACID 
LIVER-MEAT 
E XT KA CT 
LIVER-MEAT 
EXI'RACT+ 
LACTIC-ACID 
CONTROLS: 
TSHGA* 
GSH'I* 
LIVER MEAT 
EXTRACT* 
TSHGA+ 
LACTIC-ACID 
GSHTi 
LIVER-MEAT 
EXTRACT+ 
LACTIC-ACID 

I + 
+++++ + -i- 

4 

t + + i- 

++ ++$-+ 

+ + + 
+ + + + Very rich activity in all sections from different layers of the dentine 
+ + + 
+ + 

Rich activity in all sections 
Rich activity in some sections, moderate activity in the others 
Moderate activity in somc sections 
Poor activity in some sections 
No activity in any sections 

++ + 
- 

observed in dentine pieces incubated without microorganisms in the same 
microbiological media, or when incubated without the substrates. No phos- 
phatase activity could be observed histochemically in any section. The 
results are summarized in Tahle IV. Different enzyme activity could be 
observed in various media, the strongest arylaminopeptidase activity being 
found in sections obtained with GSHT-medium, whereas arylsulphatase 
activity was prominent in those obtained with TSHGA-medium, the latter 
medium providing in general the most noticeable histochemical enzyme 
activity of all sections. 



290 MARKKU LAHMAS 

DISCUSSION 

For obvious reasons these experiments were made with extracted human 
teeth; thus the environment differed from that in the mouth and the mcta- 
bolism of the teeth was drastically disturbed. Therefore, these experiments 
are open to criticism. The results show, however, that the lesions produced 
were macroscopically, histologically, and histochemically intlistinguishable 
from advanced natural caries. The discussion can be limited to comparisons, 
first of the substrate (i.e. the pieces of dentine) with natural dentine, and 
second of the in, vitro environment (i.e. the microorganisms and their culture 
media) with that of the oral cavity. 

It is to be noticed that although freshly extracted teeth were used, certain 
post morteni changes may have occurred in the dentine. As for the pre- 
paration and sterilization of the pieces of dentine, certain types of physical 
irritation occurred, for example heating, dehydrating etc. However, the 
structural characteristics of the mineralized tissue did not change, and thus 
the results can he considered as indicative of, or at least comparative with 
earlier experiments. 

In this experimental system many microorganisms from the oral normal 
flora did not grow, (for example the spirochetes), and the information avail- 
able was thus limited. On the other hand, the microorganisms grown in this 
system were the same as normally observed in carious dentine and dental 
plaque, and thus this experimental system did not show any drastic differ- 
ences when compared to those in uivo. 

The experimental environment seemed to have some similarities to those 
in vivo. It was first to be observed that the pH of the media changed daily 
from about neutral to pH 5-4, depending on the medium used. T ~ L E  the 
hydrogen ion concentration corresponded to the physiological limits in the 
oral cavity. The media were selected so that they contained various amounts 
of refined carbohydrates and other nutritients, as is the situation in the 
oral cavity. Accumulation of the microorganisms on and in the dentine 
also occurred, and the enzyme spectrum in the environment was very similar 
to that of saliva and dental plaque. The concentration of calcium, phosphorus 
and some trace elements did not, on the other hand, correspond to those 
in vivo, as was the situation with the buffering capacity etc. Some similarities 
as well as some differences thus occurred between this experimental system 
and conditions in vivo. 

The distribution of the hydrolytic enzyme in the caries-like lesions was 
similar to that in natural carious lesions. I t  was of interest that the enzyme 
activity occurred as distinct stripes along the dentinal tubules, not as dis- 
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tinct spots in the infected regions. This would suggest that the enzymes 
involved may even be extracellular, or at least that cellular damage of micro- 
organisms occurs in the infected dentine and the intracellular microbial 
enzymes are thus liberated into the dentinal tubules. Hydrolytic processes 
may take place in the dentine, preceding the invasion of microorganisms, 
as was the situation in the present series of experiments. 

The in vitro system presented seems to be sufficient, however, for studying 
the interrelationship between specific strains of microorganisms and specific 
enzyme activities in caries-like lesions in human dentine. Thus it will be 
possible to determine from which species or strain the enzymes involved 
originate in human dentine. 
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SUMMARY 

The present study was carried out in order to elucidate the circumstances 
under which the arylaminopeptidases, phosphatases, and arylsulphatases 
appeared histochemically demonstrable in the dentine. Pieces of sound 
coronal dentine were incubated at 37°C in various culture media (TSHGA, 
GSHT, and liver-meat extract broth). The media with the sterile piece of 
normal dentine were infected with a niixed microorganism culture from a 
carious human tooth arid allowed to grow for 24 hours. After that period the 
infected dentine pieces were transferred to corresponding fresh media and 
the microorganisms allowed to grow for another 24 hours. This procedure 
was repeated daily for a month or longer. During this period the pieces of 
dentine were softened and sections could be cut in a cryostat. 

Leucine aminopeptidase and arylsulphatase activity could be demon- 
strated in the dentine, the distribution of the activity being similar to that 
in the case of carious dentine. No acid or alkaline phosphatase activity could 
be observed by the methods used. No enzyme activity was seen in the con- 
trol sections, which were cut from dentine incubated without microorganisms. 
The i n  vitro system presented seemed to be sufficient when comparing arti- 
ficial and natural caries lesions, at least when the hydrolytic enzyme activities 
were considered as indicators of the propagation of the process. 
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When the syntlietization of enzynies in microbial cells during bacterial 
growth was studied, it was observed that the formation of enzymes started 
simultaneously d h  the cell division, and enzymes were demonstrable during 
the whole life cycle of the microorganisms in the mixed culture. 

RBSUMB 

6TI D E S  HISTOCIIIMIQUES S U R  L E S  ENZYMES IIYDRO1,YTIQUES DANS LA C A R I E  

AHTIFICIELLE DE Lk D E N T I N E  I I L M A I N E  

La prksente kti i t le a 616 effectuke d a m  le but de rnettre en liuni+re les cir- 
constarices tlans lesquelles la niise en 6vidence histochirnique des arylaniino- 
peptidases, des pliosphatases et des arylsulfatases pouvait Btre faite dans la 
dentine. Des fragments de dentine coronaire saint: ont CtC iricuhCs h 37°C 
dam diffirents milieus de culture (TSHGR,  GSHT, et bouillon d’extrait dc 
foie-viande). Les rriilieux contenant les fragments stdriles de dentine riorrnale 
ont CtC infect& par une culture mixte de micro-organismes provenant d’une 
dent humaine cariCe et se sont developpCs pendant 24 heures. Aprks cette 
phiode, les fragments de dentine infect6e ont CtC transplant& dans un mi- 
lieu correspondant fraichement pr6par6, et les micro-organismes ont pu se 
dkvelopper pendant encore 24 heiires. Ce procCd6 a Ct6 rCpetC tous les jours 
pendant un  mois ou plus. Pendant cette p@riode, les fragments cle dentine 
se sorit ramollis, et des coupes ont p i  Btre faites dans \in cryostat. 

L’activit6 leucine-aminopeptidase et leucine-arylsulfatase a pu Btre mise 
en 6vidence dans la dentine, la rkpartition de cette activitC &ant analogue 
h celle qu’on trouve dans le cas de la dentine cariCe. Les mCthodes utiliskes 
n’ont pas permis de constater d’activitk phosphatase alcaline ni acide. Les 
coupes tCmoins, faites h partir de dentine incub6e sans micro-organismes ne 
prksentaient pas d’activitk enzyniatique. Le syst h e  in vitro prCsent6 ici 
sernhlait &re suffisant p u r  la cornparaison des caries artificielles et natu- 
relles, tout au moins quand les activitCs enzymatiques hydrolytiques Ctaierit 
considCr6es comme des indicateurs de la propagation du phknomhe. 

Lorsqu’on Ctudiait la synthkse des enzymes dam les cellules microbien- 
nes pendant la croissance bactkrienne, on observait que la formation des 
enzymes commenCait en meme temps que la division cellulaire, et que des 
enzymes pouvaient Btre mis en Cvidence pendant tout le cycle vital des 
micro-organismes dans la culture niixte. 
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ZUSAMMENFASSUNG 

HISTOCHEMISCHE UNTERSUCHUNGEN UBER HYDHOLYTISCHE ENZYME BEI 

ARTIFIZIELLEM DENTINKAHIES 

III vorliegender llntersiichung wurde ein Klarlegen der Verhaltnisse ange- 
strebt, unter tlenen das Erscheirieri van Arylamirior)eptictase, Phosphatasen 
und Arylsulphutasen rnit liistochemischen Methoden nachgewiesen wertlen 
konnten. 

Zu dieseni Zweck wurden gesunde, sterile Kronendentinstucke bei 37°C 
in Nshrbiiden verschiedener Art inlcubiert (TSHGA, GSHT, Leher-Fleisch- 
briihe). Als Nachstes wurde der NBhrhoderi mitsamt dern dariri steckentlen 
Kronendentiristiicke mit eirier atis kariiisem hunianen Zahngewebe gezuch- 
teten Mischkultur infiziert. Nach dem Verlanf von 24 Stunden verpflanzte 
inan diese urspriinglich gesunden, mit der Mikrohenkultur infizierten Den- 
tinstiicke fiir weitere 24 Stunden auf frische Nihrboden entsprechender Art. 
Im Verlauf von 1 Monat bzw. sogar einer lingeren Zeit wurde dieses taglich 
wiederholt, his die Dentinstiicke soweit erweicht waren, dass die Herstel- 
lung von Kryostatpriiparateri miiglich war. Durch histochemische Enzym- 
bestimmungsmethoden gelang es, in den Dentinstiicken das Vorhandensein 
von sowohl Leucin-Aniinopeptidase als Arylsulphatase aufzuzeigen, rnit 
einer Distribution der Aktivitat gleich derjenigen des kariiisen Deritins in 
situ. 

Mit den von uns angewendeten histochemischen Methoden gelang es 
nicht, das Vorhandensein alkalischer hzw. saurer Phosphatasen nachzuwei- 
sen. In den Kontrollpriiparaten, hergestellt aus Dentinstiiclten, die fiir die 
Dauer entsprechender Zeitspannen in sterilen Nahrbiiden inkuhiert wnrden, 
konnten keinerlei Enzymaktivitaten beobachtet werden. 

Die von uns angewendetet in vitro-Methode erwies sich - insoweit die 
Aktivitst einiger histochemisch nachweisbarer Enzyme als Kariesindikator 
giiltig ist - fur das Anstellen von Vergleicheri zwischen Karies in vivo und 
in vitro als befriedigend. 

Die Untersuchungen iiber die Synthetisierung der Enzyme in den Mikro- 
benzellen wihrend des Bakterienwachstums fiihrten zii der Erkenntnis, 
dass Enzymbildung und Zellteilung gleichzeitig stattfanden, und dass En- 
zyme in der Mischkultur ridhrend des gesamten darauffolgenden Wach- 
sturnszyklus nachgewiesen werden konnten. 
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