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Six mongrel dogs were reared after weaning on a daily diet composed of (1) raw bovine meat 
(35 %) containing sucrose (65 yo), (2) bovine milk with 10 % sucrose, and (3) water. Five 
control dogs were kept on a similar diet without sucrose. The experiment was carried out for 
260 days. No differences between the groups were observed when comparing the rate of 
growth, eruption pattern of deciduous and permanent teeth and blood sugar concentration. 
Hydrolases acting on ester and peptide bonds and glycosyl compounds were studied in the 
supernatant and sediment fraction of centrifuged dog saliva using altogether 41 different 
substrates. When comparing the values obtained to those of man the following deviations 
were observed: the sugar diet did not induce the appearance of salivary a-amylase (EC 
3.2.1.1.), proline iminopeptidase (EC 3.4.1.4.) nor acid phosphatase (EC 3.1.3.2.) activity. 
With a few exceptions, the total hydrolytic enzyme activity in the oral cavity seemed to 
be constant. However, a fourfold increase was noticed in the hydrolysis of 6-hromo-2- 
naphthyl-a-D-glucoside, possibly representing a-glucosidase (EC 3.2.1.20) activity. The 
salivary protein concentration increased in the sugar group whereas it decreased in the meat 
group. No initiation of dental caries was obtained in any of the dogs. These observations were 
though to support the view that in the oral enzyme spectrum differences due to the diet and 
interspecies variations do occur. 

The effect of diet on plaque formation and the periodontal conditions has been 
studied earlier in dogs, for example by Egelberg (1965 a, b) and Carlsson & 
Egelberg (1965). There are only a few reports available concerning the effect 
of diet on the oral enzyme spectrum in man or in other species. Squires (1953) 
found that five Kalahari bushmen detained in prison on a carbohydrate diet 
exhibited a salivary amylase concentration four times as great as similar 
bushmen who lived on a meat diet in native conditions, Bates (1962) found 
little evidence to support the suggestion that dietary changes might influence 
the level of amylase in saliva of the rat. Recently, an extensive investigation 
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011 the efferl of dietary sugars on oral enzymes and other parameters hds 
h e n  carried out in man (Scheinin & M&inen, 1971, 1972; Paunio, M u k r -  
71(’12 & Schcinin, 1972; Makinen & Scheinin, 1971, 1972). 

4 comparison of the salivary enzyme spectrum between man and dog 
revealed some interesting differences (Larrrias & Schcinin, 1971b ; 1972), 
which may have reflected the different behaviour to dental caries hetween 
the species. The present study was undertaken partly because the dietxy 
habits fornied one of the basic differences and partly because the develop- 
merit of dental caries %as thought to be highly influenced by the diet. 

MATERIALS .4ND ME:THODS 

Test animals. Eleven mongrel dogs from three different parents were used. 
Six of the dogs were horn in the institute of parents used in earlier studies 
(Larnias & Scheinin, 1967, 1971 a, b ;  1972) and five were obtained at the 
age of forty days. The dogs were divided into two groups, one group con- 
pistirig of five dogs (three females, two males), and the other of six dogs 
(three females and three males). A pilot experiment was made with four 
other pups. 

The body weights were measured weekly during the first one hundred 
days and bimonthly thereafter until the dogs reached an age of 260 days. 
All experimental procedures were made without anesthesia. At the age of 
six months the dogs received a distemper vaccination. 

Diets. The dogs were wearied at the age of 45 days. Two experimental groups 
were formed: a meat group and a carbohydrate group. Five pups of the rneat 
group were reared on a daily meat diet composed of raw bovine meat (100 g), 
bovine milk (100 g) and water. As a rule the animals received the rations 
once a day in the morning, except water, which they were allowed to corisnnie 
frrely. After one month the daily amount of meat was increased to 150 g 
per dog. The carbohydrate diet was composed of raw bovine meat (35 g) 
and wcrose (65 g). 100 g of this mixture was given to each dog daily during 
the first month and 150 g after that. Each dog of the carbohydrate group 
received daily 100 g bovine milk which contained 10 % sucrose (w/v) arid 
water. The carbohydrate group of six dogs received the rations onre a day 
in the morning. As a rule the dogs of this group did not ( :uns~i~i ie  all thcir 
food until later in the afternoon. 

Dental eruption pattern. The eruption of the deciduou? tertli of the >ix 
pups born in the institute was examined three times a week anti a tooth 
eruption chart for each day was made. Eruption was considered to haw 
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taken place at the time of gingival penetration. The tooth loss was observed in 
all the dogs studied in connection will the natural exfoliation of the dog teeth. 

The eruption of the permanent dentition was studied in all the dogs. 
Notation was made twice a week when a deciduous tooth was observed to be 
slightly mobile, loose, or exfoliated, and when a permanent tooth had pene- 
trated the gingiva. 

Identification of teeth was made according to the following formula : 
deciduous, I 313, C 111, M 313; permanent I 313, C 111, PM 414, M 213 
(Miller, 1952). 

Collection of saliva. The saliva samples were collected by suction directly 
from the mouth, without chemical stimulation and anesthesia, by a glass tube 
and water suction as described earlier (Larmas & Scheinin, 1971a). Samples 
of five nil were collected weekly during the lactation period from six dogs, 
thereafter three times a week during the first experimental week from all 
the dogs, after this once a week for one month and thereafter monthly until 
the end of the experiment. The saliva samples were pretreated in exactly 
the same way as described earlier (Larmas & Scheinin, 1971b). 

Enzyme preparation and chemicals. The pretreating of the saliva samples 
for making the enzyme preparation was the same as described earlier (Larmas 
& Scheinin, 1971 a, b;  1972). All substrates and other chemicals and their 
sources, unless otherwise stated, were the same as in previous papers (Muki- 
nen, 1966, 1968; Larmas & Scheinin, 1971 a, b;  1972). The buffer solutions 
used were made as described earlier (Larmas & Scheinin, 1971a). 

Determination of enzyme activity. Determination of the enzyme activity 
was in principle conducted as described in previous papers (Makinen, 1966; 
1968; Larmas h Scheinin, 1971 b, 1972). The enzymes investigated were 
aminopeptidases (EC 3.4.1.), glycosidases (EC 3.2.) and esterases (EC 3.1.). 
Different N-L-aminoacyl-2-naphthylamines and a- or P-naphthyl esters were 
used for the assay. Amylase activity with starch as substrate was determined 
as described earlier (Larmas & Scheinin, 1972). 

Protein concentration. In this study the protein concentrations were 
determined using the Folin-Ciocalteu method as described by Luyne (1965). 

Lktermination of blood sugar. The blood sugar concentration was 
determined by the method of Hultman (1959) at the same time as the body 
weight was measured. 

RESULTS 

No differences in body weights between the groups were observed (Fig. la). 
However, the food intake in the sucrose group was seen to decrease occasional- 
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E'ig. 1. riverage body weights (in kg) and blood sugar concentration (in mg (:(,) o f  the dogs 
in the sugar group (solid circles) and in the meat group (open circles). The tinre of wtaninp 
is indicated with the hatched line at 45 days. In the lower part of the figure, the ertrption 
of deciduous teeth is indicated with solid arrows and exfoliation with hatched arrow-s. T h r  
solid horizontal line indicates the time of deciduous dentition and the hatched line indirates 

the time of permanent. dentition. 
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Table I. 
Eruption ( T )  and Exfoliation (L) of deciduous teeth o f the  test animals, expressed in days 

- ______ 
Teeth 

_..___ 

Maxillary Mandibular 

Sugar group Meat group Sugar group Meat group 
29 29 33 34 

123 125 122 124 
29 29 31 31 

130 133 129 130 
27 28 31 31 

138 135 135 138 

27 26 27 27 
161 165 158 159 

32 32 32 31 
181 184 158 162 
29 30 31 33 

170 179 181 178 
34 34 33 34 

142 145 179 180 
- 

Mean values of six pups born in the Institute. 

ly, this period lasting only for a few days. The average weekly food intake 
was not significantly different in the two diet groups. 

Significantly differing results were not observed between the sugar and 
meat groups, nor between the right and left side of the jaw in the eruption 
patterns of deciduous and permanent teeth (Tables I and 11). Thus the values 
are mean values of both sides, each figure consisting of the mean of altogether 
12 teeth in the sugar and ten in the meat group, except for the values of 
eruption of deciduous teeth, which are mean values of the six pups born 
in the institute only. 

The blood sugar concentration decreased with increasing age (Fig. lb). 
No differences between the two groups were observed. 

The protein condentration of saliva increased during the lactation period 
(Fig. 2). After the diet change (at 45 days age), the protein concentration 
of saliva sediment decreased in the meat group, and a rapid increase was 
observed in the carbohydrate group. The protein concentration of the super- 
natant fluid increased in both groups after ten days following the diet change. 
In the sucrose group the protein Concentration of saliva was higher than in the 
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Table 11. 
Eruptton of permanent dentitcon of the test anrmals, expressrd tn d a j c  

Terth Maxillary IVIandihular 
- _ _  - ._ - ____ - __ -~ 

___- ________ 

Sugar group Meat group Sugar group Meat group 
Incisors: 1 124 128 122 125 

2 132 136 130 130 
3 138 136 138 140 

Canines: 158 163 160 1.58 

Premolars : 1 110 106 
2 184 182 
3 171 180 
4 145 147 

132 136 
158 157 
182 I81 
184 1 82 

5foldrs: 1 141 138 134 I30 
2 175 168 172 165 

- 198 187 3 ___ 

- ~~ 

meat group throughout the experimental period. The range of thr i i i ( i i \  i r l i i d  

babies 14as considerable. 
The arylaminopeptidase activity of 5aliva supernatant fluid 15 \hint ii 1 1 1  

Fig. 3. ‘The activities measured at the end of the lactation period are pre-eiitrd 
111 the Ieft part of the figure (Fig. 3a). The most rapidly hydro1vLed \-I.- 
dmino‘u yl-2-naphthylamiiies at this period were thow of I ~ l ~ i r t i n e  I - 
methionine, 1,-leucine, DL-plienylalanine, L-glutamic acid (arnitle bond 
involving y-carbon), wlieii t’n7yrne preparation5 obtained from d i v  si i lwr-  

ridtatit fluitl were studied. Differerices between the groups wcre ,iti,ill h i t  

between the intlix iduals rrlatively high. 

by centrifuged sdi\  a waq ol)ser\ ed M ith the X-L-cmiii~oacx I-2-naphtl~ lair 1int.3 
of DI,-~)lienylalaniiie, L-leiicine, L-glutarnic acid, methionine, m ( 1  1+-d l~ i i i i i t  ~ 

e sugar and the meat groups (Fig. 3b). Ah ‘I rule, the ratr i ) t  t tw 

of theie suhstrates was higher in the sugar group than in tlit. inrat 
group. In the meat group the rates of the hydrolysis were somenhat higlit’r 
dtiririg the lactation period than (luring the consumptiori of the meat tlic,t. 

Fig. 4 shoNs the results obtained when studying the enzyme actixitie- 111 

dog saliva sediment. After the lactation period (Fig. 4.) the ipecific. a( ti\it\  
of the enzymes hydrolyzing various ,~J-L-ar~iinoncvl-’-ii‘~i)hth~ htniric.- 

I t  the eiid of thr experimental period, the mwt rapid hvdrol 
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Fig. 2. The average protein concentration of dog saliva sediment (a) and supernatant (b) 
in mg yo. Open circles indicate the meat group and solid circles the sugar group. 

increased (Fig. 4 b). This result was the opposite to that obtained with centri- 
fuged saliva. However, the most rapidly hydrolyzed substrates were mainly 
the same as with the supernatant fraction of saliva. A noticeable increase in 
the hydrolysis of N-L-arginyl, I;-glutamyl, and phenylalanyl was observed 
in the sugar group. 

The rate of hydrolysis of various phosphate esters catalyzed hy dog saliva 
supernatant and its sediment is shown in Fig. 5. During the lactation period 
enzyme preparations obtained from both centrifuged saliva and its sediment 
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I s u g o r  group - s u g o r  g r o u p  

U rneot g r o u p  C 1  rneot group 
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LEU4-MET-Z-NA 

00015 0001 00005 00005 0001 OflOlS 

Fig. 3 .  H~drol j s i s  of N-L-aminoacyl-2-naphthylamines of various amino acids by centrifuged 
dog saliva at  the end of thr lactation period (a) and at the termination of the experimmt (b) 
in 0.01 M tris buffer, pH 7.0. The activity is expressed as liberatedymoles of 2-naphthylamine 
per m g  protein and rnin. The abbreviations are the same as earlier (Larrnas & S r h i n i n ,  

1071 b). Opcn columns: meat group, black columns: sugar group. 

hydrolyzed various phosphate esters at an almost equal rate at pH 4.6, 7.0 and 
9.0 (Fig. 5 a, b). On the other hand, at the end of the experimental period, 
the rate of the hydrolysis at pH 9.0 was increased and at pH 4.6 reduced 
from the values recorded during the lactation. The sugar diet increased the 
alkaline phosphatase activity about twofold (Fig. 5 c, d). 

Arylsulphatase activity (EC 3.1.6.1.), tested with 6-bromo-2-naphthyl 
sulphate, did not vary very much during the whole experiment and the 
activity was localized in the sediment fraction of saliva only (Fig. 6 b ,  d). 

Thc rate of the hydrolysis of carboxylic acid esters at the end of the ex- 
periment (Fig. 6 g, h) was reduced with increasing age. of the pups from 
values determined during the lactation period (Fig. 6 e ,  f ) .  The decrease 
was more noticeable in the sugar group than in the meat group. The rate of 
the hydrolysis of short chain fatty acid esters, catalyzed by enzyme pre- 
parations of dog saliva, was the most rapid of all the substrate5 tested. 
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Fig. 4. Hydrolysis of N-L-aminoacyl-2-naphthylamines of various amino acids by centrifuged 
dog saliva sediment at the end of lactation period (a) and at the termination of the experiment 

(b). The experimental conditions were the same as in Fig. 3. 

The rate of the hydrolysis of 6-bromo-2-naphthyl-a-D-glucoside was seen 
to increase fourfold when catalyzed by enzyme preparations from the sucrose 
group, compared to the rates obtained in the meat group. 

No hydrolysis of soluble starch catalyzed by enzyme preparations obtained 
from the saliva of both groups could be observed. Thus no amylase-like 
activity was found. 

The rate of hydrolysis of phosphate esters measured at the alkaline side 
(expressed as liberated naphthol (mg protein x min)) displayed an in- 
creasing tendency (Fig. 7 a, b), more easily noticed in the carbohydrate 
group. On the acidic side, a clearly decreasing tendency in the rate of the 
hydrolysis could be observed soon after the lactation period, and the hydro- 
lysis of the 1-naphthyl phosphate was markedly reduced with increasing age 
of the puppies, as seen in Fig. 6 a ,  b. In the hydrolysis of N-L-alanyl-2- 
naphthylaniine no clear difference between the groups can be seen (Fig. 
7 c, d), but a marked decreasing tendency during the experimental period 
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Fig. 5. Hydrolysis of 1-naphthyl phosphate by centrifuged dog saliva supernatant to the 
right (a, c )  and its sediment (b, d) at the end of lactation period to thc left (a, h) :and 
at the termination of the experiment (c, d) in 0.01 ILI tris buffer pH '7.0 or pH 9.0 and i i i  

0.05 RI P,&dimethylglutarate buffer, pH 4.6. The activity is expressed as liberated pniolt:s of 
I-naphthol pcr mg protein and miii. Open columns: meat group, black roluriins: sugar group. 

can be observed. On the other hand, an increust: in the rate of the hydrolysii 
of ~'-I,-y-~lutamyl-2-naphthylarniiie, catalyzed by enzyme preparations of 
the sucrose group, can lx observed when cornpared to the meat grou[) 
(Fig. 7 c ,  d). 

SEDIMENT SUPERNATANT 
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0 meat rou  a 1 sugar group 
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001 0.005 a.005 001 

Fig. 6. Hydrolysis of various carljoxylic acid and sulphate esters hy centrifugrd dog saliva 
supernatant (to the left) and its sediment (to the right) a t  the end of the lactation period 
(a, b, and e, f )  and at the termination of the experiment (c, d, and g, h) in 0.01 311 tris 
buffer, pH 7.0. The activity is expressed as liberated pmoles 1- or 2-naphthol per mg prnipirl 

and min. Open columns: meat group, black columns: siigar group. 
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Fig. 7. Hydrolysis of 1-naphthyl phosphate (in 0.01 M tris buffer, pH 9.0) and 0.05 M (/?, /?- 
dimethylglutarate buffer, pH 4.6) (a, b) and N-L-alanyl- and N-L-y-glutamyl-2-naphthyl- 
amine in 0.01 M tris buffer (c. d), pH 7.0 by centrifuged dog saliva supernatant (to the left) 
and its sediment (to the right) during the whole experiment. Solid circles: sucrose group, 

open circles: meat group. 
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Indi+idual differences between the enzyme activity values of the clogs wert: 
c:oiisiderable. No dental caries could be observed in any of the test aninials, 
hut in the sugar group slight symptoms of gingivitis appeared within a fen 
days after the change of diet. This developed later to more severe gingiviiis 
a n d  even to parodontitis when terminating the experiment. 

DISCUSSION 

This series of investigations was planned in order to elucidate some of the 
inter-species variations in the parameters at tlie oral cavity between man and 
dog, who possess a markedly different susceptibility to dental caries. A 
number of differences could be observed 110th in the enzyme i: I lectrum 
(larmus & .%heinin,, 197111, 1972) and in the physico-c,heinical charan- 
teristics (Lnrmus & Scheinin, 1971a) of the saliva betwoen the species. 

Since these differences may be due to the different diet between the 
species, the effect of high dietary carbohydrate concentration on the enzyme 
5pectruni war studied. One of the most interesting results of the present paper 
was that the sugar diet did not induce the appearance of salivary a-ainy1a.w 
in dog. On tlie other hand, the hydrolysis of 6-bromo-2-naphthyl-u-D- 
glncoside was seen to increase fourfold in the sugar group. This induction 
()f  an a-glucosidase-like enzyme can be compared to the inductioii of humaii 
salivary invrrtase on sucrose diet (Mukinen & Schcinin, 1971, 1972). Thus 
hydrolysis of polysaccharides by dog salivary enzymes seenieti to be different 
from that in man. These differences may partly explain the fact that dog 
saljvary pH never fell below 6.7 during sugar administration (Larrnas CQ 

Scheinin, 1971 a). 
The siicrose diet. did not induce the formation of enzymes hydrolyzing 

nr-L-~)rolyl-2-napht.hylami~ie, 1-naphthyl phosphate (at acidic side), or 6- 
bromo-2-riaphthyl sulphate in the supernatant fraction of the oral fluid. 
Thus the difference between man and dog concerning enzymes hydrih- 
lyzing thcse substrates could not be explained as being due to a different. 
diet. 

The most noticeable difference during the comse of the experimental 
period was observed in the protein concentra.tion both in dog saliva super- 
natant and its sediment : after birth the salivary protein concentration in- 
creased, more noticeably in the sugar group than in the meat group. 011 the 
other hand, the specific enzyme activities exerted a decreasing tendency. 
Thus the total enzyme activity in the oral cavity seemed to be constant. 
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