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DIETARY CALCIUM AND CARIES 
EXPERIMENTAL D E N T A L  CARIES IN GOLDEN 
HAMSTERS. XII. 

In  an  earlier experiment, Gristnfson, Strlling & Rrrrnius (1963) 
found that a decrease in the quantity of a salt mixture in a syn- 
thetic cariogenic diet to one fourth of  that in the basal diet was 
followed by a five-fold increase in the aiiiount of caries which 
developed. The iiiineral content of the basal diet had been cal- 
culated to be just  :idequate for health. On :inalysis, the Ca con- 
tents of the respective diets were found to be 0.113 % and 0.316 5% 
and their P contents 0.307 74 and 0.609 5. 

The present investigations were planned to study the effect of 
increasing the Ca content of the above-mentioned low-Ca diet to 
that of the basal diet, i.e. from 0.113 '3% to 0.316 % , without chang- 
ing the P content (0.307 % I .  

It has been shown thal addition of GI, a s  CaC12, to hamsters' 
drinking water  nay have a caries-reducing effect (Strdlfors, 1961 
I V ) .  Suppleinents of CaCO3, however, have given controversi:il 
results. Dnlderrzp in 1959 did not find any caries-reducing effect 
of diets containing 3 % CnC03, while Limbrisutn & Johansrn 
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(1900) found : i n  increase in caries with :I siniilar diet. SfrBlfors 
(1961, 1'1) found :I 46 5% c:rries reduction when the C a  content of 
the diet was increased froiu 0.40 'i; in the control group to 1.2 % 
hy :idding C:ICO:~. 

l'he present experiments were carried out in  I962 and 1963. 

I.:SPERIhlEN'I' I 

A s  the buffering capacity of the diet may influence its cario- 
genicity, this capiicity niust, :IS far :IS possible, be kept unchanged 
when C:i is added to the diet. For this reason CaCla was chosen 
:IS :I suitable :idditive. 

Only In:rle h:inisters were used. At weaning they were distri- 
buted into 3 groups on  :I litter-innte basis :IS far :is possible. The 
content of salt mixture "8" in the experiinentnl diets (G2A, G2U 
and 62C) was only one fourth of that of the basal diet. (Table 1). 
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Arctchis oil A D E .  
DLu-Tocopherol 1 g 

Vitamin D :  1,600,000 I.U. = 16  g V 20712, Synth. A-acetate 100.000 I.U./g 
Aracliis oi l  to  1,400 g 

Vittrniiri m i.rt zirc "22". 

Thiamine mononitrate 
Ri 11 of I :ir in 
Niccit inamide 
Pyridoxine hydrochloride 
Calciuin-D-pantothcnatc 
Pteroylglutaminic acid 
l i iot in 
Cykolwrniii 1 : 1000 
Me I1 Iltl i 01 p I1 ospha t e 

1.6 g Ascorbic acid 6.0 
1.5 g \L'hcat stIlrcll 40.64 

1.5 g Vitcinziri nii.rlure "20" 
2.25 g 

1.5 g Choline chloride 100 
1.2 g (1-Cystine 25 
0.01 g Tno\itol 50 
3.0 g ~ i - . ~ i n i i i o ~ ~ e n z o i c  acid 25 
0.9 g 

Diet 62A contained 0.113 % Ca. The contents of CaC12 in diets 
62L) and 62C were 0.191 % and 0.564 $,, which were equivalent 
to 0.069 % and 0.204 % of Ca. The total contents of Ca in diets 
62B and 62C were thus 0.182 % and 0 . 3 1 7  %. 

All aniiiials received food and distilled water c z d  libiturn for the 
experimental period of 125 days. After this time, the :inini' 'I 1 s were 
sacrificed, their jaws dissected out and ex:iiiiined and caries re- 
corded according to our usual method (Gnstafson, Stelling & 
BrunI'us, 1952) which gives the percentage of the area of the teeth 
which is carious, expressed in units. 

Results 

The nuniber of aniinals in  groups 62A and 6212 was 3 0  and 32, 
respectively. Of these, 27 in  each group were litter-iiiates. The 
aniiiials in these groups grew at  the same rate. 

In 62C, with the highest addition of CaCIz, only 9 animals sur- 
vived the experiiiiental period. Twelve animals died after 100 to 
125 days on the diet, the rest earlier. After about 70 d:iys on the 
diet, the animals' weight definitely decreased. The cause of this, 
and the death of the aninids  in this group is still unknown. It m:iy 
be that the aninials refused to eat hecause of the taste of the 
CaCI2. It is also possible that :icidosis deyeloped. In  :I fourlh 
group, which was not included in this experiment but which had 
a still higher content of CaCI:! in the diet, :ill animals died after :I 
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short time. It was thus evident that CaCl2 is not a suitable agent 
for  experinients of this kind, when higher doses are to be used. 

The caries incidence w:is found to be: 

Group 62A (90 :ininials) 64.3 k 5.1 carious units 
Group 62Ji (32 aniiiials) 43.6 t 3.8 ,, ,, 
Group (i2C ( 9  + 12 :inilnals) 40.0 ,, 9, 

The high caries value of 64.3 units on Diet 62A corroborates 
our previous results with this diet. When the diet was mixed 
with CaCl2 ( B 2 H )  to produce a C:i-content of 0.183 %, its cario- 
genicity was reduced 1)y 32 ?<) to 43.6 units. It would have been 
of interest had Group 62C, with its further increase in Ca-content, 
heen suitable for comparison. The value, 40.0 units, obtained in 
this group is too unreliable to be used. A further comparison be- 
tween groups 62A and 6213 shows that 68 % of the recorded teeth 
in 62A had a carious area of 50 % and niore, and that only 32 $, 
of the recorded teeth in 62H had lesions of this size. 

EXPERIMENT I1 

In this experiment calciuin gluconate was added to the hasal 
diet 62A. This suhstnnce is known to be harniless and has no 
pronounced taste. Its buffering effect was thought to be negligible 
under the conditions of this experiiiient. 

At weaning, inale hamsters were distributed into three groups, 
on a litter-inate basis :is far a s  possible. Group A3A received our 
basal c:iriogenic diet, the coinposition of which is given in Table 2 
together with that of the two experiniental diets. 

Group fiSH received the same diet hut with the content of salt 
mixture reduced to one fourth. 

Group 62C received the sanie diet :is Group (i3H but with G i  

gluconate added to cotuprise 2.27 72 of the diet. 

The contents of C:I in the various diets were 0.316 %, 0.113 %, 
:itid 0.314 %, respectively. 

Distilled water and  food were available to the nniiiinls ad lihi- 
tnm. 
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Table 2 

Diets 
ti3A 

(~Uasal diet) 6313 (i3C 

Casein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400 
Sucrose flour ................................ 1300 
Wheat starch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ariicliis oil ADE .............................. 140 
Cellulose flour ................................ ti0 
Salt mixture "8" .............................. 80 
Vitamin mixture "20" . . . . . . . . . . . . . . . . . . . . . . . .  16 

,, "22" ........................ 4 

- 

- Calcium gluconate . . . . . . . . . . . . . . . . . . . . . . . . . .  
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The composition of Arachis oil, Salt mixture "8", and vitamin mixtures 
is gireu i n  Table 1 .  

After an  experimental period of 100 days, the animals were 
sacrificed and then examined a s  in Experiiiient I. The nuniber of 
aninials in each group was 22, 22, and 23, respectively. I n  Group 
63A 18 animals had litter-inates in both 6313 and 63C. In Group 
63B, 22 animals had litter-lnutes in 6RC. 

Results 

The average weights of the aninials in  the various groups at  
the start of the experiment were 25, 25, and 25 g, respectively, 
and the average weight gain was practically the same in all groups 
(57, 56, and 58 g) .  The caries incidence, expressed a s  above, was 
found to be: 

Group 63A 1.5 k. 0.5 carious units 
Group 63B 28.7 k 4.6 ,, 3 ,  

Group 63C 6.4 * 2.4 ), 9 ,  

The caries incidence after 100 days on our basal cariogenic diet 
is very low, viz. 1.5 units. When the amount of the salt mixture 
in  this diet is reduced to one fourth (Group 6 3 H ) ,  there is a con- 
siderable increase in caries incidence with an average caries :ire:( 
of as  much as  28.7 units, a n  effect which confirms our previous 
results. When the diet with this high cariogenicity is iiiixed with 
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C:t gluconate to in:itch the control diet in Cn-content, its cario- 
genic effect is reduced to 6.4 units. 

The experiment thus shows that, under these conditions, C:I 
g1ucon:rte h:td ;I strong caries-reducing action. This inhibitory 
effect was, however, not strong enough to reduce the caries in- 
cidence to that of aniiiials on the control diet. This was not to be 
expected, however, :is it is unlikely that the large decrease in the 
:uiiounts of the other constituents of the salt iiiixture would hnve 
no effect. In our previous study (Gusttrfson e t  (11. 1963) iiientioned 
above, it was shown that the exclusion of the phosphates from 
the salt inixture, with :I consequent two-third's reduction in the 
I> content of the diet, did not change the cariogenic effect of the 
diet. From the present experinlent arid from Experiment I it ap- 
pears that  a deficiency of C:i is of iiiuch greater iinportnnce for 
the developinent of caries than a deficiency of 1'. 

DISCI'SSION 

Supplements of C:I gluconnte have been tried by McClure (1960) 
but he w a s  unable to find :my caries-reducing effect when using 
a diet consisting of 18 % glucose and 79 %, bread baked of flour 
containing (;:I gluconate. The Ca content of this diet was relatively 
high at  0.46 %,, but this was largely due to :in addition of CaCO:,. 
'I'his i i ~ y  he the re:ison why no caries-reduction was :ichieyed. 

The c:iries-reducing effect in the present experiiiient was 
achieved by increasing the dietary Ca by 0.20 % through the addi- 
tion of Ca gluconnte. In Experiment I, in which CaCIz was added 
to the diet, ni l  increase in dietary C:I of  only 0 . 0 7  % was signi- 
ficantly caries-reducing. Even when considering that the experi- 
mental periods are not quite the saine in the two experiments, it 
appears evident that C:iCIn is more effective :IS a caries-reducing 
agent than Ca gluconate. This greater effect m:ry be due, :it least 
in p:irt, to C:tCIz being Inuch Inore soluble than C:i gluconate. 

As already iiientioned, it is very doubtful if CaCQj has any 
caries-inhibiting effect. McClure showed in two other experiments, 
run siniu1t:tneously with the gluconate experiment, that bread 
diets with 1 . 3 7  % CuCOJ (Ca content of the diets 0.58 %, and 
0.61 %, respectively) were highly cariogenic. 

It is not possible :it present to explain how caries is inhibited 
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by increasing the Ca-content of a low-mineral diet. Several fac- 
tors, such a s  the degree of mineralization of the teeth, the effect 
of trace elenients and microbiological conditions, may be signi- 
ficant in this connection. 

CONGLIISIONS 

From our experiments the following conclusions may be drawn, 
1.  The strongly cariogenic effect of a decrease in the content of 

minerals in  a senii-synthetic diet, observed in previous experi- 
ments, has  been further confirmed. 

2. The addition of CaClr to a diet low in minerals, by which its 
Ca-content is increased from 0 . 1 1 3  % to 0.183 %, is followed 
by a 32 % decrease in caries incidence. 

3. The addition of Ca gluconate to the same diet, by which the 
Ca-content of the diet is increased from 0.113 % to 0.314 %, 
is followed by a 78 % reduction in caries. 

4. In diets with a low mineral content, the level of Ca has  a signi- 
ficant effect on the cariogenicity. 

It is evident from these experiments, and froin the work of 
others, that the caries-inhibiting effect of Ca supplements to diets 
depends on the source of the Ca. Not all Ca supplements appear 
to exert a caries-reducing action. 

S U M M A R Y  

A study of the effect of increasins the Ca content of a serni- 
synthetic cariogenic diet low in minerals (having one fourth of 
the mineral content of an  ordinary diet) was carried out in  two 
experiments. 

In  the first experiment the Ca-content of the diets was in- 
creased from 0.113 %, to 0.183 % by adding CnCIz to the diet. A 
32 % reduction in caries incidence w:is observed. 

In the second experiinent, the diet was suppleinented with C:I 
gluconate, by which the C:i-content of the diet was increased froin 
0.113 % to 0.314 %. In this case :I 78 % reduction in caries was 
observed. 

It is concluded that, in cariogenic diets with low niiner:il con- 
tent, the l e ~ e l  of GI is :I deterinining factor in the developtuenl 
of caries. 
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11fiSLJAlfi 

CALCIUM ALIMENTAIRE ET CARIE 
CARIE DENThlRE ESPkI\I>lENTALE CHEZ LES HAMSTERS DORfiS. SII. 

Une Ctude de l’nction d’une augnientation de la teneur en C:i 

d’un rkgime cariogkne semi-synthittique pauvre en ininkraux (ne 
contenant cp’un quart de la teneur en iiiinitraux d’un ritginie 
ordinuire) a ktC niende en deux expkriences. 

D:tns la preniikre exphrience, la teneur en Ca du rkgiine :I ktk 
klevke de 0,113 % a 0,183 56 par l’addition de CaClg au r6ginie. 
Une rkduction de 32 5L :I ittit observ6e dans l’incidence de la carie. 

Dnns la deuxikine expkrience, le rklginie fut  coinplktk par du 
gluconate de Cn, grAce aucpel la teneur en Ca du rkginie ittait 
Clevke de 0,113 B 0,314 %. Dans ce cas, une rkduction de 78 70 
:t ittd observke dans I’incidence de la carie. 

Les auteurs concluent que, &ins les rkgimes cariogknes pauvres 
en ininCraux, la proportion de (:a est un facteur dkterininant dans 
le dkveloppeinent tle la cnrie. 

KALIZUM DER KOST UND KARIES 

lLAI1IES\’EI1SI‘CHE AN GOLUHAMSTERN. XII. 

Eine Untersuchung hetreffend des ltariogenen Effektes einer 
Verniehrung des Cn-Gehaltes in einer semi-synthetischen, Itario- 
genen Iiost niit reduzierter Salziiienge (ein Viertel des nornialen 
Salzgehaltes) wurde in zwei Experiinenten ausgefiihrt. 

In den1 ersten Experiment wurde der Ca-Gehalt durch Zusatz 
von CaCI2 von 0,113 % nuf 0,183 % erhiiht. Eine Kariesreduktion 
von 32 % wurde heobachtet. 

In deni zweiten Experiment wurde der Ca-Gehalt durch Zusatz 
von Ca-Glultonat von 0,113 %auf 0,314 % erhiiht. In  dieseiii Falle 
ltonnte eine Kariesredulition \’on 78 % festgestellt werden. 

Die Experimente zeigen, dass in einer ltariogenen Kost von 
niedrigein Mineralgehalt der Ca-Gehalt von entscheidender Uedeu- 
tung fiir die Kariesentwiclilung ist. 
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