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INTRODUCTION 

Earlier studies have shown that the low pH which can be found in human 
dental plaque during ingestion of pieces of solid sucrose (Luorr~a, 1964) can 
be elevated by allcali carboilate-phosphate cornhinations which are added to 
supplement 3-5 yo of the sugar (Luoma, Hurskainen & Isokangas, 1964a; 
Luoma & Luoma, 1968). Furthermore, the cornbinations comprising pri- 
marily sodium bicarbonate and a sniall arnount of allcali orthophosphate 
have been shown to possess caries reducing capabilities when added to the 
sucrose component of cariogenic diets of rats (Luon~a et al., 1968; Luoma 
et al., 1970a). The present study was conducted in order to check the pH 
elevating property in vivo of a combination NaHCO,+KH,PO, (mole 
ratio 9.8211, respectively, Luonza & Luoma, 1968), hitherto tested for this 
property in vitro and which combination was found the most effective 
among the bicarbonate containing combinations in the abovernentioned 
aninial experiments. Furthermore, to obtain more information on the 
mechanism of action of this combination, the in vivo diffusion of cations, 
especially sodium, into and out of the plaque was observed, so also the alkali 
cation content and other properties of the saliva in association with ingestion 
of the above additive in the sucrose. 
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RIATEItIALS AND METHODS 

r 1  1 he experimental arid control tablets were prepared according to the previous 
Iumceedure (Luoma & Luoma, 1968) with the exceptim that the breaking 
hardness was lower than earlier, about 1 8 kg/cni2. Third year dental students 
served as test suhjects. 'I'hey were aclvisetl to lwliave as before (Luomu et al., 
1970h) both hefore and during tlie plaque growth. To increase the amoiin t of 
the plaque grown during tlie 3 clay period used, ten sucrose tablets were 
consumed daily hetween meals lteeping approximately 2 11 intervals. 

1 lie plaque was collected from 38 sihjects altogether in two sessions from 
each, following previous procedures (Luoma & Luoma, 1968). The sample 
was diluted by shakirig in 0.75 rril of cold distilled water and the 1)H was 
read. For the detrrniination of total sotlirmi and potassium b y  flame photo- 
metry, the samplc suspensions from 14 su1)jects were digested with 0.5 ml 
of concentrated H,SO, in Kjeltlalil tligestiori units, inade to volume and 
aliquots from it were then used for the alkali determinations as well as for 
the total nitrogen assay. This as well as the flame j)liotorrietry were performed 
according to previous adaptations (I. uomu ct C L ~ . ,  1970h, 1971) of pii1)lish- 
ed methods. 

Tlie suspended material of plaques of 20 of the remaining 24 sthjects was 
centrifuged clown at 2,250 g for 15 min in a refrigerated centrifuge and then 
resuspended, washed and centrifuged as  above. The 
rriatle to volume and cleared by niicrofiltratiori using filters with 0.3 p pore 
size. The extracellular potassium was determined from the filtrate and the 
total nitrogen from the washed and digested plaq~ie material. The intended 
determination of the sotliiirri content of the same fluid was not successful 
owing to the extra sodium tliat was found exce1,tiorially to he liberated from 
one batch of the microfilters used. 

On each of the sessions, a control plaque sarnple w i s  talceri at first. Then 
t lie subjects consiirnc(1 5 experirnental or control tablcts during 15 minutes 
at constant speed. The second plaque sample was taken during the three 
last minutes of this period. If solid residues of the tahlets were left, they 
were now removed. The third sample was taken 10 miri after the termination 
of the ingestion. 

For the observations of the changes in the salivary properties, the saml)les 
were collected under paraffin into ice cold measuring cylinders as more 
exactly described in the legend of Fig. 2. Each subject arrived for each session 
in separate days. No smoking or food was allowed within 3 11 before tlie 
session. 250 in1 of Mater was tlrurilr 10 rnin before the first sample. Tlie rate 
of secretion, the pH and h f f e r  effect were determined as pr&oiisly (Lr~ama 
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‘I’ahle 1. 
Total sodium and potassium content per total nctrogen (pglmg N )  found in samples oJ 
unwashed dental plaque in  assoaatcon with ingestion of soled sucrose and sucrose wcth 
a ,VaHCO,+ KH,PO, addetcve. Average values (x) and standard errors (S.E.) of 14 auhjeLts 

participating en both experiments. 
~~ ~ ~ 

Sucrosr with NnHCO, i KII,PO, 
N R rc. N.1 K. 

x S.E. x S.L. x S.E. x S.E. 

~ ~~ ~~ ~ ~~ 

Siii r J w  

Brforr 
ingcstiiin (E) 
During 
ingestion (D) 
After 
ingestion (A) 

P- r s l u c ;  1)- I1 
~~ 

D A-R 

25.0 2.3 1.50 10 18.5 1.8 158 12 

28.4 3.0 153 I1 42.6 4.7 150 10 

S I,uoma, 1968) ant1 the sodiuni arid potassiiirn roritent were determined 
by flame photometry after precipitation of the niucoids wFith HC1, filtration 
and a 50-100 fold dilutiori wTitli dihtilletl water. 

RESULTS 

The sodiuni and potassium content of the iiiiwaslietl plaque hefore, during 
and after ingestion of solid sugar as well as sugar with the 4 per cent additive 
of the NaHCO,,-]-ICH,PO, combination is shown in Table 1. The ingestion of 
sugar alone (with accompanied increase in salivary sotlium, see also Fig. 2) 
(lid riot significantly alter tlie sodium content of the plaque h i t  during 
ingestion of sugar with the additive tlie plaque sodium was more than 
tloubletl as compared with the respective mean hefore ingestion. The small 
increase of sodium after sugar with the additive was riot significant. ‘I’he 
total potassium of plaque was increased significantly after sucrose ingestion. 
The potassiuni in tlie phosphate cornponent of the additive (lid not modify 
the potassium content of the 1)laqiie. 

Table I1 shows the amount of potassiurn found in the plaque washing 
waier per amount of total nitrogen of the washed plaque of h e  respective 
sarnple in association with ingestion of sucrose and sucrose with the additive. 
The potassium was increased significantly during ingestion of the additive 
and to some degree also after ingestion. The sucrose alone did not alter 
these potassium d u e s  significantly. 



88 HEIKKI LUOMA, LAURI TUIITOLA, ILPO KUOKKA AND HELENA AANTA 

Tahle 11. 
The extracellular potassium of dental plaque per total nrtrogen of the w a ~ h e d  material of 
the respeLtrve samples (pglmg N )  and modrfccatron by cngestcon of sucrose and sucrose 
wrth a NaHCO,+ KH,PO,combcnation. Meany (X) and standard errors (S.E.) o f 2 0  subjects, 

each partmpatrng en both experrments 
~ __ ~~~ ~ ~ ~ ~~ ~ ~~ ~- 

Si~crose with 
Sample Sucrose NaHCO,+ KH,PO, 

X S.E. X S.E. 

Before 
ingestion (B) 1 78 11 157 10 
During 
ingestion (D) 2 0 3  13 191 17 
After 
ingestion (A) 194 12 185 14 

~~ ~ _ _ _ _ _ _ _ ~  ~~ -~ 

1’- value; D-U <0.1 <0.01 
P ;APE < 0.2 :0.02 

~~~~ ~~ ~~~ ~ 

The results of the pH nieasurenients are given in Table 111. While [he 
mean pH in the first samples of both sessions was almost the same, the 
significantly (P <0.001) decreased p I I  diiririg sucrose ingestion was almost 
completely cornpensated by the additive. Even after ingestion the additive 
caused a slight but significant (P<0.02) elevation of the pH from the respec- 
tive mean produced by sucrose alone. 

The relationship between the inagriitude of the plaque pH value during 
ingestion of sugar alone arid the respective pH compensation exerted by the 
salt cornhination additive (ol-jtained from the results given in Tahle 111) 

Table 111. 
Plaque p l I  before, during and qfter ingestion of solid surro.se and sucrose with a NaIICO,-I 
KHJ’O, addition. Means ( X )  and standard deuiations (S.E.1 and ranges of 38 subjects, 

each participating i n  both experiments 

Sample Sucrose 
X S.E. ~ 

Sucrose with 
~ NaHCO,+ KH,PO, 
X S.E. 

Refore ingestion 

During ingestion 

After ingestion 

6.65 0.26 
(6.04) (7.09) 
5.98 0.37 

(5.00) (6.48) 
5.95 0.51 

(5.20) (7.07) 

6.68 0.27 
(6.12) (7.50) 
6.56 0.33 

6.09 0.46 
(5.32) (7.20) 

(5.85) (7.30) 
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Fig. 1. The relationship between the plaque pH value during ingestion of sucrose and the 
magnitude of the pH Compensation ohtained by the use of the NaHCO,+KH,PO, additivr 

-a 

is shown in Fig. 1. It appears that the louTer was the pH (luring ingestion of 
sugar alone, the greater was the pH correction caused by the additive in the 
same subject. This negative correlation was significant (r= -0.678, P<O.Ol). 

The results of the saliva study are given in Fig. 2. The rate of secretion 
and the pH were nor significantly altered by the additive as compared with 
the values obtained in association with sucrose alone. The  increases in both 
the sodium content arid buffer effect during ingestion of sucrose plus the 
additive were about fourfold as compared with the respective sucrose values. 
The significantly (P <0.05) decreased potassium content during sucrose 
ingestion was compensated by the additive. 

DISCUSSION 

The appreciable pH decrease of plaque during sugar ingestion confirmed the 
earlier findings (Luoma, 1964; Luoma & Luoma, 1967, 1968; Luoma et al., 
1970b), so also pH compensation obtained by the use of combinations of the 
same type. 
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Pig. 2. Thc. ratc of saliva secretion, pH, buffrr effect (titration from initial pH to pH 5.0) 
and the conccntrations of sodium and potassium before, during and after ingestion od sucrose 
(solid lincs) and sucrose with the NaIICO, i-KH,PO, additivc (dashed lines). Averages of 

Sample 1. Resting saliva collected during 10 minutes. 
7 subjccts, each participating in hoth experiments. 

I) 

I) 

o 

2. Sample collectcd during the last 3 minutes of a 15 rnin period of ingestion of 

3. Resting saliva collected 5-15 ruin after the ingcsticm. 
4. Resting saliva collcctrd 20- 30 min after the ingestion. 

sucrose or sucrose with the additive. 

Perhaps most significant in the prcsent resiilis was the deperitlence of the 
pH (:ompensation, exerted I)y [lie atlditivc, on the plaque pI1 during inges- 
tion. 'This woirld suggcst tliai if thc huffcring capc i ty  of the present com- 
binations does have any sigiiifit~ance in the reduction of human caries, these 
combinations ~ . v o i i l d  ~)rovitle their best protection against caries that is 
occurring underneath plaques indicating low IIH values in the presence of 
sugar without any atltlitives. Tile relation of the huffer capacity of the present 
combinations t o  the pK value of the hicarbonate has heen pointed out earlier 



PLAQUE SODIUM CONTENT AND PIT THIWUGH 91 

(Luoma 22 Luoma, 1968). In an other previous work (Luoma et al., 1970a) 
tihe present hicarbonatepliosphate combination was weaker than a conibina 
ton of alkali pliosphates in reducing rat caries. If a rat’s plaqiie is generally- 
less acid than that of man, as the pihlished data suggest, the weaker anti- 
caries effect of this combination than that of phosphates, having higher pK 
value, could be understood on the basis of the present findings. 

Since the time of the sucrose effect on the plaque was rather short com- 
pared with the slow growth rate of the plaque, the nitrogen basis can he 
considered constant within the period usetl. 

The high content of sodium in the plaque during ingestion of sugar with 
the additive and the rapid depletion after ingestion suggests that the sodium 
penetrates freely the microbial nienihraries as usually is thc case. In fact the 
first author’s recent iinpublished findings indicate that soclinin does penetrate 
easily the membranes of nongrowing cariogcnic streptococci. The present 
finding agree with in vitro results of Dobbs (1932) and Bruckrwr (1948) 
showing the penetration of sodium l~icarbonate through natural antl artifi- 
cial plaqnes. With regard to tlic potassinni, the relatively much increased 
extracellular content (Table 11) in association with ingestion of the sugar 
plus additive must be originating in part from thc potassium phosphate of 
this combination. In the same tahle, the no11 significant trend of the p- 
tassium to increase during ingestion of sucrose alone was the reverse to 
what was expected. Earlier data (Luomu, 1969) revealed an increase in both 

itiin antl phosphorus content of fermenting cariogenic streptococci 
st cause a corresponding reduction in the extracellular potassium. 

The dead or dying cells in the plaque might easily release their potassium, 
and if their percentage in the whole population of the plaque was high, their 
influence could niasli the net influx occurring in the functioning cells. 

Since earlier ohservations indicate, that acid production by cariogenic 
cocci is dependent primarily on the absolute amount of available 
urn (Luorna, 1969) and that eccessive sodium does not markedly alter 

this activity, the pH correction obtained here seenis to he largely due to the 
extra buffering provided by the additive. The effect on the cell metaholisni 
through altered cation content might be small. 

The present results concerning saliva also confirin the previous findings 
(Luoma, Hur.gkainen 22 Isokangas, 196411, Luoma 62 Luorna, 1968) indicating 
decreased salivary Imtassiuni during su(:rose ingestion. Furthermore, adtli- 
tioiis to sucrose w-hich contain alkali carbonates antl phosphates elevate the 
Iru€fering action and the alkali cation content of saliva only during thc 
ingestion period arid that within a few minutes after the ingestion, the saliva 
shows the preingestion values. The slight pH correction in the plaque olItained 
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after ingestion in the present study as well as a somewhat greater correction 
obtained earlier (Luoma & Luoma, 1968) must be due to residues of t he  
additives which had diffused into tlie plaque during the ingestion period. 

The results obtained support the belief that some protection of human 
caries is expectable when the bicarbonate-phosphate combinations of the 
present type are used as additives of ingested sucrose or of sucrose consti- 
tuents of food products. 
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the first author by The National Research Council for Medical Sciences, of Finland. The 
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SUMMARY 

The sodiiirn content of the dental plaque was doubled during ingcstioii of 
sucrose with a 4 yo addition of a NaIICO,+KH,PO, cornhination (mole 
ratio 9.82/1, respectively). Teii minutes after the ingestion it was alniost at 
the same level as before ingestion. 

Plaque pH decreased on the average by 0.67 unit during ingestion of 
solid sucrose for 15 niin and it was still at ahout the sanie level 10 niin after 
ingestion. The decrease was fully conipensated during ingestion, when the 
sncrose contained the above additive. There was a significant negative 
correlation between the plaque pH during ingestion of tlie sucrose alone 
arid the rriagnitude of tlie pH compensation exerted hy the salt combination 
when added to  the sucrose. A slight pH compensation was obtained by tlie 
same additive 10 minutes after the ingestion. Marked increases were noted 
in the salivary huffer effect arid its sodium content during ingestion if the 
sucrose with the additive. 

I<kSUM8 

k L k V A T I U N  D E  LA TENEUR EN SODIUM ET DU 1111 DE LA PLAQUE PAR ADDITION 

DE BICAI<BONATE-PHOSPHATE AU SUCROSE 

La teneur eii sodium de la plnque dentaire a doublb pendant l’irigestion tle 
sucrose additionni. de 4 TI d’nne combinaison de NaHCO,+KH,PO, 
(rapport. ruol6culaire rrspectif 9,82/1). Dix minutes aprCs l’ingestion, clle 
avait retrouvi. i peu prks le niCnie niveau qu’avant I’ingestion. 

Le pH de la plaque dirniriuait en nioyenne de 0,67 unit& pendant l’inges- 
tion de sucrose solide durarit 15 minutes et il 6tait encore h peu prbs au n i h e  
nivean 10 minutes a p e s  l’ingestion. Cette tlirninutiori Ctait entikreinent 
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compenske pendant l’ingestion lorsque le sncrose contenait l’additif ci- 
dessus. 11 existait line corrklatiori nkgative significative entre le pH de la 
plaque pendant l’ingestion de sucrose sen1 et l’amplitude de la compensation 
exerck  sur le pH par la combinaison saline en addition au sncrose. tJne 
lkgbre compensation du pH a kt i t  obtenue au moyen du m6me additif 10 
minutcs aprks l’ingeation. Des augmentations notables ont k tk  constatkes en 
ce qui concerne l’effet tampon de la salive ct sa teneur en sodium pendant 
l’ingestion da sncrose contenant l’additif. 

ZUSAMMENFASSUNG 

DIE E R H ~ H U N G  DES NATRIUMGEHALTS UND DES 1113-WERTES DER ZAHNPLAQUE 

DURCIi EINE BIKARBONAT-PHOSPHAT ZUSATZ ZU SACCIIAROSE 

Der Natriumgelialt der Zahnplaque wurde wahrend der Einriahme von 
Saccharose rnit einer 4-prozentigen Zusatz der 1Combinat.iori NaHCO + 
KH,PO, (Molrelation 9.82/1) verdoppelt. Zehn hfiriuten nach der Einnahme 
war er wieder auf beinahe demselben Niveau wie vor der Einnahme. 

Uas pH- Wert der Plaque sank im durschschnitt 0.67 Einlieit wihrend 
der Einnahme von Saccharose fur 15 Minuten und es war noch 10 Minuten 
nach der Einnahme auf beinahe derselben Niveau. Die pH-Senkung wurde 
vollstiindig verhindert wihrend der Einnahme wenn die Saccharose den 
obengenannten Zusatz enthielt. Eine signifikante negative Korrelatiori wurde 
zwischen dem pH- Wert wahrend der Einnahrne und der Griisse der von 
den1 Zusatz verursachten pH- Kompensation gefunden. Dersellse Zusatz 
verursachte eine kleiriere pH- Kompensation 10 Minuten nacli der Einnahme. 
Der Natriumgehalt und der Puffer-effelit des Speichels waren betrichtlich 
erhebt wahrend iler Einnahme von Saccharose mit den1 Zusatz. 
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