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In discussions on factors influencing dental caries, the coiii- 
position of the saliva has often been suggested to be of ini- 
portance. Several theories on the possible role of the saliva have 
been advanced. It has  often been assumed that the carbohydrate 
constituents are fermented to a n  acid, such a s  lactic acid, the acid 
subsequently attacking the intact enninel or the dental plaques. 
Such theories, however, are based on vague assuniptions, since 
little is  in fact known about the carbohydrate components of 
saliva, and still less about its possible ferinentation or degrada- 
tion in  the oral cavity. 

It is well known that the salivary secretion does not contain 
appreciable amounts o f  free po1ys:rccharides or sugars. Almost 
all carbohydrate present is cheinicnlly linked to proteins, form- 
ing glycoproteins. 

One type of glycoprotein has  previously been isolated in  small 
amounts from human saliva, viz. blood-group substances (12, 10, 
1, 14). The hexosaniine-rich inucoid fraction obtained by Knnx 
& Still (1 1 ) from human saliva, in a11 probability also belongs 
to that  type of substance. Furtherniore, the  saliva may be as- 
sullied to contain a sialic-acid-bearing glycoprotein, since Lzlix 
( 2 )  has  shown this kind of glycoprotein to  be the main coni- 
ponent of aqueous extracts of submaxillary glands. 

The present investigation was undertaken to obtain informa- 
tion on  the carbohydrate coiiiponents of human salivary secre- 
tion, and thus to provide a firmer basis for the discussion of 
their possible influence on dental caries. 



hIATERIAI.  AND METHODS 

S:iliv:i w a s  collected individually from 8 persons, apparently 
healthy but for the fact that :ill showed inoderate dental caries. 
From 7 of them the niixed salivary secretion was collected. Froni 
the 8th (GB), only the secretion emerging froiil the sub1ingu:il 
saliwtry papillae was collected (this was possible because this 
individual was able volunt:irily to induce ii  jet of secretion froin 
these papillae). 

All subjects were instructed to spit into beakers containing 95 
per cent ethanol. The secretion which appeared during the first 
hour following meals was discarded. 

From the ethanol the mucous fraction of the saliva was col- 
lected on glass rods by gentle stirring. A small amount of amor- 
phous residue (containing niinute amounts of carbohydr:ite) was 
iisu;illy left :it the bottoin after this procedure. The material 
thus collected was treated three times with 40 per cent ethanol 
( to  get rid of the inain part o f  dialysable, low-molecular con- 
stituents), and afterwards thoroughly washed with 99 per cent 
ethanol and ether. The p rep ra t ions  were then dried in  tfesic- 
cutors and amlysed. 

The analytical procedures haye been reporled in  detail earlier 
(31). 

Hexosciniine was determined by the Xorynn-Elson iiiethod a s  
inodified by Blix (3). The "total" 12e.rosr content (including 
fucose) was determined by the orcinol-sulphuric acid iiiethod 
described by l'trsseur (:XI), using 20 iiiin. heating and the Beck- 
iiian Model H sgectrophotometer a t  490 iiip. Fzrcose was deter- 
mined by the method o f  Aisclie ( 7 ) .  The "true" hexose content 
was deduced by subtracting the fucose figure from the "tot:tl" 
hexose value. Siolic acid determinations were done by the Ritrl 
method ( 3 2 ) ,  and in soine cases the Ehrlich iiiethod ( 3 2 )  wals 

:ilso used. There was close agreement between the findings o f  
the two methods. Nitrogen was deteriiiined by the inicro-Kjel- 
dahl method (I)), 

The inonosacch:iride constituents were also assayed qualita- 
tively by paper partition chroiiiatogr~iphy. Usu:tlly butanol-acetic 
acid was used :IS solvent :hnd aniline-phthalic acid :ts spr:iy- 
reagent ( 2 1 ,  2 2 ) .  



(:.\HROHYDNATE CONSTITUENTS OF SALIVA 45 

IiESUL’I‘S 

The analytical figures for the pooled specimens for each in- 
dividual are given in Table 1. In the case of submaxillary-sub- 
lingual saliva (GB) the figures froiii two separate samplings are 
given ( I  and 11). 

Table I 

Coiitciits i n  per cent of dry weigtit of Sugars (exce11t hems- 
, Specimens ~ amiiie) demonstraterl 

of saliva Nitro- Hesos- Sialic hy chromatography Hesose I Fucose 
I acid after hydrolysis‘ geii smine 

hlixeti Salival 

I .  M. 11.4 6.4 6.8 4.4 1.9 

L.  0. 11.8 5.3 5.x 3.2 2.1 

A .  1’. 10.4 ti.$ 11.1 1.9 1.9 

E. I,. 11.0 6.i 9.4 2.9 2.i 

Galactose, fucose, 
traces of maniio~e 

Galactose, fucose 

Galactose, fucose, 
traces of inaiitio~e 

Galactose, fucosc 

I .  A. 10.0 1.2 5.9 2.1 1.8 

1.. w. - 5.3 8.2 3.2 1.8 

1’. I,. - 5.5 9.1 

Alcaii values 10.9 6.0 8.0 

Submaxillary 
- s ti hliiigual 

secretion 
G. R .  I .  - ti.ti !2 - - 6.3 Galactose. fucose 

G. 13. 11. - 6.0 3.1) - - 

- 
1 111 a pooled specimen traces of  glucose were observed. 
2 The figure for hexose+ fucose \\as 10.0 (single determination). 

The figures reported are the i m a m  of duplicate deterniina- 
tions, except for the figures for G.B., the hexosainine figures for 
E.L and U.L., and the fucose figures for E.L., U.L., LA., and 
L.W. Duplicate deterininations were not performed in these 
cases because of lack of inaterial, and ash and iiioisture deter- 
ininations were oiiiitted for the same reason. The figures in the 
table are thus uncorrected. In our experience siniilar prepara- 
tions usually contain 10-15 per cent of nioisture and 3-5 per 
cent of ash. 



Fig. 1. Chromatogram sliowing sugar components of two Iiydrolysetl 
specirncns of  saliva ( I ,  11) .  Solvent : Rutanol-acetic acid-water. Sprayed 

with  anilirie-plitlinlic acid. 1)cscending chromatography. 

The chromatogranis all showed the presence of hexosnmine, 
g:il:rctose, and fucose. In  two cases faint traces of mannose were 
:ilso present. The results are suiniiinrized in Table 1. A typical 
rhroiii:itogram is shown in Fig. 1. 

I)ISCrsSION 

A detailed historical survey o f  the  cheiiiical coinposition o f  
s:ilivary iiiucin was recently published by Clement (6 ) .  Only the  
in:iin data which have led to the present, somewhat contradictory 
concepts of  the carbohydrate coinposition of salivary mucin will 
therefore be mentioned here. 

First to demonstrate the presence of reducing substance in 
hydrolysates of salivary gland extracts was Bichumld, in  1865 
( 8  ) . The first monosaccharide identified was hexosamine, isolat- 
ed froin submaxillary secretion a s  the hydrochloride by F. illiiller 
( 19, 201, :ind supposed by hiiii to be glucosamine. 

In his nionograph on Hexommines nnii Niicoproieins 13 \ 
Leiwne claimed that the carbohydrate coiiiplex of submaxil1:iry 
iiiuciii was iiiucoitin sulphuric acid, i.e. :I polysaccharide coiii- 
posed of glucuronic acid and sulphuric acid (23, 24, 25, 26) .  

The question of the coinposition of submaxillary iiiucin was 
Inter inore closely studied by B l h  ( 2 ) .  He deinonstrated that 
bovine submaxil1:iry iiiucin contains two different kinds of  carbo- 
hydrate groups. One, constituting the minor part  of the carbo- 
hydrate moiety, w:is coinposed of hexosaniine and hexose. Rl i r  
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cind collnborntors later ( 5 )  showed that the hexose fraction not 
only contained galactose and some mannose but also a niethyl- 
pentose, fucose, thereby establishing it as the same type of sub- 
stance as the blood-group antigens. The main carbohydrate con- 
stituent was isolated in crystalline form, and was found to be 
:in acid with an elementary coniyosition approxiniately corres- 
ponding to C14H25NOll. The acid was later shown to be :icconi- 
panied by an equimo1ecul:ir amount of chondrosainine (%amino- 
galactose) (5).  No hexuronic acid and only traces of sulphate- 
sulphur were found in the inucin. The presence of niucoitin- 
sulphuric acid could thus be excluded. 

A similar coniposition for sublingual inucin was reported by 
Tonnbe (21, 28, 29). The polyhydroxy acid, now named sinlic 
w i d ,  has been extensively studied in latter years. A detailed re- 
port on the cheniical and physical properties of sialic acids froin 
different aninial species has recently been published (4). 

In sumiiiary, it may be stated that the iiiucin from extracts 
o f  submaxillary glands contains two main types of glycoprotein. 
One is :in acid glycoprotein containing liexosaniine and sialic 
acid; this constitutes the iiia*jor part of the iiiucin." The other, 
lbresent in much snialler amounts, is :I neutral glycoprotein of 
ihe same type as the blood-group substances, and thus contains 
hexosaniine, galactose, and fucose. In addition to these two n1:iin 
components, there are probably also small aniounts of iiiannose- 
galactose-N-aretylglucosaniine containing glycoprotein of the 
type coninion in blood and tissue. 

Our examination of the submaxillury-sublingu~il secretion 
(Table 1 )  shows that the siiiiie two types of glycoprotein are 
secreted in the saliva. There is :I difference, however, with regard 
to the relative amounts. The relative amount o f  the blood-group 
lype of  substance, the fucomucin, is considerably higher in the 
secretion than in the glandular extract. This might possibly be 
explained by the fact that the glycoprotein of the glandular ex- 
tract had been precipitated by acidification in water solution, 
whereas the material from the secretion was obtained by pre- 

* I n  this connexion it may be mentioned that Meger (18) reported the 
isolation of glucosamine nnd gluconic acid from a similar preparation. 
1)ctaiIed analytical data were not given, however, and no confirming report 
liits yet appeared. 



48 INGEMAH HE1t(i&til AN]) IVAR \ V B R N B I ~  

cipitation with :ilcohol. In the former case, part of the fucoiiiucin 

:ilso contained the same carbohydrate constituents, indicating 
the presence of both types of glycoprotein. Here the difference 
in  the relative amounts is still niore pronounced, fucoiiiucin 
forining the major part of' the secretion ('l'ahle 1) .  It may be 
cwncluded that the combined secretion of the buccal, palatal, and 
lingual glands is richer in  fucoiiiucin than in  sialoniucin, and 
is thus similar to niucous secretion found elsewhere ( 3 1 ) .  

Regarding the possible relation of niucous secretion to dental 
caries, it can be safely stated that none of the monosaccharide 
constituents present in appreciable aniounts in  the saliva belongs 
to the type of sugar that is easily degraded by natural or bac- 
terial enzynies norinally present in  the oral cavity. Furthermore, 
with the exception of sialic acid, they are  all firmly hound to 
protein residues, and partial fernlentation thus seems still more 
iinprobahle. 

Sialic acid might possibly be of soiiie iniport:ince. The acid 
is easily split off froin the niucin. It has  a PI(,* of about 2.6 and 
is thus :I considerably stronger ticid than, for example, lactic 
:icid or acetic :wid. The imrked x i d i c  properties of the niucin 
are no doubt due to the carboxyl groups of the sialic acid coiii- 
ponent. Most of these carboxyl groups are  probably free, :ind 
should forni salts a t  the pH of the saliva. Some of the sialic acid, 
however, m:iy he bound in such a way that the carboxyl group 
is released when the acid is  split off froin the niucin. The mucin 
iiiay be assuined to have ;I higher concentration on the surface 
of the teeth than in  the saliva, and liberated sialic acid may pos- 
sibly influence and accelerate the decalcification of carious 
areas. To some extent, then, the old theories of Lohmnnrz (15 ,  
16) and of Lothrop rind Gies ( 1 7 )  on the decalcifying action o f  
salivary niucin would he vindicated. 

might have remiined in  solution. The specimens of iiiixed s* 'I 1' lVil 

S"TI\IhIAR\' 

Norimti 1iuin:tn sa1iv:i contains two inain kinds of glycopro- 
leins. One is a neutral glycoprotein, a fucoiiiucin, containing 
hexos:iniine, gal:ictose, and fucose, and is  thus of the saiiie type 
:is the blood-group substances found in all epithelial niucous 
secretions of the body. The other is :in :wid glycoprotein, R sialo- 
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inucin, containing hexosaniine and sialic acid. This type is :\[so 
found in most epithelial iiiucous secretions. 

In iiiixed salivary secretion the fucomucin is predominant. 
The secretion fro111 the subiiiaxillary and sublingual glands is 
richer in sialoprotein than the iiiixed salivary secretion. 

A s  sialic acid is a relatively strong acid it might, if liberated 
in the oral c:ivity, possibly influence the development of  dental 
caries. 

(:ARHOHYDRA‘I’E CONSTITUENTS OF SALIVA 

Ill% Ubl s 
LES CONSTITUANTS HYDROCARBONBS DE LA SALIVE HUMAINE 

La salive norinale huiiiaine contient deux esykces des glyco- 
protkides. L’une est une glycoprotCide neutre, une fuconiucine, 
contenant : hexosamine, galactose et fucose, Ctant ainsi du type 
des ant ighes des groupes sanguins, trouvCs d a m  toutes les secrk- 
tions niuqueuses CpithCliales du corps. L’nutre est une glyco- 
protCide acide, une sialoniucine, qui contient : hexosamine et 
;wide sialique. Ce type est aussi trouvi. dans l a  plupart des secre- 
tions inuqueuses Cpithkliales. 

Dam la secrktion salivaire iiiixte l a  fucoiiiucine prkdoinine. 
La secrCtion des glandes subiiiaxillaires et sublinguales est p l ~ s  
riche en sialoprotkide que la secrktion salivaire niixte. 

Puisque I’acide sialique est un acide relativeiiient fort, il est 
possible, s’il est lib&& dans la cavitk buccale, qu’il ait une in- 
fluence sur le dkveloppenient des caries dentaires. 

ZUSAWMENFASSUNG 

DIE KOHLENHYDRATKOMPONENTE DES MENSCHLICHEN SPEICHELS 

In1 noriiialen Speichel des Menschen treten zwei Foriiien von 
Glykoproteiden auf. Die eine ist ein neutrales Glykoproteid, ein 
Fucomucin, das Hexosainin, Galactose und Fucose enthalt. Es 
ist soinit von deiiiselben Typus als die Blutgruppensubstanzen, 
die in allen inucosen Sekreten des Kiirpers vorkoiiiiiien. Die 
andere ist ein saures Glykoproteid, ein Sinlomucin, das Hexos- 
aiiiin uiid Sialinsaure enthalt. 

In1 geiiiischten Mundspeichel uberwiegt das Fuconiucin. I h s  
Sekret der Subniaxillaris- und Sublingualisdrusen ist reicher :in 
Sialoprotein als der geiiiischte Speichel. 
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Da Sialinsiiure eine verhaltnisinassig starke Siiure ist, kiinnte 
sie miiglicherweise, falls sie in der Mundhiihle abgespnlten wird, 
die Entwicltlung von Zahnkaries heeinflussen. 
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