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b a se levels of the various components measured; and the elaboration 

of their origin, characteristics, and interdependence. 

LITERATURE REVIEW 

A divergence of opinion exists concerning the physiological 

role of saliva. Certain early observers ascribed immunity to caries to 

salivary protection, while others believed that the occurrence of caries 

was due either to the absence of a protective mechanism in saliva or even 

to a deleterious effect by the saliva itself. Attempts to understand the 

manner in which the saliva influenced the oral structures imposed a need 

for information concerned with its composition. Although hampered by 

the lack of precise methods for the analysis of salivary components, 

which rendered inaccurate the results of many early investigations, 

certain observations as well as their observers were of outstanding 

merit. Limits have thus been set, us ing for the most part, newer or 

more reliable procedures which presented the greatest accuracy in the 

evaluation of the constituents measured. 

Inorganic Components 

Sodium and Potassium - Although the most comprehensive studies of 

salivary sodium and potassium have been limited to the past three dec

ades, their presence was noted in whole and parotid saliva at least as 

early as 1913 (Howe 1913a, b). Observations by Ferris, Smith, and 

Graves (1923); Clark et al. (1927); Becks (1929); and Mathis (1934) were 

made using whole saliva samples from a limited number of persons and 

in general were subject to the inaccuracies inherent in the gravimetric 
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methods employed. The development of more accurate procedures, zinc 

uranyl acetate for sodium and the perchlorate butyl alcohol method for 

potassium, afforded Brown and Klotz (1937); McCance (1938}; and 

Vladosco and Bellea ( 1938) a more precise means for measuring these 

electrolytes in whole saliva. 

Flame photometry, with its high degree of accuracy and 

rapidity of testing, provided the means for mass quantitative analysis 

of salivary sodium and potassium. Lorinczy and Karoly ( 1948); 

Tekenbroek and Woldrung (1952); deTraverse and Coquelgt (1952); and 

Hoffmeister and Albrecht (1953) measured the normal sodium and po

tassium titers in resting whole saliva, while Dreizen et al. (1953) 

observed as well the changes which were brought about by salivary 

stimulation. 

Conscious of the variations in the ionic components of blood 

due to certain systemic disturbances, other investigators (73, 79, 97, 

109 , 266, 270) have studied the fluctuations of whole saliva sodium and 

potassium which occur in patients with ascites, cirrhosis of the liver, 

congestive heart failure, and adrenal cortical diseases. 

Calcium and Phosphorus - Realization of the relationship between min

eral metabolism, the endocrine system, nutrition, and systemic man

ifestations was the impetus to the initiation of studies concerned with 

the calcium and phosphorus content of saliva. Many investigations were 

carried out in the belief that oral pathology was a result of metabolic 

malfunctions which could be diagnosed by observing the variations in 

these salivary components. Ferris et al. ( 1923); Pattison ( 1926); 

Clark and Levine (1927); Raskin (1927-28); and numerous other authors 

attempted to establish the normal range and mean values for these con

stituents. Evaluation and comparison of the results of these early 
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authors is difficult due to their use of dissimilar technical procedures 

and often outright disregard for the general health of the individuals 

tested. 

In 1934 Becks and Wainwright established standard proce

dures for salivary collection, treatment, and analytical methods which 

are still followed. They measured the calcium and phosphorus content 

of 650 normal healthy persons and recorded the titers of resting whole 

saliva and the changes which occurred upon stimulation. To date their 

work still stands as the most complete study of these two components 

in whole saliva and is considered as the foundation for all subsequent 

observations. 

More recent efforts (12, 13, 14, 180, 224, 267) have been 

focused on the use of radioactive isotopes for the elaboration of the 

existence of mechanisms which transport calcium and phosphorus to 

the enamel and dentine via the saliva. 

Chloride and Bicarbonate- Howe (1912) observed the presence of 

chloride in whole saliva and the individual glandular secretions. A 

method for chloride determination by titration with standard silver 

nitrate solution was described, but no values for salivary chloride 

were given. In 1923 Ferris et al., using the Meyers (1921) adaptation 

of the Volhard-Harvey method, measured the chloride content of three 

persons subsisting on controlled diets. The Whitehorn principle 

( 1920-21 ), where the chloride of protein free filtrates is precipitated 

by silver nitrate in the presence of nitric acid and the excess of silver 

titrated with standard thiocyanate solution, appeared to be the procedure 

of preference for most of the succeeding investigators. Employing this 

method Clark et al. (1927) examined the chloride content of resting 

whole saliva in five physically sound subjects who were under strict 
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dietary conditions. Clark and Levine (1927) could detect no consistency 

in salivary chloride under regulated dietary conditions nor during 

fasting. Greater than normal variations occurred in saliva activated 

by chewing paraffin than in resting saliva, while ingested chloride did 

not readily i n crease the salivary levels. The results from Brown and 

Klotzrs (1934) efforts to correlate the chemical composition of the oral 

secretions with rate of flow indicated that when the eighteen persons 

studied were divided into three groups based on flow rate, low, medium, 

and high; the high group had a mean chloride content which was almost 

twice that exhibited by the low group. The investigations of Mathis 

(1934) and Vladesco (1938), although contributing to the establishment 

of the normal range, were limited in the number of individuals tested. 

McCance ( 1938) in testing the effect of salt deficiency on the composition 

of body fluids encountered no consistent change in the concentration of 

chloride in resting saliva. Donneddu (1943) after comparing the sodium 

chloride content of normal subjects and gastric patients, both fasting 

and with salt loading, found that the sodium chloride of saliva varied in 

the same manner as the hydrochloric acid of the gastric juice. Persons 

with hyperchlorhydria of the gastric juice exhibited values above the 

cont r ol group, while the saliva of patients with histamine resistant 

a n achlorhydria contained less sodium chloride than the controls. Intra

venous injections of thirty percent sodium chloride did not significantly 

change the salivary level in any case. Similarly, Lorinczy and Karoly 

( 1948) evidenced no significant difference in salivary chloride in resting 

saliva taken before meals, after meals, after the administration of 

quinine, and after the imbibition of sucrose. A parallel trend between 

pH and chloride was recorded in the study of Popova-Milashevskaya 

(1950). White et al. (1950) pointed out a lowering of salivary chloride 
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which was associated with congestive heart failure. 

Salivary bicarbonate, whose presence was implied by 

Howe (1912) and proven by Ferris et al. (1923), was first measured by 

Clark et al. (1927). Their determination of carbon dioxide, bound as 

bicarbonate, was performed by the method of VanSlyke (1922), but 

unfortunately no precautions were taken to prevent the changes which 

occur on exposure to air. The importance of bicarbonate was not 

realized until Wah Leung (1951) indicated its role as a salivary buffer. 

Sand (1951-52) established that the bicarbonate in saliva was the result 

of the metabolic activity of the salivary glands and could be used as an 

index of glandular activity. No indication of the normal bicarbonate 

levels in whole saliva was available until the study of Dreizen et al. 

(1953) on human salivary buffers, where they presented data showing 

the content of resting whole saliva and the increases resulting from 

stimulation. 

Thiocyanate - Thiocyanate was the first salivary component to be 

analysed quantitatively. Lodholz ( 1904) in a discussion of its glandular 

origin relegated to the parotid glands the role of chief secretor of this 

compound. Its chemical origin and clinical significance were the ob

jects of numerous speculations. Howe (1909) realizing the inadequacies 

of previous investigations attempted to establish standards for the 

normal salivary content. 

Attention was focused upon the possibility that the thiocy

anate of saliva might exert a retarding influence on the carious destruc

tion of teeth, either directly, by an inhibitory effect on the microor

ganisms concerned in carious production, or by interfering with plaque 

formation and thus prevent localization of the caries producing agencies. 

By 1915 a decrease of interest in thiocyanate had occurred and Kirk 

(1915) in a report on the chemistry and physiology of saliva stated that 
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thiocyanate was considered to be a normal excretory product without 

influence in dental disease. The recent increase in the use of thio

cyanates as a hypotensive drug and the subsequent renewal of interest 

concerning normal salivary levels led Fischmann and Fischman ( 1948) 

to present one of the most reliable and uniform set of data on this 

component in normal and hypertensive persons. 

Trace Elements - In addition to the forementioned inorganic constitu

ents of saliva there are electrolytes which are present only in small 

or trace quantities. Magnesium has been detected in amounts less than 

one mg. percent by Krasnow, Oblatt, and Hirschfield ( 1938) and 

Lorinczy and Karoly ( 1948). Dreizen et al. (1952) have found saliva to 

contain microgram quantities of copper and cobalt, the former being 

present regularly while the latter was present only occasionally. 

The occurrence of iodine in whole saliva has been noted by 

several investigators (49, 50, 210), who found inorganic iodine to be 

selectively concentrated by the salivary and gastric glands. Most 

recent concern has been with the role of salivary iodine and its relation 

to hyperthyroidism (276) and thyroxine production (85). Other authors 

have given evidence for the presence of bromine in human saliva (249). 

Organic Components 

Lactic Acid - Salivary lactic acid originates from two major sources; 

the secretion with saliva by the glands and its formation in whole saliva 

and dental plaques by salivary and bacterial enzymes. While the latter 

theory has been substantiated by Summerson and Newwirth (1941); 

Volker and Pinkerton {1947); and Muntz (1943), comparatively little 

attention has been given to the glandular formation of lactic acid. 

Mollman (1935) was the first to record the production of lactic acid by 
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the salivary glands. However, he asserted that it originated exclusively 

in the glands. Vladesco ( 1936) noted that lactic acid was always present 

in stimulated whole saliva, even after an aqueous mouth rinse. In 

opposition to Mollman 1s assumption that the glands were the sole source 

of lactic acid, were the results of Helstrom and Ericsson ( 1952) who 

observed that although lactic acid was present in the mandibular saliva 

of only one of the several individuals tested, the parotid secretions of 

these same persons always contained this component. Furthermore, 

whole saliva values which were similar to those evidenced in the parotid 

saliva, increased markedly after a sucrose mouth rinse. Koch ( 1944) 

found the whole saliva of forty persons to contain an average lactic acid 

level which was higher than their mean blood laCtic acid content. Vais 

and Tarnopolfskaya (1951) claimed that children with multiple-carious 

teeth showed in their saliva obtained before meals, a level of lactic acid 

that was three times that found in children without caries. Fujishiro 

( 1952) indicated that variations in salivary lactic acid were proportional 

to the rate of salivary secretion and blood concentration. His observa

tion that salivary levels were lower than the blood content was in 

direct contrast to the findings of Koch. 

Organic Phosphorus - Although a few of the authors cited in the review 

of inorganic phosphorus have also measured the organically bound 

phosphorus of saliva, comparatively little investigation on this constit

uent has been done. The most recent studies, by Eggers-Lura (1947, 

1948) and Davies and Rae (1948), have involved a dispute as to the 

correctness of the applied methods of measurement. 

Nitrogenous Components 

Total Nitrogen - Pavlov (1888, .185) in determining quantitatively the 
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total nitrogen of saliva, during rest and activity, noted that the appear

ance of nitrogenous substances in the saliva was concomitant with a 

decrease of nitrogen in the secretory gland. Loss of nitrogen by the 

gland, however, was much less than the increase in salivary nitrogen. 

The difference was explained as a glandular replacement which was 

equivalent to at least one-half the original loss. This assumption was 

confirmed when Henderson ( 1900) in a precise investigation of the 

total nitrogen of the secreting gland noted after the initial loss, the 

establishment of a nitrogen equilibrium during the period of activation, 

The first work to be concerned with a survey of whole saliva 

nitrogenous fractions was performed by Ferris, Smith, and Graves 

( 1923) in their measurement of total nitrogen, mucin nitrogen, demu

cinized nitrogen, urea nitrogen, ammonia nitrogen, and non protein 

nitrogen. Results presented from three cases include values for mucin, 

ammonia, and non protein nitrogen which are in agreement with later 

authors. Total nitrogen and total proteins were low in comparison to 

more recent work. Clark et al. ( 1927) studied the whole saliva total 

nitrogen of five prison subjects and concluded that diet had no influence 

on the reaction of saliva. Although observing a correlation between 

certain inorganic components of saliva and rate of secretion, Brown and 

Klotz ( 1934) found no relationship between flow rate and salivary total 

nitrogen. Goldberg and Lee (1953), in a determination of the total 

nitrogen content of stimulated saliva fractions, found the supernatant of 

centrifuged whole saliva contained twice as much total nitrogen as the 

precipitate. 

Proteins - In 1935 Karshan, measured the total proteins of stimulated 

whole saliva, in order to observe the possibility of a correlation between 

protein content and dental caries. No correlation was noted, but the 
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normal range and mean for the group were presented. Bram.kamp 

(1936 , 1937) investigated the total proteins and urea of stimulated 

parotid saliva and found that the total protein content of the parotid 

secretion tended to rise when the flow rate was increased. In an effort 

to find some relationship between salivary nitrogenous components and 

dental pathology, investigations on the protein content of whole saliva 

were carried out by Krasnow et al. (1938): Gorlin (1948); and Deakins 

et al. (1941). The results of these studies evidenced no conclusive 

correlation between oral condition and saliva proteins, although the 

latter authors observed a rough linear relationship between flow rate 

and protein level. Dreizen et al. (1952) in a study of the constituents 

of human saliva buffers measured whole saliva proteins under resting 

and stimulated conditions. Their results indicated that the protein con

tent decreased on stimulation. 

Non Protein Nitrogen - The first accurate determinations of salivary 

ammonia are generally attributed to Wurster (1889), who presented the 

results of two cases. Observations on resting and active glands and 

the distribution of nitrogen between mucin and nonmucinous substances 

by Anrep (1920-21), led him to conclude that the mucin of saliva was 

entirely derived from material prestored in the gland and that the 

nonmucin nitrogen was obtained from the body fluids. Hench and 

Aldrich ( 1923), in measurements of ammonia and urea in whole saliva, 

encountered the fact that the ammonia of saliva increased at the expense 

of urea. The combined urea and ammonia nitrogen values were found 

to approximate that of the urea nitrogen of the blood. In urea retention, 

the combined nitrogen of saliva (urea and ammonia) always increased 

with an increase of blood urea nitrogen. Morris and Jersey (1923) 

reported the presence of amino acids, creatinine, and uric acid in 
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whole saliva. Values for salivary ammonia and urea were also pre

sented, but their main interest lay with uric acid, which they believed 

represented the actual cellular activity and could serve as an index of 

glandular metabolism. Barnett and Bramkamp (1929) in an effort to 

determine the influence of secretion rate on the urea concentration 

(urea and ammonia) in whole and parotid saliva observed decreases in 

urea upon stimulation. Greater decreases occurred in the whole saliva 

urea than in the parotid saliva urea concentration. Mean values re

ported for stimulated whole and stimulated parotid salivas were almost 

identical. The non protein nitrogen of paraffin stimulated whole saliva 

as investigated by Updegraff and Lewis (1924) proved to be 37o/o of the 

normal blood level and was found to be comprised, at least in part, of 

ammonia nitrogen, urea nitrogen, and uric acid nitrogen. Youngburg 

( 1935- 36) examined saliva in order to note the variations in the ammonia 

concentration of resting whole saliva in "normal" individuals (presum

able with a low caries rate) and in persons having active dental caries. 

A comparison of values showed no characteristic difference in ammonia 

content for the two groups. Determination of ammonia nitrogen in the 

salivas of pernicious anemia subjects and normal subjects indicated that 

there was no effect related to the "alkaline tide". The work of Evans 

(1951), who measured the ammonia in the resting saliva of 208 persons, 

was in agreement with the results obtained by Youngburg. Sullivan and 

Storvick (1950), however, upon investigating paraffin stimulated saliva, 

from 572 college freshmen, found ammonia to be absent in some cases. 

Moreover, they obtained a mean level that was considerably lower than 

that experienced by either Youngburg or Evans. 

In order to explain the presence of ammonia in whole saliva, 

various hypothesis have been offered: selective secretion of ammonia 

by the gland and transformation of urea into ammonia under the influence 
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of the gland. The first would seem less tenable because the amount of 

ammonia in t h e blood is small, while the second would liken the gland 

to the kidney in preserving the alkaline reserve of the organism and 

necessitate the presence of urease in the gland. The most accepted 

theory at present, that saliva as secreted contains little or no 

ammonia, is based primarily on the observations of Prinz (1921) and 

Bliss (1937). The former found that fresh saliva collected from the 

duct of one of the secretory glands showed little ammonia, while whole 

(mixed) saliva as found in the mouth contained a much greater concen

tration. The latter author observed that calculus from the teeth con

tained urease and he believed that the formation of ammonia was due 

to bacterial action. Cary (1946) in order to determine whether ammonia 

was present in saliva as it came into the mouth and not due to the con

version of urea and other nitrogenous material by the bacterial enzymes 

of the mouth, tested submaxillary and parotid saliva. He concluded 

that the salivary glands had neither an excretory nor an secretory 

function in the formation of ammonia, but that the source was mainly 

urea and proteins. Kesel et al. (1947) found the source of ammonia N 

in whole saliva not to be due entirely to urea, but that the amino acids 

present, through bacterial deamination, contributed to its formation. 

Jacobsen and Kesel (1950) noted increases in the ammonia N content of 

incubated whole saliva at the expense of the other salivary nitrogenous 

fractions. 

Enzymic Components 

Carbohydrases - Of the group classified as carbohydrases; amylase, 

maltase, invertase, beta-glucuronidase, hyaluronidase, and lysozyme 

have been found in human saliva. 
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Amylase 

The amylolytic ability of human saliva was first d,iscovered 

by Leuchs ( 1831). The designation "ptyalin" was applied by Berzelius 

(1840) to the salivary enzyme which had the ability to hydrolyze starch. 

A crude isolate of salivary amylase was first prepared by Mialhe and 

Cohnhein (1865). The enzyme was later crystallized by Meyer et al. 

( 1948). The nature of the starch splitting reaction was established by 

Myrback and Svanborg (1953). Jytte ( 1954) was able to determine the 

amino-acid composition of salivary amylase. 
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The relationship of salivary amylase to normal and pathologi

cal conditions of the oral cavity has been the object of numerous investiga

tions. The presence of amylase in parotid saliva and the increase in out

put due to salivary stimulation was observed by Pickerill ( 1924), who 

advanced the theory of a protective action by the enzyme. Robb et al. 

(1921) were i n agreement with Pickerill and believed the function of 

amylase to be the cleaning of the teeth by the removal of starch. Human 

salivas exhibit considerable variation in their amylase activity (Deakins 

et al. 67; Hubbell 130; Turner and Crowell 257; and Pratt and Eisenbrandt 

192). The use of the amylolytic index of saliva as an indicator for dental 

caries susceptibility is highly disputed. Hubbell (1933) and Florestano 

et al. (1941) noted greater amylolytic activity in the saliva from carious 

individuals as opposed to the findings of Marshall-Day (1934); Turner and 

Crane (1944); and Sullivan and Storvick (1950) of an inverse relationship 

between amylase content and dental caries. On the other hand, McClure 

(1939); Bergeim and Barnfield (1945); Barany (1947); and Hess and Smith 

( 1948) reported no significant difference in the production of reducing 

sugars by saliva from carious and noncarious individuals. 

Maltase and Invertase 

The presence of maltase in saliva was established by Tauber 



and Kleiner ( 1933}, who noted that maltose was hydrolyzed after incuba

tion with saliva. Considerable variation occurred in different individ

uals. The presence of invertase was indicated by Volker 1s (1950} 

measurement of an increase in reducing substance concentration after 

the addition of sucrose to saliva. Similarly, Helstrom and Ericsson 

( 1952} found the whole saliva lactic acid content to increase after a 

sucrose mouth rinse. According to the results of Bourquelot (1910} 

and Lisbonne (1910), salivary invertase appeared to be a metabolic 

product of the microorganisms which inhabit the oral cavity. 

(3-Glucuroni dase, Hyaluronidase, and Lysozyme 

Beta- glucuronidase was first noted in saliva by Fishman et 

al. ( 1948}, who believed it to be a secretory product of the glandular 

epithelium. Salivary hyaluronidase (Lisanti 1950} and f3- glucuronidase 

have been found to be produced by certain of the oral bacteria (Mahler 

and Lisanti 1952; Lorina et al. 1954). The lysozyme activity of saliva 

was first demonstrated by Fleming ( 1922}. Penrose ( 1930} found that 

lysozyme was active against Micrococcus lysodeikticus but ineffective 

against many pathogenic organisms. Holzknecht and Poli (1950) re

ported saliva as having eight times the lysozyme content of serum. 

Purification of salivary lysozyme was done by Roberts et al. ( 1938). 

Phosphatases 

Esterases - The possible relationship between salivary phosphatase 

activity and the formation of dental caries and oral calculus led numerous 

investigators to study the origin of these enzymes. Hexosediphosphatase, 

the first enzyme of saliva observed to have the ability to hydrolyze 
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esters of phosphoric acid, was discovered by Demuth (1925). Giri 

(1936) confirmed its presence in saliva. A pH optimum of 7. 0- 7. 2 

was noted by both authors. 

Adamson ( 1929) noted the presence of a phosphomonoes

terase in gingival tissue which had an optimum pH of 9. 0. He found 

that saliva had a phosphorus containing complex, probably in the nature 

of an ester, which was capable of being hydrolyzed by the gingival 

tissue enzyme with the liberation of phosphorus. The presence of a 

phosphomonoesterase in saliva, but with an optimum in the acid 

range, was shown by Smith (1930); Giri (1936); Glock et al. (1938}; 

Rae (1941); Eggers-Lura (1947); Dentay and Rae (1949); Fitzgerald 

(1952); and Helman and Mitchell (1954). The origin of the salivary 

phosphomonoesterase has been a highly controversial subject. Smith 

(222) and Adamson (2) were of the opinion that the phosphatase came 

solely from desquamated epithelial cells. Umeno (1931) stated that the 

enzyme was absent in saliva, but was present in the salivary glands. 

Glock, Murray, and Pincus (104), unable to demonstrate phosphatase 

in seitz filtered saliva and finding only slight activity in submaxillary 

saliva, believed its presence to be due to epithelial cells and common 

mouth organisms. On the other hand, Zander (1941) and Valloton 

(1942) showed phosphomonoesterase activity in gingival tissue only in 

the endothelial cells of capillaries and subepithelial gingival tissue. 

None was present in the epithelium of the gingival tissue. From these 

results it was inferred that the enzyme in saliva could be derived only 

from bacteria or from tissue during inflammation. Cabrini and 

Carranza ( 1951) later substantiated the findings of Zander and Valloton. 

Eggers-Lura (76) in an effort to determine the source of the 

salivary phosphomonoesterase tested gingival tissue, plaque, enamel, 
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dentine, bone, and whole, parotid, and submaxillary saliva. All were 

active at pH 9. 4 and 5. 5, except for enamel and dentine which exhi

bited no activity at the acid pH. Saliva itself was more active in the 

acid range. Dentay and Rae (69), like Glock et al. (104), found no 

activity in Seitz-filtered saliva. Although the residue from centrifuged 

whole saliva had almost as much activity as the original mixture, t h e 

clear supernatant contained only slight activity. This, in addition to 

their failure to find phosphomonoesterase activity in oral Lactobacillus 

acidolphilus, led them to state; "saliva as secreted by the glands con

tains no phosphatase. The small amount of phosphatase activity in 

saliva is probably derived from cellular debris and food residues, 

with a lesser contribution by microorganisms". Aroused by the pre

vious discovery of actinomyces in the matrix of oral calculus, 

Ennever and Warner (1952) examined eleven strains of oral actinomyces 

for phosphatase activity using a culture plate method. All eleven 

strains tested were positive. Fitzgerald, opposed to the conclusions of 

Dentay and Rae (69) that microorganisms played only a minor role in 

the elaboration of salivary phosphatase, examined numerous strains of 

oral bacteria. He observed that streptococci, micrococci, Aerobacter 

aerogenes, and lactobacilli had pronounced activity, both in the acid 

and alkaline range. Since no activity was evidenced in either parotid 

saliva or bacteriological filtered saliva he expressed the opinion that 

the major portion of saliva phosphatase was due to oral microorganisms. 

He felt this supposition was supported by his finding of a correlation 

between the lactobacillus count and the phosphatase values. However, 

Helman and Mitchell (116) were unable to find a significant relationship 

between phosphatase activity and lactobacilli. Moreover, they found 

no difference in the phosphatase levels of persons with and without 

calculus. 
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That the oral cavity contains other enzymes capable of 

hydrolyzing phosphoric acid esters was shown by Axrr.tacher (1932), 

who measured the enzymatic breakdown of pyrophosphate by saliva. 

Cabrini and Carranza (52) demonstrated histochemically an enzyme 1n 

gingival epithelium which was able to liberate phosphorus from nucleic 

acid and a lecithinase in the subepithelial tissue, which had a pH 

optimum of 9. 2. From the results of the forementioned investigations, 

it appears that saliva contains at least three phosphatases: hexosedi

phosphatase, pyrophosphatase, and phosphomonoesterase; the latter 

being derived chiefly from oral microorganisms with minor contribu

tions attributed to glandular secretion and ingested substances. 

Lipase 

Scheer ( 1928) investigated human salivary lipase and 

found that this enzyme was present in infants as early as the first 

month. Scheer believed the function of salivary lipase was to free the 

oral cavity of fatty materials. After demonstrating the lipolytic 

activity of saliva, by its ability to change the surface tension of a 

saturated solution of tributyrin, Peluffo ( 1929) studied the effect of 

inhibitors and investigated the enzyme's characteristics. Koldajew 

and Pik ul ( 1929) studied the lipase of dog saliva, which they obtained 

through fistulae placed in the sublingual, submaxillary, and parotid 

ducts. The greatest activity was exhibited by the secretion collected 

from the parotid gland. Salivary lipase activity proved to be inde

pendent of amylase. Although Katzenstein ( 1929) noted an inverse 

relationship between the lipase content of saliva and flow rate; the rate 

of secretion being influenced by disease, Koebner (1931) found no 

deviations of the lipase titer from normal, in several kinds of liver 
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disease. Koebner, however, did find increases in the lipolytic titer 

during pregnancy and lactation and decreases in persons with diabetes 

mellitus. There was close agreement by the above authors as to the 

properties of human salivary lipase; an optimum pH between 7. 0 and 

7. 8 and heat lability, the enzyme was destroyed at 65 degrees C. 

Cholinesterase 

The absence of acetylcholine (Gibbs 1935; Winterstein and 

Ozer 1948) and the inability of saliva to hydrolyze acetylcholine (Bloch 

and Nechles 1938; Gal and Adler 1948) has led to the belief that human 

saliva is devoid of cholinesterase activity. On the other hand, both 

acetyl and pseudo cholinesterase have been detected in the salivary 

glands of rats (Ord and Thompson 1950) and in the peripheral . autonomic 

ganglia of the parotid glands of cats (Koelle 1950). Hines and McCance 

(1953) pointed out that whole and parotid saliva from pigs contained a 

pseudo cholinesterase. It would thus appear, from the evidence at 

hand, that human saliva, in contrast to other mammals, does not 

contain enzymes capable of splitting choline esters. 

Sulfatase 

According to Fromageot (1950) the following sulfatases 

exist: myrosulfatase, chondrosulfatase, glucosulfatase, and phenol

sulfatase. The designation phenolsulfatase has been recently changed 

to arylsulfatase in order to include those enzymes which hydrolyze 

sulfuric esters possessing an aromatic nucleus. Pincus (1950) in 

demonstrating the possible contribution. of sulfatases to the formation 

of dental caries established the presence of sulfatase in proteus bac

teria obtained from carious teeth. In enumerating the processes which 
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occur in caries, he included depolymerization of sulfated polysac

charides, release of sulfate, hydrolysis of collagen, and an increase 

of solubility of calcium salts in the dentine. Candeli and Tronieri 

( 1951) pointed out that the sulfatase of Proteus and Staphlococcus 

aureus which attacked beef costal cartilage, with the liberation of 

sulfate ions, was also able to attack the glycoproteins of undemineral

ized enamel and dentine. The enzyme responsible for this hydrolysis 

of the organic sulfates of teeth would thus be categorized as either a 

glucosulfatase or a chondrosulfatase. 

Oxidizing Enzymes - The presence of catalase (Deakins 1941) in saliva 

has been established, but the exact nature of the other oxidizing en

zymes which exist in human whole saliva has not been defined. 

Mosimann and Sumner (1951) observed a strong reaction for the saliva 

of man and other mammals using hydrogen peroxide with guaiacol, 

p-cresol, and pyrogallol. Activity was noted in both the solution and 

sediment from saliva and they were able to obtain a tenfold concentra

tion by ammonium sulfate and alcohol fractionation. They reported 

the catalyzing agent as being a peroxidase. In contrast, MacDonald 

and Smith ( 1909) found that human saliva had the ability to oxidize 

guaiacum, pyrogallol, chloral hydrate, and hydroquinone without the 

addition of hydrogen peroxide. Herlitzka (1910) found hydrogen perox

ide to be inhibitory towards the oxidation of guaiac resin by saliva. 

Additional reports of oxidative enzymes in saliva have been tended by 

Ville and Mestresat (1912) and Besancon-Justin and Monceaux (1923). 

These findings lead one to conclude that human saliva probably contains 

at least three different oxidizing enzymes i the two iron containing 

enzymes catalase and peroxidase, which have hydrogen peroxide as a 

common substrate and a phenol oxidase, which while utilizing similar 
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hydrogen donors as the peroxidase, catalyzes the direct oxidation of 

its substrate by atmospheric oxygen and is a copper containing enzyme. 

Proteolytic Enzymes - Willstatter et al. (1929) stated that the salivary 

glands differed from secreted saliva in their enzymic constituents. 

The salivary glands of man and other mammals were found to contain 

proteinases and peptidases. The proteinases were tryptic and 

catheptic in nature, while peptic activity was lacking. In human saliva 

the complexity of proteolytic action was declared to be due to the 

presence of epithelial cells, lymphocytes, leucocytes, and bacteria in 

suspension. After centrifugation salivary tryptic activity diminished 

85%, the difference being found in the sediment. That microorganisms 

were an actual source of salivary protease was shown by cultures of 

salivary bacteria proteolytic activity at pH 8. 0, though practically none 

at pH 4. 5. Willstatter, Bamann, and Rohdewald (272) produced a 

proteolytic enzyme from leucocytes which appeared to be identical with 

the one found in the saliva. Thus, they were of the opinion that the 

proteases present reflecte d in a measure the proteolytic equipment of 

the lymphoid-lymphatic tissue of the salivary glands, their occurren ce 

in the saliva being more or less adventitious. Voss (1931) found that 

the human parotid gland secreted a proteolytic enzyme which could 

hydrolyze casein. The activity varied with different individuals and 

was greatest in those secretions which were yellowish in color, viscous, 

and turbid. Contrary to the findings of Willstatter et al. (272) for 

whole saliva, the proteolytic activity of the parotid secretion was not 

found in the sediment afte r centrifugation but in the clear supernatant 

liquid. No proteolytic activity could be conclusively demonstrated in 

fresh sublingual- submaxillary saliva. That the pH optimum for the 

parotid enzyme was in the neighborhood of 8. 0 was taken as evidence of 
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its tryptic nature. In 1935 Fantl and Weinman ( 1935a, b) showed that 

saliva contained an enzyme which was capable of digesting the proteins 

found in normal saliva. Subsequent investigation (268, 269) indicated 

that the salivary proteins, as well as other soluble proteins, were 

digested by this enzyme. A study of the saliva of caries-susceptible 

and caries-immune individuals showed that the saliva of the immunes 

had more of the proteolytic enzyme factor than in the susceptibles in 

about 80o/o of the cases (269). When the saliva was filtered the filtrate 

contained no proteolytic enzyme. Bacteria cultivated from the mouth 

did not seem to influence proteolysis. 

Other Enzymes - In addition to the already enumerated enzymes, var

ious other enzymes have been reported to be present in saliva. 

Vladesco (1932); Singer (1951), Ballantyne et al. (1952), Stephan (1940), 

and Hine and O'Donnell (1943) found urease in human whole saliva. 

Peptidase (Warfield, 1911); mucinase (Alfonsini, 1946); and collagenase 

(Sreebny and Engel, 1951) activity have also been noted in saliva. 

Rapp (1946) observed the presence of carbonic anhydrase, while Van 

Haeff (1915) found saliva to contain an enzyme which could separate 

hydrogen sulfide from horse radish. 
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CHAPTER I 

The Determination, Distribution, and Origin of 

Whole Saliva Enzymes 

The enzymatic hydrolysis of synthetic substrates, whose 

end products are capable of forming dyes, has been used for quan

titative histochemical and physiological fluid determinations. These 

have been employed to study the effects of local and systemic dis

turbances (39, 61, 88, 106, 110, 135, 234, 280) and may be utilized in 

evaluating the role of enzymes in normal and disease processes of the 

oral cavity. 

Numerous enzymes have been previously demonstrated in 

saliva. They include: amylase, invertase, maltase, carbonic an

hydrase, urease, oxidases, catalase, proteolytic enzymes, lipase, 

phosphatases , lysozyme, and hyaluronidase (66, 94, 104, 155, 163, 

172, 187, 197 , 229, 232, 254, 256). While phosphatase, amylase 

and lysozyme have aroused the most interest of the enzymes reported 

to be in saliva, no agreement has been reached concerning their role in 

various pathological conditions of the oral cavity. Similarly, no effort 

has been made to establish the normal range of activity of the salivary 

enzymes. 

Enzymes in the oral cavity may origin ate from several 

sources: the major and minor salivary glands, bacteria, oral tissues, 

and ingested substances. It is of primary importance therefore to 

have some fundamental knowledge concerning the various sources of the 

enzymes present. 

The measurement of a spectrum of enzymes using various 

esters and derivatives of a single chromogenic substance, beta-naphthol, 
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affords a means of comparing the various enzymes of saliva; while the 

simultaneous determination of the activities of the ten enzymes included 

in this study, on the same saliva sample permits the evaluation of the 

possible interrelationship between individual enzyme systems. Thus 

the determination of the presence, range of activity, and origin of 

several enzymes affords a better understanding of the factors distinguish

ing the normal from the abnormal in oral conditions. 

The presence of certain hydrolytic enzymes in whole saliva 

was tested. Once their presence was established, whole saliva samples 

were taken from 56 persons and the range of activity and the mean 

activity of these enzymes were determined. Parotid saliva was tested 

for the presence of these enzymes; mean and range of activity were 

also determined. Inoculums of whole saliva were incubated in beef 

brain-heart infusion broth to establish qualitatively whether or not 

the flora of the oral cavity were capable of elaborating these enzymes. 

The enzymes measured were: acid phosphatase, alkaline 

phosphatase, total esterase, cholinesterase, lipase, aryl-sulfatase, 

beta-D-galactosidase, beta-glucuronidase, hyaluronidase, and lysozyme. 

Procedure 

The subjects were given code numbers, and twenty-five 

ml. of paraffin stimulated saliva were collected in sterile bottles 

from each individual. The salivas were obtained immediately on 

arising before toothbrushing, eating, or mouth rinsing. All enzyme 

activities were assayed from fresh saliva specimens with the exception 

of beta-D-galactosidase and beta-glucuronidase, which were determined 

on stored frozen samples ( -l 0°C for 10 days) . The final volume of 

saliva used for each colorimetric test system is given in Table l. (56a) 
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incubated at 370C for four hours. After removal from the incubator 

0. 5 ml. of 0. 2M trisodium phosphate solution was placed in each tube. 

One cc. of a lmg . Icc. solution of diazo blue B was added and 5 

minutes was allowed for color development. One cc. of 8 0o/o trichloro

acetic acid was used to stop the reaction. The dye was extracted with 

10.0 ml. of ethyl acetate and the Klett readings taken. 

Color density was converted to micrograms of beta-naphthol 

or substituted beta-naphthol from standard curves. The curves were 

prepared by adding varying amounts of these compounds to pooled 

saliva followed by immediate color development with d iazo b lue B. 

One unit of activity is defined as the amount of enzyme 

which liberates the color equivalent of ten mg. of beta-naphthol or 

substituted beta-naphthol during the period of incubation at 37°C. This 

unitage was used to facilitate comparison of oral levels of the various 

enzymes. 

The hyaluronidase activity is expressed as the percent of 

the half-time , that is , the time required to achieve a SO% decrease in 

viscosity of the substrate in 45 minutes at 25°C. ( 164). 

The lysozyme activity of saliva was determined by compari

son to a standard solution containing 1 I 100, 000 of crystalline egg 

white lysozyme (Delta) which had a reaction time of 1. 25 minutes in 

0. 85% NaCl at pH 6. 8. The units reported were calculated by dividing 

the reaction time of the individual salivas by the r e action time of the 

standard (1. 25) and multiplying the reciprocal of this value by fifty. 

Since the quantity of saliva tested was 2. 0 ml. this expressed the 

activity as the amount found in l 00 ml. of saliva. 

Results 

Enzyme Activity of Whole Saliva 
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