
Dysphagia 8:225-229 (1993) Dysphagia 
© Springer-Verlag New York Inc. 1993 

The Functions of Saliva 

Mitchell D. Kaplan, DDS and Bruce J. Baum, DMD, PhD 
Clinical Investigations and Patient Care Branch, National Institute of Dental Research, National Institutes of Health, Bethesda, 
Maryland, USA 

Abstract. Oral health is determined to a considerable 
extent by our abilty to produce saliva. Not only must 
adequate amounts be produced, but a large number of 
specific proteins also must be secreted for the mouth to 
function properly. This brief review is directed at de- 
scribing (1) how saliva is secreted, (2) the consequences 
of decreased salivary function, (3) the components neces- 
sary for oral homeostasis, and (4) the common causes of 
salivary hypofunction. 
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Principles of Salivary Secretion 

Salivary glands are composed of two general portions, 
the secretory endpiece, or acinar portion, and the ductal 
elements. Essentially, there are two stages in salivary 
fluid production. The first stage takes place in the acinar 
cells. Saliva is formed in response to neurotransmitter 
stimulation; there is no spontaneous salivary secretion. 
Neurotransmitters activate appropriate acinar cell recep- 
tors, leading to second-messenger generation within the 
cell. The two principal second messengers are cyclic 
AMP (cAMP) and inositol trisphosphate (IP3). cAMP is 
coupled to protein exocytosis, and IP 3 formation leads to 
cellular Ca 2+ mobilization and the subsequent activation 
of several ion transport pathways which result in fluid 
secretion. This first stage of saliva formation yields an 
isotonic primary secretion. Acinar cells are entirely re- 
sponsible for fluid secretion, transporting fluid and elec- 
trolytes from the serum to the forming saliva. In addition, 
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acinar cells produce and secrete 85-90% of salivary pro- 
teins [1]. The second stage of salivation is fluid modifica- 
tion within the ductal region. In this segment of the gland 
there is considerable electrolyte reabsorption, rendering 
the saliva hypotonic, as well as the secretion of additional 
exocrine proteins. The final saliva that enters the mouth, 
on average, contains - 2 5  mEq/L of NaC1 and --2-5 
mg/ml protein [2]. Serum proteins can be found in trace 
levels in secretions from healthy glands, but these levels 
can be greatly increased with disease, particularly in in- 
flammatory conditions [3]. 

Functions of Saliva and the Consequences of 
Salivary Dysfunction 

Saliva has several specific, essential functions (Table 1). 
These include protection of the oral mucosa and teeth, 
antibacterial action, facilitation of alimentation, physical 
cleansing, and buffering. Although one can certainly live 
without saliva, not having adequate salivary function can 
make life unpleasant. The significance of this body fluid 
can be most easily appreciated by evaluating individuals 
who have reduced salivary flow (see below). They have a 
wide range of complaints, including a feeling of dryness, 
alterations in taste (usually reflecting soreness or pain), 
and difficulty with mastication and swallowing. In addi- 
tion to such subjective problems, certain clinical signs 
are associated with gland hypofunction. Most common is 
the presence of increased levels of decay (dental caries), 
often-on tooth surfaces that are normally spared from this 
condition. Mucosal candidiasis is also common. Finally, 
many patients can present with a severe mucositis. 

From this collection of signs and symptom's, sa- 
liva's tissue protective functions are evident. As noted in 
Table 1, these properties are generally mediated by spe- 
cific proteins. It should be emphasized that all of the 
individual roles of saliva require adequate fluid output, 
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Table 1. Functional properties of saliva 

Salivary component(s) 
Function mediating function 

Mucosal protection 

pH maintenance 
Microbial control 

Remineralization of teeth 
Alimentation, bolus 

formation, translocation 
Digestion 

Taste mediation (as a solvent 
and delivery system) 

Mucins, basic proline-rich 
glycoprotein, epidermal growth 
factor 

Bicarbonate, histatins 
Histatins, sIgA, lysozyme, 

lactoferrin, salivary peroxidase, 
fibronectin 

Statherin, proline-rich proteins 
Mucin, H20 

Various hydrolytic enzymes: lingual 
lipase, DNase, RNase, amylase 

H20 

that is, the proteins require water for delivery to their site 
of action, and all functions occur in an aqueous environ- 
ment. Thus, fluid secretion is the parameter commonly 
monitored in evaluating patients with suspected gland 
dysfunction [4], not specific salivary compositional 
changes. However, there are difficulties with relying on 
population standards for evaluating fluid production. In- 
deed, healthy persons show a 50 to 100-fold range in 
basal secretions, while stimulated secretions vary by a 
factor of 10-20 [5]. Thus, adequate flow of saliva ap- 
pears to be an individual characteristic. It has been sug- 
gested that if an individual's "normal" amount is reduced 
by - 5 0 %  (whatever the starting value), symptoms will 
develop [6]. 

Functions of Saliva and the Components Necessary 
for Oral Homeostasis 

Dentition Protection 

Bacteria in the mouth, present in dental plaque adherent 
to teeth, may create a harsh, acidic environment that 
threatens the integrity of tooth structure. Calcium and 
phosphate are in a constant state of flux on tooth surfaces. 
Salivary proteins, such as proline-rich proteins (PRPs) 
and statherin, help maintain saliva supersaturated with 
these ions [7,8]. Saliva, thus, acts as a reservoir for 
rebuilding demineralized tooth structure that is lost as a 
consequence of low pH. Additional tooth protection is 
derived from the lubricative properties of salivary mole- 
cules that form a film on the tooth surface known as the 
"acquired enamel pellicle." This is composed primarily 
of mucin-glycoproteins and lipids in addition to the PRPs 
and statherin [9]. This coating provides further protection 
from frictional wear as well as some protection from 
mineral loss secondary to the caries process [10]. 
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Mucosal Protection 

Recently, it has been suggested that certain salivary pro- 
teins bind specifically, and covalently, to oral mucosal 
cells [ 11 ]. This binding is catalyzed by transglutaminase, 
an enzyme located on the mucosal cell plasma mem- 
brane. Using radiolabeled saliva as a substrate, Bradway 
et al. [12] showed that this cross-linking process was 
selective and that the PRPs were preferentially bound to 
buccal epithelial cells. In fact, several different protein 
species appear to bind to cells, forming macromolecular 
complexes that coat the mucosa. This coating is termed a 
"mucosal pellicle" (distinguishing it from the enamel pel- 
licle that coats the tooth surface, see above). In addition 
to the PRPs, the mucosal pellicle contains the two sali- 
vary mucin species, and may complex with other mole- 
cules such as cysteine-rich proteins and lipids [9]. It is 
generally considered that the mucosal pellicle provides 
an important protective barrier against desiccation and 
frictional abrasion of the oral mucosa. 

Epidermal growth factor (EGF) is a small poly- 
peptide hormone (6000 Da) thought to function in 
growth, tissue repair, and the modulation of development 
[13]. It is also thought to protect the gastric mucosa [14]. 
EGF is present in saliva at levels that are adequate for 
regulating the growth and migration of cultured cells in 
vitro [15]. In humans, parotid glands are the primary 
source of EGF. It has been proposed that EGF may func- 
tion in oral wound healing and in maintaining the oral 
mucosal barrier [15]. Indeed, receptors for EGF have 
been demonstrated to be present on human buccal mu- 
cosa [ 16]. Additionally, decreased salivary EGF has been 
correlated with certain upper gastrointestinal (GI) tract 
disorders. For example, patients with Barrett's columnar 
lined esophagus, a metaplastic condition of the esoph- 
ageal lining that predisposes patients to esophageal can- 
cer, have been shown to have lower concentrations of 
salivary EGF [17]. Although the full role of EGF in oral 
and other upper GI tract tissues is still unfolding, it ap- 
pears that this growth factor may be important in the 
maintenance and repair of these tissues. 

Protection Through pH Maintenance 

An additional, less dramatic, property of saliva that must 
not be overlooked is its buffering capacity. Salivary bi- 
carbonate has long been thought to protect teeth from the 
acidic environment promoted by cariogenic bacteria 
[ 18]. However, the ability of saliva to neutralize residual 
gastric acids in the esophagus has only recently been 
established. Even after the bulk of acid is cleared from 
the esophagus by peristalsis, pH does not begin to rise 
until after the first swallow of saliva [19]. In addition to 
inorganic bicarbonate, it is likely that the histidine-rich 
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salivary peptides (histatins, see below) play a role in 
saliva's buffering capacity. 

Antimicrobial Action 

The "normal" flora present in the oral cavity, though 
pathogenic, generally poses no mortal risk. Its composi- 
tion is the result of an evolutionary process that starts 
shortly after birth. Key elements involved in regulating 
the composition of the oral flora are the many antimicro- 
bial proteins present in saliva; saliva contains well-de- 
scribed antibacterial, antifungal, and antiviral activities. 
Included are several antibacterial proteins that are com- 
mon to many exocrine secretions, that is, lysozyme, sal- 
ivary peroxidase, lactoferrin, and secretory IgA (sIgA). 
Lysozyme classically is considered to be a muramidase, 
degrading bacterial cell walls, but it has also been shown 
to have other mechanisms of limiting microbial growth. 
Salivary peroxidase catalyzes the formation of hypothio- 
cyanate (OSCN-) from thiocyanate (SCN-) in saliva. 
OSCN- is reactive and can disrupt bacterial metabolism. 
Lactoferrin's principle mechanism of antibacterial action 
appears to be via chelation of iron, thus limiting the 
growth of iron-requiring microbes [ 10]. 

In addition to these nonimmune, exocrine, anti- 
microbial factors, there is considerable immunoprotec- 
tion in salivary secretions. Secretory IgA is the predomi- 
nant immunoglobulin in all exocrine secretions and is 
polymeric with multiple attachment sites. This multiva- 
lence causes inhibition of microbial attachment via ag- 
glutination of bacteria as well as viral neutralization [20]. 
Many of these pathogens are thought to have surface pro- 
teins recognized by sIgA. For example, an influenza virus 
surface protein, hemagglutinin (HA), is known to be 
involved in cell attachment. However, attachment of this 
virus can be prevented by HA-specific sIgA [20]. Saliva 
also possesses inhibitory activities against the human im- 
munodeficiency virus-type 1, however, the mechanisms 
of inactivation remain to be elucidated [21]. It appears 
that clearance of nonadherent pathogens through aggluti- 
nation and swallowing is a major mode of oral defense. 

Saliva also contains a family of proteins with 
potent antifungal activity, the histatins. These are low 
molecular weight proteins rich in histidine (--15%) that 
inhibit the growth and viability of Candida species. Can- 
dida albicans is a dimorphic fungus consisting of yeast 
and hyphae, which is present in low levels in the mouth 
and thought to be part of the normal oral flora. C. albi- 
cans has been shown to be very susceptible to the fungi- 
cidal properties of salivary histatins [22]. Candida can 
become prevalent in immunocompromised patients, a sit- 
uation that can pose a considerable health risk. The spe- 
cific role of histatins in modulating fungal populations in 
vivo remains unclear. 
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Fibronectin (FN) is a large cell-surface glycopro- 
tein that primarly functions in mediating mesenchymal 
cell adhesion and structure. FN is present in human saliva 
[23], although it is not clear how it enters the secretion. 
FN has been shown to promote the adherence of certain 
bacteria to human buccal epithelial cells [24], while in- 
hibiting the adherence of others [25]. 

Digestion 

Saliva mediates several aspects of the initial phases of 
digestion. For example, saliva is the solvent for tastants 
in food. Further, it is the vehicle by which a tastant is 
delivered to the taste bud. As noted earlier, taste com- 
plaints are common among patients with salivary hy- 
pofunction. This may be secondary to generalized oral 
"soreness" or stem directly from loss of saliva's function 
as a solvent [26]. Saliva also is essential to food bolus 
formation and preparation of the bolus for swallowing. 
Several types of studies have examined this role, albeit 
indirectly. For example, in one study, individuals were 
asked questions relevant to their ability to perform an 
adequate swallow, and this information was compared 
with their stimulated salivary flow (i.e., akin to that 
formed during meals). Persons with complaints suggest- 
ing dysphagia had markedly lower salivary flow rates 
when compared with those who had no such complaints 
[27]. In another study, the duration of the oral phase of 
swallow was compared in individuals with salivary hy- 
pofunction and control subjects. Persons with salivary 
hypofunction showed a dramatically increased duration 
in the oral phase of swallowing, suggesting the presence 
of a saliva-related functional disorder [28]. A final im- 
portant function of saliva is the initial "processing" of 
foods. In particular, saliva contains many hydrolases 
which begin the breakdown of the different macromole- 
cules present in food stuffs (e.g., carbohydrates, pro- 
teins, nucleic acids, lipids). Thus, salivary secretions 
contain amylase, certain proteases, DNase, RNase, and 
lipase [2,14]. 

Causes of Salivary Hypofunction 

The most common causes of salivary hypofunction are 
iatrogenic. Most forms of anticancer therapy (radiation, 
cytotoxic chemotherapy, biological response modifiers, 
bone marrow transplantation) can result in decreased sa- 
liva production [29,30]. The most frequent cause of re- 
duced saliva production in the general population is the 
use of medications [31]. Previously it had been believed 
that increased age was also associated with salivary hy- 
pofunction. However, there is now considerable evi- 
dence to suggest that saliva production is not influenced 
by chronological age. Rather, most earlier suggestions of 
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Table 2. Medications causing decreased salivary flow rates [31] 
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Marked Moderate Minimal/no 
Drug class decrease decrease decrease 

Antidepressants Amitriptyline Dothiepin Cisflupenthixol 
Nortriptyline Zimelidine Citalpram 
Clomipramine Nominfensin Transflapenthixol 
Imipramine Mainserin Lithium 
Desipramine Lofepramine 
Maprotiline Haloperidol 
Chlorpromazine Thioridazine 
Triflupromazine 
Doxepin 

Antianxiety 

Antihypertensives 

Diuretics 

Clonidine 

Anticholinergic/ Atropine L-hyoscyamine 
antireflux Scopolamine 

Propantheline 

Antihistamines Diphenhydramine 

Lorazepam 

Propranolol 
Metoprolol 
Verapamil 
Timololmaleate 

Bendroflumethiazide 
Amiloride 
Hydrochlorothiazide 

Pirenzepine 
Cimetidine 
Rantidine 
Bethanechol 
Metoclopramide 

decreased saliva product ion by elderly persons were re- 

flections of  their increased medicat ion use [1,2]. The 
most  l ikely medicat ions associated with reduced saliva 

production and the complaint  of  oral dryness include 
sedatives, antipsychotics,  antidepressants,  antihista- 

mines,  and certain diuretics (see Table  2). The most  

common  disease associated with salivary hypofunct ion is 
Sjogren 's  syndrome,  an au to immune  exocrinopathy that 

pr imari ly affects postmenopausal  women.  It is bel ieved 

that there may be approximately one mil l ion affected 

patients in the U.S.  [31]. 
The product ion of  saliva is critical for normal  oral 

function and alterations in salivary secretions can affect 

many  aspects of the a l imentary process. Cl inicians 

should be aware of  this relat ionship when  evaluat ing the 

dysphagic patient.  
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