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ABSTRACT. Saliva is a very attractive biological fluid in terms of the diagnosis of numerous conditions for 

several reasons: saliva collection is usually economical, safe, easy and can be performed without the help of medical 

personnel (it allows sampling at home); it is considered a non-invasive process by patients because it does not cause 

any pain and can be easily collected for patients in the pediatric age range. Recent proteomic platforms have analyzed 

the human salivary proteome, which characterizes approximately 3000 differentially expressed proteins and peptides, 

many of them of microbiological origin. A careful evaluation of this huge amount of data achievable to date will allow, 

in the near future, the personalization of therapeutic interventions by evaluating thousands of parameters. Today, 

proteomic technologies are extremely complex, expensive and of limited accessibility. 
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INTRODUCTION 

Human saliva is not just the fluid of 

the oral cavity, but is considered to be the 

mirror of oral and systemic health [1]. In the 

context of society development, theoretical 

and practical interest of researchers was 

drawn to the important role of the salivary 

tests [2]. The multidisciplinary approach of 

the salivary tests  aims to improve the 

patient's quality of life [3]. 

Saliva is an “ultra-filtrate” of blood 

and a potential source of clinical information 

since salivary biomarkers can virtually mirror 

the status of a pathology such as oncological, 

cardiovascular, autoimmune, viral and 

bacterial diseases [4,5,6]. For a long time the 

interest in salivary tests and analyzes was 

held back by the low level of sensitivity and 

performance of the determination techniques 

considering that the concentration level of 

salivary components is 10-100 times lower 

than in blood plasma [7]. Collecting saliva 

for its exploration does not pose any 

particular problems, but its analysis must 

comply with a series of strictures prior to the 

proper investigation techniques, the technical 

details of which can be found in the 

specialized literature [8,9,10]. 

In principle, it is necessary: 
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- the clear establishment of the parameters to 

be investigated and the amount of saliva 

required, the type of saliva required to be 

collected (stimulated, basal, total), the 

method of stimulation; 

- preparation of the subject (excluding lunch 

1-2 hours before and intense physical effort); 

- the taking of anamnestic data from the 

subject (present diseases, under treatment/or 

not, the type of medicine under the influence 

of which the subject may be); 

- harvesting at the same time/hours, fixed 

harvesting time (5 min.), fixed harvesting 

volume (measurement by weighing due to the 

difficulty related to viscosity); 

- preservation of the sample (+4°C/-

20°C/below -20°C). 

 

SALIVA THE MIRROR OF THE BODY 

Like blood, salivary secretion 

represents a real "mirror" from the point of 

view of composition, which reflects the state 

of health or disease of the body [11]. The 

salivary glands (salivary acini and salivary 

ducts) are in direct contact with the double 

capillary arterial system, which implies a 

double communication of both the acini and 

the ducts with the blood space. In such 

conditions, there are great similarities 

between the inorganic and organic saliva 

composition and the plasma composition, the 

two compartments carrying out numerous 

exchanges [12]. To the biochemical 

composition of saliva and plasma, with many 

similarities between them, are added two-

way passages (from blood to saliva and from 

saliva to blood) of bacteria, viruses and their 

products. In addition, desquamated 

(keratinized) cells originating from the oral 

cavity, from bronchial or nasal secretions can 

be identified in the saliva for clinical 

diagnostic utility. 

Salivary secretion is beginning to 

impose itself more and more among the 

investigated biological liquids, the 

exploration having a number of advantages 

and benefiting from the current instrumental 

improvement (the increased sensitivity of 

laboratory techniques and the speed of 

determinations) [13]. Among the advantages, 

the possibility of quick collection and almost 

in any situation can be mentioned conditions, 

the non-invasive technique, the great stability 

of the samples and the possibility of keeping 

them intact for a long time, the easy 

repeatability of the tests, the values of the 

salivary constituents that follow "in the 

mirror" with the blood ones for almost all 

compounds and even benefiting in some 

cases from a comparatively higher 

specificity. Moreover, saliva sampling is 

more convenient for patients than collecting 

blood or tears, and no additional action is 

needed to prevent clotting as in blood 

samples. Furthermore, the lower risk of 

personnel contamination while using saliva is 

another justification to move from blood to 

saliva [14,15]. 

Salivary fluid is one of the 

components of the body's extracellular fluid 

compartment, capable of providing useful 

information on both health and disease states. 

From the point of view of morpho-functional 

exploration, it constitutes a heterogeneous 

and complex fluid that contains cells and 

important biochemical markers, namely: 

proteins, carbohydrates, lipids, 

neurotransmitters, coagulation factors, 
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vitamins, hormones, enzymes, a part being 

substances also present in the blood, and 

others representing synthesis products of the 

mucous/serous cells of the salivary acini. An 

important element is the fact that the saliva 

tests can be easily repeated, the indicators can 

thus be followed dynamically, under 

conditions of close and permanent 

compliance with the patient, in the absence of 

any stress (compared to other collections) 

and no special equipment is needed for the 

usual batteries of determinations and no 

special harvesting techniques. 

Such advantages can be important at the 

individual level, and above all, at the level of 

population determinations in the studies 

applied to investigate the health status of the 

screening type. 

Currently, salivary secretion is a 

useful diagnostic medium in endocrinology, 

legal medicine, internal medicine, 

toxicology, sports medicine and last but not 

least in dentistry [16,17]. In addition to the 

promising development of technologies in 

the whole field of dentistry for restoring 

function and aesthetics of the stomatognathic 

system, the success of a the oral rehabilitation 

can only be achieved through the 

professionalism and indispensable 

collaboration between the dentist and the 

laboratory  [18, 19]. All the proteins in human 

saliva were identified, some of which proved 

to be useful markers for the diagnosis of 

cancer, cardiovascular diseases and diabetes. 

According to some opinions, these 

identifications could soon lead to simpler and 

more practical salivary tests than blood tests 

(by the way, 1/3 of the salivary proteins are 

found in the blood), considering especially 

the types of proteins with a role significantly 

in diseases such as: Alzheimer's disease, 

Huntington's disease, Parkinson's disease, 

breast and pancreatic cancer and in some 

types of diabetes [20]. 

 Also, in a series of hereditary 

diseases, characteristic changes of some 

salivary indicators have been found that help 

to establish the diagnosis. For example, in 

cystic fibrosis there are high values of 

calcium and phosphates (favors the formation 

of dental calculus), proteins, lipids, urea, uric 

acid, prostaglandins, the metabolite 17-

hydroxy progesterone (17-OHP) (in this last 

case, in conditions of hyperplasia congenital 

adrenal glands, the plasmatic increase of the 

metabolite correlates almost mathematically 

with the increase in its salivary level). 

Saliva is currently used to monitor the 

concentration of free steroid hormones: 

cortisol, dihydroepi-androsterone, 

testosterone, estradiol, estriol, progesterone, 

their salivary values correlating exactly and 

concordantly with blood values [21]. 

Tracking the dynamics of these indicators is 

useful in paraclinical investigations and 

differential diagnosis that takes place in the 

monitoring and treatment of early or delayed 

puberty, in Addison's disease and in 

adrenaloma, in pathological amenorrhea, in 

hypopituitarism as well as in the monitoring 

of the third trimester of pregnancy. In some 

countries, the determination of salivary 

estradiol and progesterone have already 

established themselves as non-invasive 

methods for investigating and monitoring the 

endocrine function of the ovary, and in 

others, the determination of salivary cortisol 

is a useful screening parameter for detecting 
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patients with Cushing's syndrome (elevated 

cortisol ) or as a differential diagnostic 

element compared to those with simple 

obesity [22]. The dosage of steroid hormones 

from the salivary secretion mainly uses the 

following techniques that have been 

validated as sufficiently sensitive for the 

concentration levels at which they are found 

in the salivary juice: immunological tests: 

RIA (Radio-Immuno-Assay), ELISA 

(Enzyme Linked Immunoabsorbant Assay ), 

FIA (Fluorescence Immuno-Assay), CIA 

(Chemiluminescence Immuno-Assay); 

chromatographic tests: TLC (Thin Layer 

Chromatography), HPLC and HTPLC (High 

Performance Liquid Chromatography), GC 

(Gas Chromatography), MS (Mass 

Spectrometry), with results evaluated and 

expressed in nano and picograms as units of 

measure [23,24,25,26,27]. 

In sports medicine, salivary 

laboratory determinations have been imposed 

in the monitoring of the health status of 

performance athletes; is monitored in this 

sense, for example, the testosterone / cortisol 

ratio, hormones that change their salivary 

values during physical effort of high intensity 

and duration. Salivary cortisol increases 

significantly during sports competitions, 

while salivary testosterone concentration 

remains constant; at the end of the 

competition, cortisol drops rapidly, and 

testosterone increases significantly, resulting 

in an appreciably increased T/C ratio that 

remains at a high level by approximately 30% 

(compared to baseline conditions) for 5 days 

[28]. 

These salivary variations are 

explained by the predominance of catabolic 

mechanisms during the effort and anabolic 

ones in the post-competitive period. Similar 

findings also obtained through the use of 

salivary tests indicated in performance 

athletes the significant reduction of 

Immunoglobulin A (IgAs), translating into a 

decrease in the efficiency of the oral immune 

system during the competitive effort (related 

to stress, intense psycho-physical demand). 

Lower levels of salivary IgA were also found 

in subjects with depressive states compared 

to people who are robust from a psycho-

emotional point of view and who show an 

increased resistance to oro-dental diseases 

[29]. 

In fact, the range of substances whose 

salivary concentration variations correlate 

well with objectively proven stress level is 

wider and includes: glucagon, cortisol, 

adrenaline / noradrenaline, dopamine, 

antioxidants, lipid peroxides. Moreover, 

there is a high redundancy correlation 

between laboratory salivary and blood 

parameters in oxidative stress  [30,31,32]. 

There are currently oral and extraoral 

conditions that can be identified or whose 

evolution can be followed through salivary 

laboratory explorations. The parameters and 

salivary markers used include: 

- Salivary Platelet Activating Factor (PAF) – 

shows increased levels in periodontopathies 

[33], 

- Serotonin, Substance P, CGRP (calcitonin 

gene-related peptide), NGF (nerve growth 

factor ) in saliva with notable increases in 

rheumatoid arthritis, osteoarthritis, migraines  

[34,35,36]  

- Salivary indicators of oxidative stress 

increased in gingivitis, periodontopathy and 
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being good indicators of the inflammatory 

process, while the concentration of salivary 

antioxidants decreases in these conditions 

[37], 

- Salivary thrombomodulin (having as its 

source gingival keratinocytes and modulating 

role of coagulation by regulating thrombin 

activity) – decreases in gingivitis and 

periodontopathiesn [38], 

- Osteocalcin, osteopontin, osteonectin, 

salivary alkaline phosphatase - are useful 

markers for the bone tissue turnover profile 

and for evaluating the degree of alveolar bone 

destruction with impact in dental 

implantology, osteoporosis and periodontal 

disease monitoring; variations in 

concentrations requiring the application of a 

bone resorption treatment and the monitoring 

of the effectiveness of the periodontal 

treatment, [39,40]  

- Interleukin-1-beta (IL-1-beta), salivary 

protein – has become useful for evaluating 

oral pathological conditions associated with 

alveolar bone loss in which they show 

significantly increased values [41], 

- Immunoglobulin As (IgAs) - demonstrates 

in numerous salivary screening studies 

inversely proportional correlations in the 

mass of the population between IgA values 

(low) and caries frequency (increased) [42]; 

IgAs is considered the best marker of 

rotavirus infection and an extremely useful 

indicator in the screening of viral infections 

caused by herpes virus, cytomegalovirus, 

Epstein-Barr virus, 

- Immunoglobulin G (IgG) – the presence of 

Helicobacter pylori in saliva stimulates the 

synthesis of specific IgG antibodies whose 

presence can be detected and monitored by 

specific salivary tests, 

- Amylase and lysozyme whose salivary level 

are useful indicators for monitoring the 

activity of the salivary glands, 

- Salivary metalloproteinases - are increased 

in diabetic periodontopathy, their monitoring 

proving useful [43]. 

 

SALIVARY PROTEOME 

As with any body fluid, total human 

saliva has specific characteristics, and some 

recent studies have described the distinctive 

character of its proteome [44]. More than 

90% by weight of the approximately 3,000 

protein components detected in saliva 5 are 

derived from the secretion of three pairs of 

"main" glands, the parotid, submandibular 

and sublingual glands (Sm-Sl) and belong to 

the classes of proline-rich proteins (PRP; 

divided into acid, basic and glycosylated 

basic), α-amylases, mucins, salivary cystatins 

(S-type), histatins, statherin and P-B peptide. 

All these components and derivatives 

represent about 200 proteins/peptides. All 

other components detected in saliva account 

for the remaining 10% by weight. Some of 

these, namely lipocalin, are secreted by 

minor glands (labial, palatal, buccal and 

lingual, i.e. von Ebner's glands) [45], others, 

such as α-defensins and b-thymosins, derive 

mainly from gingival crevicular fluid [46, 

47]. 

The major families of secreted 

salivary proteins are polymorphic and 

various post-translational modifications 

(PTMs) occur before secretion, such as 

glycosylation, phosphorylation, exo- and 

endo-proteolytic cleavages, as reported in a 
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number of studies [44, 48, 49]. A small 

percentage of histatin 1 undergoes tyrosine 

sulfation [50]. Cystatin B is mainly 

detectable as S-glutathione and S-cysteinyl 

derivatives [51]. 

The most common goal of proteomic 

analysis is to discriminate between 

physiological and pathological conditions. In 

the presence of multiple sources, such as in 

the case of salivary glands, the quantitative 

alteration of one source may be compensated 

by others. The composition of whole saliva 

varies according to different physiological 

conditions. Minor glands secrete 

spontaneously at night at a low rate. During 

the day and at rest, tongue and lip movements 

and mucosal dryness stimulate secretion, 

especially by the submandibular gland 

(unstimulated secretion). In response to 

strong stimuli, parotid contributions become 

more dominant, with an output 

approximately twice that of the 

submandibular gland during mastication. 

Overall, resting as well as stimulated saliva 

flow is greater in the afternoon than in the 

morning, with the peak occurring in the mid-

afternoon. Age is another important variable 

affecting the salivary proteome. Indeed, 

recent studies have indicated that the 

secretion of specific peptides is significantly 

different in pediatric age compared to adults  

[52, 53]. 

This dynamism is a challenge for 

proteomic investigations of human saliva 

[44] and all sources of variability must be 

carefully considered in the appropriate 

selection of clinical study lots. However, 

since many changes occur during glandular 

secretion are under the action of enzymes 

common to other exocrine and endocrine 

glands, qualitative and quantitative variations 

can be an indication of parallel dysfunctions 

of other exocrine and endocrine glands and 

therefore a signal of systemic diseases . 

CONCLUSION  

Laboratory tests are very important 

for the precision of the diagnosis to promote 

health and to improve the quality of life of the 

population [54, 55]  

In the near future, human saliva will be a 

relevant diagnostic fluid for clinical 

diagnosis and prognosis. The application of 

holistic technologies such as proteomics and 

other omics to saliva should soon provide a 

picture of the incredible complexity of each 

individual, capturing their distinct and unique 

metabolic fingerprint and the pathways 

involved in health/disease. 

Metaproteomic analyzes of human 

oral microbiota are an example of exploring 

salivary subproteomes for future diagnosis of 

infectious diseases. In addition, human saliva 

contains extracellular vesicles that can be 

easily separated and used to diagnose a large 

set of diseases, especially cancer. Even 

though this topic still needs to be explored to 

a great extent, a recent study showed the 

feasibility of analyzing the subproteome 

provided by oral vesicles established that it 

can contribute to the early diagnosis and 

prognosis of oral squamous cell cancer. 

Salivary proteome analysis for the 

discovery of clinically relevant biomarkers 

presents a number of challenges common to 

every proteomic analysis such as such a large 

dynamic range of protein concentrations, 

sample degradation and variations in results 
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from the different quantification methods 

used. 

The most recent data in the literature 

suggest that salivary proteomics will provide 

many new perspectives in the future, by 

monitoring an appreciable number of 

conditions, especially those that require 

frequent and long-term follow-up. 
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