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ARTICLE INFO ABSTRACT

Keywords: Background: Recently, the attention of researchers to the study of the properties of human saliva, as a material
Saliva with unique properties and diagnostic capabilities, has increased.

Blood plasma Research objective: to study the connection of the biochemical composition of saliva and blood plasma in the
Biochemical composition norm, depending on gender and age.

gz:;:tions Methods: 107 volunteers took part in the study, including 46 female (37.2 =+ 3.9 years old) and 61 male
Age (36.1 = 2.8 years old). In all samples of saliva and blood plasma, 16 biochemical parameters were determined,

including mineral and protein composition, enzyme activity. Non-parametric statistical methods were used to
process the data.

Results: It has been shown that it is difficult to establish an unambiguous relation between biochemical para-
meters of saliva and blood plasma. The calculation of the Spearman correlation coefficients showed that only 7
of the 16 parameters demonstrate the presence of a weak correlation between the content in saliva and plasma.
Conclusion: In general, the determination of the composition of saliva may have an independent diagnostic
value; in this case, drawing a parallel with the composition of serum and blood plasma is not advisable.
Nevertheless, the use of saliva in clinical laboratory diagnostics is associated with the need to establish criteria
for the norm and pathology for each biochemical parameter.

1. Introduction

Human saliva is a material with unique properties and diagnostic
capabilities.”” The study of saliva refers to non-invasive methods,
which is its main advantage compared with other biological fluids.'
Saliva contains many biological molecules, including DNA, mRNA,
miRNA, protein, metabolites, and the microbiota. Changes in their
concentration in saliva can be used to identify systemic and oral dis-
eases at early stages, as well as to assess the prognosis of the disease and
control the response to treatment.® In 2008, the term « Salivaomics»
was proposed, which combines knowledge of various components in
saliva, including genome, epigenome, transcriptome, proteome, meta-
bolome, and microbiome.”-®

Numerous studies clearly show that the determination of biochem-
ical parameters is informative when using saliva as a substrate.”>° In
particular, the important indicators are the acidity of the medium
and the mineral composition of saliva.'' It is known that the con-
centration of inorganic ions plays a significant role in such vital pro-
cesses as cardiac activity, acid-base balance, regulation of intracellular
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homeostasis.'* > The important role of calcium and inorganic phos-
phorus was shown in maintaining the equilibrium of the processes of
mineralization and demineralization in the oral cavity.'®'” Saliva can
be used to study oxidative stress along with blood, because saliva
contains antioxidant enzymes (catalase, superoxide dismutase, glu-
tathione peroxidase), antioxidant vitamins (A, E, C), lipid peroxidation
products come from the blood into the saliva (diene and triene con-
jugates, Schiff bases).'® ' The level of nitric oxide,?*** as well as the
concentration of uric acid, which belongs to the body's antioxidant
system>"?® can give important information in saliva. However, the use
of saliva in the diagnosis is combined in two directions: the detection of
diseases of the oral cavity>* ' and the identification of pathologies of
the organism as a whole.?*>° In the first case, it is sufficient to de-
termine the corresponding biochemical indicator for the control group
and in the presence of oral diseases. In the second case, there is a need
to compare the result with the reference value (serum or plasma).
Often, a parallel is drawn between the dynamics of the biochemical
index in saliva and blood. Nevertheless, the question of the relationship
between the biochemical composition of saliva and blood still remains
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Table 1

Descriptive statistics of the biochemical composition of saliva and blood plasma.

Journal of Oral Biology and Craniofacial Research 10 (2020) 59-65

Indicator Saliva, n = 107 Blood plasma, n = 107 Correlation coefficient
Me [LQ; UQ] MIN-MAX Me [LQ; UQ] MIN-MAX
pH 6.50 [6.32; 6.68] 4.93-7.25 7.60 [7.50; 7.80] 6.54-7.99 0.3015*
Calcium, mmol/L 1.19 [0.88; 1.51] 0.28-3.02 2.39 [2.08; 2.67] 0.70-6.74 0.3213*
Phosphorus, mmol/L 2.96 [2.39; 3.61] 0.60-6.92 1.15 [0.95; 1.58] 0.54-4.55 0.0990
Chlorides, mmol/L 20.73 [15.70; 24.42] 4.04-41.48 70.77 [65.26; 76.29] 58.85-92.35 0.0741
Magnesium, mmol/L 0.254 [0.192; 0.338] 0.034-0.621 0.824 [0.730; 0.902] 0.358-1.230 —0.2481*
Protein, g/L 0.47 [0.35; 0.65] 0.04-1.41 60.00 [52.50; 67.50] 25.00-102.50 0.0456
Albumin, mmol/L 0.259 [0.169; 0.394] 0.038-1.624 40.69 [37.89; 44.38] 28.36-52.59 —0.1086
Urea, mmol/L 8.28 [5.48; 10.35] 0.11-17.27 4.09 [3.17; 4.75] 1.84-9.30 0.1977*
Uric acid, nmol/mL 59.58 [32.11; 107.14] 4.59-451.83 261.90 [216.67; 307.14] 110.09-392.86 0.2315*
Sialic acids, mmol/L 0.122 [0.098; 0.171] 0.031-0.513 3.15 [2.54; 3.72] 0.90-7.84 —0.1570
ALT, U/L 3.38 [2.23; 4.38] 0.85-14.54 8.15 [6.92; 10.00] 2.69-16.62 0.4077*
AST, U/L 3.92 [2.83; 5.67] 0.67-19.33 8.08 [6.83; 9.50] 3.17-17.08 0.1193
AST/ALT 1.30 [0.96; 1.59] 0.31-3.20 0.94 [0.81; 1.19] 0.52-3.43 0.0898
ALP, U/L 69.54 [47.81; 99.96] 15.21-517.17 323.78 [271.63; 386.79] 117.34-727.96 0.0002
LDH, U/L 1281.5 [905.6; 1911.0] 193.6-2849.0 690.5 [596.6; 762.6] 334.0-1154.4 0.3521*
GGT, U/L 19.6 [17.5; 22.3] 13.8-30.6 32.3 [27.1; 38.2] 16.0-124.3 0.1032
Catalase, ncat/L 3.65 [2.84; 4.85] 1.64-8.96 22.9 [17.3; 39.2] 0.135-0.723 0.0641

not fully studied,” *' and the presence of a correlation between the

content of individual components is unproven.**~** In this connection,
it is relevant to compare the biochemical composition of saliva and
blood plasma to establish the presence/absence of a relationship be-
tween the composition of these biological fluids in the norm, taking into
account age and gender of the subjects.

2. Materials and methods
2.1. Participants

Blood and saliva samples were taken from healthy male (n = 61)
and female (n = 46) volunteers aged 20-59 years. The study group was
divided into subgroups by age with a step of 10 years: 20-29 (29 men; 9
women), 30-39 (19 men; 11 women), 40-49 (9 men; 13 women) and
50-59 years (5 men; 13 women). The healthy individuals did not show
any clinical or laboratory characteristics of autoimmune, cardiovas-
cular or oncological disease. Samples were collected at the blood
transfusion station, all volunteers are active blood donors, do not have
bad habits, in that they do not smoke and do not drink alcohol. For two
weeks before the experiment, the volunteers did not take any drugs.
Particular attention was paid to the state of oral hygiene, while parti-
cipants with inflammation and periodontal disease were excluded. All
volunteers provided written informed consent.

2.2. Blood and saliva sampling

Blood samples (8.0 mL) were collected in tubes with a gel separator
to obtain serum for biochemical measurements. Samples were trans-
ported at 4 °C to the laboratory within 30 min, and centrifuged under
refrigeration at 1800 X g for 10 min. Saliva samples were collected be-
tween 8 and 10 a.m. in sterile tubes by spitting.***® The participants in
the experiment rinsed their mouths with distilled water for 10-15 min
before collecting saliva. The volume of saliva was measured for de-
termining the salivary flow rate (ml/min). Samples were centrifuged
(7000 x g for 10 min) to minimize the turbidity of saliva.*” Blood and
saliva samples were analyzed immediately after centrifugation (without
freezing).

2.3. Biochemical analysis of saliva and blood samples

The biochemical composition of the samples was established using
the StatFax 3300 semi-automatic biochemical analyzer.*® The pH, mi-
neral composition (calcium, phosphorus, magnesium, chlorides), the
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content of urea, total protein, albumin, uric acid and sialic acids, the
activity of enzymes (aminotransferases (ALT, AST); alkaline phospha-
tase (ALP); lactate dehydrogenase (LDH); gamma-glutamyl transpepti-
dase (GGT); catalase) were determined in all samples.

2.4. Statistical methods

Statistical analysis of the data was performed using Statistica Trial
(StatSoft) with the non-parametric method using the Wilcoxon test and
the Mann-Whitney U test. The sample was described by calculating the
median (Me) and interquartile range in the form of the 25th and 75th
percentile [LQ; UQ]. Statistical relationships were studied by calcu-
lating the Spearman correlation coefficients. Differences were con-
sidered statistically significant at p < 0.05.

3. Results

At the first stage, the characterization of the distribution and
homogeneity of the dispersions in the groups was carried out.
According to the Shapiro-Wilk test, the content of all determined
parameters does not correspond to the normal distribution (p < 0.05).
The test for homogeneity of dispersions in groups (Bartlett test) allowed
us to reject the hypothesis that dispersions are homogeneous in groups
(p = 0.00017). Therefore, non-parametric statistical methods were
used to process the data.

The minimum and maximum values, as well as a comparison of the
medians and the interquartile range for each parameter are given in
Table 1. It was shown that for most parameters, the ranges of the de-
termined concentrations overlap, with the exception of total protein,
albumin and sialic acids, for which the content in the blood plasma is an
order of magnitude higher than in saliva (Table 1).

Additional calculations showed that, for each parameter, statisti-
cally significant differences were observed between blood plasma and
saliva (p=0.0001). The calculation of the correlation coefficients for
Spearman showed that only 7 of the 16 parameters demonstrate the
presence of a weak correlation between the content in saliva and
plasma (Table 1). Moreover, all the identified correlation relationships
are positive, except for the concentration of magnesium (Fig. 1A-F).

It was established that the correlation of the biochemical composi-
tion of saliva and blood plasma substantially depends on the sex of the
volunteers (Table 2). So, for women, positive correlations were found
for pH (R = 0.3460), uric acid (R = 0.3294), ALT (R = 0.3521) and
negative correlation for sialic acids (R = -0.2521). While for men,
positive correlations are noted for pH (R = 0.2382), calcium
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Fig. 1. Correlations between the composition of blood plasma and saliva (A - pH, B - calcium, C - magnesium, D - urea, E - alanine aminotransferase, F — lactate

dehydrogenase).
(R = 0.3452), phosphorus (R = 0.3031), ALT (R = 0.4078), LDH
(R = 0.4698) and negative for magnesium (R = - 0.3183) and albumin
(R = -0.3123).

In general, there is a similar trend in the ratio of concentrations of
certain parameters in the blood and saliva depending on the gender.
Thus, the level of most of the studied parameters is higher in the group
of men (Table 2). For magnesium, sialic acid and LDH, plasma levels of
men are lower, whereas in saliva, a similar trend is observed only for
alkaline phosphatase.

At the next stage, indicators of the biochemical composition of
saliva and blood plasma, the values of which vary significantly de-
pending on the age of the volunteers were revealed. For clarity, the
study group was divided into subgroups by age with a step of 10 years
(Figs. 2 and 3). It has been established that with age, women's saliva
statistically significantly increases the calcium content (R = 0.3440,
Fig. 2A), urea (R = 0.3117, Fig. 2B), albumin (R = 0.3166, Fig. 2C),
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LDH (R = 0.3099, Fig. 2E) and catalase activity (R = 0.3006, Fig. 2F).
In the saliva of men, enzyme activity also increases with age: ALP
(R = 0.3074, Fig. 2D) and LDH (R = 0.3277, Fig. 2E). For the blood
plasma of women, an increase in the concentration of uric acid
(R = 0.3531, Fig. 3A), an increase in the activity of the enzymes ALP
(R 0.5516, Fig. 3B), LDH (R 0.3255, Fig. 3C) and GGT
(R = 0.3319, Fig. 3D) was noted. For a group of men, only an increase
in LDH activity (R = 0.3582, Fig. 3C) with age was observed.

For the rest of the studied parameters, no statistically significant
differences in different age groups were revealed. However, for saliva
samples, there is a significant variability of indicators in the transition
from the younger age group to the older one, which must be taken into
account when identifying the criteria of the norm and pathology for a
correct statistical evaluation of the data obtained (Table 3). It should be
noted that statistically significant differences in salivation rate were not
found, however, there is a tendency for a slight decrease in this
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Table 2

Biochemical composition of saliva and blood plasma depending on gender.
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Indicator

Saliva

Blood plasma

Female, n = 46

Male, n = 61

Female, n = 46

Male, n = 61

Flow rate, mL/min
pH
Calcium, mmol/L

Phosphorus, mmol/L
Chlorides, mmol/L
Magnesium, mmol/L
Protein, g/L

Urea, mmol/L

Albumin, mmol/L
Uric acid, nmol/mL

Sialic acids, mmol/L
ALT, U/L
AST, U/L
AST/ALT
ALP, U/L

LDH, U/L
GGT, U/L
Catalase, ncat/L

0.82 [0.68; 0.96]
6.50 [6.32; 6.68]
1.12 [0.79; 1.45]

2.94 [2.33; 3.65]
18.90 [15.42; 23.75]
0.252 [0.180; 0.321]
0.42 [0.30; 0.63]
7.20 [4.57; 10.27]

0.207 [0.142; 0.325]
p = 0.0192
54.76 [29.82; 95.24]

0.110 [0.085; 0.146]
3.31 [2.15; 4.31]
3.88 [2.17; 5.58]
1.21 [0.91; 1.57]
71.71 [49.98; 99.96]

1176.0 [822.2; 1886.0]
19.4 [17.7; 23.0]
3.42 [2.72; 4.69]

0.88 [0.70; 0.99]
6.51 [6.32; 6.67]
1.21 [0.94; 1.57]

2.99 [2.46; 3.52]
21.10 [16.18; 24.84]
0.273 [0.214; 0.343]
0.50 [0.37; 0.71]
8.59 [5.61; 10.40]

0.300 [0.223; 0.413]
68.81 [33.33; 112.39]

0.128 [0.098; 0.195]
3.38 [2.62; 4.46]
4.08 [3.08; 6.00]
1.36 [1.02; 1.62]
67.36 [47.81; 93.44]

1496.0 [978.5; 1975.5]
19.7 [17.5;22.1]
3.82 [3.25; 4.92]

7.64 [7.51; 7.80]
2.18 [1.94; 2.61]

p = 0.0246

1.13 [0.96; 1.61]
70.77 [65.38; 75.00]
0.834 [0.749; 0.902]
60.00 [52.50; 65.00]
3.71 [2.90; 4.53]

p = 0.0295

40.30 [38.28; 42.64]

235.71 [173.81; 275.23]
p=0.0001

3.18 [2.62; 4.14]

7.92 [6.54; 9.46]

7.92 [6.58; 9.25]

0.96 [0.86; 1.22]
305.31 [271.63; 343.33]
p = 0.0202

698.0 [596.6; 757.71
29.1 [26.8; 36.2]

22.7 [16.8; 38.4]

7.59 [7.48; 7.80]
2.45 [2.19; 2.75]

1.16 [0.88; 1.57]
71.01 [65.15; 78.02]
0.820 [0.719; 0.895]
62.50 [52.50; 70.00]
4.22 [3.44; 4.81]

41.72 [36.14; 45.32]
292.86 [250.00; 345.24]

3.06 [2.54; 3.44]

8.62 [7.31; 10.85]

8.17 [7.00; 9.58]

0.91 [0.78; 1.18]
347.68 [291.18; 404.18]

673.1 [598.6; 781.4]
33.9 [28.2; 43.9]
23.3 [19.3; 39.5]

indicator with age, while for each age group, the salivation rate for men
is slightly higher than for women (Table 3).

4. Discussion

According to the results of the study, it was shown that it is difficult
to establish the unambiguous connection between biochemical para-
meters, including mineral and protein composition, the activity of en-
zymes of saliva and blood plasma.

It is known that the concentration of most electrolytes and trace
elements in saliva is comparable to their concentration in serum and
plasma.’®®° However, many organic components are contained in
saliva in concentrations much lower than in plasma, in particular, the
concentration of albumin saliva is only 0.1-1% of its concentration in

Calcium,
mmol/l

20.0| Urea,
mmol/l

15

plasma. There are discrepancies with literature data, according to
which the activity of ALP and ALT in saliva is almost 2 times lower than
in blood, whereas the activity of AST is almost the same.*? According to
our data, ALP activity in saliva is 4-5 times lower than in plasma,
whereas for ALT and AST the concentration in saliva decreases pro-
portionally by about 2-2.5 times (Tables 1 and 2). The conducted
studies revealed a contradiction with the literature data, according to
which the activity of ALP saliva practically does not depend on the sex
and age of the subjects.”’* It is shown that during the transition from
the younger age group to the senior, ALP activity increases for men by
60.0%, for women by 56.0% (Table 3).

LDH activity in saliva was shown to be 3 times higher than ac-
cording to literature data (360-430 U/L).>>>* Additionally, a statisti-
cally significant increase in LDH activity with age was revealed both in

Albumin, mmol/l
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A B
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Fig. 2. Biochemical composition of saliva depending on age and gender (* - differences from the previous age group are statistically significant).
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Fig. 3. Biochemical composition of blood plasma depending on age and gender.

Biochemical composition of saliva depending on gender and age.

Indicator

Gender

Age (20-29 years)

Age (30-39 years)

Age (4049 years)

Age (50-59 years)

Flow rate, mL/min
pH

Calcium, mmol/L
Phosphorus, mmol/L
Chlorides, mmol/L
Magnesium, mmol/L
Protein, g/L

Urea, mmol/L
Albumin, mmol/L
Uric acid, nmol/mL
Sialic acids, mmol/L
ALT, U/L

AST, U/L

AST/ALT

ALP, U/L

LDH, U/L

GGT, U/L

Catalase, ncat/L

EPEHREHEREAEAEU9E A9 EREAENEmE N EREHE AR

0.86 [0.72; 1.12]
0.94 [0.79; 1.20]
6.49 [6.33; 6.64]
6.48 [6.37; 6.68]
1.02 [0.78; 1.44]
1.05 [0.89; 1.64]
2.36 [1.16; 3.04]
2.96 [2.58; 3.29]
13.33 [10.34; 24.27]
18.53 [14.38; 24.62]
0.200 [0.167; 0.269]
0.276 [0.192; 0.338]
0.28 [0.24; 0.55]
0.45 [0.35; 0.78]
4.53 [3.59; 5.50]
7.09 [5.61; 9.63]
0.263 [0.109; 0.337]
0.273 [0.173; 0.371]
78.57 [51.61; 98.62]
64.17 [30.34; 95.24]
0.098 [0.055; 0.128]
0.122 [0.104; 0.171]
2.23 [1.85; 3.38]
3.38 [2.77; 4.46]
4.00 [2.08; 5.58]
3.92 [3.33; 5.33]
1.65 [1.20; 1.86]
1.31 [1.02; 1.45]
54.33 [49.98; 78.23]
54.33 [34.77; 91.27]
863.9 [428.1; 1622.5]
1116.0 [881.0; 1654.0]
18.80 [18.35; 20.85]
19.60 [17.50; 20.90]
2.72 [2.41; 3.13]
3.65 [2.74; 4.77]

0.82 [0.68; 1.00]
0.90 [0.85; 1.04]
6.43 [6.30; 6.62]
6.44 [6.26; 6.62]
1.11 [0.62; 1.31]
1.28 [1.05; 1.92]
2.72 [2.35; 2.96]
2.79 [2.22; 3.52]
19.78 [12.63; 21.57]
22.07 [17.53; 25.19]
0.252 [0.207; 0.273]
0.280 [0.243; 0.374]
0.36 [0.32; 0.56]
0.45 [0.37; 0.72]
8.54 [5.65; 11.21]
8.54 [5.48; 9.33]
0.142 [0.094; 0.179]
0.332 [0.244; 0.528]
29.82 [6.88; 54.76]
50.32 [35.71; 110.09]
0.116 [0.098; 0.146]
0.122 [0.085; 0.207]
3.62 [2.15; 3.77]
3.23 [2.85; 4.54]
2.83 [1.58; 5.00]
4.67 [2.25; 7.17]
0.97 [0.62; 1.57]
1.49 [0.77; 1.62]
58.67 [39.11; 97.79]
72.80 [47.81; 115.17]
1094.0 [777.9; 1199.5]
1802.0 [1030.0; 2107.0]
18.40 [16.30; 20.70]
20.30 [17.20; 23.10]
3.13 [2.68; 3.96]
4.12 [3.37; 4.94]

0.80 [0.69; 0.95]
0.87 [0.72; 1.01]
6.55 [6.29; 6.78]
6.53 [6.45; 6.58]
0.96 [0.76; 1.93]
1.24 [0.90; 1.35]
3.20 [1.95; 3.65]
3.02 [2.66; 3.51]
16.26 [15.82; 23.75]
20.83 [19.17; 25.83]
0.213 [0.111; 0.324]
0.231 [0.183; 0.318]
0.41 [0.31; 0.66]
0.55 [0.51; 0.65]
7.50 [4.80; 9.91]
10.21 [9.50; 10.35]
0.225 [0.183; 0.300]
0.348 [0.270; 0.386]
64.22 [32.11; 107.14]
102.06 [24.74; 218.02]
0.137 [0.092; 0.186]
0.146 [0.110; 0.165]
4.12 [2.96; 5.00]
2.38 [1.77; 4.08]
4.88 [3.33; 5.88]
4.67 [3.25; 5.67]
1.03 [0.93; 1.31]
1.67 [1.38; 1.96]
83.66 [45.63; 131.47]
67.36 [60.84; 82.57]
1102.0 [737.2; 1922.0]
1864.0 [1292.0; 2068.0]
19.55 [17.70; 23.00]
21.20 [18.80; 23.50]
4.58 [3.37; 5.50]
4.18 [3.52; 4.77]

0.78 [0.65; 0.92]
0.79 [0.65; 0.93]
6.66 [6.34; 6.74]
6.82 [6.54; 6.89]
1.36 [1.04; 1.46]
1.38 [1.27; 1.46]
3.16 [2.66; 4.03]
3.74 [3.28; 5.52]
23.46 [18.19; 25.68]
20.29 [17.58; 31.16]
0.279 [0.209; 0.367]
0.224 [0.209; 0.352]
0.59 [0.36; 0.70]
0.46 [0.36; 0.53]
9.17 [6.94; 10.27]
14.34 [8.70; 15.24]
0.292 [0.188; 0.615]
0.228 [0.207; 0.303]
61.78 [36.16; 103.57]
99.77 [58.49; 126.15]
0.104 [0.092; 0.153]
0.177 [0.134; 0.211]
2.46 [1.92; 4.31]

2.81 [1.92; 4.27]
3.67 [2.00; 6.17]
3.33 [1.83; 6.42]
1.30 [0.95; 1.47]
1.46 [0.76; 2.07]
84.75 [60.84; 108.65]
86.92 [61.93; 102.13]
1746.5 [1205.5; 1980.5]
1951.5 [1359.0; 2470.5]
22.20 [19.00; 24.25]
19.25 [17.90; 23.05]
3.84 [3.13; 4.69]
3.06 [1.85; 4.86]
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saliva and in blood plasma, regardless of the gender of the subjects,
which is not mentioned in the literature.

Experimental studies have shown that saliva urea significantly and
positively correlates with serum urea.”® With age, an increase in the
urea content is observed (Table 3). It can be assumed that renal func-
tion, including glomerular filtration rate, slowly decreases after a cer-
tain age, which leads to a slight increase in urea concentration, which is
more expressed in the group of men.

It should be noted that the pH value of saliva does not show a re-
lationship with the age or gender of the subjects and only slightly dif-
fers between groups, which is consistent with the literature data.”®>’
Specific gender differences in saliva pH values remain somewhat con-
troversial, although they have been seen in several studies.”®

It is known that the salivation rate gradually decreases with the age
of volunteers.”>°® A number of studies show that the functions and
anatomical features of the salivary glands also depend on gender.®-%* It
was also found that women have a lower mean salivation rate than men
at rest.°” A decrease in the rate of saliva with age can result from a
response to hormonal changes during puberty, menstruation, preg-
nancy, and menopause.®* However, in a number of works no differences
in salivation rate between age groups were found, which allows the
authors to state that salivation rate and saliva composition do not de-
pend on age in healthy people.®>:°°

In general, experimental data emphasize that gender is one of the
most important biological variables that significantly affect the meta-
bolic profile of blood plasma and other biological fluids, particularly
urine.®”° However, gender differences in the biochemical composition
of saliva are inconclusive or controversial.”’ Additional consideration
of the age group of the surveyed shows that the male plasma metabo-
lism forms a unique cluster regardless of age, whereas for women there
are two age clusters: the first is between 30 and 49 years old, the second
is over 50 years old.”""”* Therefore, it is necessary to take into account
the gender and age characteristics of groups when conducting research.

However, this is not the only limitation when using saliva as a
substrate in clinical laboratory diagnostics. Before using salivary me-
tabolic profiles for clinical use, standard operating procedures should
be developed, such as sample collection and storage conditions.”® The
diurnal variability of the composition of saliva is of concern in con-
nection with the establishment of the sampling protocol. For example,
saliva secretion depends on circadian rhythms.*> Metabolic profiles
correlate with circadian rhythms in various samples of biological fluids,
especially in blood samples.”* As for saliva, such data is limited and
reported in only a few studies (for example, the time dependence of
several polyamines and the differences between morning and night).””
Several comparative studies of metabolites in saliva and blood have
also been conducted.”® Daily fluctuations of miRNA and microbiota can
alter salivary metabolic profiles.”” Gender-dependent differences in
metabolic profiles of saliva were previously shown.”®

Thus, saliva is a clinically informative biological fluid, but further
development and testing of biomarkers of saliva is necessary for in-
troduction into clinical laboratory diagnostics.”” %!

The study has several limitations. So, the main attention was paid to
the biochemical composition of saliva and serum, while the physico-
chemical properties and microbiological composition of biological
fluids are undoubtedly important.***%® We have previously shown that
there are differences in gender and age of such physicochemical char-
acteristics of saliva as surface tension and viscosity, which is reflected
in its structural and mineralizing properties.*® The biochemical com-
position of saliva may vary for individuals as a result of differences in
the microbiological composition of saliva. However, most authors agree
that changes in the microflora of the oral cavity accompany a number of
dental diseases.®*" In this study, volunteers did not have inflammatory
diseases of the oral cavity, which in a sense reduces the effect of this
factor on the composition of saliva. Nevertheless, in future studies, we
plan to pay attention to this issue.

64

Journal of Oral Biology and Craniofacial Research 10 (2020) 59-65

5. Conclusions

Determining the composition of saliva may have independent di-
agnostic value, in this case, drawing a parallel with the composition of
serum and blood plasma is not always necessary. Nevertheless, the use
of saliva in clinical laboratory diagnostics is associated with the need to
establish criteria for the norm and pathology for each biochemical
parameter. A promising area of research, in our opinion, is an increase
in the list of biomarkers identified in saliva, as well as testing the
sensitivity and accuracy of their detection, increasing the sensitivity
and reproducibility of the tests, and evaluating the cost-effectiveness of
their introduction into routine clinical diagnosis.
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