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Abstract: Background ― Changes in the molecular composition of mixed human saliva using endogenous and exogenous methods of caries 
prevention were studied and the duration of these changes in relation to the initial state of the oral fluid was determined. 
Material and Methods ― In total, 200 European healthy, addiction-free, university-educated males and females, aged 22–30 were 
recruited for the study. Participants collected their mixed saliva samples after the use of a multi-mineral toothpaste (exogenous 
prevention) and after three days of taking a calcium glycerophosphate tablet (endogenous prevention). In the first stage of the study, 
samples of mixed saliva were analysed by infrared (IR) lab spectrometer and equipment of infrared microspectroscopy beamline at the 
Australian Synchrotron (Victoria, Australia) was used in the second stage of study.  
Results ― Based on the experimental data obtained by IR-spectroscopy technique, the mineral/organic and carbon/phosphate ratios were 
calculated. The changes in the organic mineral balance of the oral cavity induced by these two preventive methods were analysed. The 
statistical significance of the results for the confidence level of p is indicated. The data shows that changes in the molecular composition of 
mixed saliva when using an exogenous method of caries prevention only provides a short-term effect, continuing for the first 30 minutes 
after the preceding prevention. Moreover, calcium glycerophosphate tablets can change the organic-mineral balance in mixed saliva, 
increasing the content of mineral groups and complexes. The content of endogenous, biologically accessible phosphate groups and 
complexes in the mixed saliva exceeds by approximately 12% that of the mixed saliva before the use of the prevention agents. 
Conclusion ― Use of calcium glycerophosphate tablets in combination with brushing (a combination of endogenous and exogenous 
prevention methods) leads to the long-term presence of high concentrations of ions, mineral complexes and groups (phosphates) in the 
oral fluid. 
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Introduction  
It is well-known that hygienic methods for oral cavity care and 

caries prevention induce changes in the molecular composition of 
fluids within the oral cavity, thereby affecting teeth health [1-3]. 
The significance of the changes in the molecular composition of 
mixed saliva has been previously shown in diabetes, oncology and 
pathologies of the oral cavity [4-9]. Considerable deviation of the 
molecular composition in the oral fluid can have an influence on 
the content of mineral complexes in plaque fluid and thus, impact 
on the process of enamel remineralisation [1, 10–13]. 
Remineralisation is the recognised process of dental enamel 
recovery promoted by the plaque fluid and mixed saliva being 
oversaturated with ions (Са2+, HPO4

2-, Na+, Mg2+, Cl-, F-, OH-, etc.) 
relative to the composition of dental enamel [12, 14]. Therefore, 
the change of concentration for both organic and inorganic 
substances in the oral fluid results in a decrease in the gradient 
relative to dental biofilm, impacting on the state of the dental 
enamel health [15-18]. Consequently, studies of the impact of 

exogenous and endogenous preventive drugs on the change in the 
molecular composition of the oral fluid are relevant.  

The investigation and comparison of different prevention 
methods, including fluoridation, will determine which phosphorus- 
and calcium-containing agents promote the recovery of dental 
enamel [11, 15, 19-23]. The prophylactic efficiency of exogenous 
methods, namely tooth brushing, gel application and laser 
irradiation, has been demonstrated [20, 21, 24-28]. However, such 
exogenous methods do not promote the balance between the 
natural processes of mineral loss and their replacement in the 
plaque fluid and mixed saliva [29]. The development of some tooth 
lesions is a long-term process and in cases where the 
concentration of the necessary mineral and organic sources is 
reduced, the factors resulting in demineralisation will dominate. 
These processes prove to be a consequence of the changes in 
mineral-organic of the plaque fluid and mixed saliva. However, the 
molecular composition of these substances can be altered due to 
the intake of special preventive drugs (endogenous prophylaxis) on 
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the basis of calcium phosphates [16, 17, 20, 30, 31], in particular, 
the endogenous prophylactic calcium glycerophosphate [32-35]. 
The use of such preventive drugs can achieve optimal 
concentrations of calcium and phosphate in mixed human saliva, 
however, possible changes in composition have not been 
considered. Moreover, there is no information in literature 
regarding the comparative analysis of changes in the mixed saliva 
molecular composition when using different caries preventive 
drugs since this issue requires an interdisciplinary approach. The 
significance of this information for explaining the processes 
proceeding at the tentative boundary between plaque fluid and 
mixed saliva is indisputable, as confirmed by a number of 
investigations [6, 8, 29, 30]. Therefore, the aim of this study is to 
investigate the changes in the molecular composition of human 
mixed saliva with the use of endogenous and exogenous methods 
for caries prevention and to determine the duration of these 
changes in relation to the initial state of the oral fluid. 

 
Material and Methods 
Study population 
Two hundred healthy, addiction-free, university-educated 

participants (100 men and 100 women) aged 22–30 were recruited 
via the website of Voronezh State Medical University n.a. N.N. 
Burdenko (Voronezh, Russia). Informed consent was obtained 
from all participants and they all provided their own mixed saliva 
for the investigations. All participants collected their samples at 
the dental lab.  

 
Mixed saliva sampling 
It should be noted that this study investigated mixed saliva 

with the composition being different from that of a mix of salivary 
glands. For exogenous and endogenous prevention, there will be 
derivatives of the prevention substances in the mixed saliva which 
will enter through the oral cavity (a toothpaste) or salivary glands 
(use of a mineral complex based on calcium glycerophosphate). All 
procedures concerning the collection of mixed saliva samples were 
performed in laboratory conditions, with participants invited to 
the laboratory in groups of 20 for salvia collection. 

Mixed saliva sampling was implemented as follows: in the 
week prior to, and during sampling, the participants mainly ate 
vegetables, followed a standard water consumption pattern 
(recommended daily water consumption was 1.0-1.5 l, without the 
use of mineralized or preconditioned water) and they not take any 
remedies or alcohol. The collection of mixed saliva was repeated 
twice, without any stimulation and all samples were collected into 
sterile 15 ml tube. In the first stage of the study, mixed saliva was 
sampled on the eighth day after the beginning of the observations 
(without any changes in conditions of the oral cavity hygiene in the 
morning just before eating), after preliminary oral rinsing. This 
mixed saliva was used as a reference sample.  

In order to explore the changes in the molecular composition 
of human mixed saliva when using an exogenous method of 
prevention, a pea-sized amount of toothpaste with a multi-mineral 
complex was used in combination with a calcium 
glycerophosphate tablet. On the same day, the participants 
applied toothpaste for brushing after collection of the reference 
sample and collected the mixed saliva sample 5 minutes after that. 
A third sample was collected 30 minutes later. The next day, the 
participants began to take the tablets (a pelleted mineral complex 

of calcium glycerophosphate), one tablet three times a day after 
food intake. Three days after that, when the first pellet was taken 
in the morning, food intake, and after oral rinsing, mixed saliva 
was sampled once again. 

During the second stage of experiment the following 
regulations were specified for mixed saliva sampling. Similar to the 
first stage of the experiment, seven days later (after the beginning 
of this second stage without the changes of conditions for hygienic 
measures of the oral cavity), in the morning before eating, 
participants of the experiment sampled their own mixed saliva for 
the first time after oral rinsing. On the same day, after sampling 
the mixed saliva, the participants used the same toothpaste for 
teeth brushing. Five minutes later, after proceeding with the 
hygienic measures for the oral cavity with the use of toothpaste 
and a thorough oral rinsing, mixed saliva was sampled once again. 
Thirty minutes later after a thorough oral rinsing, the mixed saliva 
was sampled for the third time. The next day, participants began 
to take the calcium glycerophosphate tablets, one tablet three 
times a day. Three days after that in the morning, on an empty 
stomach, the patients thoroughly carried out oral rinsing and they 
were again subjected to mixed saliva sampling.  

 
Sample preparation 
The mixed saliva was collected into a sterile container, 

immediately centrifuged at the dental lab and dried at 36°C in a 
desiccator to remove excess water. Sample biospecimen description 
data, in accordance with the Biospecimen Reporting for Improved 
Study Quality (BRISQ) recommendations, are presented in Table 1. 

 
Infrared microspectroscopy analysis 
Mixed saliva samples were analysed by infrared (IR) 

spectroscopy, a highly selective and sensitive method allowing 
extensive information on the structure of substances, the effect of 
atomic groups comprising compounds, as well as the detection of 
neogenic organic and mineral phases [5, 9, 36-38]. It can also be 
used to analyse multi-component compounds. For the first stage 
of the study, Vertex-70 (Bruker, Germany) was applied to a survey 
of IR spectra and an attachment for the attenuated total reflection 
(ATR) spectroscopy (PLATINUM ATR, Bruker, Germany) with a 
diamond prism. IR spectra were surveyed in the range of 4000–
500 cm-1.  

 
 

Table 1. Biospecimen description in accordance with the Biospecimen 
Reporting for Improved Study Quality (BRISQ) recommendations 
Data elements Objects and properties 
Biospecimen type Mixed saliva 
Anatomical site Mixed saliva 
Disease status of patients Healthy  
Clinical characteristics of patients Patients who regularly maintain 

oral hygiene, without pernicious 
habits 

Vital state of patients Alive 
Collection mechanism Direct collection of the saliva 
Type of stabilisation Air-tight container 
Type of long-term preservation Drying in the air (36.6°C) 
Constitution of preservative Air-tight container 
Storage temperature 20 to 25°C 
Storage duration 4 and 7 days (for the first and 

second experiment, respectively) 
Shipping temperature 20°C to 25°C 
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Figure 1. Design of experiment to study of mixed saliva samples with use 
of IR-spectroscopy. 
 

 
Figure 2. IR transmission spectra, obtained with the use of ATR 
attachment with a diamond prism, of the mixed saliva taken before and 
after the use of multi-mineral toothpaste at the first stage of the study.  
1 – IR spectrum of the reference mixed saliva sample, 2 – spectrum of 
mixed saliva taken five minutes after use of multi-mineral complex 
toothpaste, 3 – spectrum of the mixed saliva taken 30 minutes after the 
use of toothpaste, 4 – spectrum of the multi-mineral complex toothpaste. 

 
For the second stage of the study, an IR microspectroscopy 

technique utilising the equipment of the infrared 
microspectroscopy (IRM) beamline at Australian Synchrotron 
(Victoria, Australia) was used. A Bruker V80v Fourier Transform 
Infrared (FTIR) spectrometer and a Hyperion 3000 IR microscope 
(Bruker, Germany) were used to perform the analysis of a 
microprobe of the specimens as well as a diamond high-pressure 
cell. Transmission IR spectra were measured within the range of 
4000–500 cm-1. 

Figure 1 shows a diagram detailing the experimental design, 
i.e. how the use of the IR spectroscopy method allows the study of 
samples of mixed saliva. As noted in [36], the use of any 

medications is revealed in the molecular spectra of mixed saliva as 
also confirmed in [39, 40]. Hence, the application of IR-
spectroscopy for the analysis of the changes in the molecular 
composition of the oral fluid is a logical and tested approach 
demonstrating high-precision results [4, 5, 41, 36]. All the vibration 
mods of the samples were signed in accordance of the reference 
sources of IR spectroscopy [5, 38, 41-45] and tabulated in Table 2. 

Spectra collection, plotting, manipulation with spectra, their 
normalisation and averaging, and evaluation and integration of 
spectra and all data calculations were performed using the 
professional Bruker Optics software OPUS (versions 7.2 and 7.5). 
Final conversion from OPUS figure pdf format to figure (600 dpi) 
jpg format and inscriptions in figures were made using CorelDRAW 
Graphics Suite X7.  

 
Statistical analysis 
Statistical analysis of the changes in mineral-organic and 

carbon-phosphate ratios in the dry residues of mixed saliva for the 
groups of patients was performed with the use of the professional 
software for the statistical analysis SPSS v.19 for Windows (SPSS 
Inc., Chicago, Illinois, USA). Statistical analysis was conducted at 
the statistical significance level of p<0.05, n=200. To find statistical 
significant differences in experimental data t-tests have been used 
after Shapiro-Wilk test to check normal distribution in sampling. 
The results in Table 3 and in Figures 5–6 are presented as a mean 
with standard deviation (M±SD), and the p-level of statistical 
significance of the results is also indicated. 

 
Results 
The IR transmission spectra of mixed saliva collected at the 

different stages of the study (according to the described 
regulations) were obtained for all the participants and are 
presented in Figures 2-5. As seen from these figures, the 
application of synchrotron radiation in the second stage of the 
study for the analysis of samples (together with the IR microscope) 
compared with the technique used in the first stage made it 
possible to obtain IR transmission spectra of the samples, 
providing a better signal-to-noise ratio and better resolution.   

The primary analysis of the experimental data demonstrated 
that all of the obtained spectra included the same set of vibration 
modes and were only slightly different in the intensities of certain 
vibration modes. It should be noted that IR spectra obtained in the 
second stage revealed more information on the qualitative 
composition of the samples due to the specific features of their 
excitation. Taking this in account, only normalised IR transmission 
spectra of the mixed saliva were averaged over the group of patients 
participating in the experiment (as presented in Figures 2-5). 

IR transmission spectra obtained with the use of synchrotron 
radiation and a high-pressure attachment with a diamond prism to 
an IR microscope are given in Figures 4-5.  

The analysis of the obtained IR spectra was performed based 
on a number of data taken from a set of reference sources, where 
human mixed saliva and hard dental tissues, as well as phosphates 
related to the formation of dentin and enamel were investigated 
by means of IR spectroscopy [5, 38, 41-45]. A list of the active 
vibrations in the spectra of the first and second stages of the 
study, the ranges, and the frequencies with the peaks of vibration 
bands are presented in Table 1 along with their assignments to the 
groups of vibrations.  
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Table 2. Active vibrations bands in the IR-spectra at the first and second stages of the experiments and reference data 
Substance Vibration modes Wavenumbers, cm-1 Experiment Refs 

   Exp.1 Exp.2 
Proteins Amide VI Out-of-plane C=O bending of proteins 537−606  + 40, 44 

Amide V Out-of-plane NH bending of proteins  
Amide IV OCN bending of proteins 

625−767  + 40, 44 

Phosphates Р-О band of Р2О7 730-770 + + 45 
 Oligo-& polysaccharides, glycosilated proteins and phosphorus derivatives 1025-1078 + + 41 
 Mono and oligosaccharides 1029 + + 41 
 Derivative of phosphate, glycerophosphate and phosphatase. 

Phospholipids, C–O–P–O–C vibrations 
1054 + + 41 

- Proteins (α-
Amylase, Albumin, 
Cystatins, Mucins, 
Proline-rich 
proteins, sIgA) 
- Hormones 
(Cortisol, 
Testosterone) 

P=O stretching (asymmetric) of >PO2– phosphodiesters stretching vibrations 
of C=O groups (Amide I) 

1240-1244 + + 5, 38, 41 

Amide III (CN stretching, NH bending) band components of proteins 1272  + 5 
Amide III (CN stretching, NH bending) band components of proteins 1316 +  5 
Stretch - carboxyl group vCOO 1330-1345  + 5, 41 
Amide II (CN stretching, NH bending) 1378 +  5 
C=O stretching (symmetric) of COO- 1401 + + 5 
CH2/CH3 1397-1410, 1452 + + 5, 38, 41 

- Proteins (α-
Amylase, Albumin, 
Cystatins, Mucins, 
Proline-rich 
proteins; sIgA) 

Tyrosineb and N-H (amide II), α-helix: proteins, amino acids 1516   5 
Amide II (CN stretching, NH bending) 1548 -1553 + + 5, 38, 41 
(HNH)(NH2) Amide II (CN stretching, NH bending vibrations) (aminoacids, 
peptides, protein) 

1570 + + 5, 41 

N-H (amide II), α-helix: proteins, amino acids 1594   5 
Amide I (C=O stretching) of β-pleated sheet structures 1621   5 
Amide I (C=O stretching) of β-pleated sheet structures 1634   5 
Amide I (C=O stretching) of β-pleated sheet structures 
Amide I (C=O stretching) and (COO-) stretching vibration 

1645-1650 + + 5, 38, 41 

Amide I of α-helical structures 1658   5 
Amide I (C=O stretching)  of α-helical structures 1659   5 
Amide I (C=O stretching) band components resulting from antiparallel 
pleated sheets and  β-turns of proteins  

1675   5 

C-H stretching (symmetric)  of > CH2 in fatty acids 2852 +  5, 38 
 Stretching vibrations of SCN, unique to saliva, converted by salivary 

peroxidases to hypothiocyanate, a local antibacterial age 
2137-2140 + + 41 

 Stretching vibrations of CH- links of lipid molecules 2280-2380  + 41 
 -Lipids (cholesterol 
and 
mono/diglycerides 
of fatty acids) 

C-H stretching (symmetric)  of – CH3 2875  + 5 
C-H stretching of C-H in methine groups 2899   5 
C-H stretching of C-H 2916   5 
C-H stretching (symmetric)  of > CH2 in fatty acids 2925 + + 5, 38 
C-H stretching (symmetric)  of > CH2 in fatty acids 2964 + + 5 

- Proteins (α-
Amylase, Albumin, 
Cystatins, Mucins, 
Proline-rich 
proteins, sIgA) 
- Hormones 
(Cortisol, 
Testosterone) 

Primary and secondary amines (H2 and NHR) 3067 + + 5 
N-H stretching (Amide A) of proteins 3130   5 
N-H stretching (amide A) of proteins 3204 + + 5 
N-H stretching (amide A) of proteins 3290-3293 + + 38, 41 
N-H stretching (amide A) of proteins 3349   5 
(ΝΗ)(ΝΗ2) asymmetric vibrations 3411   5 
O-H stretching of hydroxyl groups 3437   5 
O-H stretching of hydroxyl groups 3461   5 

 
 

From the obtained experimental data (Figures 2-5, Table 2), it 
follows that the main vibration bands in the IR transmission spectra 
of all the mixed saliva samples from the first and second stages of 
the study can be assigned to the following groups and complexes. 
The first and most interesting group of high-intensity vibrations 
arranged in all spectra within 900–1200 cm-1 is related to the modes, 
and their appearance is connected with the presence of phosphorus 
derivatives in the samples, such as phosphates, glycerophosphates 
and phospholipids [38, 40]. The observed similarity of blood and 
saliva spectra concerning the modes arranged at the value of 1050 
cm-1 indicates that these vibrations are due to the organic 
derivatives of phosphates, glycerophosphates and phosphatase, 
namely to the C–O–P–O–C complex (Table 2). 

The subsequent large group of vibration bands localised in the 
range of 1240–1700 cm-1 can be related to the secondary amides: 
Amide I (80% C=O stretch in the range of 1615–1675 cm-1), Amide II 
(60% N–H bend and 40% C–N stretch in the range of 1520–1575 cm-

1) and Amide III (40% C–N stretch and 30% N–H bend in the range of 
1270–1315 cm-1). Modes arranged in the experimental spectra in 
the range of 1400–1430 cm-1 belong to C=O stretch (symmetric) 
vibrations of COO and CH2/CH3 groups (Table 2).  

A group of bands in the IR spectra, localised in the range of 
2750–2950 cm-1, correspond to vibrations of C-H bonds. A broad 
vibration band within the range of 3250–3450 cm-1 is related to 
N-H bonds of proteins and hormones. It can also be connected 
with the presence of O-H hydroxyl groups (i.e. water) in the 
samples. 
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Figure 3. IR transmission spectra obtained with the use of ATR 
attachment with a diamond prism, of the mixed saliva sampled before 
and after intake of calcium glycerophosphate tablets in the first stage of 
the study. 1 – IR-spectrum of the mixed saliva reference sample, 2 – IR-
spectrum of the mixed saliva taken on the fourth day after taking the 
calcium glycerophosphate for three days, 3 – spectrum of a calcium 
glycerophosphate tablet. 
 

 
Figure 4. IR transmission spectra obtained with the use of synchrotron 
radiation and high-pressure attachment with a diamond prism to IR 
microscope of the mixed saliva taken before and after the use of multi-
mineral complex toothpaste in the second stage of the study. 1– IR-
spectrum of the mixed saliva reference sample, 2 – spectrum of the 
mixed saliva taken five minutes after the use of toothpaste and a 
thorough oral rinsing, 3 – spectrum of the mixed saliva taken 30 minutes 
after the use of toothpaste and a thorough oral rinsing, 4 – spectrum of 
the multi-mineral complex toothpaste. 

 
 
Moreover, in the IR absorption spectra of the mixed saliva, 

obtained with the use of synchrotron radiation (Figures 3 and 4), 
certain vibration bands were observed that can be associated with 
the appearance of OCN (Amide IV), NH (Amide V) and C=O 
(Amide VI) vibrations of proteins  arranged at 500–700 cm-1. 

 
Figure 5. IR transmission spectra obtained with the use of synchrotron 
radiation and high-pressure attachment with a diamond prism to IR 
microscope of the mixed saliva taken before and after intake of calcium 
glycerophosphate tablets in the second stage of the study. 1 – IR-
spectrum of the mixed saliva reference sample, 2 – IR-spectrum of the 
mixed saliva taken on the fourth day after three days tablet taking and a 
thorough oral rinsing, 3 – spectrum of the calcium glycerophosphate 
tablet. 

 
One should note that in the IR spectra of the mixed saliva 

collected on the fourth day, after three days of taking tablets and 
the spectrum of the calcium glycerophosphate, there is one more 
additional group of vibrations with a peak in the range of 730–
770 cm-1. In the spectra obtained with the use of synchrotron 
radiation, two vibrations can be well resolved within the indicated 
spectral range, while in the spectra obtained with the use of an 
ATR attachment with the diamond prism, only one mode is 
observed for the samples from the first stage. This is the result of 
the better resolution for low-intensity vibration bands provided by 
the use of synchrotron radiation and methods of IR 
spectromicroscopy. It is necessary to emphasise that the 
appearance of these vibrations, their intensity and spectral 
position are identical for IR spectra from the first and second 
stages of the study. This fact is indicative of the complete 
correlation of IR spectroscopy data, independent of the method of 
excitation of IR radiation, as well as of the reproducibility of the 
experimental data.  

There are no vibrations in the above mentioned range of IR-
spectrum before proceeding with the endogenous prophylaxis or 
exogenous prophylaxis. Based on the principles previously 
described [43], it seems impossible to correlate a group of 
vibrations characterised by the maxima at 730–770 cm-1 with the 
vibrations of C-H bonds. However, this vibration mode can be 
related to the vibrations of the P-O bond in the Р2О7 group as a 
result of decomposition of the inorganic phosphate complexes. 
Indeed, these vibration modes have been observed under thermal 
decomposition of inorganic compounds [45]. 

Figures 2-5 represent IR spectra of the mixed saliva samples 
(together with the transmission spectra of multi-mineral complex 
toothpaste) on the basis of calcium glycerophosphate and IR 
spectra of the tablet on the basis of the mineral complex and a 
calcium glycerophosphate. The analysis of the experimental data 
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and their comparison with the spectra of the mixed saliva 
demonstrated that in the IR spectra of the preventive agents, one 
can see the groups of vibrations identical to those observed in the 
spectra of mixed salivas. It is due to the presence of similar 
organic-mineral groups and complexes in the composition of these 
preventive agents. Thus, application of the chosen preventive 
agents must be revealed in the changes of an organic-mineral 
balance of the mixed saliva and it can be observed in the IR spectra 
of the investigated samples. 

Based on the proposed assumptions and using IR spectroscopy 
data, the above-named changes in the organic-mineral balance 
can be explored by the calculations and analysis of mineral-organic 
and carbon-phosphate ratios between the mineral and organic 
components in the mixed saliva. To calculate the first ratio it is 
sufficient to consider the ratio of the integral area (S3, Sˊ3) in the IR 
spectra (spectral regions at 900–1200 cm-1 and 730–770 cm-1) to 
the integral area (S1, Sˊ1) of vibration band 1615–1775 cm-1, 
related to Amide I (Figures 2-5, δ(S3/S1), δ(Sˊ3/Sˊ1)). The carbon-
phosphate ratio can be calculated from the ratio of integral area 
(S2, Sˊ2) of vibration bands for C=O and CH2/CH3 bonds, localised in 
the range of 1430–1400 cm-1, to the integral area (S3, Sˊ3)  of 
phosphate bands in the IR spectrum (900–1200 cm-1 and 730–
770 cm-1) (Figures 2–5, δ(S2/S3), δ(Sˊ2/Sˊ3)). Calculations of these 
ratios were performed with the use of the software OPUS (Bruker), 
including a wide set of functional facilities for different types of 
measurements, data treatment and evaluation obtained by IR 
spectroscopy. The results of quantitative calculations of relative 
changes in mineral-organic and carbon-phosphate ratios between 
the mineral and organic components in the mixed saliva in 
comparison of the reference sample at the different stages of the 
experiment are presented in Table 3 and in the Figures 6 and 7. It 
should be noted these ratios are averaged over the groups of 
participants taking part in the investigations for the different 
stages of the study and are presented as a mean ± standard 
deviation. 

 
Discussion 
Our approach is based on the mathematical estimation of the 

changes in mineral-organic and carbon-phosphate ratios for 
human mixed saliva before and after the use of exo- and 
endogenous drug prevention based on the experimental data 
obtained by IR-spectroscopy. The use of IR-spectroscopy is 
appropriate due to its high precision, non-invasive character, 
clarity and selectivity, especially in dental research [38, 41–46].  

The qualitative evaluation of changes in the mineral-organic 
δ1(S3/S1), δ2(S3/S1), δ3(Sˊ3/Sˊ1) (Figure 6) and carbon-phosphate 
δ1(S2/S3), δ2(S2/S3), δ3(Sˊ2/Sˊ3) (Figure 7) ratios  were deduced from 
mixed saliva composition (Table 3). It is well known that the oral 
cavity contains mixed saliva with a composition different from that 
of a mix of gland fluids [1, 8, 47]. For exogenous and endogenous 
prevention, there will also be derivatives of the preventive 
measures which enter the mixed saliva, either through the oral 
cavity (toothpaste) or through the gland fluids (use of a mineral 
complex of calcium glycerophosphate). Hence, based on changes 
occurring in the composition of the mixed saliva at different stages 
of prevention, one can evaluate their efficiency for long-term 
maintenance of the mineral and organic composition of the mixed 
saliva to compensate for mineral loss. Obvious changes in 
carbon/phosphate and mineral/organic ratios can be observed at 
the different experimental stages as shown in Figures 6-7.  

 
Figure 6. Relative changes in mineral-organic ratios at the first and the 
second stages of the study. δ1(S3/S1) – 5 min after the use of multi-
mineral complex toothpaste; δ2(S3/S1) – 30 min after the use of multi-
mineral complex toothpaste; δ3(Sˊ3/Sˊ1) – use of calcium 
glycerophosphate tablets. S3,S’3 – the integral area of phosphates in the 
IR spectra (spectral regions at 900–1200 cm-1 and 730–770 cm-1); S1,S’1 – 
the integral area of vibration band 1615–1775 cm-1, related to Amide I. 
 

 
Figure 7. Relative changes in carbon-phosphate ratios at the first and the 
second stages of the study. δ1(S2/S3) – 5 min after the use of multi-
mineral complex toothpaste; δ2(S2/S3) – 30 min after the use of multi-
mineral complex toothpaste; δ3(Sˊ2/Sˊ3) – use of calcium 
glycerophosphate tablets. S2,Sˊ2 – the integral area of vibration bands for 
C=O and CH2/CH3 bonds, localised in the range of 1430–1400 cm-1, S3,S’3 – 
the integral area of phosphates in the IR spectra (spectral regions at 900–
1200 cm-1 and 730–770 cm-1). 
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Table 3. Calculations of sampling-averaged relative changes in mineral-organic and carbon-phosphate ratios between the mineral and organic 
components in the mixed saliva in comparison to the reference sample at the different stages of the study 
The stages of the study/types of preventive measures AvRC in M/O ratio, % AvRC in C/Ph ratio, % 

Experiment №1 
5 min after the use of m-m complex toothpaste (ex. preventive measure) +69.8±2.1, p=0.032 -47.8±1.9, p=0.025 
30 min after the use of m-m complex toothpaste (ex. preventive measure) -3.1±1.4, p>0.05 +1.1±1.6, p>0.05 
use of CaGP tablets (end. preventive measure) +9.7±2.0, p=0.015 –50.6±1.9, p=0.011 

Experiment № 2 
5 min after the use of m-m complex toothpaste + thorough oral rinsing (ex. preventive measure ) +7.1±2.2, p=0.029 –9.3±2.7, p=0.033 
30 min after the use of m-m complex toothpaste + thorough oral rinsing (ex. preventive measure ) -1.7±1.9, p>0.05 –2.0±1.7, p>0.05 

 
On the fourth day after taking the CaGP tablets + thorough oral rinsing (end. preventive measure)  +11.7±1.8, p=0.017 –53.7±1.4, p=0.009 
The data are presented as mean with standard deviation - M±SD. 
AvRC, averaged relative change; M/O ratio, mineral-organic ratio; C/Ph ratio, carbon-phosphate ratio; m-m, multi-mineral; ex., exogenous; end., 
endogenous; CaGP, calcium glycerophosphate. 
 
 

As indicated by the results from the first stage of the study 
(see Figures 6 and 7), the use of multi-mineral complex toothpaste 
results in a considerable increase in the mineral-organic ratio and 
a decrease in the carbon-phosphate ratio, suggesting that the 
exogenous source can considerably increase the mixed saliva 
phosphate content δ1(S3/S1) and δ1(S2/S3). However, this effect is 
short-term as the values returned to those observed before 
toothpaste use 30 minutes after brushing δ2(S3/S1) and δ2(S2/S3) 
(analysis demonstrated almost total absence of statistically 
valuable difference for the level of p<0.05).    

Furthermore, thorough oral rinsing directly after brushing and 
30 minutes later completely nullified the positive effect of the 
multi-mineral toothpaste directed at changing the organic-mineral 
balance of the mixed saliva δ2(S3/S1) and δ2(S2/S3) (Figures 6, 7 – 
columns marked oral rinsing). In both cases, a negative relative 
change of the organic-mineral ratio as compared with the 
reference sample was observed, with no statistical significant 
difference, thus, there was a washing-out of the mineral groups 
and complexes remaining in the oral cavity after the application of 
the toothpaste (Table 3). Nonetheless, the main purpose of these 
complexes and mineral groups is to promote remineralisation.   

Analysis of the changes in the mineral-organic and carbon-
phosphate ratios after the participants had taken the calcium 
glycerophosphate tablets for three days showed statistically 
significant differences (p<0.05) and 9% increase in the mineral-
organic ratio compared to the reference sample δ3(Sˊ3/Sˊ1) and 
δ3(Sˊ2/Sˊ3). Similarly, an average increase of ~12% was observed in 
the mineral-organic ratio compared to the reference sample in the 
second stage of the study. This increase is statistically significant 
(p<0.05). The relative change in mineral-organic value in the 
second stage as compared with the first stage is due to the use of 
synchrotron radiation and an IR microscope, which allows a more 
precise determination of the corresponding values (Figures 6).  

The data shows that calcium glycerophosphate tablets can 
change the organic-mineral balance in mixed saliva, increasing the 
content of mineral groups and complexes. Note that the content 
of endogenous, biologically accessible phosphate groups and 
complexes in the mixed saliva, according to our data, exceeds by 
approximately 12% that of the mixed saliva before the use of the 
prevention agents (in the reference (check) sample). It is also 
important to point out that just in this case a long-term effect of 
the mineral groups obtained by an endogenous way can be 
achieved.  

Due to the multi-stage character of the ion exchange, the 
mineral groups and complexes (phosphates) should be retained for 
a long time within the oral cavity and should be in contact with the 
dental enamel [1, 6, 48-50]. As shown, this could be realised only 
under an endogenous supply of the ions [34, 35, 51]. The 
concentration of the ions in the mixed saliva ought to exceed the 
concentration in the hydrate layer of enamel in order to provide 
an efficient process of diffusion from the surface of enamel [1, 14]. 

It is well known that excessive levels of calcium and 
phosphates in mixed saliva result in a rapid deposition of calcium 
phosphates in the form of mineral phases on the surface of 
enamel, which hinders normal remineralisation [6]. A short-term 
increase in the concentration over the standard values stipulates 
the deposition and formation of foreign calcium phosphates 
resulting in the limited permeability of substances through the 
biofilm, the origin of dental deposit, and enhanced enamel 
solubility. Therefore, we believe that the identified effect of the 
long-term presence of the necessary groups and complexes during 
the use of both endo- and exogenous prevention methods creates 
the necessary conditions for the standard organic and mineral 
exchange in the oral cavity.  

The use of endogenous and exogenous methods of caries 
prevention induces changes in the mineral-organic and carbon-
phosphate ratios within human mixed saliva. However, the 
exogenous method only provides a short-term effect. Moreover, a 
thorough oral rinsing after brushing eliminates the beneficial 
effects directed at saturating the mixed saliva with ions, mineral 
complexes and groups (phosphates). On the contrary, the use of 
calcium glycerophosphate tablets in combination with exogenous 
prevention allows long-term saturation of the mixed saliva with 
mineral groups and complexes of phosphates, i.e. an average 
increase of 12% in their content in the mixed saliva. 

 
Conclusion 
Changes in the molecular composition of mixed saliva when 

using an exogenous method of caries prevention only provides a 
short-term effect, continuing for the first 30 minutes after the 
preceding prevention. Nonetheless, the use of calcium 
glycerophosphate tablets in combination with brushing (a 
combination of endogenous and exogenous prevention methods) 
leads to the long-term presence of high concentrations of ions, 
mineral complexes and groups (phosphates) in the oral fluid.  
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