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Variability of salivary markers of oxidative
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Objectives: Salivary advanced glycation end-products (AGEs), advanced oxidation protein products (AOPP),
total antioxidant capacity (TAC), and ferric reducing ability of saliva (FRAS) are increased in various diseases.
Little data exist for these markers in the healthy population. The aim of this study was to assess the inter-
individual and intra-individual variability of AGEs, AOPP, TAC, and FRAS in the saliva of young healthy
individuals.

Methods: Unstimulated saliva samples were collected from 16 females and 18 males daily over a period of 30
days. Markers were measured using spectrophotometric and spectrofluorometric microplate-based
methods.

Results: All salivary markers measured were significantly higher in men than in women (P < 0.05 for AGEs;
P <0.001 for AOPP, TAC, and FRAS). The inter-individual variability was approximately 60% for AGEs and
AOPP and 30-40% for TAC and FRAS in both genders. The inter-individual variability of FRAS was higher
in men vs. women (P < 0.01). Intra-individual variability ranged from 20% for TAC, to 30% for AGES and
FRAS and 45% for AOPP.

Discussion: Intra-individual variability of salivary AGEs, AOPP, TAC, and FRAS indicates that their use is
currently limited to large cohort studies. Identifying the underlying factors related to the high inter-
individual and intra-individual variability is needed. Sex differences should be considered in future studies.
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Introduction enzymatic oxidation, when reducing sugars (or other

Oxidative stress is defined as an imbalance of the
pro-oxidant versus antioxidant balance in favor of
the pro-oxidants.' Its effects are considered not to be
exclusively harmful, as a certain level of oxidative
stress is indispensable for the normal function of
various metabolic processes and signaling pathways.>
However, excessive and chronic oxidative stress can
cause serious damage to lipids, nucleic acids, and pro-
teins. Carbonyl stress is an irreversible form of non-
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carbonyl substances) react with amino groups of pro-
teins and other molecules® resulting in structural and
functional changes.*

Oxidative and carbonyl stress are involved in the
pathogenesis of several diseases and their compli-
cations.” These include oral diseases such as caries,’
gingivitis,” and periodontitis.>® Salivary markers of
oxidative and carbonyl stress might thus be potentially
useful in dentistry.

Advanced glycation end-products (AGEs), a
marker of carbonyl stress, represent a heterogeneous
group of compounds. Their sources include
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endogenous reactions, diet, and smoking.lo’11 Auto-
oxidation of glucose results in the formation of free
radicals and hydrogen peroxide further potentiating
the formation of AGEs.'? Binding of AGEs to specific
receptors recognizing AGE-modified proteins (RAGE
— receptor for advanced glycation end-products) leads
to the activation of intracellular signaling cascades
and an entire spectrum of proinflammatory and profi-
brotic cellular responses. '

Advanced oxidation protein products (AOPP) were
identified as a marker of protein oxidation in 1996 in
uremic patients.'* They are carried by oxidized pro-
teins in plasma (especially albumin) and do not have
oxidant properties themselves.'* On the contrary, fibri-
nogen that exerts antioxidant properties is one of the
proteins reacting in AOPP reaction.'® The abundant
content of dityrosines allows crosslinking through dis-
ulfide bridges and carbonyl groups.!® AOPP are
formed mainly by chlorinated oxidants, i.e. hypochlor-
ous acid and chloramines, as a result of myeloperoxi-
dase activity of neutrophils,'® thus providing a
marker of their inflammatory response.

The concentration of individual antioxidants (e.g.
free —SH groups of proteins, uric acid, vitamins C
and E, and bilirubin) can be measured in various bio-
logical fluids separately, but this is labor-intensive,
costly, and time-consuming. An alternative approach
is to measure the total antioxidant capacity (TAC).
TAC is contributed to mostly by the total proteins
(their —SH groups) and uric acid, in addition to the
total bilirubin and vitamins C and E.'” Ferric reducing
ability of saliva (FRAS) was modified from the FRAP
(ferric reducing ability of plasma) assay, developed in
1996'® to measure the ‘antioxidant power’ of human
plasma. In addition to uric acid, the FRAP assay esti-
mates other non-enzymatic antioxidants (e.g. vitamins
C and E and bilirubin),'® but it cannot detect antiox-
idants containing —SH/thiol groups such as proteins
and reduced glutathione.?”

There is no ‘universal’ marker of oxidative stress as
there are many causative oxidative agents and various
molecules that are prone to oxidative damage. Due to
the complex nature of oxidative stress, a wide palette of
biomarkers has to be evaluated. This enables the
understanding of the role of oxidative stress in
disease pathogenesis and may be potentially used for
disease screening or monitoring.?! In humans, saliva
is easier to obtain than blood, especially in older
people and children. Therefore, it is an attractive
alternative diagnostic fluid.

Our group has assessed the variability of thiobarbi-
turic acid-reacting substances in saliva in the past.?
The aim of this study was to analyze the intra-individ-
ual and inter-individual day-to-day variability of sali-
vary AGEs, AOPP, TAC, and FRAS in young healthy
volunteers. To our knowledge, this is the first study on
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the variability of a set of markers of oxidative and car-
bonyl stress in saliva.

Material and methods

Thirty-four young healthy volunteers (16 females,
mean age 23.4 + 3.0 years and 18 males, mean age
25.4 + 3.1 years) were recruited for this study. The vol-
unteers were instructed to collect whole unstimulated
saliva into 2 ml tubes in the morning daily during a
period of 30 consecutive days. Sampling was per-
formed 30 minutes after tooth-brushing. Volunteers
were instructed not to eat before the sampling. After
collection, samples were frozen immediately and
stored at —20°C until further measurements.

The study was approved by the Ethics Committee of
the Institute of Molecular Biomedicine, Faculty of
Medicine, Comenius University in Bratislava,
Slovakia. All participants signed an informed
consent form and filled in questionnaires to assess
their health status (including acute or chronic illness)
and history was taken to exclude smoking, alcohol
consumption, the taking of medication, and artificial
antioxidant supplements and sports activities that
might influence the levels of oxidative stress markers.

Prior to the analysis of biochemical parameters, the
samples were centrifuged (3000xg, 10 minutes at 4°C)
and aliquots were transferred into 96-well microtitra-
tion plates. The calibration curves for each assay
method and plate were prepared in triplicate. Intra-
assay and inter-assay coefficients of variability (CV)
of the methods were assessed as a measure of the
respective assay reliability. All chemicals and reagents
were purchased from Sigma-Aldrich (Germany) and
the measurements were carried out on a Saphire 11
spectrofluorometer (Tecan, Austria).

Determination of AGEs was conducted using spec-
trofluorometry.>> Using black flat-bottom 96-well
microtitration plates, 20 ul of samples followed by
180 ul of phosphate buffer saline (PBS, pH 7.4) were
pipetted into corresponding wells. After short vortex-
ing, the specific fluorescence (lambda., 370 nm and
lambda,, 440 nm) was measured using an AGE-
BSA calibration system made by the rapid (4-days)
incubation of bovine serum albumin (BSA; 50 mg/
ml) with 0.5 mol/1 glucose in 0.2 mol/l sodium phos-
phate buffer (pH 7.4) at 50°C using thermal glycation.
AGE:s concentration in the samples was expressed in
g/1 of saliva.

Measurement of AOPP was performed as described
previously.>* Two hundred microliters of saliva and
chloramine-T standards (0-100 umol/1) were pipetted
into a 96-well plate. Ten microliters of 1.16 mol/1 KI
were added only to the wells containing the standards
and the plate was vortexed (6 minutes). Twenty micro-
liters of glacial acetic acid was added and the plate was
vortexed again (2 minutes). Absorbance at 340 nm was
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read immediately. The concentration of AOPP in the
samples was expressed as pmol/l of chloramine-T
equivalents.

TAC was analyzed according to a previously pub-
lished protocol.”> Twenty microliters of samples or
standards were mixed with 200 ul of reagent 1
(0.4 mol/1 acetate buffer solution, pH 5.8). Blank
absorbance at 660 nm was measured. Then, 20 pl of
reagent 2 (30 mmol/l acetate buffer solution, pH 3.6)
was added to each well. After 5 minutes, the plate
was measured again at the same absorbance wave-
length. The absorbances before adding reagent 2
were subtracted from those measured after its addition
and the TAC concentration was expressed as pmol
trolox equivalents/1 (eq./1). The assay was calibrated
with trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid, 0-1000 pmol/l), a water-soluble
derivative of vitamin E.

FRAS, a marker of non-protein antioxidant
capacity, was measured according to a previously pub-
lished protocol.® Samples were incubated with TPTZ
(2,4,6-tri(2-pyridyl)-s-triazine) in hydrochloric acid,
ferric chloride, and acetate buffer. Reagents were pre-
pared as follows: 3 mol/l acetate buffer (pH
3):10 mmol/1 TPTZ in 40 mmol/l HCI:20 mmol/]
FeCl;.6H,O:distilled water (1:1:1:9) to obtain the
FRAS assay working reagent. The freshly prepared
FRAS reagent (200 ul), warmed up to 37°C, was
pipetted into each well of a 96-well plate and initial
absorbance at 593nm was read. Then 20ul of
samples or standards were added and the plate was
vortexed briefly. After 4 minutes, the absorbance was
read at 593 nm again. The initial absorbance values
were subtracted from the absorbance after adding
samples and standards. Absorbance readings at
593 nm were plotted against a calibration curve of
ferrous sulfate (FeSO4.7H,0, 0-1000 pmol/1). FRAS
values of saliva samples were expressed in pmol/l
saliva.

Statistical analyses
Statistical analyses were performed using GraphPad
Prism (version 6.01, USA) and IBM SPSS Statistics

21 software (USA). Data were analyzed with the
Mann—Whitney U test, one-way ANOVA, repeated
measures two-way ANOVA (with Bonferroni correc-
tion), and the F-test of equality of variances for the
comparison of between-gender variability. Outliers
were detected using the Grubbs’ test and removed
from further analyses. A value of P < 0.05 was con-
sidered statistically significant.

Results
Mean values, with their corresponding standard devi-
ations for all parameters, along with the coefficients of
variation for inter-individual variability and the range
of intra-individual variability are summarized in
Table 1.

Mean salivary levels of AGEs, AOPP, TAC, and
FRAS varied significantly between males and females
(Fig. 1A; P<0.05 for AGEs and Fig. 1B-D; P <
0.001 for AOPP, TAC, and FRAS, respectively).
Repeated measures two-way ANOVA showed the sig-
nificant influence of sampling day as a factor affecting
the variability of salivary AOPP (Table 2; F=1.764;
P <0.01) but not AGEs, TAC, or FRAS. Gender as
a factor affecting variability was found to be statistically
significant only in salivary FRAS (Table 2; F = 6.743;
P <0.05).

The intra-individual variability had a wide range for
both genders (Table 1) and no significant gender
difference was found. Coefficients of variations of
more than 20% for TAC, more than 30% for AGEs
and FRAS and more than 45% for AOPP were
observed (Fig. 2).

Concentrations of all measured markers varied con-
siderably between the subjects (AGEs: F = 50.93, P <
0.0001; AOPP: F=24.72, P<0.0001; TAC: F=
40.22, P <0.0001; and FRAS: F=54.19, P<
0.0001). Inter-individual variability of AGEs and
AOPP was very high in both genders, reaching
56.08% for females and 69.15% for males for AGEs,
and 60.72% for females and 61.92% for males for
AOPP. For TAC, the intra-individual variability was
28.21 and 29.83% (females vs. males, respectively)
and 42.96 and 48.15% for FRAS (females vs. males,

Table 1 Descriptive statistics of all measured parameters

CV (inter-individual) CV (intra-individual) - Range

Mean and SD (%) (%)

Parameter Females Males Females Males Females Males
AGEs (g/l) 0.23+0.13 0.27 +0.19* 56.08 69.15 17.45-69.22 21.21-62.53
AOPP (umol/I) 29.27 £17.77 37.68 £ 23.33** 60.72 61.92 32.56-61.02 29.61-122.75
TAC (umol trolox eq./l) 531.3+£149.9 582.2 +173.7** 28.21 29.83 8.00-38.11 3.08-57.28
FRAS (umol/l) 321.3+138.1 459.7 + 221.4** 42.96 48.15 16.24-84.78 13.06-113.59

Mean and standard deviation, inter-individual and intra-individual variability. AGEs — advanced glycation end-products, AOPP —
advanced oxidation protein products, TAC — total antioxidant capacity, FRAS — ferric reducing ability of saliva, SD — standard

deviation, and CV - coefficient of variation.
*P < 0.05.
**f < 0.001 when compared to females.
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Figure 1 Salivary AGEs (A), AOPP (B), TAC (C), and FRAS (D) levels in females and males. All analyzed samples are plotted. AGEs
- advanced glycation end-products, AOPP - advanced oxidation protein products, TAC - total antioxidant capacity, and FRAS -
ferric reducing ability of saliva. * denotes P < 0.05, *** denotes P < 0.001 when compared to females.

Table 2 Repeated measures two-way ANOVA - selected
components of variability

Gender Day of sampling

AGEs F=0.1495 F=0.9061
P=0.7019 P=0.6101
ns ns

AOPP F=2415 F=1.764
P=0.1310 P=0.0081
ns *k

TAC F=1.031 F=1.187
P=0.3182 P=0.2291
ns ns

FRAS F=6.743 F=0.8548
P=0.0146 P=0.6876
* ns

AGEs — advanced glycation end-products, AOPP — advanced
oxidation protein products, TAC — total antioxidant capacity,
FRAS - ferric reducing ability of saliva, F— F-ratio, P— P value,
and ns — not significant.

*P < 0.05.

**P<0.01.

respectively). Additionally, the inter-individual varia-
bility of FRAS was higher in males when compared
to females (Table 1; 48 vs. 43%; F=4.956; P < 0.01).

The calculated intra-assay and inter-assay coefficients
of variation were, for AGEs: intra-assay CV 3.47%,
inter-assay CV  7.00%; AOPP: intra-assay CV
4.38%, inter-assay CV 8.21%; TAC: intra-assay
CV 5.39%, inter-assay CV 6.78%; FRAS: intra-assay
CV 5.20%, inter-assay CV 7.58%. These inter- and
intra-assay CV values are sufficiently low to use these
microplate methods for high-throughput measurement

of AGEs, AOPP, TAC, and FRAS concentrations in
saliva.

Discussion

In the present study, an extremely high intra-individual
and inter-individual variability of salivary AGEs,
AOPP, TAC, and FRAS was found, making the
interpretation of individual values difficult. From pre-
vious studies, the biological variability in saliva is
known to be higher than in plasma. There are only a
few studies focusing on the comparison of oxidative
stress markers in saliva and plasma. A positive
plasma-saliva correlation was observed for FRAS in
children.”® For TAC, no correlation between plasma
and salivary levels was observed.?® For AOPP, a posi-
tive correlation between plasma and saliva was
described as well.”” Several studies have shown that
the oxidative stress markers are not transferred from
plasma to saliva, and therefore, the salivary levels
reflect the local oxidative stress in the salivary
glands, rather than the systemic oxidative stress.”®
Free radicals and reactive oxygen species in the oral
cavity probably originate mainly from the polymor-
phonuclear neutrophils, which control growth of oral
bacteria via mechanisms involving ROS.?’ Under
resting conditions, parotid saliva was identified to be
the major source of salivary antioxidants.*® Uric acid
contributes to the antioxidant capacity of saliva by
approximately 70%.*' Therefore, it was proposed
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Figure 2 Intra-individual variability of AGEs (A), AOPP (B), TAC (C), and FRAS (D). AGEs - advanced glycation end-products,
AOPP - advanced oxidation protein products, TAC - total antioxidant capacity, and FRAS - ferric reducing ability of saliva.

that saliva might represent a first line of defense
against oxidative stress.

Concise data on oxidative stress markers in healthy
subjects with regard to gender are scarce. Most of the
published studies have been aimed at assessing these
markers in blood or urine.*> These studies have
focused on possible diurnal,®* day to day, and seaso-
nal** variations of oxidative stress in different biofluids
or tissues, but not in saliva. In this study, lower TAC
and FRAS values in females compared to males
were observed. This observation is in agreement with
others® describing significantly lower salivary total
antioxidant status in women than men, regardless of
periodontal health. Gender differences in markers of
oxidative stress and enzymatic antioxidant defense
are usually attributed to differences in sex hormones,
especially estradiol. It has been reported that women
tend to have lower post-prandial levels of oxidative
stress than men which might be explained by the anti-
oxidative properties of estrogen.*® Also, higher antiox-
idant enzyme activities were reported in blood, liver,
and brain of females of various species (compared
with males), suggesting that oxidative damage and oxi-
dative stress should be generally lower in females.’’
However, there are studies reporting no effect of
gender on oxidative stress in healthy subjects for
saliva®® or blood.*” A possible explanation for the
lower TAC and FRAS in women, observed in our
and other studies, may be explained by lower unstimu-
lated salivary flow in females due to smaller size of
salivary glands based on their smaller body size.*"
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One of the limitations of the present study is its
cross-sectional design. It is, thus, difficult to character-
ize the causes of increased oxidative stress and antiox-
idant status in males compared to females. Our study
is purely observational, describing the variability of
oxidative stress markers in young healthy individuals.
General and local oral cavity health status and behav-
ioral habits (including oral hygiene) were assessed only
on the basis of the questionnaire. The effects of the
seasonal and diurnal variations on our results can be
excluded, since the sampling was done at the same
time and same season in all subjects. Indeed, other
multiple factors already identified such as tooth-brush-
ing, daytime of sampling, smoking, and ascorbic acid
treatment were shown to affect the levels of lipoperox-
idation markers in saliva of healthy subjects.*® In our
study, these were addressed in terms of same con-
ditions; however, diet, composition of oral microbial
flora, and genetic polymorphisms should be assessed
in further studies. Our study did not deal with these
factors.

Saliva is gaining importance in research and interest
in the clinics as a diagnostic fluid, mainly because of
its easy and non-invasive collection. As oxidative
stress is involved in a number of local oral and sys-
tematic diseases, there are numerous clinical appli-
cations for the measurement of oxidative stress in
saliva in terms of screening or disease activity moni-
toring. However, our results point to a major
problem — the interpretation of the test results in an
individual patient is complicated by the high



biological variability. It can, thus, be currently pur-
posed to use the whole palette of available oxidative
stress markers in saliva or to study the factors that
affect the inter-individual and intra-individual varia-
bility, so that they can be taken into account when col-
lecting samples. The more challenging alternative is to
search for novel markers of oxidative stress in saliva
that would be more specific, less variable, and still
easy to use for point-of-care testing.

In conclusion, the results presented in this paper are,
to the best of our knowledge, the first attempt to
characterize the variability of AGEs, AOPP, TAC,
and FRAS in the saliva of young, healthy volunteers.
Further studies are needed to explore the mechanism
and the causes of the existing variability, as well as
the exact origin of oxidative stress markers in saliva.
Our results could be important for further research
of diseases with regard to oxidative stress in saliva.
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