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Abstract

Background. Due to their low specificity, non-enzymatic antioxidants play a significant role in the protec-
tion of organisms against free radicals. They are normally sourced from the diet, and independently react
with oxidizing molecules and their products.

Objectives. The study aimed to determine the concentrations of selected non-enzymatic antioxidants
(uric acid (UA), reduced glutathione (GSH) and polyphenols) in the gingival fluid and saliva of patients
diagnosed with periodontitis according to the current criteria.

Material and methods. This prospective case—control study included 50 patients with periodontitis,
who were divided into 2 groups depending on disease severity, along with 25 healthy controls. Unstimu-
lated saliva, stimulated saliva and gingival crevicular fluid (GCF) were collected from all subjects, and non-
enzymatic antioxidant concentrations were determined.

Results. Significantly lower concentrations of all tested non-enzymatic antioxidants were observed in the
gingival fluid as well as in the unstimulated and stimulated saliva of patients with periodontitis (p < 0.05).
Moreover, the concentration of GSH was a parameter that differentiated the various degrees of periodontitis
(p < 0.05). A significantly lower concentration of GSH was found in the stimulated saliva of patients with
moderate progression as compared to those with fast progression of the disease (p < 0.05).

Conclusions. The continuation of research on the GSH concentrations in the gingival fluid and saliva may
be useful in the context of biomarkers for periodontitis progression.
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Introduction

Non-enzymatic (low-molecular-weight) antioxidants
are characterized by much lower specificity as compared
to enzymatic antioxidants. For this reason, these sub-
stances play a much greater role in protecting organisms
against free radicals; they inhibit oxidation processes
by reacting with oxidizing agents and the intermediate
products of oxidation. Such interventional antioxidants
reduce free radicals on their own through propagation
or termination. Most of them are exogenous compounds
supplied in the diet. They are divided into hydrophobic
antioxidants, which protect the inside of the cell mem-
branes, and hydrophilic antioxidants, which are active in
the aqueous environment of the cell.! Among the most
important non-enzymatic antioxidants are uric acid (UA),
reduced glutathione (GSH) and polyphenols.

Uricacid participates in the capture of hydroxyl radicals,
lipid peroxides and singlet oxygen. It limits the processes
associated with free radicals by creating complexes with
iron, copper and manganese ions, which stabilizes the re-
duced form of vitamin C. The compound is also respon-
sible for 70-80% of the antioxidative potential of saliva;
therefore, it is considered the most important antioxidant
of the oral cavity.>* However, in high concentrations and
in the presence of copper ions, UA and its derivatives may
be highly cytotoxic. In such conditions, it has been shown
that UA may intensify lipid peroxidation, and therefore
act as a pro-oxidant.*?

Reduced glutathione is composed of 3 amino acid
residues (y-glutamyl—cysteinyl-glycine). It is most often
oxidized to glutathione disulfide, via a non-enzymatic or
enzymatic pathway, which can then be reduced by gluta-
thione reductase or can be actively removed from the cell.
Furthermore, GSH is responsible for maintaining the thi-
ol groups of proteins in a reduced form, and for reactions
with organic peroxides, hydrogen peroxide, free radicals,
xenobiotics, and protein disulfides.®

Polyphenols differ in terms of structure, mass, and
physiochemical and biological properties. In animal or-
ganisms, they are not synthesized, but are absorbed from
plant foods. Their antioxidant activity consists in, among
other things, inhibiting the activity of enzymes respon-
sible for the formation of reactive oxygen species (ROS),
chelating the metals catalyzing the reactions of ROS for-
mation, binding and inactivating the formed free radi-
cals, intensifying the activity of antioxidant enzymes, and
increasing the concentrations of other low-molecular-
weight antioxidants.” Due to the significant exposure
of the oral cavity to environmental and diet-related stress,
polyphenols reach high concentrations in the mucous
membrane, increase the antioxidant activity of biologi-
cal fluids in the oral cavity and show antibacterial activity
against periopathogens in vitro.?

In periodontitis, the excessive secretion of ROS and oxi-
dative stress occur due to the exposure of (mostly) neu-
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trophils to periopathogens and their products. This leads
to periodontal tissue damage through the intensification
of such processes as lipid peroxidation in the gingival tis-
sue, gingival crevicular fluid (GCF) and saliva. Further-
more, it causes protein and deoxyribonucleic acid dam-
age, and changes the functional activity of the proteins
found in GCF and saliva.? It has been suggested that the
chronic occurrence of such processes may result in the
depletion of the antioxidant capacity of the enzymatic and
non-enzymatic systems. It is manifested as a significant
decrease in the activity of preventive and interventional
antioxidants as well as in the total antioxidant capacity
of GCF and saliva.”!° Non-enzymatic antioxidants, which
can be supplied exogenously and, as a consequence, can
be applied in treatment to reduce the effects of oxida-
tive stress, are particularly important with regard to the
abovementioned processes. However, there is no data
concerning the antioxidant properties of GCF or sali-
va with respect to the new criteria for the classification
of periodontal disease, established during the 2017 World
Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions.!! Classification into
stages and grades refers to the severity of the disease at
the time of treatment and the treatment plan complex-
ity. Grades provide information about the characteristics
of the disease, the rate of its progression, risk assessment,
and the analysis of possible treatment failure as well as the
evaluation of the impact of periodontopathy and its treat-
ment on the general condition of the patient.™

The current study aimed to determine the concentra-
tions of selected non-enzymatic antioxidants (UA, GSH
and polyphenols) in the GCF and saliva of patients diag-
nosed with periodontitis according to the current crite-
ria. Additionally, correlations between the concentrations
of these antioxidants in gingival fluid and saliva and the
parameters of the clinical condition of the periodontium
were evaluated.

Material and methods

Patients

This prospective study involved 50 patients treated
for periodontitis at the Department of Periodontology
of Wroclaw Medical University, Poland. The diagnosis
was made based on a clinical examination, according to
the current definition of periodontitis.!! All patients were
Polish Caucasians aged 20—55 years. The study group with
periodontitis was divided into 2 subgroups — stage III or
IV, or grade B or C.

The control group was composed of 25 persons with
a clinically healthy periodontium (bleeding on probing
(BoP) <10%, pocket depth (PD) <3 mm) who matched the
study group in terms of age and gender, and who had been
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admitted to the Academic Dental Clinic in Wroclaw for
treatment.

The exclusion criteria for both the study and control
groups were as follows: age below 20 or above 55 years;
systemic comorbidities associated with oxidative stress
(cancers, diabetes, hypertension, rheumatoid arthri-
tis, kidney diseases, lung diseases, or thyroid diseases);
pregnancy; use of any medications or supplements dur-
ing the 3 months preceding the study; smoking; number
of teeth below 15; occurrence of clinical lesions on the
oral cavity mucosa; and periodontal treatment less than
a year before the study. The research was approved by
the Bioethics Committee at Wroclaw Medical University
(KB-559/2018), and was conducted between February 19,
2018 and August 30, 2019.

Material collection

The methods of Toczewska et al. were followed
throughout the study.*?!3 The material collected for anal-
ysis included total mixed unstimulated saliva and stimu-
lated saliva, with both types of samples collected via spit-
ting. All samples were taken between 8 a.m. and 10 a.m.
Saliva was collected in a sitting position, with the head
slightly inclined downward, and with minimal facial and
labial movements. There was an initial 5-minute adapta-
tion period prior to collection. The saliva accumulated at
the base of the oral cavity was spat into a sterile Falcon®
test tube, which was placed in a container filled with ice.
To avoid possible contamination from other sources, the
oral cavity was rinsed two times with room-temperature
distilled water before saliva was collected. Unstimulated
saliva was spat to a maximum volume of 5 mL, within no
more than 10 min.

Stimulated saliva was collected at 5-minute intervals.
The secretion of saliva was stimulated by administering
10 pL of 2% citric acid (Sigma-Aldrich, Poznan, Poland)
on the tongue every 30 s.1*1> The volume of saliva was
measured using an automated Eppendorf® pipette, with
an accuracy of 0.1 mL. Immediately after collection,
the samples were centrifuged (5,000 x g, 20 min, 4°C).
An antioxidant (10 uL of 0.5 M-butylated hydroxytoluene
(Sigma-Aldrich) per 1 mL of saliva) was then added to the
supernatant fluid, and the content was frozen at —80°C
and stored for no more than 3 months for further analy-
sis.}017 The salivary flow was calculated over a 1-minute
period by dividing the volume of saliva by the time neces-
sary for its secretion, and was expressed in mL/min.!*

After selecting the clinically deepest periodontal pock-
ets, GCF was collected using PerioPaper Strips® (Oraflow
Inc., New York, USA). The region was dried with com-
pressed air and isolated from saliva by employing cot-
ton dental rollers. PerioPaper Strips contaminated with
blood or saliva were discarded. Before and after collect-
ing the material, the strips were placed in Eppendorf test
tubes and weighed on an analytical balance to determine
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the volume of GCFE!2!® The supernatant fluid (10 pL
of 0.5 M-butylated hydroxytoluene per 1 mL of saliva) was
added to GCF and the samples were frozen at —80°C.!617

Clinical trial

The clinical trial was conducted using a mouth mirror,
a HuFriedy® periodontometer (Warsaw, Poland), which
was calibrated every 1 mm, and an artificial light source.
The following clinical parameters were assessed: num-
ber of preserved teeth; modified plaque index (PI)!8; ap-
proximal plaque index (API)!%; mean PD measured at 6
points of each tooth; mean interproximal PD for all teeth
measured at 4 points of each tooth; number of sites with
PD > 5 mm; mean clinical attachment level (CAL) mea-
sured at 6 points of each tooth; BoP index?’; papillary
bleeding index (PBI)?!; maximum value of tooth mobil-
ity assessed with the use of Periotest® (Medizintechnik
Gulden, Modautal, Germany); and mean value from the
indications of Periotest for all teeth.

Enzymatic antioxidant activity

The biochemical tests of saliva and gingival fluid were
conducted in the Experimental Dentistry Laboratory at
the Medical University of Bialystok, Poland. All measure-
ments were conducted in duplicate and were standard-
ized to total protein content. On the day of the measure-
ments, the samples of saliva and GCF were slowly thawed
at 4°C. The saliva and GCF samples were then mixed with
a vortex mixer immediately before analysis.

To extract gingival fluid, the strips were placed in an Ep-
pendorf test tube containing 0.02 M phosphate-buffered
saline (PBS) solution (pH 7.0) (Sigma-Aldrich) in the pro-
portion of 1 strip/500 puL PBS, and were mixed for 30 s
with a vortex mixer before being centrifuged (3,000 x g,
5 min, 4°C). The supernatant was preserved for test-
ing.1>13 Gingival fluid was used for all experiments on the
same day.

The concentration of GSH was determined using
a colorimetric method based on the reduction of 5,5’-di-
thiobis-(2-nitrobenzoic acid) (Sigma-Aldrich) to 2-ni-
tro-5-mercaptobenzoic acid under the influence of GSH
contained in the test sample.?? The absorbance of the
2-nitro-5-mercaptobenzoic acid product was measured
at a wavelength of 412 nm and its concentration was cal-
culated from a reference curve for GSH. The measure-
ments were conducted in duplicate and the values were
expressed in pg/mg of total protein.

The concentration of UA was measured using the
QuantiChrom™ Uric Acid Assay Kit (DIUA-250;
BioAssay Systems, Hayward, USA). This method consists
in the reaction of 2,4,6-tripirydyl-s-triazine with the iron
ions (3+) contained in UA in the test sample. Changes in
the absorbance of the obtained complex were measured at
a wavelength of 690 nm.
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Total polyphenol content (TPC) was determined with
the use of the Folina-Ciocélteu (FC) reagent (Pol-Aura,
Roznowo, Poland), which is a mixture of phosphotungstic
acid and phosphomolybdic acid. As a result of the reac-
tion of FC with phenols, a blue product with a maximum
absorbance of 760 nm was obtained.?® Total polyphenol
content was calculated from a reference curve for gallic
acid and the values were expressed as pig/mg of total pro-
tein.

Statistical analysis

The 2 groups were compared using the Mann—Whitney
U test, whilst the analysis of the 3 groups (with regard to
different stages of the disease) was conducted using the
Kruskal-Wallis one-way analysis of variance (ANOVA)
followed by Dunn’s post-hoc test. Spearman’s rank-order
correlation was used to assess associations between the
variables. The threshold for statistical significance was set
at p < 0.05, while in the correlation analysis, the threshold
was p < 0.02. All analyses were conducted with the use
of the Statistica software, v. 13.1. (TIBCO Software Inc.,
Palo Alto, USA).

Table 1. General and periodontal data of the study participants

Control group

Variable (n=25)

Stage lll subgroup
(n=32)

Results

The patients’ general and periodontal data is presented
in Table 1.

In comparison with the control group, the concentra-
tions of GSH in the study group were significantly lower
in both biological fluids. This was especially evident in
unstimulated saliva and gingival fluid (p < 0.001), and
regarded all patients with periodontitis, at both stages.
A significantly lower concentration of GSH was observed
in the gingival fluid of those at the most severe stage
of periodontitis (stage IV) as compared to stage III pa-
tients (p = 0.039) (Fig. 1).

In both types of saliva and in gingival fluid, the concen-
trations of UA were significantly lower in both periodon-
titis subgroups as compared to patients with a clinically
healthy periodontium (p < 0.001). The concentrations
of UA in these fluids did not differentiate the advance-
ment of periodontitis (Fig. 2).

In the unstimulated saliva and gingival fluid of patients
at both stages of periodontitis, TPC was significantly
lower as compared to the control group (p < 0.001). In
stimulated saliva, this difference was significant for all

Whole study group

Stage IV subgroup

(n=18) (both stage Ill and stage V)

(n=>50)
o

Age lyears] iggZ 39 20-55 ig; I 20-55 ig.%s 48 20-55 igi' , 20-55
Gender M 12 (48) 17 (53) 7 (39) 24 (48)
n (%) F 13(52) 15 (47) 11(61) 26 (52)
ﬁsmi;ated 5F f&fo 04 02-10 fj; 04 0.1-10 ﬁcg . 04 01-09 f(';g 04 01-10
fri”&ﬂ?;?d 5F ;5736 16 04-34 ;5506 13 03-26 ;5673 13 06-30 ;558 13 03-30
f&;’t/i”um unstimulated saliva f;gfg 6683 3005-1,1010 5263252 8212 4810-13870 356]75] 8306 235-1847.] 193()5()6(.)4 8270 235-1847.
E‘;t/i;”ui” stimulated saliva 15]8;‘2?9 5990  2357-9463 ;8;52 6103  289-9264 ;‘2924;6 5371 437-8119 152554?5 5852 289-9264
[ngt/i!“um oCF 3291‘19 315 84917 E’gé 1308 368-3370 ;182] 4‘:5 1310 455-4456 j_;‘?j 1311 368-4456
Number of teeth igz s 28 19-28 11271 9 27 24-28 1—421.%)3 24 15-28 i§53 9 26 15-28
P 51259 20 0-79 ;‘26:6 47 9-100 f;éi 405  0-100 fffg 435 0-100
API ;7 :5 32 14-68 fjj] 64 29-100 Sé?z 82  22-100 52756 705 22-100
BoP [%] :72 90  07-260 35?7 410 40-1000 3;5 575 170-1000 jzog'% 430 40-1000
PD [mm] ibi 17 12-23 jé 32 21-53 j(fS 41 27-47 357 35  21-53
CAL [mm] ji%z 17 10-52 ;?3 50 27-81 fﬂg 61 30-10.1 jz 54 274101

M - mean; SD - standard deviation; Me — median; min — minimum; max — maximum; M — male; F — female; SF - saliva flow; GCF — gingival crevicular fluid;
PI - plague index; APl — approximal plaque index; BoP — bleeding on probing; PD - pocket depth; CAL - clinical attachment level.
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persons from the study group (p = 0.016) and for those
with stage IV periodontitis (p = 0.028). Total polyphenol
content did not differ significantly with regard to different
stages of periodontitis (Fig. 3).

Comparisons were made between the concentrations
of the 3 non-enzymatic antioxidants in both types of sa-
liva and in the gingival fluid of patients with grade B or C
(stage II or stage IV, respectively) periodontitis. The re-
sults indicated a significantly lower concentration of GSH
in the GCF obtained from participants with periodontitis
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of moderate progression a compared to those with fast
progression of the disease (p = 0.039).

Total polyphenol content in saliva and gingival fluid as
well as the clinical condition of the periodontium were
positively correlated across the entire study group. Two
significant positive correlations were observed between
TPC in unstimulated saliva and the advancement of gom-
phosis, according to the measurements conducted with
the use of Periotest (for the maximum value: R = 0.33,
p = 0.020, and for the mean value: R = 0.33, p = 0.018).

GSH US GSHS GSH GCF
25+ 25+ 25+ k%% Kk
< 20 < 20+ < 20 §
[ Q [
B 15+ B 15+ B 15+ *kk
s s s
g 104 g 104 g 104
g 4 é KKk gogoq KKKk 2 4 *k Kk K% 2 .l
0 T T \\I T 0 T 3 0 T T \\I T
o O o > O o o O 3
<° N\ N & & N AN & <° A\ N &
s @& o é@g & \’0& o5 e“& s 00"0 @9@ '@Q
9 ) ) ) &
° ° °

Fig. 1. Comparison of the concentrations of reduced glutathione (GSH) in saliva and gingival crevicular fluid among the study subgroups and the control group

US - unstimulated saliva; S - stimulated saliva; ** p < 0.01 vs. control group; *** p < 0.001 vs. control group; ® p < 0.05 vs. stage ll.

Fig. 2. Comparison of the concentrations of uric acid (UA) in saliva and gingival crevicular fluid among the study subgroups and the control group

**¥* p < 0.001 vs. control group.
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Fig. 3. Comparison of total polyphenol content (TPC) in saliva and gingival crevicular fluid among the study subgroups and the control group

*p < 0.05 vs. control group; *** p < 0.001 vs. control group.
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A significant negative correlation between the concentra-
tion of UA in stimulated saliva and the number of pre-
served teeth was also revealed (R = -0.36, p = 0.018)
(Table 2). In patients with the most advanced stage of peri-
odontitis, there were significant positive correlations be-
tween the concentration of UA and TPC in gingival fluid
and the value of API (R = 0.53, p = 0.015, and R = 0.55,

p = 0.013, respectively) (Table 3). The assessment of re-
lationships between antioxidant concentrations revealed
strong correlations between GSH and UA in unstimulated
and stimulated saliva (R = 0.54 and R = 0.55, p < 0.001),
between UA and TPC in unstimulated saliva (R = -0.38,
p = 0.010), and between GSH and TPC in stimulated sa-
liva (R = -0.81, p < 0.001).

Table 2. Correlations between the clinical periodontal variables and the activity of non-enzymatic antioxidants in the whole group (all persons with periodontitis)

Variable GSH US UA US TPCUS
Age —0.148460 —0.008252 —-0.177784
Genetic factors -0.018081 -0.138714 0.029198
Number of teeth —-0.072690 0.065000  —0.127808
Pl 0.027708  —0.052361 0.100997
AP 0.033389 0.198481 0.030847
BoP 0.094921  —0.028941 0.148465
PBI 0.108934 0.080807 0.074978
PD mean 0.013274  —0.078999 0.055139
PD mean/interproximal —0.027305 -0.062779  —0.007020
PD>5mm 0.025488  —0.069966  —0.020372
E‘;;‘ismﬁ E;Tiagur;en;“em 0179388 0094392 0061920
Ei\ri”;ar%er]ff;f:rg‘&:tmhal 0050480 0006736 0065255
CAL>5mm 0.021037 0.008913 0.101542
CAL =3 mm interproximal 0.145713 0.125467 0.056151
Periotest max value 0.193351 0.001812 0.328707"
Periotest mean value 0.202671 0.010572 0.3348702

GSHS UAS TPCS GSH GCF UA GCF TPC GCF
—-0.072552 0.109466  —0.230409 0.015517 0.059522 0.089190
0.051856 0.038329 0.108275 0.055430 0.248201 0.221901
-0.076507  —0.3600932  0.046340 0.250244 0.115265 0.106950
0.143385  —0.046838 0.157111  —0.049051 0.099796 0.056841
-0.246361  -0.172175 -0304828 —-0.018852 0.142544 0.131745
-0.006576  —0.075105 —0.074121 -0.191422 -0.068440 —0.113778
—0.119344  -0.129393 -0.153836 —-0.216316 0.041060  —0.002099
-0062376  —-0.104320 -0.057834 —0.129956 -0.064719 —0.063855
-0.081205 —-0.137780 —0.090657 —0.104097 -0.006734 —0.010070
—0.079563  —-0.124136 0.006460 —-0.217784 —0.204375 —0.190553
—0.133478 0211135 -0.195932 0.039784 0.105488 0.122348
—0.092878 0053428 -0.125751 0.008053 0.008348 0.029867
0.045825 0.125765 0.006458 —-0.072949 -0.127637 —-0.0975%94
—0.227495  -0.060581 —0.113802 0.079004 0.044290 0.059834
0.169847 0.221484 0.064697 0.006061  —0.100777  —0.092821
0.229882 0.300676 0.084066 —0.050270 —0.095171 —-0.079257

GSH - reduced glutathione; UA - uric acid; TPC - total polyphenol content; PBI - papillary bleeding index; max — maximum; ' p = 0.020, > p = 0.018.

Table 3. Correlations between the clinical periodontal variables and the activity of non-enzymatic antioxidants in the stage IV periodontitis subgroup

Variable GSH US UA US TPCUS
Age —0.067651 —0.241889  —0.229929
Genetic factors 0.024398 0.140028 0.043574
Number of teeth -0.004973  —0.042773  —-0.056907
Pl 0.066710 0.074076 0.155827
API 0.047971 0343405  —0.009800
BoP 0447882 0.117820 0311818
PBI 0425767 0.192931 0.294317
PD mean 0.228502 —0.143708 —0.062666
PD mean/interproximal 0213760 —0.103169  —0.102448
PD>5mm 0219632 —-0.352248 —0.121942
Eiﬁ?tﬁiﬁ E;Tiaéunzenrfem 0169035 0067223 -0043957
E‘Xfe;;argniqorfeerg‘rcmtmhal 0122760 0073988 —-0.029193
CAL>5mm 0.121398 0.108824  —0.044378
CAL >3 mm interproximal 0.155828 0.100074  —0.039127
Periotest max value 0.181373 0.294118 0.299248
Periotest mean value 0.149510 0.247241 0.160211

GSHS UAS TPCS GSH GCF UA GCF TPC GCF
0014952  -0.034398 -0362565 —0.014066 —0.015825 0.008289
—0.076980  —0.024056 0.286972 0.365655 0416213 0433555
-0206719  -0444051 -0.022289 -0.132512 -0337502 -0.351123
0.364850 0.456620 0.218290 0.083041 0.247357 0.237523
0.120546 0.137593  -0.521740 0499782 0.532983% 0.545045%
0.230162 0.130868 —0.047268 —0.098767 —0.089880 —0.111784
—-0.010540 0041743 -0.219603  —0.028107 0.153557 0.133986
—0.158452  —0.203932 0.106117  -0.081094 0.046056 0.063421
-0.160000 -0.215121  -0.025074  —0.120440 0.030132 0.042185
—0.151888  —0.289393 0.129507  -0.250220 -0.200979 —-0.197968
—0.012395 0.286250  —0.187455 0.330986 0419869 0436543
-0.170918  -0.139044 —-0.096637 0.087316 0.248905 0.265806
0.116718 0.038013 0.208977  -0.116718 0.009026 0.024069
—0.269535  —-0.298160 0.120766 0.140474 0.167795 0.148232
0.216762 0.148375  -0.129507 —-0.083370 —-0.025574 —0.033847
0.352632 0.232843  -0.055882 0.016674 0.030839 0.028582

3p=0015“4p=0013.
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Discussion

The data relating to the concentrations of the most fre-
quently tested non-enzymatic antioxidants in periodon-
titis in the gingiva, gingival fluid, saliva, and blood, are
presented in Table 4.24-38 Results and observations from
the current study as well as from other studies are quite
unambiguous and indicate that in periodontitis, non-enzy-
matic antioxidant concentrations are significantly reduced
in saliva and gingival fluid. The most homogenous results
were obtained for GSH; it has been consistently shown in
numerous studies to be significantly decreased in gingival
fluid as compared to individuals with a healthy periodonti-
um.?*3%3% Such decreases have also been observed in saliva
and plasma,? and, for glutathione, in serum.* In the cur-
rent study, a correlation was observed between the clinical
advancement of periodontopathy (and its duration) and
a decreased concentration of GSH in gingival fluid (signifi-
cantly lower in stage IV as compared to stage III).

Glutathione is secreted to GCF by epithelial cells and
neutrophils, and under physiological conditions, its con-
centration in GCF is 1,000 times higher than it is found in
plasma.®® However, its concentration is reduced in patients
with periodontitis due to a strong respiratory burst, the de-
struction of the epithelium and the degradation of proteins
by periopathogens. The greatest ability to metabolize gluta-
thione to hydrogen sulfide is shown by Treponema dentico-
la, Fusobacteria (nucleatum, periodonticum, and necroph-
orum), Parviromonas micra, and Prevotella tannerae.®® In
the gingival tissue that is inaccessible to periopathogens,
the concentration of reduced and oxidized glutathione may
even be elevated.?”? Using gas chromatography in com-
bination with mass spectrometry, Chen et al. conducted
an analysis of 349 metabolites of gingival fluid in patients
with generalized aggressive periodontitis.®*® The second-
ary nature of the decrease in the concentration of glutathi-
one and its reduced form in relation to the advancement
of periodontitis was also indicated by the possibility of sig-
nificantly improving its secretion to GCF as a result of non-
surgical periodontal treatment.3* In our opinion, the lowest
concentrations of GSH in the unstimulated saliva of pa-
tients with periodontitis stem from a single source, which is
the outflow of GSH from periodontal pockets together with
gingival fluid and the degrading activity of periopathogens
in saliva. The observation of significantly lower concentra-
tions of GSH in GCF in the moderate grade of periodon-
titis progression as compared to fast progression can be
explained by the slower course of the former and the ex-
haustion of the antioxidative potential of GSH.

Uric acid is secreted into saliva by passive diffusion
from blood and its concentration depends on the volume
of the secreted saliva, as previously demonstrated.*! It is
estimated that UA is responsible for approx. 70% of the
total antioxidative potential of saliva.!® Uric acid, which
is an end product of purine metabolism, is produced as
a result of a reaction that also generates ROS. For this
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reason, salivary hyperuricemia would not be beneficial.
The UA concentration in both types of saliva in patients
with periodontitis was significantly lower as compared
to the control group, which was also observed in other
studies,?>3® though this difference was not confirmed by
2 other publications.?®32 However, it should be noted that
neither of the abovementioned studies took CAL into ac-
count when defining periodontitis, and the basic inclu-
sion criterion was a radiological image.

In the current study, a significant decrease was observed
in the concentration of UA in the GCF obtained from peri-
odontitis patients in comparison with clinically healthy
sites. With the use of the most popular colorimetric uri-
case—peroxidase method for the evaluation of the UA con-
centration, Narenda et al. did not show significant differ-
ences in its concentration in GCF between the chronic and
aggressive periodontitis groups and the control group (in
the control group, the UA concentrations in blood serum
and gingival fluid were identical, i.e., 5.11 +0.54 mg/dL).%’
It is possible that these contradictions stem from the ap-
plication of different methods for the determination of the
UA concentration. Nonetheless, a significant reduction in
the concentration of UA in gingival fluid and saliva in peri-
odontitis is probably due to its increased activity against
ROS in the dental pocket and the entire oral cavity. Indeed,
this is indirectly indicated by the positive correlation be-
tween its concentration in gingival fluid and the presence
of plaque in interdental spaces in stage IV periodontitis.
Moreover, there is also a possibility of significantly increas-
ing the concentration of UA in saliva as a result of non-sur-
gical periodontal treatment.3

Positive correlations between UA and GSH concentra-
tions may be indicative of the synergy of non-enzymatic
antioxidant cooperation in protection against periodontal
oxidative stress. However, the findings regarding hyper-
uricemia in peripheral blood in periodontitis and the pos-
sibility of significant reductions thereof as a result of scal-
ing and root planing combined with the administration
of exogenous antioxidants are seemingly contradictory to
the above observations.®>*42 Nonetheless, hyperurice-
mia in GCF and saliva plays a completely different role
in periodontitis than it does in the peripheral vascular
bed. In the latter case, it can be a sign of immunological-
metabolic dysregulation, linking the clinical status of the
periodontium to systemic pathologies.*

Polyphenols are plant metabolites that are not syn-
thesized endogenously. Therefore, their concentration
in vivo reflects the supply and absorption of these com-
pounds from food. They include a number of biologically
active substances (e.g., flavonoids and phenolic acids),
many of which have antioxidant properties. Apart from
their direct interventional activity against ROS, these
compounds also participate in intercellular signaling that
promotes the activity of enzymatic antioxidants, such as
heme oxygenase, and inhibit enzymes in ROS and reactive
nitrogen species production pathways.*



562

J. Toczewska et al. Non-enzymatic antioxidants in periodontitis

Table 4. Comparison of the data relating to the non-enzymatic antioxidant concentrations in periodontitis

: : : p-value
Authors, Biological Assessment Size and age [years] - o
year and country material method of the studied groups s pzrrlgggntltls SUTHCER
Chapple et al* oCF GSH - NADPH P: 60 (mean age: 46.1) d GSH B
2002, the UK reduction HP: 10 (mean age: 46.9) p <0022
Ul 5 ) ) UA — enzymatic severe P: 46 (mean age: 59.6) YA decrease in UA depends on
e Leme S ERs USHmESe) L Asc — Butts and Mulvihill HP: 46 (mean age: 60.3) p <0050 the severity of periodontitis
2003, the UK ’ 9€: 60, Asc ns yorp
Diab-Ladki et al.?® stimulated saliva UA — enzymatic severe P: 17 (30-45) UAns B
2003, Libya Asc — Molina-Diaz HP: 20 (30-45) Asc ns
gingiva
1 GSH
Panjamurthy et al2’ s oe fét'_’ gifat'eer CP: 25 (25-35) p=0001 B
2005, India I VCE D HP: 25 (25-35) plasma
’ 4 GSH, Asc, vit. E
p=0001
Tsai et al.8 unstimulated saliva . ectroTﬁo_tometric CP: 13 (NA) 171G no significant correlation
2005, Taiwan pectropnoto HP: 9 (NA) p < 0.050 TG-GPx
acidification
GSH ns
Borges et al?? sl G_lS_g :.Ei:ier CP: 9 (mean age: 52.9) TG ns B
2007, Brazil CSSG - TG—GSH HP: 9 (mean age: 51.1) 1 GSSG
p=0020
Grant et al.*® oCF GSH — NADPH CP: 20 (mean age: 43.6) d GSH imé);t(;i()tagalcgiig:ter;tion
2010, the UK reduction HP: 20 (mean age: 44.3) p <0.001 of GSH (ns)
Karim et al*! GCF, unstimulated thiol arouns — Ellman P: 23 (20-55) GCF ns B
2012, India and stimulated saliva group HP: 23 (20-55) saliva ns
UA ns

Novakovic et al *?
2014, Serbia

unstimulated saliva

UA — enzymatic

CP:21 (mean age: 39.1)
HP: 21 (mean age: 35.2)

lack of significant
correlations with
periodontitis

periodontal treatment
improved the concentration
of UA (p < 0.001)

Miricescu et al.3? unstimulated saliva UA — enzymatic CP: 20 (mean age: 51.3) JUA B
2014, Romania Y HP: 20 (mean age: 18.6) p < 0.050
Savita et al or GSH - gas CP: 20 (30-50) L GsH imgr‘zrv"e’ii?ea'cgﬁite:;;ﬁon
2015, India chromatography HP: 20 (30-50) p <0.001 of GSH (p < 0.001)
B e [ lasma UA — enzymatic Lr0iEe=6s) TUA 5'?2:52222(3/\5)&/6
2015, Saudi Arabia P Y HP: 20 (40-65) p=0001 :
transaminases
GCF, serum
1G
Chenetal®® GCF serum G, vit. E—gas AgP: 20 (maen age: 28.4) p <0.001 B
2018, China ' chromatography HP: 20 (mean age: 25.7) GCF
it E
p =0.00003
CP:46 (mean age: 47.1)
37
g‘gﬁnﬁﬁist al GCF, serum UA - enzymatic AgP: 32 (mean age: 25.7) seGrEEnanws -
! HP: 50 (mean age: 36.6)
Gharbi et al.?® corum UA - enavmatic P: 80 (20-60) T UA -
2019, Tunisia Y HP: 50 (20-60) p < 0.050
in severe periodontitis,
GCF in GCF there is a positive
Authors'own stud GCF, unstimulated GSH - Ellman P:50 (mean age: 43.6) 4 GSH, UA correlation between UA and
Y and stimulated saliva UA — FRAP assay HP: 25 (mean age: 40.3) saliva API; in both types of saliva
4 GSH, UA there is a positive correlation

between GSH and UA

NAPDH - nicotinamide adenine dinucleotide phosphate hydrogen; Asc — ascorbate; vit. E — vitamin E; TG - total glutathione; GSSG - oxidized glutathione;
G - glutathione; FRAP - ferric-reducing/antioxidant power; P — periodontitis; HP — healthy patients; CP — chronic periodontitis; AgP — aggressive periodontitis;
GPx — glutathione peroxidase; NA — data not available; ns — statistically non-significant.
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There are no studies available in the literature inves-
tigating TPC in gingival fluid or saliva in periodontitis.
Studies on antioxidant phenolic components with regard
to periodontopathy conducted to date have been random-
ized clinical studies on coenzyme Q and catechins as well
as in vitro and animal studies.** A significant reduction
in TPC in GCF was observed in our patients with peri-
odontitis, though the stage and grade of periodontitis
did not have a significant impact on TPC. It seems that
the antioxidative activity of polyphenols develops in the
periodontal pocket, similar to UA, in response to stimula-
tion by plaque bacteria (a significant positive correlation
between TPC in GCF and API in stage IV periodontitis
was found). Meanwhile, a strong pro-oxidative impulse in
the dental pocket is responsible for a significant reduction
in TPC in the gingival sulcus. Regardless, fluctuations in
salivary TPC may be of limited value due to the possible
activity of flavonoids that are commonly found in food.

Lower values of TPC were observed in the unstimu-
lated saliva of patients with periodontitis. In addition, the
concentration correlated directly with the electronic mea-
surement of tooth mobility. This pioneering research on
the impact of the periodontal condition on TPC should
be continued, with the attention paid to determining anti-
oxidant concentrations in serum. Furthermore, other an-
tioxidants, such as resveratrol, apigenin and kaempferol,
should be investigated. Such research may lead to recom-
mendations for the introduction of antioxidant supple-
mentation into periodontal treatment protocols.

The majority of studies on non-enzymatic antioxidants
in periodontal diseases have been conducted with regard
to ascorbate and a-tocopherol. Some of them showed
a significant decrease in the ascorbate concentration in
the serum and plasma of individuals with periodonti-
tis,>”*> depending on the severity of periodontopathy.#
However, periodontitis does not have a significant im-
pact on the ascorbate concentration in saliva.?>?® Re-
searchers have also observed a significant decrease in the
a-tocopherol concentration in plasma®’; however, unlike
with vitamin C, its high concentration in serum was not
associated with a rare occurrence of the most severe clini-
cal form of periodontal disease.? In the analysis of the
gingival fluid metabolome in patients with generalized
aggressive periodontitis, the concentrations of ascorbate
and o-tocopherol were over 18 times and 6 times higher,
respectively, in comparison with a clinically healthy peri-
odontium.3®

Salivary redox biomarkers are being increasingly used
in clinical practice, both in the diagnosis of systemic dis-
eases and in the diseases of the oral cavity.!%47-52 Unfortu-
nately, in the current study, they did not differentiate be-
tween the grades of periodontitis (except for GSH), which
indicates that their diagnostic value is low. However, due
to the significant impact of oxidative stress on the patho-
genesis of periodontitis, further studies on a larger popu-
lation of patients are needed.
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Conclusions

A significant decrease in the concentrations of all the
studied non-enzymatic antioxidants in saliva and gingi-
val fluid from periodontitis patients may be indicative
of a strong oxidative impulse associated with inflammatory
and destructive processes in dental pockets. Further stud-
ies concerning the GSH concentration in gingival fluid and
saliva may be useful in the context of periodontitis progres-
sion biomarkers. The model of periodontitis progression
which is currently being considered provides the basis for
the local application of exogenous non-enzymatic antioxi-
dants, such as polyphenols resveratrol and curcumin, to
inhibit signaling that initiates and exacerbates the disease.>®
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