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ABSTRACT

Objective: Oxidative stress has crucial roles in the pathogenesis of periodontal disease. The balance between oxidant and antioxi-
dant biochemical parameters is detrimental in the progression of periodontal diseases. This study aims to assess the levels of myelo-
peroxidase (MPO), glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA) in serum and saliva
samples from patients who have periodontal disease.

Methods: The study enrolled on 88 individuals divided into 4 groups: (1) periodontally healthy, (2) gingivitis, (3) stage I-1l periodonti-
tis, and (4) stage lll-1V periodontitis. The participants had their serum and saliva samples taken. Clinical periodontal parameters were
measured to determine the periodontal status. Then MPO, MDA, CAT, SOD, and GSH expressions were analyzed with appropriate
methods.

Results: Salivary-MPO levels improved in parallel with the periodontal disease's severity. The healthy patients had the highest
serum-MDA expressions, which decreased as the severity of the disease increased. Glutathione and SOD concentrations were simi-
lar in each group. Catalase expressions in serum reached the highest level in stage I-1l periodontitis patients. Nonetheless, there were
no significant differences between the groups.

Conclusion: In conclusion, our results revealed that GSH, SOD, MDA, CAT, and MPO levels are not affected by the progression of
periodontal diseases.
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INTRODUCTION Oxidative stress is primarily caused by the excess produc-
tion of reactive oxygen species (ROS). Reactive oxygen
species is formed with neutrophils via an oxygen-depen-
dent defense mechanism and has crucial roles in cell sig-
naling and gene regulation. Reactive oxygen species also
has an antimicrobial effect against pathogenic microor-
ganisms; however, it can also cause pathological tissue
destruction in its overactivated conditions.® Systemic
involvement of hyperactivated ROS in periodontitis and
its strong relation with disease progression have been
shown previously in different studies.*¢

Periodontal disease is an inflammatory condition of the
gingiva and tooth-supporting tissues, resulting in tooth
loss inits severe forms. Microbial dental plaque accumula-
tion on the tooth surface is the primary etiologic cause of
periodontal disease; however, progression of the disease
depends on the imbalance between oral microbiota and
host response in susceptible individuals.! Recently it has
been well studied that oxidative stress has crucial roles
in the pathogenesis of many systemic diseases including
periodontal disease. Moreover, oxidative stress has been
detected as a link between periodontitis and systemic  Myeloperoxidase (MPO) is an enzyme mainly secreted by

diseases.? neutrophils and has very effective antibacterial properties
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through hypochlorous acid (HCIO) formation.” However,
its excess release outside the cell during oxidative stress
causes oxidation of cell components including deoxyri-
bonucleic acid (DNA), ribonucleic acid (RNA), and protein;
tissue damage; and eventually elevated inflammation and
impaired biological functions.® Oxidative stress leads to
the interaction of ROS with polyunsaturated fatty acids,
causing lipid peroxidation and exacerbating uncontrol-
lably occurring oxidative stress.® Malondialdehyde (MDA)
is the end product appearing due to the breakdown of
polyunsaturated fatty acids by oxidative stress, and it
damages the cell membrane’s functions and integrities."
Known as strong indicators of oxidative stress, elevated
expressions of both MDA and MPO in periodontitis lesions
have been well studied."-'

Through enzymatic and non-enzymatic processes, antioxi-
dant mechanisms are established to prevent tissue damage
induced by oxidative stress. Enzymatic antioxidant defense
mechanisms include superoxide dismutase (SOD), gluta-
thione peroxidase (GPx), and catalase (CAT) production;
meanwhile, glutathione (GSH), vitamin C, and vitamin E are
part of the non-enzymatic antioxidant defense mecha-
nisms of the host." Antioxidants are critical in eliminat-
ing the harmful effects of oxidative stress on host cells."
Reducing oxidative stress through medications or natural
extracts has been shown to improve the periodontal sta-
tus in animal models."®'” Previous studies have shown lower
total antioxidant capacity in periodontitis that could be a
reason for the progression of periodontal disease.'>'®

Reactive oxygen species formation is a very fast process
and ends up quickly, hence it is not stable biochemically;
therefore, it is not easy to compare the ROS levels and
the periodontal status of patients. Instead, measuring
destructive products of ROS and antioxidant levels is
preferred as an easier and accurate way to evaluate the
effect of oxidative stress in the pathogenesis of peri-
odontal disease." In this study, we tested the hypothesis

MAIN POINTS

Periodontal disease development has no impact on GSH,
SOD, MDA, CAT, or MPO levels.

Compared to the stage I-1l periodontitis group, the stage
II-1V periodontitis group had considerably higher levels of
bleeding on probing (BOP) and interdental clinical attach-
ment level (iCAL).

Positive relationships were discovered between serum
MDA and CAT levels and periodontal pocket depth, as
well as between bleeding upon probing and serum MPO
expression.

Probing revealed a positive connection between salivary
GSH and MPO concentrations and bleeding.

that an imbalance between antioxidant defense mecha-
nisms and oxidative parameters results in the progression
of periodontal disease. In this context, we aimed to inves-
tigate MPO, MDA, SOD, CAT, and GSH expressions in the
serum and saliva of healthy, gingivitis, and stage I-1I-1lI-1V
periodontitis patients. By investigating both sides of the
content, we also aimed to detect whether excess free
radical production and/or defects in antioxidant defense
mechanism cause the progression of periodontal disease.

MATERIAL AND METHODS

Study Population

This cross-sectional study included 88 patients (36
females and 52 males) who applied to Atatirk University,
Turkiye. Participants were chosen from among the sys-
tematically healthy patients who were not smoking
(never smoked or quit smoking at least 6 months ago),
had not received antibiotic/anti-inflammatory therapy or
periodontal treatment in the last 6 months, and had no
pregnancy or lactation status. Patients were divided into
4 groups: (1) periodontally healthy, (2) gingivitis, (3) stage
[-1l periodontitis, and (4) stage IlI-IV periodontitis.

The Atatirk University School of Medicine's Ethics
Committee granted approval for the study’s use of human
samples for research purposes (B.30.2.ATA.0.01.00/463,
Date: 12.07.2024), and it was conducted in compliance
with the Helsinki Declaration. Each participant received
an explanation of the study’s approach and gave signed
informed consent prior to periodontal therapy.

Saliva and Serum Sampling

Before the periodontal examination, each patient had
unstimulated whole saliva samples taken in the morning
at the same time interval. The instructions for the par-
ticipants were to sit comfortably, collect saliva in their
mouths, and spit into 5-mL polypropylene tubes (ISOLAB
SantrifugeTube, Eschau, Germany).2° Venous blood sam-
ples were taken from the antecubital vein using the con-
ventional venipuncture technique. The acquired blood
was allowed to coagulate at room temperature for 2 hours
in order to prevent clotting. Saliva and blood samples were
then centrifuged at 1000 x g for 20 minutes and trans-
ferred into tubes. All samples were maintained at —80-C
until they were analyzed biochemically.

Clinical Diagnosis and Periodontal Examination

One calibrated examiner (YOK) completed all periodontal
measures. Using a periodontal probe (Williams, Hu-Friedy,
Chicago, IL), 6 sites (mesio-buccal, buccal, disto-buccal,
mesio-lingual, lingual, and disto-lingual) of each tooth—
aside from third molars—were measured for plaque index
(PI), bleeding on probing (BOP), probing depth (PD), and
interdental clinical attachment level (iCAL). The clinical
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and radiographic evaluations were used to diagnose the
patients, and the consensus reports from the “2017
World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions” were used to cat-
egorize the patients (Table 1).2"22

Biochemical Analyses of Glutathione, Malondialdehyde,
Myeloperoxidase, Superoxide Dismutase, and Catalase

Determination of Myeloperoxidase

The basis for this measurement is the kinetic analysis of
the absorbance of the complex with a yellowish-orange
color that is produced when o-dianisidine is oxidized with
MPO in the presence of hydrogen peroxide at a wave-
length of 460 nm.2®

Determination of Lipid Peroxidation (Malondialdehyde)
The method relies on measuring the absorbance of the
pink complex created by thiobarbituric acid and MDA
using spectrophotometry at a wavelength of 532 nm fol-
lowing a 60-minute incubation time at 95°C.2* About 200
pmol/L of 1,1,3,3-tetraethoxypropane was used to create
a stock standard solution. Standard solutions were pro-
duced by serial dilution from the stock standard at various
concentrations (200 pM-0.78 puM).

Determination of Superoxide Dismutase

Superoxide dismutase enzyme activity measurement was
evaluated according to Sun et al.2® This method works
on the premise that when nitro blue tetrazolium (NBT) is
present in the sample, the SOP enzyme's free radicals are
inhibited during the reduction of the free oxygen radicals
created by the enzymatic process. Spectrophotometric
analysis measures the color shift that results from the
reaction at 560 nm.

Determination of Total Glutathione
Measurement of total GSH was done using the Sedlak
and Lindsay method.?® Incubation was carried out for 30

Table 1. Guidelines for Diagnosing Periodontal Disease
Periodontally <10% BOP, <3 mm PD

Healthy
Gingivitis >10% BOP, <3 mm PD
Stage | 1-2 mm greatest iCAL,

Bone loss in the coronal third of the root

3-4 mm greatest iCAL,
Bone loss in the coronal third of the root

<5 mmiCAL
Bone loss extending to mid-third and beyond
Having 4 or less tooth loss due to periodontitis

<5 mmiCAL

Bone loss extending to mid-third and beyond
Having 5 or more tooth loss due to
periodontitis

periodontitis

Stage Il
periodontitis

Stage Ill
periodontitis

Stage IV
periodontitis

minutes at 37°C, and absorbance at 412 nm was recorded.
The standard was 2-0.0312 mM reduced glutathione. By
using the findings of standard measurements and their
matching values in the graph from absorbances, the total
amount of GSH was calculated.

Determination of Catalase Activity

Using the Campo et al.?” approach, the catalytic activity in
the serum samples was ascertained. In summary, 100 pL
of substrate (65 mmol/L hydrogen peroxide in 60 mmol/L
phosphate buffer solution, pH=7.4) was incubated with
20 pL of supernatant for 1 minute at 37°C. Next, 100 pL
of ammonium molybdate (32.4 mmol/L) was added to
halt the enzymatic process. Using a spectrophotometer,
measurements were made at 405 nm to determine the
reaction. Pure CAT enzyme was used to create standards,
ranging from 940 U/mL to 14.7 U/mL. The CAT activity in
the samples was determined using the equation of this
curve, which was represented by a standard graph.

Statistical Analyses

A statistical analysis application, International Business
Machines Statistical Package for the Social Sciences
(IBM SPSS) 20 (IBM SPSS Corp.; Armonk, NY, USA, was
used. The mean, SD, and the number of the data were
displayed. The Kruskal-Wallis test was employed when
the normal distribution condition was not met, and
the Analysis of Variance (ANOVA) test was used when
comparing continuous variables with more than 2 inde-
pendent groups. If there was a normal distribution, 2
quantitative variables were compared using the Pearson
correlation; if not, the Spearman correlation test was
performed. Covariance analysis was used to assess the
biomarker levels and periodontal features after age cor-
rection. A P-value of less than .05 indicated that a differ-
ence was significant.

RESULTS

Demographic and Clinical Periodontal Parameters

There was no difference in the individuals' genders; how-
ever, the mean age of the stage |-l (42 + 10 years) and
stage IlI-IV (42 + 11 years) periodontitis groups was sig-
nificantly higher than the periodontally healthy (32 *
7 years) and gingivitis (31 £ 10 years) groups (P < .05).
Plague index, BOP, PD, and iCAL levels increased gradually
in line with the severity of the disease. The only signifi-
cant difference between the gingivitis and periodontally
healthy group was observed in the BOP score (P < .05).
Bleeding on probing and iCAL were significantly higher in
stage lll-1V periodontitis group than in stage I-1l periodon-
titis group (P < .05 for BOP, P < .05 for iCAL). Patients
with stage I-Il periodontitis had significantly higher PD
than healthy and gingivitis (P < 0.001) and also higher PI
and BOP scores than patients with gingivitis (P=.001).
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Table 2. Age, Gender, and Clinical Periodontal Parameters

Periodontally Healthy Gingivitis Stage I-1l Periodontitis Stage llI-1V Periodontitis
Gender (m/f) 13M/7F 12M/10F 12M/10F 12M/10F
Age (years) 32+7 31+10 42 +10° 42 £11°
Pl 1.3+£0.2 14+0.2 1.8+0.3" 2+05
BOP (%) 55 18" 59.6” 65.8"#*
PD (mm) 14+03 1.8+0.4 26+05 3+09
iCAL (mm) 1.5+£02 1.8+05 3.8+1.0° 7.9 1.7

Mean + SD. BOP, bleeding on probing; CAL, clinical attachment level; PD, probing depth; P, plague index. ‘Significantly more than groups with
gingivitis and periodontal healthy individuals.”Significantly more than groups with periodontal healthy individuals. #Significantly more than

gingivitis groups. ##Significantly more than stage |-l periodontitis groups.

Interdental clinical attachment level was substantially
higher in the stage llI-1V periodontitis group compared to
the stage I-1l periodontitis group (P < .05) (Table 2).

Biochemical Parameters

Stage |-l periodontitis had the highest salivary-MPO lev-
els, which were slightly more than gingivitis and stage
-1V patients; however, MPO expressions in serum were
similar in each group. Overall, a significant difference
was observed in salivary and serum MPO concentra-
tions among groups (Figure 1A). Serum-MDA levels were
highest in those in periodontal health, and although they
tended to decline with the severity of periodontal disease,
this difference was not statistically significant. Gingivitis
patients had higher salivary-MDA levels than the other
groups, but a significant difference was observed among
groups (Figure 1B).

The levels of serum and salivary GSH and SOD in patients
with varying degrees of periodontal disease were compa-
rable; these levels were not significantly different from
periodontally healthy subjects. Glutathione concentra-
tion was higher in serum than in saliva; however, saliva
samples had higher SOD concentration than serum sam-
ples (Figure 2A-B). Serum-CAT levels reached the highest
expressions in stage |-l periodontitis, which were higher
than these in gingivitis and stage llI-1V groups, but the dif-
ferences were not significant. There was no difference in
salivary-CAT levels among the groups, and its concentra-
tion decreased gradually in line with periodontal disease
severity (Figure 2C).

Correlations Between Periodontal and Biochemical
Parameters

Serum SOD level was negatively correlated with age, P,
and Gl (P < .008, P < .003, and P < .013, respectively).
Salivary MPO, salivary catalase, and serum catalase lev-
els were found to positively correlate with PD (P <.012, P
<.028, and P < .014, respectively). Serum SOD level and
BOP were found to be negatively correlated, while salivary
GSH and MPO levels were found to be positively corre-
lated (P <.013, P <.013,and P <.027, respectively).

DISCUSSION

In this study, we investigated the levels of MPO, MDA,
GSH, CAT, and SOD in the saliva and serum of patients
with various degrees of periodontal disease severity.
Oxidant and antioxidant levels in periodontal disease have
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Figure 1. (A) Salivary and serum MPO concentrations did not
differ significantly across the groups overall; P > .05. (B)
Serum-MDA levels were highest in those in periodontal health,
and although they tended to decline with the severity of
periodontal disease, the difference was not statistically
significant P > .05.
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Figure 2. (A) Glutathione concentration was higher in serum
than in saliva, P > .05. (B) Saliva samples had higher superoxide
dismutase concentration than serum samples P > .05. (C)
There was no difference in salivary catalase levels among the
groups, P> .05.

been evaluated before, but in most studies, salivaand GCF
were used for analyses, and systemic impacts of these
markers were underestimated. Additionally, periodontal
diseases were not classified according to their severities.
In our study, we had healthy, gingivitis, and stage I-Il and
stage IllI-IV periodontitis groups; therefore, in addition to
analyzing the impact of oxidative stress on periodontal
disease, we also evaluated the effect of periodontal dis-
ease on oxidative stress. Generally, antioxidants are taken
in through nutrients, and therefore their systemic impacts

are crucial in preventing chronic inflammation. We ana-
lyzed the systemic impacts of antioxidants on periodontal
disease severity by including serum samples and compar-
ing their local and systemic effects in disease progression.

In our study, stage |-l periodontitis patients had higher
yet insignificant salivary MPO levels compared to those
in periodontally healthy, gingivitis, and stage IlI-IV peri-
odontitis groups, but MPO concentrations in serum were
similar in each group. In a similar manner, previous studies
found that salivary MPO concentrations in chronic peri-
odontitis patients were higher than those in periodontally
healthy patients, but serum MPO levels were similar to
each other.?82° The oral microenvironment could influ-
ence the induction of MPO activity. Also, a local increase
in MPO levels against periodontal pathogens may be
more effective than their systemic impact. Furthermore,
our investigation showed that MPO levels in saliva tend
to decline as the disease advances to stage Ill-IV peri-
odontitis. Myeloperoxidase is released with neutrophils
upon stimulation with pathogens and is strongly related
to promoting inflammation.® Since neutrophils take part
in the early response against inflammation in the patho-
genesis of periodontal disease, it is excepted that MPO
levels increase in line with the severity of the disease. In
advanced lesions where lymphocytes dominate, the cell
profile neutrophil response may decrease, and this could
explain the tendency to decrease MPO levels in saliva
seen in this study.®°

Although MDA levels in serum were the same, an increase
in saliva-MDA concentration was observed in chronic
periodontitis patients,® on the other hand, increased sali-
vary and serum MDA concentrations were seen in other
studies.’'® In our study, there was no significant differ-
ence in salivary and serum MDA levels among groups.
However, there was a positive correlation between peri-
odontal pocket depth and serum-MDA concentration,
but this was not the case for salivary MDA levels. Our
results confirm previous studies showing a positive cor-
relation between bleeding on probing and serum MDA
levels.®" This shows us that despite other studies,®®? lipid
oxidation end products are systematically regulating the
progressive tissue destruction in periodontitis.

There are few studies evaluating antioxidant levels in
periodontal disease with different severities. It was dis-
covered that the degree of the disease correlates with
an increase in superoxide scavenging activity.®®* However,
other research indicates that periodontal disease is asso-
ciated with lower SOD levels.?435 Also, in a previous study,
SOD activationin gingiva was found to be higher in chronic
periodontitis patients, while no difference was observed
in SOD levels in GCF samples.®® Our results revealed that
SOD levels in periodontal disease with different severities
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did not show any difference in both saliva and serum
samples. Superoxide dismutase activity mainly occurs
in cells and tissues; therefore, it may be undetectable in
body fluid;*" there is a possibility that changes in SOD lev-
els could not be reflected in our study. Additionally, SOD
activity might be suppressed by the excess superoxide
radical anion productions in inflammation.3®

SOD activity influences the GSH concentration through
peroxidase production;®® in our study, GSH levels among
groups did not show significant difference, which may be
due to the unaltered SOD activity. In accordance with SOD
activity, GSH concentrations in chronic periodontitis were
elevated compared with those in periodontally healthy
individuals.®® In contrast, higher SOD and GSH expressions
in periodontally healthy individuals than in patients with
periodontal disease have been shown before.*® However,
similar to our results, it was shown that periodontitis does
not influence GSH levels in animal models,*' and total GSH
levels were not affected in chronic periodontitis patients.*?
Similar to other antioxidants, conflicting results are seenin
CAT levels; there are studies showing higher CAT activity
in periodontitis, but there are also other studies showing
vice versa.*® In our study, stage |-l periodontitis patients
have the highest serum-CAT expressions insignificantly
more than stage IlI-IV periodontitis groups. Superoxide
anion expressed in inflammation suppresses the activity
of CAT enzyme,** which could be the reason of unaltered
change seen in our study and other studies.*?

In our study, significant differences in oxidative stress
and antioxidant levels were not observed among groups;
serum and saliva may not be the ideal medium to analyze
these markers as their expressions are higher in GCF than
in serum and saliva.®* Also, periodontal inflammation may
suppress the activity of the antioxidant mechanism rather
than being under the influence of it.** In conclusion, our
results revealed that GSH, SOD, MDA, CAT, and MPO levels
are not affected by the progression of disease; therefore,
they are not appropriate prognostic salivary biomarkers for
determining the severity of periodontal disease...
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