A comparative evaluation of antioxidant enzymes and selenium in the serum
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Abstract

Context: Chronic periodontitis is an inflammatory disease with an aberrant response characterized by exaggerated inflammation,
involving the release of excess proteolytic enzymes and reactive oxygen species (ROS). Diabetes mellitus is a group of complex
multisystem metabolic disorders characterized by a relative or absolute insufficiency of insulin secretion and or concomitant
resistance to the metabolic action of insulin on target tissues. Increased production of ROS necessitates elevated requirements for
the nutrients involved in antioxidant defenses: Selenium, zinc, and copper. Inflammatory states promote a decrease in the amount
of systemic glutathione levels. Catalase is a central antioxidant enzyme constituting the primary defense against oxidative stress.
Aims: This study has been designed to evaluate the comparison of glutathione, catalase, and selenium levels in the serum of
diabetes mellitus type 2 patients and healthy individuals with and without periodontal disease. Settings and Design: This study
is a case control study. Materials and Methods: The study was designed as a case - control study comprising of 150 subjects,
inclusive of both sexes and were divided into three groups of 50 patients each. Group |: 50 subjects with type 2 diabetes mellitus
and chronic periodontitis. Group Il: 50 subjects who are systemically healthy with the chronic periodontitis. Group Ill: 50 subjects who
are systemically healthy and not suffering from Periodontitis: Serum samples were taken for estimation of glutathione, catalase,
and selenium from all groups, and Subjected to biochemical analysis after which atomic absorption spectrophotometry method was
used to obtain their levels in serum. Statistical Analysis Used: ANOVA and Tukey HSD. Results: The serum levels of glutathione
in diabetic patients with periodontitis were significantly lower with a mean of 61.36 + 8.054 when compared to healthy individuals
with and without periodontitis with a mean of 56.93 + 6.874 and 90.36 + 6.564 respectively (P < 0.005). The serum levels of catalase
were significantly lower in diabetic patients with periodontitis with a mean of 19.30 + 7.355 when compared to healthy individuals
with and without periodontitis with a mean of 20.71 + 6.472 and 36.09 + 5.108 respectively (P<0.005). The serum levels of selenium
were significantly lower in diabetic patients with periodontitis with a mean of 81.41 + 55.419 when compared to healthy individuals
with and without periodontitis with a mean of 161.44 + 84.787 and 193.84 + 66.713 respectively (P < 0.005). Conclusions: The
findings from the study suggest that the levels of glutathione, catalase, and selenium are significantly lower in diabetic patients with
periodontitis and also in healthy individuals with periodontitis, but are highest in healthy controls, showing that the serum levels are
inversely proportional to inflammation and tissue destruction.
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Introduction of periodontal attachment to the root surface and adjacent
alveolar bone and which ultimately results in tooth loss.

Periodontitis is a term used to describe an inflammatory

process, initiated by the plaque biofilm, that leads to loss ~ The inflammatory and immune responses to the bacteria and
also viruses that colonize the periodontal and associated
tissues involve the systemic circulation and ultimately the
peripheral systems of the body, which creates a complex
bi-directional series of host-microbial interactions involving
cellular and humoral factors.!"!
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More specifically, a loss of homeostatic balance between
reactive oxygen species (ROS) and the antioxidant defense
systems that protect and repair vital tissue, cell, and
molecular components are believed to be responsible.?
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Diabetes mellitus is a group of complex multisystem
metabolic disorders characterized by a relative or absolute
DOl: insufficiency of insulin secretion and or concomitant
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resistance to the metabolic action of insulin on target tissues.
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The more prevalent form of diabetes is type 2 in which
oxidative stress reduces insulin secretion and increases
insulin resistance.

Periodontitis has been recognized as the 6™ major
complication of diabetes.? There is also a clearly defined
and substantial role for ROS in periodontitis.! Antioxidants
are substances that delay or prevent the oxidation of
cellular oxidizable substrates. The various antioxidants
exert their effect by scavenging ROS (hydrogen peroxide,
superoxide, etc.).

Catalase protects cells from hydrogen peroxide generated
within them.P Glutathione is essential to the glutathione
peroxidase anti-oxidant enzyme system, which also removes
hydrogen peroxide. Selenium, an essential trace element, is
involved in the complex system of defense against oxidative
stress through selenium-dependent glutathione peroxidases
and other selenoproteins.

Objective

Hence, this study has been designed to evaluate the
comparison of glutathione; catalase and selenium levels in
the serum of diabetes mellitus type 2 patients and healthy
individuals with and without periodontal disease.

Materials and Methods

A total of 150 patients reporting to the Department of
Periodontics, A. B. Shetty Memorial Institute of Dental
Sciences and Department of Medicine, KSHEMA who have
given their informed consent to participate in the study
were selected.

Table 1: Mean and standard deviation of glutathione serum
levels between diabetics with periodontitis (Group 1) and
healthy individuals with and without periodontitis (Group 2
and Group 3 respectively)

N Mean Standard deviation Minimum Maximum

Group1 50 61.36 8.054 50 78
Group2 50 56.93 6.874 41 68
Group3 50 90.36 6.564 80 100
Total 150 69.55 16.517 41 100

F=191.152, P<0.0005, glutathione in ug/ml, After the standard deviation
and mean were calculated, the Tukey HSD multiple comparison test was
applied

Table 2: Tukey HSD multiple comparison test

Method of collection of data

*  Group I: 50 subjects with type 2 diabetes mellitus and
periodontal disease

*  Group II: 50 subjects who are systemically healthy with
periodontal disease

*  Group III: 50 subjects who are systemically healthy and
without periodontal disease.

Inclusion criteria

e Patients categorized as type 2 diabetes mellitus who are
under treatment for at least 6 months and are on oral
hypoglycemic drugs, in the age group of 30-60 years

* Patients with clinical attachment loss >4 mm in more
than 30% of the site for Group I and Il

*  Subjects who have a gingival index score of <2 in Group Il

e Subjects with minimum complement of 20 teeth

* All measurements and samples are taken before starting
any periodontal therapy.

Exclusion criteria

* History of any antibiotic/anti-inflammatory therapy for
3 months prior to study

e History of any systemic diseases for Group Il and Il

* History of any systemic disease other than diabetes
mellitus type 2 for the Group I

* Pregnancy/lactation

e Subjects with a history of smoking and any form of
tobacco consumption

* Subjects with a history of use of mouth wash within
3 months prior to study

*  Subjects with a history of vitamins/minerals or antioxidant
supplements intake during the last 3 months

*  Subjects who had undergone any periodontal treatment
for at least 3 months prior to study.

Results

A total of 150 subjects were selected for the study. The aim of
this study was to estimate the levels of glutathione, catalase, and
selenium in the serum of diabetic patients with periodontitis
and healthy individuals with and without chronic periodontitis.
The study group comprised of 50 diabetic patients with chronic
periodontitis, 50 healthy subjects with chronic periodontitis
and 50 healthy subjects without chronic periodontitis.

Quantitative evaluation of glutathione, catalase, and selenium
levels in serum was carried out using analysis of variance test.

Group (1) Group (J) Mean difference (I-J) P 95% confidence interval
Lower bound Upper bound
Group 1 Group 2 4431 0.050 0.00 8.86
Group 3 -28.997 <0.0005 -33.43 -24.57
Group 2 Group 3 -33.428 <0.0005 -37.86 -29.00
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Comparison was performed using the Tukey HSD test. Results
were tabulated, mean values, and standard deviations were
calculated [Table 1, 2, 3, 4, 5 and 6].

The mean values of glutathione, catalase and selenium levels
in these three conditions were correlated and the results
were statistically analyzed.

Discussion

Inflammatory and immune reactions to microbial plaque are
the predominant features of gingivitis and periodontitis. The
inflammatory reaction is visible both microscopically and
clinically in the affected periodontium and represents the
host’s response to the plaque microbiota and its products.

These immune reactions will result in further release of
cytokines and proinflammatory mediators, which will be
more harmful to the host.

Chronic inflammatory conditions are generally associated with
increased oxidative stress during the phagocytosis and killing.

ROS are produced during normal cellular function.

Superoxide, hydrogen peroxide, and hydroxyl radicals are
involved in a large number of degenerative changes, often
associated with an increase in peroxidative processes and
linked to low antioxidant concentration.?!

Enzymes that detoxify ROS include glutathione peroxidase,
and catalase (the two enzymes that detoxify hydrogen
peroxide). Selenium is a co-factor for enzyme glutathione
peroxidase.

Table 3: Mean and standard deviation of catalase serum
levels between diabetics with periodontitis (Group 1)
and healthy individuals with and without periodontitis
(Group 2 and Group 3 respectively)

N Mean Standard deviation Minimum Maximum

Group1 50 19.30 7.355 10 33
Group2 50 20.71 6.472 1" 35
Group3 50 36.09 5.108 32 50
Total 150 25.37 9.910 10 50

F=63.909, P<0.0005, catalase in U/mg Hb, After the standard deviation
and mean were calculated, the Tukey HSD multiple comparison test was
applied

Table 4: Tukey HSD multiple comparison test

Catalase protects cells from hydrogen peroxide generated
within them.

Glutathione peroxidase shares the substrate, H,0,, with
catalase.P!

Micronutrient deficiency leads to dysregulation of the
balanced host response. Selenium is essential for optimum

1l

Graph 1: Comparison of glutathione serum levels between
diabetics with periodontitis (Group 1) and healthy individuals with
and without periodontitis (Group 2 and Group 3 respectively)

1

Graph 2: Comparison of Catalase serum levels between
diabetics with periodontitis (Group 1) and healthy individuals with
and without periodontitis (Group 2 and Group 3 respectively)

Glutathione (ug/ml)

Catalase (U/mg Hb)

Group (l) Group (J) Mean difference (I-J) P 95% confidence interval
Lower bound Upper bound
Group 1 Group 2 -1.406 0.671 -5.33 2.52
Group 3 -16.783 <0.0005 -20.71 -12.86
Group 2 Group 3 -15.377 <0.0005 -19.30 -11.45
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immune response and influences the innate and acquired
immune systems. It plays a key role in the redox regulation
and antioxidant function through glutathione peroxidases.

Hence, level of glutathione, catalase, and selenium is expected
to be inversely related to periodontal disease severity.

Gutteridge and Halliwell reported that the extent of tissue
damage could be assessed by measuring the concentrations
of lipid peroxidation products and antioxidants. Guttaridge
et al. reported that the products of lipid peroxidation diffuse
from the site of inflammation, and can therefore be measured
in the plasma.t

In this study, an attempt was made to evaluate the levels
of glutathione, catalase, and selenium in the serum of
healthy patients with and without periodontal disease using
atomic absorption spectrophotometry. The results of this
study demonstrated lower levels of glutathione, catalase,
and selenium in serum of patients with periodontitis as
Compared to control group [Graphs 1, 2 and 3].The results
of the levels of glutathione and catalase were found to
be significant, which are consistent with the outcomes of
other studies.!"*7

However, a study performed by Voltarelli et al. reported that
in the plasma, erythrocytes, erythrocyte membranes and
gingival tissues of the periodontitis sufferers, enzymatic
antioxidant activities were found to be significantly higher,
whereas the levels of non-enzymatic antioxidants were
significantly lower (except for reduced glutathione in the
gingival tissues) relative to the parameters found for healthy
subjects. The disturbance in the endogenous antioxidant
defense system due to over-production of lipid peroxidation

Table 5: Mean and standard deviation of selenium serum
levels between diabetics with periodontitis (Group 1)
and healthy individuals with and without periodontitis
(Group 2 and Group 3 respectively)

N Mean Standard deviation Minimum Maximum

Group1 50 81.41 55.419 7 166
Group2 50 161.44 84.787 3 270
Group3 50 193.84 66.713 107 279
Total 150 145.56 83.972 3 279

F=20.49, P<0.0005, selenium mg/L. After the standard deviation and mean
were calculated, the Tukey HSD multiple comparison test was applied

Table 6: Tukey HSD multiple comparison test

products at inflammatory sites and can be related to a higher
level of oxidative stress in patients with periodontitis.®!

Additional factors contributing to this multifaceted local
disease process in the oral cavity include a number of
systemic diseases, especially diabetes that can exaggerate
the host response to the local microbial factors, resulting in
unusual destructive periodontal breakdown.

Hyperactive innate immune response may be the antecedent
of both diseases, which probably have a synergistic effect
when they co-exist in the host.

Advanced glycation end products, are dependent on oxidative
mechanisms and are highly prevalent in type 2 diabetes,
which is a major risk factor for periodontitis.

In the present study, the serum levels of glutathione and
catalase were found to be significant when compared to the
healthy controls and whereas, the serum level of selenium was
found to be significant when compared to healthy individuals
with and without periodontitis.

However, the study conducted by Asayama et al. reported
no change in the catalase levels when the effect of vitamin E
deficiency, selenium deficiency, and combined deficiency
on islet function and free radical scavenging systems were
investigated. This was probably because the specimens were

Selenium (mg/L)

Graph 3: Comparison of selenium serum levels between
diabetics with periodontitis (Group 1) and healthy individuals with
and without periodontitis (Group 2 and Group 3 respectively)

Group (l) Group (J) Mean difference (I-J) P 95% confidence interval
Lower bound Upper bound
Group 1 Group 2 -80.033 <0.0005 -123.15 -36.92
Group 3 -112.430 <0.0005 -155.54 -69.32
Group 2 Group 3 32.397 0.178 -75.51 10.72
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selenium deficient so showed significantly lower levels of
glutathione.”!

Conclusion

Serum levels of glutathione, catalase, and selenium is
decreased: In diabetic patients and healthy individuals with
periodontitis compared to healthy controls.

Serum levels of catalase and selenium is decreased: In diabetic
patients with periodontitis compared to healthy controls.

Serum levels of glutathione is decreased: In healthy
individuals with periodontal disease compared to diabetic
patients with periodontitis.

As periodontitis is a multifactorial disease, there are various
mechanisms leading to breakdown of periodontal tissues, like as
oxidative stress that is created, which can further be enhanced
in the presence of a systemic disease like diabetes mellitus.

To conclude, the reduction in the serum levels of glutathione,
catalase, and selenium in diabetes patients and healthy
patients with periodontitis has led to an imbalance leading
to increased ROS and hence periodontal breakdown.

Hence, focus has now shifted to the development of
antioxidant based approaches to periodontal therapy.

Further, studies need to be carried out on the efficacy of
antioxidant therapies that target the free radicals that lead
to periodontal tissue breakdown.
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