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ABSTRACT

INTRODUCTION Smokeless tobacco (SLT) jeopardizes periodontal health and also
produces an imbalance between reactive oxygen species (ROS) and antioxidants
(AO) such as glutathione. Glutathione is an important redox regulator in saliva
and its maintenance is essential for periodontal health. Periodontitis patients have
a reduced total AO capacity in whole saliva, and periodontal therapy restores the
redox balance. Hence, the purpose of this study was to investigate the effects
of smokeless tobacco use on saliva glutathione levels in patients with chronic
periodontitis and to evaluate these effects after non-surgical periodontal therapy.
METHODS The study included 100 subjects in four groups; healthy, gingivitis, and
chronic periodontitis (CP) patients with and without SLT use. Saliva samples
were collected, and clinical periodontal parameters were recorded at baseline
and at one month after non-surgical periodontal therapy. Glutathione levels were
analyzed using spectrophotometry at 412 nm. Statistical analysis was carried out
using paired t-test, chi-squared, and analysis of variance (ANOVA).

RESULTS Mean glutathione values in saliva were found to be lower in periodontitis
patients compared to SLT users at baseline and at 1 month post non-surgical
periodontal therapy (p<0.001) In addition, non-surgical therapy leads to a highly
significant improvement in the glutathione levels in gingivitis, in the CP with and
without ST groups (p<0.001).

coNCLUSIONS Successful non-surgical periodontal therapy leads to considerable
progress in the redox balance, thus regulating glutathione levels and reducing
the effects of SLT on the periodontium. This emphasises the importance of non-
surgical therapy, especially among SLT users.
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INTRODUCTION
In normal physiology, equilibrium is maintained
between reactive oxygen species (ROS) activity and
antioxidant (AQ) shielding capacity. When there is
an imbalance, caused either by an augmented ROS
production or diminution in AO shielding activity,
oxidative stress results. One of the causes of the
generation of oxidative stress is tobacco consumption,
which generates free radicals’.

Free radicals participate in the commencement
and evolution of several diseases, including non-

insulin dependent diabetes mellitus, cardiovascular
disease, metabolic syndrome, acute respiratory
distress syndrome, and periodontal disease.
Lately, they are thought to be a link between
systemic diseases and periodontitis®>. Increased
reactive oxygen species production is exhibited
in aggressive and chronic forms of periodontitis
due to functionally activated polymorphonuclear
leucocytes®.

These oxidative products have been detected
in various body fluids such as blood, saliva and
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gingival crevicular fluid (GCF). Saliva contains
diverse antioxidants that provide almost 70% of
the total radical-trapping antioxidant capacity.
Saliva contains non-enzymatic antioxidants such
as uric acid, albumin, glutathione, vitamins A and
C, and enzymatics such as superoxide dismutase,
glutathione peroxidase, catalase, glutathione, which
neutralize free radicals*®. Glutathione (GSH) is a
low molecular weight thiol (up to 5-10 mM) present
in the cell, involved as a coenzyme in oxidation-
reduction reactions in cells. Also, it is a ubiquitous
tripeptide made from the combination of three amino
acids: cysteine, glutamate, and glycine®.

Mechanical debridement has been the corner-
stone for professional plaque control and prevention
of periodontal disease for centuries. Successful
periodontal treatment has been shown to reduce
glutathione levels in saliva’.

There are few studies evaluating periodontal
disease with and without smokeless tobacco and
modifications after non-surgical periodontal therapy.
Thus, the present study assessed the association
between periodontitis, smokeless tobacco and
salivary glutathione levels at baseline and at one
month after non-surgical periodontal therapy. This
study hypothesized that glutathione levels might
change after thorough scaling and root planing,
which is a procedure that not only preserves
periodontal tissues but helps to limit the oral source
of inflammation.

METHODS

Study population

Subjects, males and females, aged 25-65 years, were
randomly selected from the outpatient section of the
Department of Periodontics, P.M.N.M. Dental College,
Bagalkot, Karnataka, India. The study was approved
by the Institutional Ethical Committee.

The power of this study was 80%, at 95%
confidence interval and error margin of 5%, resulting
in a required sample size of 100 participants. A
written signed informed consent was obtained from
the participants who were divided into four groups
of 25 members each. Group I was: healthy subjects
who had no systemic diseases and showed absence
of clinical and radiographic signs of periodontitis,
with at least 20 teeth present. Group II was:
gingivitis subjects with plaque present at gingival

margin, change in colour, contour, and bleeding on
probing (BOP) provocation. Group III was: chronic
periodontitis subjects with BOP, CAL 23 mm at
>30% sites in the mouth, with at least 20 teeth
present. Group IV was: chronic periodontitis subjects
who were using smokeless tobacco or who reported
snuff or chewing tobacco use at least 20 times and
who reported using snuff or chewing tobacco at the
time of interview®’. Patients of Groups II, III and
IV were re-assessed at 1 month after non-surgical
periodontal therapy’.

The subjects with a history of cigarette smoking,
usage of vitamin supplements, history of any
antibiotic/anti-inflammatory medication and
corticosteroid therapy for 6 months prior to study,
any known systemic disease or conditions, pregnant,
menopause or lactating women, regular usage of
mouthwash, or antioxidants supplement intake during
the last 3 months, and periodontal therapy 6 months
prior to study, were excluded from the study'.

Patient clinical history was recorded in a short-
structured manner for each subject including:
demographic data such as age, sex, occupation, and
details of smokeless tobacco consumption (duration,
type, and frequency), cigarette smoking, medical
history, drug history, and dietary supplements such
as vitamins, alcohol etc!'!.

Determination of clinical parameters

Full-mouth periodontal examination was performed
by a single examiner after the grouping of the subjects.
Periodontal parameters such as gingival index (GI)
(Loe and Silness'?), plaque index (PI) (Loe and
Silness'?), bleeding on probing (BOP) (Muhlemann
and Son'*), pocket probing depth (PPD)", and clinical
attachment level (CAL), were assessed by a single
examiner using a Williams periodontal probe.

Periodontal treatment

With motivation and instruction in daily plaque
control, non-surgical periodontal therapy was
performed on patients with gingivitis, and chronic
periodontitis with and without smokeless tobacco.
Phase I therapy included pre-procedural oral rinse,
full-mouth scaling and root planing, along with
maintenance and monitoring of oral hygiene. Clinical
data and samples were obtained at baseline and at 1
month after non-surgical periodontal therapy’.
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Saliva sample collection and analysis

About 5 mL of unstimulated saliva was collected from
each subject into Eppendorf tubes on the same day.
To minimize circadian influences, sample collection
was done between 09:00 a.m to 11:00 a.m at least
1 hour after eating or washing of mouth. During
collection, subjects were comfortably seated and
were instructed to rinse their mouth thoroughly
with water. With head tilted slightly down, saliva
was allowed to pool in the floor of the mouth for 5
minutes by leaning forward. Subjects were then told
to spit into an Eppendorf tube every 60 seconds for
10 minutes or when the subject experienced an urge
to swallow the fluid accumulated in the floor of the
mouth'"'. Samples were centrifuged immediately to
remove cell debris (10000g x 10 min, at 4°C). The
clear supernatants (50 pL each) were gently pipetted
out into another Eppendorf tube and stored at -40°C
until analyzed. GSH was estimated by the method of
Sedlak and Lindsay'’. Briefly, 5% saliva was prepared
in 20 mM EDTA, pH4.7 and 100 pL of the saliva
or pure GSH was added to 0.2 M Tris-EDTA buffer
(1.0 mL, pH8.2) and 20 mM EDTA, pH4.7 (0.9 mL)
followed by 20 pL of Ellman’s reagent (10 mmol/L
DTNB in methanol). After 30 min of incubation at
room temperature, absorbance was read at 412 nm by
spectrophotometer. Samples were centrifuged before
the absorbance of the supernatants was measured”'".

Statistical analysis
Descriptive and bivariate statistics were carried out.
The chi-squared test was used to know the gender

distribution; the paired t-test was used to find the
significance of study parameters on a continuous scale
between two groups (inter- and intra-group analysis)
on metric parameters. ANOVA was used to find the
significance of study parameters between the groups
(inter-group analysis) at baseline, and non-parametric
Kruskal-Wallis test was used, as part of the data did
not follow a normal distribution between the groups
(inter-group analysis) at baseline and one month
after non-surgical periodontal therapy. Data were
expressed as mean and standard deviation (SD). The
data collected were analysed using computer software
IBM SPSS statistics 20.0.

RESULTS
A total of 100 subjects were recruited, aged 25-65
years, among which 17 females and 8 males belonged
to the healthy group with a mean age of 30.12+7.59
years, 15 females and 10 males were in the gingivitis
group with a mean age of 33.48+8.91 years, 12 females
and 13 males in the chronic periodontitis group with
mean age of 43.12+11.61 years, and 9 females and
16 males were in the dual chronic periodontitis and
current smokeless tobacco use with a mean age of
45.04+11.24 years. Glutathione levels were found to
differ by age but not by gender (data not shown).
The comparison of the clinical parameters and
glutathione levels between baseline and follow-up
in the different groups’ mean clinical parameters
are presented in Table 1. Clinical parameters,
i.e. gingival index, plaque index, bleeding index,
pocket probing depth, clinical attachment loss, and

Table 1. Comparison of the clinical parameters and glutathione levels between baseline and at one month after
non surgical periodontal therapy in the different groups (N-25)

Gingival index A 2.208
B 1.992
Plaque index A 2.400
B 2.204
Bleeding index A 2.584
B 2.332
Probing pocket depth A 6.82
B 4.88
Clinical attachment loss A 7.73
B 5.00

0.2326 4.969 <0.001
0.3415

0.2309 7.160 <0.001
0.2458

0.2322 7.365 <0.001
0.2286

0.928 8.277 <0.001
0.796

0.764 12.381 <0.001
0.874

Continued
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Table 1. continued

Glutathione A 3.2344
B 5.0112
Gingival index A 2.368
B 2.080
Plague index A 2.468
B 2.236
Bleeding index A 2.764
B 2.432
Probing pocket depth A 7.64
B 6.55
Clinical attachment loss A 8.16
B 6.62
Glutathione A 2.6532
B 3.1296
Gingival index A 1.136
B 0.948
Plaque index A 1.348
B 1.084
Bleeding index A 1.514
B 1.168
Probing pocket depth A 2.32
B 2.12
Clinical attachment loss A 0
B 0
Glutathione A 3.6512
B 4.6388

1.04358 6.457 <0.001
1.10734

0.4571 8.642 <0.001
0.4397

0.4488 7.498 <0.001
0.4545

0.3902 9.397 <0.001
0.3881

1.121 6.722 <0.001
1.010

1.070 8.971 <0.001
1.006

0.81127 3.720 <0.001
0.79036

0.7325 4.637 <0.001
0.6596

0.6929 4.993 <0.001
0.6196

0.6969 777 <0.001
0.6095

0.476 1.549 0.134
0.332

0 NA NA
0

1.02572 6.507 <0.001
1.12791

a Highly significant, paired t-test p<0.001. SD: standard deviation. A: At baseline. B: At 1 month.

Table 2. Comparison of the clinical parameters and glutathione Ievels at baseline among all the groups (N-100)

Gingival index 0.33+0.23 1.13+0.73
Plaque index 0.37+0.22 1.34+0.69
Bleeding index 0.30+0.26 1.51+0.69
Probing pocket depth 2.0+0.0 2.32+0.47
Clinical attachment loss 0.0+0.0 0.0+0.0

Glutathione 5.95+1.40 3.65+1.02

a Based on ANOVA test. SD: standard deviation. Columns 1-4 give mean+SD.

glutathione values in chronic periodontitis patients
were found to be significantly different at baseline
and at 1 month after non-surgical periodontal
therapy, and also among patients with chronic
periodontitis that use SLT.

A comparison of the clinical parameters and

2.20+0.23 2.36+0.45 106.7 <0.001
2.4+0.23 2.46+0.44 124.67 <0.001
2.58+0.23 2.76+0.39 169.88 <0.001
6.82+0.92 7.64+1.12 371.21 <0.001
7.73+0.76 8.16+1.07 1219.90 <0.001
3.23+1.04 2.65+0.81 43.804 <0.001

glutathione levels at baseline among all the groups
were found to be significantly different (Table 2),
while the comparison of the mean differences of
clinical parameters and glutathione levels among all
the groups between baseline and at the one month
follow-up are presented in Table 3.
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Table 3. Comparison of the mean difference (baseline values minus values at 1 month after non-surgical
periodontal therapy) of clinical parameters and glutathione levels among all the groups (N-100)

Gl 0.18+0.20 0.21+0.21
Pl 0.26+0.26 0.194£0.13
BOP 0.34+0.22 0.25+0.17
PPD (mm) 0.20+0.64 1.94+1.17
CAL (mm) 0.0+0.0 2.7+1.1

Glutathione 0.98+0.75 1.77+1.37

a Based on Kruskal-Wallis test. SD: standard deviation. Columns 1-3 give mean+SD.

DISCUSSION

Smokeless tobacco had an effect on clinical parameters
of oral health. However, non-surgical periodontal
therapy was found to have an impact on this effect.
This was expected as oral smokeless tobacco products
are placed in the mouth, cheek or lip and sucked or
chewed, and so affect oral and periodontal health.
Previous research has indicated that the risk of
periodontal pockets increases as the duration and
tobacco consumption increases'®.

An immune reaction occurs between pathogenic
bacteria and the host body with sub-gingival dental
plaque playing a major role for the inflammation
within the periodontium. Various factors play
critical role in the progression of tissue damage
and periodontal disease like interleukin-2,6,8,
B-interferon and TNF-a, MMP, NF-kf, and AP-1.
In turn macrophages, neutrophils and fibroblasts
accumulate to generate more ROS, and hence more
tissue destruction forming a vicious cycle'**.

Among all markers for periodontal disease,
host-derived enzymes in saliva appear to be best
indicators as found by Kaufman and Lamster®'
and later confirmed by Kinney et al.**. Although
stimulation of saliva flow increases saliva volume, it
leads to disruption of the AO concentration. Hence in
the present study, unstimulated saliva samples were
collected.

Bleeding on probing can be expected from a
patient with inflammation and pocketing, which
leads to contamination of saliva samples. In
periodontal disease, reduced salivary antioxidant
and increased oxidative damage occur, as reported
in the study by Sculley and Langley-Evans'® where

a saliva sample was taken after dental examination.

0.28+0.16 10.136 0.006
0.23+£0.15 1.358 0.507
0.33+0.17 3.530 0.171
1.09+0.81 29.092 <0.001
1.54+0.85 55.168 <0.001
0.47+0.64 18.702 <0.001

One factor that affected the study findings is leakage
of antioxidants from plasma component into saliva.
To avoid this in the current study, all samples were
collected before the dental examination'"'°.

In the present study, glutathione levels showed a
positive correlation with age, as found by Lieshout et
al.?, and was due to detoxification potential, which
decreases with age. No gender difference with
glutathione levels were seen in the present study,
which could be due to no changes in the amount of
oxidised glutathione or the activity of glutathione
reductase, which can alter the balance between the
genetic expression of pro-inflammatory mediators
and anti-oxidant enzymes. In contrast, a study by
Ongoz et al.” showed a positive correlation between
glutathione and gender.

Our study demonstrated that there was a positive
association between periodontal clinical parameters,
i.e. gingival index, plaque index, bleeding index,
probing pocket depth, clinical attachment loss and
glutathione levels in gingivitis, chronic periodontitis
with and without smokeless tobacco groups after
non-surgical periodontal therapy, in accordance with
a study conducted by Tinti et al.**. This could be due
to a decrease in pro-inflammatory cytokine levels
after a periodontal intervention.

This study found reduced amounts of salivary
glutathione in gingivitis subjects compared to the
healthy group, as was also found by Karim et al.*®
where glutathione was shown to effect gingival
fibroblasts. The post-therapy values were found to
be significant in the gingivitis group. This, according
to an earlier study by Chapple et al.?®, could be
explained by a reduction in bacterial load. The
present study identified lower salivary glutathione in
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CP subjects when compared to healthy subjects, and
these levels increased after non-surgical periodontal
therapy, in accordance with Tsai et al.*’. In addition,
Barnes et al.?® reported that increased levels of
glutathione in saliva were associated with increased
oxidative stress in the patients with periodontal
disease. Effect of scaling and root planing on
salivary glutathione levels was significant within
groups, but not between groups, according to Rai et
al.? and Daib et al.*® . Whereas Tsai et al.*” showed
positive correlation between groups. The present
study further demonstrated that an association
between glutathione, periodontitis and smokeless
tobacco, could be attributed to increased oxidative
stress as a primary etiological feature resulting in
release of reactive oxygen species (ROS). Lower
salivary glutathione in the chronic periodontitis
with smokeless tobacco subjects was shown in
the present study when compared to chronic
periodontitis, gingivitis and healthy subjects, and
these levels increased after non-surgical periodontal
therapy, which might be due to synergistic effect of
certain pathogens and smokeless tobacco resulting
in a pro-inflammatory state, lowering glutathione
levels within periodontal cells, and OS depleting
glutathione, resulting in turn in activation of redox-
sensitive transcription factors®**. Qur data indicated
that periodontal therapy could improve local changes
in the gingival redox balance as well as resolution of
periodontal inflammation in CP with ST subjects.

Limitations

The results of this research emphasized the need for
studies with a large sample size; so sample size could
be a possible limitation of the study. Age and sex
matching were not possible, as subjects were recruited
for the study as and when they came to the college
outpatient department for dental examination.

CONCLUSIONS

Smokeless tobacco results in an imbalance
between AO and ROS, thus this study suggests that
periodontitis together with smokeless tobacco lead to
significant changes in AO enzyme activity in saliva.
The present study clarifies the possible relationship
between anti-oxidant enzyme levels, oxidative stress
and tobacco habit, and possible outcomes after
non-surgical periodontal therapy. It emphasises

the possible importance of AO level determination
in unstimulated saliva as a valid and convenient
biomarker for periodontal diseases. SLT use coupled
with a lesion would probably have a synergistic effect
in lowering the body’s antioxidant status paving the
way for enhanced oxidative stress.

A chairside test for measurement of the effect
of smokeless tobacco and salivary glutathione is
reliable, easy, and inexpensive. Hence, glutathione
may be a valuable tool in periodontal disease
diagnosis, prognosis and as a marker of redox status,
and in early planning of treatment modalities.
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