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Abstract
Background: Diagnosing the persistent but not clinically pronounced inflammation in
periodontal tissues often is an important clinical problem. Measurement of Nitrite-anion
concentration in saliva is informative in diagnosing the periodontal pathology at different
stages of its development as well as in differentiation of superficial inflammation of
periodontal tissues in the case of gingivitis and profound destruction of gums and bone in case
of periodontitis.
Aim of our investigations was the examinations of Nitric oxide level in saliva of patients
with periodontal pathology by measuring accumulation of Nitrite anion.
Materials and methods. Were examined 47 patients (20-40 years old), including 28 persons
with generalized inflammatory diseases of the gums: chronic simple (14) and hypertrophic
gingivitis (14) and 19 patients with chronic generalized periodontitis. The level of Nitrite anion
in salive of patiens was meassured. Saliva was obtained in the quantity of 1 ml from each
patient on an empty stomach.
The method of analysis was as follows: 0,2 ml of sodium hydrocarbonate was added to 0,2
ml of saliva and stored in ice for 10 min, than 0,4 ml of distilled water and 1,2 ml of 4% ZnS0 4
were introduced into this solution. The mixture was centrifuged for 20 min and 1,2ml of
translucent supernatant was separated from it and mixed with 1,2ml of Gries reactive. Results
were obtained within 15 min in a spectrophotometry method (λ = 550 nm).
Results. In the patients with simple chronic gingivitis the level of Nitrite anion in saliva
differs significantly from the control samples only in the group with exacerbation of simple
chronic gingivitis (51,9±2,4 pmoI/L). In the patients wit h chronic hypertrophic gingivitis
amounts of Nitrite anion in saliva were 11,6 ±1,6 pmol/L, but in the case of exacerbation they
were increased 4-5 times as much as 56,1 ±2,7 pmol/L. Levels of Nitrite anion increased
considerably in the exacerbation of both forms of gingivitis and amounted to 51,9 ±2,4 pmol/L
and 56,1 ±2,7 pmol/L, respectively. These results indicate that level of NO synthesis in saliva
doesn’t depend on the type of inflammation in the gums (simple or hypertrophic).
All the patients with chronic generalized periodontitis were tested at the active stage of
disease and at the stage of remission. Increased amounts of nitrite anion in saliva of the
patients with chronic generalized periodontitis were reported at the active stage of chronic
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generalized periodontitis (84,9 ± 3,8 pmol/L), which exceeds the healthy control group
more than 10 times.
Remission in the patients with generalized periodontitis was attained after complex
treatment, which included surgical pocket elimination and was characterized with absence of
pockets, inflammation and gums bleeding on probing. Levels of nitrite anion in saliva were
lowered to 8,5 ±0,7 pmol/L, which makes an insignificant difference with healthy persons (4,9
±0,6 pmol/L).
Conclusion. The level of nitric-anion which depicts the level of Nitric oxide in the saliva
probably depicts not only the activity of periodontal inflammatory process, but also the
aggressiveness of alveolar bone destruction.
All human studies were conducted in compliance with the rules of the Helsinki Declaration
of the World Medical Association "Ethical principles of medical research with human
participation as an object of study". Informed consent was obtained from all participants.
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Introduction
Periodontal diseases are characterized by
inflammatory
and
dystrophic-inflammatory
processes in tooth surrounding tissues and the
bone, which can be easily diagnosed in clinical
observation. An important clinical problem,
however, is in diagnosing the persistent but not
clinically pronounced inflammation in periodontal
tissues [1, 2, 3]. Thus, measurement of Nitric oxide
(NO) derivates in saliva can be greatly informative in
diagnosing the periodontal pathology at different
stages of its development as well as in
differentiation of superficial inflammation of
periodontal tissues in the case of gingivitis and
profound destruction of gums and bone in case of
periodontitis.
Nitric oxide (NO) is a free radical involved in the
regulation of many physiological processes.
Inflammation is characterized by the raise of nitric
anion concentration in biological fluids, in particular
by the direct activation of inducible nitric oxide
synthase (iNOS) by cytokines (especially IL-1 and
TNF), biological active amines, bacterial endotoxins,
NO production can be more easily assessed
indirectly by measuring accumulation of its stable
metabolites - nitrate and nitrite [4, 5]. In recent
years it has become apparent that NO also has
important effects on bone cell function; specifically,
high levels of NO inhibit bone resorption and
formation and may act to suppress bone turnover in
severe inflammation [6, 7, 8].
The aim of our investigations was the
examinations of NO levels in saliva of patients with
periodontal pathology by measuring accumulation
of its stable metabolite Nitrite anion.

Materials and methods
Were tested 47 patients (20-40 years old),
including 28 persons with generalized inflammatory
diseases of the gums: chronic simple (14) and
hypertrophic gingivitis (14) and 19 patients with
chronic generalized periodontitis, (inflammatorydystrophic disease of the periodontium) (Fig. 1).
In each patient with generalized periodontitis,
minimum 20 teeth were preserved and none the less
than 10-12 true periodontal pockets and
radiographic symptoms of bone destruction were
revealed. All the patients were not reported to have
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serious general pathology. 10 healthy persons, 20-25
years old with intact periodontium formed the
control group.
The level of inflammation in periodontal tissues
was estimated with bleeding index [9, 10, 11].
Gingival bleeding varies in severity, duration and the
ease with which it is provoked. The severity of the
bleeding depends on the intensity of the
inflammation. NO production was assessed
indirectly by measuring accumulation of its stable
metabolite - Nitrite anion in saliva using Gries
reaction [12].
In our research, Nitric oxide production was
studied in saliva, by measuring accumulation of its
stable metabolite Nitrite anion. Saliva was obtained
in the quantity of 1 ml from each patient on an
empty stomach. The method of analysis was as
follows: 0,2 ml of sodium hydrocarbonate was
added to 0,2 ml of saliva and stored in ice for 10 min,
than 0,4 ml of distilled water and 1,2 ml of 4% ZnS04
were introduced into this solution. The mixture was
centrifuged for 20 min and 1,2ml of translucent
supernatant was separated from it and mixed with
1,2 ml of Gries reactive. Within 15 min results were
obtained in a spectrophotometry method (λ = 550
nm).

Results
Were examined patients with three types of
diseases of the periodontium: simple chronic
gingivitis, hypertrophic gingivitis and chronic
generalized periodontitis. Patients’ in-depth
information is shown in the table 1.
In simple chronic gingivitis the level of nitrite
anion in saliva differs significantly from the control
samples only in the group with exacerbation of
simple chronic gingivitis (51,9±2,4 pmoI/L). These
two groups cannot always be distinguished clinically
by gingival bleeding on probing (table 1).
Similar differences were observed in hypertrophic
gingivitis. Clinical signs included gingival overgrowth
in the form of diffuse swelling of interdental
papillae. Gums were bluish red and in case of
exacerbation, they were friable with intensive
bleeding on probing. In chronic hypertrophic
gingivitis amounts of Nitrite anion in saliva are 11,6
±1,6 pmol/L, but in the case of exacerbation they
were increased 4-5 times as much as 56,1 ±2,7
pmol/L.
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However, no significant differences were
observed in the level of Nitrite anion in the saliva of
patients with simple chronic and hypertrophic
gingivitis. (Fig. 2).
Levels of Nitrite anion increased considerably in
the exacerbation of both forms of gingivitis and
amounted to 51,9 ±2,4 pmol/L and 56,1 ±2,7 pmol/L,
respectively. These results indicate that level of NO
synthesis in saliva doesn’t depend on the type of
inflammation in the gums (simple or hypertrophic).
(Fig.3).
All the patients with chronic generalized
periodontitis were studied at the active stage of
disease and at the stage of remission. Increased
amounts of nitrite anion in saliva were reported at
the active stage of chronic generalized periodontitis
(84,9 ± 3,8 pmol/L), which exceeds the healthy
control group more than 10 times (Fig. 4-6).
Remission in the patients with generalized
periodontitis was attained after complex treatment,
which included surgical pocket elimination and was
characterized
with
absence
of
pockets,
inflammation and gums bleeding on probing. Levels
of nitrite anion in saliva were lowered to 8,5 ±0,7
pmol/L, which makes an insignificant difference with
healthy persons (4,9 ±0,6 pmol/L). (Fig.7-9).

Discussion
The role of the increased level of nitric oxide in
saliva in patients with periodontal diseases
(inflammatory and dystrophic-inflammatory) is not
quite understandable. In one aspect, more intensive
inflammation in the periodontium which is
manifested, for instance, by the higher bleeding
index [13] is characterized by the increased level of
nitrite-anion in saliva of patients with gingivitis [14].
In patients with the active stage of generalized
periodontitis, however, the level of nitrite-anion in
saliva was significantly higher (when compared with
gingivitis patients) but often manifested in clinical
examination with a lower gingival bleeding index.
This fact probably depicts the effect of proinflammatory cytokines (IL-1, TNF), inducing active
destruction of alveolar bone in patients with
generalized periodontitis. It can also be due to the
more profound and intensive penetration of
periodontal pathogens, which produce greater
amounts of bacterial endotoxins (when compared
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with gingivitis patients), inducing higher levels of
NO. NO levels are elevated in individuals with
Generalized Periodontitis and are correlated with a
periodontal clinical parameter. The form of
periodontal disease and its severity are related to
salivary nitrite concentration, indicating that NO
may serve as a potential biological marker for
detection and/or monitoring of Generalized
Periodontitis [15].
It is quite possible that there exists other genesis
of increased level of nitrite-anion in saliva of patients
with other oral ifections and generalized
periodontitis, accompanied by general pathology.
The innate defense factors identified in saliva can
manage cariogenic bacteria and may prevent the
subsequent development of dental caries [16].
Although other components of saliva have crucial
roles in the management of caries, the beneficial
antimicrobial role of NO in the oral cavity has been a
remarkable issue in recent years [17].
A recent study reported that excretion of NO in
exhaled breath was markedly changed in H. pyloriinfected nonulcerative dyspepsia and peptic ulcer
patients. In the same study, molecular NO in
exhaled breath was suggested to be used as a
potential biomarker for noninvasive diagnosis and
selective differentiation of nonulcerative dyspepsia
and peptic ulcer diseases. Also, active uptake of
nitrate from the bloodstream occurs in the salivary
glands [5, 18, 20].
NO in the saliva could potentially be used as a
biomarker in dyspepsia, but not in the identification
of gastric H.pylori infection [21].
In our investigations we try to examine patients
with prevalence of periodontal pathology, though
the present data clearly indicate the informative
value of the levels of nitrite-anion in saliva that
depicts not only the activity of periodontal
inflammatory process, but also the aggressiveness
of bone destruction. This information could be
useful particularly in patients with generalized
periodontitis when they are examined during the
stages of maintenance care to confirm the disease
remission or determine its proceeding course.

Conclusions
Our investigations prove that concentration of
Nitrite-anion in saliva can appear as a marker of
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inflammatory-dystrophic processes in periodontal
tissues.
Nitric-anion concentration in the saliva of
patients, with chronic simple and hypertrophic
gingivitis differs significantly from the control
samples only in case of exacerbation. Increased
amounts of nitrite-anion in saliva, that exceeds the
health group indices more than 10 times, were
reported at the active stage of chronic generalized
periodontitis. The level of nitric-anion which depicts
the level of Nitric oxide in the saliva probably
depicts not only the activity of periodontal
inflammatory process, but also the aggressiveness
of alveolar bone destruction.
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Figure. 1. Chronic simple gingivitis
Table 1. Nitrite anion level (pmol/L) in the saliva of patients with different types of periodontal pathology
Type of periodontal disease
Simple Simple gingivitis, HypertroHypertrogingivitis
exacerbation
phic
phic
chronic type
gingivitis,
gingivitis,
chronic type exacerbation
Number
of patients

Generalized Generaperiodonlized
titis, active periodonstage of
titis,
disease
remission

Healthy
controls

9

5

6

8

12

7

10

Range
of
bleeding index

1-2

2-3

1-2

2-4

2-4

0-1

0

level
of
nitriteanion

13,5±1,9

50,9±2,4 **

10,6±1,6

54,1±2,7 **

86,9±3,8 *

8,5±0,7

4,9±0,6

*p<0,05, compared with control group
** p<0,05, compared with group of patients with active stage of generalized periodontitis
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Figure 2. Hyperplastic gingivitis, oedematous form, II stage of heaviness in the patient M.,26-year-old female
60

50
40
30

20
10
0
Simple gingivitis
Chronic

Hypertrophic gingivitis

Exacerbatrion

Control

Figure 3. Nitric anion level (pmol/L) in the saliva of patients with different types of gingivitis

Figure 4. Exacerbation of chronic generalized periodontitis, II stage of heaviness, bleeding on probing of
the 3rd degree
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Figure 5. Slowly progressing not active periodontitis. II-III stages of heaviness in patient L.,42 years old,the depth
of periodontal pockets in the region of 42,43 teeth 8mm.
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Figure 6. Nitric anion level (pmol/L) in the saliva of patients with Generalized Periodontitis
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Figure 7. Rapidly progressing aggressive periodontitis, chronic form, Ill stage of heaviness in the patient H, 35 year-old female

Figure 8. X-Ray of the patient with rapidly progressing aggressive periodontitis; vertical bone loss predominates,
broadening of periodontal spaces
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Figure 9. Nitric anion level (pmol/L) in the saliva of patients with active stage of periodontal pathology
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