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Bacterial lipopolysaccharide (LPS) induces the formation of nitric oxide (NO) and 
proinflammatory cytokines by activating nuclear factor B (NF-B) signaling pathways through toll-
like receptor 4 (TLR4), which leads to destruction of periodontal soft tissues, including resorption 
of alveolar bones [1]. The Scientific School of Professor Tarasenko L.M. substantiated biochemical 
mechanisms of stress-induced periodontal tissue damage [2]. Chronic stress leads to an imbalance 
in the immune homeostasis of periodontal tissues, which can lead to the development of chronic 
periodontitis and/or increase the destruction of biopolymers of periodontal tissues [3].

Glucocorticoids, which are released during chronic stress, can bind to activated NF-B — 
inactivating its action, increase the transcription of the IkB gene, which binds to activated NF-B, 
blocking its effect on DNA sites [4]. 

Aim. To evaluate the activity of NO-synthase isoforms, the concentration of peroxynitrites and 
nitrosothiols in the soft tissues of the periodontium of rats under the conditions of modeling chronic 
stress against the background of lipopolysaccharide-induced inflammation.

Methods. Experimental studies were performed on 24 male Wistar rats weighing 190–240 g. The 
animals were divided into 4 groups: 1 — control, 2 — chronic stress (ChrStr group), animals were 
kept above water for 1 hour every day for 30 days, 3 — animals that were intraperitoneally injected 
with 0.4 μg/kg of bacterial LPS of S. typhi (pyrogenal) (LPS group) according to scheme described by 
Mykytenko A.O. et al. [5]; 4 — animals that were simultaneously simulated chronic stress as in group 
2 and administered LPS as in group 3 (ChrStr+LPS). The activity of inducible NO-synthase (iNOS), 
constitutive NO-synthase (cNOS) (Yelinska A.M., 2019), the concentration of nitrosothiols (S-NO) 
(Gaston B., 1993), and concentration of peroxynitrites of alkali and alkaline earth metals (ONOO•) 
(Akimov O.Y., 2016) were studied in the homogenate of the periodontal soft tissues of rats. The 
obtained results were subjected to statistical processing using the Mann-Whitney test.

Results. The activity of iNOS in the soft periodontal tissues of rats under chronic stress simulation 
conditions was increased 1.44 times compared to control group. The activity of iNOS under the 
conditions of LPS administration was increased 3.88 times compared to the control group. The 
activity of iNOS under the conditions of combined exposure to chronic stress and LPS was increased 
1.95 times compared to the control group (Fig. 1, A).

The activity of cNOS in the soft periodontal tissues of rats under chronic stress simulation 
conditions was decreased by 1.04 times compared to the control group. Activity of cNOS in the 
periodontal soft tissues of rats under the conditions of LPS administration was increased 3.03 times 
compared to the control group. Activity of cNOS under conditions of combined exposure to chronic 
stress and LPS was increased 1.53 times compared to the control group (Fig. 1, B).

The concentration of ONOO- in the soft periodontal tissues of rats under chronic stress simulation 
conditions was increased 1.46 times compared to the control group (Fig. 2, A). The concentration 
of ONOO- under the conditions of LPS administration was increased by 1.12 times compared to the 
control group. The concentration of ONOO- under conditions of combined exposure to chronic stress 
and LPS was increased by 1.39 times compared to the control group.

The concentration of nitrosothiols in the soft periodontal tissues of rats under the conditions 
of chronic stress simulation was decreased by 6.03 times compared to the control group (Fig. 2, B). 
The concentration of nitrosothiols in the periodontal soft tissues of rats under the conditions of LPS 
administration was decreased by 2.73 times compared to the control group. The concentration of 
nitrosothiols under conditions of combined exposure to chronic stress and LPS was decreased by 
3.15 times compared to the control group.
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Discussion. The combined effect of chronic stress and bacterial LPS increases iNOS activity 
relative to the control group due to the interaction of LPS with TLR 4 and the induction of iNOS 
expression [6]. The combination of chronic stress and bacterial LPS introduction leads to limitation 
of LPS-induced increase in cNOS and iNOS activities. Simultaneous decrease in cNOS and iNOS 
activities, observed in this group can lead to lowered concurrence of these enzymes for the substrate 
of reaction, which in turn decreases chances for cNOS uncoupling. However, the state of cNOS 
coupling with substrate in our study was not investigated and requires further research. Increase 
in ONOO- concentration creates a threat of nitrosative stress development, while decrease in S-NO 
concentration may lead to microcirculatory disfunction in soft periodontal tissues.

Conclusions. The combined effect of bacterial lipopolysaccharide and chronic stress leads to 
increased production of nitrogen monoxide from inducible NO-synthase and elevates concentration 
of reactive forms of nitrogen, which creates possibility for development of nitrosative stress in the 
soft periodontal tissues.
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Fig. 1. The activity of cNOS (A) and iNOS (B) in the 
periodontal soft tissues of rats under the conditions 
of chronic stress simulation against the background 

of lipopolysaccharide-induced inflammation:  
* — indicates that data is significantly different 

compared to control group (P < 0.05)

Fig. 2. The concentration of peroxynitrite (A) and 
nitrosothiols (B) in the periodontal soft tissues of 
rats under the conditions of chronic stress simula-
tion against the background of lipopolysaccharide-

induced inflammation:  
* - indicates that data is significantly different 

compared to control group (P < 0.05)
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