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Abstract
The aim of this research was to investigate the content of lipid peroxidation (LPO) products and components of antioxidant 

defense (AOD), as well as to evaluate morphometric parameters of the dentition system tissues in Wistar rats when modeling acute 
and chronic modes of immobilization stress. 

Methods and Results: The work was performed on young (2.5-3 months), sexually mature male rats of the Wistar line, 
weighing 200-220g. The design of the study consisted in evaluating biochemical and morphometric parameters at the stage 
before immobilization—intact animals (10 rats)—as well as in modeling various stress modes: acute stress (3 hours from the 
moment of 3-hour single immobilization) and chronic stress (1-hour immobilization with an interval of 72 hours between separate 
stress episodes on Days 1, 5, 9 and 13). Both modes included 20 rats. The intensity of lipid peroxidation-antioxidant defense 
processes was assessed using spectrophotometric and fluorometric methods. The microscopic and morphometric studies were 
performed in the light-optical microscope AxioScope A1 and included a detailed description of all changes in the tooth and 
periodontal tissues. We found that acute stress is accompanied by increased LPO reactions at the stage of primary and secondary 
products with simultaneous activation of antioxidant factors. In chronic stress exposure, there is an accumulation of thiobarbituric 
acid reactants, with a decrease in the level of non-enzymatic components—α-tocopherol, retinol, and oxidized glutathione. The 
changes in the state of the dentition system in Wistar rats was accompanied by an increase in the area of the microcirculatory bed 
of the periodontium and pulp and a natural reduction in the connective tissue area, with an increase in the thickness of vascular 
endothelium and an increased number of cellular elements that control metabolic processes, especially pronounced in acute stress. 
The change in the mode of stress exposure to chronic in animals of this line was characterized by generally similar changes with 
reduced reaction intensity. 

Conclusion: The processes of LPO-AOD and the indicators of the dentition system in Wistar rats undergo changes depending 
on the mode of stress exposure. (International Journal of Biomedicine. 2020;10(2):142-147.)
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Introduction
It has been established that the impact of stress factors is 

one of the most important causes that provoke the development 
of various diseases.(1,2) Diseases of the dentition system tissues 

are the most common pathologies in the population, and stress 
plays a significant role in their pathogenesis.(3) The views in 
the existing literature on the primary effect of stress on the 
body (the so-called AS) suggest that a typical stress reaction 
ensures maintenance of homeostatic reactions of the body in 
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the conditions completely new for it.(4) This reaction is based 
on a set of stress-implementing and stress-limiting systems. 
The latter include an AOD system that limits the action of 
stressors at the cellular level.(5-7) The primary mediators of 
the stress response are LPO processes, which initiate the 
damaging effect of various factors, including at the level of 
the central links of neuroendocrine regulation.(8)  

Among the cognition methods that are of significant 
scientific and practical interest, an important place is occupied 
by pathological processes modeling, which allows theoretically 
generalizing an array of data that are not explained by existing 
concepts of biology and medicine.(9-11) It has been established 
that when using immobilization as a model of stress exposure, 
there are changes characteristic of psychoemotional stress, 
invariably accompanied by activation of the sympathoadrenal 
system, as well as numerous transformations in the blood 
system.(12) The simplicity of the method, the standardness 
of changes, and the absence of additional damaging factors 
make immobilization the most appropriate model for stress 
exposure.(13) It has been found that the systemic response of 
the tissues of the dentition system in rats is generally similar 
to that of humans, which makes these animals a promising 
object for studying the pathogenesis of various odontogenic 
disorders. It is also currently known that immobilization 
stress has numerous damaging effects on periodontal tissue, 
consisting in development of degenerative changes in the 
CT of the gums, reducing its osteotaryngeal base, epithelium 
peeling, osteoporosis development, etc.(14) 

In this regard, it is extremely interesting to study systemic 
non-specific changes (LPO system), as well as the state of the 
morphological picture of the dentition system tissues, and 
their interactions in animals when modeling various modes of 
immobilization stress.  

The aim of this research was to investigate the content 
of LPO products and components of AOD, as well as to 
evaluate morphometric parameters of the dentition system 
tissues in Wistar rats when modeling acute and chronic modes 
of immobilization stress. 

Materials and Methods
The work was performed on young (2.5-3 months), 

sexually mature male rats of the Wistar line, weighing 200-
220g. The animals were bred at the SPF-vivarium Center 
for collective use of the Federal research center “Institute 
of Cytology and Genetics,” Siberian branch of RAS 
(Novosibirsk). The design of the study consisted in evaluating 
biochemical and morphometric parameters at the stage 
before immobilization—intact animals (10 rats)— as well 
as in modeling various stress modes: AS (3 hours from the 
moment of 3-hour single immobilization) and ChS (1-hour 
immobilization with an interval of 72 hours between separate 
stress episodes on Days 1, 5, 9 and 13).(15) Both modes included 
20 rats. Three-hour single immobilization of the animal on its 
back was performed by rigid fixation of the limbs.(15,16) 

The intensity of LPO processes was evaluated based on the 
content of substrates with unsaturated DB: CD and KD-CT.(17) 

The content of TBARs was determined fluorimetrically.(18) The 

state of the AOD system(19) was determined by TAA of the blood, 
according to the content of TAA components: α-tocopherol 
and retinol,(20) the SOD activity,(21) and the content of GSH and 
GSSG.(22) Measurements were performed on the Shimadzu RF-
1501 spectrophotometer (Japan) and the Shimadzu RF-1650 
spectrophotometer (Japan). 

To study the state of the dentition system after euthenizing 
the animals, pieces of the lower and upper jaw with incisors 
and molars were taken and fixed in a neutral 10% solution of 
formalin. Tissue fragments were decalcified in a 5% solution 
of nitric acid for 3 to 5 days. The material was processed in 
a Sacura, Japan, vacuum processing machine . Filling in the 
modular paraffin was done by the Tissue-Tek® TEC™ 5 filling 
system (Sacura, Japan). Cutting standard serial sections with a 
thickness of 5 microns was performed on semi-automatic rotary 
microtomes CM-502 (Microm, Germany) using disposable 
knives of the Sacura company. The sections were manually 
stained on slides and covered with cover glass; they were 
stained with hematoxylin and eosin, and picro-fuchsin using 
the van Gieson method to identify CT fibers. The microscopic 
and morphometric studies were performed in the light-optical 
microscope AxioScope A1 (Carl Zeiss, Germany) at ×40, 
×100, ×400, and ×600 magnification and included a detailed 
description of all changes in the tooth and periodontal tissues. 
Changes in the pulp and periodontal vessels (vascular lumen 
state, blood filling, endothelial condition) were described in 
detail, and changes in the pulp and periodontal tissues, as well 
as the state of odontoblasts, were assessed.

The dentition system was assessed using a number 
of quantitative criteria of the periodontium and pulp—the 
area (in %) of periodontal and pulp vessels, the area (in %) 
of periodontal and pulp CT, the thickness of the periodontal 
and pulp vascular endothelium (µm²), and the total number of 
fibroblasts and odontoblasts in the field of view.

Work on the animals was done in compliance with 
the principles of the Helsinki Declaration on the humane 
treatment of animals, stated in normative documents of the 
European community(86/609/EU), “Rules of works using 
experimental animals” (order of MH of the USSR № 775 dated 
12.08.1977), Manual on Experimental (Preclinical) Study of 
New Pharmacological Substances,(23) and “Good laboratory 
practice” (MHRF Order No. 708н dated 23.08.2010).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was tested 
by the Kolmogorov-Smirnov test with the Lilliefors correction 
and Shapiro-Wilk test. For descriptive analysis, results 
are presented as mean±standard deviation (SD), median 
(Me), interquartile range (IQR; 25th to 75th percentiles). 
Differences of continuous variables departing from the 
normal distribution, even after transformation, were tested by 
the Mann-Whitney U-test. A probability value of P≤0.05 was 
considered statistically significant.

Results and Discussion
When modeling the AS mode in Wistar rats, 

unidirectional changes were observed at all stages of formation 
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of LPO products in the form of an increase in the values of 
CD (P=0.0429), KD-CT (P<0.0001) and TBARs (P=0.0012), 
relative to the intact animals (Table 1). Changes in the AOD 
system under the same mode were related to a decrease in 
the level of TAA (P=0.0208), an increase in the SOD activity 
(P<0.0001), and the retinol content (P<0.0001) (Table 1). 
The glutathione metabolism indicators in the AS mode also 
significantly changed—in the form of an increase in GSH 
values (P=0.0031). 

The ChS mode was characterized by a significant increase 
in the levels of KD-CT (P<0.0001) and TBARs (P<0.0001), in 
comparison with intact rats. The ChC mode was characterized 
by a lower level of TAA (P=0.0003), an increased SOD activity 
(P<0.0001), and a reduced level of α-tocopherol (P<0.0001), in 
comparison with the baseline level.

In addition, there were statistically significant 
differences in the studied indicators between stress modes. 
Thus, the DB level was characterized by the lowest values 
in AS (P=0.0337), while the content of CD and KD-CT was 
characterized by higher values in this mode, and the level 
of TBARs was reduced. Elevated levels of α-tocopherol 
(P=0.0009), retinol (P<0.0001), and GSSG (P=0.0002) were 
reported in the AOD system for AS compared to ChS. 

Morphological changes in the dentition system tissues in 
Wistar rats by using the AS model related to an increase in the 
area of the periodontal blood vessels (P<0.0001), a decrease 
in the area of the periodontal CT (P<0.0001), increased area of 
the pulp blood vessels (P<0.0001), due to lower values of the 

pulp CT (P<0.0001) in comparison with intact animals (Table 
2). The wall thickness of the periodontal and pulp endothelium 
increased significantly under AS (P<0.0001 in both cases) 
(Table 2). The number of fibroblasts in the field of view of 
Wistar rats also increased in this mode (P=0.0206). 

Modeling the ChS mode in Wistar rats was accompanied 
by an increase in the vascular area of the periodontium 
(P=0.012) and pulp (P=0.009), and in the thickness of the 
periodontal (P<0.0001)and pulp (P=0.0048) endothelium 
walls, as well as by an increase in the number of fibroblasts 
in the visual field (P<0.0001) and a decrease in the level of 
odontoblasts (P=0.0163), compared to intact rats.

A comparative analysis of changes in the parameters of 
the dentition system in rats of this line in different stress modes 
showed a maximum increase in the values of the vascular area 
of the periodontium (P<0.001) and pulp (P<0.0001), with a 
decrease in the area of the periodontal (P<0.0001)and pulp 
CT (P<0.0001) in conditions of AS, compared with ChS. The 
endothelium of the periodontal vessels (P<0.0001) and the 
pulp (P<0.0001), as well as the odontoblast index (P<0.001), 
showed an increase in values, while the number of fibroblasts 
(P<0.0003) showed a decrease in AS, in relation to ChS data.

In our study, when implementing the AS mode in 
Wistar rats, an increase in primary, secondary and final LPO 
products was observed, which may be a natural phenomenon 
in conditions of stress factor exposure. In many ways, this may 
be due to participation of neurotransmitters of the sympathetic 

Table 1.
The level of LPO products and components of the AOD system in 
Wistar rats under various stress modes (Me, IQR [ ])

Parameters Intact animals
(1)

AS mode
 (2)

ChS mode
 (3)

Statistical
significance
of P≤0.05

DB, 
standard units

1.81
1.54–1.87

1.66
1.45–1.80

1.82
1.78–1.86 P2-P3

CD, µmol/l 0.86
0.73–0.89

1.30
0.99–1.37

0.86
0.78–0.88

P1-P2
P2-P3

KD-CT, 
standard units

0.34
0.31–0.37

0.66 
0.56–0.68

0.46
0.44–0.52

P1-P2
P1-P3
P2-P3

TBARs, 
µmol/l

0.79
0.78–0.94

1.03 
0.96–1.16 1.47

1.25–1.83
P1-P2
P2-P3
P1-P3

TAA, 
standard units

17.14
14.36–18.90

13.65
11.36–14.41

12.34
9.08–2.97

P1-P2
P1-P3

SOD activity,
standard units

1.98
1.94–2.14

2.62
2.53–2.77

2.96
2.76–3.07

P1-P2
P1-P3

α-tocopherol,
µmol/l

11.20
9.85–12.30

9.23
9.04–11.13

5.76 
3.49–5.88

P2-P3
P1-P3

Retinol,
 µmol/l

0.51
0.48–0.65

0.95
0.86–1.08

0.52
0.51–0.53

P1-P2
P2-P3

GSH,
 mmol/l

1.98
1.89–2.09

2.35
2.27–2.41

2.26
2.11–2.28

P1-P2

GSSG, 
mmol/l

2.04
2.00–2.23

2.29
2.25–2.32

2.04
1.78–2.09 P2-P3

 

Table 2.
Morphological changes in the dentition system tissues in Wistar 
rats under various stress modes (M±SD, Me, IQR [ ])

Parameters IA
(1)

AS mode
(2)

ChS mode
(3)

Statistical
significance
of P≤0.05

Vessels, 
Periodontium,
 %

22.78±2.4
23.05

20.00–24.90

34.79±3.7 
34.80

31.90–38.00

26.53±3.51 
26.65

24.00–29.60

P1-P2
P1-P3
P2-P3

CT, 
Periodontium,
 %

77.22±2.4
76.95

75.10–80.00

65.21±3.7 
65.20

62.00–68.10

73.47±3.51
73.35

70.40–76.00
P1-P2
P2-P3

Vessels, Pulp,
 %

23.12±2.2
22.40

21.20–25.20

44.16±7.2 
43.20

40.00–49.60

27.28±3.90 
26.40

24.40–29.60

P1-P2
P1-P3
P2-P3

CT, Pulp, 
%

76.88±2.2
77.00

74.80–78.80

55.84±7.2 
56.80

50.40–60.00

72.72±3.90
73.60

72.00–75.60
P1-P2
P2-P3

VE,
Periodontium,
 µm

1.17±0.42
1.19

0.82–1.28

4.41±0.74 
4.45

3.91–5.16

2.23±0.45 
2.22

1.86–2.28

P1-P2
P1-P3
P2-P3

VE,
Pulp, 
µm

1.23±0.57
1.30

0.72–1.59

4.38±0.83
4.02

3.64–5.03

2.03±0.55 
2.03

1.90–2.25

P1-P2
P1-P3
P2-P3

Fibroblasts, 
units in 
the field of view

32.94±+4.6
31.40

31.30–36.30

38.92±5.82 
37.10

36.80–40.60

72.98±9.85 
73.30

68.30–81.90

P1-P2
P1-P3
P2-P3

Odontoblasts,
 µm

28.91±7.9
32.60

20.80–35.80

31.88±7.59
33.75

24.90–38.50

21.92±2.73 
21.90

19.40–24.30
P1-P3
P2-P3

IA-Intact animals; VE- Vascular endothelium
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and parasympathetic parts of the autonomic nervous system in 
increasing the LPO intensity under stress.(24) A likely consequence 
of these changes may be the development of prolonged and 
excessive LPO with further irreversible destructive changes in 
membranes and associated enzymes.(25) Our results are consistent 
with a number of studies that postulate the accumulation of LPO 
metabolites in AS in animals after immobilization was used as a 
stress factor.(26) 

The use of a different exposure mode (replacing a single 
exposure with a systematic one) in Wistar rats also led to an 
intensive accumulation of LPO products, in particular KD-CT 
and TBARs, in comparison with the pre-stress period. At the 
same time, we noted higher growth values of the final LPO 
products (TBARs), in contrast to the values registered during a 
single immobilization. Previously, it was shown that the mode 
of ChS exposure, as opposed to other types of exposure (e.g. 
with smaller hour intervals between effects) is characterized 
by a sharp decrease in resistance to acute hypoxia.(16) It was 
also previously shown that this mode is characterized by 
more intensive activation of stress-implementing systems, 
which is manifested in an increase in the content of the 
circulating stress hormones corticosterone and epinephrine, 
and, accordingly, increased activity of metabolic reactions.
(27) Hypermetabolism, which is necessary to ensure a new 
level of the body’s functioning, requires mobilization of the 
body’s energy resources, which can explain the strengthening 
of cascade LPO processes, accompanied by higher values of 
TBARs.(12) 

When evaluating changes in the AOD system in Wistar 
rats, we obtained multidirectional results, depending on the 
stress mode. Thus, under AS in animals, there was a decrease 
in the level of TAA, the integral indicator, with a simultaneous 
increase in the average values of the AOD components: the 
SOD activity, retinol content and GSH. It is known that when 
this mode is implemented, all the body’s reserves are directed 
to actively overcome the action of an extreme stimulus.(15) 

At the same time, the effectiveness of protective reserves is 
manifested by maximizing functions, increasing the intensity 
of the main exchange and catabolic processes. Increasing the 
activity of antioxidant factors in this case can be considered 
as an adaptive response aimed at leveling the LPO processes. 
These components can act as biological membrane stabilizers 
and participate in the inactivation of free radicals; accordingly, 
they can hinder the development of chain free-radical oxidation 
processes of organic compounds, primarily unsaturated tissue 
lipids.(25-29)

The ChS mode, in comparison with intact animals, was 
accompanied by similar reactions to the previous mode—a 
decreased TTA level, an increased SOD activity and reduced 
content of α-tocopherol. The greatest number of differences in 
the studied components was recorded between stress modes. 
These differences related to low levels of α-tocopherol, retinol, 
and GSSG in ChS. The antioxidant role of fat-soluble vitamins 
is manifested at all levels from subcellular to organism. 
α-tocopherol reacts simultaneously with peroxide radicals of 
the main fatty acids of biomembranes and with singlet oxygen; 
it also inhibits amino acid radicals, protects cells and tissues 
from damage caused by NO-radicals, and prevents atherogenic 

changes in low density lipoproteins.(30) Having conjugated DB 
in the molecule, retinol is able to interact with free oxygen 
radicals, which also makes it an effective antioxidant.(31) As a 
result, we can talk about the lack of functioning of antioxidant 
factors when using this mode of exposure. We also registered 
a significant increase in the level of final TBARs in this stress 
mode, which, with a unidirectional decrease in AOD factors, 
can have an extremely negative effect.

Analysis of the characteristics of the dentition system’s 
structural tissues in Wistar rats indicated an increase in vascular 
area and a decrease in the area of the periodontal CT under 
AS. The periodontium basis is CT with its main structural 
elements, collagen fibers; there are also various cellular 
elements (fibroblasts, osteoblasts).(3) Based on the anatomical 
characteristics of the periodontium, we can conclude that in 
Wistar rats, when modeling the AS mode, there is an increase 
in the area of blood vessels, with a natural decrease in the main 
component—CT. A number of studies indicate the presence 
of numerous structural and functional disorders in periodontal 
tissues under stress.(14,32) Stress factors cause blood flow 
disorders, cell hypoxia, and redox balance disorders.(33) 

Thus, we have shown a significant increase in the 
concentration of final LPO products in animals under AS, 
which can have a direct disordering effect on periodontal 
composition. We also found similar changes in the vessels and 
CT of the rats’ tooth pulp. The tooth pulp is known to be a 
loose CT that fills the tooth cavity and contains a large number 
of nerve endings and blood and lymph vessels.(3) Since the 
morphological features of the pulp are related to its functions, 
we can assume the development of dysregulatory changes in 
this component of the dentition system under the influence of 
a stress factor in experimental animals. Moreover, the area of 
the pulp CT is significantly reduced, which indicates serious 
morphological disorders that lead to excessive growth of the 
pulp’s vascular component under AS.

Another important indicator of the presence of 
morphofunctional disorders under the stress factors is the 
size of the endothelium of the periodontal and pulp vessels. 
In Wistar rats with AS, there was a multiple increase in this 
indicator both in the periodontium and in the pulp. This can 
contribute to narrowing the lumen of blood vessels, reducing 
their hemodynamic properties and disrupting microcirculation. 
The cell elements that make up the periodontium and pulp are 
extremely diverse, represented by both sedentary and mobile 
cells, with the largest population of cells being fibroblasts, 
some of which can differentiate into stationary cell elements— 
fibrocytes—and the other part into myofibroblasts capable of 
contractile activity.(3,33)  In our study, we found an increase in the 
number of fibroblasts, which can be interpreted as activation of 
protective mechanisms due to the presence of morphological 
changes in tissues. The plastic function of the periodontium 
and pulp is also carried out due to the activity of odontoblasts, 
which, forming the peripheral layer, participate in the formation 
of dentin. The total number of odontoblasts under AS did not 
change and remained at the level of control (pre-stress) values.

Changing the mode of exposure to chronic caused an 
increase in the vascular area of periodontium and pulp with 
a natural decrease in the area of CT. At the same time, there 
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was a slightly reduced increase in the thickness of the vascular 
endothelium, against the background of a maximum increase 
in the number of fibroblasts and a decrease in the content of 
odontoblasts. 

In the literature, there are data on the development 
of a number of morphological changes in the oral cavity in 
rats under conditions of chronic psychophysiological stress 
in the form of microcirculation disorders, local bleeding in 
tissues, changes in the directions of collagen fiber bundles 
and bundle deformation.(33) In addition, our study registered 
a more pronounced imbalance in the state of LPO processes 
in this mode, which may further contribute to chronization of 
inflammatory periodontal diseases.

Thus, in Wistar rats, the processes of LPO-AOD 
undergo changes depending on the mode of stress exposure. 
Thus, when modeling AS, there is an increase in LPO 
reactions at the stage of primary and secondary products with 
simultaneous activation of antioxidant factors. The ChS mode 
is characterized by a more pronounced imbalance during non-
specific protective reactions; with insufficient reserve capacity 
of the antioxidant system, the ratio changes toward pro-oxidant 
factors. Depending on the stressor mode, the indicators of the 
dentition system also underwent changes with more intense 
morphofunctional changes in AS.
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