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The aim of this study was to examine the morphometric parameters of the
thickness of the epithelial plate of the gingival mucosa, the height of the
connective tissue papillae and the diameter of the lumen of hemomicrovascular
white rats in the dynamics after eight, ten and twelve weeks of chronic opioid
exposure. Experimental studies were performed on white male rats of
reproductive age. For twelve weeks, rats were injected intramuscularly with the
opioid analgesic nalbuphine at increasing average therapeutic doses of 0.212 to
0.3 mg/kg body weight. Fragments of rat jaws were used for histological and
morphometric studies. Based on the analysis of the obtained morphometric
parameters of the studied components of the gums, it was found that in the late
stages of chronic opioid exposure there was a significant decrease in epithelial
thickness and connective tissue papillae and a significant increase in the lumen
diameter of hemomicrocirculatory progression of inflammatory-dystrophic
changes in periodontal tissues.
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Opioid analgesics due to their analgesic properties are indispensable in medical practice [3].
Long-term use of opioids usually begins with the treatment of acute pain [15]. However, the
unprecedented increase in overdose from prescription opioids over the past two decades has caused
concern in the medical community about the validity of long-term therapeutic treatment for such patients
[9, 11, 12]. Due to the urgency of this medical and social problem, there are increasingly scientific
studies that focus on the study of structural reorganization and functional disorders in various organs and
systems [1, 2, 13, 16], where the study of pathological changes in the organs and tissues of the oral
cavity occupy a leading place in addicts, and in experimental modeling [4, 7, 8]. It is known from
scientific sources that morphological changes in the organs of the oral cavity in drug addicts are
manifested by an increase in destructive changes, the development of inflammation, sclerosis, which
leads to the formation of signs characteristic of generalized periodontitis [5, 10]. However, according to
researchers, the effect of drugs on periodontal tissues remains unclear [6]. In the available professional
literature we have not found data on the peculiarities of pathomorphological changes in periodontal
tissues, gingival mucosa at the microstructural level with the introduction of average therapeutic doses of
opioid analgesics, in particular, the drug nalbuphine, at different times of its use.
The aim of the study was to study the morphometric parameters of the thickness of the
epithelial plate of the gingival mucosa, the height of the connective tissue papillae and the diameter
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of the lumen of white blood vessels in eight dynamics after eight, ten and twelve weeks of chronic
opioid exposure.
Materials and methods.
Experimental studies were performed on 46 white male rats, aged 4.5 − 7.5 months. The
animals were divided into four groups. The first group includes intact rats. The second group consisted
of animals that were injected daily for eight weeks with the intramuscular opioid analgesic nalbuphine
in terms of rats. The initial dose was 0.212 mg/kg, during the seventh and eighth weeks − 0.260 mg/kg
body weight. In the third group of animals, during the ninth and tenth weeks, the dose was gradually
increased to 0.283 mg/kg. In the fourth group, taking into account the average weight of the
experimental group, the dosage of nalbuphine during the eleventh and twelfth weeks was gradually
increased to 0.3 mg/kg.
All animals were kept in a vivarium and work on keeping, care, labeling and all other
manipulations were carried out in compliance with the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes [Strasbourg,
1985], ethical principles of animal experiments ”, approved by the First National Congress of
Bioethics [Kyiv, 2001]. As a material for histological and morphometric studies used amputated upper
and exarticulated lower jaws, taking into account the preservation of the topographic ratio of the
tissues of the dental organ by conducting histological sections with a thickness of 5 – 7 μm.
Histological specimens were prepared according to the conventional method by pre-decalcification
using the dye hematoxylin, eosin and 7 azan by the method of Heidenhain. Morphometric examination
and micrographs were performed using a MICROmed XS-4130 microscope. Further measurements
were performed using ImageJ v.1.51 [7]. It was determined the average values of the thickness of the
epithelium of the free gingival margin and of the gingival sulcus, the height of connective tissue
papillae, as well as the diameter of the lumen of the components of the hemomicrocirculatory bed
(HMCB) − arterioles, capillaries and venules of the superficial vascular bed of the mucous membrane
of the gums. ANOVA analysis of variance with Tukey`s test for post-hoc was used to determine the
significance of the difference between three or more groups of animals. The difference was considered
significant at a value of p <0.05. All statistical calculations were performed using RStudio v software.
1.1.442 and R Commander v.2.4-4.
Results and discussion.
At the end of the eighth week, all morphometric indicators tended to decrease (Fig. 1). Thus,
the thickness of the epithelium of the free gingival margin decreased on 5,96 μm and its average value
was 118,74 ± 27,72 μm (significant difference when compared with intact animals, p <0,001), and the
thickness of the sulcular epithelium decreased on 5,10 μm, which was 52,14 ± 10,97 μm (p <0,001).
Significant dynamics of decrease in height of papillae, in comparison with the previous term where
this indicator decreased by 5,82 μm is fixed and was 39,84 ± 7,22 μm (a significant difference when
compared with the intact group and the previous term, p <0,001). The diameters of the
hemomicrocirculatory bed components during this term did not have any significant dynamics.
However, all indicators of vascular lumen diameter had a statistically significant difference compared
with the corresponding indicators of the intact group (p <0,001). Only the diameter of venules
increased slightly compared to the indicator of the previous term and was 20,31 ± 2,23 μm, this
increase was statistically significant both in comparison with the indicator of the intact group (p
<0,0001) and when compared with the indicator of the previous term (p <0,05). The capillary diameter
remained almost at the same level as on the previous term and was 5,94 ± 0,63 microns (Fig. 2). The
diameter of the arterioles also remained approximately at the level of the indicator of the previous term
and was 13,90 ± 1,51 μm. However, all indicators of vessel diameters had statistical significance of
changes (increase) in comparison with the indicators of the intact group p <0.001).
Thus, after eight weeks of action of the opioid analgesic Nalbuphine, a significant decrease in
morphometric parameters of epithelial plate thickness and connective tissue papillae, as well as a
statistically significant increase in the diameter of the lumen of hemomicrosvesins, due to more
complicated changes in the course of the process.
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Fig. 1. Dynamics of morphometric indices of the thickness of the epithelium of the gingival and the
height of the connective tissue papillae of rats during the twelve weeks of opioid exposure.
All morphometric indicators after ten weeks of opioid exposure showed a slight decrease,
which had no statistically significant difference from the previous period, however, there was a
significant difference between the values of the intact group. Thus, the thickness of the epithelium was
reduced on 2,89 μm and was 115,85 ± 20,41 μm on this term (significant difference when compared to
the intact group, p <0,001). The thickness of the sulcular epithelium decreased on 1,38 μm and was
50.76 ± 11.61 μm, and the height of the papillae decreased on 1,37 μm to 38,47 ± 6,56 μm. Both
indicators have a significant difference compared to the corresponding indicators of the intact group
(p <0,001) (Fig. 1).
Diameters of the hemomicrocirculatory bed components had small dynamics during this term,
with all indicators remaining significantly higher than the corresponding values of the indicators of the
intact group. The diameters of the arterioles and capillaries decreased slightly to 12,81 ± 1,51 μm and
5,63 ± 0,58 μm, respectively. This decrease was statistically significant when compared to the previous
term indicator (p <0,001 and p <0,05, respectively). The diameter of the venules also remained
approximately at the level of the indicator of the previous term and was 19,97 ± 2,45 μm. (Fig. 2).
Thus, at the end of the tenth week of opioid exposure, morphometric parameters had a
statistically significant difference between a significant decrease in epithelial thickness and papillary
height and a significant increase in vascular diameter, compared with the corresponding indicators of
the intact group, indicating progression of pathomorphological changes in the mucosa of animals.
At the end of the twelfth week of opioid exposure, all morphometric indicators remained close to
the previous term, showing little dynamics. However, no statistically significant difference from the
previous term was found. The reliability of the difference of all indicators is preserved when compared
with the intact group (p <0,001). The thickness of the epithelium of the free gingival margin was 116,56
± 17,45 μm, and the thickness of the sulcular epithelium was 50,94 ± 6,09 μm. The height of the papillae
decreased on 2,38 μm to an index of 36,09 ± 6,10 μm. (Fig. 1). Indices of the diameters of the
hemomicrocirculatory bed components in this term had no significant dynamics in comparison with the
previous term, remaining significantly higher than the corresponding values of the indicators of the intact
group. The diameter of the arterioles was 12,41 ± 1,76 μm. The capillary diameter remained almost at
the same level as the previous term – 5,44 ± 0,51 μm. The diameter of the venules also remained
approximately at the level of the indicator of the previous term – 19,25 ± 1,90 μm. (Fig. 2).
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Fig. 2. Dynamics of morphometric indices of the lumen diameter of the rat gingival hemomicrovessels
within twelve weeks of opioid exposure.
Thus, at the end of the twelfth week of chronic opioid exposure, the morphometric parameters
of epithelial thickness and papillary height were significantly reduced, and the average values of
vascular lumen diameter were significantly increased, compared with intact animals, indicating
profound destructive changes in periodontal tissues.
Conclusions.
1. At the end of the eighth week, a significant decrease in epithelial thickness and connective
tissue papillae, a statistically significant increase in vascular diameter, compared with the
corresponding indicators of the intact group of animals, which caused dyscirculatory changes and
progression of dystrophic-inflammatory process in the mucous membrane.
2. Ten weeks after the opioid, a statistically proven difference in morphometric parameters of
the structural components of the gingival mucosa and components of the hemomicrocirculatory tract
compared with similar values of intact animals, which led to deepening hypoxia, periodontal tissue
trophism and chronicity.
3. All morphometric parameters after twelve weeks of opioid action had a statistically
significant difference with the indicators of intact animals, which caused severe microcirculation
disorders, congestion in blood vessels and led to severe hypoxia in periodontal tissues and progression
of irreversible inflammatory-dystrophic components.
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