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INTRODUCTION
Polymeric materials and substances, that migrate from 
polymeric materials, are used in medicine, and they can 
lead to the development of various pathological conditions. 
Therefore, in toxicological evaluation of polymeric materi-
als for medical purposes the primary task is the creation of 
the appropriate adequate methods of study, which include 
the analysis of such factors as the nature and duration of 
contact of the polymeric product with the human body [1]. 
However, despite the disadvantages, methacrylates have 
been widely used in dentistry, as the base of dentures, due 
to their general using [2, 3]. The toxic effect can be caused 
by the methyl ester of methacrylic acid. However, its toxic 
properties appear only at high doses [4]. Many scientific 
articles are devoted to the study of the effect of methac-
rylate monomer on the mucosa of the oral cavity [5, 6], 
though few of them are devoted to the study of the state 
of organs located outside the oral cavity after exposure to 
methacrylic acid. 

It has been proved by evidence that patients, who wear 
dentures, often complaints of xerostomia. In this case, the 
major salivary glands must compensatory increase secretion 
to provide adequate moistening of the oral cavity mucosa 
[7]. The major salivary glands are composed of the secretory 
acini and the system of excretory ducts [8, 9]. They consist 

of various glandular cells that are programmed to synthesize 
completely different products of secretion [10, 11]. Inves-
tigating the histochemical characteristics of the structure 
of the acinar unit of the human major salivary glands, the 
researchers have found that the acinar units of the salivary 
glands are represented by two differentiated types of the 
secretory cells. The specificity of their differentiation is 
manifested by the secretion of mucus and protein [12, 13], 
which is crucial for the qualitative composition of saliva, 
which, subsequently, will affect the condition of the human 
oral cavity, dental and somatic health in general; therefore, 
studies in this field are of great practical importance [14, 15]. 

THE AIM
To determine the changes in the structural elements of the 
acini of the rats’ submandibular salivary glands in normal 
condition and after exposure of 1% methacrylate.

MATERIALS AND METHODS
Were studied white male rats (n= 50; controls: n=10; experi-
mental animals: n=40). The mucosa of the oral cavity of rats 
was exposed by 1% methacrylate for 30 days [5]. The animals 
were killed on day 14 and 30. The fragments of submandib-
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ular glands were embedded into epon-812 [16]. Histological 
sections were made using the UMPT – 7 ultramicrotome 
of Sumy PA “Selmi” and stained with methylene blue and 
polychrome stain [17]. Morphometric study was doing by 
the Biorex-3 ВМ-500Т microscope with digital DCM 900 
microphoto-head with software, adapted to these studies. 
Conventional statistical methods have been used for statistical 
processing of the morphometric data and quantitative analysis 
by Microsoft Excel software [18].

Experiments have been carried out in compliance with 
the requirements of international principles of the “Euro-
pean Convention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Purposes” [19].

RESULTS AND DISCUSSION
The morphometric study [20] has established that in 
rats of control group the values of the outer diameter 

of the acini of the submandibular glands, the diameter 
of the lumen and the height of the acini epithelial cells 
was 36,27±2,17 µm, 9,47±0,63 µm and 14,18±1,05 µm, 
respectively (Table 1).

Histological specimens of the submandibular gland 
showed that the pyramidal glandular cells of the acini had 
a prominent basophilia of the cytoplasm and the basally 
located nucleus. Numerous large homogeneous granules 
with products of secretion were located in the apical pole 
and in central part of the cells. 

During the study, after exposure of 1% methacrylate for 
14 days, the outer and inner diameter of the acini were 
37.33 ± 2.96 μm and 8.83 ± 0.72 μm, respectively, which 
did not differ significantly from the same parameters of 
the control group of rats. The height of the acini epithelial 
cells of the submandibular glands lobules was 17.73 ± 1.11 
μm, which was by 25.04% significantly more than its value 
in the control group of animals. On day 14 of the study in 

Fig. 1. Acini of the rats’ submandibular gland on day 14 after the effect of 
1 % methacrylate.
Specimen. Polychrome staining. х1000.

Fig. 2. Lobules of the rats’ submandibular glands on day 30 of the 
experiment after the effect of 1 % methacrylate. Specimen. Stained with 
Methylene blue. х1000.

Table 1. The dynamics of the changes of morphomretric parameters of the acini of the submandibular glands (in µm)

Acini The outer diameter The diameter
of the lumen

The height
of the epithelial cells

Control group  (n=5) 36,27±2,17 9,47±0,63 14,18±1,05

Day14 (n=5) 37,33±2,96 8,83±0,72 17,73±1,11 *

Day 30 (n=5) 28,99±2,14 */** 7,89±0,82 * 10,72±0,98 */**

Note: * – Р < 0,05 compared with control group; 
** – Р <0,05 compared with previous period of experiment. 
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the cytoplasm of the epithelial cells, an increased optical 
density was observed due to increase in secretory granules 
that occupied the cytoplasm of the cells (Fig. 1).

On day 30 of the experiment morphometric study has 
established that the diameter of the outer acini of the lob-
ules of the rats’ submandibular glands was 28.99±2.14 µm 
that was significantly lower by 22.34 % than the values on 
day 14 of the experiment and by 20.07 % lower than the 
value in the control group. 

No significant difference in the values of the diameter 
of the lumen compared to previous time period of the 
experiment was detected; however, they were by 20.07 
% lower than the values in the control group, accounting 
for 7,89±0,82 µm. The height of the epithelial cells was 
10.72±0.98 µm that was significantly lower by 39.54 % 
than the value on day 14 of the experiment after the effect 
of 1 % methacrylate and by 24.40 % than the mean values 
in the control group of rats.

The cytoplasm of the acinar epithelial cells was hetero-
geneous; secretory granules of different optical density 
were detected that was caused by the presence of protein 
and carbohydrate components in them. Thickening of the 
interstitial connective tissue and prominent intercellular 
fissures were visualized. The lumens of the blood vessels 
of the microcirculatory bed were dilated (Fig.2).

Thus, the comparison of our results with previous studies 
has shown that the acini of the rats’ submandibular glands 
after exposure of 1 % methacrylate had unidirectional 
relationship with the acini of the minor submandibular 
salivary glands, which on day 30 showed a decrease in 
height of the epithelial cells by 50%, compared to day 14 
of the experiment, and by 25.3 % compared to control 
group of rats [7]. 

The height of the epithelial cells of the acini of the sub-
mandibular salivary gland decreased by 39.54%, compared 
to the previous time period of the experiment, and by 
24.40% compared to the control group of rats that was 
primarily caused by location of the minor salivary glands 
in the thickness of the lamina propria of the hard palate 
mucosa and the direct influence of the denture base mono-
mer on them. 

The study of the structure of the lobules of the rats’ 
submandibular salivary glands in stimulation of the sym-
pathetic and parasympathetic units has revealed adrena-
line-related significant enlargement of the outer diameter 
by 12.65%, an increase in the height of epithelial cells by 
14.86% with a decrease in the diameter of the lumen of the 
acini of the lobules of the rats’ submandibular glands that 
is a morphological evidence of increased secretory activity 
of seromucosal cells with predominance of carbohydrate 
content in the secretory granules of the acini in response 
to stimulation [21, 22]. Acetylcholine injection lead to 
the significant decrease of the outer diameter by 6.07%, a 
significant decrease of diameter of the lumen by 58.89%, 
an increase of height of the epithelial cells, compared to the 
control group during morphometric study. Consequently, 
it has been found that stimulation of cholinoreceptors led 
to hypersalivation with increasing functional activity of 

all secretory components and was manifested by the de-
crease in the absolute size of the granules in the mucosa 
secreting cells and their tinctorial properties. This changes 
correspond to the changes after the effect of methacrylate 
on day 14 of the experiment with an increase in secreto-
ry activity in response to the effect of exogenous factor, 
caused by compensatory mechanisms to the impact of the 
stimulus, with hypersalivation, unlike a single action and 
response of the parenchyma to stimulation of cholino- and 
adrenoreceptors. Subsequently, the effect of methacrylate 
leads to a decrease in secretory activity due to the depletion 
of cells of the acini of the lobules of the submandibular 
glands [23, 24, 25]. 

It is very interesting to analyze the functional activity 
of the acini and their structural changes in stimulation of 
the rats’ salivary glands by platyphyllin and proserin [26, 
27, 28]. No significant changes (р < 0,05) in the value of 
the height of the epithelial cells have been noted after their 
impact, compared to controls, in contrast to the effect of 
methacrylate. However, the value of the lumen diameter 
in stimulation with platyphyllin decreased by 45.2%, with 
no significant changes in values in control group after 
influence of proserin. After the effect of 1% methacrylate, 
the values of the lumen diameter were by 20.07% lower, 
compared to the values in controls. The changes were 
caused by the warming of the interstitium after influence of 
platyphyllin, due to the stimulation of cholinoreceptors of 
parasympathetic postganglionic fibers and increase in the 
transport of juxtacellular fluid, which is the morphological 
feature of increased functional activity of seromucous cells 
of the acini in response to stimulation during the experi-
ment. The established increase of the secretory activity of 
the epithelial cells in response to methacrylate occurs only 
in the middle of the experiment due to the enhanced activ-
ity of the secretory apparatus of cells and, as a consequence, 
increased the number of secretory granules (Fig. 1). 

The ethanol influence on the acini of the rats’ submandibu-
lar glands in the middle of the experiment showed a decrease 
of the outer and inner diameters by 7.57% and 14.61%, 
respectively; the height of the epithelial cells decrease by 
6.11% compared to control with a tendency to decrease 
throughout  the experiment, due to inhibition of secretion, 
in contrast to the effect of methacrylate, where the height 
of the epithelial cells significantly increased on day 14 of the 
experiment by 25.04%, due to the compensatory increase in 
secretion.  At the end of the experiment, the height of the 
epithelial cells decreased by 24.40% compared to the control 
group of animals, which indicates the depletion of secret-
ing cells due to the permanent toxic effect of methacrylate; 
a decrease by 21.44% of the height of the epithelial cells 
induced by ethanol, compared to the control group, occurs 
due to dystrophic changes and restructuring of the secretory 
apparatus to carbohydrate synthesis [29, 30]. 

CONCLUSIONS
1% methacrylate influence on the rats’ submandibular 
salivary glands causes the increase of secretory activity of 
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glandular cells of the acini on day 14 of the experiment. It is 
confirmed by an increase of the height of the epithelial cells 
by 25.04% and is a compensatory reaction of the salivary 
glands to the action of methacrylate. This is accompanied 
by hypersalivation, which subsequently leads to complete 
depletion of the secretory apparatus of the seromucous 
cells of the acini and is confirmed by a decrease in the outer 
and inner diameters with decrease in height of epithelial 
cells of the acini of the submandibular salivary glands by 
24.40%, due to prolonged effect of 1% methacrylate on the 
oral cavity mucosa.
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