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Aim. The purpose of the study was to determine the morphological changes in seromucous acini of the submandibular gland 
in experimental rats with diabetes mellitus.

Material and methods. The experiment was performed with 1-year-old male Wistar rats. Experimental diabetes mellitus 
was induced by a single intraperitoneal administration of streptozotocin. Ultrastructural changes in the seromucous cells of 
the submandibular gland were studied during the 14th, 42nd and 70th days of the experiment.

Results. In experimental diabetes mellitus in the seromucous cells of the submandibular gland hypertrophy of the rough 
endoplasmic reticulum and the Golgi complex; vacuolization of the cytoplasm; a large number of intracellular lami-
nated structures and lysosomes; diffuse homogenization of the matrix, destruction of mitochondrial cristae and vacu-
olization of mitochondria were observed and the most pronounced on the 14th day. On the 70th day of the experiment 
the seromucous cells are characterized by the absence of morphological signs of damage and the development of 
atrophy and it is confirmed by the reduction in cells’ size as well as the normalization of the relative area of secretory  
granules.

Conclusion. The obtained data indicate that the reaction of the cells of seromucous acini to the development of hyperglyce-
mia is typical and nonspecific. Thus, the alternative changes have a pronounced dystrophic character in the early stages and 
increase to the 42nd day of the experiment. On the 70th day histologic adaptation of the seromucous acini was observed and 
approved by atrophic changes, decrease of cells’ area and normalization of the relative area of their granules.

Морфологія кінцевих відділів підщелепної залози щурів при цукровому діабеті

Н. С. Токарук, О. Г. Попадинець, В. І. Бедей, М. І. Грищук, Т. Л. Котик
Мета роботи – встановити морфологічні зміни серомукозних ацинусів підщелепної залози щурів з експериментальним 
цукровим діабетом.

Матеріали та методи. Експеримент виконали на однорічних самцях щурів лінії Wistar. Експериментальний цукровий 
діабет індукували одноразовим внутрішньоочеревинним уведенням стрептозотоцину. Ультраструктурні зміни в серо-
мукоцитних клітинах підщелепної залози вивчали на 14, 42 і 70 добу експерименту.

Результати. У разі експериментального цукрового діабету в серомукоцитах підщелепної залози спостерігали гіпер-
трофію ендоплазматичного ретикулуму та комплексу Ґольджі, вакуолізацію цитоплазми, велику кількість внутріш-
ньоклітинних пластинчастих структур і лізосом, дифузну гомогенізацію матриксу, руйнування мітохондріальних крист 
і вакуолізацію мітохондрій, що були найбільш виражені на 14 день. На 70 день експерименту серомукоцити харак-
теризувалися відсутністю морфологічних ознак пошкодження, спостерігали розвиток атрофії, що підтверджується 
зменшенням розміру клітин, а також нормалізацією відносної площі секреторних гранул.

Висновки. Результати свідчать, що реакція гландулоцитів серомукозних ацинусів на розвиток гіперглікемії типова 
та неспецифічна. Альтеративні зміни мають виражений дистрофічний характер на ранніх стадіях і збільшуються до 
42 дня експерименту. На 70 добу спостерігали гістологічну адаптацію серомукоцитів, що підтверджується розвитком 
атрофічних змін, зменшенням площі клітин і нормалізацією відносної площі їхніх гранул.

Морфология конечных отделов поднижнечелюстной железы крыс  
при сахарном диабете

Н. С. Токарук, О. Г. Попадинец, В. И. Бедей, М. И. Грищук, Т. Л. Котик

Цель работы – исследовать морфологические изменения в серомукозных ацинусах подчелюстной железы крыс с 
экспериментальным сахарным диабетом.

Материалы и методы. Эксперимент провели на однолетних самцах крыс линии Wistar. Экспериментальный сахарный 
диабет индуцировали одноразовым внутрибрюшинным введением стрептозотоцина. Ультраструктурные изменения 
в серомукоцитах подчелюстной железы изучали на 14, 42 и 70 сутки эксперимента.
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Результаты. При экспериментальном сахарном диабете в серомукоцитах подчелюстной железы наблюдали гипертро-
фию эндоплазматического ретикулума и комплекса Гольджи, вакуолизацию цитоплазмы, большое количество внутри-
клеточных пластинчатых структур и лизосом, диффузную гомогенизацию матрикса, разрушение митохондриальных 
крист и вакуолизацию митохондрий, наиболее выраженные на 14 сутки. На 70 сутки эксперимента для серомукоцитов 
характерно отсутствие морфологических признаков повреждения и развитие атрофии, что подтверждается уменьше-
нием размера клеток, а также нормализацией относительной площади секреторных гранул.

Выводы. Результаты свидетельствуют, что реакция серомукоцитов на развитие гипергликемии типична и неспеци-
фична. Альтеративные изменения имеют выраженный дистрофический характер на ранних стадиях и увеличиваются 
к 42 дню эксперимента. На 70 сутки отмечена гистологическая адаптация серомукоцитов, которая подтверждается 
развитием атрофических изменений, уменьшением площади клеток и нормализацией относительной площади  
их гранул.

A number of studies has found that there is a correlation 
between diabetes mellitus (DM) and dental pathology 
including the dysfunction of the salivary glands [1–4]. 
Diagnostic of salivary gland dysfunction is rather diffi-
cult in clinical practice and based on systematic patient 
examination [5]. The submandibular gland (SMG) is 
the main source of basal salivary secretion [6,7]; hence, 
the abnormalities in the functioning of its seromucous acini 
play the leading role in the development of hyposalivation 
and xerostomia [8]. Such correlation between the salivary 
glands and DM confirms a clear association between 
hyperglycemia and oral health status, thereby indicating 
the relevance of studying SMG.

It should be noticed, main function of acinar cells is 
primary saliva production. Its base is secretory cycle and 
consists of receiving substances, synthesis, storing and 
eliminating of secretory granules. During secretory cycle, 
volume of cells and their secretory granules changes as 
main volume of primary saliva is accumulated and then is 
excreted under different stimuli such as food, autonomic 
nerve stimulation, etc. [9,10].

A lot of researches highlight changes of the acini of 
SMG, which are seromucous in rats [11], under influence 
of DM [11–16]. At the same time, structural normalization 
of the seromucous cells of SMG (except hypertrophy of 
the rough endoplasmic reticulum) was indicated in Wistar 
rats after 3 weeks of hyperglycemia [12].

According to [13], volume of the acini of SMG did not 
undergo any changes after 4 weeks after streptozotocin-in-
duced diabetes. However, on electron microscopic level, 
autophagosomes and lysosomes were often detected [14].

Impact of streptozotocin-induced hyperglycemia 
during 6–7 weeks leads to salivation decrease almost 
twofold and reducing the activity of salivary amylase 
more than fivefold [15]. Also, dystrophic changes of SMG 
acini was found [16] after 8 weeks of experimental DM. 
However, structural normalization of the seromucous 
cells and the reduction of their size were observed over 
a 2-month period of hyperglycemia [12].

Summarizing all the aforementioned information, it 
can be affirmed that experimental DM is accompanied 
by disturbances in the metabolism and antioxidant status 
of the seromucous cells. The results of morphological 
studies [11–16] are often controversial; although, they 
indicate the development of dystrophic changes, but differ 
in experimental design, lines of rats and their initial age, 
the duration of hyperglycemia exposure. All these factors 
lead to the difficulties when comparing the results of 
the features of morphological changes of the seromucous 
acini in experimental hyperglycemia.

Aim
The objective of research was to determine chronological 
dependence between morphological changes in seromu-
cous acini of SMG and duration of the experimental DM.

Materials and methods
The study included 1-year-old male Wistar rats which were 
divided into 2 groups: the experimental (n = 15 animals) 
and the control (n = 15 animals). DM was induced by an 
intraperitoneal administration of streptozotocin (60 mg/kg 
body weight) dissolved in cold citrate buffer pH 4.5. Ani-
mals of the control group were injected with an equivalent 
amount of citrate buffer only. The development of DM was 
proved by monitoring of glucose level in the blood (fasting 
blood samples was collected from tail vein and measured 
by glucometer Accu-Check Active, Roche Diagnostics 
GmbH, every day during experiment). Animals, having 
fasting blood glucose concentration over 12 mmol/l were 
considered as diabetic ones.

The samples were collected in the morning, before 
food intake, on the 14th, 42nd and 70th days after an over-
dose of thiopental (5 animals per group).

The left SMG was excised and fixed in 10 % buffered 
paraformaldehyde solution (pH = 7.4), embedded in 
paraffin. Paraffin sections were stained with hematoxylin 
and eosin, examined with light microscope Micros Austria 
MC300 and photographed with ToupCam 5.1M UHCCD 
C-Mount Sony.

The right SMG was removed and fixed in 2.5 % glutar-
aldehyde solution with followed post-fixation in 2 % osmium 
tetroxide (OsO4) solution for electron microscope examina-
tion. Electron microscopy was performed with PEM-125K.

Morphometry was conducted in ImageJ2 [17], as it 
allows to perform image analysis in semi-automatically 
mode using build-in macro language [18]. On histological 
sections the area of the seromucous cells were measured. 
On transmission electron micrographs of the seromucous 
cells, the RA of their secretory granules was determined 
semi-automatically (algorithm is developed by us). The 
main point of the developed algorithm was as follows:

1. The contours of the seromucous cell were outlined 
(manually) using the command “Fit Spline” (Fig. 1a);

2. The area outside the current image selection was 
erased to the background color (the command “Clear 
Outside”). Using the command “Threshold” (method 
“IJ_IsoData dark”, the maximum threshold value was 254; 
the minimum threshold value was automatically adjusted) 
secretory granules were covered by the mask (Fig. 1b);
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3. Outliers were removed (the command “Remove 
Outliers”), there were used binary operator Close (ite-
ration = 5 & count = 3) and the “Watershed” and “Fill 
Holes” commands (Fig. 1c);

4. “Analyze Particles” module was used to determine 
the area of particles with a circularity of 0.5 to 1.0 (deter-
mined empirically) (Fig. 1d).

Basing on [7,9,10], such morphometric parameters 
have been chosen as indicators of the secretory activity 
of the cells.

Statistical analysis was conducted using R software 
[19]. Results of the descriptive statistics are shown as 
Mean ± SD. The data of independent groups were com-
pared using the Mann–Whitney–Wilcoxon test; the diffe-
rence was considered statistically significant at P < 0.05.

Ethical approval. The experiment was carried out 
in accordance with EU Directive 2010/63/EU for animal 
experiments.

Results
The 14th day after streptozotocin administration. On 
the background of hyperglycemia (blood glucose level 
was 14.02 ± 1.20 mmol/l and exceeded that in the control 
group 2.74-fold, P < 0.01), the seromucous cells with 
large vacuoles were seen (Fig. 2a). There were round 

nuclei with small invaginations of the nuclear membrane 
and predominant euchromatin; heterochromatin seen in 
the form of clumps was mainly marginally distributed; 
the perinuclear space was identified around the perimeter; 
the extended perinuclear space was occasionally seen. 
The seromucous cells with hypertrophied rough endo-
plasmic reticulum (RER) and Golgi complex (GC) were 
prevalently observed (Fig. 2b). The cisternae of the GC 
were often dilated. Mostly elongated mitochondria of 
different sizes with unclear cristae were found at the cell 
periphery. In single cells, autolysosomes and intracellular 
laminated structures were detected. The areas containing 
disorganized, vacuolated, dilated cisternae of the RER 
and a lower number of ribosomes attached to their sur-
faces were occasionally seen.

It was morphometrically determined that during this 
observation period the area of the seromucous cells 
did not differ from that in the control group (P > 0.05, 
Table 1). The RA of secretory granules reduced 1.42-fold 
compared to control values (P < 0.001).

The 42nd day of experiment. The seromucous cells 
containing a low number of secretory granules were 
identified (Fig. 3a), their RA was 1.37 times lower than 
control values (P < 0.01). The cisternae of the RER and 
GC were dilated. Mitochondria were mostly rounded; 
the destruction of their cristae and homogenization of 

 

 

Fig. 1. Stages of the algorithm for determining the area of the seromucous cells granules. a, b, c, d represent the results of stages 1, 2, 3 and 4 of this algorithm (explanation in the text).

1а

1c

1b

1d
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the mitochondrial content were observed. The perinuclear 
space was not clearly identified around the perimeter 
of the nucleus; the vesicles transporting lysosomal en-
zymes, heterolysosomes and autolysosomes were seen 
(Fig. 3a,b).

On the 42nd day, on the background of the increase 
in blood glucose level (23.88 ± 3.16 mmol/l) which ex-
ceeded that in the control group 4.68-fold (P < 0.001), 
the area of the seromucous cells reduced 1.15-fold 
(P < 0.001) compared to the control group (Table 1).

The 70th day after streptozotocin administration. 
Numerous areas of the overgrowth of glandular stroma 
were seen (Fig. 4a). The seromucous acini were formed 
by small seromucous cells, the nuclei of which contained 
mostly euchromatin; heterochromatin was located under 
the nuclear membrane. The perinuclear space was 
preserved; the extended perinuclear space was occa-
sionally observed. Only few cisternae of the RER and 
GC were seen (Fig. 4b). Mitochondria of different sizes 
and shapes with clear cristae and the enlightened matrix 
were found at the cell periphery. The vesicles transporting 

lysosomal enzymes were single; secretory granules were  
enlightened.

Despite stable level of blood glucose (22.93 ± 2.28 
mmol/l) as compared to the 42nd day (P > 0.05), a pro-
gressive reduction in the area of the seromucous cells 1.67-
fold (P < 0.001) was observed (Table 1), while the RA of 
secretory granules rapidly increased and did not differ from 
control values on the 70th day of the experiment (P > 0.05).

  

Fig. 2. Morphological changes in the seromucous cells on the 14th day of the experiment. а: vacuolization of the cytoplasm, b: hypertrophy of the rough endoplasmic reticulum and 
Golgi complex, c: control group. Scale bar 2 µm. Labels: 1 – vacuole; 2 – hypertrophy of the rough endoplasmic reticulum; 3 – hypertrophy of the Golgi complex; 4 – autolysosome; 
5 – intracellular laminated structures; 6 – mitochondria.

  

Fig. 3. Pathological changes in the seromucous cells on the 42nd day of the experiment (a, b). c: control group. Scale bar: a, c: 3 µm, b: 1 µm. Labels: 1 – secretory granules; 2 – 
rough endoplasmic reticulum; 3 – nucleus; 4 – mitochondria; 5 – autolysosome; 6 – phagolysosome; 7 – intracellular laminated structures.

  

Fig. 4. Overgrowth of glandular stroma, atrophy of the seromucous cells (a) and their rough endoplasmic reticulum, Golgi complex (b). c: control group. Scale bar: a, c: 5 µm, b: 1 
µm. Labels: 1 – atrophic seromucous acini; 2 – nucleus; 3 – rough endoplasmic reticulum; 4 – secretory granules.

Table 1. Area of the seromucous cells (μm2) and relative area of their secretory 
granules in the rat submandibular gland during different time periods (Mean ± SD)

Time period, 
day

Animals Area of seromucous 
cells, μm2

Relative area of 
granules

14th Control 120.23 ± 22.82 0.44 ± 0.05
Experimental 124.62 ± 34.36 0.31 ± 0.12**

42nd Control 123.55 ± 23.56 0.48 ± 0.05
Experimental 107.47 ± 25.41** 0.35 ± 0.16*

70th Control 115.79 ± 21.36 0.45 ± 0.04
Experimental 69.44 ± 16.58** 0.42 ± 0.09

*, **: the level of statistical significance achieved in comparison with the control group, 
P < 0.01, P < 0.001, respectively.

2a

3a

4a

2b 2c

3b 3c

4b 4c
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Discussion
In streptozotocin-induced diabetes, on the background 
of dynamic increase in the levels of blood glucose, pro-
nounced dystrophic changes in seromucous cells being 
characterized by vacuolization of the cytoplasm, a large 
number of lysosomes, intracellular laminated structures, 
mitochondria with vacuolated content and crista destruc-
tion were observed during the early observation periods 
(on the 14th–42nd days of the experiment). Moreover, 
hypertrophy of the RER and GC cisternae were present. 
Such morphological changes indicate changes in the cells’ 
condition and, probably indicates the activation of com-
pensatory mechanisms, cells’ swelling and damage, and, 
as a result, the abnormalities in the processes of secre-
tion [20,21]. Similar changes in the seromucous cells of 
SMG in streptozotocin-induced diabetes were observed 
by Mednieks et al. [14]. At the same time, 3 weeks after 
streptozotocin administration, most seromucous cells 
are characterized by normal ultrastructure without sig-
nificant pathological changes, except for the increase in 
the amount of the RER [12]. In our opinion, such differen-
ces occurred due to the fact that we have used 1-year-old 
male rats, because initial age has an important effect on 
experimental results [22]. The dynamics of morphometric 
parameters deserves special attention. On the 14th day, 
the RA of secretory granules reduced while there were no 
statistically significant changes in the sizes of cells. In our 
opinion, it indirectly point out a potential predominance 
of the processes of eliminating secretion and additionally 
confirms the activation of compensatory mechanisms 
aimed at preserving secretory ability. On the 42nd day of 
observation, the area of the seromucous cells as well as 
the RA of their secretory granules was smaller compared 
to the control group. Alongside with detected morpholo-
gical changes, in our opinion, it is the result of decreased 
activity of the synthesis processes as well as the elimina-
tion of secretion on the background of the hyperglicemia 
and diabetic microangyopathy [23,24].

In the last observation period (the 70th day), blood 
glucose levels in animals of the experimental group were 
stable. The seromucous cells contained single vesicles 
transporting lysosomal enzymes; the reduction in size 
of the RER and GC cisternae was observed. General-
ly, no pronounced morphological signs of damage to 
the seromucous cells were observed. Mitochondria with 
clear cristae and the enlightened matrix were identified. 
Occurred atrophy of studied cells and their organelles, 
the RER and GC in particular, are morphometrically 
confirmed by a progressive reduction in size of the se-
romucous cells. We consider such structural organization 
of the seromucous cells to indicate the formation of their 
histological adaptation to chronic hyperglycemia which 
is additionally confirmed by the increase in the RA of se-
cretory granules reaching normal values on the 70th day. 
Atrophy of the seromucous acini of SMG was identified on 
the background of the stromal component significant over-
growth in NOD mice in the early stages of autoimmune 
diabetes [25]. It should be noted that the phenomenon 
of atrophy of SMG seromucous acini was observed after 
5–15 months of chronic ethanol intoxication [26] and 
postmenopausal rats with diabetes [11]. In our opinion, it 
confirms the fact that atrophy of the seromucous cells can 

be considered as a nonspecific response to the impact 
of alterant factor. Furthermore, such response develops 
in different time periods emphasizing the significance of 
genesis, the intensity and duration of the impact of dama-
ging agent on the functioning of SMG seromucous cells.

Conclusions
The obtained data indicate that the reaction of se-

romucous cells to the development of hyperglycemia 
is typical and nonspecific. Thus, the alteration changes 
have a pronounced dystrophic character in the early 
stages and increase to the 42nd day of the experiment. 
On the 70th day histologic adaptation of the seromucous 
acini was observed and approved by atrophic changes, 
decreasing area of cells and normalization of the relative 
area of their granules.
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